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РКЕҒАСЕ 


The 84th Edition of the СЕС Handbook of Chemistry and Physics features а completely new 
version of the most heavily used table, Physical Constants of Organic Compounds. This is the 
first revision of the table since 1994. Compounds have been selected for inclusion in the new 
table by a careful screening of lists of organic compounds that are important in laboratory 
research, industrial chemistry, environmental protection, drug development, teaching, and other 
active areas. In this way priorities were established for choosing the most significant compounds 
out of the millions of organic substances that have been reported in the literature. Property data 
for the selected compounds have been updated, and new structure diagrams, which show much 
more detail than the previous structures, have been drawn for all the compounds. 


This Internet version of the 84th Edition has added 17 new subsections that can be accessed as 
interactive tables. These include tables on Heat of Combustion, Activity Coefficients, 
Refrigerants, Amino Acids, Chemical Carcinogens, Laboratory Solvents, and other topics. The 
search screens have been modified to make them more user friendly, and there is now a subject 
index that permits boolean searching on the name of a physical property and the identifiers of a 
chemical substance (name, formula, or CAS Registry Number). Ап option has been added to the 
table displays that permits locking the left-most column, which usually contains the chemical 
name, when scanning a wide table. Tool-tips that explain the data in a column now appear when 
the cursor is held over that column heading, and it is now possible to export the results of a search 
directly into an Excel file. 


Other new features of the 84th Edition include: 

e An update and expansion of the table of Critical Constants of Fluids, with many new 
compounds and recently published data 

e Anew version of Properties of Refrigerants, which covers fluids now used іп 
refrigeration systems and those being considered as substitutes 

e Anew table on Fermi Energy and Related Properties of Metals 

e New tables of practical laboratory data such as Flame and Bead tests, Flame 
Temperatures, and Density of Ethanol-Water Mixtures 

• Anupdate of lists of Chemical Carcinogens and Interstellar Molecules. 


The Handbook of Chemistry and Physics 1s dependent on the efforts of many contributors 
throughout the world. The list of current contributors follows this Preface. The new table of 
Physical Constants of Organic Compounds could not have been completed without the help of 
Dr. Fiona Macdonald, who oversaw the structure drawing and checked names and formulas. 
Thanks are also due to Janice Shackleton, Trupti Desai, Nazila Kamaly, Matt Griffiths, and 
Lawrence Braschi, who participated in drawing the structures. 


David R. Lide 
October 27, 2003 


This Edition is dedicated to my grandchildren: 
Mary Eleanor Lide 
David Alston Lide, Jr. 
Grace Eileen Lide 
David Austell Whitcomb 
Kate Elizabeth Whitcomb 


This work contains information obtained from authentic and highly regarded sources. 
Reprinted material is quoted with permission, and sources are indicated. A wide variety of 
references are listed. Reasonable efforts have been made to publish reliable data and 
information, but the author and the publisher cannot accept responsibility for the validity 
of all materials or for the consequences of their use. 
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FUNDAMENTAL PHYSICAL CONSTANTS 
Peter J. Mohr and Barry N. Taylor 


These tables give the 1998 self-consistent set of values of the basic constants and conversion factors of 
physics and chemistry recommended by the Committee on Data for Science and Technology (CODATA) for 
international use. Тһе 1998 set replaces the previous set of constants recommended by CODATA іп 1986; assigned 
uncertainties have been reduced by a factor of 1/5 to 1/12 (and sometimes even greater) relative to the 1986 
uncertainties. The recommended set is based on a least-squares adjustment involving all of the relevant experimental 
and theoretical data available through December 31, 1998. Full details of the input data and the adjustment 
procedure are given in Reference 1. 


The 1998 adjustment was carried out by P. J. Mohr and B. N. Taylor of the National Institute of Standards 
and Technology (NIST) under the auspices of the CODATA Task Group on Fundamental Constants. The Task 
Group was established in 1969 with the aim of periodically providing the scientific and technological communities 
with a self-consistent set of internationally recommended values of the fundamental physical constants based on all 
applicable information available at a given point in time. Тһе first set was published in 1973 and was followed by a 
revised set first published іп 1986; the current 1998 set first appeared in 1999. In the future, the CODATA Task 
Group plans to take advantage of the high level of automation developed for the current set in order to issue a new 
set of recommended values at least every four years. 


At the time of completion of the 1998 adjustment, the membership of the Task Group was as follows: 


Е. Cabiati, Istituto Elettrotecnico Nazionale “Galileo Ferraris,” Italy 

E. R. Cohen, Science Center, Rockwell International (retired), United States of America 
T. Endo, Electrotechnical Laboratory, Japan 

R. Liu, National Institute of Metrology, China (People’s Republic of) 

B. A. Mamyrin, A. F. Ioffe Physical-Technical Institute, Russian Federation 

P. J. Mohr, National Institute of Standards and Technology, United States of America 
F. Nez, Laboratoire Kastler-Brossel, France 

B. W. Petley, National Physical Laboratory, United Kingdom 

T. J. Quinn, Bureau International des Poids et Mesures 

. N. Taylor, National Institute of Standards and Technology, United States of America 
. S. Tuninsky, D. I. Mendeleyev All-Russian Research Institute for Metrology, Russian Federation 
W. Woger, Physikalisch-Technische Bundesanstalt, Germany 

B. M. Wood, National Research Council, Canada 


REFERENCES 
1. Mohr, Peter J., and Taylor, Barry N., J. Phys Chem. Ref. Data 28, 1713, 1999; Rev. Mod. Phys. 72, 351, 


2000. The 1998 set of recommended values is also available at the Web site of the Fundamental Constants Data 
Center of the NIST Physics Laboratory: http://physics.nist.gov/constants. 


Fundamental Physical Constants 


Quantity 


speed of light in vacuum 
magnetic constant 


electric constant 1/иос” 
characteristic impedance 


of vacuum y ио/ео = uoc 


Newtonian constant 
of gravitation 


Planck constant 
ineV s 
һ/2л 
ineV s 


Planck mass (hc/ G)!? 
Planck length Й/трс = (hG/c?)!? 
Planck time [р/с = (hG/c?)!? 


elementary charge 


magnetic flux quantum Л /2е 
conductance quantum 2е2/ h 
inverse of conductance quantum 
Josephson constant? 2e/ h 
von Klitzing constant? 
h /е2 = иос/20 


Bohr magneton ей /2те 
in eV T7! 


nuclear magneton ећ/2тр 
in eV T7! 


fine-structure constant е2/4лгсойс 
inverse fine-structure constant 


Symbol Value 
UNIVERSAL 
с, сд 299 792458 
шо 4л х 1077 
— 12.566 370614... х 1077 
£0 8.854 187 817... х 10:12 
70 376.730313 461... 
С 6.673(10) х 10-11 
G/hc 6.1070) x 10-3 
h 6.626 068 76(52) x 10-34 
4.135 667 27 (16) x 10-77 
һ 1.054571 596(82) х 10734 
6.582 118 89(26) х 10:19 
mp 2.1767(16) x 10-8 
lp 1.6160(12) x 10-35 
ір 5.3906(40) x 10744 
ELECTROMAGNETIC 
e 1.602 176 462(63) x 10:19 
е/һ 2.417989491(95) х 1014 
Фо 2.067 833 636(81) х 10715 
Со 7.748091 696(28) х 10-5 
Су! 12906.403 786(47) 
Kj 483 597.898(19) x 10? 
Рк 25 812.807 572(95) 
ив 927.400899(37) х 10726 
5.788 381 749(43) х 1075 
ив/ћ — 13.99624624(56) x 10? 
ив/йс 46.6864521(19) 
ив/К 0.6717131(12) 
им 5.050783 17(20) х 10727 
3.152451238(24) x 1078 
им/й — 7.622593 96(31) 
им/їїс 2.542623 66(10) x 107? 
им/К — 3.658 2638(64) x 10-4 
ATOMIC AND NUCLEAR 
General 
а 7.297 352 533(27) х 1073 


aT! 137.035 999 76 (50) 


Unit 


1с-2 


m? Ке“! s 
(GeV /c?)~? 
Js 

eV $ 

Js 

eVs 


kg 
m 


n 


Relative std. 
uncert. ur 


(exact) 


(exact) 
(exact) 


(exact) 


1.5 x 10? 
1.5 x 1073 
7.8 x 10-8 
3.9 x 10-8 
7.8 x 10-8 
3.9 x 10-8 


7.5 х 1074 
7.5 x 1074 
7.5 х 1074 


3.9 x 10-8 
3.9 x 10-8 


3.9 x 10-8 
3.7 x 107? 
3.7 x 1079 
3.9 x 107% 


3.7 x 1079 


4.0 x 10-8 
7.3 x 1079 
4.0 x 10-8 
4.0 x 10-8 
1.7 x 1076 


4.0 x 10-8 
7.6 x 1079 
4.0 x 10-8 
4.0 x 10-8 
1.7 x 10-6 


3.7 x 107? 
3.7 x 1079 


Fundamental Physical Constants 


Quantity 


Rydberg constant a?mec/2h 


Юоойс in eV 


Bohr radius а/4л Roo = Az cof? / тее? 
Hartree energy е?/4л бао = 2Юъойс 
= о2тес? 
in eV 
quantum of circulation 


Fermi coupling constant? 


weak mixing angle? буу (on-shell scheme) 


sin? ду = 59, = 1 — (mw /mz)2 


electron mass 
in u, те = A,(e) u (electron 
relative atomic mass times u) 
energy equivalent 
in MeV 


electron-muon mass ratio 
electron-tau mass ratio 
electron-proton mass ratio 
electron-neutron mass ratio 
electron-deuteron mass ratio 
electron to alpha particle mass ratio 


electron charge to mass quotient 
electron molar mass Name 
Compton wavelength Л / тес 
Ас/2л = аар = о2/4л Ко 
classical electron radius o2ao 


Thomson cross section (8л / Зу? 


electron magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 
electron magnetic moment 
anomaly |ие|/ив — 1 
electron g-factor —2(1 + ae) 


electron-muon 
magnetic moment ratio 


Symbol Value 
Roo 10973 731.568 549(83) 
Root 3.289 841 960368(25) x 1015 
Коойс 2.179 87190(17) x 10-18 
13.605 691 72(53) 
ад 0.529 177 2083(19) x 10:10 
En 4.359 743 81(34) х 10-18 
27.2113834(11) 
h/2me 3.636 947 516(27) х 1074 
h/me 7.273 895 032(53) х 10-4 
Electroweak 
Gr/(hc) 1.16639(1) х 10? 
sin? Ow 0.2224(19) 
Electron, е” 
те 9.109381 88(72) x 10-31 
5.485 799 110(12) x 1074 
mec? 8.187 10414(64) х 10-4 
0.510998 902(21) 
тејту — 4.836332 10(15) x 1073 
me/m« 2.875 55(47) x 1074 
me/ mp 5.446 170232(12) x 1074 
me / my 5.438 673 462(12) x 1074 
те/та 2.724 437 1170(58) x 1074 
me/ mo 1.370933 5611(29) x 107^ 
-е/те —1.758 820174(71) x 101! 
М (е), Ме 5.485799 110(12) х 10-7 
АС 2.426310215(18) х 10712 
Хс 386.159 2642(28) х 10715 
ге 2.817940285(31) х 10715 
Oe 0.665 245 854(15) x 10-28 
ис —928.476 362(37) х 10726 
mm — 1.001 159 652 1869(41) 
Le / UN —1 838.281 9660(39) 
ас 1.159 652 1869(41) х 1072 
ёс -2.002319 3043737(82) 
pie ш. 206.766 9720(63) 


Unit 


GeV 2 


MeV 


Relative std. 
uncert. иг 


7.6 x 10:12 
7.6 x 10:12 
7.8 x 10-8 
3.9 x 10-8 


3.7 x 1073 


7.8 x 10-8 
3.9 x 10-8 
7.3 x 1079 
7.3 х 1079 


8.6 x 1076 


8.7 x 1073 


7.9 x 10-8 


2.1 x 1079 
7.9 x 10-8 
4.0 x 10-8 


3.0 x 10-8 
1.6 x 1074 
2.1 x 107? 
2.2 x 1079 
2.1 x 107? 
2.1 x 107? 


4.0 x 10-8 
2.1 x 107? 
7.3 x 1079 
7.3 х 1079 
1.1 х 10-8 
2.2 x 10-8 


4.0 x 10-8 
4.1 x 10712 
2.1 x 107? 
3.5 x 1079 
4.1 x 10712 


3.0 x 10-8 


Fundamental Physical Constants 


Quantity 


electron-proton 
magnetic moment ratio 
electron to shielded proton 
magnetic moment ratio 
(Н20, sphere, 25 С) 


electron-neutron 
magnetic moment ratio 
electron-deuteron 
magnetic moment ratio 
electron to shielded helion? 
magnetic moment ratio 
(gas, sphere, 25 °С) 
electron gyromagnetic ratio 2|ие|/Й 


muon mass 
in u, ту = Аг(и) ч (muon 
relative atomic mass times u) 
energy equivalent 
in MeV 


muon-electron mass ratio 
muon-tau mass ratio 
muon-proton mass ratio 
muon-neutron mass ratio 
muon molar mass Мату 


muon Compton wavelength A / mc 
Ac, /27t 

muon magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 


muon magnetic moment anomaly 
Іші/(еһ/2т,)-1 
muon g-factor —2(1 + ад) 
muon-proton 
magnetic moment ratio 


tau mass! 


in u, т: = А; (х) u (tau 
relative atomic mass times u) 
energy equivalent 
in MeV 


Symbol 


ие/Ир 


Ме/Ир 


Ие/ Un 
Ше/ ша 
Ме/ Му 


Уе 
у/2л 


ту 


Ир /Ир 


тт 


Value 


— 658.2106875(66) 


— 658.227 5954 (71) 


960.920 50(23) 
—2 143.923 498(23) 
864.058 255(10) 


1.760 859 794(71) х 101 
28 024.9540(11) 


Muon, и“ 


1.883 531 09(16) х 10-28 


0.113 428 9168(34) 
1.692 833 32(14) х 107!! 
105.658 3568(52) 


206.768 2657(63) 

5.945 72(97) x 10-2 

0.112 609 5173(34) 
0.112454 5079(34) 

0.113 428 9168(34) х 1073 


11.73444197(35) х 10715 

1.867 594 444(55) х 10715 

—4.490448 13(22) х 10-26 
—4.84197085(15) х 10? 

—8.890 597 70(27) 


1.165 916 02(64) x 10-3 
—2.002 331 8320(13) 


—3.183 345 39(10) 


Таџ, z 


3.16788(52) х 10-27 


1.90774(31) 
2.847 15(46) х 10719 
1777.05(29) 


Unit 


MeV 


Relative std. 
uncert. и; 


1.0 x 10-8 


1.1 x 10-8 


24 x 1077 
13 x 10-9 
1.2 x 1078 


4.0 x 10-8 
4.0 x 10-8 


8.4 x 1078 


3.0 x 10-8 
8.4 x 10-8 
4.9 x 10-8 


3.0 x 10-8 
1.6 x 1074 
3.0 x 10-8 
3.0 x 10-8 
3.0 x 10-8 


2.9 x 10-8 
2.9 x 10-8 
4.9 x 10-8 
3.0 x 10-8 
3.0 x 10-8 


5.5 x 1077 
6.4 x 10-19 


3.2 x 1078 


1.6 x 1074 


1.6 x 1074 
1.6 x 10-4 
1.6 x 1074 


Fundamental Physical Constants 


Quantity 


tau-electron mass ratio 
tau-muon mass ratio 
tau-proton mass ratio 
tau-neutron mass ratio 
tau molar mass Nam, 


tau Compton wavelength A / т-с 
Ас, / 2л 


proton mass 
in u, mp = Ар) u (proton 
relative atomic mass times u) 
energy equivalent 
in MeV 


proton-electron mass ratio 
proton-muon mass ratio 
proton-tau mass ratio 
proton-neutron mass ratio 
proton charge to mass quotient 
proton molar mass Namp 


proton Compton wavelength h/mpc 
Ас, р / 2л 

proton magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 

proton g-factor Хир/им 


proton-neutron 
magnetic moment ratio 
shielded proton magnetic moment 
(Н20, sphere, 25 °С) 
to Bohr magneton ratio 
to nuclear magneton ratio 
proton magnetic shielding 
correction ] — Hp /Ир 
(Н2О, sphere, 25 °С) 


proton gyromagnetic ratio 2ир/Й 
shielded proton gyromagnetic 


ratio 2,5 /h 
(Н2О, sphere, 25 ?C) 


Symbol 


m,/Me 
m/m, 
m,/Mp 
m«/ my 
M(x), M. 


Act 
Х = 


тр 


Value 


3 477.60(57) 
16.8188(27) 
1.893 96(31) 
1.891 35(31) 
1.907 74(31) x 10? 


0.697 70(11) x 10715 
0.111042(18) x 10-5 


Proton, p 


1.672621 58(13) x 10727 


1.007 276 466 88(13) 
1.50327731(12) x 10719 
938.271 998(38) 


1836.1526675(39) 
8.880244 08(27) 

0.527 994(86) 

0.998 623 478 55(58) 

9.578 83408 (38) x 107 
1.007 276466 88(13) x 10? 


1.321409 847(10) х 10715 
0.210308 9089(16) х 10715 
1.410606 633(58) х 10-26 
1.521032203(15) x 10? 
2.792 847 337(29) 
5.585694675(57) 


-1.459 898 05(34) 
1.410 570 399(59) х 10-26 


1.520993 132(16) x 1072 
2.792 775 597 (31) 


25.687 (15) х 10-6 
2.675 222 12 (11) x 108 
42.577 4825 (18) 

2.675 153 41(11) x 108 


42.576 3888(18) 


Neutron, n 


Unit 


kg mol! 


MeV 


JT"! 


s7! T7! 
MHz T `! 


ge 


MHz T `! 


Relative std. 
uncert. ur 


1.6 х 1074 
1.6 х 1074 
1.6 х 1074 
1.6 x 1074 
1.6 x 1074 


1.6 x 1074 
1.6 x 1074 


7.9 x 10-8 


1.3 x 10719 
7.9 x 10-8 
4.0 x 107% 


2.1 x 107° 
3.0 x 1078 
1.6 x 1074 
5.8 x 10710 
4.0 х 1078 
13 х 10:10 


7.6 х 1079 
7.6 х 1079 
4.1 х 10-8 
1.0 x 10-8 
1.0 x 10-8 
1.0 x 107% 


24 x 1077 
42 x 10-8 


1.1 x 10-8 
1.1 x 10-8 


5.7 х 1074 
4.1 х 10-8 
4.1 x 10-8 
4.2 x 10-8 


42 x 10-8 


Fundamental Physical Constants 


Quantity 


neutron mass 
in u, ту = А; (п) и (neutron 
relative atomic mass times 1) 
energy equivalent 
in MeV 


neutron-electron mass ratio 
neutron-muon mass ratio 
neutron-tau mass ratio 
neutron-proton mass ratio 
neutron molar mass Мату 


neutron Compton wavelength Л /тис 
Ас.а/2л 

neutron magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 


neutron g-factor иу /им 
neutron-electron 
magnetic moment ratio 
neutron-proton 
magnetic moment ratio 
neutron to shielded proton 
magnetic moment ratio 
(Н2О, sphere, 25 °С) 
neutron gyromagnetic ratio 2|145| /f 


deuteron mass 
ши, та = А; (а) u (deuteron 
relative atomic mass times 1) 
energy equivalent 
in MeV 


deuteron-electron mass ratio 
deuteron-proton mass ratio 
deuteron molar mass Мдта 


deuteron magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 


deuteron-electron 
magnetic moment ratio 

deuteron-proton 
magnetic moment ratio 


Symbol Value Unit 

mn 1.674927 16(13) х 10:27 kg 
1.008 664915 78(55) u 

тас? 1.505 349 46(12) х 10719 1 
939.565 330(38) Меу 

my/ те 1 838.683 6550(40) 

тујту 8.892 48478 (27) 

my/m« 0.528 722(86) 

та/тр 1.001 378418 87(58) 

М(п), Mn 1.008 664915 78(55) x 1073 kg тој“! 

Ас,п 1.319 590898(10) х 10-5 m 

Хса 0.2100194142(16) x 1075 т 

Un —0.96623640(23) x 10722 JT! 

Иһ/ ив —1.041 875 63(25) х 10? 

Un/UN -1.91304272(45) 

£n —3.826 085 45(90) 

Ип/Ме 1.040 668 82(25) х 1073 

Мп/Ир —0.684 979 34(16) 

а/ш, —0.684 996 94(16) 

Ул 1.832471 88(44) х 10% g tT 

ya/27t 29.164 6958 (70) MHz T^! 

Deuteron, d 

та 3.343 583 09(26) х 10-27 ке 
2.013 55321271(35) u 

mac 3.005 06262(24) x 10719 J 
1875.612762(75) MeV 

ma/me 3670.4829550(78) 

та/тр 1.999 007 50083(41) 

м(д), Ма 2.01355321271(35) x 107? kg тој“! 

ша 0.433 073 457(18) x 10-26 JT! 

ма/ив 0.466 975 4556(50) x 1073 

Là/ AN 0.857 438 2284(94) 

ша/ие —4.664 345 537(50) х 10-4 


0.307 012 2083(45) 


Relative std. 
uncert. ur 


7.9 x 1078 


5.4 x 10:10 
7.9 x 1078 
4.0 x 10-8 


22 x 107” 
3.0 x 10-8 
1.6 x 1074 
5.8 x 10710 
5.4 x 10-19 


7.6 x 1079 
7.6 x 107? 
24 x 1077 
24 x 1077 
24 x 1077 
24 x 1077 
24 x 1077 
24 x 1077 
2.4 x 1077 


24 x 1077 
2.4 x 1077 


7.9 x 1078 


1.7 x 10710 
7.9 x 10-8 
4.0 x 10-8 


2.1 x 107? 
2.0 x 10719 
1.7 x 10710 
4.2 x 10-8 
1.1 x 1078 
1.1 x 1078 
1.1 x 1078 


1.5 x 10-8 


Fundamental Physical Constants 


Quantity 


deuteron-neutron 
magnetic moment ratio 


helion mass? 
in u, ту = А, (В) u (helion 
relative atomic mass times и) 
energy equivalent 
in MeV 


helion-electron mass ratio 
helion-proton mass ratio 
helion molar mass Namp 
shielded helion magnetic moment 
(gas, sphere, 25 °C) 
to Bohr magneton ratio 
to nuclear magneton ratio 
shielded helion to proton 
magnetic moment ratio 
(gas, sphere, 25 °C) 


shielded helion to shielded proton 
magnetic moment ratio 
(gas/H5O, spheres, 25 °C) 
shielded helion gyromagnetic 
ratio 2|и, |/h. 
(gas, sphere, 25 С) 


alpha particle mass 
ши, то = А; (а) u (alpha particle 
relative atomic mass times и) 
energy equivalent 
in MeV 


alpha particle to electron mass ratio 
alpha particle to proton mass ratio 
alpha particle molar mass Мато 


Avogadro constant 
atomic mass constant 
ту = 5т(12С) = lu 
= 1073 kg тої УМА 
energy equivalent 
in MeV 
Faraday constant? NAe 


Symbol Value 
La / Ил —0.448 206 52(11) 
Helion, h 
mp 5.006411 74(39) x 10-27 


3.014 932 234 69(86) 
тус? 4.499 538 48(35) х 10:19 
2 808.391 32(11) 


my / me 5 495.885 238(12) 
ть /тр 2.993 152 658 50(93) 

M(h), Mp 3.014932 234 69(86) x 1073 
ТА —1.074 552 967 (45) х 10-26 
Hh/ HB -1.158671474(14) x 10-3 
A / UN —2.127 497 718(25) 

Ut [Ир —0.761 766 563 (12) 

ш./ш, —0.761 786 1313(33) 

у 2.037 894 764(85) x 108 

у /2л 32.434 1025(14) 


Alpha particle, o 


mo 6.644 655 98(52) x 10-27 
4.001 506 1747(10) 

тас? 5.97191897(47) х 10719 
3727.379 04(15) 

My | me 7 294.299 508(16) 

та/тр 3.972 599 6846(11) 

М (а), M, 4.001506 1747(10) x 10-3 


PHYSICO-CHEMICAL 


МА, L 6.022 14199(47) х 1023 

my 1.660538 73(13) x 10:27 

тус? 1.492417 78(12) x 10719 
931.494 013(37) 

F 96 485.3415(39) 


Unit 


s7! T7! 


MHz T^! 


Relative std. 
uncert. иг 


2.4 x 1077 


7.9 x 1078 
2.8 x 10:10 
7.9 x 10-8 
4.0 x 1078 
2.1 x 107? 
3.1 x 10710 
2.8 x 10-10 
42 х 1078 


1.2 x 10-8 
1.2 x 1078 


1.5 x 1078 


4.3 x 10-9 


4.2 x 10-8 


4.2 x 10-8 


7.9 x 10-8 


2.5 x 10719 
7.9 x 10-8 
4.0 x 10-8 


2.1 x 107? 


2.8 x 10:10 
2.5 x 10-10 


7.9 x 10-8 
7.9 x 10-8 
7.9 x 10-8 


4.0 x 10-8 
4.0 x 10-8 


Fundamental Physical Constants 
Relative std. 


Quantity Symbol Value Unit uncert. иг 
molar Planck constant МАЙ 3.990 312 689(30) х 107? Js mor! 7.6 x 1079 
Nahe — 0.119626 56492(91) Jm тој“! 7.6 x 1079 
molar gas constant R 8.314472(15) Jmol!K^ 1.7х 10-6 
Boltzmann constant А / МА k 1.3806503(24) x 10-23 тк! 1.7 х 10-6 
in eV K^! 8.617 342(15) х 1077 eV K^! 1.7 x 10-6 
k/h 2.083 6644 (36) х 1019 HzK^! 1.7 x 10-6 
k/ hc 69.503 56(12) m`! Кт! 1.7 x 10-6 

molar volume of ideal gas RT / p 
T —273.15 K, p — 101.325 kPa Vm 22.413 996(39) x 10? m? mol! 1.7 x 1076 
Loschmidt constant NA / Ул no 2.686 7715(47) x 1025 m^? 1.7 x 1076 
T — 273.15 K, p — 100 kPa Vin 22.710981(40) x 1073 m? mol! 1.7 x 10-6 


Sackur-Tetrode constant 
(absolute entropy constant)" 
3 + In[(2mmak Ti / 2? КТ / po] 


Ti = ІК, ро = 100 kPa So/ R — 1.151 7048(44) 3.8 x 10-6 
Tı = 1 K, po = 101.325 kPa —1.164 8678 (44) 3.7 х 10-6 
Stefan-Boltzmann constant 
(л2/60) уһ 3с2 с 5.670400(40) х 10-8 ХУтп”2ҚК74 7.0 х 107 
first radiation constant 27r hc? сі 3.74177107(29) x 10:15. wn? 7.8 x 10-8 
first radiation constant for spectral radiance 2hc? си. 1.191042722(93) x 10776. wm? sr! 7.8 x 10-8 
second radiation constant Aic / k сә 1.4387752(25) х 1072 mK 1.7 x 10-6 
Wien displacement law constant 
b = ÀAmaxT = c2/4.965 114231... b 2.897 7686(51) x 1073 mK 1.7 x 10-6 


а See the “Adopted values” table for the conventional value adopted internationally for realizing representations of the volt using the Joseph- 
son effect. 

P See the "Adopted values" table for the conventional value adopted internationally for realizing representations of the ohm using the quantum Hall 
effect. 

* Value recommended by the Particle Data Group, Caso et al., Eur. Phys. J. C 3(1-4), 1-794 (1998). 

4 Based on the ratio of the masses of the УУ and 7. bosons mw / mz recommended by the Particle Data Group (Caso et al., 1998). The value for 
sin20w they recommend, which is based on a particular variant of the modified minimal subtraction (MS) scheme, is sin26w (Mz) — 0.231 24(24). 
* The helion, symbol h, is the nucleus of the 3He atom. 

f This and all other values involving тт are based on the value of mz c? in MeV recommended by the Particle Data Group, Caso et al., Eur. Phys. 
J. C 3(1-4), 1-794 (1998), but with a standard uncertainty of 0.29 MeV rather than the quoted uncertainty of —0.26 MeV, 4-0.29 MeV. 

8 The numerical value of F to be used in coulometric chemical measurements is 96 485.3432(76) [7.9 x 10-8] when the relevant current is measured 
in terms of representations of the volt and ohm based on the Josephson and quantum Hall effects and the internationally adopted conventional values 
of the Josephson and von Klitzing constants Kj. ор and Rx_99 given in the “Adopted values" table. 

В The entropy of an ideal monoatomic gas of relative atomic mass A, is given by 5 = 50 + 3R In A, — R In(p/po) + 3К In(T/K). 


Fundamental Physical Constants — Adopted values 
Relative std. 


Quantity Symbol Value Unit uncert. и; 
molar mass of !2C M(?C) 12x 1073 kg тој“! (exact) 
molar mass constant? M (12C)/12 Ма 1х 1073 kg тој“! (exact) 
conventional value of Josephson 

constant? Кудо 483 597.9 ОНУ! (exact) 
conventional value of von Klitzing 

constant? R&-90 25812.807 © (exact) 
standard atmosphere 101 325 Pa (exact) 
standard acceleration of gravity £n 9.806 65 ms? (exact) 


а The relative atomic mass А;(Х) of particle X with mass m(X) is defined Бу Ay(X) = m(X)/my, where my = m(?C)/12 = My/NA = luis 
the atomic mass constant, NA is the Avogadro constant, and u is the atomic mass unit. Thus the mass of particle X in u is m(X) = А; (Х) u and the 
molar mass of X is М(Х) = Ar(X) My. 

b This is the value adopted internationally for realizing representations of the volt using the Josephson effect. 

© This is the value adopted internationally for realizing representations of the ohm using the quantum Hall effect. 


Energy Equivalents 


J kg m? Hz 

1J Л = (Jc? = (1 Јућс = (1 J/h = 

11 1.112 650056 х 10717 kg 5.034 117 62(39) x 1074 m^! 1.509 19050(12) х 1033 Hz 
1кв (1kg)c? = (1 Ке) = (1 Кејс/ћ = (1 Кејс2/ћ = 

8.987 551 787 x 10167 1 kg 4.524439 29(35) х 101! тт! 1.356 39277 (11) х 1079 Hz 
іш”! (іш Әйс- Ат Эй/с = (1 m7!) = (Im с = 

1.986 445 44(16) x 107251 2.21021863(17) x 107-4 kg 1m7! 299 792 458 Hz 
ІН; (1Н2)һ = (1 Hz)h/c? = (1 Н2)/с = (1 Hz) = 

6.626 068 76(52) x 10-34} 7.372495 78(58) x 10771 kg 3.335 640952 х 107? тт! 1 Hz 
ІК (1 Kyk = (1 K)k/c? = (1 K)k/hc = (1K)k/h = 

1.3806503(24) x 10723] 1.536 1807(27) х 10799 kg 69.503 56(12) m^! 2.083 6644(36) x 1010 Hz 
leV (1еУ)- (1eV)/c? = (1eV)/hc — (leV)/h= 

1.602 176 462(63) х 1071791 1.782 661 731(70) х 10-36 ке 8.065 54477(32) x 10° m^! 2.417 989 491(95) х 1014 Hz 
lu (1 u)? = (и) = (1u)c/h = (1 u)c?/h = 


1.492417 78(12) x 107197 1.66053873(13) x 10727 ке 7.513006658(57) х 10!4 та“! 2.252 342 733 (17) х 1023 Hz 


ЇЕ, (1А) = (1 Ey)/c? = (1 En)/he = (1 Ep)/ h = 
4.359 743 81(34) x 107187 4.850869 19(38) x 10755 ко 2.194746 313 710(17) x 107 m^! 6.579 683 920735(50) x 10? Hz 


Derived from the relations E = mc? = hc/À = hv = КТ, and based on the 1998 CODATA adjustment of the values of the constants; 
1 eV = (e/C) J, 1 u = ту = 15т(12С) = 107? kg шог УМА, and Ep = 2Roohc = o? mec? is the Hartree energy (hartree). 


1] 


1 Hz 


IK 


leV 


1 Ep 


K 


(1Jyk = 
7.242964(13) x 102 K 


(1 kg)c?/k = 
6.509 651 (11) х 109 K 


(1m-!)hc/k = 
1.438 7752(25) x 10? K 


(1 Hz)h/k = 
4.799 2374(84) x 1071 K 


(1 K) = 
ІК 


(1 eV)/k — 
1.1604506(20) x 10^ K 


(1u)c2/k = 
1.0809528(19) x 105 К 


(1 Ej)/k = 
3.157 7465 (55) x 107 К 


Energy Equivalents 


eV 


(1Ј)= 
6.241 509 74(24) x 1018 eV 


(1 kg)? = 
5.609 58921(22) x 1035 eV 


(1 m- Ac = 


1.239 841 857(49) x 10-6 eV 


(1Hz)h — 


4.135 667 27 (16) x 10-15 eV 


(Kk = 
8.617 342(15) x 10-5 eV 


(1 eV) = 
l ем 


(1 u)? = 
931.494 013(37) x 106 eV 


(1 Ey) — 
27.2113834(11) eV 


u 


(1 Л/с? = 
6.700 536 62(53) x 10° u 


(1 kg) = 
6.022 141 99(47) х 1026 u 


(m7!)h/c= 


1.331025 042(10) x 1075 u 


(1 Hz)h/c? = 


4.439 821 637(34) х 10724 u 


(1 K)k/c? = 
9.251 098(16) x 10714 u 


(1 eV)/c? = 
1.073 544 206(43) x 107? u 


(lu) = 
lu 


(1 Е„)/с? = 
2.921262304(22) х 10 Š u 


Еһ 


(Л = 
2.293 71276(18) х 1017 Е, 


(1 kg)c? = 
2.061 486 22(16) х 1034 En 


(1 m-DAc = 
4.556 335 252750(35) x 10-8 Еһ 


(1 Hz)h = 
1.519 829 846 003(12) х 10716 E, 


(1 Kyk = 
3.166 8153(55) х 10-6 Ep 


(1eV) — 
3.674932 60(14) x 1072 E, 


(1 u) = 
3.423 177709(26) х 10” Е, 


(1 Eg) = 
1 Еһ 


Derived from the relations E — mc? — hc /à = hv = KT, and based on the 1998 CODATA adjustment of the values of the constants; 
1 eV = (e/C) J, 1 u = та = үут(20) = 1073 kg mol УМА, and Eh = 2Roohc = o? mec? is the Hartree energy (hartree). 


STANDARD ATOMIC WEIGHTS (2001) 


This table of atomic weights includes the changes made in 1999 and 2001 by the IUPAC Commission on Atomic Weights and 
Isotopic Abundances. The Standard Atomic Weights apply to the elements as they exist naturally on Earth, and the uncertainties take into account 
the isotopic variation found in most laboratory samples. Further comments on the variability are given in the footnotes. 

The number in parentheses following the atomic weight value gives the uncertainty in the last digit. An atomic weight entry in 
brackets indicates that the element that has no stable isotopes; the value given is the atomic mass in u (or the mass number, if the mass is not 
accurately known) for the isotope of longest half-life. Thorium, protactinium, and uranium have no stable isotopes, but the terrestrial isotopic 
composition is sufficiently uniform to permit a standard atomic weight to be specified. 


REFERENCES 


Vocke, R. D., Pure Appl. Chem. 71, 1593, 1999. 

Coplen, T. D., Pure Appl. Chem. 73, 667, 2001. 

Coplen, T. D., J. Phys. Chem. Ref. Data, 30, 701, 2001. 

Loss, R. D., Report of the IUPAC Commission on Atomic Weights and Isotopic Abundances, Chemistry International, 23, 179, 2001. 


YY 


Name Symbol Atomic No. Atomic Weight Footnotes 
Actinium Ac 89 [227.0277] a 
Aluminum Al 13 26.98 1538(2) 

Americium Am 95 [243.0614] a 
Antimony Sb 51 121.760(1) g 
Argon Ar 18 39.948(1) gr 
Arsenic As 33 74.92160(2) 

Astatine At 85 [209.9871] a 
Barium Ba 56 137.327(7) 

Berkelium Bk 97 [247.0703] a 
Beryllium Be 4 9.012182(3) 

Bismuth Bi 83 208.98038(2) 

Bohrium Bh 107 [264.12] a 
Boron B 5 10.811(7) gmr 
Bromine Br 35 79.904(1) 

Cadmium Cd 48 112.411(8) g 
Calcium Ca 20 40.078(4) g 
Californium Cf 98 [251.0796] a 
Carbon [e 6 12.0107(8) gr 
Cerium Ce 58 140.116(1) g 
Cesium Cs 55 132.90545(2) 

Chlorine СІ 17 35.453(2) gmr 
Chromium Cr 24 51.9961(6) 

Cobalt Co 21 58.933200(9) 

Соррег Са 29 63.546(3) r 
Curium Cm 96 [247.0704] a 
Dubnium Db 105 [262.1141] a 
Dysprosium Dy 66 162.500(1) g 
Einsteinium Es 99 [252.0830] a 
Erbium Er 68 167.259(3) g 
Europium Eu 63 151.964(1) g 
Fermium Fm 100 [257.0951] a 
Fluorine Е 9 18.9984032(5) 

Francium Fr 87 [223.0197] a 
Gadolinium Gd 64 157.25(3) g 
Gallium Ga 31 69.723(1) 

Germanium Ge 32 72.64(1) 

Gold Au 79 196.96655(2) 

Hafnium Hf 72 178.49(2) 
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STANDARD ATOMIC WEIGHTS (2001) (continued) 


Name Symbol Atomic No. Atomic Weight Footnotes 
Hassium Hs 108 [277] a 
Helium He 2 4.002602(2) gr 
Holmium Ho 67 164.93032(2) 

Hydrogen H 1 1.00794(7) gmr 
Indium In 49 114.818(3) 

Iodine I 53 126.90447(3) 

Iridium Ir 77 192.217(3) 

Поп Fe 26 55.845(2) 

Krypton Kr 36 83.798(2) gm 
Lanthanum La 57 138.9055(2) g 
Lawrencium Lr 103 [262.1097] a 
Lead Pb 82 207.2(1) gr 
Lithium Li 3 6.941(2) bgmr 
Lutetium Lu 71 174.967(1) g 
Magnesium Mg 12 24.3050(6) 

Manganese Mn 25 54.938049(9) 

Meitnerium Mt 109 [268.1388] 

Mendelevium Md 101 [258.0984] 

Mercury Hg 80 200.59(2) 

Molybdenum Mo 42 95.94(2) g 
Neodymium Nd 60 144.24(3) g 
Neon Ne 10 20.1797(6) gm 
Neptunium Np 93 [237.0482] a 
Nickel Ni 28 58.6934(2) 

Niobium Nb 41 92.90638(2) 

Nitrogen N 7 14.0067(2) gr 
Nobelium No 102 [259.1010] a 
Osmium Os 76 190.23(3) g 
Oxygen о 8 15.9994(3) gr 
Palladium Pd 46 106.42(1) g 
Phosphorus P 15 30.973761(2) 

Platinum Pt 78 195.078(2) 

Plutonium Pu 94 [244.0642] 

Polonium Po 84 [208.9824] 

Potassium K 19 39.0983(1) 
Praseodymium Pr 59 140.90765(2) 

Promethium Pm 61 [144.9127] a 
Protactinium Pa 91 231.03588(2) 

Radium Ra 88 [226.0254] 

Radon Rn 86 [222.0176] 

Rhenium Re 75 186.207(1) 

Rhodium Rh 45 102.90550(2) 

Rubidium Rb 37 85.4678(3) g 
Ruthenium Ru 44 101.07(2) g 
Rutherfordium Rf 104 [261.1088] a 
Samarium Sm 62 150.36(3) g 
Scandium Sc 21 44.955910(8) 
Seaborgium Sg 106 [266.1219] a 
Selenium Se 34 78.96(3) r 
Silicon Si 14 28.0855(3) r 
Silver Ag 47 107.8682(2) 5 
Sodium Na 11 22.989770(2) 

Strontium Sr 38 87.62(1) gr 
Sulfur S 16 32.065(5) gr 
Tantalum Ta 73 180.9479(1) 

Technetium Tc 43 [97.9072] 

Tellurium Te 52 127.60(3) 

Terbium Tb 65 158.92534(2) 
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STANDARD ATOMIC WEIGHTS (2001) (continued) 


Name Symbol Atomic No. Atomic Weight Footnotes 
Thallium TI 81 204.3833(2) 
Thorium Th 90 232.0381(1) g 
Thulium Tm 69 168.93421(2) 
Tin Sn 50 118.710(7) g 
Titanium Ti 22 47.867(1) 
Tungsten W 74 183.84(1) 
Ununbium Uub 112 [285] a 
Ununhexium Uuh 116 [289] a 
Ununnilium Uun 110 [281] a 
Ununquadium Uuq 114 [289] a 
Unununium Uuu 111 [272.1535] a 
Uranium U 92 238.02891(3) gm 
Vanadium У 23 50.9415(1) 
Хепоп Хе 54 131.293(6) gm 
Ytterbium Yb 70 173.04(3) g 
Yttrium Y 39 88.90585(2) 
Zinc Zn 30 65.409(4) 
Zirconium Zr 40 91.224(2) g 


No stable isotope exists. The atomic mass in u (or the mass number, if the mass is not accurately known) is given in brackets for the isotope of 
longest half-life. 

Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be 
determined for the specific material. 

Geological specimens are known in which the element has an isotopic composition outside the limits for the normal material. The difference 
between the atomic weight of the element in such specimens and that given in the table may exceed the stated uncertainty. 

Modified isotopic compositions may be found in commercially available material because it has been subject to an undisclosed or inadvertent 
isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. 

Range in isotopic composition of normal terrestrial material prevents a more precise atomic weight being given; the tabulated value should be 
applicable to any normal material. 
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ATOMIC MASSES AND ABUNDANCES 


This table lists the mass (in atomic mass units, symbol u) and the natural abundance (in percent) ofthe stable nuclides and a few important radioactive 
nuclides. A complete table of all nuclides may be found in Section 11 (“Table of the Isotopes"). 

The atomic masses are based on the 1995 evaluation of Audi and Wapstra (Reference 2). The number in parentheses following the mass value is 
the uncertainty in the last digit(s) given. 

Natural abundance values are also followed by uncertainties in the last digit(s) of the stated values. This uncertainty includes both the estimated 
measurement uncertainty and the reported range of variation in different terrestrial sources of the element (see Reference 3 and 4 for more details). 
The absence of an entry in the Abundance column indicates a radioactive nuclide not present in nature or an element whose isotopic composition varies 
so widely that a meaningful natural abundance cannot be defined. 

An electronic version of these data is available on the Web site of the NIST Physics Laboratory (Reference 5). 
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User Eo ES 


Z Isotope Massinu Abundance in % Z Isotope Massinu Abundance in % 
1 ІН 1.0078250321(4) 99.9850(70) 40 Ат 39.962383123(3) 99.6003(30) 
?D 2.0141017780(4) 0.0115(70) 19 39K 38.9637069(3) 93.2581(44) 
ЗТ 3.0160492675(11) 40K 39.96399867(29) 0.0117(1) 
2 3He 3.0160293097(9) 0.000137(3) “K 40.96182597(28) 6.7302(44) 
“Не 4.0026032497(10) 99.999863(3) 20 40Са 39.9625912(3) 96.941(156) 
3 SLi 6.0151223(5) 7.59(4) 42Са 41.9586183(4) 0.647(23) 
7Li 7.0160040(5) 92.41(4) 43Са 42.9587668(5) 0.135(10) 
4 ?Be 9.0121821(4) 100 ^ Ca 43.9554811(9) 2.086(110) 
5 10B 10.0129370(4) 19.9(7) “Са 45.9536928(25) 0.004(3) 
"B 11.0093055(5) 80.1(7) 48Ca 47.952534(4) 0.18721) 
6 РС 12.0000000(0) 98.93(8) 21 Sc 44.9559102(12) 100 
BC 13.0033548378(10) 1.07(8) 22 46Tj 45.9526295(12) 8.25(3) 
7 ММ 14.0030740052(9) 99.632(7) “Ti 46.9517638(10) 7.440) 
IN 15.0001088984(9) 0.368(7) STi 47.9479471(10) 73.72(3) 
8 160 15.9949146221(15) 99.757(16) от 48.9478708(10) 5.41(2) 
UO 16.99913150(22) 0.038(1) SOT] 49.9447921(11) 5.18(2) 
180 17.9991604(9) 0.20514) 23 Soy 49.9471628(14) 0.250(4) 
9 F 18.99840320(7) 100 яу 50.9439637(14) 99.750(4) 
10 20Ne 19.9924401759(20) 90.48(3) 24 50Cr 49.9460496(14) 4.345(13) 
21\е 20.99384674(4) 0.27(1) 52Cr 51.9405119(15) 83.789(18) 
Ne 21.99138551(23) 9.25(3) ЗЗСт 52.9406538 (15) 9.501(17) 
11 23Ма 22.98976967(23) 100 Ст 53.9388849(15) 2.365(7) 
12 Mg 23.98504190(20) 78.99(4) 25 55Mn 54.9380496(14) 100 
Mg 24.98583702(20) 10.00(1) 26 54Fe 53.9396148(14) 5.845(35) 
Mg 25.98259304(21) 11.01(3) S6pe 55.9349421(15) 91.754(36) 
13 27А] 26.98153844(14) 100 57Бе 56.9353987(15) 2.119(10) 
14 2851 27.9769265327(20) 92.2297(7) 58Бе 57.9332805(15) 0.282(4) 
2951 28.97649472(3) 4.6832(5) 27 Со 58.9332002(15) 100 
3051 29.97377022(5) 3.0872(5) 28 58 № 57.9353479(15) 68.0769(89) 
15 3p 30.97376151(20) 100 60 59.9307906(15) 26.2231(77) 
16 325 31.97207069(12) 94.93(31) SINi 60.93 10604(15) 1.1399(6) 
335 32.97145850(12) 0.76(2) Ni 61.9283488(15) 3.6345(17) 
345 33.96786683(11) 4.29(28) “Ni 63.9279696(16) 0.9256(9) 
365 35.96708088(25) 0.02(1) 29 Cu 62.9296011(15) 69.17(3) 
17 Ee! 34.96885271(4) 75.78(4) Cu 64.9277937(19) 30.83(3) 
о) 36.96590260(5) 24.22(4) 30 9 7n 63.9291466(18) 48.63(60) 
18 36Ar 35.96754628(27) 0.3365(30) 667 65.9260368(16) 27.90(27) 
38Ar 37.9627322(5) 0.0632(5) Zn 66.9271309(17) 4.10(13) 
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31 


32 


33 
34 


35 


36 


37 


38 


39 
40 


41 
42 


43 


44 


45 
46 


Isotope 


687 
7071 
69Ga 
7 ба 
70бе 
72бе 
73Ge 
74бе 
76бе 
75 А 
74$е 
766е 
TlSe 
78Se 
80Se 
82Se 
79Br 
8IBr 
78Kr 
80Kr 
82Кг 
83Kr 
84Kr 
86Kr 
85Rb 
87ВЬ 
84çr 
8667 
8797 
88Sr 
89y 
907r 
917r 
927t 
947r 
967r 
93Nb 
Мо 
“Мо 
Mo 
%Мо 
97Mo 
9 Mo 
100Мо 
97Тс 
98Тс 
99Тс 
Ru 
98Ru 
Ru 
100Ru 
и 
102В и 
1046 и 
103Rh 
102рд 
l04pg 
l05pg 


ATOMIC MASSES AND ABUNDANCES (continued) 


Massinu 


67.9248476(17) 
69.925325(4) 
68.925581(3) 
70.9247050(19) 
69.9242504(19) 
71.9220762(16) 
72.9234594(16) 
73.9211782(16) 
75.9214027(16) 
74.9215964(18) 
73.9224766(16) 
75.9192141(16) 
76.9199146(16) 
77.9173095(16) 
79.9165218(20) 
81.9167000(22) 
78.9183376(20) 
80.916291(3) 
71.920386(7) 
79.916378(4) 
81.9134846(28) 
82.914136(3) 
83.911507(3) 
85.9106103(12) 
84.9117893(25) 
86.9091835(27) 
83.913425(4) 
85.9092624(24) 
86.9088793(24) 
87.9056143(24) 
88.9058479(25) 
89.9047037(23) 
90.9056450(23) 
91.9050401(23) 
93.9063158(25) 
95.908276(3) 
92.9063775(24) 
91.906810(4) 
93.9050876(20) 
94.9058415(20) 
95.9046789(20) 
96.9060210(20) 
97.9054078(20) 
99.907477(6) 
96.906365(5) 
97.907216(4) 
98.9062546(21) 
95.907598(8) 
97.905287(7) 
98.9059393(21) 
99.9042197(22) 
100.9055822(22) 
101.9043495(22) 
103.905430(4) 
102.905504(3) 
101.905608(3) 
103.904035(5) 
104.905084(5) 


Abundance in % 


18.75(51) 
0.62(3) 
60.108(9) 
39.892(9) 
20.84(87) 
27.54(34) 
7.73(5) 
36.28(73) 

7.61(38) 
100 
0.89(4) 
9.37(29) 
7.63(16) 
23.7198) 
49.61(41) 
8.7302) 
50.69(7) 
49.31(7) 
0.35(1) 
2.28(6) 
11.58(14) 
11.49(6) 
57.00(4) 
17.30(22) 
72.170) 
27.830) 
0.56(1) 
9.86(1) 
7.00(1) 
82.58(1) 
100 
51.45(40) 
11.22(5) 
17.15(8) 
17.38(28) 
2.80(9) 
100 
14.84(35) 
9.25(12) 
15.92(13) 
16.68(2) 
9.55(8) 
24.13(31) 
9.63(23) 


55414) 
1.87(3) 
12.76(14) 
12.60(7) 
17.060) 
31.55(14) 
18.62(27) 

100 
1.02(1) 
11.14(8) 
22.33(8) 
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Z 


47 


48 


49 


50 


51 


52 


53 
54 


55 
56 


57 


58 


Isotope 


106pq 
108pq 
пора 
107Ар 
109 Ар 
106Cq 
108Cq 
поса 
шса 
264 
изса 
паса 
пса 
113]n 
11570 
1285 
ПАбу 
1565 
1164 
1175 п 
118 п 
1981 
12085 
12261 
1246 п 
1219 
1239 р 
120Те 
122Те 
123Те 
124Те 
125Те 
126Te 
128Te 
130Те 
1271 
124Хе 
126Хе 
128Хе 
129Хе 
130Хе 
ІЗІ Хе 
132Хе 
134Хе 
136Хе 
133Cg 
130Ba 
132Ва 
134Ва 
135Ва 
136Ва 
137Ва 
138Ва 
138] а 
139] а 
136Ce 
138Ce 
140Ce 


Mass in u 


105.903483(5) 
107.903894(4) 
109.905 152(12) 
106.905093(6) 
108.904756(3) 
105.906458(6) 
107.904183(6) 
109.903006(3) 
110.904182(3) 
111.9027572(30) 
112.9044009(30) 
113.9033581(30) 
115.904755(3) 
112.904061(4) 
114.903878(5) 
111.904821(5) 
113.902782(3) 
114.903346(3) 
115.901744(3) 
116.902954(3) 
117.901606(3) 
118.903309(3) 
119.9021966(27) 
121.9034401(29) 
123.9052746(15) 
120.9038 180(24) 
122.9042157(22) 
119.904020(11) 
121.9030471(20) 
122.9042730(19) 
123.9028195(16) 
124.9044247(20) 
125.9033055(20) 
127.9044614(19) 
129.9062228(21) 
126.904468(4) 
123.9058958(21) 
125.904269(7) 
127.9035304(15) 
128.9047795(9) 
129.9035079(10) 
130.9050819(10) 
131.9041545(12) 
133.9053945(9) 
135.907220(8) 
132.905447(3) 
129.906310(7) 
131.905056(3) 
133.904503(3) 
134.905683(3) 
135.904570(3) 
136.905821(3) 
137.905241(3) 
137.907107(4) 
138.906348(3) 
135.907140(50) 
137.905986(11) 
139.905434(3) 


Abundance in 90 


27.33(3) 
26.46(9) 
11.72(9) 
51.839(8) 
48.161(8) 
1.25(6) 
0.89(3) 
12.49(18) 
12.80(12) 
241301) 
12.22(12) 
28.73(42) 
7.49(18) 
4.29(5) 
95.71(5) 
0.97(1) 
0.66(1) 
0.34(1) 
14.54(9) 
7.68(7) 
24.22(9) 
8.59(4) 
32.58(9) 
4.63(3) 
5.79(5) 
57.21(5) 
42.79(5) 
0.09(1) 
2.55(12) 
0.89(3) 
4.74(14) 
7.07(15) 
18.84(25) 
31.74(8) 
34.08(62) 
100 
0.09(1) 
0.09(1) 
1.92(3) 
26.44(24) 
4.08(2) 
21.18(3) 
26.89(6) 
10.44(10) 
8.87(16) 
100 
0.106(1) 
0.101(1) 
24178) 
6.592(12) 
7.854(24) 
11.232(24) 
71.698(42) 
0.090(1) 
99.910(1) 
0.185(2) 
0.2510) 
88.450(51) 


2 


59 
60 


61 


62 


63 


64 


65 
66 


67 
68 


69 
70 


71 


72 


Isotope 


142Се 

14їрү 

142Nd 
143Nd 
мама 
има 
146Nd 
148Nd 
150Nd 
145pm 
147Pm 
1445 тш 
14715m 
1485m 
1495m 
1505 тш 
1525 тш 
1545 тш 
I51Eu 

153Eu 

15264 
15464 
15564 
15664 
15764 
15844 
16064 
159Т 

156ру 
158ру 
160Dy 
16 Шу 
162Dy 
163Dy 
164Dy 
165Но 
162Ẹr 

164Ẹr 

166Ẹr 

167Ẹr 

168Ẹr 

170Ẹr 

169Tm 
168y 5 
ШАУ») 
171Yþ 
172Yþ 
IBYb 
174үр, 
176ү 
175] д 
176] y 
VAHf 
176Hf 
ITE 
178НГ 
179НГ 
180Hf 


ATOMIC MASSES AND ABUNDANCES (continued) 


Massinu 


141.909240(4) 
140.907648(3) 
141.907719(3) 
142.909810(3) 
143.910083(3) 
144.912569(3) 
145.913112(3) 
147.916889(3) 
149.920887(4) 
144.912744(4) 
146.915134(3) 
143.911995(4) 
146.914893(3) 
147.914818(3) 
148.917180(3) 
149.917271(3) 
151.919728(3) 
153.922205(3) 
150.919846(3) 
152.921226(3) 
151.919788(3) 
153.920862(3) 
154.922619(3) 
155.922120(3) 
156.923957(3) 
157.924101(3) 
159.927051(3) 
158.925343(3) 
155.924278(7) 
157.924405(4) 
159.925194(3) 
160.926930(3) 
161.926795(3) 
162.928728(3) 
163.929171(3) 
164.930319(3) 
161.928775(4) 
163.929197(4) 
165.930290(3) 
166.932045(3) 
167.932368(3) 
169.935460(3) 
168.934211(3) 
167.933894(5) 
169.934759(3) 
170.936322(3) 
171.9363777(30) 
172.9382068(30) 
173.9388581(30) 
175.942568(3) 
174.9407679(28) 
175.9426824(28) 
173.940040(3) 
175.9414018(29) 
176.9432200(27) 
177.9436977(27) 
178.9458151(27) 
179.9465488(27) 


Abundance in % 


11.114(51) 
100 

27.2(5) 

12.20) 

23.8(3) 
8.3(1) 

17.2(3) 
5.7(1) 
5.6(2) 


3.07(7) 
14.99(18) 
11.24(10) 
13.82(7) 

7.38(1) 
26.75(16) 
22.75(29) 
47.81(3) 
52.19(3) 

0.20(1) 

2.18(3) 
14.80(12) 
20.47(9) 
15.65(2) 
24.84(7) 
21.86(19) 

100 

0.06(1) 

01001) 

2.34(8) 
18.91(24) 
25.51(26) 
24.90(16) 
28.18(37) 

100 

0.14(1) 

1.61(3) 
33.61(35) 
22.93(17) 
26.78(26) 
14.93(27) 

100 

0.13(1) 

3.04(15) 
14.28(57) 
21.83(67) 
16.1327) 
31.83(92) 
12.76(41) 
97.41(2) 

2.59(2) 

0.16(1) 

5.26(7) 
18.60(9) 
27.28(7) 
13.620) 
35.08(16) 


2 


73 


74 


75 


76 


77 


78 


79 
80 


81 


82 


83 
84 


85 


86 


87 
88 


89 
90 


91 
92 


Isotope 


180Та 
181Та 
180үү 
182үү 
183W 
184W 
186W 
185Re 
187Re 
18406 
18608 
18708 
1880); 
18905 
19005 
19205 
1917г 
193] 
190pt 
192pt 
194pt 
195pt 
196pt 
198pt 
197 Au 
196Hg 
198Hg 
199Hg 
200Hg 
201Hg 
202Hg 
204Hg 
203T] 
205T] 
204Pþ 
206Pþ 
207Pþ 
208Pþ 
209Bi 
209pg 
210ро 
210At 
20 At 
211 р 
220Rn 
222Rn 
223Fr 
223Ra 
224Ra 
226р а 
228р а 
227Ас 
230Th 
232Th 
231ра 
2331) 
2341) 
235] 


Mass ши 


179.947466(3) 
180.947996(3) 
179.946706(5) 
181.948206(3) 
182.9502245(29) 
183.9509326(29) 
185.954362(3) 
184.9529557(30) 
186.9557508(30) 
183.952491(3) 
185.953838(3) 
186.9557479(30) 
187.9558360(30) 
188.9581449(30) 
189.958445(3) 
191.961479(4) 
190.960591(3) 
192.962924(3) 
189.959930(7) 
191.961035(4) 
193.962664(3) 
194.964774(3) 
195.964935(3) 
197.967876(4) 
196.966552(3) 
195.965815(4) 
197.966752(3) 
198.968262(3) 
199.968309(3) 
200.970285(3) 
201.970626(3) 
203.973476(3) 
202.972329(3) 
204.974412(3) 
203.973029(3) 
205.974449(3) 
206.975881(3) 
207.976636(3) 
208.980383(3) 
208.982416(3) 
209.982857(3) 
209.987131(9) 
210.98748 (4) 
210.990585(8) 
220.0113841(29) 
222.0175705(27) 
223.0197307(29) 
223.018497(3) 
224.0202020(29) 
226.0254026(27) 
228.0310641(27) 
227.0277470(29) 
230.0331266(22) 
232.0380504(22) 
231.0358789(28) 
233.039628(3) 
234.0409456(21) 
235.0439231(21) 


Abundance in 90 


0.012Q) 
99.988(2) 
0.12(1) 
26.50(16) 
14.31(4) 
30.642) 
28.43(19) 
37.400) 
62.600) 
0.02(1) 
1.59(3) 
1.96(2) 
13.24(8) 
16.15(5) 
26.26(2) 
40.78(19) 
37.30) 
6270) 
0.014(1) 
0.782(7) 
32.967(99) 
33.832(10) 
25.242(41) 
7.163(55) 
100 
0.15(1) 
9.97(20) 
16.8722) 
23.10(19) 
13.18(9) 
29.86(26) 
6.87(15) 
29.524(14) 
70.476(14) 
1401) 
2411) 
22.1(1) 
52.4(1) 
100 


100 
100 


0.0055(2) 
0.7200(51) 


2 


93 


94 


95 


96 


97 


*Mass values derived not purely from experimental data, but at least partly from systematic trends. 


Isotope 


2361] 


2381] 
237Np 
239Np 
238pu 
239pu 
240pu 
241pu 
242pu 
244pu 
241 Ат 
243 Am 
243Cm 
244Cm 
245Cm 
246Cm 
247Сш 
248Cm 
247Bk 


ATOMIC MASSES AND ABUNDANCES (continued) 


Mass ши 


236.0455619(21) 
238.0507826(21) 
237.048 1673(21) 
239.0529314(23) 
238.0495534(21) 
239.0521565(21) 
240.0538075(21) 
241.0568453(21) 
242.0587368(21) 
244.064198(5) 

241.0568229(21) 
243.0613727(23) 
243.0613822(24) 
244.0627463(21) 
245.0654856(29) 
246.0672176(24) 
247.070347(5) 

248.072342(5) 

247.070299(6) 


Abundance in % 


99.2745(106) 
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Z 


98 


99 
100 
101 


102 
103 
104 
105 
106 
107 
108 
109 
110 
111 


Isotope 


249Bk 
29 
250СЇ 
25 ІСҒ 
252СЇ 
2525$ 
257Fm 
256Md 
258Md 
259N о 
262] т 
261Rf 
262Db 
2638 g 
264Bh 
265Hs 
268 МЕ 
269 Дип 
2720 


Mass ши 


249.074980(3) 
249.074847(3) 
250.0764000(24) 
251.079580(5) 
252.081620(5) 
252.082970(50) 
257.095099(7) 
256.094050(60) 
258.098425(5) 
259.101020(110)* 
262.109690(320)* 
261.108750(110)* 
262.114150(200)% 
263.118310(130)* 
264.124730(300)* 
265.130000(320)* 
268.138820(340)* 
269.145140(310)* 
272.153480(360)* 


Abundance in % 
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ш ог 
= > — ос со + n о о о 
2. ^ -асвсв- есе я — C CL сї сї сї сї сї сї са 
іші 
un 
> = 
> - v éS P ey уз ~ б КО б> б с о © Фо бо с б о 
< и + зала 
3 е — сї со «ow NO NO SO SO SO D ND D SO SD SO D D D D SO D SO SO \о о 
Е a = саз CQ CI =з CI єч CI CI — CI єч CI єч єч CI CI си C CI CI CI а CI CI CI аа CI аа CY єч CI C єч CH 
7, = = сї oy убу Мәс P 06 © m S © © © @ © S © © © © © © S © @ => © © © @ © © © S: S 
=== = А-а-а OR GN X а-а-а а-а-а а-а-а БЭ ЛЭ 
© > — сї cn st ү) NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NOD D 
2 22 — аааааааааааааааааааааааааааа CI cN е q cq cq cq CI CI CI q C CI Ке Ке C CI 
=ч 
> 
~ a + NO ою SD NO о оо NO NO D D D ND ND ND SO SO OD D D D SO SO SO SO SO SO SO 0 0 0 D D D SO SO SO SO SO SO *о SO \о \о \© \©\о 
~ ва 
e т N N сз сї NNN Cl N NANU N Cq N NANU N AN AN N AN A N AN ANN N N CI CI CI N AN CI N N ANN CI N а а ааа CI NA 
2 
° Maw e са а са C сї са сї сї сї сї сї CI CI CI сї сї сї CI сї CI CI CI CI сї сї q сї сї CI. CE CI CI CI сї сї сї CI CI CI сї CI с CX 
° = 
x Б 
= !Ё oi о os 20. гч * o. oon рязочон Жы ne Q o 5 3 > wd aoo oad 
D = С ша он ИВО Я4Е»052020150044длмйил-1236Ш21Уу ОНЯЯ ЕКО 
‚© 
m= = 
= о 
= 
8 2 а + со © — C со чю O CS 00 су © — С! со чї м) \О© су 00 с\ © — CI со «t i O = 00 OQ © = CI co xt Q \© гу 00 суо — C (e xt ш о 
VA em IA Ou EM хэр VR E Y EN ) € со € ' 
$" су сї CI CI CI CI NAN N N CI c со са cn со са са cn со со Ч sb ч чїО ч bob s * ow ow) wv му wv wv wv 


1-19 


ELECTRON CONFIGURATION OF NEUTRAL ATOMS IN THE GROUND STATE (continued) 


K L M N о Р Q 
Atomic п= 1 2 3 4 5 6 7 
по. Element 8 8 р 8 р 4 8 р 4 f s p d f s pd S p 
БУ; Га 2 2 6 2 6 10 2 6 10 2 6 1 2 
58 Се 2 2 6 2 6 10 2 610 1 2 6 1 2 
59 Рг 2 2 6 2 6 10 2 6 10 3 2 6 2 
60 ха 2 2 6 2 6 10 2 6 10 4 2 6 2 
61 Pm 2 2 6 2 6 10 2 6 10 5 2 6 2 
62 Sm 2 2 6 2 6 10 2 6 10 6 2 6 2 
63 Ей 2 2 6 2 6 10 2 6 10 7 2 6 2 
64 Gd 2 2 6 2 6 10 2 6 10 7 2 6 1 2 
65 Tb 2 2 6 2 6 10 2 6 10 9 2: 6 2 
66 ру 2 2 6 2 6 10 2 6 10 10 2 6 2 
67 Но 2 2 6 2 6 10 2 6 10 11 2 6 2 
68 Er 2 2 6 2 6 10 2 6 10 12 2 6 2 
69 Tm 2 2 6 2 6 10 2 6 10 13 2 6 2 
70 Yb 2 2 6 2 6 10 2 6 10 14 2 6 2 
71 Їл 2 2 6 2 6 10 2 610 14 2 6 1 2 
12 Hf 2 2 6 2 6 10 2 6 10 14 26 2 2 
73 Ta 2 2 6 2 6 10 2 6 10 14 2 6 3 2 
74 w 2 2 6 2 6 10 2 6 10 14 2 6 4 2 
75 Re 2 2 6 2 6 10 2 6 10 14 2 6 5 2 
76 Os 2 2 6 2 6 10 2 610 14 2.6 6 2 
TI Ir 2 2 6 2 6 10 2 6 10 14 2 6 7 2 
78 Pt 2 2 6 2 6 10 2 6 10 14 2 6 9 1 
79 Ай 2 2 6 2 6 10 2 6 10 14 2 6 10 1 
80 Не 2 2 6 2 6 10 2 6 10 14 2 6 10 2 
81 TI 2 2 6 2 6 10 2 6 10 14 2 6 10 2.1 
82 Pb 2 2 6 2 6 10 2 6 10 14 2 6 10 2.2 
83 Bi 2 2 6 2 6 10 2 6 10 14 2 6 10 2^3 
84 Po 2 2 6 2 6 10 2 6 10 14 2 6 10 24 
85 At 2 2 6 2 6 10 2 6 10 14 2 6 10 2 5 
86 Еп 2 2 6 2 6 10 2 6 10 14 2 6 10 2 6 
87 Fr 2 2 6 2 6 10 2 6 10 14 2 6 10 2 6 1 
88 Ка 2 2 6 2 6 10 2 610 14 2 6 10 2 6 2 
89 Ас 2 2 6 2 6 10 2 6 10 14 2 6 10 2 6-1 2 
90 Th 2 2 6 2 6 10 2 6 10 14 2 6 10 262 2 
91 Ра 2 2 6 2 6 10 2 6 10 14 2 6 10 2 261 2 
92 U 2 2 6 2 6 10 2 6 10 14 2 6 10 3 261 2 
93 Мр 2 2 6 2 6 10 2 6 10 14 2 6 10 4 2 6.1 2 
94 Pu 2 2 6 2 6 10 2 610 14 2 6 10 6 2 6 2 
95 Am 2 2 6 2 6 10 2 610 14 2 6 10 7 2 6 2 
96 Cm 2 2 6 2 6 10 2 6 10 14 2 6 10 7 2.6 1 2 
97 Bk 2 2 6 2 6 10 2 6 10 14 2 6 10 9 2 6 2 
98 СЕ 2 2 6 2 6 10 2 610 14 2 6 10 10 2 6 2 
99 Ев 2 2 6 2 6 10 2 6 10 14 2-26 10 11 2 6 2 
100 Fm 2 2 6 2 6 10 2 6 10 14 2 6 10 12 2 6 2 
101 ма 2 2 6 2 6 10 2 6 10 14 2 6 10 13 2 6 2 
102 Мо 2 2 6 2 6 10 2 610 14 2 6 10 14 2 6 2 
103 Їл 2 2 6 2 6 10 2 610 14 2 6 10 14 2 6 2 1 
104 Rf 2 2 6 2 6 10 2 6 10 14 2- 6 10 14 262 2 
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INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90) 
B. W. Mangum 


A new temperature scale, the International Temperature Scale of 1990 (ITS-90), was officially adopted by the Comité International des 
Poids et Mesures (CIPM), meeting 26—28 September 1989 at the Bureau International des Poids et Mesures (BIPM). The ITS-90 was recommended 
to the CIPM for its adoption following the completion of the final details of the new scale by the Comité Consultatif de Thermométrie (CCT), meeting 
12—14 September 1989 at the BIPM in its 17th Session. The ITS-90 became the official international temperature scale on 1 January 1990. The ITS- 
90 supersedes the present scales, the International Practical Temperature Scale of 1968 (IPTS-68) and the 1976 Provisional 0.5 to 30 K Temperature 
Scale (EPT-76). 

The ITS-90 extends upward from 0.65 K, and temperatures on this scale are in much better agreement with thermodynamic values that are 
those on the IPTS-68 and the EPT-76. The new scale has subranges and alternative definitions in certain ranges that greatly facilitate its use. 
Furthermore, its continuity, precision, and reproducibility throughout its ranges are much improved over that of the present scales. The replacement 
ofthe thermocouple with the platinum resistance thermometer at temperatures below 961.78?C resulted in the biggest improvement in reproducibility. 

The ITS-90 is divided into four primary ranges: 


1. Between 0.65 and 3.2 K, the ITS-90 is defined by the vapor pressure-temperature relation of ?He, and between 1.25 and 2.1768 K (the À point) 
and between 2.1768 and 5.0 К by the vapor pressure-temperature relations of He. Т is defined by the vapor pressure equations of the form: 


9 š 
К = А+) А (р/а) – В)/С| 
i=l 


The values of the coefficients A;, and of the constants A,, B, and C of the equations are given below. 

2. Between 3.0 and 24.5561 K, the ITS-90 is defined in terms of a ?He or “Не constant volume gas thermometer (CVGT). The thermometer is 
calibrated at three temperatures — at the triple point of neon (24.5561 K), at the triple point of equilibrium hydrogen (13.8033 K), and at a 
temperature between 3.0 and 5.0 K, the value of which is determined by using either ?He or ^He vapor pressure thermometry. 

3. Between 13.8033 К (—259.3467°C) and 1234.93 К (961.78°C), the ITS-90 is defined in terms of the specified fixed points given below, by 
resistance ratios of platinum resistance thermometers obtained by calibration at specified sets of the fixed points, and by reference functions 
and deviation functions of resistance ratios which relate to Тор between the fixed points. 

4. Above 1234.93 K, the ITS-90 is defined in terms of Planck's radiation law, using the freezing-point temperature of either silver, gold, or copper 
as the reference temperature. 


Full details of the calibration procedures and reference functions for various subranges are given in: 


The International Temperature Scale of 1990, Metrologia, 27, 3, 1990; errata in Metrologia, 27, 107, 1990. 


Defining Fixed Points of the ITS-90 


Material? Equilibrium state^ Temperature 
То (K) іш CC) 

He VP 3ю5 -270.15 to -268.15 
e-H, TP 13.8033 -259.3467 
е-Н, (ог Не) VP (ог CVGT) “17 = —256.15 
е-Н, (ог Не) УР (ог СУСТ) =20.3 = —252.85 
Мес ТР 24.5561 -248.5939 
О, ТР 54.3584 -218.7916 
Ат ТР 83.8058 -189.3442 
Hg* TP 234.3156 —38.8344 
Н,О ТР 273.16 0.01 
бас МР 302.9146 29.7646 
Іше ЕР 429.7485 156.5985 
Sn FP 505.078 231.928 
Zn FP 692.677 419.527 
Alc FP 933.473 660.323 
Ag FP 1234.93 961.78 
Au FP 1337.33 1064.18 
Си ЕР 1357.77 1084.62 
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INTERNATIONAL TEMPERATURE SCALE ОЕ 1990 (ITS-90) (continued) 
Defining Fixed Points of the ITS-90 (continued) 


а e-H,indicates equilibrium hydrogen, that is, hydrogen with the equilibrium distribution of its ortho and para states. Normal 
hydrogen at room temperature contains 25% para hydrogen and 75% ortho hydrogen. 

^ VP indicates vapor pressure point; CVGT indicates constant volume gas thermometer point; TP indicates triple point 
(equilibrium temperature at which the solid, liquid, and vapor phases coexist); FP indicates freezing point, and MP indicates 
melting point (the equilibrium temperatures at which the solid and liquid phases coexist under a pressure of 101 325 Pa, one 
standard atmosphere). The isotopic composition is that naturally occurring. 

* Previously, these were secondary fixed points. 


Values of Coefficients in the Vapor Pressure Equations for Helium 


Coef.or ЗНе ЗНе ЗНе 
constant 0.65—3.2 K 1.25—2.1768 К 2.1768--5.0 К 
Ao 1.053 447 1.392 408 3.146 631 
A, 0.980 106 0.527 153 1.357 655 
А» 0.676 380 0.166 756 0.413 923 
А» 0.372 692 0.050 988 0.091 159 
4, 0.151 656 0.026 514 0.016 349 
As —0.002 263 0.001 975 0.001 826 
Ag 0.006 596 -0.017 976 —0.004 325 
Аз 0.088 966 0.005 409 -0.004 973 
Аұ -0.004 770 0.013 259 0 
Ao —0.054 943 0 0 
B 7.3 5.6 10.3 
C 4.3 2.9 1.9 
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CONVERSION ОЕ TEMPERATURES FROM THE 1948 AND 1968 SCALES TO ITS-90 


This table gives temperature corrections from older scales to the current International Temperature Scale of 1990 (see the preceding table for details 
on ITS-90). The first part of the table may be used for converting Celsius temperatures in the range -180 to 4000°C from IPTS-68 or IPTS-48 to ITS- 
90. Within the accuracy of the corrections, the temperature in the first column may be identified with either 1, t,,, or f,,. The second part of the table 
is designed for use at lower temperatures to convert values expressed in kelvins from EPT-76 or IPTS-68 to ITS-90. 

The references give analytical equations for expressing these relations. Note that Reference 1 supersedes Reference 2 with respect to corrections in 


the 630 to 1064°С range. 
REFERENCES 
1. Burns, G. W. et al., in Temperature: Its Measurement and Control in Science and Industry, Vol. 6, Schooley, J. F., Ed., American Institute of 


Physics, New York, 1993. 
2. Goldberg, R. N. and Weir, R. D., Pure and Appl. Chem., 1545, 1992. 


°С СЭ Loot ss °С СЭ СЭР, °С Сы СА 
-180 0.008 0.020 270 -0.039 0.028 720 0.00 0.45 
-170 0.010 0.017 280 -0.039 0.030 730 0.02 0.49 
-160 0.012 0.007 290 -0.039 0.032 740 0.03 0.53 
-150 0.013 0.000 300 -0.039 0.034 750 0.03 0.56 
-140 0.014 0.001 310 -0.039 0.035 760 0.04 0.60 
-130 0.014 0.008 320 -0.039 0.036 770 0.05 0.63 
-120 0.014 0.017 330 -0.040 0.036 780 0.05 0.66 
-110 0.013 0.026 340 -0.040 0.037 790 0.05 0.69 
-100 0.013 0.035 350 -0.041 0.036 800 0.05 0.72 
-90 0.012 0.041 360 -0.042 0.035 810 0.05 0.75 
-80 0.012 0.045 370 -0.043 0.034 820 0.04 0.76 
-70 0.011 0.045 380 -0.045 0.032 830 0.04 0.79 
-60 0.010 0.042 390 -0.046 0.030 840 0.03 0.81 
-50 0.009 0.038 400 -0.048 0.028 850 0.02 0.83 
-40 0.008 0.032 410 -0.051 0.024 860 0.01 0.85 
-30 0.006 0.024 420 -0.053 0.022 870 0.00 0.87 
-20 0.004 0.016 430 -0.056 0.019 880 -0.02 0.87 
-10 0.002 0.008 440 -0.059 0.015 890 -0.03 0.89 
0 0.000 0.000 450 -0.062 0.012 900 -0.05 0.90 
10 -0.002 -0.006 460 -0.065 0.009 910 -0.06 0.92 
20 -0.005 -0.012 470 -0.068 0.007 920 -0.08 0.93 
30 -0.007 -0.016 480 -0.072 0.004 930 -0.10 0.94 
40 -0.010 -0.020 490 -0.075 0.002 940 -0.11 0.96 
50 -0.013 -0.023 500 -0.079 0.000 950 -0.13 0.97 
60 -0.016 -0.026 510 -0.083 -0.001 960 -0.15 0.97 
70 -0.018 -0.026 520 -0.087 -0.002 970 -0.16 0.99 
80 -0.021 -0.027 530 -0.090 -0.001 980 -0.18 1.00 
90 -0.024 -0.027 540 -0.094 0.000 990 -0.19 1.02 
100 -0.026 -0.026 550 -0.098 0.002 1000 -0.20 1.04 
110 -0.028 -0.024 560 -0.101 0.007 1010 -0.22 1.05 
120 -0.030 -0.023 570 -0.105 0.011 1020 -0.23 1.07 
130 -0.032 -0.020 580 -0.108 0.018 1030 -0.23 1.10 
140 -0.034 -0.018 590 -0.112 0.025 1040 -0.24 1.12 
150 -0.036 -0.016 600 -0.115 0.035 1050 -0.25 1.14 
160 -0.037 -0.012 610 -0.118 0.047 1060 -0.25 1.17 
170 -0.038 -0.009 620 -0.122 0.060 1070 -0.25 1.19 
180 -0.039 -0.005 630 -0.125 0.075 1080 -0.26 1.20 
190 -0.039 -0.001 640 -0.11 0.12 1090 -0.26 1.20 
200 -0.040 0.003 650 -0.10 0.15 1100 -0.26 12 
210 -0.040 0.007 660 -0.09 0.19 1200 -0.30 1.4 
220 -0.040 0.011 670 -0.07 0.24 1300 -0.35 1.5 
230 -0.040 0.014 680 -0.05 0.29 1400 -0.39 1.6 
240 -0.040 0.018 690 -0.04 0.32 1500 -0.44 1.8 
250 -0.040 0.021 700 -0.02 0.37 1600 -0.49 1.9 
260 -0.040 0.024 710 -0.01 0.41 1700 -0.54 2.1 
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CONVERSION ОЕ TEMPERATURES FROM THE 1948 AND 1968 SCALES ТО ITS-90 (continued) 


°С 


1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 


-0.006 
-0.003 
-0.004 
-0.006 
-0.008 
-0.009 
-0.009 
-0.008 
-0.007 
-0.007 
-0.006 
-0.005 
-0.004 
-0.004 


TIK 


28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 


Т,-Т. 


90 776 


1-18 


Т/К 


77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
273.16 
300 
400 
500 
600 
700 
800 
900 


INTERNATIONAL SYSTEM OF UNITS (SI) 


1 SI base units 


Table 1 gives the seven base quantities, assumed to be mutually independent, on which the SI is 
founded; and the names and symbols of their respective units, called "SI base units.'' Definitions of 
the SI base units are given in Appendix A. The kelvin and its symbol K are also used to express the 
value of a temperature interval or a temperature difference. 


Table 1. SI base units 


SI base unit 


Base quantity Name Symbol 
length meter m 
mass kilogram kg 
time second 8 
electric current ampere A 
thermodynamic temperature kelvin K 
amount of substance mole mol 
luminous intensity candela cd 


2 SI derived units 


Derived units are expressed algebraically in terms of base units or other derived units (including 
the radian and steradian which are the two supplementary units — see Sec. 3). The symbols for 
derived units are obtained by means of the mathematical operations of multiplication and division. 
For example, the derived unit for the derived quantity molar mass (mass divided by amount of sub- 
stance) is the kilogram per mole, symbol kg/mol. Additional examples of derived units expressed in 
terms of SI base units are given in Table 2. 


ТаМе 2. Examples of SI derived units expressed in terms of SI base units 


SI derived unit 


Derived quantity Name Symbol 
area square meter m? 
volume cubic meter m? 
speed, velocity meter per second m/s 
acceleration meter per second squared m/s? 
wave number reciprocal meter m! 
mass density (density) kilogram per cubic meter kg/m? 
specific volume cubic meter per kilogram m*/kg 
current density ampere per square meter A/m? 
magnetic field strength ampere per meter A/m 
amount-of-substance concentration 

(concentration) mole per cubic meter mol/m? 
]uminance candela per square meter cd/m? 


21 SI derived units with special name and symbols 


Certain SI derived units have special names and symbols; these are given in Tables 3a and 3b. 
As discussed in Sec. 3, the radian and steradian, which are the two supplementary units, are 
included in Table За. 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


Table 3a. SI derived units with special names and symbols, including the radian and steradian 


SI derived unit 


Expression Expression 
Derived quantity Special name Special symbol in terms in terms 
of other of SI base 
SI units units 
plane angle radian rad m:m'zl 
solid angle steradian ST шт” 2-1 
Їїедиепсу hertz Hz s! 
force newton N m-kg-s? 
pressure, stress pascal Pa N/m? т. Ке s”? 
energy, work, quantity 
of heat joule J N:m m- kg-s”? 
power, radiant flux watt w J/s m':kg:s? 
electric charge, 
quantity of electricity coulomb C S: A 
electric potential, 
potential difference, 
electromotive force volt У W/A m':kg:s?- A"! 
capacitance farad F C/V m Ке! . st- A? 
electric resistance ohm Q V/A т>: Ке 5 3 A? 
electric conductance siemens S А/У m? -kg s- A? 
magnetic flux weber Wb Ves m- kg-s? A"! 
magnetic flux density tesla T Wb/m? kg:s?- A^! 
inductance henry H Wb/A m: kg-s’: A? 
Celsius temperature degree Celsius °C K 
luminous flux lumen Im са · sr cd + sr) 
illuminance lux Ix Im/m? m^ cd: sr 


(9 See Sec. 2.1.1. 
0) The steradian (sr) is not an SI base unit. However, in photometry the steradian (sr) is maintained in expressions 
for units (see Sec. 3). 


Table 3b. SI derived units with special names and symbols admitted for reasons of safeguarding human health ® 


SI derived unit 


Derived quantity Special Special Expression in terms Expression in terms 
name symbol of other SI units of SI base units 


activity (of a 
radionuclide) becquerel Bq 8 


absorbed dose, 
specific energy 
(imparted), kerma gray Gy J/kg ms 


dose equivalent, ambient dose 
equivalent, directional dose 
equivalent, personal dose 
equivalent, equivalent dose sievert Sv J/kg m.s? 


(а) The derived quantities to be expressed in the gray and the sievert have been revised in accordance with the 
recommendations of the International Commission on Radiation Units and Measurements (ICRU). 


2.1.1 Degree Celsius In addition to the quantity thermodynamic temperature (symbol Т), 
expressed in the unit kelvin, use is also made of the quantity Celsius temperature 
(symbol 1) defined by the equation 

1-1-1,, 
where T, = 273.15 К by definition. To express Celsius temperature, the unit degree Celsius, symbol 
°C, which is equal in magnitude to the unit kelvin, is used; in this case, " degree Celsius'' is a special 
name used in place of ``kelvin.'" An interval or difference of Celsius temperature can, however, be 
expressed in the unit kelvin as well as in the unit degree Celsius. (Note that the thermodynamic 
temperature T is exactly 0.01 К below the thermodynamic temperature of the triple point of water.) 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


2.2 Use of SI derived units with special names and symbols 


Examples of SI derived units that can be expressed with the aid of SI derived units having 
special names and symbols (including the radian and steradian) are given in Table 4. 


Table 4. Examples of SI derived units expressed with the aid of SI derived units having special names and symbols 


SI derived unit 


Expression 
Derived quantity Name Symbol in terms of 
SI base units 

angular velocity radian per second rad/s ттт! :571=57! 
angular acceleration radian per second squared rad/s? тет 1.8 77-8 2 
dynamic viscosity pascal second Ра-8 Ш! kg- | 
moment of force newton meter N:m m’: kg-s’? 
surface tension newton per meter N/m kg:s? 
heat flux density, 

irradiance watt per square meter W/m? kg s Š 
radiant intensity watt per steradian W/sr m':kg:s sr! ® 
radiance watt per square 

meter steradian W/(m? - sr) kg:s (90 

heat capacity, entropy joule per kelvin J/K m’ + kgs? K^! 
specific heat capacity, joule per kilogram 

specific entropy kelvin J/(kg - K) m’ s. K! 
specific energy joule per kilogram J/kg m.s? 
thermal conductivity watt per meter kelvin W/(m: К) т: Ке :5 7°. К! 
energy density joule per cubic meter J/m? m`- kg-s’? 
electric field strength volt per meter V/m m:kg:s?- A^! 
electric charge density coulomb per cubic meter С/ш” т2-8-А 
electric flux density coulomb per square meter C/m? т2:5:А 
permittivity farad per meter F/m то Ке + st- A? 
permeability henry per meter H/m mkg: s”? A7? 
molar energy joule per mole J/mol m':kg:s?- mol! 
molar entropy, molar 

heat capacity |оше per mole kelvin J/(mol : K) m':kg:s?-K !: mol! 
exposure (x and y rays) coulomb per kilogram C/kg kg !:s- A 
absorbed dose rate gray per second Gy/s m^:s? 


(9) The steradian (sr) is not an SI base unit. However, in radiometry the steradian (sr) is maintained in expressions 
for units (see Sec. 3). 


The advantages of using the special names and symbols of SI derived units are apparent in Table 
4. Consider, for example, the quantity molar entropy: the unit J/(mol > К) is obviously more easily 
understood than its SI base-unit equivalent, m^: kg: s ?^- K ' · mol '. Nevertheless, it should 
always be recognized that the special names and symbols exist for convenience; either the form in 
which special names or symbols are used for certain combinations of units or the form in which they 
are not used is correct. For example, because of the descriptive value implicit in the compound-unit 
form, communication is sometimes facilitated if magnetic flux (see Table 3a) is expressed in terms 
of the volt second (V · s) instead of the weber (Wb). 


Tables 3a, 3b, and 4 also show that the values of several different quantities are expressed in the 
same SI unit. For example, the joule per kelvin (J/K) is the SI unit for heat capacity as well as for 
entropy. Thus the name of the unit is not sufficient to define the quantity measured. 


A derived unit can often be expressed in several different ways through the use of base units and 
derived units with special names. In practice, with certain quantities, preference is given to using 
certain units with special names, or combinations of units, to facilitate the distinction between quan- 
tities whose values have identical expressions in terms of SI base units. For example, the SI unit of 
frequency is specified as the hertz (Hz) rather than the reciprocal second (s '), and the SI unit of 
moment of force is specified as ће newton meter (М · m) rather than the joule (J). 


INTERNATIONAL SYSTEM ОЕ UNITS (SI) (continued) 


Similarly, in the field of ionizing radiation, the SI unit of activity is designated as the becquerel 
(Bq) rather than the reciprocal second (s 1), and the SI units of absorbed dose and dose equivalent 
are designated as the gray (Gy) and the sievert (Sv), respectively, rather than the joule per kilogram 
(J/kg). 


3 SI supplementary units 


As previously stated, there are two units in this class: the radian, symbol rad, the SI unit of the 
quantity plane angle; and the steradian, symbol sr, the ST unit of the quantity solid angle. Definitions 
of these units are given in Appendix A. 


The SI supplementary units are now interpreted as so-called dimensionless derived units 
for which the CGPM allows the freedom of using or not using them in expressions for SI derived 
units? Thus the radian and steradian are not given in a separate table but have been included in 
Table 3a together with other derived units with special names and symbols (seeSec.2.1). This 
interpretation of the supplementary units implies that plane angle and solid angle are considered 
derived quantities of dimension one (so-called dimensionless quantities), each of which has the 
which has the unit one, symbol 1, as its coherent SI unit. However, in practice, when one expresses 
the values of derived quantities involving plane angle or solid angle, it often aids understanding if the 
special names (or symbols) "radian'' (rad) or "steradian'' (sr) are used in place of the number 1. For 
example, although values of the derived quantity angular velocity (plane angle divided by time) may 
be expressed in the unit s ', such values are usually expressed in the unit rad/s. 


Because the radian and steradian are now viewed as so-called dimensionless derived units, the 
Consultative Committee for Units (CCU, Comité Consultatif des Unités) of the CIPM as result of a 
1993 request it received from ISO/TC12, recommended to the CIPM that it request ће СОРМ 
to abolish the class of supplementary units as a separate class in the SI. The CIPM accepted the 
CCU recommendation, and if the abolishment is approved by the CGPM as is likely (the question 
will be on the agenda of the 20th CGPM, October 1995), the SI will consist of only two classes 
of units: base units and derived units, with the radian and steradian subsumed into the class of derived 
units of the SI. (The option of using or not using them in expressions for SI derived units, as is 
convenient, would remain unchanged.) 


4 Decimal multiples and submultiples of SI units: SI prefixes 


Table 5 gives the SI prefixes that are used to form decimal multiples and submultiples of 
SI units. They allow very large or very small numerical values to be avoided. A prefix attaches 
directly to the name of a unit, and a prefix symbol attaches directly to the symbol for a unit. 
For example, one kilometer, symbol 1 km, is equal to one thousand meters, symbol 1000 m or 10? m. 
When prefixes are attached to SI units, the units so formed are called "multiples and submultiples 
of SI units'' in order to distinguish them from the coherent system of SI units. 


Note: Alternative definitions of the SI prefixes and their symbols are not permitted. For example, 
it is unacceptable to use kilo (К) to represent 2' = 1024, mega (M) to represent 
2? = | 048 576, or giga (С) to represent 2% = 1 073 741 824. 


? This interpretation was given in 1980 by the CIPM . It was deemed necessary 
because Resolution 12 of the 11th CGPM, which established the SI in 1960 , did not specify the nature of the supplemen- 
tary units. The interpretation is based on two principal considerations: that plane angle is generally expressed as the ratio of 
two lengths and solid angle as the ratio of an area and the square of a length, and are thus quantities of dimension one (so-called 
dimensionless quantities); and that treating the radian and steradian as SI base units — a possibility not disallowed by Reso- 
lution 12— could compromise the internal coherence of the SI based on only seven base units. (See ISO 31-0 
for a discussion of the concept of dimension.) 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


Table 5. SI prefixes 


Factor Prefix Symbol Factor Prefix Symbol 
10“ = (1055 yotta Y 10! deci d 
10? = (105) zetta 7, 1072 centi c 
105 = (1056 exa E 10? = (109 milli m 
105 = (103) реа Р 1076 = (103)? micro ш 
10? = (10°)* tera T 10° = (105? папо n 
10° = (105%) giga G 107? = (10) 4 pico р 
10° = (103)? mega M 1075 = (105 femto f 
10° = (10%)! kilo k 1075 = (105 Š айо а 
102 һесіо һ 10? = (107 терїо 7 
10! deka da 107 = (103 ° yocto y 


5 Units Outside the SI 


Units that are outside the SI may be divided into three categories: 

— those units that are accepted for use with the SI; 

— those units that are temporarily accepted for use with the SI; and 

— those units that are not accepted for use with the SI and thus 
must strictly be avoided. 


51 Units accepted for use with the SI 


The following sections discuss in detail the units thatare acceptable for use with the SI. 


511 Hour, degree, liter, and the like 


Certain units that are not part of the SI are essential and used so widely that they are accepted 
by the CIPM for use with the SI. These units are given in Table 6. The combination of units of this 
table with SI units to form derived units should be restricted to special cases in order not to lose 
the advantages of the coherence of SI units. 


Additionally, it is recognized that it may be necessary on occasion to use time-related units 
other than those given in Table 6; in particular, circumstances may require that intervals of time 
be expressed in weeks, months, or years. In such cases, if a standardized symbol for the unit is not 
available, the name of the unit should be written out in full. 


Table 6. Units accepted for use with the SI 


Name Symbol Value in SI units 
minute min Ішіп = 60s 
hour time h lh = 60 шіп = 3600s 
day d ld = 24h=86400s 
degree 5 19 = (т1/180) rad 
minute plane angle i г = (1/60)°=(1/10 800) rad 
second Ч 1" = (1/60) =(1/648 000) rad 
liter 11.9 IL = 14т= 10°? 
metric ton t 1% = l0) kg 


(P) The alternative symbol for the liter, L, was adopted by the CGPM in order to avoid the risk of confusion between the letter 
l and the number 1 . Thus, although both | and L are internationally accepted symbols for the liter, to avoid this risk the 
symbol to be used in the United States is L . The script letter 6 is not an approved symbol for the liter. 


© This is the name to be used for this unit in the United States; it is also used in some other English-speaking countries. 
However, "tonne'' is used in many countries. 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


5.1.2 Neper, bel, shannon, and the like 


There are a few highly specialized units not listed in Table 6 that are given by the 
International Organization for Standardization (ISO) or the International Electrotechnical Commis- 
sion (IEC) and which are also acceptable for use with the SI. They include the neper (Np), bel (B), 
octave, phon, and sone, and units used in information technology, including the baud (Bd), bit (bit), 
erlang (E), hartley (Hart), and shannon (Sh)? It is the position of NIST that the only such additional 
units that may be used with the SI are those given in either the International Standards on quantities 
and units of ISO or of IEC . 


5.1.3 Electronvolt and unified atomic mass unit 


The CIPM also finds it necessary to accept for use with the SI the two units given in Table 7. 
These units are used in specialized fields; their values in SI units must be obtained from experiment 
and, therefore, are not known exactly. 


Note: In some fields the unified atomic mass unit is called the dalton, symbol Da; however, this 
name and symbol are not accepted by the CGPM, CIPM, ISO, or IEC for use with the SI. 
Similarly, AMU is not an acceptable unit symbol for the unified atomic mass unit. The only 
allowed name is "unified atomic mass unit'' and the only allowed symbol 15 и. 


Table 7. Units accepted for use with the SI whose values in SI units are obtained experimentally 


Name Symbol Definition 
electronvolt eV (a) 
unified atomic mass unit u (5) 


(9) The electronvolt is the kinetic energy acquired by an electron in passing through a potential difference of 1 V in vacuum; 
1 eV = 1.602 177 33Х 107 J with a combined standard uncertainty of 0.000 000 49x10 J . 

(P The unified atomic mass unit is equal to 1/12 of the mass of an atom of the nuclide "C; 1 u = 1.660 540 2x 
1077 kg with a combined standard uncertainty of 0.000 001 0Х 1077 kg . 


5.1.4 Natural and atomic units 


In some cases, particularly in basic science, the values of quantities are expressed in terms of 
fundamental constants of nature or so-called natural units.The use of these units with the SI is 
permissible when it is necessary for the most effective communication of information. In such 
cases, the specific natural units that are used must be identified. This requirement applies even to 
the system of units customarily called "atomicunits'' used in theoretical atomic physics and 
chemistry, inasmuch as there are several different systems that have the appellation "atomic units." 
Examples of physical quantities used as natural units are given in Table 8. 


NIST also takes the position that while theoretical results intended primarily for other theorists 
may be left in natural units, if they are also intended for experimentalists, they must also be 
given in acceptable units. 


^ The symbol in parentheses following the name of the unit is its internationally accepted unit symbol, but the octave, phon, 
and sone have no such unit symbols. For additional information on the neper and bel, see Sec. 0.5 of ISO 31-2. 
The question of the byte (B) is under international consideration. 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


Table 8. Examples of physical quantities sometimes used as natural units 


Kind of quantity Physical quantity used as a unit Symbol 
action Planck constant divided by 2т h 

electric charge elementary charge e 

energy Hartree energy Ey 
length Bohr radius ао 
length Compton wavelength (electron) Àc 
magnetic flux magnetic flux quantum Ф, 
magnetic moment Bohr magneton Ив 
magnetic moment nuclear magneton HN 
mass electron rest mass Me 
mass proton rest mass Mp 
speed speed of electromagnetic waves in vacuum с 


5.2 Units temporarily accepted for use with the SI 


Because of existing practice in certain fields or countries, in 1978 the CIPM considered that it 
was permissible for the units given in Table 9 to continue to be used with the SI until the CIPM 
considers that their use is no longer necessary. However, these units must not be introduced where 
they are not presently used. Further, NIST strongly discourages the continued use of these units 
except for the nautical mile, knot, are, and hectare; and except for the curie, roentgen, rad, and rem 
until the year 2000 (the cessation date suggested by the Committee for Ineragency Radiation 
Research and Policy Coordination or CIRRPC, a United States Government 


interagency group).? 


Table 9. Units temporarily accepted for use with the s1 


Name Symbol Value in SI units 


nautical mile 


1 nautical mile = 1852 m 


knot 1 nautical mile per hour = (1852/3600) m/s 
ángstróm А ТА = 0.1 nm = 10 ^m 

are a l a= 1 дат: = 102 m° 

hectare? ha 1 ha = 1 hm? = 10* n 

barn b 1 b = 100 fm? = 10 > m? 

bar bar 1 bar=0.1 MPa=100 кРа=1000 hPa=10° Ра 
gal Gal 1 Gal = 1 cm/s? = 10? m/s? 

curie сі 1 Ci=3.7X10" Ва 

roentgen R 1 R =2.58X10 ^ C/kg 

rad гаад) 1 rad = 1 cGy = 10? Gy 

rem rem 1 rem = 1 сЅу = 10? Sv 


(9) See Sec. 5.2 regarding the continued use of these units. 


(P This unit and its symbol are used to express agrarian areas. 


(9 When there is risk of confusion with the symbol for the radian, rd may be used as the symbol for rad. 


? [n 1993 the CCU (see Sec. 3) was requested by ISO/TC 12 to consider asking the CIPM to deprecate 
the use of the units of Table 9 except for the nautical mile and knot, and possibly the are and hectare. The CCU discussed this 


request at its February 1995 meeting. 


INTERNATIONAL SYSTEM OF UNITS (SI) (continued) 


Appendix A. Definitions of the SI Base Units and the Radian and Steradian 


АЛ Introduction 


The following definitions of the SI base units are taken from NIST SP 330; the definitions of the SI 
supplementary units, the radian and steradian, which are now interpreted as SI derived units (see 
Sec. 3), are those generally accepted and are the same as those given in ANSI/IEEE Std 268-1992. 

SI derived units are uniquely defined only in terms of SI base units; for example, 
1IV21Im?:kg:s?- А“, 
A.2 Meter (17th CGPM, 1983) 


The meter is the length of the path travelled by light in vacuum during a time interval of 
1/299 792 458 of a second. 


А.3 Kilogram (3d CGPM, 1901) 


The kilogram is the unit of mass; it is equal to the mass of the international prototype of the 
kilogram. 


А.4 Second (13th СОРМ, 1967) 


The second is the duration of 9 192 631 770 periods of the radiation corresponding to the 
transition between the two hyperfine levels of the ground state of the cesium- 133 atom. 


A.5 Ampere (9th CGPM, 1948) 


The ampere is that constant current which, if maintained in two straight parallel conductors of 
infinite length, of negligible circular cross section, and placed 1 meter apart in vacuum, would 
produce between these conductors a force equal to 2 X 1077 newton per meter of length. 


A.6 Kelvin (13th CGPM, 1967) 


The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 of the thermodynamic 
temperature of the triple point of water. 


A.7 Mole (14th CGPM, 1971) 

1. The mole is the amount of substance of a system which contains as many elementary entities 
as there are atoms in 0.012 kilogram of carbon 12. 

2. When the mole is used, the elementary entities must be specified and may be atoms, molecules, 
ions, electrons, other particles, or specified groups of such particles. 


In the definition of the mole, it is understood that unbound atoms of carbon 12, at rest and in their 
ground state, are referred to. 


Note that this definition specifies at the same time the nature of the quantity whose unit is the 
mole. 


A.8 Candela (16th CGPM, 1979) 


The candela is the luminous intensity, in a given direction, of a source that emits monochromatic 
radiation of frequency 540 X 10” hertz and that has a radiant intensity in that direction of (1/683) 
watt per steradian. 


A.9 Radian 
The radian is the plane angle between two radii of a circle that cut off on the circumference an 
arc equal in length to the radius. 


A.10 Steradian 


The steradian is the solid angle that, having its vertex in the center of a sphere, cuts off an area 
of the surface of the sphere equal to that of a square with sides of length equal to the radius of the 
sphere. 


CONVERSION FACTORS 


The following table gives conversion factors from various units of measure to SI units. It is reproduced from NIST Special Publication 811, Guide 
for the Use of the International System of Units (SI). The table gives the factor by which a quantity expressed in a non-SI unit should be multiplied 
in order to calculate its value in the SI. The SI values are expressed in terms of the base, supplementary, and derived units of SI in order to provide 
a coherent presentation of the conversion factors and facilitate computations (see the table “International System of Units” in this Section). If desired, 
powers of ten can be avoided by using SI Prefixes and shifting the decimal point if necessary. 

Conversion from a non-SI unit to a different non-SI unit may be carried out by using this table in two stages, e.g., 


1 calp = 4.184 J 
1 Bturr = 1.055056 Е-03 J 


Thus, 
1 Вицт = (1.055056 E+03 + 4.184) calp = 252.164 calin 
Conversion factors are presented for ready adaptation to computer readout and electronic data transmission. The factors are written as a number 
equal to or greater than one and less than ten with six or fewer decimal places. This number is followed by the letter E (for exponent), a plus or a minus 


sign, and two digits which indicate the power of 10 by which the number must be multiplied to obtain the correct value. For example: 


3.523 907 Е-02 is 3.523 907 х 102 


or 
0.035 239 07 
Similarly: 
3.386 389 E+03 is 3.386 389 x 10° 
ог 


3 386.389 

A factor in boldface is exact; i.e., ай subsequent digits are zero. АП other conversion factors have been rounded to the figures given in accordance 
with accepted practice. Where less than six digits after the decimal point are shown, more precision is not warranted. 

Itisoften desirable to round a number obtained from a conversion of units in order to retain information on the precision ofthe value. The following 
rounding rules may be followed: 
(1) If the digits to be discarded begin with a digit less than 5, the digit preceding the first discarded digit is not changed. 
Example: 6.974 951 5 rounded to 3 digits is 6.97 
(2) If the digits to be discarded begin with a digit greater than 5, the digit preceding the first discarded digit is increased by one. 
Example: 6.974 951 5 rounded to 4 digits is 6.975 
(3) If the digits to be discarded begin with a 5 and at least one of the following digits is greater than 0, the digit preceding the 5 is increased by 1. 


Example: 6.974 851 rounded to 5 digits is 6.9749 


(4) If the digits to be discarded begin with a 5 and all of the following digits are 0, the digit preceding the 5 is unchanged if it is even and 
increased by one if it is odd. (Note that this means that the final digit is always even.) 


Examples: 6.974 951 5 rounded to 7 digits is 6.974 952 
6.974 950 5 rounded to 7 digits is 6.974 950 


REFERENCE 


Taylor, B. N., Guide for the Use ofthe International System of Units (SI), NIST Special Publication 811, 1995 Edition, Superintendent of Documents, 
U.S. Government Printing Office, Washington, DC 20402, 1995. 
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Factors іп boldface are exact 


To convert from to Multiply by 
abaripete; cie CEN RC EN es ampere: (A) is. аа an ба RR ЙА НУ 1.0 E401 
abcoulonib- саа, edes ze der ааа y Ç COULOMB СО обырын ЗАН РД Ra ERIS 1.0 E+01 
абатай аа гай сл АМ E ора ORIG Ы Кес fatad (ји аи eed na dened ieee te ee 1.0 E+09 
abhenpy uya n E u a qaa u À henry) weve а to M SEHE En 1.0 Е-09 
abrüho. га ээ р ttn СУЫ: siemens: (S) rers личн 1.0 E409 
abohm: эс р lt Ы ыы yo ed (nk MEE 1.0 Е-09 
або сг ал удна jaca ire reperta қабады тар САРЫ yG alii УО О cesses ОТИ 1.0 Е-08 
acceleration of free fall, standard (gn)... meter per second squared (m/s?) 9.806 65 E400 
acre (based on U.S. survey foot)? Ита nd het gd dn square meter (ш2).............................. 4.046 873 Е-03 
acre foot (based оп U.S. survey foot)? КИЛЕН cubic meter (т?)............................... 1.233 489 Е-03 
ampere hour (А>В)....................4...2..2 coulomb (ӨТКЕЛ ыкы or Tre fe 3.6 E403 
Angstrom (А)..........................0.:222.2.. MISLED: GM) ЕНТ 1.0 E-10 
ángstróm (UE алиа ау Ах nanometer (пт)................................ 1.0 Е-01 
аге С square meter (ш2)............................ .. 1.0 E+02 
astronomical unit (АПО).............................. Meter. (т) visse oet den Gene gear obeyed Е+11 
atmosphere, standard (айт).......................... pascal (Ра). «cessi ober ықта» E405 
atmosphere, standard (atm). ............ kilopascal (kPa) E402 
atmosphere, technical (at) 19 pascal (Pa) а. terere ee YR YR Е-04 
atmosphere, technical (at) d UNTEN EIE E kilopascal (kPa) E+01 
bar (Баг) омы ed aaye О о раѕса (Ра) 2.2 гтэ ER IRE 1.0 E+05 
bar (bat). yaaa rg etes Cities Se d ERAS kilopascal (KPa) are жир toe bitin hee n 1.0 E402 
раса у soie creo cette e e qu ste eet Qa square meter (ш2).............................. 1.0 E-28 
barrel [for petroleum, 42 gallons (U.S.)](bbl) ....... cubic meter (ш?)............................... 1.589 873 Е-01 
barrel [for petroleum, 42 gallons (U.S.)](bbl) ....... Intense) sist iain ae ды ОКОЛО УЛ ЛОС 1.589 873 Е-02 
biot (B1). c: рс pire erect а S EU Е-01 


1.055 056 Е+03 
1.054 350 Е+03 


British thermal пп т (Bturr)!! 
British thermal 1 (Btuj)!! 


British thermal unit (mean) (Віш)................... joule С аи нини вири о here Жақ. 1.055 87 Е+03 
British thermal unit (39 °F) (Вш).................... ЈОШ (Јао cha RES 1.059 67 E403 
British thermal unit (59 °F) (Вш)................... joule (Т) ТЕРАКТ” 1.054 80 Е+03 
British thermal unit (60 °F) (Вш).................... joule (D da КЕК КЕТТІ 1.054 68 E403 
British thermal ипшт foot per hour square foot degree Fahrenheit 

Btuyy - /(Һ-42-9Б)|........................... watt per meter kelvin [W/(m · K)]............. 1.730 735 E400 
British thermal unit, foot per hour square foot degree Fahrenheit 

Btu + ft/(h - f -P)]............................ watt per meter kelvin [W/(m · K)]............. 1.729 5T1 E+00 
British thermal unitrr inch per hour square foot degree Fahrenheit 

Вөшт-іп/(һ-Ғ2-9Б))........................... watt per meter kelvin [W/(m · K)]............. 1.442 279 Е-01 
British thermal unit; inch per hour square foot degree Fahrenheit 

Ваш -іп/(һ-4С.-2Е)........................... watt per meter kelvin [W/(m · K)]............. 1.441 314 Е-01 
British thermal unitrr inch per second square foot degree Fahrenheit 

Вит • in/(s f Ру]. watt per meter kelvin [W/(m · K)]............. 5.192 204 E402 


? The U.S. survey foot equals (1200/3937) m. 1 international foot = 0.999998 survey foot. 

One technical atmosphere equals one kilogram-force per square centimeter (1 а! = 1 kgf/cm?). 

И The Fifth International Conference on the Properties of Steam (London, July 1956) defined the International Table calorie as 4.1868 J. There- 
fore the exact conversion factor for the International Table Btu is 1.055 055 852 62 kJ. Note that the notation for International Table used in this 
listing is subscript “ІТ”. Similarily, the notation for thermochemical is subscript ‘‘th.’’ Further, the thermochemical Btu, Віць, is based on 
the thermochemical calorie, сад, where cali = 4.184 J exactly. 
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To convert from to Multiply by 


British thermal unit,, inch per second square foot degree Fahrenheit 


[Btu • in/(s + ft? + °Е)] ........................... watt per meter kelvin [W/(m · K)]............. 5.188 732 
British thermal ит per cubic foot 
(ВШ ЛШ) oos beret bes puya husk a sh muyta joule per cubic meter (Ј/та)................... 3.725 895 
British thermal unit,, per cubic foot 
ОВИ fb). ores пи co нды ORA E eda joule per cubic meter (Ј/т?)................... 3.723 403 
British thermal unity; per degree Fahrenheit 
(ВоВ) ыала она ir OD ehe y gel joule per kelvin (7/Ю).......................... 1.899 101 
British thermal unit,, per degree Fahrenheit 
(Вању Буљан кл re eee ERA joule per kelvin (7/Ю)......................... 1.897 830 
British thermal unity; per degree Rankine 
(Вішт/ PR) па cancers tessuto Ы СИ ви ToS EE lee et joule per kelvin (//Ю)......................... 1.899 101 
British thermal unit,, per degree Rankine 
(Btun /^R) adde testet tee dos renidet ымы joule per kelvin (7/Ю).......................... 1.897 830 
British thermal unit; per hour (Btuyr/h)............ Walti( W^) ИНЕК 2.930 711 
British thermal unit; per hour (Btuu/h)............. Watt: (Wis qu лан а kir ete ee Feeds es 2.928 751 
British thermal ип т per hour square foot degree Fahrenheit 
[Bturr/(h · fe · ОРИСИ Е watt per square meter kelvin 
[WA Gn S K)]- етан eese got eodd 5.678 263 
British thermal unit,, per hour square foot degree Fahrenheit 
[Btua/(h · ғ. Mal ыы Ее watt per square meter kelvin 
[W/m - K)] 
British thermal unit per minute (Btuy/min) ....... Маш (W) ызы х ects рды УМ ДЫ eoe E ee een 
British thermal unity; per pound (Bturr/lb).......... joule per kilogram (J/kg) ...................... 2.326 
British thermal ип per pound (Віць /16) .......... joule per kilogram (J/kg) ...................... 2.324 444 
British thermal ип т per pound degree Fahrenheit 
[Bturi/ (Ib 7E) Ј ы, ль ehem joule per kilogram kelvin (J/(kg · K)].......... 4.1868 
British thermal unit per pound degree Fahrenheit 
(Ва Об FY a ua a dts cag ced R joule per kilogram kelvin [J/(kg · K)].......... 4.184 
British thermal ипш т per pound degree Rankine 
[Во (Ib : R) а аи А joule рег kilogram kelvin [J/(kg · K)].......... 4.1868 
British thermal unit per pound degree Rankine 
Вању Оба RJ]: ea Sag руе joule per kilogram kelvin [J/(kg · K)].......... 4.184 
British thermal ип т per second (Віщт/5).......... Watt GW) Л ea ecce ote vet ОСЫ a RT etes 1.055 056 
British thermal unit; per second (Btuu/s) .......... WAW ДЕРЕКТІ 1.054 350 
British thermal ип т per second square foot degree Fahrenheit 
[Bturr/(s - f£ + B)]............................... watt per square meter kelvin 
ПА а КО Језа Sa сва она a 2.044 175 
British thermal unit,, per second square foot degree Fahrenheit 
[Вещь / (5 - fe · SE Қырында ы аа ОССЕ: watt per square meter kelvin 
Паоли Виа 2.042 808 
British thermal ип т per square foot 
(Büfe позе маме ori te eid joule per square meter (Ј/т2).................. 1.135 653 
British thermal uniti, per square foot 
(Bitlis Бос о eot D EET joule per square meter (Ј/т2).................. 1.134 893 
British thermal unitrr per square foot hour 
ПЦВацт/(Ғ2-Һ)............................. watt рег square meter (W/m?) ................. 3.154 591 
British thermal unit,, per square foot hour 
[Btüa РЕ; iot ioc Pod tpfe ма watt per square meter (W/m?) ................. 3.152 481 
British thermal unit, per square foot minute 
Ва (C - min)]. зау re emen watt per square meter (W/m2)................. 1.891 489 
British thermal ипшт per square foot second 
Bum (fe Sy] аас epe rede E cone бини врана watt per square meter (W/m?)................. 1.135 653 
British thermal unit, per square foot second 
[Bi EES) fect il slna Ua Sat u watt per square meter (W/m?)................. 1.134 893 
British thermal unit,, per square inch second 
[Btug/ (in? SS ah pate va SET Copt otra Rhea watt per square meter (W/ т?) NOR Тотық 1.634 246 


€ 2000 by СЕС PRESS LLC 


Е+02 


E+04 


E+04 


E+03 


E+03 


E+03 


E+03 


Е-01 
Е-01 


Е-00 


Е-00 
E401 
Е+03 
Е+03 


Е+03 


Е-03 


Е+03 


Е+03 
Е+03 
Е+03 


Е+04 


Е+04 


Е+04 


Е+04 


Е+00 


Е+00 


Е+02 


Е+04 


Е+04 


Е+06 


То convert from to Multiply by 


bushel (U.S J Oi) БЕНЕН” cubic meter (тп?)............................... 3.523 907 
bushel (U:S.) (0) uq aaa ada е et lite (E)s5 оороо ber De ROVS 3.523 907 


calorierr (сайт) и 


calorie (cala) !! 
calorie (cal) (mean) еек 
calorie (15 °С) (са115)............................. 
calorie (20 °C) (caloo) ............... 

calorierr, kilogram (nutrition) 12 


са1огїеһ, kilogram (nutrition)! 


calorie (mean), kilogram (nutrition) тосо, joule:(J)..: екы амбон reor 4.190 02 
calorien per centimeter second degree Celsius 

[calg/(cm «s: О) y t inset tetris алаад watt per meter kelvin [W/(m · K)]............. 4.184 
calorie; per gram (саПт/в)......................... joule per kilogram (//Кө)...................... 4.1868 
calorien per gram (саіһ/в).......................... joule per kilogram (//Кө)...................... 4.184 
calorierr per gram degree Celsius 

[сатира deere ыса RS joule per kilogram kelvin [J/(kg · K)].......... 4.1868 
calorie, per gram degree Celsius 

[сат (е С) e hh eee re eret joule per kilogram kelvin [J/(kg · K)].......... 4.184 
calorierr per gram kelvin [са т/(2 · K)]............. joule per kilogram kelvin [J/(kg · K)] ......... 4.1868 
calorien per gram kelvin [caly,/(g * K)] ............. joule per kilogram kelvin [J/(kg · K)] ......... 4.184 
саЈогіеһ per minute (cal,,/min) watt (W) 
calorie, per second (са1Һ/8)......................... watt (W) 
calorien per square centimeter (calg/cm?)........... joule per square meter (J/m?) 
calorien per square centimeter minute 

[cala/(cm? + шіп/1.....................2....4 watt per square meter (W/m2)................. 6.973 333 
calorie per square centimeter second 

CNES а.а... watt per square meter (W/ I) АИ E ы: 4.184 
candela per square inch (ей/іп?) .................... candela per square meter (cd/m?).............. 1.550 003 
сатав ейте цай ee DW қабанды kilogrami (kg) ер даа аке Yer Рика 2.0 
carat; metric «v. атады ықы ын Өр Qasa al pram (б) Залы аа 2.0 
centimeter of mercury (0 °C) ел леон тага pascal (Pa). у кк Ret 1.333 22 
centimeter of mercury (0 °C) DEA NE kilopascal (КРа)............................... 1.333 22 
centimeter of mercury, conventional (cmHg)! có pascal (Ра) bre rame gr RR 1.333 224 
centimeter of mercury, conventional (cmHg) ? rao. kilopascal (КРа)................................ 1.333 224 
centimeter of water (4 °С) ls sk es edite ККЕ КЕТ pascal (Ра) ластан әде кл ван ыры apuka 9.806 38 
centimeter of water, conventional (cmH50)P? MUR pascal (Ра); ива der RE 9.806 65 
centipolse (CP) е тиа este br pascal second (Pa + 5).......................... 1.0 
centistokes dots v Leer RF eA ELENA ТТК ЕТЕГІН meter squared per second (m?/s)............... 1.0 
chain (based on U.S. survey foot) (ch)? Meter (orco sce te eh Dre SERRE 2.011 684 
circular mil uc edv ул Secor ада NUES square meter (m?) 5.067 075 
circular т, ie қатсын а square millimeter (mm2)....................... 5.067 075 
ClO ime m Goes ora PR RE ТТ” square meter kelvin per watt (m? - K/W)....... 1.55 


cord (128 ft?) cubic meter (m?) 3.624 556 
cubic foot (ft) 2.831 685 


cubic foot per minute (Ё/тіп) ..................... cubic meter per second (m?/s)................. 4.719 474 


cubic meter (т?) 


cubic foot per minute (ft/min) 


cubic foot per second ас/ S) abr oe Se 


E—02 
Е+01 


Е+00 
Е+00 
Е+00 
Е+00 
Е+00 
E+03 
E+03 
E+03 


E+02 
E+03 
E+03 


E+03 


E+03 
E+03 
E+03 
Е-02 
Е+00 
E+04 


E+02 


E+04 
E+03 
E-04 
E-01 
E+03 
E+00 
E+03 
E+00 
E+01 
E+01 
E-03 
Е-06 
Е-01 
Е-10 
Е-04 
Е-01 
E+00 
Е-02 
Е-04 
Е-01 
Е-02 


? The kilogram calorie or ‘‘large calorie’’ is an obsolete term used for the kilocalorie, which is the calorie used to express the energy content 


of foods. However, in practice, the prefix ‘‘kilo’’ is usually omitted. 


13 Conversion factors for mercury manometer pressure units are calculated using the standard value for the acceleration of gravity and the 
density of mercury at the stated temperature. Additional digits are not justified because the definitions of the units do not take into account the 
compressibility of mercury or the change in density caused by the revised practical temperature scale, ITS-90. Similar comments also apply 
to water manometer pressure units. Conversion factors for conventional mercury and water manometer pressure units are based on 


ISO 31-3. 
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To convert from to Multiply by 


cubic inch (іп2)/4.....2222222222222.2.2.2.2.2.2..1.22... cubic meter (т?)...............................у 1.688706 Е—05 
cubic inch per minute (іп?/тіп)..................... cubic meter per second (па3/5)................. 2.731 177 Е-07 
cubic mile (тї?)..................................... cubic meter (m°) 4.168 182 E+09 
cubic yard (уа?) .. cubic meter (m?) .. 7.645 549 Е-01 
cubic yard per minute (yd*/min) cubic meter per second (m?/s)................. 1.274 258 Е-02 
РЕСЕ cubic meter (ш2)............................... 2.365 882 Е-04 
Clip: (US) а sace hid ИТЕН ТТ liter (15) 4. ust dera ceu e x te x geen ДАХ PR 2.365 882 Е-01 
(pP milliliter бил! БЕНИН Арран 2.365 882 Е-02 
CUTIE! (EI) MES becquerel (Ва)................................. 3.7 E+10 
айсу Ан АЛ а мана tte sheds meter squared (m?) ........................... 9.869 233 Е—13 
dày (алынады ын мы мен КЕУЕТТЕР ЕН ТЕКЕ 8.64 Е+04 
day (sidereal) second (8)..... . 8.616 409 E404 
debyen D) «cet ses ed thane ера coulomb meter (C · m) 3.335 641 Е-30 
degree (angle) (2) тэртээ тайтай РА у co кессе кары қтары Caere E ES 1.745 329 Е-02 
degree Celsius (temperature) (9С)................... kelvin (K) T/K = t/°C+273.15 
degree Celsius (temperature interval) (°C) ... .. kelvin (K) . 1.0 Е-00 
degree centigrade (temperature) E омы coe pef degree ‘Celsius: OC) 2% аг хэл ose n re er Rx t/°C = t /deg. cent. 
degree centigrade (temperature interval) LR degree Celsius (“С)............................ 1.0 E+00 
degree Fahrenheit (temperature) (“Е)................ degree Celsius (®С)........................... t/?C = (1/ °Е — 32)/1.8 
degree Fahrenheit (temperature) CF)................ kelyin (Eas eee Ges expe unni heed wend Т/К = (t/?F + 459.67)/1.8 
degree Fahrenheit (temperature interval) СЕ) ........ degree Celsius (“С)............................ 5.555 556 Е-01 
degree Fahrenheit (temperature interval) CF) ........ Кеуіп (Куга обада Cer oe RE Ta ela 5.555 556 Е-01 
degree Fahrenheit hour per British thermal unity; 

СЕРА Веј serrer ROO OR pe d d kelvin per watt (К/УУ)......................... 1.895 634 E400 
degree Fahrenheit hour per British thermal uniti 

СЕЗ WB). «orte ee аа kelvin per watt (К/УУ)......................... 1.896 903 E400 
degree Fahrenheit hour square foot per British thermal ит 

@F:h:fe/Btur)................................. square meter kelvin per watt (m? - K/W) ...... 1.761 102 Е-01 
degree Fahrenheit hour square foot рег British thermal unit 

(CE She BU) о АМА) square meter kelvin per watt (m? - K/W) ...... 1.762 280 Е-01 
degree Fahrenheit hour square foot per British thermal шп т inch 

PF:h:fC/(Bturr'in)]........................... meter kelvin per watt (т · K/W) .............. 6.933 472 E400 
degree Fahrenheit hour square foot per British thermal unit, inch 

[Е +h: fP/(Btuy : in] ........................... meter kelvin per watt (m+ K/W) .............. 6.938 112 E400 
degree Fahrenheit second per British thermal ит 

СЕЗІ obe кк о ов he лыны viter 3 kelvin per watt (К/УУ)......................... 5.265 651 Е-04 
degree Fahrenheit second per British thermal unita 

CE sibl y и река e eee RETRO ери kash kelvin per watt (К/ХУ)........................ 5.269 175 E—04 
degree Rankine (9Е)............................... kelvin des ысыра КК КС" T/K = (T/?R)/1.8 
degree Rankine (temperature interval) (°R) .. .. kelvin (K) .. 5.555 556 Е-01 
ONCE eser RIED nee DARAN kilogram per meter (kg/m) .................... 1.111 111 Е-07 
nonc gram per meter (е/тп)......................... 1.111 111 Е-04 
dyne (dyB)- н у aqa бу >н u TRA ERE newton (МУ «susct ede ee Ee aaa opa ES 1.0 Е-05 
dyne centimeter (dyn · стп).......................... newton meter (N+ m).......................... 1.0 Е-07 
dyne per square centimeter (dyn/cm?) .............. páscal (Pa) az Za yp uec tres ert eO ok 1.0 Е-01 
electronvolt (eN): acs u раје имена а ақан oe bare ice JOULES) лы ЫРЫ dpt ҰРЫН E ot 1.602 177 Е-19 
EMU of capacitance (аҺҒағай)...................... Ғагаа (By, Z sg бе au wk EROR 1.0 E+09 
EMU of current (abampere)......................... ampere: (A) га ess Feet Bengals au EQ ERE 1.0 E+01 
EMU of electric potential (abvolt) .................. УОС) аа ыдан oe hinds A aS ено 1.0 Е-08 
EMU of inductance (abhenry) ...................... henry СН) сафа Аа Seo, ee ees E E Er 1.0 Е-09 


14 The exact conversion factor is 1.638 706 4 Е-05. 
15 The darcy is a unit for expressing the permeability of porous solids, not area. 
16 The centigrade temperature scale is obsolete; the degree centigrade is only approximately equal to the degree Celsius. 
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То convert from to Multiply by 


EMU of resistance (abohm)......................... ohm (O)... Fads yates edv evi ы ee мэл, 1.0 


erg (еге) ла ED CULO ee ka luu kayu len ERA 
erg per second (erg/s) 


erg per square centimeter second 


|lobrkt& Hru|/(em? + S)... sess watt per square meter (W/m?) ................. 1.0 
ESU of capacitance (за агад)...................... Татай (НУ: eere а па e erue Soter ES зан 1.112 650 
ESU of current (statampere) ........................ ampere (А) «i eicere x ка bre mie Spe oe 3.335 641 
ESU of electric potential (statvolt) .................. ХОС (WW) лал E E а ойл IESUS 2.997 925 
ESU of inductance (5(аћепгу) ...................... henry CH) os а bata hose АА Ede Re Имен 8.987 552 
ESU of resistance (statohm)......................... oim z ил рана ma овна PRETI es 8.987 552 
faraday (based on carbon 12) ....................... Coulomb: (C) x A esten US 9.648 531 
fathom (based on U.S. survey foot)? MUEVE meter (m). ас бол дала adie үн АМА, 1.828 804 
fermi: лы moles ec rea er a ite a pe bi metet CM) 2. ырады stes ENDS aan 1.0 
POLIT” а ТОЛА НА ates eter teen АКТ Ret ba femtometer (fm) ....... eee 1.0 
fluid ounce (U.S.) (ТЇ о2)............................ cubic meter (m?)............................... 2.957 353 
fluid ounce (U.S.) (Ғ1о2)............................ milliliter (mL)... дарынын E Edere v qas 2.957 353 
ТОО Л гэ ааа Рено сайын қанының meter (та), с ан хүй али ере nese bis MORIA EOS 3.048 
foot (17.8. survey) (ft)? сазын ыма A ere taeda he meter (M) алта лаура sh oo Б Дендер 3.048 006 
footcandle екс о RS Ie hc ІҮ, (IS Sas ова dto va dob МАТ 1.076 391 
footlambert. «exte te ERR RA candela per square meter (cd/m?).............. 3.426 259 
foot of mercury, conventional (ftHg)? саны ықы pascal (Pa) s гох дал ал Herr des 4.063 666 
foot of mercury, conventional (ftHg) P? To wen kilopascal (КРа)............................... 4.063 666 
foot of water (39.2 УЗ. pascal (Рајс ле па ви ин и 2.988 98 
foot of water (39.2 УЗ. kilopascal (КРа).......................2 2 2.2... 2.988 98 
foot of water, conventional (ftH50)P? РР УК разса (Рау, о hasa МАШЫҚ 2.989 067 
foot of water, conventional (ftH50)P? kilopascal (КРа)............................... 2.989 067 
foot per hour (ft/h)....................... .. meter per second (m/s).............. . 8.466 667 
foot per minute (Е/тіп)............................ meter per second (т/5)........................ 5.08 
foot per second (ft/s)................................ meter per second (m/s)........................ 3.048 
foot per second squared (ft/s?) ...................... meter per second squared (m/s?) 3.048 


foot poundal . 4.214 011 


foot pound-force (Ё • ІР) ........................... JOULE). sus ажи сизи дыны дА Уйа: 1.355 818 
foot pound-force per hour (ft - Ibf/h)................ watt C WR omi о bu ee er dee соат 3.766 161 
foot pound-force per minute (ft - Ibf/min) .......... Watt (Wo par bil be ev A dls poet ERU 2.259 697 
foot pound-force per second (ft - Ibf/s) .. .. watt (W) . 1.355 818 
foot to the fourth power (#?)!7...................... meter to the fourth power (m*) 8.630 975 
franklin (Ft). s oder vere Fe ae ITE ORT coulomb- (C) суы soU eese dee me od as 3.335 641 
ва (Gall) қаданы ue ure de pet esee P d reliée meter per second squared (m/s?)............... 1.0 
gallon [Canadian and U.K. (Imperial)] (gal) ........ cubic meter (m?) 4.546 09 
gallon [Canadian and U.K. (Imperial)] (gal) .. .. liter (L) . 4.546 09 
gallon (U.S.) (gal)............ esee cubic meter (m?) 3.785 412 
gallon (/.5.)(ва!).............2......222.2.22...... 1. Liter: (i) sacs eg O RAO ааа 3.785 412 
gallon (U.S.) per day (gal/d) cubic meter per second @ ?/$ cde 4.381 264 
gallon (U.S.) рег day (ва!/4) liter per second (1,/8).......................... 4.381 264 
gallon (U.S.) per horsepower hour 

[ва (hp. Ву coeur Кыныр er xem queer t nece cubic meter per joule А у 1.410 089 
gallon (U.S.) per horsepower hour 

[sal аргон) iu eot etre ne er m liter per joule (У Тирона канада 1.410 089 
gallon (U.S.) per minute (ерт) (gal/ тіп)... .. cubic meter per second (m?/s) ... 6.309 020 
gallon (U.S.) per minute (gpm) (gal/min) ........... liter per second (1,/8).......................... 6.309 020 


Е-09 
Е-07 
Е-07 


Е-03 
Е-12 
Е-10 
Е-02 
Е+11 
Е+11 


Е+04 
Е+00 
Е-15 
Е+00 
Е-05 
Е-01 
Е-01 
Е-01 
Е+01 
Е+00 
Е+04 
Е+01 
Е-03 
Е+00 
Е+03 
Е+00 
Е-05 
Е-03 
Е-01 
Е-01 
Е-02 
Е-00 
Е-04 
Е-02 
Е+00 
Е-03 
Е-10 


Е-02 
Е-03 
E+00 

Е-03 
Е-00 

Е-08 
Е-05 


17 This is a unit for the quantity second moment of area, which is sometimes called the **moment of section’’ or ‘‘агеа moment of 


inertia’’ of a plane section about a specified axis. 
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То convert from to Multiply by 


gamma (ү) tesla (T) Е-09 
gauss-(Gs, GI) шыра kote baie naa UNDC ER UL US tesla (T) Е-04 
Бег (GL) ois. Richa diet seed eee ЕРЕК h E a nih. Ampere (А) em ышы Нн o UFUD ы Ауу: 7.957 747 Е-01 
gill [Canadian and U.K. (Imperial)] (gi) cubic meter (m?) 1.420 653 Е-04 
gill [Canadian and U.K. (Imperial)] (gi) .... liter Л от а Ил kaqt, 1.420 653 Е-01 
gill (US) (gu odes sepes dte tegere re eam dax aa cubic meter (т?) 1.182 941 Е-04 
gill US) (Bi) nd ee a a apas ru RR liter (E) iere iet не 1.182 941 Е-01 
gon (also called grade) (соп)........................ tádian (Cade eor se визу des a pco ЗЕ RES 1.570 796 Е-02 
gon (also called grade) (gon)... degree (angle) (°) 9.0 E-01 
Brain (ST) sith cts зла HO RE ta teeter tees EE kilogram (Кө)................................ 6.479 891 Е-05 
SLAM (вт) RP milligram (ој) eese tree кон eie 6.479 891 E401 
grain per gallon (U.S.) (ог/ ва) ..................... kilogram per cubic meter (kg/m?) ............. 1.711 806 Е-02 
grain per gallon (U.S.) (вг/ра!)..................... milligram per liter (тө/І)..................... 1.711 806 Е-01 
gram-force per square centimeter (6 /сш2).......... разса (Ра) еч rr DR ММ quae ЫМА 9.806 65 E401 
gram per cubic centimeter (а/ста9)................ kilogram per cubic meter (kg/m?) ............. 1.0 E403 
hectare: (ha). s ады балан ил ot s Cay TES square meter (m?) Ma Neb sch a ue del Ces qk et te IIE 1.0 E404 
horsepower (550 ft - Ibf/s) (һр)..................... Watt: CW) а РЕР n y ER EI MEL EUR 7.456 999 E402 
horsepower (boiler) ................................. Уаш CM eos stets cede ER CA REX анау ыры 9.809 50 E403 
horsepower (electric) watt (W) E402 
horsepower (тейгіс)................................. watt (W) E402 
horsepower (О.К.)...........................2.... watt (W) E402 
horsepower (water).................................. watt (W) E402 
НӨНКЧ ЛЭГ хэй х ухах алх УГО ООО КОТ SECONG (S) iun Seth ea цай dise dee de d 3.6 E403 
hoür GaderealY өөг эр этэн second (ere sapaska oe Oo ко аккре 3.590 170 E403 
hundredweight (long, 112 16)........................ kilogram-(Kg) саа erem pe ықы ііі 5.080 235 E+01 
hundredweight (short, 100 16)....................... kilogram (Ке).................................. 4.535 924 E+01 
ТЄН (ПУ a cox адымы and. oet RUN t we Pte oen meter (PPS S ама аи рит 2.54 Е-02 
HUCTE Od КЛЕТ tex dene CELERE OE TCU DO OH e is d Centimeter (ен; cess Lock и 2.54 Е-00 
inch of mercury (32 °Е)!Ў........................... pascal (Ра)........................ eene 3.386 38 E403 
inch of mercury (32 °Е)!Ў........................... kilopascal (КРа)........................2 22... 3.386 38 E400 
inch of mercury (60 °Е)!Ў........................... pascal (Ра).......................2.... 3.376 85 E403 
inch of mercury (60 °Е)!Ў........................... kilopascal (КРа).......................222... 3.376 85 E400 
inch of mercury, conventional (inHg)? ОКИСИ pascal (Рај ӨРӨӨ эр RR rue 3.386 389 Е-03 
inch of mercury, conventional (inHg) ? Josse uM Wax kilopascal (КРа)................................ 3.386 389 E400 
inch of water (39.2 °Е)!Ў............................ pascal (Pa) E+02 
inch of water (60 °Е)!Ў.............................. pascal (Pa) E+02 
inch of water, conventional (inH,O)!3 pascal (Pa) E+02 
inch per second (іп/8)............................... meter per second (m/s)........................ 2.54 Е-02 
inch per second squared (іп/82)..................... meter per second squared (т/5)............... 2.54 Е-02 
inch to the fourth power (in?) иаа meter to the fourth power (ја eee 4.162 314 Е-07 
Каувег (Әз, бы REPRE тан ЫЕ гесїргоса! шеїег (т!) ner Jie wih Sec one а a NY ZY 1.0 E+02 
kelvin ANG) sick б еке Ph сінік сере Ee degree Celsius (ӘС)............................ 1/°С = Т/К — 273.15 
kilocalorieyp (КсаПт)............................... ОГО its s EP SEAT ARAS 4.1868 E403 
Xilocalories (cala) сэх Шуак ben e eas Joüule(Jyu aqu zas Xe ee QATAR 4.184 E03 
kilocalorie (mean) (Кса[) ............................ JOULE Јин эрж О 4.190 02 E403 
kilocalorie,, per minute (kcaly,/min) ................ watt LW dies ы ЕЛЕК ор 6.973 333 Е-01 
kilocalorieg per second (Кса1Һ/8)................... watt DW «oL oci ке кекете kx tex adc 4.184 E03 
kilogram-force (kgf) ................................ newton (N) eese ыа es aquqa vidios te MI e re Pte 9.806 65 E+00 
kilogram-force meter (kgf · т)...................... newton meter (М>-іп)......................... 9.806 65 Е-00 
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To convert from to Multiply by 


kilogram-force per square centimeter 


(ЕС бес ы ese ни e deus pascal (РА) «os aya apama it Es 9.806 65 E+04 
kilogram-force per square centimeter 

(kgf/ CTU) re teet ette nese dtu ы, head Kilopascal-(KPa):. л бох км vob s 9.806 65 E+01 
kilogram-force per square meter (kgf/m?)........... pascal (Разиза e cuits та dark NE PSU Ex 9.806 65 Е-00 
kilogram-force per square millimeter 

(Ekgf/mm^). ы пын ee e MER pascal (Ра): фина св та b irt арен 9.806 65 E406 
kilogram-force per square millimeter 

(КЕТЕП у ае эй ые л аа ы қыны ады ide megapascal (МРа)............................. 9.806 65 Е-00 
kilogram-force second squared per meter 

(КӨЕ В ЛШ) sc sa qunas sua ere nuits kilogram (kg).................................. 9.806 65 E+00 
kilometer per hour (Ют/Һ).......................... meter per second (т/5)........................ 2.777 778 Е-01 
kilopond (kilogram-force) (Кр) ...................... newton (IN) Ss. aa 15520 хайх те ривале 9.806 65 Е-00 
kilowatt hour (KW + h) .............................. Јошева ЫЛЕ asal E а 3.6 Е--06 
kilowatt hour (KW + h) .............................. megajoule (MI Je ii er take Das КАРАЧЫ 3.6 Е-00 
kip (1 kip=1000 bf) ................................ НОО TINY ЕРРЕТИ УРИН 4.448 222 E+03 
Кір (1 kip=1000 Ibf) ................................ kilonewton (KN) ............................... 4.448 222 E+00 
kip per square inch (ksi) (kip/in?) dee ra Maure pascal (Ра): eese dod beh heed pert eee us 6.894 757 E406 
kip per square inch (ksi) (kip/in?) oda NS kilopascal (КРа) ee Meets wane ele re 6.894 757 E+03 
knot (nautical mile per Һошг)........................ meter per second (гп/)........................ 5.144 444 Е-01 
lainbert i! c а tede teo dene candela per square meter (cd/m’).............. 3.183 099 E+03 
langley (cala/cm?) ................................ joule per square meter (Ј/т2).................. 4.184 Е+04 
light year (1у)92.2...........0.20.0.. meter (т)........................... лə іі. 9.460 73 E415 
liter- (120. a о p uu Ыр cubic meter (т?)............................... 1.0 Е-03 
lumen per square foot (Тау ауды а завио LES (О а ан 1.076 391 Е+01 
maxwell(Mx). еее weber (WD) эс гээх lia a kU Cre 1.0 Е-08 
Tho лэлт сул ЛТ КЕТТІ ЕСТІГЕН siemens (9) а zd dae hak debe AES лэг 1.0 Е-00 
и етене h РЕТТЕР ич ИЛАН eed rac dd meter. (TB): рысы а ы д Eee PURTARE HURT? 2.54 Е-08 
ТҮСГОТЙСЇ 5 2255 d бық анал re es Era ЊЕ micrometer (вт).............................. 2.54 Е-02 
inicron (ШШ) ыры а ла рани ua рана meter (m). ecco toute ерін бе бетта ара uis 1.0 Е-06 
СТОП (b) «usi ЕТЕКТЕН micrometer (вта).............................. 1.0 Е-00 
mil. (0:001. 10). ас 2 eror ED Dti Ii tune s ndum 2.54 Е-05 
mil (0.001 1): bee E A ea a dette oe Pus ДЫҚ millimeter (пип)............................... 2.54 Е-02 
hall Cur] Ээ янхан лат нээл ыра MERE Se radian trod) esnai иара погон ыра рын СЕ» 9.817 477 Е-04 
mil (angle) горна Куу нуы о ы ҚЫ НЫ degrée (З) edu ende бацаан ite tig n 5.625 Е-02 
mile: GMT) „и а asa uv te Бұл eee metér (Ii) «esee acea lg S Dex en 1.609 344 E403 
Mile: (mi)... ods ал haw Bors ae wed Uae IO N Su kilometer (Ютп)................................. 1.609 344 E+00 
mile (based on U.S. survey foot) (mi)? "D meter (ШИ) ао рыла А Ғад дева 1.609 347 E403 
mile (based on U.S. survey foot) (mi)? аута Ne kilometer: (Km). сала iure Ib ep 1.609 347 Е-00 
mile, паийсаі 21,222. meter (ш)........................2..ә.а.... 1.852 Е-03 
mile per gallon (U.S.) (mpg) (mi/gal)............... meter per cubic meter (т/т?)................. 4.251 437 Е-05 
mile per gallon (U.S.) (mpg) (mi/gal)............... kilometer per liter (Ют/1)..................... 4.251 437 Е-01 
mile per gallon (U.S.) (mpg) (mi/ gab? Mare ай liter per 100 kilometer (L/100 km) ........ divide 235.215 by number 

of miles per gallon 

mile рег hour (ті/Һ)................................ meter per second (гп/)........................ 4.4704 E-01 
mile per hour (пі/ВҺ)................................ kilometer per hour (Юіт/В)..................... 1.609 344 Е-00 


18 The exact conversion factor is 104/т. 

19 This conversion factor is based оп 1 d — 86 400 s; and 1 Julian century - 36 525 d. (See The Astronomical Almanac for the Year 1995 , page 
K6, U.S. Government Printing Office, Washington, DC, 1994). 

20 п 1964 the General Conference on Weights and Measures reestablished the name ““Шег” as a special name for the cubic decimeter. Between 
1901 and 1964 the liter was slightly larger (1.000 028 dm?); when one uses high-accuracy volume data of that time, this fact must be kept in 
mind. 

21 The value of this unit, 1 nautical mile- 1852 m, was adopted by the First International Extraordinary Hydrographic 
Conference, Monaco, 1929, under the name *'International nautical mile.” 

22 Бор converting fuel economy, as used in the U.S., to fuel consumption. 
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То convert from to Multiply by 


mile per minute (ті/шіп)........................... meter per second (т/8)........................ 2.682 24 
mile per second (ті/8).............................. meter per second (т/8)........................ 1.609 344 
millibar:(mbar);. ya ERR EIER SA pascal (Ра) u asss u ШЕ aga chews 1.0 
millibar (траг) а u rk eee eoe e erg kilopascal (КРа)................................ 1.0 
millimeter of mercury, conventional (mmHg)? pascal (Pa): «eet t c vete enti 1.333 224 
millimeter of water, conventional (mmH;0)P? ........ pascal (Ра)........ 9.806 65 
minute (angle) (').................................... radian (rad) 2.908 882 
minute (min) dete қақылы quate tiae Second (8). teu va de act aes DDR VEA a S 6.0 
minute (відегегі).................................... second (S); a sos ctae са n ED NEAR ER 5.983 617 
oersted (Oe) asuy uyayta non b LED ampere per meter (А/т)....................... 7.957 747 
ohm centimeter (О>ст)............................ ohm meter (О>п)............................. 1.0 
ohm circular-mil per Ёоо ........................... ohm meter (О>ш)............................. 1.662 426 
ohm circular-mil per ооб........................... ohm square millimeter per meter 
(О-тип2/т)..............2...2...... 1.662 426 


ounce (avoirdupois) (oz) kilogram (kg) 2.834 952 


ounce (avoirdupois) (oz) .. gram (g) 2.834 952 
ounce (troy or apothecary) (о2)..................... kilogram (Кө)................................ 3.110 348 
ounce (troy or apothecary) (о2)..................... тайт (б) а аА 3.110 348 
ounce [Canadian апа О.К. fluid (Imperial)] 

CERE o asuy a pix EUM Io ТТТ EAR гэ мүн cubic meter (ш?)............................... 2.841 306 
ounce [Canadian and U.K. fluid (Imperial)] 

(fl'OZ) ы т ОКК tb e e EE REN EOD milliliter-(mL);« рман 2.841 306 
ounce (U.S. fluid) (ЇЇ о2)............................ cubic meter (ш?)............................... 2.957 353 
ounce (U.S. fluid) (ЇЇ о2)............................ millimeter (mL) ............................... 2.957 353 
ounce (avoirdupois)-force (о24)...................... newton (IN) cures да лах ze rue Бер ree ERR 2.780 139 
ounce (avoirdupois)-force inch (ozf · in) ............ newton meter (М: іп).......................... 7.061 552 
ounce (avoirdupois)-force inch (028: in) ............ millinewton meter (MN: т)................... 7.061 552 
ounce (avoirdupois) per cubic inch (oz/in?)......... kilogram per cubic meter (kg/m?) ............. 1.729 994 
ounce (avoirdupois) per gallon [Canadian and 

U.K. (Imperial)] (о2/ ва1)......................... kilogram per cubic meter (kg/m?) ............. 6.236 023 
ounce (avoirdupois) per gallon [Canadian and 

U.K. (Imperial)] (о2/ ва1)......................... gram per liter (е/1).......................... 6.236 023 
ounce (avoirdupois) per gallon (U.S.)(oz/gal) ....... kilogram per cubic meter (kg/m?) ............. 7.489 152 
ounce (avoirdupois) per gallon(U.S.)(oz/gal)........ gram per liter (е/1))........................... 7.489 152 
ounce (avoirdupois) per square foot (02/10)......... kilogram per square meter (kg/m?) ............ 3.051 517 
ounce (avoirdupois) per square inch (oz/in2)........ kilogram per square meter (kg/m?) ............ 4.394 185 
ounce (avoirdupois) per square yard (ох /уй?)........ kilogram per square meter (kg/m?) ............ 3.390 575 
parsec (pc) ... meter (m)......... 3.085 678 
peck (US VE) у виси сымен ERIS R I RIS cubic meter (m?) 8.809 768 
peck (US) 0р) аладан en denied ан iie (D) zs еден ары VEDO RET 8.809 768 
pennyweight ((у/0).................................. kilogram (kg).................................. 1.555 174 
pennyweight ((м/0)................................. gram (о) емей o E ERR DOE ENT ees 1.555 174 
ре (ОС EORR kilogram per pascal second square meter 

[kg/(Pa • s: m]... lisse 5.72135 
репо C) t tv vL kilogram per pascal second square meter 

[kel (Pa sortie). оконном 5.745 25 
permi inch (ОС) s аа ы ы ыы kilogram per pascal second meter 

[kg/(Pa.- s й): zo oe dene eins бинде» 1.453 22 
регішілек (22:2СУ)адымы еи WERE ees kilogram per pascal second meter 

Ке (Pass ап) sa puma truy haapa 1.459 29 
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E+01 
E+03 
E+02 
E-01 
E+02 
E+00 
Е-04 
E+01 
E+01 


То convert from to Multiply by 


phot (DB) «idest e e re CK eU eee ТО (IX) ds E e RIO PER P rete 1.0 Е+04 
pica (computer) (1/6 іп)............................ metet" (m). ЕТ ИНЕК eii eT 4.233 333 Е-03 
pica (computer) (1/6 іп)............................ millimeter (mm) ...... ааа een 4.233 333 E400 
pica (printer S). eie diei ib ERE RI RR AIT теѓе (т): inr EE GER CUN 4.217 518 Е-03 
pica (printer жэлдэ yer RR RD millimeter: (mm) ...... ааа дает 4.217 518 E400 
pint (U.S. dry) (dry р0.............................. cubic meter (ш2)............................... 5.506 105 Е-04 
pint (U.S. dry) (dry р0.............................. liter (D) s хабарды db ea E E NES 5.506 105 Е-01 
pint (U.S. liquid) (Пар0............................ cubic meter (ш2).............................. 4.731 765 Е-04 
pint (U.S. liquid) (Пар0....................... ... liter (L) 4.731 765 Е-01 
point (computer) (1/72 іп) meter: (111): 5255: малды eter ote stilo лы а 3.527 778 Е-04 
point (computer) (1/72 іп).......................... millimeter (тап)............................... 3.527 778 Е-01 
point (Printer S) 2.66, ы5 eet etis meter (reren: рд ваар ирээр a 3.514 598 Е-04 
point (printers) рс эгэх а vua millimeter (пип)................................ 3.514 598 Е-01 
poise (B): зууларды тд ии pascal second (Pa > 5).......................... 1.0 E-01 
pound (avoirdupois) (Ib)22........................... kilogram (kg) 4.585924 Е-01 
pound (troy or apothecary) (1b) ... kilogram (kg) 3.732 417 Е-01 
poundal..5. hec De Rete арн ва пето: (ОМ) alist hele essem eere ood sem ees 1.382 550 Е-01 
poundal per square Ёоо ............................. pascal (Pasa «obe ERR ERU tose eed 1.488 164 E+00 
poundal second per square foot ..................... pascal second (Pa > 5).......................... 1.488 164 E+00 
pound foot squared (Ib - Ё2)......................... kilogram meter squared (kg © m?).............. 4.214 011 Е-02 
pound-force ЭтТт.тТтХтАТНХ-Э."г" newton (М)...........2..2.0...0.... 4.448222 E400 
pound-force foot (lbf + ft) ........................... newton meter (М>аш).......................... 1.355 818 E400 
pound-force foot per inch (lbf - ft/in) ............... newton meter per meter (М · m/m)............ 5.337 866 Е-01 
pound-force inch (1ЫҒ · іп)........................... newton meter (М>ашп).......................... 1.129 848 Е-01 


pound-force inch per inch (Ibf - in/in) newton meter per meter (М · m/m)............ 4.448 222 E400 


pound-force per foot (БЕЛО ................... ... newton per meter (N/m) 1.459 390 Е+01 
pound-force per inch (1ЬҒ/іп)........................ newton per meter (N/m) 1.751 268 Е+02 
pound-force per pound 

(Ibf/Ib) (thrust to mass тайо)..................... newton per kilogram (М/Кө)................... 9.806 65 Е-00 
pound-force per square foot (Ibf/ft?) ,............... pascal (Рајс е б кыли s aku IS ose Ste 4.788 026 Е-01 
pound-force per square inch (psi) (Ibf/in?) .......... pascal (Раух аала hit a hon tes 6.894 757 E+03 
pound-force per square inch (psi) (Ibf/in2).......... kilopascal (КРа)................................ 6.894 757 E+00 
pound-force second per square foot 

(IDE SIC). аи pascal second (Ра · 5).......................... 4.788 026 Е+01 
pound-force second per square inch 

((БЁ#5$Л уйа ае ао за ын аукамы pascal second (Ра, 5).......................... 6.894 757 Е+03 
pound inch squared (ІЫ + іп2)........................ kilogram meter squared (kg © m?).............. 2.926 397 Е-04 
pound per cubic foot (1Һ/Ғ2)........................ kilogram per cubic meter (kg/m?) ............. 1.601 846 Е-01 
pound per cubic inch (ІҺ/іп?)....................... kilogram per cubic meter (kg/m?) ............. 2.767 990 E+04 
pound per cubic yard (1Һ/уФ)....................... kilogram per cubic meter (kg/m?) ............. 5.932 764 Е-01 
pound per foot (15/Ғ0............................... kilogram per meter (kg/m) .................... 1.488 164 E+00 


4.133 789 Е-04 
1.488 164 Е-00 


pound per foot hour [Ib/(ft - h)] 
pound per foot second [Ib/(ft - s)] 


.. pascal second (Ра · s) 


pascal second (Ра · s) 


pound per gallon [Canadian and 


U.K. (Imperial)] (1Ь/вра1)......................... kilogram per cubic meter (kg/m?) "T 9.977 637 Е+01 
pound per gallon [Canadian and 

U.K. (Imperial)] (16/ва1) ......................... kilogram per liter (Ке/Г)...................... 9.977 637 Е-02 
pound per gallon (U.S.) (1Һ/ра1)..................... kilogram per cubic meter (kg/m?) ............. 1.198 264 Е-02 
pound per gallon (U.S.) (1Һ/ра1)..................... kilogram per liter (Ке/Г)...................... 1.198 264 Е-01 
pound per horsepower hour [lb/(hp • h)] ............ kilogram per joule (Ке/Ј) ...................... 1.689 659 Е-07 
pound per hour (1Һ/ВҺ).............................. kilogram per second (Ко/8).................... 1.259 979 Е-04 


23 The exact conversion factor is 4.535 9237 E—01. АП units that contain the pound refer to the avoirdupois pound. 


2416 the local value of the acceleration of free fall is taken as 5.= 9.806 65 m/ s? (the standard value), the exact conversion factor 
is 4.448 221 615 260 5 Е+00. 
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То convert from to Multiply by 


pound per inch (ІҺ/Іп)............................... kilogram per meter (kg/m) .................... 1.785 797 
pound per minute (1Б/тіп).......................... kilogram per second (Ке/5) .................... 7.559 873 
pound per second (16/5)............................. kilogram per second (Ко/8).................... 4.535 924 
pound per square foot (ІҺ/Н2)....................... kilogram per square meter (kg/m?) ............ 4.882 428 
pound per square inch (not pound-force) 

(БЛ о oii o UA UR S kilogram per square meter (kg/m?) ............ 7.030 696 
pound per yard (1Һ/у4)............................. kilogram per meter (kg/m) .................... 4.960 546 
psi (pound-force per square inch) (Ibf/in?) .......... pascal О о а Ааа дуа 6.894 757 
psi (pound-force per square inch) (Ibf/in?) .......... kilopascal (КРа)................................ 6.894 757 
quad (10 Ваш)... а. joule (D: Za tct ада Atal ЭЭ? 1.055 056 
quart (0.5. dry) (dry 40............................ cubic meter (m?) сете ады ыды а ее 1.101 221 
quart (U.S. dry) (dry 90) ............................ ег) а Ses q ia auqa 1.101221 
quart (U.S. liquid) (liq qt)........................... cubic meter (т?)............................... 9.463 529 
quart (U.S. liquid) (liq qt)........................... liter (D ЕОР ыды 9.463 529 
rad (absorbed dose) (rad) ........................... gray (Gy) руына арын RO VES Riese ease bes 1.0 
TEM (TEM) слали аут а PENIS ded sert (CSV) ona нервне UTE 1.0 
revolution СЕ Даља ера а а ТТТ daya qaa а radiañ а РЕКТЕР vr ЕГЕТТЕ 6.283 185 
revolution per minute (rpm) (r/min)................. radian per second (гай/5)...................... 1.047 198 
the cts eoe ns Қ Ta Leda s reciprocal pascal second [(Pa · S reete us 1.0 
rod (based on U.S. survey foot) (rd? P" meter CN) ses a h u ais Roa ран ноо 5.029 210 
foentgen (В), ye Mte c PE coulomb per kilogram (C/Kg).................. 2.58 
rpm (revolution per minute) (г/тіп)................. radian per second (гай/ѕ) ...................... 1.047 198 
second (angle) (^) aucun rosa y Нан der Cer e Тайтай. (Гай) ЕТТЕГІ 4.848 137 
Second (sidereal) киль is aiani бұйра ба» second қандық crie veces ee pin 9.972 696 
SHAKE on apa ЕНТІКПЕ second (S). та dote Cer p DU 1.0 
SHARE yoy pana cv oy ba neh ew ТЕСТ ЕРАЛЫ КАА FEAR nanosecond (ns) .............................. 1.0 
slüg (slug). ры ан КПовтай (ke) oit te қ рунда қаты 1.459 390 
slug per cubic foot (8109 /#?)........................ kilogram per cubic meter (kg/m?) ............. 5.153 788 
slug рег foot second [slug/(ft + $)] .................. pascal second (Ра 8).......................... 4.788 026 
square foot (f) eoe edet esso] square meter (пш?2)............................. 9.290 304 
square foot per hour (ft?/h) ......................... square meter per second (m?/s)................ 2.580 64 
square foot per second (Я2/6)....................... square meter per second (т2/5)................ 9.290 304 
square inch (поје аза u ИЧ У square meter (m?) NR Satine Se авио 6.4516 
square inch (in?) .................................... square centimeter (сіп2)....................... 6.4516 
square mile (таі2)................................... square meter (п?2)............................ 2.589 988 
square mile (mi?) КОЛ TEE ES square kilometer РИ 2.589 988 
square mile 

(based on U.S. survey foot) (mi)? НИНИ square meter (m?) И 2.589 998 
square mile 

(based on U.S. survey foot) (mi^? Ere RT RUE square kilometer (km?) edente ФАН answer 2.589 998 
square yard (у42)..........................2.2...... square meter (п2).............................. 8.361 274 
StatamMpere: «coc хо: 8 DE ERA sees eR OE атрете (А e С ЕРЕ КНР up ELE ERIS 3.335 641 
Statcoulomb А ы voler er RO IMPER MELOS coulomb (C)... ese e uu Pera ATTIVO 3.335 641 
Шайагай:слгиломамонмен кыла тд лы ГАТА (Б) а vut АУА Қы FRU US 1.112 650 
stathenry .. 8.987 552 
Stato? cedens ауырды ы ық АСУ И (8) ин ppt ERE ин HE RI Ne 1.112 650 
StatoDm. s a dr veretur vet viet tes от ODE О 8.987 552 
Са ОКЫ: о mer БЕ eA қала? NOI CV. оное Tata A 2.997 925 
БЧГ. КОКОСУ ОСАЛ О КОО АС cubic meter (тп?)............................... 1.0 
stülb (sb). tu uy ncs eth айн оа boe tie Man 014. candela per square meter (cd/m?) Бозша 1.0 
STOKES (SED асырар week es Pu EAR ЖА € A RR awe meter squared per second (m?/ rye 1.0 
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E+01 
Е-03 
Е-01 
Е+00 


Е+02 
Е-01 
Е+03 
Е+00 


Е+18 
Е-03 
Е+00 
Е-04 
Е-01 


Е-02 
Е-02 
Е+00 
Е-01 
Е+01 
Е+00 
Е-04 
Е-01 


Е-06 
Е-01 
Е-08 
E+01 
E+01 
E+02 
E+01 
Е-02 
Е-05 
Е-02 
Е-04 
E+00 
E+06 
E+00 


E+06 


E+00 
Е-01 
Е-10 
Е-10 
Е-12 
Е+11 
Е-12 
Е+11 
Е+02 
Е+00 
Е+04 
Е-04 


То convert from to Multiply by 


tablespoon. е ede hale REESE cubic meter (m?) uet eda aah dacs ВОН ООЛУ 1.478 676 Е-05 
tablespoon ies bt e ERO e se ERU EMT CU need 11111 m) cbe rere уон 1.478 676 Е-01 
(ёазроон: z аи икакав viU paie P eate Vid cubic meter (тї?)............................... 4.928 922 Е-06 
teaspoon cc be etw Dra Ur АРҚЫ хун died milliliter (ML) ЕЕЕ bee 4.928 922 E400 
[oW M kilogram per meter (kg/m) .................... 1.0 Е-06 
therm (BG) Aa oti Sees upa ЯЛЫ О О eto PNE IER 1.055 06 E+08 
therm (U.S.)?? joule (7)................... 1.054804 Е+08 
ton, assay (AT) kilogram (kg) 2.916 667 Е-02 
ton, assay (AT). «vere trt RE PR ERE spades wata STAM, (B) ccs елен ара RS RETE КУУ 2.916 667 Е-01 
ton-force (2000 Ibf) Bewton TN "Tm 8.896 443 Е-03 
ton-force (2000 Ibf) kilonewton (kN) 8.896 443 E+00 
ton, long (224015).................................. kilogram (Ко гала хулд deste vated’ peux Hx 1.016 047 E+03 
ton, long, per cubic уага............................ kilogram per cubic meter (kg/m?) ............. 1.328 939 E403 
ton, metric Xt). aaa nu nenne eene cada die Rt алар Kilogram: (Ке) «gare mene ner es 1.0 E403 
tonne (called ‘‘metric ton” in U.S.) (t) ............. kilogram (Ко) аза reed ass paui бата 1.0 Е-03 
ton of refrigeration (12 000 Вацт/В)................ XWatt (W^) nee зал нк, ат КС КТК. 3.516 853 E403 
ton of TNT (energy equivalent) бәхетен pene Saga Тош (Шул о раа Зи ER жұла ұра 4.184 Е+09 
ton, Тег. уысы le whee лек е TIE ENS cubic meter (ш3).....................2....0.. 2.831 685 E400 
ton, short (2000 16) ................................. kilogram (Кајли был она 9.071 847 E402 
ton, short, per cubic yard ........................... kilogram per cubic meter (kg/m?) ............. 1.186 553 E403 
ton short; per BOUR ие as a tes ЕЗ; kilogram per second (Ке/5) .................... 2.519 958 Е-01 


torr (Torr) pascal (Pa) аА Кыны ные 1.333 224 Е-02 


UNit ос ETE Е СИВ арман fo abies ed 1.256 637 Е-07 
watt hour. W ON) ал қажеке татын Rp ТӘНДЕ ДТ ея 3.6 E+03 
watt per square centimeter (УУ /сш2)................ watt per square meter (W/m2)................. 1.0 E+04 
watt per square inch (УҮ/іп?)........................ watt per square meter (У//т?)................. 1.550 003 E+03 
watit second: (W Чу «cesser re du cee ear ЛОШЕ (Јени ита ТАРС 1.0 Е-00 
yard У диэн т geod da tate ime edite meter (Di). «ei подр йыл Мед 9.144 E-01 
уейтғ:(365:0ауѕ) ctt sa deor en teg Second ($ кра пена 3.1536 Е+07 
year (sideteal).. о нитима стр ала қақ Second (S) «sts ыл уула кту пр dun iine AQ 3.155 815 Е-07 
yeat (tropical). r peie ta tees cass kupus d yqa ane ee Second (S); sere EE Ye E as enh te oie be 3.155 693 E407 


25 The therm (EC) is legally defined in the Council Directive of 20 December 1979, Council of the European Communities (now the European 
Union, EU). The therm (U.S.) is legally defined in the Federal Register of July 27, 1968. Although the therm (EC), which is based on the 
International Table Btu, is frequently used by engineers in the United States, the therm (U.S.) is the legal unit used by the U.S. natural gas 
industry. 

?6 Defined (not measured) value. 
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CONVERSION ОЕ TEMPERATURES 


From To 

Celsius Fahrenheit БРЕ = (9/5) FC + 32 
Kelvin TIK = °С + 273.15 
Rankine ТК = (9/5) (tC + 273.15) 

Fahrenheit Celsius С = (5/9) (ГР) - 32] 
Kelvin TIK = (5/9) [(t F) - 32] + 273.15 
Rankine ТВ = tp F + 459.67 

Kelvin Celsius °C = ТК - 273.15 
Rankine TPR = (9/5) T/K 

Rankine Fahrenheit БРЕ = ТГВ - 459.67 
Kelvin T/K = (5/9) TR 


Definition of symbols: 


T = thermodynamic (absolute) temperature 
t = Celsius temperature (the symbol а is also used for Celsius temperature) 


fy = Fahrenheit temperature 


DESIGNATION OF LARGE NUMBERS 


U.S.A. Other Countries 
106 million million 
10? billion milliard 
1012 trillion billion 
105 quadrillion billiard 
10!8 quintillion trillion 
10100 googol 
1080ogo! googolplex 


1-46 


CONVERSION FACTORS FOR ENERGY UNITS 


If greater accuracy is required, use the Energy Equivalents section of the Fundamental Physical Constants table. 


y: 1 cm! 
у: 1 MHz 


Тај 
E: 1 eV 
Ey 


Em: 1 kJ/mol 
] kcal/mol 


ТІК 


Examples of the use of this table: 


The symbol 


Wavenumber v 
cm! 

1 

= 3.33564 х 105 


= 50341.1 
= 8065.54 
= 219474.63 


= 83.5935 
= 349.755 


= 0.695039 


Е = ћу = ћсу 


КТ, Em 
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Frequency v 
MHz 
2.997925 x 104 
1 


1.509189 х 10? 
2.417988 x 108 
6.579684 x 109 


2.506069 x 106 
1.048539 x 107 


2.08367 x 10^ 


1 aJ = 50341 cm! 
1 eV 796.4853 kJ mol! 


Energy E 
aJ 
.986447 x 105 
6.626076 х 10:19 


0.1602177 
4.359748 


.660540 х 10-3 
6.947700 х 10-3 


.380658 x 10-5 


should be read as meaning “corresponds to" or “is equivalent to”. 
NAE ; Ер is the Hartree energy 


Energy E 
eV 
1.239842 x 104 
4.135669 х 107 


6.241506 
1 
27.2114 


1.036427 х 10? 
4.336411 x 102 


8.61738 x 105 


Energy E 
Ey 
4.556335 х 10-6 
1.519830 x 10:10 


0.2293710 
3.674931 x 10? 
1 


3.808798 х 104 
1.593601 х 103 


3.16683 х 10% 


Molar energy Em 


kJ/mol 
11.96266 x 103 
3.990313 x 1077 


602.2137 
96.4853 
2625.500 


1 
4.184 


8.31451 x 109 


Molar energy Em 


kcal/mol 
2.85914 x 103 
9.53708 x 10°8 


143.9325 
23.0605 
627.510 


0.239006 
1 


1.98722 x 103 


Temperature T 
k 

1.438769 

4.79922 x 105 


7.24292 x 104 
1.16045 x 104 
3.15773 x 105 


120.272 
503.217 


vel 


CONVERSION FACTORS FOR PRESSURE UNITS 


Pa kPa MPa bar 
Pa 1 0.001 0.000001 0.00001 
kPa 1000 1 0.001 0.01 
МРа 1000000 1000 1 10 
баг 100000 100 0.1 1 
atmos 101325 101.325 0.101325 1.01325 
Torr 133.322 0.133322 0.000133322 0.00133322 
umHg 0.133322 0.000133322 1.33322 x 10-7 1.33322 x 1076 
psi 6894.757 6.894757 0.006894757 0.06894757 


atmos 


9.8692 x 10-6 
0.0098692 
9.8692 
0.98692 

1 

0.00131579 
1.31579 х 10-9 
0.068046 


Тогг 


0.0075006 
7.5006 
7500.6 
750.06 
760 

1 

0.001 
517151 


umHg 


7.5006 
7500.6 
7500600 
750060 
760000 
1000 

1 
51715.1 


рві 


0.0001450377 
0.1450377 
145.0377 
14.50377 
14.69594 
0.01933672 
1.933672 х 105 
1 


То convert a pressure value from a unit in the left hand column to a new unit, multiply the value by the factor appearing in the column for the new unit. For example: 


1 kPa = 9.8692 x 10-3 atmos 
1 Torr = 1.33322 x 10-* MPa 


Notes: umHg is often referred to as “micron” 
Torr is essentially identical to mmHg 
psi is an abbreviation for the unit pound-force per square inch 
psia (as a term for a physical quantity) implies the true (absolute) pressure 
psig implies the true pressure minus the local atmospheric pressure 


MULTIPLY 
L by appropriate 
factor to 
OBTAIN 


Btu hr! ft! OF! 
Btuyy in. h! ft? °F 
Btu h-! fc! °F! 
Віць in. h! ft? °F! 
calp 87 стг! °C! 
cali, s! ст! °C! 
kcaly h! nr! °C! 
Js! cm! K! 

W cm! К“! 

W m! К! 

mW cm! K! 


Btuyr h! 
ft! °F! 


1 

8.33333 x 102 
0.999331 
8.32776 х 102 
2.41909 x 102 
2.41747 x 102 
0.671520 
57.7789 
57.7789 
0.577789 
5.77789 x 102 
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Ват in. 
h! fr? °F! 


12 

1 

11.9920 
0.999331 
2.90291 x 10? 
2.90096 x 103 
8.05824 
6.93347 x 102 
6.93347 x 102 
6.93347 
0.693347 


Btu h! 
ft! °F! 


1.00067 
8.33891 x 102 
1 

8.33333 х 102 
2.42071 х 102 
2.41909 х 102 
0.671969 
57.8176 
57.8176 
0.578176 
5.78176 х 102 


Віць in. 
hr! ft? °F 


12.0080 
1.00067 

12 

1 

2.90485 х 10? 
2.90291 x 10? 
8.06363 
6.93811 x 10? 
6.93811 x 10? 
6.93811 
0.693811 


сайт s`! 
em! °C! 


4.13379 х 10? 
3.44482 x 104 
4.13102 x 103 
3.44252 x 104 
1 

0.999331 
2.71592 х 103 
0.238846 
0.238846 
2.38846 х 103 
2.38846 x 104 


cal, 87 
cm! °С-! 


4.13656 x 10? 
3.44713 x 104 
4.13379 x 10? 
3.44482 x 104 
1.00067 

1 

2.77778 х 103 
0.239006 
0.239006 
2.39006 х 103 
2.39006 x 104 


kcal, В"! 
т! ec! 


1.48916 
0.124097 
1.48816 
0.124014 
3.60241 х 10? 
3.6x10? 

1 

86.0421 
86.0421 
0.860421 
8.60421 x 10? 


CONVERSION FACTORS FOR THERMAL CONDUCTIVITY UNITS 


Js! em! K! 


1.73073 x 102 
1.44228 х 103 
1.72958 x 102 
1.44131 x 103 
4.1868 

4.184 

1.16222 х 102 
1 

1 

1x102 
1x103 


W cm! K! 


1.73073 x 102 
1.44228 x 103 
1.72958 x 102 
1.44131 x 103 
4.1868 

4.184 

1.16222 x 10? 


W m?! K! 


1.73073 
0.144228 
1.72958 
0.144131 
4.1868 x 10? 
4.184 x 102 
1.16222 

1 x 102 
1x10? 

1 

0.1 


mW cm! K! 


7.3073 
44228 
7.2958 
44131 
4.1868 x 103 
4.184 x 103 
1.6222 

x 10? 

x 103 

0 


OST 


To convert from 


multiply by 
1 appropriate 


factor to 


Obtain —À 


abohm centimeter 
microohm centimeter 
ohm centimeter 

statohm centimeter (esu) 
ohm meter 

ohm circular mil per foot 
ohm inch 

ohm foot 


abO cm 


1 

103 

108 

8.987 х 1020 
101 

1.662 х 102 
2.54 х 109 
3.048 х 1019 


CONVERSION FACTORS FOR ELECTRICAL RESISTIVITY UNITS 


НО cm 


1x103 

1 

106 

8.987 х 1017 
108 

1.662 х 10-1 
2.54 х 106 
3.048 х 107 


Ост 


109 

10-6 

1 

8.987 x 10!! 
102 

1.662 x 10-7 
2.54 

3.048 x 10-1 


StatO cm 


1.113 x 102! 

1.113 x 10:18 

1.113 x 10:12 

1 

1.113 х 10:10 

1.850 х 10:19 

2.827 х 10:12 

3.3924 x 107!! 


Om 


10-11 
1078 

1х 1072 
8.987 х 109 
1 

1.662 x 1079 
2.54 x 102 
3.048 x 107! 


О cir. mil 
ft-! 


6.015 x 1073 
6.015 

6.015 x 106 
5.406 x 1018 
6.015 x 108 
1 

1.528 х 107 
1.833 х 108 


€ in. 


3.937 x 10-10 
3.937 x 10-7 
3.937 x 10-1 
3.538 x 10!! 
3.937 x 10! 
6.54 x 10-6 

1 

12 


Q ft 


3.281 х 1071! 
3.281 x 10% 
3.281 x 102 
2.949 x 1010 
3.281 

5.45 x 10? 
8.3 x 102 

1 


CONVERSION FACTORS FOR CHEMICAL KINETICS 


Equivalent second order rat order rate constants 


-b 
1.219 1.203 
A 10-24 м НТ Т-| хію-т- 24 хэ x10-*T-! 
1.604 12.19 Т-! 1.203 
A 10-21 х10-Т-! х10-Т- 
1.66 16.04 T~! 1.219 120.3 T-! 
х 10-18 X10* T-1 нэ хэ 
1 ст? molecule-! 57! = 6.023 6.023 6.023 9.658 1.478 7.244 
x 1023 х 1029 х 107 х 10: T~ ын 10% Т- -і х 10:5 х 1019 T- 
1 (mm Hg)! 57'= 6.236 62.36 T 6.236 1.035 4.56 7.500 
x10*T x10^2T x10- T х 10-2 
] atm! 8: 4 8.206 1.362 1.316 
нэ x10" Т x105T x10-7T х 10-3 
1ррт-! min-! = 4.017 4.077 7.7 6.16 1.667 164.5 
at 298 К, 1 atm x 108 х 105 х 10-89 х 103 
total pressure 
1 m? kN-! s-!— 8314T 8.314 T 8.314 6.079 1 
x10^2T Mir x 10-3 


To convert a rate constant from one set of units A to a new set B find the conversion factor for the row A under column B and multiply the 
old value by it, e.g. to convert cm? molecule-! 87! to m? mol-! s-! multiply by 6.023 х 1017, 
Table adapted from High Temperature Reaction Rate Data No. 5, The University, Leeds (1970). 


s 


] cm? тој“! s-!z 


1 dm? mol-! 57! = 


1 m? mol-! 8-1 = 


в 
5. 
~ 


Equivalent third hird order rate cons rate constants 


s^! 
2.16 x 10-48 2.57 1.447 
х10-9Т-: ың ете Ио в х 10-° T-? 
.26 x 10-42 2.57 Уны 1.447 
х 10-4 7-2 қ X10- 13 х 10-2 T-? 
2.76 х 10:36 257 T-* 1.48 1.447 
х 108 ин х x 10- 7 X10* T-? 
lem*molecule-? з-!= 3.628 3. 628 3.628 9.328 5.388 5.248 
х 109 109 х 1035 х 102"Т-2| x109T-: "x 1028 x 109 T-1 
1 (mm Hg) 28 -1= 3.89 3.89 1.07 x 10:5 T? 5.716 
x 10° T: xir х 10-3 T? х 105 +e ы 5 
latm7?57!— 6.733 6.133 6.133 1.86 1.73 6x10-!! 9.74 
x 109 T: x 10-37? х 10-913 х 10-41: х 10-45 х 10-3 
1ррт-* тіп! = at 298 К, 9.97 9. ” 9.91 2.15 2.89 1.667 1.623 
latm total pressure х 10" 1012 х 105 х 10-29 x 10* х 1019 x 106 
Па М-2а-іш 691 6.91 T! 69.1 0.0178 1.027 6.16 
10: T? x 10- T? x Xen х 104 хю- 


From J. Phys. Chem. Ref. Data, 9, 470, 1980, by permission of the authors and the copyright owner, the American Insti- 
tute of Physics. 


m* kN-? s-! 


T 


1 ст mol-? 57! = 


1 dmê mol-? 8-1 = 


1 тё mol-*ts-! = 


$ 
Я 


1-37 


вет 


Quantity 


Activity 
Absorbed dose 
Absorbed dose rate 


Average energy per 
ion pair 

Dose equivalent 

Dose equivalent rate 


Electric current 
Electric potential 
difference 
Exposure 
Exposure rate 


Fluence 
Fluence rate 


Kerma 
Kerma rate 


Lineal energy 
Linear energy transfer 


Mass attenuation 
coefficient 

Mass energy transfer 
coefficient 

Mass energy absorption 
coefficient 

Mass stopping power 


Power 
Pressure 


Radiation chemical 
yield 
Specific energy 


Symbol 
for 
quantity 


A 
D 
D 


CONVERSION FACTORS FOR IONIZING RADIATION 


CONVERSION BETWEEN SI AND OTHER UNITS 


Symbols 
Expression Expression Special using 
in in symbols name for special Conventional 
SI units for SI units SI units names units 
1 per second 87 becquerel Bq curie 
joule per kilogram Ј кот! gray Gy rad 
joule per kilogram J Кет! 57! Gy s! rad 
second 
joule J electronvolt 
joule per kilogram J kg sievert Sv rem 
joule per kilogram Tint 87! Sv s rem per second 
second 
ampere A ampere 
watt per ampere WA! volt V volt 
coulomb per kilogram С kg! roentgen 
coulomb per kilogram С kg! s- roentgen 
second 
1 per meter squared m? 1 per centimeter squared 
1 per meter squared m? s7! 1 per centimeter squared 
second second 
joule per kilogram J kg gray Gy rad 
joule per kilogram Jkg 5-1 Gy 57! rad per second 
second 
joule per meter Jm! kiloelectron volt per 
micrometer 
joule per meter Jm! kiloelectron volt per 
micrometer 
meter squared per m? kg centimeter squared per 
kilogram gram 
meter squared per n? kg! centimeter squared per 
kilogram gram 
meter squared per m? kg centimeter squared per 
kilogram gram 
joule meter squared J m? kg! MeV centimeter squared 
per kilogram per gram 
joule per second Js- watt W watt 
newton per meter Nm? pascal Pa torr 
squared 
mole per joule mol J! molecules per 100 
electron volts 
joule per kilogram J Кет! gray Gy rad 


Symbol for 
conventional 
unit 

Ci 
rad 
rad 87! 


keV um! 
keV цаг! 
cm? g! 

cm? g! 

cm? g! 
MeV cm? р! 


w 
torr 


molecules 
(100 eV)! 
rad 


Value of 
conventional unit 
in SI units 
3.7 x 101? Bq 
0.01 Gy 
0.01 Суз! 
1.602 x 10-1? J 
0.01 Sv 
0.01 Sv s! 
10А 
10А 


2.58 х 104 С Ке! 
2.58 x 107^ C kg! 87 


1.0x 10* m? 
1.0 х 10* m? s! 


0.01 Gy 
0.01 Gy s! 


1.602 x 10-10 J тт! 
1.602 x 10-10 J m! 

0.1 m2 kg! 

0.1 m? kg! 

0.1 m2 kg! 

1.602 x 10-14 J m? kg! 


LOW 
(101325/760)Pa 


1.04 x 107 mol J“! 


0.01 Gy 


CONVERSION FACTORS FOR IONIZING RADIATION (continued) 


CONVERSION OF RADIOACTIVITY UNITS FROM MBq TO mCi AND pCi 


MBq 


7000 
6000 
5000 
4000 
3000 
2000 
1000 
900 
800 
700 
600 


mCi MBq mCi 
189. 500 13.5 
162. 400 10.8 
135. 300 8.1 
108. 200 54 
81. 100 2.7 
54. 90 24 
27. 80 2.16 
24. 70 1.89 
21.6 60 1.62 
18.9 50 1.35 
16.2 40 1.08 


MBq исі 
30 810 
20 540 
10 270 
9 240 
8 220 
7 189 
6 162 
5 135 
4 108 
3 81 
2 54 


MBq 


1 

0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 


на 


27 
24 
21.6 
18.9 
16.2 
13.5 
10.8 
8.1 
5.4 
2.7 


CONVERSION OF RADIOACTIVITY UNITS FROM mCi AND Ci TO MBq 


mCi 


200 
150 
100 
90 
80 
70 
60 
50 
40 
30 
20 


MBq mCi MBq 
7400 10 370 
5550 9 333 
3700 8 296 
3330 7 259 
2960 6 222 
2590 5 185 
2220 4 148 
1850 3 111 
1480 2 74.0 
1110 1 37.0 
740 


uci MBq 
1000 37.0 
900 33.3 
800 29.6 
700 25.9 
600 22.2 
500 18.5 
400 14.8 
300 11.1 
200 74 
100 37 

90 3.33 


CONVERSION OF RADIOACTIVITY UNITS 


100 ТВа (1014 Ва) 
10 ТВа (107 Ва) 
1 TBq (1072 Ва) 
100 GBq (10!! Bq) 
10 GBq (1019 Ва) 
1 GBq (10? Bq) 
100 MBq (10% Ва) 
10 MBq (107 Ва) 
1 MBq (106 Ва) 


2.7 kCi (2.7 x 10? Ci) 
270 Ci (2.7 x 108 Ci) 
27 Ci (2.7 x 10! сі) 

2.7 Ci (2.7 x 10° Ci) 
270 mCi (2.7 х 107 Ci) 
27 mCi (2.7 x 102 Ci) 
27 mCi (2.7 x 102 Ci) 
270 uCi (2.7 x 10 Ci) 
27 uCi (2.7 x 105 Ci) 


CONVERSION OF ABSORBED DOSE UNITS 


SI Units 


100 Gy (10? Gy) 
10 Gy (10! Gy) 

1 Gy (100 Gy) 

100 mGy (107! Gy) 
10 mGy (102 Gy) 
1 mGy (107 Gy) 
100 џбу (107^ Gy) 
10 Gy (105 Gy) 
1 uGy (10% Gy) 
100 nGy (10-7 Gy) 
10 пбу (1073 Gy) 
1 nGy (10? Gy) 


Conventional 


10,000 rad (104 rad) 
1,000 rad (10? rad) 
100 rad (102 rad) 

10 rad (10! rad) 

1 rad (10? rad) 

100 mrad (10-! rad) 
10 mrad (1072 rad) 
1 mrad (10-3 rad) 
100 urad (1074 rad) 
10 urad (107 rad) 

1 urad (10-6 rad) 
100 nrad (10-7 rad) 


1-40 


100 kBq (105 Ва) 
10 кВа (105 Bq) 

1 кВа (10? Ва) 
100 Ва (102 Ва) 
10 Ва (10! Ва) 

1 Ва (10° Ва) 

100 mBq (107! Ва) 
10 пВа (10-2 Ва) 
1 mBq (10-2 Ва) 


на 


80 
70 


MBq 


2.96 
2.59 
2.22 
1.85 
1.48 
1.11 
0.74 
0.37 
0.185 
0.074 
0.037 


2.7 uCi (2.7 x 10-5Ci) 
270 nCi (2.7 x 10-7 Ci) 
27 nCi (2.7 x 10-8 Ci) 
2.7 nCi (2.7 x 1079 Ci) 
270 pCi (2.7 x 10:19 Ci) 
27 pCi (2.7 х 10-!! Ci) 
2.7 pCi (2.7 x 1072 Ci) 
270 fCi (2.7 х 10-13 Ci) 
27 fCi (2.7 x 10-4 Ci) 


CONVERSION OF DOSE EQUIVALENT UNITS 


100 Sv (102 Sv) 
10 Sv (10! Sv) 

1 Sv (10° Sv) 

100 mSv (107! Sv) 
10 mSv (10-2 Sv) 
1 mSv (10-3 Sv) 
100 изу (107^ Sv) 
10 џ5у (107 Sv) 
1 бу (10-6 Sv) 
100 nSv (10-7 Sv) 
10 nSv (10-8 Sv) 

1 nSv (10-9 Sv) 


10,000 rem (104 rem) 
1,000 rem (10? rem) 
100 rem (10? rem) 

10 rem (10! rem) 

1 rem (10? rem) 

100 mrem (107! rem) 
10 mrem (102 rem) 

1 mrem (10-3 rem) 
100 prem (107 rem) 
10 prem (10-5 rem) 

1 prem (10-6 rem) 
100 nrem (10-7 rem) 


VALUES OF THE GAS CONSTANT IN DIFFERENT UNIT SYSTEMS 


In SI units the value of the gas constant, R, is: 
R =8.314510 Ра n? К! mol! 
= 8314.510 Ра L K-! mol! 
= 0.08314510 bar L К! mol! 


This table gives the appropriate value of R for use in the ideal gas equation, РУ = nRT, when the variables are expressed in other units. The following 
conversion factors for pressure units were used in generating the table: 

1 atm = 101325 Pa 

1 psi = 6894.757 Ра 

1 torr (mmHg) = 133.322 Pa [at 0°C] 

1 in Hg = 3386.38 Pa [at 0°C] 

1 in H,O = 249.082 Pa [at 4°C] 

1 ft H5O = 2988.98 Pa [at 4°C] 


The advice of Prabir K. Chandra is appreciated. 


Units of V, T, n Units of P 
V T n kPa atm psi mmHg in Hg in H,O ft H,O 
fe K mol 0.2936241 0.00289785 0.0425866 2.20237 0.0867074 1.17882 0.0982355 
Ib-mol 133.1857 1.31444 19.3169 998.978 39.3298 534.706 44.5589 
°R mol 0.1631245 0.00160991 0.0236592 1.22354 0.0481708 0.654903 0.0545753 
Ib-mol 73.99204 0.730245 10.7316 554.987 21.8499 297.059 24.7549 
cm? К mol 8314.510 82.0578 1205.92 62364.1 2455.28 33380.6 2781.72 
Ib-mol 3771398 37220.8 546995 28287900 1113700 15141200 1261770 
°R mol 4619.172 45.5877 669.954 34646.7 1364.04 18544.8 1545.40 
Ib-mol 2095221 20678.2 303886 15715500 618720 8411770 700982 
L K mol 8.314510 0.0820578 1.20592 62.3641 2.45528 33.3806 2.78172 
Ib-mol 3771.398 37.2208 546.995 28287.9 1113.70 15141.2 1261.77 
°R mol 4.619172 0.0455877 0.669954 34.6467 1.36404 18.5448 1.54540 
Ib-mol 2095.221 20.6782 303.886 15715.5 618.720 8411.77 700.982 
m? K mol 0.008314510 0.0000820578 0.00120592 0.0623641 0.00245528 0.0333806 0.00278172 
lb-mol 3.771398 0.0372208 0.546995 28.2879 1.11370 15.1412 1.26177 
°R mol 0.004619172 0.0000455877 0.000669954 0.0346467 0.00136404 0.0185448 0.00154540 
Ib-mol 2.095221 0.0206782 0.303886 15.7155 0.618720 8.41177 0.700982 


1-40 


PERIODIC TABLE OF THE ELEMENTS 


1 2 4 New Notation » 13 14 15 16 17 18 
Group Previous IUPAC Form » ШВ ТУВ VB VIB VIIB 
IA ПА CAS Version > ША IVA VA VIA VIIA VIIIA Shell 
1 +1 2 0 
H ` He 
1.00794 4.002602 
1 2 K 
3 +114 +2 5 +3 |6 +2 |7 +1 |8 -2 |9 -1110 0 
: Key to Chart 2 
Li Be aa B c “GIN зо Е Ме 
Atomic Number ——P,s | 50 +2|<4— Oxidation States +4 
Symbol ——— | Sn ын 5 
6.941 9.012182 : : 10.811 12.0107 (140067 — .2|15.9994  |18.9984032 | 20.1797 
23 2» 1995 Atomic Weight ————>| нэ. Electron | 2а D 25 E: 26 27 2 кі. 
и u|2 = Configuration 13 414 [is +116 417 uls © 
Я 4 +5 +6 +5 
Ма M Al Si "P 5s а Ar 
а 3 4 5 6 7 8 9 10 п 12 ш x 2 37 
22.989770 | 24.3050 ША <*> IVA УА VIA VIIA VIIIA IB ПВ |26.981538 |28.0855  |30.973761 32.065 |35.453 39.948 
2-8-1 2-8-2 IIIB IVB «> VB VIB VIIB VIII IB ПВ 2-83 2-8-4 2-8-5 2-8-6 2-8-7 2-8-8 K-L-M 
19 +1120 +2121 33122 %2 23 ЕС 24 % 25 2 26 E 27 72 28 2 29 2 30 +2131 33132 32 33 13 34 1 35 HE 36 0 
a c і T n e о і u 2 12п а е 5 5 | Se (Вг И 
K С 5 Ti aV Не Ма је Чо "| “аа "Iz е Ge “А "Se Вг "Kr 
45 +7 
39.0983 | 40.078 44.955910 | 47.867 50.9415 [51.9961 |54.938049 | 55.845 58.933200 | 58.6934 | 63.546 [65.409 69.723 72.64 74.92160 78.96 79.904 83.798 
-8-8-1 -8-8-2 -8-9-2 -8-10-2: |-8-1-2 |-8-13-1 -8-13-2 -8-14-2  |-8-15-2  |-8-16-2  |-8-18-1  |-8-18-2 |-8-18-3 -8-18-4 |-8-18-5 -8-18-6 |-8-18-7 -8-18-8 -L-M-N 
37 +38 239 940 Ч 5/42 5643 5444 +345 5/46 5/47 * 48 949 350 32151 852 +053 #54. O 
Rb Sr Үү Zr Nb Mo Tc — ;;|Ru Rh Pd Ag Cd In Sn Sb з|Те 21 47| Хе 
85.4678 |8762 88.90585 |91.224 92.90638 |95.94 (98) 101.07 102.90550 |106.42 107.8682 |112411  |114818  |118.710 |121.760 127.60 126.90447 | 131.293 
-18-8-1 -18-8-2 — |-18-9-2 |-18-10-2 |-18-12-1 |-18-13-1  |-18-13-2  |-18-15-1 |-18-16-1 |-18-18-0 |-18-18-1 |-18-18-2  |-18-18-3 — |-18-18-4 |-18-18-5 -18-18-6 |-18-18-7 |-18-18-8 |-М-М-О 
55 +1156 +2|57* +3172 +4173 +5 |74 +6175 76 ЫН 77 a 78 йн 19 2 80 3) 81 Hd 82 24 83 2 84 йл 85 86 0 
Св Ва La Hf Ta w Re 17(08 "| “юм “а "|Hg “ті  "|Pb “ірі Ро “ЈА: Rn 
132.90545 |137.327  |138.9055 |178.49 180.9479 | 183.84 186.207 | 190.23 192.217 | 195.078 |196.96655 | 200.59 204.3833 | 207.2 208.98038 (209) (210) (222) 
-18-8-1 -18-8-2 |-18-9-2 -32-10-2 |-32-1-2 |-32-12-2 |-32-13-2 |-32-14-2 |-32-15-2 |-32-17-1 |-32-18-1 |-32-18-2 (-32-18-3 |-32-18-4 1-32-18-5 -32-18-6 |-32-18-7 |-32-18-8 -N-O-P 
87 +1188 %2|89%% +31104 +40105 106 107 108 109 110 111 112 114 116 
Ег Ка Ас Rf Db Sg Bh Hs Mt Uun Uuu Uub Uuq Uuh 
(223) (226) (227) (261) (262) (266) (264) (277) (268) (281) (272) (285) (289) (289) 
-18-8-1 -18-8-2 |-18-9-2 -32-10-2 |-32-1-2 |-32-12-2 |-32-13-2 |-32-142 |-32-15-2 |-32-16-2 -О-Р-О 
58 43 59 33160 33161 33162 +2 | 63 +2| 64 33165 33166 33167 +3168 43 69 33170 32171 +3 
| се “ір ма Pm Sm Зы “|а Tb Dy Ho Er Tm [У ? Lu 
* Lanthanides 
140.116 — |140.90765 |14424 |(145) 150.36 151964 |157.25 158.92534 |162.500 |164.93032 |167.259 | |168.93421 | 173.04 174.967 
-19-9-2  |-21-8-2  ]|-22-8&2  |-23-8-2  |-24-8-2 -25-8-2  |-25-9-2  |-27-8-2  |-28-8-2  |-29-8-2  |-30-8-2  |-31-8-2  |-32-82 -32-9-2 -N-O-P 
90 *4|9] +5192 33193 +3 | 94 +3 | 95 33196 33197 +3198 +399 +31100 “31101 +21102 +21103 +3 
44 44 +4 +4 +4 +4 +3 +3 
жж Actinides Th Pa U 43 Np 45|Pu 3 Am 5 Cm Bk Cf Es Fm Md No Lr 
2320381 |231.03588 | 238.02891| (237) (244) *° | (243) (247) (247) (251) (252) (257) (258) (259) (262) 
-18-10-2 |-20-9-2 |-21-9-2 |-22--2 |-24--2 |-25-8-20  |-25-92 |-27-8-2  |-28-8-2  |-29-8-2 |-30-8-20 |-31-8-2 |-32-8-2 -32-8-3 -О-Р-О 


The new IUPAC format numbers the groups from 1 to 18. The previous IUPAC numbering system and the system used by Chemical Abstracts Service (CAS) are also shown. For radioactive 
elements that do not occur in nature, the mass number of the most stable isotope is given in parentheses. 
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UNITS FOR MAGNETIC PROPERTIES 


Conversion 
uantit Symbol Gaussian & cgs ети“ factor, C^ SI & rationalized mks ^ 
y 
Magnetic ua density, B gauss (G) 4 10-4 tesla (Т), Wb/m? 
magnetic induction 
Magnetic flux o maxwell (Mx), G.cm2 10-8 weber (Wb), volt second (V.s) 
Magnetic potential difference, U,F gilbert (Gb) 10/4 ampere (A) 
magnetomotive force 
Magnetic field strength, H oersted (Oe)? Gb/cm — 10/4т A/m f 
magnetizing force 
(Volume) magnetization % M emu/cm? ^ 10? A/m 
(Volume) magnetization 40M G 10/47 А/т 
Magnetic polarization, 3 4 і 
: . НЭРС J, І emu/cm 4m х 10 Т, Wb/m 
intensity of magnetization 
T 1 Ал Ке 
(Mass) magnetization с, М emu/g Am х 1077 Wb-m/kg 
Magnetic moment m emu, erg/G 10 A-m’, joule per tesla (J/T) 
Magnetic dipole moment j emu, erg/G Ат х 10719 Мт‘ 
PES : ; 4т dimensionless 
tibilit : 4 less, У 
(Volume) susceptibility х, к imensionless, emu/cm (AmYx10-7 ^ henry per meter (H/m), Wb/(A-m) 
Ат x 10-3 mš/kg 
тет 3 
(Mass) susceptibility Хр, Кр cm’/g, emu/g (ту 10-19  Hm'/kg 
мєн 4m х 1075 m?/mol 
(Molar) susceptibility Хто» Kmo  cm?/mol, emu/mol (лу x10-? Н.т2/то! 
Permeability ш dimensionless 4m х 1077 H/m, Wb/(A-m) 
Relative permeability [m not defined dimensionless 
(Volume) energy density, w erg/cm? 10-1! J/m? 
energy product 
Demagnetization factor D,N dimensionless 1/47 dimensionless 


a. Gaussian units and cgs emu are the same for magnetic properties. The defining relation is B=H+47M. 
b. Multiply a number in Gaussian units by C to convert it to SI (e.g, 1 GX 107" T/G=10~4 Т). 


с. SI (Systeme International d'Unités) has been adopted by the National Bureau of Standards. Where two conversion factors аге 
given, the upper one is recognized under, or consistent with, SI and is based on the definition B =u (H +M), where 
ро=4т х 1077 H/m. The lower one is not recognized under SI and is based on the definition B = uoH +J, where the symbol 
Iis often used in place of J. 

d. lgauss— 10° gamma (y). 

е. Both oersted and gauss are expressed as ст” 72.р./25-! in terms of base units. 

£ A/m was often expressed as "ampere-turn per meter" when used for magnetic field strength. 

8. Magnetic moment per unit volume. 

А. The designation “ети” is not a unit. 

i Recognized under SI, even though based on the definition B = uoH +J. See footnote c. 

7 Pr=p/po=1+x, all in SI. pr is equal to Gaussian u. 

k. В.Н and М.Н have SI units J/m?; М.Н and В-Н/4т have Gaussian units erg/cm’. 


R. B. Goldfarb and F. R. Fickett, U.S. Department of Commerce, National Bureau of Standards, Boulder, Colorado 80303, March 1985 
NBS Special Publication 696 For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES 


The International Organization for Standardization (ISO), International Union of Pure and Applied Chemistry (IUPAC), and the International 
Union of Pure and Applied Physics (IUPAP) have jointly developed a set of recommended symbols for physical and chemical quantities. Consistent 
use of these recommended symbols helps assure unambiguous scientific communication. The list below is reprinted from Reference 1 with permission 
from IUPAC. Full details may be found in the following references: 


1. Ian Mills, Ed., Quantities, Units, and Symbols in Physical Chemistry, Blackwell Scientific Publications, Oxford, 1988. 

2. Е. В. Cohen and P. Giacomo, Symbols, Units, Nomenclature, and Fundamental Constants in Physics, Document IUPAP-25, 1987; also 
published in PAysica, 146A, 1—68, 1987. 

3. ISO Standards Handbook 2: Units of Measurement, International Organization of Standardization, Geneva, 1982. 


GENERAL RULES 
The value of a physical quantity is expressed as the product of a numerical value and a unit, e.g.: 


Т-300К 
У= 26.2 cm? 
С, = 45.3 J mol! К“! 


The symbol for a physical quantity is always given in italic (sloping) type, while symbols for units are given in roman type. Column headings in 
tables and axis labels on graphs may conveniently be written as the physical quantity symbol divided by the unit symbol, e.g.: 


T/K 
Уст? 
C РЦ mol-! К" 


The values in the table or graph axis are then pure numbers. 
Subscripts to symbols for physical quantities should be italic if the subscript refers to another physical quantity or to a number, e.g.: 


C, — heat capacity at constant pressure 
B, — nth virial coefficient 


Subscripts which have other meanings should be in roman type: 


m, — mass of the proton 
E, — kinetic energy 


The following tables give the recommended symbols for the major classes of physical and chemical quantities. The expression in the Definition 
column is given as an aid in identifying the quantity but is not necessarily the complete or unique definition. The SI Unit gives one (not necessarily 
unique) expression for the coherent SI unit for the quantity. Other equivalent unit expressions, including those which involve SI prefixes, may be used. 


Name Symbol Definition SI unit 
SPACE AND TIME 
cartesian х, у, 2 т 
space coordinates 
spherical polar ғ, 0, ф т, 1,1 
coordinates 
generalized coordinate 4, di (varies) 
position vector r r= xi+ yj +zk m 
length 1 т 
special symbols: 
height h 
breadth b 
thickness 4,6 
distance d 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 

radius r 

diameter d 

path length 5 

length of arc 5 
агеа А, A,, S m? 
volume V, (v) m? 
plane angle a, В, у, 0, 0... a=s/r rad, 1 
solid angle о,0 w= Ajr? sr, 1 
time t s 
period T T=t/N s 
frequency v,f v=1/T Hz 
circular frequency, о Q = 2nv rads !,s^! 

angular frequency 
characteristic tx, T 1 — |dt/dlnx| 5 

time interval, 

relaxation time, 

time constant 
angular velocity w w=dġ/dt тад 5 !,s^! 
velocity v, и, W, c, P b= dr/dt ms! 
speed b, и, w, c 0 = |v| 115 ! 
acceleration a, (g) a — dv/dt т5 2 

CLASSICAL MECHANICS 

mass m Kg 
reduced mass р р=т, m,/(m, +т,) kg 
density, mass density p р-т/У крт? 
relative density d 4-р/р” 1 
surface density Pa Ds ра=т/А kg m~? 
specific volume v v=V/m=1/p m?kg^! 
momentum p р=то kgms^! 
angular momentum, L L=rxp Js 

action 
moment of inertia 1,4 Геју тиг kg m? 
force F Е=дрја: = ma М 
torque, T, (M) T=rxF Nm 

moment of a force 
energy E J 
potential energy Е,,У,Ф Е,--(Е-48 1 
kinetic energy E,, T, K E, = тог 1 
work W,w W=|F-ds J 
Hamilton function Н H(q, p) J 

=T(q, p) + V(q) 

Lagrange function L L(q, å) J 
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= T(q, 4) — Иа) 


Мате 


pressure 
surface tension 
weight 
gravitational constant 
normal stress 
shear stress 
linear strain, 
relative elongation 
modulus of elasticity, 
Young's modulus 
shear strain 
shear modulus 
volume strain, 
bulk strain 
bulk modulus, 
compression modulus 
viscosity, 
dynamic viscosity 
fluidity 
kinematic viscosity 
friction coefficient 
power 
sound energy flux 
acoustic factors, 
reflection factor 
acoustic absorption 
factor 
transmission factor 
dissipation factor 


quantity of electricity, 
electric charge 
charge density 
surface charge density 
electric potential 
electric potential 
difference 
electromotive force 
electric field strength 
electric flux 
electric displacement 
capacitance 
permittivity 
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Symbol 


pP 

у, в 

G, (W, P) 
G 

с 
т 
ње 


Е 


Ф ом 


Definition 


р=Е/А 
y=dW/dA 
G=mg 

Е = Ст, т,/ғ? 
o=F/A 
t=F/A 
e=Al/l 


E=oa/e 


y=Ax/d 
G=t/y 
0-АР/У, 


K= — Voldp/d V) 
таг лг (40,/42) 


ф=1 
v=n/p 

Еде = BF norm 
P=dW/dt 
P=dE/dt 


p=P,/Po 
а, =1-р 


t=P,,/Po 
б=а,—т 


ELECTRICITY AND MAGNETISM 


p=Q/V 
с=0/А 
V-dW/dg 
U-V,-V, 


E= ((F/Q): ds. 
Е=Е/О = —grad V 
V — [D: dA 

D=cE 

С-0/0 

D=cE 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


SI unit 


Ра, Ч т^? 
Nm-1,Jm-2 
N 

Nm?kg^? 
Pa 

Pa 

1 


Ра 


Мате 


permittivity of vacuum 
relative permittivity 
dielectric polarization 
(dipole moment 
per volume) 
electric susceptibility 
electric dipole moment 
electric current 
electric current density 
magnetic flux density, 
magnetic induction 
magnetic flux 
magnetic field strength 
permeability 
permeability of vacuum 
relative permeability 
magnetization 
(magnetic dipole 
moment per volume) 
magnetic susceptibility 
molar magnetic 
susceptibility 
magnetic dipole 
moment 
electrical resistance 
conductance 
loss angle 
reactance 
impedance 
(complex impedance) 
admittance 
(complex admittance) 
susceptance 
resistivity 
conductivity 
self-inductance 
mutual inductance 
magnetic vector 
potential 
Poynting vector 


momentum operator 
kinetic energy operator 
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Symbol 


Definition 
£97 цо! со? 
Е, = 8/0 
Р=р—бЕ 


%e=E,—1 
p=Qr 
I=dQ/dt 
І-():4А 
Ғ-ОохВ 


Ф-(В-4А 
В-иН 
В-идН 


17814711: 


М-В/ро-Н 


x-2u,—1 
Xm = Vm X 


—m:B 


p^ 


R=UJ/I 
G=1/R 


6 =(n/2)+ $, — Фу 
X «(U/I)sinó 


Z=R+ix 
Y=1/Z 
Y=G+iB 


р= Еј} 
к= р 


Е = — L(dI/dt) 
E, = [1 2(91>/91) 


В=УхА 


S-ExH 


QUANTUM MECHANICS 


pe 


P= —ihV 


T= —(h?/2m)V? 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


SI unit 


Fm"! 
1 


Cm^? 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 

hamiltonian operator ñ B=T+V J 

wavefunction, ғ, у, $ Ay = Ey (m 2/2) 
state function 

probability density P P=y*y (m^?) 

charge density p р= –еР (C m`?) 
of electrons 

probability 5 S= —ih(y*Vy (m^? s^!) 
current density — Vy Vy*)/2m, 

electric current j іс- eS (А m7?) 
density of electrons 

matrix element Ai АР Au 7 [Vt Ay; dx (varies) 
of operator 4 

expectation value «А», А <A>= Jy* Ay dt (varies) 
of operator 4 

hermitian conjugate At (At), (45)* (varies) 
of А 

commutator (A, B], LA, B] _ [4,8] =АВ-ВА (varies) 
of А and В 

anticommutator (A, В] + [4,8], =АВ+ВА X (varies) 

spin wavefunction a; В 1 

coulomb integral Haa H a= (“Нат J 

resonance integral Нав H. = | л*Нуьт 1 

overlap integral SaB Sas = ÍV Vgdt 1 

ATOMS AND MOLECULES 

nucleon number, A 1 
mass number 

proton number, Z 1 
atomic number 

neutron number N М-А-2 1 

electron rest mass m, kg 

mass of atom, m, т kg 
atomic mass 

atomic mass constant m, m, =m,(12C)/12 kg 

mass excess 4 4 =т,— Am, kg 

elementary charge, e C 
proton charge 

Planck constant h Js 

Planck constant/2x h h=h/2n Js 

Bohr radius ао ао = 4пёой? /т.е? т 

Hartree energy E, E, = h?/m.as? 

Rydberg constant Ro R œ E,/2hc т^! 

fine structure constant а а = e?/Aneghc 1 

ionization energy Е; J 


@ 2000 CRC Press LLC 


Мате 


Symbol 


E 


Definition 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


SI unit 


electron affinity 


dissociation energy 
from the ground state 
from the potential 

minimum 

principal quantum 
number (H atom) 

angular momentum 
quantum numbers 

magnetic dipole moment 
of a molecule 

magnetizability 
of a molecule 

Bohr magneton 

nuclear magneton 

magnetogyric ratio 
(gyromagnetic ratio) 

g factor 

Larmor circular 
frequency 

Larmor frequency 

longitudinal 
relaxation time 

transverse 
relaxation time 

electric dipole moment 
of a molecule 

quadrupole moment 
of a molecule 

quadrupole moment 
of a nucleus 

electric field gradient 
tensor 

quadrupole interaction 
energy tensor 

electric polarizability 
of a molecule 

activity (of a 
radioactive substance) 

decay (rate) constant, 
disintegration (rate) 

constant 

half life 

mean life 

level width 
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E, D 
D, 
р. 


E= —hcR[n? 


see under Spectroscopy 


т,и 


Ер--т:В 
m=€B 

Ив = eh/2m, 
Их = (m,/my)ug 
y-u/L 

ол =(e/2m)B 


у, =o, /2n 


Е,--р Е 
E,=1Q:V”=1@: V” 
е0=2<0,) 

q. = —9?V/0a0f 
Хар = е04.р 

p (induced) = «Е 

A= —dN,/dt 


А-АМ, 


Г-А/т 


LM — = 


— 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name 


disintegration energy 
cross section 
(of a nuclear reaction) 


total term 
transition wavenumber 
transition frequency 
electronic term 
vibrational term 
rotational term 
spin orbit coupling 
constant 
principal moments 
of inertia 
rotational constants, 
in wavenumber 
in frequency 
inertial defect 


asymmetry parameter 


centrifugal distortion constants, 


5 reduction 

А reduction 
harmonic vibration 

wavenumber 


vibrational anharmonicity 


constant 
vibrational quantum 
numbers 
Coriolis zeta constant 
angular momentum 
quantum numbers 
degeneracy, 
statistical weight 
electric dipole 
moment of a molecule 
transition dipole 
moment of a molecule 


Symbol Definition 
Q 
G 
SPECTROSCOPY 
T T= E,,,/hc 
9,0) у-Т-Т" 
y y z(E' — Е")/й 
T. T, = Е, /hc 
G G = E, /hc 
F F=E,,,/he 
A T, - ACE-$) 
Lj lg lc 1,«1 «41, 
A; B. Č А-Һ/8л2с1, 
А; В; С А = Һ/8л21, 
A A = іс == I, = Ig 
" әзі (28-4-0) 
^. (4-0) 
БЫР, Dy;dy;d; 
Ay; djk Ак; ду; дк 
O, O, 
Хе Хе» gu 
vy; l, 


see additional information below 


94) 
pH Е,- БОР ЈЕ 
МЕ М= fy'py "dx 


molecular geometry, interatomic distances, 


equilibrium distance 

zero-point average 
distance 

ground state distance 
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r 
r 


z 


To 


51 unit 


e 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name 


substitution structure r, 
distance 


vibrational coordinates, 
internal coordinates 
symmetry coordinates 8; 
normal coordinates 
mass adjusted 0, 
dimensionless 4, 


vibrational force constants, 


Symbol 


Ri ту 0, etc. 


diatomic f, (k) 


polyatomic, 
internal coordinates fij 
symmetry coordinates Р, 


dimensionless normal Фф... 


coordinates k 
nuclear magnetic 
resonance (NMR), 


ту... 


magnetogyric ratio y 
shielding constant сл 
chemical shift, д scale ó 
(indirect) spin-spin JAB 
coupling constant 
direct (dipolar) Dap 
coupling constant 
longitudinal Т, 
relaxation time 
transverse Т, 


relaxation time 
electron spin resonance, 
electron paramagnetic 


resonance (ESR, EPR), 
magnetogyric ratio y 
g factor g 
hyperfine coupling 
constant, 
in liquids a, A 
in solids T 
Operator 
Angular momentum symbol 
electron orbital L 
one electron only Ї 
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Definition 


f=0?V/0r? 


fij - 9? Vfr;ór; 


у= u/IR 

B, —(1—0,)B 
ô= 10%у — уо)/уо 
B [h — j gl, ` Í, 


у = ul/sh 
ћу див 


Ны/в=а$-1 
B. Jh= S- TÌ 


Quantum number symbol 


Total Z-axis 
L М, 
1 т, 


SI unit 


(varies) 
(varies) 


kg? m 
1 


Jm^? 


(varies) 
(varies) 
m^ 1 


Hz 


z-axis 


Angular momentum 


electron spin 
one electron only 
electron orbital + spin 
nuclear orbital 
(rotational) 
nuclear spin 
internal vibrational 
spherical top 
other 
sum of R+ L( +j) 
sum of N + $ 
sum of J+I 


Name 


wavelength 
speed of light 

in vacuum 

in a medium 
wavenumber in vacuum 
wavenumber 

(in a medium) 
frequency 
circular frequency, 

pulsatance 
refractive index 
Planck constant 
Planck constant/2n 
radiant energy 
radiant energy density 


Operator 
symbol 


Quantum number symbol 
Total Z-axis 


S M; 
5 т, 


J M, 
F М, 


ELECTROMAGNETIC RADIATION 


Symbol 


а = о 


h 
Q, W 
р, w 


spectral radiant energy density 


in terms of frequency 


Po w, 


in terms of wavenumber ру, м; 


in terms of wavelenglth 


Ру Wa 


Einstein transition probabilities 


spontaneous emission 
stimulated emission 
stimulated absorption 


radiant power, 
radiant energy per time 
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Anm 
B 


Виа 
Ф,Р 


Definition 


с-со/п 
ў = у/со = 1/пА 
0-1/34 


v=c/A 
w=2ny 


п=со/с 
h=h/2n 


p=Q/V 


ру-Фр/ду 
ps7 dp/dv 
ра=4р/ӣА 


ам,Шш--А,,М, 

dN,/dt = — pz(9,,) х 
B,,N, 

dN,/dt = рт Вл Ут 


Ф-40/шШ 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


z-axis 


(10 


-1 


skg 
skg^! 


W 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
radiant intensity I І-аФ/да0 Wsr^! 
radiant exitance, M M =dð/dA source т^? 
(emitted radiant flux) 
irradiance, E, (1) Е-4Ф/аА У тт? 
(radiant flux received) 
emittance £ ве M/M,, 1 
Stefan-Boltzmann c Ма = от“ Wm^?K-^* 
constant 
first radiation constant €, c, = 2лћсо? Wm? 
second radiation C2 су = ћсо/К Кт 
constant 
transmittance, т, T т=Ф,/Ф, 1 
transmission factor 
absorptance, а а= Ф,ь,/Фо 1 
absorption factor 
reflectance, p р= Ф,.п/Фо 1 
reflection factor 
(decadic) absorbance A A= —lg(1—a) 1 
паріегіап absorbance В = —]n(1 —aj) 1 
absorption coefficient 
(linear) decadic а, К а-А/ т”! 
(linear) napierian a «= В/1 m^! 
molar (decadic) Е г=ајс = Ајс! m? тој“ ! 
molar napierian K к=а/с = В/с! m? тој“ ! 
absorption index k k -a/An$ 1 
complex refractive index ñ ñ=n+ik 1 
: "3-1 
molar refraction R, Rm Не Vin m? тој“ ! 
angle of optical а 1, гад 
rotation 
SOLID STATE 
lattice vector К, Ко т 
fundamental translation а); a, аз, К=па, +п,а, +пза; m 
vectors for the а; 5; с 
crystal lattice 
(circular) reciprocal G G: R = 2пт т^! 
lattice vector 
(circular) fundamental Б; by Б, ас8-2лб, т^! 
translation vectors а“; 5*; с“ 
for the reciprocal 
lattice 
lattice plane spacing d m 
Bragg angle 0 nÀ —2d sin 1, rad 
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Мате 


order of reflection 
order parameters 
short range 
long range 
Burgers vector 
particle position vector 
equilibrium position 
vector of an ion 
displacement vector 
of an ion 
Debye-Waller factor 
Debye circular 
wavenumber 
Debye. circular 
frequency 
Grüneisen parameter 


Madelung constant 


density of states 
(spectral) density of 
vibrational modes 
resistivity tensor 
conductivity tensor 
thermal conductivity 
tensor 
residual resistivity 
relaxation time 
Lorenz coefficient 
Hall coefficient 
thermoelectric force 
Peltier coefficient 
Thomson coefficient 
work function 
number density, 
number concentration 
gap energy 
donor ionization energy 
acceptor ionization 
energy 
Fermi energy 
circular wave vector, 
propagation vector 
Bloch function 
charge density of 
electrons 
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Symbol 


ғ, Rj 


Definition 


и-К-ЁЕ, 


У-а//кс, 
аМ,2,2-е2 
Але Ко 
N,=dN(E)/dE 
N. =dN(o)/do 


Есош = 


E-p'j 
с=р“! 
«= —4:grad T 


= ИЕ 
L=A/oT 
E-p' jt Ru(Bxj) 


Ф-Е,-ЁЕ, 


К-2л/4 


(ғ) = ur) exp(k r) 
р()--еёр (0) (0) 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


SI unit 


Jd B os 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
effective mass m* kg 
mobility и И = uari ЈЕ m? V7! $! 
mobility ratio b b= uus 1 
diffusion coefficient D dN/dt = —DA(dn/dx) m?s^! 
diffusion length L L- Урт т 
characteristic (Weiss) 0, Ow K 
temperature 
Curie temperature Tc K 
Néel temperature Т, К 
STATISTICAL THERMODYNAMICS 
number of entities N 1 
number density of n, С n=N/V m^? 
entities, 
number concentration 
Avogadro constant L, МА mol! 
Boltzmann constant k, kg JK`1 
gas constant (molar) R R= Lk JK^! mol! 
molecular position r (x, y, z) m 
vector 
molecular velocity с(с,,с,,с.), c = dr/dt ms^! 
vector u(u,, Uy, u;) 
molecular momentum P(Pxs Dy, Pz) р=тс kgms7! 
vector 
velocity distribution с.) Хе. -(m/2nkT È m^!s 
function (Maxwell) x exp( —mc,?/2kT) 
speed distribution F(c) F(c) = (m/2nkT ? та 15 
function x 4nc'exp( — mc?/2kT) 
(Maxwell-Boltzmann) 
average speed ë, ii, ё-|сЕ(с)4с ms! 
(с> <и) 
generalized coordinate q (m) 
generalized momentum р р--01/04 (kg m s7!) 
volume in phase space Q Q =(1/h)Íp dq 1 
probability P 1 
statistical weight, g, d, W, o, B 1 
degeneracy 
density of states p(E) p(E)=dN/dE Je! 
partition function, 
sum over states, 
for a single molecule 4,2 4-1 0:ехр(-ё/КТ) 1 
Гог a canonical 0,2 1 


ensemble 
(system, or assembly) 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
microcanonical Q 1 
ensemble 
grand (canonical £ 1 
ensemble) 
symmetry number 0, 5 1 
reciprocal temperature B B= ЕТ Jo} 
parameter 
characteristic © К 
temperature 
GENERAL CHEMISTRY 
number of entities N 1 
(e.g. molecules, atoms, 
ions, formula units) 
amount (of substance) n па- Ng/L mol 
Avogadro constant L, МА mol! 
mass of atom, m,, m kg 
atomic mass 
mass oÍ entity mr, m kg 
(molecule, 
or formula unit) 
atomic mass constant т, m, = , (2212 Кр 
molar mass M Мв=т/пв kg тој“ ! 
relative molecular mass М, M, в=тв/т, 1 
(relative molar mass, 
molecular weight) 
molar volume V. Vm, B = У/тв m? mol^! 
mass fraction w wg = mg/Xm, 1 
volume fraction ф фв= Ив/Х И, 1 
mole fraction, х,у Xg = ng/Xn, 1 
amount fraction, 
number fraction 
(total) pressure p, P Pa 
partial pressure Pe Pe = YBP Pa 
mass concentration yp Ya mp/V kgm^? 
(mass density) 
number concentration, С, п Св=Мв/И m^? 
number density of 
entities 
amount concentration, c Св = ng/V mol m ^? 
concentration 
solubility 5 Sp = cg (saturated тої тт? 
solution) 
molality (of a solute) m, (b) mg = /тд mol Кр”! 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name 


surface concentration 
stoichiometric number 
extent of reaction, 
advancement 
degree of dissociation 


heat 

work 

internal energy 

enthalpy 

thermodynamic 
temperature 

Celsius temperature 

entropy 

Helmholtz energy, 

(Helmholtz function) 
Gibbs energy, 

(Gibbs function) 
Massieu function 
Planck function 
surface tension 
molar quantity X 
specific quantity X 
pressure coefficient 
relative pressure 

coefficient 
compressibility, 

isothermal 
isentropic 
linear expansion 
coefficient 
cubic expansion 
coefficient 
heat capacity, 

at constant pressure 

at constant volume 
ratio of heat capacities 
Joule- Thomson 

coefficient 
second virial 

coefficient 
compression factor 

(compressibility factor) 
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Symbol Definition 

r Гв=пь/А 

y 

6 AG = Апь/ув 
а 


CHEMICAL THERMODYNAMICS 


q, Q 

w, W 

U AU=q+w 

H H=U+pV 

T 

0, t 0/9С-Т/К-27315 
5 452:44/Т 

А А-0-15 

G G-H-TS 

J --А/Т 

Ү Ү--С/Т 

у, с уг (00/0А.)т,, 

Xm Х,-Х/п 

х х-Х/т 

В В =(др/д Тју 

а, а» =(1/р) (др/д Т), 
Кт кт= —(1/V)(0V/op)+ 
Ks Ks —(1/V)(0V/0p)s 
27 a, = (1/) (01/0 T) 

а, ау, У а —(1/V)(9V/0 T), 
Ç; C, — (0H/0T), 

C, C, 2(0U/0 T), 

у, (к) y=C,/Cy 

H, Шт и=(дТ/др)н 

В рур = RT(1+B/V m 
Z Z=pV,,/RT 


SI unit 


mol m^? 


1 
mol 


JK"! 

JK"! 
Jm^7,Nm^! 
(varies) 
(varies) 
Рак“: 

K^! 


Мате Symbol 

partial molar Xp, (X3) 
quantity X 

chemical potential H 
(partial molar Gibbs 
energy) 

absolute activity 4 

standard chemical и“, и 
potential 

standard partial Hg? 
molar enthalpy 

standard partial Sg? 


molar entropy 
standard reaction Gibbs 4,6” 
energy (function) 


affinity of reaction A, (£) 
standard reaction А.Н” 
enthalpy 
standard reaction A,S? 
entropy 
equilibrium constant К° K 
equilibrium constant, 
pressure basis K, 
concentration basis K, 
molality basis К, 
fugacity ДБ 
fugacity coefficient ф 


activity and activity coefficient 
referenced to Raoult's law, 
(relative) activity a 


activity coefficient f 


activities and activity coefficients 
referenced to Henry's law, 
(relative) activity, 

molality basis а, 


concentration basis а, 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Definition SI unit 
Xy — (0X /дпь)т, p, ijs (varies) 


Hg =(0G/Ong )r, p, njan Ј тој“! 


Аъ — exp (ug /RT) 1 
Ј то!“ ! 
Hg?-ug?*-- 156? Ј тој“! 


5а “= —(0ug*/OT),  Jmol !K^! 
A,G* Y ув" Jmol^! 
B 
A= —(80G/0€), т Jmol^! 
--У УвИв 
В 
A,H* -Y v Ны” Jmol^! 
B 
А,8"-У уу” Jmol“! K^! 
B 


K*-exp( — A,G */RT) 1 


K,=]] ps” Pa? 
K.-[I Cp”? (mol тэ)” 
цан! mg"? (mol kg ! 
Јв = Ав ын (рв/Ав)т Ра 
фв=Лв/Рв 1 

ав=ехр EE | 1 

Љ = ав /хв 1 


Мате Symbol 
mole fraction basis а, 
activity coefficient, 
molality basis Yn 
concentration basis Ye 
mole fraction basis 7. 


ionic strength, 
molality basis Im 
concentration basis I 


osmotic coefficient, 


molality basis Фа 
mole fraction basis Ф, 
osmotic pressure П 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Definition SI Unit 
Ив — Hp? 
Am, B = Vm, Bg /m° 1 
a, p = Ye, вСв/С% 1 
G, 77 Yx, вХв 1 
Га = 1 Xm Zp” mol Кр! 
[.=1Xcasza2 mol m^? 
Фа = (uA* — Ha )/ 1 
(КТМ,Уть) 
$x — (ид — НА“ )/ 1 
(RTIn x,) 
П-сс RT Ра 


(ideal dilute solution) 


(i) Symbols used as subscripts to denote a chemical process or reaction 
These symbols should be printed in roman (upright) type, without a full stop (period). 


vaporization, evaporation (liquid gas) 


sublimation (solid — gas) 
melting, fusion (solid liquid) 
transition (between two phases) 
mixing of fluids 

solution (of solute in solvent) 
dilution (of a solution) 
adsorption 

displacement 

immersion 

reaction in general 
atomization 

combustion reaction 
formation reaction 


(il) Recommended superscripts 
standard 
pure substance 
infinite dilution 
ideal 
activated complex, transition state 
excess quantity 
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уар 
sub 
fus 
trs 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
CHEMICAL KINETICS 

rate of change of X X=dX/dt (varies) 
quantity X 

rate of conversion ё ё =d¿/dt mol s^! 

rate of concentration Tp, Up rg = dcg/dt mol m^? s^! 
change (due to 
chemical reaction) 

rate of reaction р ә- И mol m^? s^! 
(based on amount шд! deg/dt 
concentration) 

partial order of Np v= КПсв"в | 
reaction 

overall order of n п=>пр 1 
reaction 

rate constant, k v= КПсв"в (тої! m3y7!s7! 
rate coefficient 

Boltzmann constant k, kg JK^! 

half life ty c(t,)  co/2 S 

relaxation time t t=1/(k,+k_;) 5 

energy of activation, E, E E, —-RT?dink/dT Jmol^! 
activation energy 

pre-exponential factor A k=Aexp(—E,/RT) (то! т3)"- 157! 

volume of activation АЗУ АЗУ--ЕТх m? то“ ! 

(01а К/др)т 

collision diameter d адв = rg т 

collision cross-section G GAB 7 dan? m? 

collision frequency 2, s! 

collision number Zu ZAA т 3571 

collision frequency ZABEZAA 2лв= ZAp/LCA Cp m? mol^!s^! 
factor 

standard enthalpy A! HSAH! Ј то!“ ! 
of activation 

standard entropy A!S*, AST Jmol“! K `! 
of activation 

standard Gibbs energy А%6%,А6: Ј тој“! 
of activation 

quantum yield, ф 1 
photochemical yield 

ELECTROCHEMISTRY 
elementary charge e C 
(proton charge) 
Faraday constant F F-eL C mol`! 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
charge number 2 2в=Ов/е 1 
of an ion 
ionic strength 1,1 = с? mol m^? 
mean ionic activity а, а, =т, у јт“ 1 
mean ionic тоја у т. то У = т "то “- molkg^! 
mean ionic activity 7. yat y, у” 1 
coefficient 
charge number n, (z) 1 


of electrochemical 
cell reaction 


electric potential AV,E,U AV-V&—V, V 
difference 
(of a galvanic cell) 
emf, electromotive force E E=lim AV V 
1-0 
standard emf, E? Е*= —A,G*/nF V 
standard potential of =(RT/nF)\n K ° 


the electrochemical 
cell reaction 


standard electrode E? у 
potential 

emf of the cell, E Е-Е%-(ЕТ/пЕ) V 
potential of the electro- x Y'vilna; 
chemical cell reaction 4 

Н?) 

pH pH pH% ES iss] 

inner electric potential ф Уф=-Е У 

outer electric potential 17 y = Q/An£or V 

surface electric X Х=ф-у V 
potential 

Galvani potential Аф А#ф =ф#—ф° у 
difference 

volta potential Ау Ay = y? — у“ V 
difference 

electrochemical potential й fig" - (0G/àng^) Jmol'! 

electric current I 1 2dQ/dt A 

(electric) current j j=l/A Ат”? 
density 

(surface) charge density c o=Q/A Ст-? 

electrode reaction k Кох = I,/(nFA II cj") (varies) 
rate constant ! 

mass transfer coefficient, k, Кав= Ув. p/nFcA ms”! 
diffusion rate constant 

thickness of diffusion ô ôs = РујКа,в m 
layer 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI unit 
transfer coefficient a «= SE шш ЈЕ 
: пЕ 9Е 
(electrochemical) 
overpotential n n=E,—E,29—IR, V 
electrokinetic potential с V 
(zeta potential) 
conductivity к, (c) K=j/E Sm"! 
conductivity cell Keen Кеа = КЕ т^! 
constant 
molar conductivity A Ав=к/св Sm? тог“ ! 
(of an electrolyte) 
ionic conductivity, À Яв=|2в| Fug Sm? тој“ ! 
molar conductivity 
of an ion 
electric mobility и, (и) ив=0в/Е m? У “1571 
transport number t tg =јв/Хј; 1 
reciprocal radius of K к=(2Е?1/5ьЕТ)+ї m^! 


ionic atmosphere 


COLLOID AND SURFACE CHEMISTRY 


specific surface area а, а,, s а-А/т m?kg^! 
surface amount of B, пв, ng* mol 
adsorbed amount of B 
surface excess of B ng? mol 
surface excess Гь, (Гвз) Га = ngs/A mol m? 
concentration of B 
total surface excess Г, (Го) Г zyr i mol m^? 
concentration : 
area per molecule а, в ав= А/Мвз 2 
area per molecule in а Ams бт Qa. B7 Á/ N в m? 
filled monolayer 
surface coverage 0 0- N/N mB 1 
contact angle 0 1, rad 
film thickness t, h, ô m 
thickness of (surface or T, ô, t m 


interfacial) layer 


surface tension, у, с y=(0G/0A,)7,, Мт"! Jm? 
interfacial tension 

film tension 5; 2,-2у Мт“! 

reciprocal thickness K к= [2F? I,/eRT]* т^! 


of the double layer 

average molar masses 
number-average M, М,-УҮн,М/Ут, Кето]! 
mass-average М, M,-EnMj/)/EXnM,  kgmol^! 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name 


Z-average 
sedimentation coefficient 
van der Waals constant 
retarded van der Waals 

constant 
van der Waals-Hamaker 

constant 
surface pressure 


flux (of a quantity X) 
volume flow rate 

mass flow rate 

mass transfer coefficient 
heat flow rate 

heat flux 

thermal conductance 
thermal resistance 
thermal conductivity 


coefficient of heat transfer A, (k, K, a) 


thermal diffusivity 
diffusion coefficient 


Symbol Definition 
М; Mz;-InMj[InM, 
5 s=v/a 
À 
В, В 
Ан 
TR Л5-у9-у 
TRANSPORT PROPERTIES 
Jy, | Ју= A 1 dX/dt 
qv; y 40 = 4 V/dt 
am т 4" = dm/dt 
Ка 
ф ф= 94/4 
Је Л. =Ф/А 
с С-ф/АТ 
К R=1/G 
Ak А=Ј (а Та!) 
h=J,/AT 
a а= 4/рс, 
р D—J,/(dc/dl) 


SI unit 


kg то!!! 
8 
1 


Мт“! 


(varies) 
m?s^! 
kgs! 
ms"? 

W 

Wm? 
WK"! 
Kw"! 
Мт! К! 
Мт? К! 
m? 57! 

102 57! 


The following symbols are used in the definitions of the dimensionless quantities: mass (т), time (t), 
volume (V), area (A), density (р), speed (v), length (Г), viscosity (n), pressure (p), acceleration of free fall 
(g), cubic expansion coefficient (а), temperature (Т), surface tension (y), speed of sound (c), mean free 
path (4), frequency (f), thermal diffusivity (a), coefficient of heat transfer (h), thermal conductivity (k), 
specific heat capacity at constant pressure (c,), diffusion coefficient (D), mole fraction (x), mass transfer 
coefficient (Ка), permeability (и), electric conductivity (к), and magnetic flux density (B). 


Name 


Reynolds number 
Euler number 
Froude number 
Grashof number 
Weber number 
Mach number 
Knudsen number 
Strouhal number 
Fourier number 
Péclet number 
Rayleigh number 
Nusselt number 
Stanton number 
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Symbol Definition 

Re Rez: pvl/n 

Eu Eu = Ap/pv? 

Fr Fr «v/(lg* 

Gr Gr = PgaATp?[n? 
We We = роу 

Ма Ma=v/c 

Kn Kn 2/1 

Sr Sr = о 

Fo Ео=а у!“ 

Ре Pe=vl/a 

Ra Ка= PgaAT p/na 
Nu Nu=hl/k 

St St=h/pvc, 


SI unit 


ма ксл — мы — — кә ма ма ма һа мә мə 


SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES (continued) 


Name Symbol Definition SI units 

Fourier number for Fo* Fo* = Dt/!° 1 
mass transfer 

Péclet number for mass Ре" Ре“ =vl/D 1 
transfer д Ху 

Grashof number for Gr* Gr* = (сё) (=) 1 

Ox Jr, H 

mass transfer T 

Nusselt number for Nu* Nu*=k,l/D 1 
mass transfer 

Stanton number for St* St* = К,/9 | 
mass transfer 

Prandtl number Pr Pr=n/pa 1 

Schmidt number Sc Sc=n/pD 1 

Lewis number Le Le=a/D 1 

magnetic Reynolds Rm, Re,, Кт = рдк! 1 
number 

Alfvén number Al АГ-и(рий/В 1 

Hartmann number Ha На = Bl(x/n)* 1 

Cowling number Co Со = B?[upv? 1 
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NOMENCLATURE OF CHEMICAL COMPOUNDS 


The International Union of Pure and Applied Chemistry (IUPAC) maintains several commissions that deal with the naming of chemical substances. 
In general, the approach of IUPAC is to present rules for arriving at names in a systematic manner, rather than recommending a unique name for each 
compound. Thus there are often several alternative "IUPAC names", depending on which nomenclature system is used, each of which may have 
advantages in specific applications. However, each of these names will be unambiguous. 

Organizations such as the Chemical Abstacts Service and the Beilstein Institute that prepare indexes to the chemical literature must adopt a system 
for selecting unique names in order to avoid excessive cross referencing. Chemical Abstracts Service uses a system which groups together compounds 
derived from a single parent compound. Thus most index names are inverted (e.g., Benzene, bromo rather than bromobenzene; Acetic acid, sodium 
salt rather than sodium acetate). In this Handbook the CAS Index Names are used only in the table “Physical Constants of Organic Compounds". Other 
tables use more familiar names which, with a few possible exceptions, conform to one of the IUPAC naming systems. 

Recommended names for the most common substituent groups, ligands, ions, and organic rings are given in the two following tables, 
"Nomenclature for Inorganic Ions and Ligands” and “Organic Substituent Groups and Ring Systems". For the basics of macromolecular nomenclature, 
see "Naming Organic Polymers" in Section 13. 

Some of the most useful recent guides to chemical nomenclature, prepared by IUPAC and other organizations such as the International Union of 
Biochemistry and Molecular Biology (IUBMB) and the American Chemical Society are listed below . These books contain citations to the more 
detailed nomenclature documents in each area. 


Inorganic Chemistry 

International Union of Pure and Applied Chemistry, Nomenclature of Inorganic Chemistry, Recommendations 1990, edited by Leigh, G.J., Blackwell 
Scientific Publications, Oxford, 1990. 

Block, B.P., Powell, W.H., and Fernelius, W.C., /norganic Chemical Nomenclature, Principles and Practice, American Chemical Society, 
Washington, 1990. 


Organic Chemistry 

International Union of Pure and Applied Chemistry, A Guide to IUPAC Nomenclature of Organic Compounds, Recommendations 1993, edited by 
Panico, R., Powell, W.H., and Richer, J.-C., Blackwell Scientific Publications, Oxford, 1993. 

International Union of Pure and Applied Chemistry, Glossary of Class Names of Organic Compounds and Reactive Intermediates Based on Structure, 
edited by Moss, G.P., Smith, P.A.S., and Tavernier, D., Pure & Appl. Chem, 67, 1307, 1995. 

Rhodes, P.H., The Organic Chemist's Desk Reference, Chapman & Hall, London, 1995. 

International Union of Pure and Applied Chemistry, Basic Terminology of Stereochemistry, edited by Moss, G.P., Pure & Applied Chemistry, 68, 2193, 
1966. 


Macromolecular Chemistry 

International Union of Pure and Applied Chemistry, Compendium of Macromolecular Nomenclature, edited by, Metanomski, W.V., Blackwell 
Scientific Publications, Oxford, 1991. 

International Union of Pure and Applied Chemistry, Glossary of Basic Terms in Polymer Science, edited by Jenkins, A.D., Kratochvil, P., Stepto, 
R.F.T., and Suter, U.W., Pure & Appl. Chem, 68, in press. 


Biochemistry 

International Union of Biochemistry and Molecular Biology, Biochemical Nomenclature and Related Documents, 2nd Edition, 1992, Portland Press, 
London, 1993; includes recommendations of the IUPAC-IUBMB Joint Commission on Biochemical Nomenclature. 

International Union of Biochemistry and Molecular Biology, Enzyme Nomenclature, 1992, Academic Press, Orlando, FL, 1992. 

IUPAC-IUBMB Joint Commission on Biochemical Nomenclature, Nomenclature of Carbohydrates, Recommendations 1996, edited by McNaught, 
A.D., Pure & Appl. Chem., 68, 1919, 1996. 


General 
Chemical Abstracts Service, Naming and Indexing Chemical Substances for Chemical Abstracts, Appendix IV, Chemical Abstracts 1994 Index Guide. 
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NOMENCLATURE FOR INORGANIC IONS AND LIGANDS 


See the table Nomenclature of Chemical Compounds for references. The assistance of Warren H. Powell in preparing this list is gratefully 
acknowledged. 


As prefix in 


Group As cation As anion As ligand organic compounds 

H hydrogen hydride hydrido 

F fluorine fluoride fluoro fluoro 

СІ chlorine chloride chloro chloro 

Br bromine bromide bromo bromo 

I iodine iodide iodo iodo 

CIO chlorosyl hypochlorite hypochlorito chlorosyl 

C10, chloryl chlorite chlorito chloryl 

ClO; perchloryl chlorate chlorato perchloryl 

C104 perchlorate 

IO iodosyl hypoiodite 104080 

10; iodyl iodyl; iodoxy 

о oxide охо охо 

O, peroxide (O5?) peroxo peroxy 

hyperoxide (Oy) 

HO hydroxide hydroxo hydroxy 

HO; hydrogen peroxide hydrogen peroxo hydroperoxy 

S sulfide thio; sulfido thio; thioxo 

HS hydrogen sulfide thiolo mercapto 

5, disulfide disulfido 

SO sulfinyl; thionyl sulfinyl 

SO, sulfonyl; sulfuryl sulfoxylate sulfonyl 

SO; sulfite sulfito 

Н5О; hydrogen sulfite hydrogen sulfito 

5,0; thiosulfate thiosulfato 

50, sulfate sulfato 

Se selenide seleno seleno; selenoxo 

SeO seleninyl seleninyl 

SeO, selenonyl selenonyl 

SeO; selenite selenito 

SeO, selenate selenato 

Te telluride telluro telluro; telluroxo 

CrO, chromyl 

UO, uranyl 

NpO, neptunyl 

РиО, plutoryl 

АтО; americyl 

N nitride nitrido 

№ azide azido 

NH imide imido imino 

NH, amide amido amino 

NHOH hydroxylamide hydroxylamido hydroxyamino 

NH; hydrazide hydrazido hydrazino; diazanyl 

NO nitrosyl nitrosyl nitroso 

NO; nitryl nitro nitro 

ONO nitrite nitrito 

NS thionitrosyl 

NO; nitrate nitrato 

№0, hyponitrite hyponitrito 

P phosphide phosphido phosphinidyne 

PO phosphoryl phosphoroso; 
phosphinylidyne 

PO; phospho 

PS thiophosphoryl phosphinothioylidyne; 
thiophosphorozo 

РН-О; hypophosphite hypophosphito 

РНО; phosphite phosphito 
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Group 


PO, 
AsO, 
VO 
СО 
CS 
СН5О 
C,H;O 
СН;5 
C5H5S 
CN 
OCN 
SCN 
SeCN 
TeCN 
НСО; 
C.O, 


NOMENCLATURE FOR INORGANIC IONS AND LIGANDS (continued) 


As cation 


vanadyl 
carbonyl 
thiocarbonyl 


cyanogen 


As anion 


phosphate 
arsenate 


methanolate 
ethanolate 
methanethiolate 
ethanethiolate 
cyanide 

cyanate 
thiocyanate 
selenocyanate 
tellurocyanate 
carbonate 
hydrogen carbonate 
oxalate 
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As ligand 


phosphato 
arsenato 


carbonyl 


methoxo 

ethoxo 
methanethiolato 
ethanethiolato 
cyano 

cyanato 
thiocyanato 
selenocyanato 
tellurocyanato 
carbonato 
hydrogen carbonato 
oxalato 


As prefix in 
organic compounds 


carbonyl 
thiocarbonyl 
methoxy 
ethoxy 
methylthio 
ethylthio 
cyano 
cyanato 
thiocyanato 
selenocyanato 
tellurocyanato 


carboxycarbonyl 


ORGANIC SUBSTITUENT GROUPS AND RING SYSTEMS 


The first part of this table lists substituent groups and their line formulas. A substituent group is defined by IUPAC as a group that replaces one 
or more hydrogen atoms attached to a parent structure. Such groups are sometimes called radicals, but IUPAC now reserves the term radical for a free 
molecular species with unpaired electrons. IUPAC does not recommend some of these names, which are marked here with asterisks (e.g., amyl*), but 
they are included in this list because they are often encountered in the older literature. Substituent group names which are formed by systematic rules 
(e.g., methyl from methane, ethyl from ethane, etc.) are included here only for the first few members of a homologous series. 

In the second part of the table a number of common organic ring compounds are shown, with the conventional numbering of the ring positions 
indicated. 

The help of Warren H. Powell in preparing this table is greatly appreciated. Pertinent references may be found in the table Nomenclature of Chemical 
Compounds. 


SUBSTITUENT GROUPS 
acetamido (acetylamino) СН;СОМН- cyanamido (cyanoamino) NCNH- 
acetoacetyl СН;СОСН;СО- cyanato NCO- 
acetonyl СН;СОСН;- суапо NC- 
acetyl СН,СО- decanedioyl -ОС(СН,)СО- 
acryloyl* (1-охо-2-ргорепуі) СН,-СНСО- decanoyl CH4(CH5);CO- 
alanyl (from alanine) CH;CH(NH;)CO- diazo No 
p-alanyl H3N(CH5);CO- diazoamino -МНМ=М- 
allyl (2-propenyl) СН,-СНСН,- disilanyl HsSiSiH,- 
allylidene (2-propenylidene) СН,-СНСН- disiloxanyloxy H;SiOSiH,O- 
amidino (aminoiminomethyl) H,NC(=NH)- disulfinyl -S(O)S(O)- 
amino HN- dithio -SS- 
amyl* (pentyl) СН,(СН»,- enanthoyl* (heptanoyl) CH;(CH5);CO- 
anilino (phenylamino) C&;H5NH- epoxy -O- 
anisidino CH4OC4H4NH- ethenyl (vinyl) СН,-СН- 
anthranoyl (2-aminobenzoyl) 2-Н,МС,Н,СО- ethynyl НС-С- 
arsino AsH,- ethoxy С-Н,О- 
azelaoyl (from azelaic acid) -OC(CH;);CO- ethyl СН;СН-- 
azido N3- ethylene -СН;СН,- 
azino =N-N= ethylidene CH;CH- 
azo -N=N- ethylthio С,Н;8- 
azoxy -N(O)=N- formamido (formylamino) HCONH- 
benzal* (benzylidene) СеН5СН= formyl HCO- 
benzamido (benzoylamino) С,Н,СОМН- furmaroyl (from fumaric acid) -ОССН-СНСО- 
benzhydryl (diphenylmethyl) (С6Н;)>СН- furfuryl (2-furanylmethyl) ОС,Н,СН,- 
benzoxy* (benzoyloxy) C&H5COO- furfurylidene (2-furanylmethylene) ОС,Н,СН- 
benzoyl C&4H5CO- glutamoyl (from glutamic acid) -OC(CH),CH(NH,)CO- 
benzyl С,Н.СН,- glutaryl (from glutaric acid) -ОС(СН,);СО- 
benzylidene СеН5СН= glycylamino H;NCH;CONH- 
benzylidyne C +#H,C= glycoloyl; glycolyl (hydroxyacetyl) HOCH,CO- 
biphenylyl СеН5СН;- glycyl (aminoacetyl) H;NCH;CO- 
biphenylene -C;H4-C4H,4- glyoxyloyl; glyoxylyl (oxoacetyl) HCOCO- 
butoxy C4H30- guanidino H,NC(=NH)NH- 
sec-butoxy (1-methylpropoxy) С,Н.,СН(СН,)0- guanyl (aminoiminomethyl) H,NC(=NH)- 
tert-butoxy (1,1-dimethylethoxy) (СН;);СО- heptadecanoyl CH;(CH5);5CO- 
butyl CH4(CH5)s- heptanamido СН-(СН,)<СОМН- 
sec-butyl (1-methylpropyl) СН;СН-СН(СН;)- heptanedioyl -OC(CH;);CO- 
tert-butyl (1,1-dimethylethyl) (CH3)3C- heptanoyl CH4(CH5);CO- 
butyryl (1-oxobutyl) СН.(СН>)›СО- hexadecanoyl CH;(CH5),4CO- 
caproyl* (hexanoyl) CH4(CH5)4CO- hexamethylene (1,6-hexanediyl) -(CH5)s- 
capryl* (decanoyl) CH;(CH5)gCO- hexanedioyl -OC(CH;)4CO- 
capryloyl* (octanoyl) CH4(CH5),CO- hippuryl (N-benzoylglycyl) C&;H;CONHCH;CO- 
carbamido (carbamoylamino) H;NCONH- hydrazino H;NNH- 
carbamoyl (aminocarbonyl) H,NCO- hydrazo -HNNH- 
carbamyl (aminocarbonyl) H;NCO- hydrocinnamoyl СеН5(СН›)СО- 
carbazoyl (hydrazinocarbonyl) H,NNHCO- hydroperoxy HOO- 
carbethoxy (ethoxycarbonyl) С-Н;ОСО- hydroxyamino HONH- 
carbonyl -С-О hydroxy HO- 
carboxy HOOC- imino HN- 
cetyl* (hexadecyl) CH4(CH5)s- iodoso* (iodosyl) OI- 
chloroformyl (chlorcarbonyl) CICO- iodyl 04- 
cinnamoyl СН,.СН-СНСО- isoamyl* (isopentyl; 3-methylbutyl) (СН;),СН(СН,);- 
cinnamyl (3-phenyl-2-propenyl) СеН5СН=СНСН,- isobutenyl (2-methyl-1-propenyl) (СН,):С-СН- 
cinnamylidene C.H;CH=CHCH= isobutoxy (2-methylpropoxy) (CH4);CHCH,O- 
cresyl* (hydroxymethylphenyl) HO(CH3)C4H,- isobutyl (2-methylpropyl) (СНА СНСЊ- 
сгоїопоу! СН,СН-СНСО- isobutylidene (3-methylpropylidene) (CH4);CHCH- 
crotyl (2-butenyl) СН;СН-СНСН;- isobutyryl (2-methyl-1-oxopropyl) (СНАСНСО- 
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ORGANIC SUBSTITUENT GROUPS AND RING SYSTEMS (continued) 


isocyanato 

isocyano 

isohexyl (4-methylpentyl) 
isoleucyl (from isoleucine) 
isonitroso* (hydroxyamino) 
isopentyl (3-methylbutyl) 
isopentylidene (3-methylbutylidene) 
isopropenyl (1-methylethenyl) 
isopropoxy (1-methylethoxy) 
isopropyl (1-methylethyl) 
isopropylidene (1-methylethylidene) 
isothiocyanato (isothiocyano) 
isovaleryl* (3-methyl-1-oxobutyl) 
lactoyl (from lactic acid) 
lauroyl (from lauric acid) 

lauryl (dodecyl) 

leucyl (from leucine) 

levulinoyl (from levulinic acid) 
malonyl (from malonic acid) 
mandeloyl (from mandelic acid) 
mercapto 

mesityl 

methacryloyl (from methacrylic acid) 
methallyl (2-methyl-2-propenyl) 
methionyl (from methionine) 
methoxy 

methyl 

methylene 

methylthio 

myristoyl (from myristic acid) 
myristyl (tetradecyl) 

naphthyl 

naphthylene 

neopentyl (2,2-dimethylpropyl) 
nitramino (nitroamino) 

nitro 

nitrosamino (nitrosoamino) 
nitrosimino (nitrosoimino) 
nitroso 

nonanoyl (from nonanoic acid) 
oleoyl (from oleic acid) 

oxalyl (from oxalic acid) 

охо 

palmitoyl (from palmitic acid) 
pentamethylene (1,5-pentanediyl) 
pentyl 

tert-pentyl 

phenacyl 

enacylidene 

enethyl (2-phenylethyl) 
henoxy 

henyl 

enylene (benzenediyl) 
osphino* (phosphanyl) 
hosphinyl* (phosphinoyl) 
hospho 

osphono 

thaloyl (from phthalic acid) 


ы. шу "epo np jo fe ow ou у 
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OCN- 

CN- 
(CH3;CH(CH;)s- 
C)H,CH(CH4)CH(NHj)CO- 
НОМ= 
(СНз)>СН(СН»)>- 
(CH,),CHCH,CH= 
сн;-С(СН,)- 
(CH;),CHO- 
(CH3),CH- 
(СН;);С- 

SCN- 
(СН,,СНСН,СО- 
СН,СН(ОН)СО- 
СН,(СН,)«СО- 
CH3(CH5)i- 

(СН, CHCH,CH(NHj)CO- 
CH,CO(CH,),CO- 
-OCCH,CO- 
С.Н.СН(ОН)СО- 
HS- 
2,4,6-(CH3)4CgHs- 
CH,=C(CH,)CO- 
CH;-C(CH;)CH;- 
CH,SCH,CH,CH(NH,)CO- 
CH;O- 

H,C- 

Н,С- 

CH,S- 
CH3;(CH5)i5CO- 
CH4(CH5)i3- 
(С.оН?- 

XCioHg)- 
(CH3)3;CCH)- 
O;NNH- 

ом. 

ONNH- 

ONN= 

ON- 
CH,(CH,),CO- 


CH4(CH5),CH-CH(CH;);CO- 


-OCCO- 

O= 
CH3(CH5)i4CO- 
“СН,)- 
CH3;(CH5)4- 
CH,CH;C(CH4),- 
C,HsCOCH,- 
С.Н,СОСН- 
С.Н.СН,СН,- 
CH;O- 

Сон; 

-CoHy- 

HP- 

H;P(O)- 

О.Р. 
(HO),P(O)- 
12-С,Н,(СО-), 


рістуі (2,4,6-trinitrophenyl) 
pimeloyl (from pimelic acid) 
piperidino (1-piperidinyl) 
pivaloyl (from pivalic acid) 
prenyl (3-methyl-2-butenyl) 
propargyl (2-propynyl) 
1-propenyl 

2-propenyl (allyl) 

propionyl* (propanyl) 
propoxy 

propyl 

propylidene 

рупу! (pyrrolyl) 

salicyloyl (2-hydroxybenzoyl) 
selenyl* (selanyl; hydroseleno) 
seryl (from serine) 

siloxy 

silyl 

silylene 

sorboyl (from sorbic acid) 
stearoyl (from stearic acid) 
stearyl (octadecyl) 

styryl (2-phenylethenyl) 
suberoyl (from suberic acid) 
succinyl (from succinic acid) 
sulfamino (sulfoamino) 
sulfamoyl (sulfamyl) 

sulfanilyl [(4-aminophenyl)sulfonyl] 
sulfeno 

sulfhydryl (mercapto) 

sulfinyl 

sulfo 

sulfonyl (sulfuryl) 
terephthaloyl 

tetramethylene 

thienyl (from thiophene) 
thiocarbonyl (carbothionyl) 
thiocarboxy 

thiocyanato (thiocyano) 
thionyl* (sulfinyl) 

threonyl (from threonine) 
toluidino [(methylphenyl)amino] 
toluoyl (methylbenzoyl) 

tolyl (methylphenyl) 

a-tolyl (benzyl) 

tolylene (methylphenylene) 
tosyl [(4-methylphenyl) sulfonyl)] 
triazano 

trimethylene (1,3-propanediyl) 
trityl (triphenylmethyl) 
valeryl* (pentanoyl) 

valyl (from valine) 

vinyl (ethenyl) 

vinylidene (ethenylidene) 
xylidino [(dimethylphenyl)amino] 
xylyl (dimethylphenyl) 
xylylene [phenelenebis(methylene)] 


2.4,6(МО СЕЊ 
-OC(CH;.CO- 
CHiN- 
(CH;);CCO- 
(CH;),C=CHCH,- 
HC=CCH,- 
-CH=CHCH, 
СН,-СНСН,- 
CH,CH,CO- 
CH,CH,CH,O- 
CH,CH,CH,- 
CH,CH,CH- 
СН 
2-НОС,Н,СО- 
HSe- 
HOCH;CH(NH;)CO- 
H,SiO- 

HsSi- 

Н,81- 
СН,СН-СНСН-СНСО- 
СН,(СН,)4СО- 
CH3(CH5)i- 
С.Н.СН-СН- 
-OC(CH,),CO- 
-OCCH,CH,CO- 
HOSO,NH- 
HNSO;- 
4-HjNC4H4SO,- 
HOS- 

HS- 

О5- 

HO,S- 

-80,- 
1,4-C,H,(CO-), 
-СН,)4- 

(C4H3S)- 

=CS 

HOSC- 

NCS- 

-SO- 
CH,CH(OH)CH(NH,)CO- 
CH,C,H,NH- 
CH,C,H,CO- 
CHCH- 
С.Н.СНь- 
-(СН;С6Ң;)- 
4-СН,С,Н,80,- 
Н,ММНМН- 
“СН,);- 
(CsHs)3C- 
CH,(CH,),CO- 
(CH;),CHCH(NH;)CO- 
СН,-СН- 
СН,-С- 
(CH3)9C5H3NH- 
(CH3)9C6H3- 
-СН,С,Н,СНь- 


ORGANIC SUBSTITUENT GROUPS AND RING SYSTEMS (continued) 


ORGANIC RING COMPOUNDS 
0 
О. $ М ж 
1 2 1 1 1 1 1 
3 5 2 | 2 j 4 | | 5 2 
4 3 4 3 4 3 4 3 4 3 4 3 
Cyclopropane Spiropentane Cyclobutane Cyclopentane Furan Thiophene Pyrrole 2H-Pyrrole 
(Azole) (2H-Azole) 
H H H 
| | | 
М М М М 5 5 O. 
1 1N 019 0179 í 1 0 
Sea ЕТ Е Е Е 
4 3 4 3 | 4 3 N №“ 3 | 4 3 | 4 35 4 3 | 
3H-Pyrrole Pyrazole 2H- ШЕ. 1,2,3-Triazole 1,2,4-Triazole 1,2-Dithiole 1,3-Dithiole — 3H-1,2-Oxathiole 
(8H-Azole (1,2-Diazole) (1,3-Diazole) 
O O 5 5 о O. O O 
17-м 1 1 туу ту i N NZ 1 “Ум 1 
| 3 | 2 | 2 j 4 | 1 | 1 | | | 2 
4 3 4 3 N 4 3 N 4 3 | 4 3 N N 4 3 | | 4 3 | N 4 3 N 
Isoxazole Oxazole Thiazole Isothiazole 1,2,3-Oxadiazole 1,2,4-Oxadiazole 1,2,5-Oxadiazole 1,3,4-Oxadiazole 
(1,2-Oxazole) (1,3-Oxazole) (1,3- UN (1,2- 2. ыы 
О О 
2 ' N N 1 SN ЈЕ "3 | H н- үй Hi 
Е 
N N 4 N 
1,2,3,4-Oxatriazole 1,2,3,5-Oxatriazole — 3H-1,2,3- m у 2,4-Dioxazole 1,3,2- mud 1: ,3,4- бие 5H-1,2,5- = 1,3- Зиа 
О О O O O 
N 
Н 612 61 XFO 612 6120 
5 3 Ë j | 3 | | Ë 3 
4,27 4 4,27 4 4,27 
о 
Вепгепе Сусіоһехапе 2Н-Ругап 4Н-Ругап 2H-Pyran-2-one АН-Ругап-4-опе 1,2-Піохіп 1,3-Dioxin 
(2-Pyrone) (4-Pyrone) 
H 
| 
М 
М М М М М 
1 Du 1 1 | 1 Du 
jJ EY О ЕЭ | | ЕС к C 
5 3 5 3 5 3 5 3 Š 5 3 
“м и” 42 427 N 274 
š | 
Pyridine Pyridazine Pyrimidine Pyrazine Piperazine 1 8 5-Triazine || 2,4-Triazine 1,2,3-Triazine 
(= Eod (as-Triazine) (v-Triazine) 
О О. О. О. О. 
1 N 1 1 1 37-6 
2 Ë 2 6 1 | Ë 2 
5 3 5 3| 3 5 3 
20 <“ 4 АЛ 
М 
| 
Н 
4H-1,2-Oxazine  2H-1,3-Oxazine 6H-1,3-Oxazine 6Н-1,2-Охагіпе 1,4-Oxazine 2H-1,2-Oxazine 4H-1,4-Oxazine 1,2,5-Oxathiazine 


О. О О. 

| Simge Dum ws га | 
6 2 6 2 | 4 р 2 Ë 2 Ë 1 Ë 2 6 2 
5 3 5 3 5 3 5 3 5 3 5 5 3 5 3 

“ 4 Ж MP 5,2 № №42“ 4 


1,4-Oxazine 2H-1,2-Oxazine АН-1,4-Охагіпе 1,2,5-Oxathiazine 1,2,6-Oxathiazine 1,2,4-Oxadiazine 1,3,5-Oxadiazine ^ Morpholine 


І 
DM dc eas 277 % А o 
(3 0% ОЗ C3 Oca 


Агеріпе Охеріп Thiepin 4H-1,2-Diazepine Indene 2H-Indene Benzofuran Isobenzofuran 
(Isoindene) 


I-ze 
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ORGANIC SUBSTITUENT GROUPS AND RING SYSTEMS (continued) 
ORGANIC RING COMPOUNDS (continued) 


| 
5 М М Эх, М 
1» Z >s 1; YS 1 SN гэ X 7 BS 
ШЕ з ШЕ 3 БЕК Ё 5 3 
5-1 54 
М 
Benzo[b]thiophene Benzo[c]thiophene Indole 3H-Indole 1H-Indole Cyclopenta[b]pyridine PST 
rrole 
н ру 
№ М 
1N 9 ^3 “зо 
| з = 
Indazole Benzisoxazole Benzoxazole 2,1-Benzisoxazole Naphthalene 1,2,3,4-Tetra- Octahydronaphthalene 
(Indoxazine) hydronaphthalene (Decalin) 
о (Tetralin) 
О О. O, Ц М 
1 : 1 >=0 1 1750 2А >o 7% TSN 
| 3 | з | А | 3 3-0 3 3 
4 27 4 Ф 4 4 Ж а 42 42 
О 
2H-1-Benzopyran 2H-1-Benzopyran-2-one 4H-1-Benzopyran-4-one 1Н-2-Вепгоругап-1-опе 3H-2-Benzopyran-1-one Quinoline Isoquinoline 
(2H-Chromene) (Coumarin) (Chromen-4-one) (Isocoumarin) (Isochromen-3-one) 
N М O. 
tSn "3 1 р 
2 2 2 
3 3 | 3 
4 2 4 N 4 23 
Cinnoline Quinazoline 1,8-Naphtyridine 1,7-Naphtyridine 1,6-Naphtyridine 2H-1,3-Benzoxazine 
О. О O. 
1 170 4-0 1^-N-H 1 
2 2 3 2 2 
3 | 3 | 2 3 а 
47 4 23 122 4 27 4 
М М М М 
ñ 
2H-1,4-Benzoxazine 1H-2,3-Benzoxazine 4H-3,1-Benzoxazine 2H-1,2-Benzoxazine 4H-1,4-Benzoxazine 
Anthracene Phenanthrene Phenalene Fluorene 
Ü 
N N 
| | | | + E Е 8 A 
10 ENG f s 
О 
Carbazole Xanthene Acridine Norpinane 


(Bicyclo[3.1.1]heptane) 


Nearly always methyl 
Usually methyl 
arious groups 


< 


ТН-Ригіпе Steroid ring system 


€ 2000 by CRC PRESS LLC 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS 


This table lists some symbols, abbreviations, and acronyms encountered in the physical sciences. Most entries in italic type are symbols for 
physical quantities; for more details on these, see the table "Symbols and Terminology for Physical and Chemical Quantities" in this section. 
Additional information on units may be found in the table "International System of Units" in Section 1. Many of the terms to which these 
abbreviations refer are included in the tables “Definitions of Scientific Terms" in Section 2 and “Techniques for Materials Characterization" in 


Section 12. 


Publication practices vary with regard to the use of capital or lower case letters for many abbreviations. An effort has been made to follow the 
most common practices in this table, but much variation is found in the literature. Likewise, policies on the use of periods in an abbreviation vary 
considerably. Periods are generally omitted in this table unless they are necessary for clarity. Periods should never appear in SI units. The SI 
prefixes (m, k ,M, etc.) are not listed here, since they should never be used alone, but selected combinations with SI units (e.g., mg, КУ, MW) are 


included. 


Abbreviations are listed in alphabetical order without regard to case. Entries beginning with Greek letters fall at the end of the table. 


amu 
anh, anhyd 
antilog 

AO 

AOM 

Api 

APS 

APW 


ag 


absorption coefficient, acceleration, activity 
Bohr radius 

ampere, adenine (in genetic code) 
angstrom 

absorbance, area, Helmholtz energy, mass number 
Hall coefficient 

atomic weight (relative atomic mass) 
atomic absorption spectroscopy 
abequose 

absolute 

alternating current 

acetyl 

acetic acid 

activated complex theory 
adrenocorticotropic hormone 
adenine 

adenosine diphosphate 

adsorption 

eon (109 years) 

atomic emission spectroscopy, 
Auger electron spectroscopy 
audio frequency 

atomic force microscopy 

artificial intelligence 

atoms in molecules 

Alfen number 

alanine 

alcohol 

aliphatic 

alkaline 

allose 

altrose 

amorphous solid 

amyl 

amplitude modulation 

adenosine 5'-monophosphate 
atomic mass unit (recommended symbol is u) 
anhydrous 

antilogarithm 

atomic orbital 

angular overlap model 

apiose 

appearance potential spectroscopy 
augmented plane wave 

aqueous 

aryl 

arabinose 

arabinitol 

arginine 


as, asym 
ASCII 
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asymmetrical (as chemical descriptor) 
American National Standard Code for Information 
Interchange 

aromatic stabilization energy 

asparagine 

aspartic acid 

atomization 

standard atmosphere 

adenosine 5'-triphosphate 

attenuated total internal reflection 

atomic weight 

astronomical unit 

average 

avoirdupois 

barn 

magnetic flux density, second virial coefficient, 
susceptance 

bar (pressure unit) 

barrel 

body centered cubic 
Bardeen-Cooper-Schrieffer (theory) 

bond dissociation energy 

Baumé 

Brunauer-Emmett-Teller (method) 

billion electronvolt 

Brinell hardness number 

biot 

bond number 

nuclear backscattering spectroscopy 

bond order, Born-Oppenheimer (approximation) 
biochemical oxygen demand 

boiling point 

2,2'-bipyridine 

becquerel 

bond resonance energy 

basis set superposition error 

British thermal unit 

bushel 

butyl 

benzoyl 

benzyl 

combustion reaction 

amount concentration, specific heat, velocity 
speed of light in vacuum 

coulomb, cytosine (in genetic code) 

degree Celsius 

capacitance, heat capacity, number concentration 
approximately 

calorie 


СРО 
cr, cryst 
CRU 
csc 

ct 

CT 
CTEM 
CTP 
CTR 
cu 

CV 
CVD 
cw 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS (continued) 


calculated 

coherent anti-Stokes Raman spectroscopy 
Chemical Abstracts Service Registry Number 
clear-air turbulence, computerized axial tomography 
complete basis set 

cubic centimeter 

charge-coupled device 

candela, condensed phase 

current density 

circular dichroism 

cytidine 5'-diphosphate 

couplet electron pair approximation 

compare 

cubic feet per minute 
centimeter-gram-second system 

coupled Hartree-Fock (method) 

curie 

configuration interaction, chemical ionization 
chemically induced dynamic electron polarization 
chemically induced dynamic nuclear polarization 
circular 

Cotton-Kraihanzel force field 

cathode luminescence 

centimeter 

center of mass 

critical micelle concentration 

canonical molecular orbital 

cytidine 5'-monophosphate 

coordination number 

complete neglect of differential overlap 
Cowling number 

chemical oxygen demand 

concentrated, concentration 

constant 

cosine 

hyperbolic cosine 

correlation spectroscopy (in NMR) 

cotangent 

hyperbolic cotangent 

candle power 

centipoise 

cyclopentadienyl 

chemically pure 

coherent potential approximation 

contact potential difference 

cycles per second 

charge conjugation-space inversion-time reversal 
(theorem) 

central processing unit 

crystalline (phase) 

constitutional repeating unit 

cosecant 

carat 

charge transfer 

conventional transmission electron microscopy 
cytidine 5'-triphosphate 

controlled thermonuclear reaction 

cubic 

cyclic voltammetry 

chemical vapor deposition 

continuous wave 


dm 

dmf, DMF 
dmso, DMSO 
DNA 
DNase 
DNMR 
DOS 

doz 

d.p. 

dpl 

dpm 

dps 

dr 

dRib 
DRIFT 
DRS 


hundredweight (112 pounds) 
cyclohexyl 

cylinder 

cysteine 

day, deuteron 

distance, density, dextrorotatory 
debye unit 

diffusion coefficient, dissociation energy, electric 
displacement 

dalton 

donor-acceptor (complex) 

decibel 

direct current 

delocalization energy 

decomposes 

degree 

density 

determinant 

deviation 

density functional theory 

diameter 

dilute, dilution 

diatomics in molecules 

decimeter 
N,N-dimethylformamide 
dimethylsulfoxide 
deoxyribonucleic acid 
deoxyribonuclease 

dynamic nuclear magnetic resonance 
density of states 

dozen 

degree of polymerization 
displacement 

disintegrations per minute 
disintegrations per second 

dram 

2-deoxyribose 

diffuse reflectance infrared Fourier transform 
diffuse reflectance spectroscopy 
differential scanning calorimetry 
differential thermal analysis 

dyne 

electron, base of natural logarithms 
elementary charge, linear strain 
electric field strength, electromotive force, energy, 
modulus of elasticity, entgegen (trans configuration) 
Hartree energy 

electron affinity 

effective atomic number 

effective core potential 

electron cyclotron resonance 
electron diffraction, effective dose 
energy dispersive X-ray spectroscopy 
ethylenediaminetetraacetic acid 
electron energy loss spectroscopy 
energy factored force field 
extended Hückel molecular orbital 
extended Hückel theory 
electromotive force 
electromagnetic unit system 
ethylenediamine 


EWG 
EXAFS 
EXELFS 
exp 

expt 

ext 

f 


f 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS (continued) 


electron-nuclear double resonance 
equation of state 

electron probe microanalysis 

electron paramagnetic (spin) resonance 
equation 

quadrupole coupling constant 

error function 

erg 

electron spectroscopy for chemical analysis 
estimated standard deviation 

electron stimulated desorption 

electron spin resonance 

estimate, estimated 

electrostatic unit system 

ethyl 

electron transfer, ephemeris time 
diethyl ether 

entropy unit 

Euler number 

electronvolt 

electron withdrawing group 

extended x-ray absorption fine structure 
extended energy loss fine structure 
exponential function 

experimental 

external 

formation reaction 

activity coefficient, aperture ratio, focal length, 
force constant, frequency, fugacity 
farad 

degree Fahrenheit 

Faraday constant, force, angular momentum 
flavin adenine dinucleotide 

face centered cubic 

free electron laser 

field emission microscopy 

free electron molecular orbital 

field effect transistor 

free induction decay 

field ion microscopy 

far infrared 

fluid (phase) 

frequency modulation 

Fourier number 

freezing point 

feet per minute 

feet per second, foot-pound-second system 
franklin 

Froude number 

fructose 

floating spherical Gaussian orbitai 

foot 

foot pound 

Fourier transform 

Fourier transform infrared spectroscopy 
fucose 

fucitol 

fusion (melting) 

gram, gas 

acceleration due to gravity, degeneracy, statistical 
weight, Landé g-factor 


hr 
HREELS 
HREM 
HSAB 
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gauss, guanine (in genetic code) 
electrical conductance, Gibbs energy, gravitational 
constant, sheer modulus 

gallon 

gal, galileo, galactose 
galactosamine 

gas chromatography 

gas chromatography-mass spectrometry 
glow discharge mass spectroscopy 
geminal (on the same carbon atom) 
gigaelectronvolt 

gauge invariant atomic orbital 
glacial 

gas-liquid chromatography 

glucose 

glucosamine 

glucitol 

glutamine 

glutamic acid 

glycine 

guanosine 5'-triphosphate 
Greenwich mean time 

gallons per minute 

gallons per second 

grain 

Grashof number 

gaussian type atomic orbital 
guanine 

gulose 

grand unified theory 

generalized valence bond 
Glashow-Weinberg-Salam (theory) 
gray, gigayear 

helion, hour 

Planck constant 

henry 

enthalpy, Hamiltonian function, magnetic field 
Hubble constant 

hectare 

Hartmann number 

acetylacetone 

hydrogenic atoms in molecules 
haversine 

hemoglobin 

hexagonal closed packed 
ethanolamine 

high energy ion scattering 

high energy physics 

high frequency 

hyperfine structure 

imidazole 

histidine 

Hiickel molecular orbital 

highest occupied molecular orbital 
horsepower 

high-performance liquid chromatography 
pyrazole 

hour 

high resolution electron energy loss spectroscopy 
high resolution electron microscopy 
hard-soft acid-base (theory) 


imm 
IMPATT 
in. 

INDO 
INS 


int 
ГО 
ІР 
ІРМ 
i-Pr 
IPR 
IPTS 
IR 
IRAS 
IRC 
isc 
ISE 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS (continued) 


homodesmotic stabilization energy 

hertz 

square root of minus one 

electric current, ionic strength, moment of inertia, 
nuclear spin angular momentum, radiant intensity 
international atomic time 

isobutyl 

integrated circuit 

inductively coupled plasma 

ion cyclotron resonance 

ideal (solution) 

inside diameter 

idose 

inosine 5'-diphosphate 

ionization energy 

isoelectric point 

independent electron pair approximation 
intermediate frequency 

individual gauge for localized orbitals 
isoleucine 

imaginary part 

immersion 

impact ionization avalanche transit time 
inch 

intermediate neglect of differential overlap 
inelastic neutron scattering, ion neutralization 
spectroscopy 

internal 

input/output 

ionization potential 

interpenetrating polymer network 

isopropyl 

isotopic perturbation of resonance 
International Practical Temperature Scale 
infrared 

reflection-absorption infrared spectroscopy 
intrinsic reaction coordinate 

intersystem crossing 

isodesmic stabilization energy 

jon scattering spectroscopy 

inosine 5'-triphosphate 

International Temperature Scale (1990) 
international unit 

angular momentum, electric current density 
joule 

angular momentum, electric current density, flux, 
Massieu function 

absorption index, Boltzmann constant, rate constant, 
thermal conductivity, wave vector 

kelvin 

absorption coefficient, bulk modulus, equilibrium 
constant, kinetic energy 

kilobar, kilobase (DNA or RNA) 
kilocalorie 

kinetic energy 

kiloelectronvolt 

kilogram 

kilogram force 

kilojoule 

kilometer 

Knudsen number 


3 


kilopascal 

karat 

kilovolt 

kilovolt ampere 

kilowatt 

kilowatt hour 

liquid, liter 

angular momentum, length, levorotatory 

liter, lambert 

Avogadro constant, inductance, Lagrange function 
latitude 

pound 

pound force 

liquid crystal 

liquid chromatography 

linear combination of atomic orbitals 

lethal dose 

Lewis function 

light emitting diode 

low-energy electron diffraction 

low energy ion scattering 

leucine 

linear free energy relationship 

limit 

laser ionization mass spectroscopy, laboratory 
information management system 

liquid 

lumen 

logarithm (natural) 

local neglect of differential overlap 

logarithm (common) 

longitude 

local sidereal time 

local time 

local thermodynamic equilibrium 

lowest unoccupied molecular orbital 

lutidine 

lux 

langley 

light year 

lysine 

lyxose 

meter, molal (as in 0.1 m solution), metastable 
(isotope) 

magnetic dipole moment, mass, molality, angular 
momentum component, meta (as chemical descriptor) 
molar (as in 0.1 M solution), metal (in chemical 
formulas) 

magnetization, molar mass, mutual inductance, torque, 
angular momentum component 

molecular weight (relative molar mass) 

Mach number 

mannose 

magic angle spinning nuclear magnetic resonance 
maximum 

molecular beam epitaxy 

many body perturbation theory 

Monte Carlo (method) 

magnetic circular dichroism 

modified couple pair functional 
multi-configurational self-consistent field 


MD 

Me 

MEP 
MERP 
Mes 
MESFET 
Met 


MOS 
MOSFET 
mp 

MPa 
MPA 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS (continued) 


molecular dynamics 

methyl 

molecular electrostatic potential 
minimum energy reaction path 

mesityl 

metal-semiconductor field-effect transistor 
methionine 

millielectronvolt 

megaelectronvolt 

molecular formula 

milligram 

magnetohydrodynamics 

mile 

molecules-in-molecules 

minimum, minute 

modified intermediate neglect of differential overlap 
mid-infrared 

miscible 

meter-kilogram-second system 
meter-kilogram-second-ampere system 
milliliter 

millimeter 

molecular mechanics 

magnetomotive force 

millimeter of mercury 

molecular orbital 

mole 

molecular weight 

monomeric form 

metal-oxide semiconductor 

metal-oxide semiconductor field-effect transistor 
melting point 

megapascal 

Mulliken population analysis 
megaparsec 

magnetic resonance imaging 

messenger RNA 

millisecond 

mass spectroscopy 

mean sea level 

muramic acid 

millivolt 

milliwatt 

megawatt, microwave, molecular weight 
maxwell 

neutron 

amount of substance, number density, principal 
quantum number, refractive index, normal (in 
chemical formulas) 

newton 

angular momentum, neutron number 
Avogadro constant 

density of states 

neutron activation analysis 

nicotinamide adenine dinucleotide 
reduced NAD 

nicotinamide adenine dinucleotide phosphate 
natural atomic orbital 

natural bond order 

normal boiling point 

neuraminic acid 


NEXAFS 
ng 

NIR 

nm 

NMR 
NNDO 
NO 

NOE 
NPA 
NOR 


OD 


Phe 


pip 


PMO 
PNDO 
PNRA 
pol 
ppb 
ppm 
PPP 
ppt 

Pr 

Pr 
PRDDO 
Pro 

ps 

PS 
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near-edge x-ray absorption fine structure 
nanogram 

near infrared 

nanometer 

nuclear magnetic resonance 

neglect of nonbonded differential overlap 
natural orbital 

nuclear Overhauser effect 

natural population analysis 

nuclear quadrupole resonance 

prompt nuclear reaction analysis 
nanosecond 

normal temperature and pressure 
nucleophile 

Nusselt number 

ortho (as chemical descriptor) 

observed 

optical density, outside diameter 

oersted 

optical rotatory dispersion 

ounce 

proton 

dielectric polarization, electric dipole moment, 
momentum, pressure, para (as chemical descriptor) 
poise 

power, pressure, probability, sound energy flux 
pascal 

proton affinity 

photoacoustic spectroscopy 

parsec 

polymerase chain reaction 

potential difference 

poundal 

probable error 

Péclet number 

photoelectron spectroscopy 

positron emission tomography 
petroleum ether 

power factor 

picogram 

negative log of hydrogen ion concentration 
phenyl 

phenylalanine 

isoelectric point 

piperidine 

negative log of ionization constant 
picometer 

perturbational molecular orbital 

partial neglect of differential overlap 
prompt nuclear reaction analysis 
polymeric form 

parts per billion 

parts per million 

Pariser-Parr-Pople (method) 

parts per thousand, precipitate 

propyl 

Prandtl number 

partial retention of diatomic differential overlap 
proline 

picosecond 

photoelectron spectroscopy 


Rib 
Ribulo 
rms 
RNA 
RNase 
rRNA 
ROHF 
ROM 
RPA 
rpm 
rps 

RR 
RRKM 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS (continued) 


photon stimulated desorption 

psicose 

pounds per square inch 

pounds per square inch absolute 

pounds per square inch gage 

pint 

pressure-volume-temperature 

pyridine 

electric field gradient, flow rate, heat, wave vector 
(phonons) 

electric charge, heat, partition function, quadrupole 
moment, radiant energy, vibrational normal coordinate 
quantum chromodynamics 

quantum electrodynamics 

quod erat demonstrandum (which was to be proved) 
quantitative structure-activity relationship 
quasi-stellar object (quasar) 


quart 

quadrillion Btu (= 1.05510!8 J) 
quinovose 

quod vide (which you should see) 
reaction 


position vector, radius 

roentgen, alkyl radical (in chemical formulas) 
degree Rankine 

electrical resistance, gas constant, molar refraction, 
Rydberg constant 

right ascension 

radian 

reflection-absorption infrared spectroscopy 
random access memory 

Rutherford backscattering spectroscopy 
resonance energy 

real part 

radial electron distribution 

reflection electron microscopy 

roentgen equivalent man 

radiofrequency 

rhamnose 

reflection high-energy electron diffraction 
restricted Hartree-Fock (theory) 
radioimmunoassay 

ribose 

ribulose 

root mean square 

ribonucleic acid 

ribonuclease 

ribosomal RNA 

restricted open shell Hartree-Fock 

read only memory 

random phase approximation 

revolutions per minute 

revolutions per second 
Rice-Ramsperger-Kassel (theory) 
Rice-Ramsperger-Kassel-Marcus (theory) 
resonance Raman spectroscopy 

Raman spectroscopy 

rydberg 

second, solid 

path length, solubility, spin angular momentum, 
symmetry number, symmetrical (as stereochemical 
descriptor) 


5 
5 


SALC 
SALI 
SAM 
SANS 
Sar 

sat, satd 
SAXS 
s-Bu 
Sc 
SCE 
SCF 
SCR 
sd 

sec 

sec 
SEELFS 
SEM 
sepn 
Ser 
SERS 
SET 
SEXAFS 
Sh 

SI 
SIMS 
sin 
SINDO 
sinh 
SIPN 
SLAM 
sln 
SMO 
SMOW 
SNMS 
SNU 
SO 

sol 
soln 
SOMO 
Sor 

sp gr 
SPM 
sq 

ST 

Sr 
SSMS 
St 

St 

std, stnd 
STEM 
STM 
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siemens 

area, entropy, probability current density, Poynting 
vector, symmetry coordinate, spin angular momentum 
symmetry adapted linear combinations 
surface analysis by laser ionization 
scanning Auger microscopy 

small angle neutron scattering 

sarcosine 

saturated 

small angle x-ray scattering 

sec-butyl 

Schmidt number 

saturated calomel electrode 

self-consistent field 

silicon-controlled rectifier 

standard deviation 

secant, second 

secondary (in chemical name) 

surface sensitive energy loss fine structure 
scanning electron microscope 

separation 

serine 

surface-enhanced Raman spectroscopy 
single electron transfer 

surface extended x-ray absorption fine structure 
Sherwood number 

International System of Units 

secondary ion mass spectroscopy 

sine 

symmetrically orthogonalized INDO method 
hyperbolic sine 

semi-interpenetrating polymer network 
scanning laser acoustic microscopy 
solution 

semiempirical molecular orbital 

Standard Mean Ocean Water 

sputtered neutral mass spectroscopy 

solar neutrino unit 

spin orbital 

soluble, solution 

solution 

singly occupied molecular orbital 

sorbose 

specific gravity 

scanned probe microscopy 

square 

steradian 

Strouhal number 

spark source mass spectroscopy 

stoke 

Stanton number 

standard (state) 

scanning transmission electron microscope 
scanning tunneling microscopy 

Slater type orbital 

standard temperature and pressure 
sublimation, sublimes 

sievert 

metric tonne, triton 

Celsius temperature, thickness, time, transport 
number 

tesla 


ТСА 
Шеог 
thf, THF 
Thr 
Thy 
TL 
TLC 
TM 
Tol 
Torr 
tRNA 


Trp 


сссск = 
т О 
m | 


MP 
ns, unsym 
PES 


= с 


gcc 
аз "S 
Vu? a 


- 
"d 


хэ EG Ga 
< H 
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kinetic energy, period, term value, temperature 
(thermodynamic), torque, transmittance 
tagatose 

talose 

tangent 

hyperbolic tangent 

tert-butyl 

trichloroacetic acid 

trichloroethylene 

tetracyanoethylene 

two configuration self-consistent field 
transverse electric 

transmission electron diffraction, transferred electron 
device 

transmission electron microscopy, transverse 
electromagnetic 

temperature 

tertiary (in chemical name) 
Thomas-Fermi-Dirac (method) 
thermo-gravimetric analysis 

theoretical 

tetrahydrofuran 

threonine 

thymine 

thermoluminescence 

thin-layer chromatography 

transverse magnetic 

tolyl 

torr 

transfer RNA 

tryptophan 

transition 

transition state 

teaspoon 

tyrosine 

unified atomic mass unit 

Bloch function, electric mobility, velocity 
uracil (in genetic code) 

electric potential difference, internal energy 
uridine 5'-diphosphate 

ultrahigh frequency, unrestricted Hartree-Fock 
(theory) 

uridine 5'-monophosphate 

unsymmetrical (as chemical descriptor) 
ultraviolet photoelectron spectroscopy 
ultraviolet photoelectron spectroscopy 

urea 

uracil 

United States Pharmacopeia 

universal time 

uridine 5'-triphosphate 

ultraviolet 

reaction rate, specific volume, velocity, vibrational 
quantum number, vicinal (as chemical descriptor) 
volt 

electric potential, potential energy, volume 
valine 

vaporization 

valence band, valence bond 

vibrational circular dichroism 

very high frequency 


ZDO 

ZPE, ZPVE 
ZULU 

a 

о, 


= 
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vicinal (on adjacent carbon atoms) 

visible region of the spectrum 

vitreous 

valence shell electron pair repulsion 

very large scale integrated (circuit) 

vacuum ultraviolet 

volume per volume (volume of solute divided by 
volume of solution, expressed as percent) 

energy density, mass fraction, velocity, work 

watt 

radiant energy, statistical weight, work 

wide angle x-ray scattering 

weber 

Weber number 

Wentzel-Kramers-Brillouin (method) 

weight 

weight per volume (mass of solute divided by volume 
of solution, generally expressed as g/100 mL) 
weight per weight (mass of solute divided by mass of 
solution, expressed as percent) 

mole fraction 

X unit, halogen (in chemical formula) 

reactance 

x-ray absorption fine structure 

x-ray absorption near-edge structure 

x-ray photoelectron spectroscopy 

x-ray photoelectron spectroscopy 

x-ray diffraction 

x-ray fluorescence 

x-ray spectroscopy 

xylose 

year 

admittance, Planck function, Young's modulus 

yard 

charge number (of an ion), collision frequency factor 
atomic number, compression factor, collision number, 
impedance, partition function, zusammen (cis 
configuration) 

zero differential overlap 

Zero point vibrational energy 

Greenwich mean time 

alpha particle 

absorption coefficient, degree of dissociation, electric 
polarizability, expansion coefficient, fine structure 
constant 

beta particle 

photon 

activity coefficient, conductivity, magnetogyric ratio, 
mass concentration, ratio of heat capacities, surface 
tension 

Gruneisin parameter, level width, surface 
concentration 

chemical shift, Dirac delta function, Kronecker delta, 
loss angle 

inertia defect, mass defect 

emittance, Levi-Civita symbol, linear strain, molar 
absorption coefficient, permittivity 

overpotential, viscosity 

Bragg angle, temperature, scattering angle, surface 
coverage 

quadrupole moment 


== 
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compressibility, conductivity, magnetic susceptibility, 
molar absorption coefficient, transmission coefficient 
absolute activity, radioactive decay constant, thermal 
conductivity, wavelength 

angular momentum, ionic conductivity 

muon 

chemical potential, electric dipole moment, electric 
mobility, friction coefficient, Joule- Thompson 
coefficient, magnetic dipole moment, mobility, 
permeability 

microfarad 

microgram 

micrometer 

microsecond 

frequency, kinematic velocity, stoichiometric number, 
wavenumber 

neutrino 

pion 

osmotic pressure, Peltier coefficient 


SERR 
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density, reflectance, resistivity 

electrical conductivity, cross section, normal stress, 
shielding constant (NMR), Stefan-Boltzmann 
constant, surface tension 

transmittance, chemical shift, shear stress, relaxation 
time 

electrical potential, fugacity coefficient, osmotic 
coefficient, quantum yield, volume fraction, 
wavefunction 

magnetic flux, potential energy, radiant power, work 
function 

magnetic susceptibility, electronegativity 

electric susceptibility 

wavefunction 

circular frequency, angular velocity, harmonic 
vibration wavenumber, statistical weight 

ohm 

axial angular momentum, solid angle 


GREEK, RUSSIAN, AND HEBREW ALPHABETS 


The following table presents the Hebrew, Greek, and Russian alphabets, their letters, the names of the letters, and the English equivalents. 


HEBREW! GREEK? RUSSIAN 
N aleph '? Аа alpha a Аа а 
B 6 b 
з beth bb | BB beta b 
В в v 
1 gimel g, gh T y gamma g, n Гг 
А ё 
~ daleth d, dh deta d ЇДд d 
N Ee epsilon е Ee M 
П N h Жж аһ 
Zt zeta 7 
мам w 33 2 
Hn са ë Mulinit 
? zayin 2 
Өд theta th Кк k 
n heth b Лл 1 
її iota i 
Мм т 
D teth t 
Кк kappa k Hu n 
` ydh y АХ lambdal | Оо о 
Пп 
ЭС kk {ма m P 
Pp r 
5 Jamedh 1 N» nu n 
Cc 5 
D О пет m Et х x Тт t 
J 1 nun no Оо omicron о Уу ч 
Oh f 
kh s II 
D same T pi p Xx kh 
y ауіп  * Pp rho r,rh | H u ts 
Ч h 
5 F pe pph | Zes sigma s ч ° 
Шш —sh 
sadhe T t t 
х r , 7 tau Щщ shch 
р qoph q Tv чрвШПопу,ч bys ” 
ч resh г ФФ phi ph Ыы y 
b b 6 3 
v sin $ X x chi ch 
Ээ е 
D shin sh Y y psi ps Юю уш 
n taw t, th | Qw omega 6 Яя ya 


1 Where two forms of a letter are given, the second one is the form used at the end of a word. 

?  Notrepresented in transliteration when initial. 

3 The Hebrew letters are primarily consonants; a few of them are also used secondarily to represent certain vowels, when provided at all, is by means of a system of dots 
or strokes adjacent to the consonated characters. 

4 The letter gamma is transliterated “п” only before velars; the letter upsilon is transliterated “u” only as the final element in diphthongs. 

5 This sign indicates that the immediately preceding consonant is not palatized even though immediately followed by a palatized vowel. 

6 This sign indicates that the immediately preceding consonant is palatized even though not immediately followed by a palatized vowel. 
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DEFINITIONS OF SCIENTIFIC TERMS 


Brief definitions of selected terms of importance in chemistry, physics, and related fields of science are given in this section. The selection process 

emphasizes the following types of terms: 

* Physical quantities 

* Units of measure 

* Classes of chemical compounds and materials 
* Important theories, laws, and basic concepts. 
Individual chemical compounds are not included. 

Definitions have taken wherever possible from the recommendations of international or national bodies, especially the International Union of Pure 
and Applied Chemistry (IUPAC) and International Organization for Standardization (ISO). For physical quantities and units, the recommended symbol 
is also given. The source of such definitions is indicated by the reference number in brackets following the definition. In many cases these official 
definitions have been edited in the interest of stylistic consistency and economy of space. The user is referred to the original source for further details. 


* An asterisk following a term indicates that further information can be found by consulting the index of this handbook under the entry for that term. 
REFERENCES 


1. ISO Standards Handbook 2, Units of Measurement, International Organization for Standardization, Geneva, 1992. 

2. Quantities, Units, and Symbols in Physical Chemistry, Second Edition, International Union of Pure and Applied Chemistry, Blackwell 
Scientific Publications, Oxford, 1993. 

Compendium of Chemical Terminology, International Union of Pure and Applied Chemistry, Blackwell Scientific Publications, Oxford, 1987. 
4. A Guide to IUPAC Nomenclature of Organic Compounds, International Union of Pure and Applied Chemistry, Blackwell Scientific 
Publications, Oxford, 1993. 

Glossary of Class Names of Organic Compounds and Reactive Intermediates Based on Structure, Pure and Applied Chemistry, 67, 1307, 1995. 
Compendium of Analytical Nomenclature, International Union of Pure and Applied Chemistry, Blackwell Scientific Publications, Oxford, 
1987. 

Nomenclature of Inorganic Chemistry, International Union of Pure and Applied Chemistry, Blackwell Scientific Publications, Oxford, 1990. 
Glossary of Basic Terms in Polymer Science, Pure and Applied Chemistry, 68, 2287, 1996. 

The International Temperature Scale of 1990, Metrologia, 27, 107, 1990. 
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Ab initio method - Ап approach to quantum-mechanical calculations on 
molecules which starts with the Schródinger equation and carries out 
acomplete integration, without introducing empirical factors derived 
from experimental measurement. 

Absorbance (A) - Defined as -log(1-o) = log(1/t), where © is the 
absorptance and т the transmittance of a medium through which a light 
beam passes. [2] 

Absorbed dose (D) - For any ionizing radiation, the mean energy 
imparted to an element of irradiated matter divided by the mass of that 
element. [1] 

Absorptance (0) - Ratio ofthe radiant or luminous flux ina given spectral 
interval absorbed in a medium to that of the incident radiation. Also 
called absorption factor. [1] 

Absorption coefficient (a) - The relative decrease in the intensity of a 
collimated beam of electromagnetic radiation, as a result of absorption 
by a medium, during traversal of an infinitesimal layer of the medium, 
divided by the length traversed. [1] 

Absorption coefficient, molar (е) - Absorption coefficient divided by 
amount-of-substance concentration of the absorbing material in the 
sample solution (= = а/с). The SI unit is m2/mol. Also called extinction 
coefficient, but usually in units of то таста“. [2] 

Acceleration - Rate of change of velocity with respect to time. 

Acceleration due to gravity (g)* - The standard value (9.80665 m/s?) of 
the acceleration experienced by a body in the earth's gravitational 
field. [1] 

Acenes - Polycyclic aromatic hydrocarbons consisting of fused benzene 
rings in a rectilinear arrangement. [5] 


Compilation of ASTM Standard Definitions, American Society of Testing and Materials, Philadelphia, 1990. 
ASM Metals Reference Book, American Society for Metals, Metals Park, OH, 1983. 


Acid - Historically, a substance that yields an H* ion when it dissociates 
in solution, resulting in a pH«7. In the Brónsted definition, an acid is 
a substance that donates a proton in any type of reaction. The most 
general definition, due to G.N. Lewis, classifies any chemical species 
capable of accepting an electron pair as an acid. 

Acid dissociation constant (K,)* - The equilibrium constant for the 
dissociation of an acid HA through the reaction НА + H,O 1 Ac + 
Н.О*. The quantity pK, = -log K, is often used to express the acid 
dissociation constant. 

Actinides - The elements of atomic number 89 through 103, e.g., Ac, Th, 
Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, Lr. [7] 

Activation energy* - In general, the energy that must be added to a 
system in order for a process to occur, even though the process may 
already be thermodynamically possible. In chemical kinetics, the 
activation energy is the height of the potential barrier separating the 
products and reactants. It determines the temperature dependence of 
the reaction rate. 

Activity - Fora mixture of substances, the absolute activity À of substance 
В is defined as Ag = exp(Up/RT), where ив is the chemical potential of 
substance B, R the gas constant, and T the thermodynamic tempera- 
ture. The relative activity ais defined as ag = exp[(Ig-Iig?)/RT], where 
Ив“ designates the chemical potential in the standard state. [2] 

Activity coefficient (y)* - Ratio of the activity ар of component B of a 
mixture to the concentration of that component. The value of 'y depends 
on the method of stating the composition. For mole fraction xg, the 
relation is ав = yg xp; for molarity св, itis ав = yg св/с°, where c? is the 
standard state composition (typically chosen as 1 mol/L); for molality 
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тв, it is ав = Үртр/т?, where m? is the standard state molality 
(typically 1 mol/kg). [2] 

Activity, of radioactive substance (A) - The average number of sponta- 
neous nuclear transitions from a particular energy state occurring in an 
amount of a radionuclide in a small time interval divided by that 
interval. [1] 

Acyl groups - Groups formed by removing the hydroxy groups from 
oxoacids that have the general structure RC(=O)(OH) and replace- 
ment analogues of such acyl groups. [5] 

Adiabatic process - A thermodynamic process in which no heat enters or 
leaves the system. 

Admittance (Y) - Reciprocal of impedance. Y = С + iB, where С is 
conductance and B is susceptance. [1] 

Adsorption - A process in which molecules of gas, of dissolved sub- 
stances in liquids, or of liquids adhere in an extremely thin layer to 
surfaces of solid bodies with which they are in contact. [10] 

Albedo* - The ratio ofthe light reflected or scattered from a surface to the 
intensity of incident light. The term is often used in reference to 
specific types of terrain or to entire planets. 

Alcohols - Compounds in which a hydroxy group, -OH, is attached to a 
saturated carbon atom. [5] 

Aldehydes - Compounds ЕСОН, in which a carbonyl group is bonded 
to one hydrogen atom and to one R group. [5] 

Aldoses - Aldehydic parent sugars (polyhydroxyaldehydes 
H[CH(OH)],,C(=O)H, п>1) and their intramolecular hemiacetals. [5] 

Aldoximes - Oximes of aldehydes: RCH=NOH. [5] 

Alfvén number (AD - A dimensionless quantity used in plasma physics, 
defined by А! = у(рц)!?/В, where р is density, v is velocity, is 
permeability, and B is magnetic flux density. [2] 

Alfven waves - Very low frequency waves which can exist in a plasma in 
the presence of a uniform magnetic field. Also called magnetohydro- 
dynamic waves. 

Alicyclic compounds - Aliphatic compounds having a carbocyclic ring 
structure which may be saturated or unsaturated, but may not be a 
benzenoid or other aromatic system. [5] 

Aliphatic compounds - Acyclic or cyclic, saturated or unsaturated 
carbon compounds, excluding aromatic compounds. [5] 

Alkali metals - The elements lithium, sodium, potassium, rubidium, 
cesium, and francium. 

Alkaline earth metals - The elements calcium, strontium, barium, and 
radium. [7] 

Alkaloids - Basic nitrogen compounds (mostly heterocyclic) occurring 
mostly in the plant kingdom (but not excluding those of animal origin). 
Amino acids, peptides, proteins, nucleotides, nucleic acids, and amino 
sugars are not normally regarded as alkaloids. [5] 

Alkanes - Acyclic branched or unbranched hydrocarbons having the 
general formula C,,H),,,2, and therefore consisting entirely of hydro- 
gen atoms and saturated carbon atoms. [5] 

Alkenes - Acyclic branched or unbranched hydrocarbons having one 
carbon-carbon double bond and the general formula C, H,,. Acyclic 
branched or unbranched hydrocarbons having more than one double 
bond are alkadienes, alkatrienes, etc. [5] 

Alkoxides - Compounds, ROM, derivatives of alcohols, ROH, in which 
R is saturated at the site of its attachment to oxygen and M is a metal 
or other cationic species. [5] 

Alkyl groups - Univalent groups derived from alkanes by removal of a 
hydrogen atom from any carbon atom: C,H»,,,-. The groups derived 
by removal of a hydrogen atom from a terminal carbon atom of 
unbranched alkanes form a subclass of normal alkyl (n-alkyl) groups. 
The groups КСН,-, R;CH-, and ВзС- (R not equal to H) are primary, 
secondary, and tertiary alkyl groups, respectively. [5] 

Alkynes - Acyclic branched or unbranched hydrocarbons having a 
carbon-carbon triple bond and the general formula C, H5, ;, RC=CR’. 


Acyclic branched or unbranched hydrocarbons having more than one 
triple bond are known as alkadiynes, alkatriynes, etc. [5] 

Allotropy - The occurrence of an element in two or more crystalline 
forms. 

Allylic groups - The group СН;-СНСН;- (allyl) and derivatives formed 
by substitution. The term ‘allylic position’ or ‘allylic site’ refers to the 
saturated carbon atom. A group, such as -OH, attached at an allylic site 
is sometimes described as “allylic”. [5] 

Amagat volume unit - A non-SI unit previously used in high pressure 
science. It is defined as the molar volume of a real gas at one 
atmosphere pressure and 273.15 K. The approximate value is 22.4 L/ 
mol. 

Amides - Derivatives of oxoacids R(C=O)(OH) in which the hydroxy 
group has been replaced by an amino or substituted amino group. [5] 

Amine oxides - Compounds derived from tertiary amines by the attach- 
ment of one oxygen atom to the nitrogen atom: R4N*-O'. By extension 
the term includes the analogous derivatives of primary and secondary 
amines. [5] 

Amines - Compounds formally derived from ammonia by replacing one, 
two, or three hydrogen atoms by hydrocarbyl groups, and having the 
general structures RNH, (primary amines), В МН (secondary amines), 
R3N (tertiary amines). [5] 

Amino acids* - Compounds containing both a carboxylic acid group 
(-COOH) and an amino group (-NH;). The most important are the 0- 
amino acids, in which the -МН, group in attached to the C atom 
adjacent to the -COOH group. In the B-amino acids, there is an 
intervening carbon atom. [4] 

Ampere (A)* - The SI base unit of electric current. [1] 

Ampere'slaw - The defining equation for the magnetic induction B, viz., 
dF = Idi x B, where dF is the force produced by a current / flowing in 
an element of the conductor d/ pointing in the direction of the current. 

Angstrém (A) - A unit of length used in spectroscopy, crystallography, 
and molecular structure, equal to 10-10 m. 

Angular momentum (L) - The angular momentum of a particle about a 
point is the vector product of the radius vector from this point to the 
particle and the momentum of the particle; i.e., L =r x p. [1] 

Angular velocity (0) - The angle through which a body rotates per unit 
time. 

Anilides - Compounds derived from oxoacids В(С=О)(ОН) by replacing 
the -OH group by the -NHPh group or derivative formed by ring 
substitution. Also used for salts formed by replacement of a nitrogen- 
bound hydrogen of aniline by a metal. [5] 

Anion - A negatively charged atomic or molecular particle. 

Antiferroelectricity* - An effect analogous to antiferromagnetism in 
which electric dipoles in a crystal are ordered in two sublattices that are 
polarized in opposite directions, leading to zero net polarization. The 
effect vanishes above a critical temperature. 

Antiferromagnetism* - A type of magnetism in which the magnetic 
moments of atoms in a solid are ordered into two antiparallel aligned 
sublattices. Antiferromagnets are characterized by a zero or small 
positive magnetic susceptibility. The susceptibility increases with 
temperature up to a critical value, the Néel temperature, above which 
the material becomes paramagnetic. 

Antiparticle - A particle having the same mass as a given elementary 
particle and a charge equal in magnitude but opposite in sign. 

Appearance potential* - The lowest energy which must be imparted to 
the parent molecule to cause it to produce a particular specified parent 
ion. This energy, usually stated in eV, may be imparted by electron 
impact, photon impact, or in other ways. More properly called appear- 
ance energy. [3] 

Appearance potential spectroscopy (APS) - See Techniques for Mate- 
rials Characterization, page 12-1. 

Are (a) - A unit of area equal to 100 m2. [1] 
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Arenes - Monocyclic and polycyclic aromatic hydrocarbons. See aro- 
matic compounds. [5] 

Aromatic compounds - Compounds whose structure includes a cyclic 
delocalized Т-еїесїгоп system. Historical use of the term implies a ring 
containing only carbon (e.g., benzene, naphthalene), but it is often 
generalized to include heterocyclic structures such as pyridine and 
thiophene. [5] 

Arrhenius equation - A key equation in chemical kinetics which ex- 
presses the rate constant К аз К = Aexp(-E/RT), where E, is the 
activation energy, R the molar gas constant, and T the temperature. A 
iscalled the preexponential factor and, for simple gas phase reactions, 
may be identified with the collision frequency. 

Arsines - А8Н, and compounds derived from it by substituting one, two 
or three hydrogen atoms by hydrocarbyl groups. КА8Н:,, R;,AsH, 
R;As (R not equal to Н) are called primary, secondary and tertiary 
arsines, respectively. [5] 

Arylgroups - Groups derived from arenes by removal of ahydrogen atom 
from а ring carbon atom. Groups similarly derived from heteroarenes 
are sometimes subsumed in this definition. [5] 

Astronomical unit (AU)* - The mean distance of the earth from the sun, 
equal to 1.49597870 x 10!! m. 

Atomic absorption spectroscopy (AAS) - See Techniques for Materials 
Characterization, page 12-1. 

Atomic emission spectroscopy (AES) - See Techniques for Materials 
Characterization, page 12-1. 

Atomic force microscopy (AFM) - See Techniques for Materials Char- 
acterization, page 12-1. 

Atomic mass* - The mass of a nuclide, normally expressed in unified 
atomic mass units (u). 

Atomic mass unit (u)* - A unit of mass used in atomic, molecular, and 
nuclear science, defined as the mass of one atom of !2C divided by 12. 
Its approximate value is 1.66054 x 10:27 kg. Also called the unified 
atomic mass unit. [1] 

Atomic number (Z) - A characteristic property of an element, equal to the 
number of protons in the nucleus. 

Atomic weight (A,)* - The ratio of the average mass per atom of an 
element to 1/12 of the mass of nuclide '?C. An atomic weight can be 
defined for a sample of any given isotopic composition. The standard 
atomic weight refers to a sample of normal terrestrial isotopic compo- 
sition. The term relative atomic mass is synonymous with atomic 
weight. [2] 

Attenuated total reflection (ATR) - See Techniques for Materials 
Characterization, page 12-1. 

Auger effect - An atomic process in which an electron from a higher 
energy level fills a vacancy in an inner shell, transferring the released 
energy to another electron which is ejected. 

Aurora - An atmospheric phenomenon in which streamers of light are 
produced when electrons from the sun are guided into the thermo- 
sphere by the earth's magnetic field. It occurs in the polar regions at 
altitudes of 95—300 km. 

Avogadro constant (N4)* - The number of elementary entities in one 
mole of a substance. 

Azeotrope - A liquid mixture in a state where the variation of vapor 
pressure with composition at constant temperature (or, alternatively, 
the variation of normal boiling point with composition) shows either 
amaximum ora minimum. Thus when ап azeotrope boils the vapor has 
the same composition as the liquid. 

Azides - Compounds bearing the group -N3, viz. -NZN*zN'; usually 
attached to carbon, e.g. РИМ:, phenylazide or azidobenzene. Also used 
for salts of hydrazoic acid, HN3, e.g. NaN}, sodium azide. [5] 

Azines - Condensation products, К,С-ММ-СБ, , of two moles of a 
carbonyl compound with one mole of hydrazine. [5] 

Azo compounds - Derivatives of diazene (diimide), HN=NH, wherein 


both hydrogens are substituted by hydrocarbyl groups, e.g., РЫМ=МРЬ, 
azobenzene or diphenyldiazene. [5] 

Balmer series - The series of lines in the spectrum of the hydrogen atom 
which corresponds to transitions between the state with principal 
quantum number п = 2 and successive higher states. The wavelengths 
are given by 1/A=Ry(1/4- 1/12), where n =3,4,... and Ry is ће Rydberg 
constant for hydrogen. The first member of the series (n 2 2 1 3), 
which is often called the Ни line, falls at a wavelength of 6563 А. 

Bar (bar) - А unit of pressure equal to 10? Ра.“ 

Bardeen-Cooper-Schrieffer (BCS) theory - A theory of superconduc- 
tivity which is based upon the formation of electron pairs as a result of 
an electron-lattice interaction. The theory relates the superconducting 
transition temperature to the density of states and the Debye tempera- 
ture. 

Barn (b) - A unit used for expressing cross sections of nuclear processes, 
equal to 10:28 m2. 

Barrel - A unit of volume equal to 158.9873 L. 

Baryon - Any elementary particle built up from three quarks. Examples 
are the proton, neutron, and various short-lived hyperons. Baryons 
have odd half-integer spins. 

Base - Historically, a substance that yields ап ОН: ion when it dissociates 
in solution, resulting in a pH>7. In the Brónsted definition, a base is а 
substance capable of accepting a proton in any type of reaction. The 
more general definition, due to G.N. Lewis, classifies any chemical 
species capable of donating an electron pair as a base. 

Becquerel (Bq)* - The SI unit of radioactivity (disintegrations per unit 
time), equal to 871. [1] 

Beer's law - An approximate expression for the change in intensity of a 
light beam that passes through an absorbing medium, viz., 108(1/1,) = 
-Ecl, where Го is the incident intensity, 7 is the final intensity, = is the 
molar (decadic) absorption coefficient, c is the molar concentration of 
the absorbing substance, and / is the path length. Also called the Beer- 
Lambert law 

Binding energy* - A generic term for the energy required to decompose 
a system into two or more of its constituent parts. In nuclear physics, 
the binding energy is the energy difference between a nucleus and the 
separated nucleons of which it is composed (the energy equivalent of 
the mass defect). In atomic physics, itis the energy required to remove 
an electron from an atom. 

Biot (Bi) - A name sometimes used for the unit of current in the emu 
system. 

Birefringence - A property of certain crystals in which two refracted rays 
result from a single incident light ray. One, the ordinary ray, follows 
the normal laws of refraction, while the other, the extraordinary ray, 
exhibits a variable refractive index which depends on the direction in 
the crystal. 

Black body radiation* - The radiation emitted by a perfect black body, 
i.e., a body which absorbs all radiation incident on it and reflects попе. 
The wavelength dependence of the radiated energy density p (energy 
per unit volume per unit wavelength range) is given by the Planck 
formula 

8nhc 


where 115 the wavelength, his Planck's constant, cis the speed of light, 
kis the Boltzmann constant, and Т is the temperature. 

Black hole - A very dense object, formed in a supernova explosion, whose 
gravitational field is so large that no matter or radiation can escape 
from the object. 

Bloch wave function - A solution of the Schródinger equation for an 
electron moving in a spatially periodic potential; used in the band 
theory of solids. 

Bohr magneton (Цр)“ - The atomic unit of magnetic moment, defined as 
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eh/4nm,, where h is Planck's constant, т, the electron mass, and e the 
elementary charge. It is the moment associated with a single electron 
spin. 

Bohr, bohr radius (a)* - The radius of the lowest orbit in the Bohr model 
of the hydrogen atom, defined as €,h?/mm,e?, where €, is the permit- 
tivity of a vacuum, Л is Planck’s constant, т, the electron mass, and e 
the elementary charge. It is customarily taken as the unit of length 
when using atomic units. 

Boiling point - The temperature at which the liquid and gas phases of a 
substance are in equilibrium at a specified pressure. The normal 
boiling point is the boiling point at normal atmospheric pressure 
(101.325 kPa). 

Boltzmann constant (k)* - The molar gas constant R divided by 
Avogadro’s constant. 

Boltzmann distribution - An expression for the equilibrium distribution 
of molecules as a function of their energy, in which the number of 
molecules in a state of energy E is proportional to exp(-E/kT), where 
k is the Boltzmann constant and T is the temperature. 

Bond strength - See Dissociation energy. 

Born-Haber cycle* - A thermodynamic cycle in which a crystalline solid 
is converted to gaseous ions and then reconverted to the solid. The 
cycle permits calculation of the lattice energy of the crystal. 

Bose-Einstein distribution - A modification of the Boltzmann distribu- 
tion which applies to a system of particles that are bosons. The number 
of particles of energy E is proportional to [0/7 ] H , where y is a 
normalization constant, k is the Boltzmann constant, and Т is the 
temperature. 

Boson - A particle that obeys Bose-Einstein Statistics; specifically, any 
particle with spin equal to zero or an integer. This includes the photon, 
pion, deuteron, and all nuclei of even mass number. 

Boyle'slaw - The empirical law, exact only for an ideal gas, which states 
that the volume of a gas is inversely proportional to its pressure at 
constant temperature. 

Bragg angle (0) - Defined by the equation nÀ = 245116, which relates the 
angle 0 between a crystal plane and the diffracted x-ray beam, the 
wavelength À of the x-rays, the crystal plane spacing d, and the 
diffraction order п (any integer). 

Bravais lattices* - The 14 distinct crystal lattices that can exist in three 
dimensions. They include three in the cubic crystal system, two in the 
tetragonal, four in the orthorhombic, two in the monoclinic, and one 
each in the triclinic, hexagonal, and trigonal systems. 

Breakdown voltage - The potential difference at which an insulating 
substance undergoes a physical or chemical change that causes it to 
become a conductor, thus allowing currentto flow through the sample. 

Bremsstrahlung - Electromagnetic radiation generated when the veloc- 
ity of a charged particle is reduced (literally, “braking radiation"). An 
example is the x-ray continuum resulting from collisions of electrons 
with the target in an x-ray tube. 

Brewster angle - The angle of incidence for which the maximum degree 
of plane polarization occurs when a beam of unpolarized light is 
incident on the surface of a medium of refractive index n. At this angle, 
the angle between the reflected and refracted beams is 90?. The value 
of the Brewster angle is tan-!n. 

Brillouin scattering - The scattering of light by acoustic phonons in a 
solid or liquid. 

Brillouin zone - A region of allowed wave vectors and energy levels in 
a crystalline solid, which plays a part in the propagation of waves 
through the lattice. 

British thermal unit (Btu) - A non-SI unit of energy, equal to approxi- 
mately 1055 J. Several values of the Btu, defined in slightly different 
ways, have been used. 

Brownian motion - Therandom movements of small particles suspended 
in a fluid, which arise from collisions with the fluid molecules. 


Brunauer-Emmett-Teller method (BET) - See Techniques for Materi- 
als Characterization, page 12-1. 

Buffer* - A solution designed to maintain a constant pH when small 
amounts of a strong acid or base are added. Buffers usually consist of 
a fairly weak acid and its salt with a strong base. Suitable concentra- 
tions are chosen so that the pH of the solution remains close to the pK, 
of the weak acid. 

Calorie (cal) - A non-SI unit of energy, originally defined as the heat 
required to raise the temperature of 1 g of water by 1?C. Several 
calories of slightly different values have been used. The thermochemi- 
cal calorie is now defined as 4.184 J. 

Candela (cd)* - The SI base unit of luminous intensity. [1] 

Capacitance (C) - Ratio of the charge acquired by a body to the change 
in potential. [1] 

Carbamates - Salts or esters of carbamic acid, HyNC(=O)OH, or of N- 
substituted carbamic acids: К,МС(-0)ОК”, (R’ = hydrocarbyl or a 
cation). The esters are often called urethanes or urethans, a usage that 
is strictly correct only for the ethyl esters. [5] 

Carbenes - The electrically neutral species НС: and its derivatives, in 
which the carbon is covalently bonded to two univalent groups of any 
kind or a divalent group and bears two nonbonding electrons, which 
may be spin-paired (singlet state) or spin-non-paired (triplet state). [5] 

Carbinols - An obsolete term for substituted methanols, in which the 
name carbinol is synonymous with methanol. [5] 

Carbohydrates - Originally, compounds such as aldoses and ketoses, 
having the stoichiometric formula C,(H5O), (hence "hydrates of 
carbon"). The generic term carbohydrate now includes mono-, 
oligo-, and polysaccharides, as well аз their reaction products and 
derivatives. [5] 

Carboranes - A contraction of carbaboranes. Compounds in which a 
boron atom in a polyboron hydride is replaced by a carbon atom with 
maintenance of the skeletal structure. [5] 

Carboxylic acids - Oxoacids having the structure RC(=O)OH. The term 
is used as a suffix in systematic name formation to denote the 
-C(2O)OH group including its carbon atom. [5] 

Carnot cycle - A sequence of reversible changes in a heat engine using 
a perfect gas as the working substance, which is used to demonstrate 
thatentropy isa state function. The Carnot cycle also provides a means 
to calculate the efficiency of a heat engine. 

Catalyst - A substance that participates in a particular chemical reaction 
and thereby increases its rate but without a net change in the amount 
of that substance in the system. [3] 

Catenanes, catena compounds - Hydrocarbons having two or more 
rings connected in the manner of links of a chain, without a covalent 
bond. More generally, the class catena compounds embraces func- 
tional derivatives and hetero analogues. [5] 

Cation - A positively charged atomic or molecular particle. 

Centipoise (cP) - A common non-SI unit of viscosity, equal to mPa s. 

Centrifugal distortion - An effect in molecular spectroscopy in which 
rotational levels are lowered in energy, relative to the values of a rigid 
rotor, as the rotational angular momentum increases. The effect may 
be understood classically as a stretching of the bonds in the molecule 
as it rotates faster, thus increasing the moment of inertia. 

Ceramic - A nonmetallic material of very high melting point. 

Cerenkov radiation - Light emitted when a beam of charged particles 
travels through a medium at a speed greater than the speed of light in 
the medium. It is typically blue in color. 

Cgs system of units - A system of units based upon the centimeter, gram, 
and second. The cgs system has been supplanted by the International 
System (SI). 

Chalcogens - The Group VIA elements (oxygen, sulfur, selenium, 
tellurium, and polonium). Compounds of these elements are called 
chalcogenides. [7] 
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Chaotic system - A complex system whose behavior is governed by 
deterministic laws but whose evolution can vary drastically when 
small changes are made in the initial conditions. 

Charge - See Electric charge. 

Charles’ law - The empirical law, exact only for an ideal gas, which states 
that the volume of a gas is directly proportional to its temperature at 
constant pressure. 

Charm - A quantum number introduced in particle physics to account for 
certain properties of elementary particles and their reactions. 

Chelate - A compound characterized by the presence of bonds from two 
or more bonding sites within the same ligand to a central metal atom. 
[3] 

Chemical potential - For a mixture of substances, the chemical potential 
of constituent B is defined as the partial derivative of the Gibbs energy 
G with respect to the amount (number of moles) of B, with tempera- 
ture, pressure, and amounts of all other constituents held constant. 
Also called partial molar Gibbs energy. [2] 

Chemical shift* - A small change in the energy levels (and hence in the 
spectra associated with these levels) resulting from the effects of 
chemical binding in a molecule. The term is used in fields such as 
NMR, Mossbauer, and photoelectron spectroscopy, where the energy 
levels are determined primarily by nuclear or atomic effects. 

Chiral molecule - A molecule which cannot be superimposed on its 
mirror image. A common example is an organic molecule containing 
a carbon atom to which four different atoms or groups are attached. 
Such molecules exhibit optical activity, i.e., they rotate the plane of a 
polarized light beam. 

Chlorocarbons - Compounds consisting solely of chlorine and carbon. 
[5] 

Chromatography* - A method for separation of the components of a 
sample in which the components are distributed between two phases, 
one of which is stationary while the other moves. In gas chromatogra- 
phy the gas moves over a liquid or solid stationary phase. In liquid 
chromatography the liquid mixture moves through another liquid, a 
solid, or a gel. The mechanism of separation of components may be 
adsorption, differential solubility, ion-exchange, permeation, or other 
mechanisms. [6] 

Clapeyron equation - A relation between pressure and temperature of 
two phases of a pure substance that are in equilibrium, viz., dp/dT = 
AusS/ Aq, V, where Ays S is the difference in entropy between the phases 
and АУ the corresponding difference in volume. 

Clathrates - Inclusion compounds in which the guest molecule is in a 
cage formed by the host molecule or by a lattice of host molecules. [5] 

Clausius (СІ) - A non-SI unit of entropy or heat capacity defined as 
cal/K = 4.184 ҮК. [2] 

Clausius-Clapeyron equation - An approximation to the Clapeyron 
equation applicable to liquid-gas and solid-gas equilibrium, in which 
one assumes an ideal gas with volume much greater than the con- 
densed phase volume. For the liquid-gas case, it takes the form d(Inp)/ 
dT = Дар HIRT where В is the molar gas constant and Avap H is the 
molar enthalpy of vaporization. For the solid-gas case, Ay H is 
replaced by the molar enthalpy of sublimation, A; H. 

Clausius-Mosotti equation - A relation between the dielectric constant 
£, at optical frequencies and the polarizability a: 


Е -l1 ра 
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where р is density, Мл is Avogadro’s number, M is molar mass, and €9 
is the permittivity of a vacuum. 
Clebsch-Gordon coefficients - A set of coefficients used to describe the 
vector coupling of angular momenta in atomic and nuclear physics. 
Codon - A set of three bases, chosen from the four primary bases found 


in the DNA molecule (uracil, cytosine, adenine, and guanine), which 
specifies the production of a particular amino acid or carries some 
other genetic instruction. For example, the codon UCA specifies the 
amino acid serine, CAG specifies glutamine, etc. There are a total of 
64 codons. 

Coercive force - The magnetizing force at which the magnetic flux 
density is equal to zero. [10] 

Coercivity* - The maximum value of coercive force that can be attained 
when a magnetic material is symmetrically magnetized to saturation 
induction. [10] 

Coherent anti-Stokes Raman spectroscopy (CARS) - See Techniques 
for Materials Characterization, page 12-1. 

Colloid - Molecules or polymolecular particles dispersed in a medium 
that have, at least in one direction, a dimension roughly between | nm 
and 1 um. [3] 

Color center - A defect in a crystal that gives rise to optical absorption, 
thus changing the color of the material. A common type is the F-center, 
which results when an electron occupies the site of a negative ion. 

Compressibility (к)* - The fractional change of volume as pressure is 
increased, viz., к = -(1/V)(dV/dp). [1] 

Compton wavelength (Ac)* - In the scattering of electromagnetic 
radiation by a free particle (e.g., electron, proton), Ас = h/mc is the 
increase in wavelength, at a 90? scattering angle, corresponding to the 
transfer of energy from radiation to particle. Here h is Planck's 
constant, c the speed of light, and m the mass of the particle. 

Conductance (G)* - For direct current, the reciprocal of resistance. More 
generally, the real part of admittance. [1] 

Conductivity, electrical (0)* - The reciprocal of the resistivity. [1] 

Conductivity, thermal - See Thermal conductivity. 

Congruent transformation - A phase transition (melting, vaporization, 
etc.) in which the substance preserves its exact chemical composition. 

Constitutional repeating unit (CRU) - In polymer science, the smallest 
constitutional unit, the repetition of which constitutes a regular mac- 
romolecule, i.e., a macromolecule with all units connected identically 
with respect to directional sense. [8] 

Copolymer - A polymer derived from more than one species of monomer. 
[8] 

Coriolis effect - The deviation from simple trajectories when a mechani- 
cal system is described in a rotating coordinate system. It affects the 
motion of projectiles on the earth and in molecular spectroscopy leads 
to an important interaction between the rotational and vibrational 
motions. The effect may be described by an additional term in the 
equations of motion, called the Coriolis force. 

Cosmic rays* - High energy nuclear particles, electrons, and photons, 
originating mostly outside the solar system, which continually bom- 
bard the earth's atmosphere. 

Coulomb (C)* - The SI unit of electric charge, equal to A s. [1] 

Coulomb's law - The statement that the force F between two electrical 
charges q; and дэ separated by a distance ris Ё--(4760) 1414/12, where 
£p is the permittivity of a vacuum. 

Covalent bond - A chemical bond between two atoms whose stability 
results from the sharing of two electrons, one from each atom. 

Cowling number (Co) - A dimensionless quantity used in plasma 
physics, defined by Co = В?/иру?, where р is density, v is velocity, |, 
is permeability, and B is magnetic flux density. [2] 

CPT theorem - A theorem in particle physics which states that any local 
Lagrangian theory that is invariant under proper Lorentz transforma- 
tions is also invariant under the combined operations of charge 
conjugation, C, space inversion, P, and time reversal, T, taken in any 
order. 

Critical point* - In general, the point on the phase diagram of a two-phase 
system at which the two coexisting phases have identical properties 
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and therefore represent a single phase. At the liquid-gas critical point 
of a pure substance, the distinction between liquid and gas vanishes, 
and the vapor pressure curve ends. The coordinates of this point are 
called the critical temperature and critical pressure. Above the critical 
temperature, it is not possible to liquefy the substance. 

Cross section (o)* - A measure of the probability of collision (or other 
interaction) between a beam of particles and a target which it encoun- 
ters. In rough terms it is the effective area the target particles present 
to the incident ones; however, the precise definition depends on the 
nature of the interaction. A general definition of б is the number of 
encounters per unit time divided by nv, where п is the concentration of 
incident particles and v their velocity. 

Crosslink - In polymer science, a small region in a macromolecule from 
which at least four chains emanate, and formed by reactions involving 
sites or groups on existing macromolecules or by interactions between 
existing macromolecules. [8] 

Crown compounds - Macrocyclic polydentate compounds, usually 
uncharged, in which three or more coordinating ring atoms (usually 
oxygen or nitrogen) are or may become suitably close for easy 
formation of chelate complexes with metal ions or other cationic 
species. [5] 

Crust* - The outer layer of the solid earth, above the Mohorovicic 
discontinuity. Its thickness averages about 35 km on the continents and 
about 7 km below the ocean floor. 

Cryoscopic constant (Е;)* - The constant that expresses the amount by 
which the freezing point 7; of a solvent is lowered by а non-dissociat- 
ing solute, through the relation AT; = Ер т, where m is the molality of 
the solute. 

Curie (Ci) - A non-SIunit of radioactivity (disintegrations per unit time), 
equal to 3.7 х 1010 s-t, 

Curie temperature (Тс)* - For а ferromagnetic material, the critical 
temperature above which the material becomes paramagnetic. Also 
applied to the temperature at which the spontaneous polarization 
disappears in a ferroelectric solid. [1] 

Cyanohydrins - Alcohols substituted by a cyano group, most commonly, 
but not limited to, examples having a CN and an OH group attached to 
the same carbon atom. They are formally derived from aldehydes or 
ketones by the addition of hydrogen cyanide. [5] 

Cycloalkanes - Saturated monocyclic hydrocarbons (with or without side 
chains). See alicyclic compounds. Unsaturated monocyclic hydrocar- 
bons having one endocyclic double or one triple bond are called 
cycloalkenes and cycloalkynes, respectively. [5] 

Cyclotron resonance - The resonant absorption of energy from a system 
in which electrons or ions that are orbiting in a uniform magnetic field 
are subjected to radiofrequency or microwave radiation. The reso- 
nance frequency is given by v = eH/21m*c, where eis the elementary 
charge, H is the magnetic field strength, m* is the effective mass of the 
charged particle, and c is the speed of light. The effect occurs in both 
solids (involving electrons or holes) and in low pressure gasses 
(involving ions) 

Dalton (Da) - A name sometimes used in biochemistry for the unified 
atomic mass unit (u). 

De Broglie wavelength - The wavelength associated with the wave 
representation of a moving particle, given by h/mv, where his Planck's 
constant, т the particle mass, and v the velocity. 

De Haas-Van Alphen effect - An effect observed in certain metals and 
semiconductors at low temperatures and high magnetic fields, charac- 
terized by a periodic variation of magnetic susceptibility with field 
strength. 

Debye equation* - The relation between the relative permittivity (dielec- 
tric constant) €,, polarizability о, and permanent dipole moment p іп 
a dielectric material whose molecules are free to rotate. It takes the 


form 
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where р is density, Мл is Avogadro’s number, M is molar mass, and 2) 
is the permittivity of a vacuum. 

Debye length - In the Debye-Hückel theory of ionic solutions, the 
effective thickness of the cloud of ions of opposite charge which 
surrounds each given ion and shields the Coulomb potential produced 
by that ion. 

Debye temperature (05)* - In the Debye model of the heat capacity of 
а crystalline solid, Өр = Лурук, where h is Planck's constant, k is the 
Boltzmann constant, and Ур is the maximum vibrational frequency the 
crystal can support. For Т << Өр, the heat capacity is proportional to 
T. 

Debye unit (D) - A non-SI unit of electric dipole moment used in 
molecular physics, equal to 3.335641 x 10?? C m. 

Debye-Waller factor (D) - The factor by which the intensity of a 
diffraction line is reduced because of lattice vibrations. [1] 

Defect - Any departure from the regular structure of a crystal lattice. A 
Frenkel defect results when an atom or ion moves to an interstitial 
position and leaves behind a vacancy. A Schottky defect involves 
eithera vacancy where the atom has moved to the surface or a structure 
where a surface atom has moved to an interstitial position. 

Degree of polymerization - The number of monomeric units in a 
macromolecule or an oligomer molecule. [8] 

Dendrite - A tree-like crystalline pattern often observed, for example, in 
ice crystals and alloys in which the crystal growth branches repeatedly. 

Density (р)* - In the most common usage, mass density or mass per unit 
volume. More generally, the amount of some quantity (mass, charge, 
energy, etc.) divided by a length, area, or volume. 

Density of states (Nz, p) - The number of one-electron states in an 
infinitesimal interval of energy, divided by the range of that interval 
and by volume. [1] 

Dew point* - The temperature at which liquid begins to condense as the 
temperature of a gas mixture is lowered. In meteorology, it is the 
temperature at which moisture begins to condense on a surface in 
contact with the air. 

Diamagnetism - A type of magnetism characterized by a negative 
magnetic susceptibility, so that the material, when placed in an 
external magnetic field, becomes weakly magnetized in the direction 
opposite to the field. This magnetization is independent of tempera- 
ture. 

Diazo compounds - Compounds having the divalent diazo group, 
zN*zN, attached to a carbon atom, e.g., СН;-М; diazomethane. 
[5] 

Dielectric constant (£)* - Ratio of the electric displacement in a medium 
to the electric field strength. Also called permittivity. [1] 

Dienes - Compounds that contain two fixed double bonds (usually 
assumed to be between carbon atoms). Dienes in which the two 
double-bond units are linked by one single bond are termed conju- 
gated. [5] 

Differential scanning calorimetry (DSC) - See Techniques for Materi- 
als Characterization, page 12-1. 

Differential thermal analysis (DTA) - See Techniques for Materials 
Characterization, page 12-1. 

Diffusion* - The migration of atoms, molecules, ions, or other particles 
as aresult of some type of gradient (concentration, temperature, etc.). 

Diopter - A unit used in optics, formally equal to nr!. It is used in 
expressing dioptic power, which is the reciprocal of the focal length of 
a lens. 

Dipole moment, electric (p,LU* - For a distribution of equal positive and 
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negative charge, the magnitude of the dipole moment vector is the 
positive charge multiplied by the distance between the centers of 
positive and negative charge distribution. The direction is given by the 
line from the center of negative charge to the center of positive charge. 

Dipole moment, magnetic (m,U) - Formally defined in electromagnetic 
theory as a vector quantity whose vector product with the magnetic 
flux density equals the torque. The magnetic dipole generated by a 
current 1 flowing in a small loop of area A has a magnetic moment of 
magnitude /A. In atomic and nuclear physics, a magnetic moment is 
associated with the angular momentum of a particle; e.g., an electron 
with orbital angular momentum / exhibits a magnetic moment of -el/ 
2m, where e is the elementary charge and т, the mass of the electron. 
[1] 

Disaccharides - Compounds іп which two monosaccharides аге joined 
by a glycosidic bond. [5] 

Dislocation - An extended displacement of a crystal from a regular lattice. 
An edge dislocation results when one portion of the crystal has 
partially slipped with respect to the other, resulting in an extra plane 
of atoms extending through part of the crystal. A screw dislocation 
transforms successive atomic planes into the surface of a helix. 

Dispersion - Splitting of a beam of light (or other electromagnetic 
radiation) of mixed wavelengths into the constituent wavelengths as a 
result of the variation of refractive index of the medium with wave- 
length. 

Dissociation constant* - The equilibrium constant for a chemical reac- 
tion in which a compound dissociates into its constituent parts. 

Dissociation energy (D,)* - For a diatomic molecule, the difference 
between the energies of the free atoms at rest and the minimum in the 
potential energy curve. The term bond dissociation energy (Do), which 
can be applied to polyatomic molecules as well, is used for the 
difference between the energies of the fragments resulting when a 
bond is broken and the energy of the original molecule in its lowest 
energy state. The term bond strength implies differences in enthalpy 
rather than energy. 

Domain - A small region of a solid in which the magnetic or electric 
moments of the individual units (atoms, molecules, or ions) are aligned 
in the same direction. 

Domain wall - The transition region between adjacent ferromagnetic 
domains, generally a layer with a thickness of a few hundred angstrém 
units. Also called Bloch wall. 

Doppler effect - The change in the apparent frequency of a wave (sound, 
light, or other) when the source of the wave is moving relative to the 
observer. 

Dose equivalent (H) - The product of the absorbed dose of radiation at a 
point of interest in tissue and various modifying factors which depend 
on the type of tissue and radiation. [1] 

Drift velocity - The velocity of charge carriers (electrons, ions, etc.) 
moving under the influence of an electric field in a medium which 
subjects the carriers to some frictional force. 

Dyne (dyn) - A non-SI (cgs) unit of force, equal to 10? N. 

Ebullioscopic constant (E,)* - The constant that expresses the amount 
by which the boiling point Т, of a solvent is raised by a non- 
dissociating solute, through the relation АТ, = Ey m, where m is the 
molality of the solute. 

Eddy currents - Circulating currents set up in conducting bulk materials 
or sheets by varying magnetic fields. 

Effinghausen effect - The appearance of a temperature gradient in a 
current carrying conductor that is placed in a transverse magnetic field. 
The direction of the gradient is perpendicular to the current and the 
field. 

Eigenvalue - An allowed value of the constant a in the equation Au = au, 
where A is an operator acting on a function и (which is called an 


eigenfunction). In quantum mechanics, the outcome of any observa- 
tion is an eigenvalue of the corresponding operator. Also called 
characteristic value. 

Einstein - A non-SI unit used in photochemistry, equal to one mole of 
photons. 

Einstein temperature (Өу) - In the Einstein theory of the heat capacity 
of a crystalline solid, Oy ЛУ/К, where h is Planck’s constant, k is the 
Boltzmann constant, and v is the vibrational frequency of the crystal. 

Einstein transition probability - A constant in the Einstein relation Aj 
+ Bip for the probability of a transition between two energy levels i and 
J in a radiation field of energy density p. The А, coefficient describes 
the probability of spontaneous emission, while Bj; and Bj; govern the 
probability of stimulated emission and absorption, respectively (В; = 
B). 

Elastic limit - The greatest stress which a materialis capable of sustaining 
without any permanent strain remaining after complete release of the 
stress. [10] 

Elastic modulus - See Young's modulus. 

Electric charge (Q) - The quantity of electricity; i.e., the property that 
controls interactions between bodies through electrical forces. 

Electric current (Т) - The charge passing through a circuit per unit time. 
Ш 

Electric displacement (D) - А vector quantity whose magnitude equals 
the electric field strength multiplied by the permittivity of the medium 
and whose direction is the same as that of the field strength. 

Electric field strength (Е) - The force exerted by an electric field on a 
point charge divided by the electric charge. [1] 

Electric potential (V) - A scalar quantity whose gradient is equal to the 
negative of the electric field strength. 

Electrical conductance - See Conductance 

Electrical resistance - See Resistance 

Electrical resistivity - See Resistivity. 

Electrochemical series* - An arrangement of reactions which produce ог 
consume electrons in an order based on standard electrode potentials. 
A common arrangement places metals in decreasing order of their 
tendency to give up electrons. 

Electrode potential* - The electromotive force of a cell in which the 
electrode on the left is the standard hydrogen electrode and that on the 
right is the electrode in question. [2] 

Electrolysis - The decomposition of a substance as a result of passing an 
electric current between two electrodes immersed in the sample. 

Electromotive force (emf) - The energy supplied by a source divided by 
the charge transported through the source. [1] 

Electron* - An elementary particle in the family of leptons, with negative 
charge and spin of 1/2. 

Electron affinity* - The energy difference between the ground state of a 
gas-phase atom or molecule and the lowest state of the corresponding 
negative ion. 

Electron cyclotron resonance (ECR) - See Techniques for Materials 
Characterization, page 12-1. 

Electron energy loss spectroscopy (EELS) - See Techniques for Mate- 
rials Characterization, page 12-1. 

Electron nuclear double resonance (ENDOR) - See Techniques for 
Materials Characterization, page 12-1. 

Electron paramagnetic resonance (EPR) - See Techniques for Materi- 
als Characterization, page 12-1. 

Electron probe microanalysis (EPMA) - See Techniques for Materials 
Characterization, page 12-1. 

Electron spectroscopy for chemical analysis (ESCA) - See Techniques 
for Materials Characterization, page 12-1. 

Electron spin (s) - The quantum number, equal to 1/2, that specifies the 
intrinsic angular momentum of the electron. 


2-44 


DEFINITIONS OF SCIENTIFIC TERMS (continued) 


Electron stimulated desorption (ESD) - See Techniques for Materials 
Characterization, page 12-1. 

Electron volt (eV)* - A non-SIunit of energy used in atomic and nuclear 
physics, equal to approximately 1.602177 х 10-19 7. The electron volt 
is defined as the kinetic energy acquired by an electron upon accelera- 
tion through a potential difference of 1 V. [1] 

Electronegativity* - A parameter originally introduced by Pauling 
which describes, on a relative basis, the power of an atom or group of 
atoms to attract electrons from the same molecular entity. [3] 

Electrophoresis - The motion of macromolecules or colloidal particles in 
an electric field. [3] 

Emissivity (£)* - Ratio of the radiant flux emitted per unit area to that of 
an ideal black body at the same temperature. Also called emittance. [1] 

Emu - The electromagnetic system of units, based upon the cm, g, and s 
plus the emu of current (sometimes called the abampere). 

Enantiomers - A chiral molecule and its non-superposable mirror image. 
The two forms rotate the plane of polarized light by equal amounts in 
opposite directions. Also called optical isomers. 

Energy (Е, U)* - The characteristic of a system that enables it to do work. 

Energy gap* - In the theory of solids, the region between two energy 
bands, in which no bound states can occur. 

Enols, alkenols - The term refers specifically to vinylic alcohols, which 
have the structure НОСВ’=СВ.. Enols are tautomeric with aldehydes 
(R’ = H) or ketones (R’ not equal to H). [5] 

Enthalpy (Н)* - A thermodynamic function, especially useful when 
dealing with constant-pressure processes, defined by Н = E + PV, 
where E is energy, P pressure, and V volume. [1] 

Enthalpy of combustion* - The enthalpy change in a combustion 
reaction. Its negative is the heat released in combustion. 

Enthalpy of formation, standard* - The enthalpy change for the 
reaction in which a substance is formed from its constituent elements, 
each in its standard reference state (normally refers to 1 mol, some- 
times to 1 g, of the substance). 

Enthalpy of fusion* - The enthalpy change in the transition from solid to 
liquid state. 

Enthalpy of sublimation - The enthalpy change in the transition from 
solid to gas state. 

Enthalpy of vaporization* - The enthalpy change in the transition from 
liquid to gas state. 

Entropy (5)* - A thermodynamic function defined such that when a small 
quantity of heat dQ is received by a system at temperature T, the 
entropy of the system is increased by dQ/T, provided that no irrevers- 
ible change takes place in the system. [1] 

Entropy unit (e.u.) - A non-SI unit of entropy, equal to 4.184 J/K mol. 

Ephemeris time - Time measured in tropical years from January 1, 1900. 

Epoxy compounds - Compounds in which an oxygen atom is directly 
attached to two adjacent or non-adjacent carbon atoms of a carbon 
chain or ring system; thus cyclic ethers. [5] 

Equation of continuity - Any ofa class of equations that express the fact 
that some quantity (mass, charge, energy, etc.) cannot be created or 
destroyed. Such equations typically specify that the rate of increase of 
the quantity in a given region of space equals the net current of the 
quantity flowing into the region. 

Equation of state* - An equation relating the pressure, volume, and 
temperature of a substance or system. 

Equilibrium constant (K)* - For a chemical reaction aA + БВ 1 cC 
+ dD, the equilibrium constant is defined by: 


where а,18 the activity of component i. To a certain approximation, the 
activities can be replaced by concentrations. The equilibrium constant 


is related to A,G°, the standard Gibbs energy change in the reaction, by 
RT ШК = -A,G°. 

Equivalent conductance - See Conductivity, electrical 

Erg (erg) - А non-SI (cgs) unit of energy, equal to 1077 J. 

Esters - Compounds formally derived from an oxoacid RC(=O)(OH) and 
an alcohol, phenol, heteroarenol, or enol by linking, with formal loss 
of water from an acidic hydroxy group of the former and a hydroxy 
group of the latter. [5] 

Esu - The electrostatic system of units, based upon the cm, о, and s plus 
the esu of charge (sometimes called the statcoulomb or franklin). 
Ethers - Compounds with formula ROR, where R is not equal to H. [5] 
Euler number (Eu) - A dimensionless quantity used in fluid mechanics, 
defined by Eu - Ар/ру?, where p is pressure, p is density, and v is 

velocity. [2] 

Eutectic - The point on a two-component solid-liquid phase diagram 
which represents the lowest melting point of any possible mixture. A 
liquid having the eutectic composition will freeze at a single tempera- 
ture without change of composition. 

Excitance (M) - Radiant energy flux leaving an element of a surface 
divided by the area of that element. [1] 

Exciton - A localized excited state consisting of a bound electron-hole 
pair in a molecular or ionic crystal. The exciton can propagate through 
the crystal. 

Exosphere - The outermost part of the earth's atmosphere, beginning at 
about 500 to 1000 km above the surface. Itis characterized by densities 
so low that air molecules can escape into outer space. 

Expansion coefficient - See thermal expansion coefficient. 

Extended electron energy loss fine structure (EXELFS) - See Tech- 
niques for Materials Characterization, page 12-1. 

Extended x-ray absorption fine structure (EXAFS) - See Techniques 
for Materials Characterization, page 12-1. 

Extinction coefficient - See Absorption coefficient, molar 

F-Center - See Color center 

Fahrenheit temperature (°F) - The temperature scale based оп the 
assignment of 32?F = 0°С and a temperature interval of °F =(5/9)°С; 
i.e., t/?F = (9/5)t/°C + 32. 

Farad (F)* - The SI unit of electric capacitance, equal to C/V. [1] 

Faraday constant (F)* - The electric charge of 1 mol of singly charged 
positive ions; i.e., F = Nae, where д is Avogadro's constant and e is 
the elementary charge. [1] 

Faraday effect* - The rotation of the plane of plane-polarized light by a 
medium placed in a magnetic field parallel to the direction of the light 
beam. The effect can be observed in solids, liquids, and gasses. 

Fatty acids - Aliphatic monocarboxylic acids derived from or contained 
in esterified form in an animal or vegetable fat, oil, or wax. Natural 
fatty acids commonly have a chain of 4 to 28 carbons (usually 
unbranched and even-numbered), which may be saturated or unsatur- 
ated. By extension, the term is sometimes used to embrace all acyclic 
aliphatic carboxylic acids. [5] 

Fermat's principle - The law that a ray of light traversing one or more 
media will follow a path which minimizes the time required to pass 
between two given points. 

Fermi (f) - Name sometimes used in nuclear physics for the femtometer. 

Fermi level - The highest energy of occupied states in a solid at zero 
temperature. Sometimes called Fermi energy. The Fermi surface is the 
surface in momentum space formed by electrons occupying the Fermi 
level. 

Fermi resonance - An effect observed in vibrational spectroscopy when 
an overtone of one fundamental vibration closely coincides in energy 
with another fundamental of the same symmetry species. It leads to a 
splitting of vibrational bands. 

Fermi-Dirac distribution - A modification of the Boltzmann distribu- 
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tion which takes into account the Pauli exclusion principle. The 
number of particles of energy Eis proportional to [е УК ] -! , where 
u is a normalization constant, k the Boltzmann constant, and Т the 
temperature. The distribution is applicable to a system of fermions. 

Fermion - A particle that obeys Fermi-Dirac statistics. Specifically, any 
particle with spin equal to an odd multiple of 1/2. Examples are the 
electron, proton, neutron, muon, etc. 

Ferrimagnetism* - A type of magnetism in which the magnetic moments 
of atoms in a solid are ordered into two nonequivalent sublattices with 
unequal magnetic moments, leading to a nonzero magnetic suscepti- 
bility. 

Ferrite - A ferrimagnetic material of nominal formula MFe;O;, where М 
isadivalent metal; widely used in microwave switches and other solid 
state devices. 

Ferroelectricity* - The retention of electric polarization by certain 
materials after the external field that produced the polarization has 
been removed. 

Ferromagnetism* - A type of magnetism in which the magnetic mo- 
ments of atoms in a solid are aligned within domains which can in turn 
be aligned with each other by a weak magnetic field. Some ferromag- 
netic materials can retain their magnetization when the external field 
is removed, as long as the temperature is below a critical value, the 
Curie temperature. They are characterized by a large positive magnetic 
susceptibility. 

Fick’s law - The statement that the flux J of a diffusing substance is 
proportional to the concentration gradient, i.e., J=-D(dc/dx), where D 
is called the diffusion coefficient. 

Field - A mathematical construct which describes the interaction between 
particles resulting from gravity, electromagnetism, or other physical 
phenomena. In classical physics a field is described by equations. 
Quantum field theory introduces operators to represent the physical 
observables. 

Field emission microscopy (FEM) - See Techniques for Materials 
Characterization, page 12-1. 

Field ion microscopy (FIM) - See Techniques for Materials Character- 
ization, page 12-1. 

Fine structure - The splitting in spectral lines that results from interac- 
tions of the electron spin with the orbital angular momentum. 

Fine structure constant (0)* - Defined as e?/2hc€ , where e is the 
elementary charge, h Planck's constant, c the speed of light, and ёр the 
permittivity of a vacuum. It is a measure of the strength of the 
electromagnetic interaction between particles. 

First radiation constant (с) - Constant (= 27hc?) in the equation for the 
radiant excitance М; of a black body: 
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where À is the wavelength, T is the temperature, and c> = hc/k is the 
second radiation constant. 

Flash point - The lowest temperature at which vapors above a volatile 
combustible substance will ignite in air when exposed to a flame. [10] 

Fluence (F) - Term used in photochemistry to specify the energy per unit 
area delivered т a given time interval, for example by a laser pulse. [2] 

Fluorocarbons - Compounds consisting solely of fluorine and carbon. 
[5] 

Fluxoid - The quantum of magnetic flux in superconductivity theory, 
equal to hc/2e, where his Planck's constant, с the velocity of light, and 
e the elementary charge. 

Force (F) - The rate of change of momentum with time. [1] 

Force constants (f, k)* - In molecular vibrations, the coefficients in the 
expression ofthe potential energy in terms of atom displacements from 
their equilibrium positions. In a diatomic molecule, f= d?V/dr?, where 
V(r) is the potential energy and r is the interatomic distance. [2] 


Fourier number (Fo) - A dimensionless quantity used in fluid mechan- 
ics, defined by Fo = ап, where a is thermal diffusivity, t is time, and 
118 length. [2] 

Fourier transform infrared spectroscopy (FTIR) - A technique for 
obtaining an infrared spectrum by use of an interferometer in which the 
path length of one of the beams is varied. A Fourier transformation of 
the resulting interferogram yields the actual spectrum. The technique 
is also used for NMR and other types of spectroscopy. 

Fractals - Geometrical objects that are self-similar under a change of 
scale; i.e., they appear similar at all levels of magnification. They can 
be considered to have fractional dimensionality. Examples occur in 
diverse fields such as geography (rivers and shorelines), biology 
(trees), and solid state physics (amorphous materials). 

Franck-Condon principle - An important principle in molecular spec- 
troscopy which states that the nuclei in a molecule remain essentially 
stationary while an electronic transition is taking place. The physical 
interpretation rests on the fact that the electrons move much more 
rapidly than the nuclei because of their much smaller mass. 

Franklin (Fr) - Name sometimes given to the unit of charge in the esu 
system. 

Fraunhofer diffraction - Diffraction of light in situations where the 
source and observation point are so far removed that the wave surfaces 
may be considered planar. 

Fraunhofer lines - Sharp absorption lines in the spectrum of sunlight, 
caused by absorption of the solar blackbody radiation by atoms near 
the sun’s surface. 

Free radical - See Radicals. The term “free radical” is often used more 
broadly for molecules that have a paramagnetic ground state (e.g., О;) 
and sometimes for any transient or highly reactive molecular species. 

Freezing point - See Melting point 

Frequency (v)* - Number of cycles of a periodic phenomenon divided by 
time. [1] 

Fresnel diffraction - Diffraction of light in a situation where the source 
and observation point are sufficiently close together that the curvature 
of the wave surfaces must be taken into account. 

Froude number (Fr) - A dimensionless quantity used in fluid mechanics, 
defined by Fr = v/(Ig)!?, where v is velocity, l is length, and g is 
acceleration due to gravity. [2] 

Fugacity (fp) - For a gas mixture, the fugacity of component B is defined 
as the absolute activity Ag times the limit, as the pressure p approaches 
zero at constant temperature, of рв/Ав. [2] 

Fullerenes - Compounds composed solely of an even number of carbon 
atoms, which form a cage-like fused-ring polycyclic system with 
twelve five-membered rings and the rest six-membered rings. The 
archetypal example is [60]fullerene, where the atoms and bonds 
delineate a truncated icosahedron. The term has been broadened to 
include any closed cage structure consisting entirely of three-coordi- 
nate carbon atoms. [5] 

Fulvalenes - The hydrocarbon fulvalene and its derivatives formed by 
substitution (and by extension, analogues formed by replacement of 
one or more carbon atoms of the fulvalene skeleton by a heteroatom). 
[5] 

Fulvenes - The hydrocarbon fulvene and its derivatives formed by 
substitution (and by extension, analogues formed by replacement of 
опе ог more carbon atoms of the fulvene skeleton by a heteroatom). [5] 

Fundamental vibrational frequencies* - In molecular spectroscopy, 
the characteristic vibrational frequencies obtained when the vibra- 
tional energy is expressed in normal coordinates. They determine the 
primary features of the infrared and Raman spectra of the molecule. 

y- Name sometimes used for microgram. 

y-rays* - Electromagnetic radiation (photons) with energy greater than 
about 0.1 MeV (wavelength less than about 1 pm). 

g-Factor of the electron* - The proportionality factor in the equation 
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relating the magnetic moment u of an electron to its total angular 
momentum quantum number J, i.e., И = -gugJ, where ив is the Bohr 
magneton. Also called Landé factor. 

Gal - A non-SIunit of acceleration, equal to 0.01 m/s. Also called galileo. 

Gallon (US) - A unit of volume equal to 3.785412 L. 

Gallon (UK, Imperial) - A unit of volume equal to 4.546090 L. 

Gauss (С) - A non-SI unit of magnetic flux density (B) equal to 104 T. 

Gaussian system of units - A hybrid system used in electromagnetic 
theory, which combines features of both the esu and emu systems. 

Gel - A colloidal system with a finite, but usually rather small, yield stress 
(the sheer stress at which yielding starts abruptly). [3] 

Genetic code* - The set of relations between each of the 64 codons of 
DNA and a specific amino acid (or other genetic instruction). 

Gibbs energy (G)* - An important function in chemical thermodynam- 
ics, defined by С = H-TS, where H is the enthalpy, S the entropy, and 
T the thermodynamic temperature. Sometimes called Gibbs free 
energy апа, in older literature, simply “free energy". [2] 

Gibbs phase rule - The relation F = C - P + 2, where C is the number of 
components in a mixture, P is the number of phases, and F is the 
degrees of freedom, i.e., the number of intensive variables that can be 
changed independently without affecting the number of phases. 

Glass transition temperature* - The temperature at which an amor- 
phous polymer is transformed, in a reversible way, from a viscous or 
rubbery condition to a hard and relatively brittle one. [10] 

Glow discharge mass spectroscopy (GDMS) - See Techniques for 
Materials Characterization, page 12-1. 

Gluon - A hypothetical particle postulated to take part in the binding of 
quarks, in analogy to the role of the photon in electromagnetic 
interactions. 

Glycerides - Esters of glycerol (propane-1,2,3-triol) with fatty acids, 
widely distributed in nature. They are by long-established custom 
subdivided into triglycerides, 1,2- or 1,3-diglycerides, and 1- or 2- 
monoglycerides, according to the number and positions of acyl groups. 
[5] 

Glycols - Dihydric alcohols in which two hydroxy groups are on different 
carbon atoms, usually but not necessarily adjacent. Also called diols. 
[5] 

Grain (gr) - A non-SI unit of mass, equal to 64.79891 mg. 

Grain boundary - The interface between two regions of different crystal 
orientation. 

Grashof number (Gr) - A dimensionless quantity used in fluid mechan- 
ics, defined by Gr = P gaATp?/m?, where T is temperature, p is density, 
lis length, т is viscosity, © is cubic expansion coefficient, and g is 
acceleration of gravity. [2] 

Gravitational constant (G)* - The universal constant in the equation for 
the gravitational force between two particles, F = Gmimb-/r2, where ғ 
is the distance between the particles and m, and т» are their masses. 
[1] 

Gray (Gy)* - The SI unit of absorbed dose of radiation, equal to J/kg. [1] 

Gregorian calendar - The modification ofthe Julian calendar introduced 
in 1582 by Pope Gregory XII which specified that a year divisible by 
100 is a leap year only if divisible by 400. 

Grignard reagents - Organomagnesium halides, RMgX, having a car- 
bon-magnesium bond (or their equilibrium mixtures in solution with 
RMg + MgX)). [5] 

Gruneisen parameter (y) - Defined by у = ак cy p, where Оу is the 
cubic thermal expansion coefficient, к is the isothermal compressibil- 
ity, cyisthe specific heat capacity at constant volume, and p is the mass 
density. yis independent of temperature for most crystalline solids. [1] 

Gyromagnetic ratio (у) - Ratio of the magnetic moment of a particle to 
its angular momentum. Also called magnetogyric ratio. 

Hadron - Any elementary particle that can take part in the strong 


interaction. Hadrons are subdivided into baryons, with odd half integer 
spins, and mesons, which have zero or integral spin. 

Hall effect* - The development of a transverse potential difference V in 
a conducting material when subjected to a magnetic field H perpen- 
dicular to the direction of the current. The potential difference is given 
by У = Ry ВЛ, where B is the magnetic induction, J the current density, 
t the thickness of the specimen in the direction of the potential 
difference, and Кн is called the Hall coefficient. 

Halocarbon - A compound containing no elements other than carbon, 
hydrogen, and one or more halogens. In common practice, the term is 
used mainly for compounds of no more than four or five carbon atoms. 

Halogens - The elements F, Cl, Br, I, and At. Compounds of these 
elements are called halogenides or halides. [7] 

Hamiltonian (H) - An expression for the total energy of a mechanical 
system in terms of the momenta and positions of constituent particles. 
In quantum mechanics, the Hamiltonian operator appears in the 
eigenvalue equation Hy- Ey, where E is an energy eigenvalue and y 
the corresponding eigenfunction. 

Hardness* - The resistance of a material to deformation, indentation, or 
scratching. Hardness is measured on various scales, such as Mohs, 
Brinell, Knoop, Rockwell, and Vickers. [10] 

Hartmann number (На) - A dimensionless quantity used in plasma 
physics, defined by На = ВІ(к/т)!?, where B is magnetic flux density, 
lis length, к is electric conductivity, and т is viscosity. [2] 

Hartree (E,)* - An energy unit used in atomic and molecular science, 
equal to approximately 4.3597482 х 10:18 1. 

Hartree-Fock method - A iterative procedure for solving the Schrodinger 
equation for an atom or molecule in which the equation is solved for 
each electron in an initial assumed potential from all the other 
electrons. The new potential that results is used to repeat the calcula- 
tion and the procedure continued until convergence is reached. Also 
called self-consistent field (SCF) method. 

Heat capacity* - Defined in general as dQ/dT, where dQ is the amount 
of heat that must be added to a system to increase its temperature by 
a small amount dT. The heat capacity at constant pressure is С, = (0H/ 
ӘТ)»; that at constant volume is Cy = (дЕ/ОТуу, where H is enthalpy, 
E is internal energy, p is pressure, V is volume, and T' is temperature. 
An upper case C normally indicates the molar heat capacity, while a 
lower case c is used for the specific (per unit mass) heat capacity. [1] 

Heat of formation, vaporization, etc. - See corresponding terms under 
Enthalpy. 

Hectare (ha) - A unit of area equal to 104 m2. [1] 

Heisenberg uncertainty principle - The statement that two observable 
properties of a system that are complementary, in the sense that their 
quantum-mechanical operators do not commute, cannot be specified 
simultaneously with absolute precision. An example is the position 
and momentum ofa particle; according to this principle, the uncertain- 
ties in position Aq and momentum Ap must satisfy the relation ApAq 
> h/An, where h is Planck's constant. 

Heitler-London model - An early quantum-mechanical model of the 
hydrogen atom which introduced the concept of the exchange interac- 
tion between electrons as the primary reason for stability of the 
chemical bond. 

Helicon - A low-frequency wave generated when a metal at low tempera- 
ture is exposed to a uniform magnetic field and a circularly polarized 
electric field. 

Helmholz energy (A) - A thermodynamic function defined by А- E-TS, 
where E is the energy, 5 the entropy, and T the thermodynamic 
temperature. [2] 

Hemiacetals - Compounds having the general formula RxC(OH)OR’ (R 
not equal to H). [5] 

Henry (H)* - The SI unit of inductance, equal to Wb/A. [1] 
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Henry's law * - An expression which applies to an ideal dilute solution 
in which one or more gasses are dissolved, viz., p; = H;x;, where p; is 
the partial pressure of component i above the solution, x; is its mole 
fraction in the solution, and H; is the Henry's law constant (a charac- 
teristic of the given gas and solvent, as well as the temperature). 

Hermitian operator - An operator А that satisfies the relation | Um *Au,dx 
= (Í u,*Au,, dx)*, where * indicates the complex conjugate. The 
eigenvalues of Hermitian operators are real, and eigenfunctions be- 
longing to different eigenvalues are orthogonal. 

Hertz (Hz) - The SI unit of frequency, equal to s'!. [1] 

Heterocyclic compounds - Cyclic compounds having as ring members 
atoms of at least two different elements, e.g., quinoline, 1,2-thiazole, 
bicyclo[3.3.1 ]tetrasiloxane. [5] 

Heusler alloys - Alloys of manganese, copper, aluminum, nickel, and 
sometimes other metals which find important uses as permanent 
magnets. 

Holography - A technique for creating a three-dimensional image of a 
object by recording the interference pattern between a light beam 
diffracted from the object and a reference beam. The image can be 
reconstructed from this pattern by a suitable optical system. 

Homopolymer - A polymer derived from one species of (real, implicit, 
or hypothetical) monomer. [8] 

Hooke's law - The statement that the ratio of stress to strain is a constant 
in a totally elastic medium. 

Horse power - A non-SI unit of energy, equal to approximately 746 W. 

Hubble constant - The ratio ofthe recessional velocity of an extragalactic 
object to the distance of that object. Its value is about 2 x 10-18 571. 

Huckel theory - A simple approximation for calculating the energy of 
conjugated molecules in which only the resonance integrals between 
neighboring bonds are considered. Also called CNDO method (com- 
plete neglect of differential overlap). 

Hume-Rothery rules - A set of empirical rules for predicting the 
occurrence of solid solutions in metallic systems. The rules involve 
size, crystal structure, and electronegativity. 

Hund's rules - A series of rules for predicting the sequence of energy 
states in atoms and molecules. One of the important results is that when 
two electrons exist in different orbitals, the state with their spins 
parallel (triplet state) lies at lower energy than the state with antipar- 
allel spins (singlet). 

Hydrazines - Hydrazine (diazane), Н,ММН,, and its hydrocarbyl deriva- 
tives. When one or more substituents are acyl groups, the compound 
is a hydrazide. [5] 

Hydrocarbon - A compound containing only carbon and hydrogen. [5] 

Hydrolysis - A reaction occurring in water in which a chemical bond is 
cleaved and a new bond formed with the oxygen atom of water. 

Hyperfine structure - Splitting of energy levels and spectral lines into 
several closely spaced components as a result of interaction of nuclear 
spin angular momentum with other angular momenta in the atom or 
molecule. 

Hysteresis* - An irreversible response of a system (parameter A) as a 
function of an external force (parameter F), usually symmetric with 
respect to the origin of the A vs. F graph after the initial application of 
the force. А common example is magnetic induction vs. magnetic field 
strength in a ferromagnet. 

Ideal gas law - The equation of state pV = RT, which defines an ideal gas, 
where p is pressure, V molar volume, T temperature, and R the molar 
gas constant. 

Ideal solution - A solution in which solvent-solvent and solvent-solute 
interactions are identical, so that properties such as volume and 
enthalpy are exactly additive. Ideal solutions follow Raoult's law, 
which states that the vapor pressure p; of component i is p; = xjpj*, 
where x; is the mole fraction of component i and р," the vapor pressure 
of the pure substance i. 


Ignition temperature* - The lowest temperature at which combustion of 
amaterial will occur spontaneously under specified conditions. Some- 
times called autoignition temperature, kindling point. [10] 

Imides - Diacyl derivatives of ammonia or primary amines, especially 
those cyclic compounds derived from diacids. Also used for salts 
having the anion ВМ... [5] 

Impedence (Z) - The complex representation of potential difference 
divided by the complex representation of current. In terms of reactance 
X and resistance К, the impedance is given by Z = R + iX. [1] 

Index of refraction (п)* - For a non-absorbing medium, the ratio of the 
velocity of electromagnetic radiation in vacuo to the phase velocity of 
radiation of a specified frequency in the medium. [1] 

Inductance - The ratio of the electromagnetic force induced in a coil by 
a current to the rate of change of the current. 

Inductive coupled plasma mass spectroscopy (ICPMS) - See Tech- 
niques for Materials Characterization, page 12-1. 

Inertial defect - In molecular spectroscopy, the quantity 1,-1,-1, for a 
molecule whose equilibrium configuration is planar, where 1,, І, and 
Г. are the effective principal moments of inertia. The inertial defect for 
arigid planar molecule would be zero, but vibration-rotation interac- 
tions in a real molecule lead to a positive inertial defect. 

Insulator - A material in which the highest occupied energy band 
(valence band) is completely filled with electrons, while the next 
higher band (conduction band) is empty. Solids with an energy gap of 
5 eV or more are generally considered as insulators at room tempera- 
ture. Their conductivity is less than 10% S/m and increases with 
temperature. 

Intercalation compounds - Compounds resulting from reversible inclu- 
sion, without covalent bonding, of one kind of molecule in a solid 
matrix of another compound, which has a laminar structure. The host 
compound, a solid, may be macromolecular, crystalline, or amor- 
phous. [5] 

International System of Units (SI)* - The unit system adopted by the 
General Conference on Weights and Measures in 1960. It consists of 
seven base units (meter, kilogram, second, ampere, kelvin, mole, 
candela), plus derived units and prefixes. [1] 

International Temperature Scale (ITS-90)* - The official international 
temperature scale adopted in 1990. It consists of a set of fixed points 
and equations which enable the thermodynamic temperature to be 
determined from operational measurements. [9] 

Ion - An atomic or molecular particle having a net electric charge. [3] 

Ion exchange - A process involving the adsorption of one or several ionic 
species accompanied by the simultaneous desorption (displacement) 
of one or more other ionic species. [3] 

Ion neutralization spectroscopy (INS) - See Techniques for Materials 
Characterization, page 12-1. 

Ionic strength (Г) - A measure of the total concentration of ions in a 
solution, defined by J = 1/25; 22т;, where г; is the charge of ionic 
species i and т; is its molality. For a 1-1 electrolyte at molality m, I = 
m. 

Ionization constant* - The equilibrium constant for a reaction in which 
a substance in solution dissociates into ions. 

Ionization potential* - The minimum energy required to remove an 
electron from an isolated atom or molecule (in its vibrational ground 
state) in the gaseous phase. More properly called ionization energy. [3] 

Irradiance (Е) - The radiant energy flux incident оп an element of a 
surface, divided by the area of that element. [1] 

Isentropic process - A thermodynamic process in which the entropy of 
the system does not change. 

Ising model - A model describing the coupling between two atoms in a 
ferromagnetic lattice, in which the interaction energy is proportional 
tothe negative ofthe product of the spin components along a specified 
axis. 
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Isobar - A line connecting points of equal pressure on a graphical 
representation of a physical system. 

Isochore - A line or surface of constant volume on a graphical represen- 
tation of a physical system. 

Isoelectric point* - The pH of a solution or dispersion at which the net 
charge on the macromolecules or colloidal particles is zero. In electro- 
phoresis there is no motion of the particles in an electric field at the 
isoelectric point. 

Isomers - In chemistry, compounds that have identical molecular formu- 
las but differ in the nature or sequence of bonding of their atoms or in 
the arrangement of their atoms in space. In physics, nuclei of the same 
atomic number Z and mass number A but in different energy states. [3] 

Isomorphs - Substances of different chemical nature but having the same 
crystal structure. 

Isotactic macromolecule - A tactic macromolecule, essentially compris- 
ing only one species of repeating unit which has chiral or prochiral 
atoms in the main chain in a unique arrangement with respect to its 
adjacent constitutional units. [8] 

Isotherm - A line connecting points of equal temperature on a graphical 
representation of a physical system. 

Isothermal process - A thermodynamic process in which the temperature 
of the system does not change. 

Isotones - Nuclides having the same neutron number N but different 
atomic number Z. [3] 

Isotopes - Two or more nuclides with the same atomic number Z but 
different mass number A. The term is sometimes used synonymously 
with nuclide, but it is preferable to reserve the word nuclide for a 
species of specific Z and A. [3] 

Jahn-Teller effect - An interaction of vibrational and electronic motions 
in a nonlinear molecule which removes the degeneracy of certain 
electronic energy levels. It can influence the spectrum, crystal struc- 
ture, and magnetic properties of the substance. 

Johnson noise - Electrical noise generated by random thermal motion of 
electrons in a conductor or semiconductor. Also called thermal noise. 

Josephson effect - The tunneling of electron pairs through a thin insulat- 
ing layer which separates two superconductors. When a potential 
difference is applied to the superconductors, an alternating current is 
generated whose frequency is precisely proportional to the potential 
difference. This effect has important applications in metrology and 
determination of fundamental physical constants. 

Joule (J)* - The SI unit of energy, equal to N m. [1] 

Joule-Thomson coefficient (U) - A parameter which describes the 
temperature change when a gas expands adiabatically through a nozzle 
from a high pressure to a low pressure region. It is defined by u = (0T/ 
Op), where Н is enthalpy. 

Julian calendar - The calendar introduced by Julius Caeser in 46 B.C. 
which divided the year into 365 days witha leap year of 366 days every 
fourth year. 

Julian date (JD) - The number of days elapsed since noon Greenwich 
Mean Time on January 1, 4713 B.C. Thus January 1, 2000, Oh 
(midnight) will be JD 2,451,543.5. This dating system was introduced 
by Joseph Scaliger in 1582. 

Kaon - One of the elementary particles in the family of mesons. Kaons 
have a spin of zero and may be neutral or charged. 

Kelvin (K)* - The SI base unit of thermodynamic temperature. [1] 

Kepler’s laws - The three laws of planetary motion, which established the 
elliptical shape of planetary orbits and the relation between orbital 
dimensions and the period of rotation. 

Kerr effect* - An electrooptical effect in which birefringence is induced 
іп а Паша or gas when a strong electric field is applied perpendicular 
to the direction of an incident light beam. The Kerr constant k is given 
by ni-n, = kAE?, where À is the wavelength, Е is the electric field 


strength, and n; and п» are the indices of refraction of the ordinary and 
extraordinary rays, respectively. 

Ketenes - Compounds in which a carbonyl group is connected by a double 
bond to an alkylidene group: К,С-С-О. [5] 

Ketones - Compounds in which a carbonyl group is bonded to two carbon 
atoms: R;R;C-O (neither R may be H). [5] 

Kilogram (kg)* - The SI base unit of mass. [1] 

Kinetic energy (Ey, T) - The energy associated with the motion of a 
system of particles in a specified reference frame. For a single particle 
of mass m moving at velocity v, Ех = 1/2mv?. 

Kirchhoff's laws - Basic rules for electric circuits, which state (a) the 
algebraic sum of the currents at a network node is zero and (b) the 
algebraic sum of the voltage drops around a closed path is zero. 

Klein-Gordon equation - A relativistic extension of the Schródinger 
equation. 

Klein-Nishima formula - An expression for the scattering cross section 
of a photon by an unbound electron, based upon the Dirac electron 
theory. 

Knight shift - The change in magnetic resonance frequency of a nucleus 
in a metal relative to the same nucleus in a diamagnetic solid. The 
effectis duetothe polarization ofthe conduction electrons in the metal. 

Knudsen number (Kn) - A dimensionless quantity used in fluid mechan- 
ics, defined by Kn = АЛ, where À is mean free path and 11$ length. [2] 

Kondo effect - A large increase in electrical resistance observed at low 
temperatures in certain dilute alloys of a magnetic metal in a nonmag- 
netic material. 

Kramers-Kronig relation - A set of equations relating the real and 
imaginary parts of the index of refraction of a medium 

Lactams - Cyclic amides of amino carboxylic acids, having a 1- 
azacycloalkan-2-one structure, or analogues having unsaturation or 
heteroatoms replacing one or more carbon atoms of the ring. [5] 

Lactones - Cyclic esters of hydroxy carboxylic acids, containing a 1- 
oxacycloalkan-2-one structure, or analogues having unsaturation or 
heteroatoms replacing one or more carbon atoms of the ring. [5] 

Lagrangian function (L) - A function used in classical mechanics, 
defined as the kinetic energy minus the potential energy for a system 
of particles. 

Lamb shift - The small energy difference between the 28,» and 2Рүл 
levels in the hydrogen atom, which results from interactions between 
the electron and the radiation field. 

Laminar flow - Smooth, uniform, non-turbulent flow of a gas or liquid 
in parallel layers, with little mixing between layers. It is characterized 
by small values of the Reynolds number. 

Landé g-factor - See g-Factor of the electron 

Langevin function - The mathematical function L(x) = (e*+e*)/(e*-e*)- 
1/x, which occurs in the expression for the average dipole moment of 
a group of rotating polar molecules in an electric field: р, = UL(WE/ 
kT), where |, is the electric dipole moment of a single molecule, Е is 
the electric field strength, К is the Boltzmann constant, and T is the 
temperature. 

Lanthanides - The elements of atomic number 57 through 71, which 
share common chemical properties: La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu. [7] 

Larmor frequency (v; ) - The precession frequency of a magnetic dipole 
inanapplied magnetic field. In particular, a nucleus in a magnetic field 
of strength В has a Larmor frequency of ҮВ/27, where y is the 
magnetogyric ratio of the nucleus. 

Laser* - A devicein whichan optical cavity is filled with а medium where 
a population inversion can be produced by some means. When the 
resonant frequency of the cavity bears the proper relation to the 
separation of the inverted energy levels, stimulated emission occurs, 
producing a highly monochromatic, coherent beam of light. 
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Laser ionization mass spectroscopy (LIMS) - See Techniques for 
Materials Characterization, page 12-1. 

Lattice constants* - Parameters specifying the dimensions of a unit cell 
in a crystal lattice, specifically the lengths of the cell edges and the 
angles between them. 

Lattice energy* - The energy perion pair required to separate completely 
the ions in a crystal lattice at a temperature of absolute zero. 

Laue diagram - A diffraction pattern produced when an x-ray beam 
passes through a thin slice of a crystal and impinges on a detector 
behind the crystal. 

Lenz's law - The statement that the current induced in a circuit by a 
change in magnetic flux is so directed as to oppose the change in flux 

Leonard-Jones potential - A simple but useful function for approximat- 
ing the interaction between two neutral atoms or molecules separated 
by a distance r by writing the potential energy as U(r) = 4e((ryr)'? - 
(ro/r)®}, where € and то are adjustable parameters. In this form the 
depth of the potential well is € and the minimum occurs at 2!/6r, . The 
(1/r)? term is often replaced by other powers of 1/7. 

Lepton - One of the class of elementary particles that do not take part in 
the strong interaction. Included are the electron, muon, and neutrino. 
All leptons have a spin of 1/2. 

Lewis number (Le) - А dimensionless quantity used in fluid mechanics, 
defined by Le = a/D, where a is thermal diffusivity and D is diffusion 
coefficient. [2] 

Ligand field theory - A description ofthe structure of crystals containing 
a transition metal ion surrounded by nonmetallic ions (ligands). It is 
based on construction of molecular orbitals involving the d-orbitals of 
the central metal ion and combinations of atomic orbitals of the 
ligands. 

Light year (1.у.) - A unit of distance used in astronomy, defined as the 
distance light travels in one year in a vacuum. Its approximate value 
is 9.46073 x 1015 m. 

Lignins - Macromolecular constituents of wood related to lignans, 
composed of phenolic propylbenzene skeletal units, linked at various 
sites and apparently randomly. [5] 

Ligroin - The petroleum fraction consisting mostly of C; and Сұ hydro- 
carbons and boiling in the range 90-140°C; commonly used as a 
laboratory solvent. 

Lipids - A loosely defined term for substances of biological origin that are 
soluble in nonpolar solvents. They consist of saponifiable lipids, such 
as glycerides (fats and oils) and phospholipids, as well as 
nonsaponifiable lipids, principally steroids. [5] 

Lipoproteins - Clathrate complexes consisting of a lipid enwrapped in a 
protein host without covalent binding, in such a way that the complex 
has a hydrophilic outer surface consisting of all the protein and the 
polar ends of any phospholipids. [5] 

Liter (L)* - A synonym for cubic decimeter. [1] 

Lithosphere* - The outer layer ofthe solid earth, extending from the base 
of the mantle to the surface of the crust. 

Lorentz contraction - The reduction in length of a moving body in the 
direction of motion, given by the factor (1-v2/c2)? , where v is the 
velocity of the body and c the velocity of light. Also known as the 
FitzGerald-Lorentz contraction. 

Lorentz force - The force exerted on a point charge Q moving at velocity 
v in the presence of external fields E and B. It is given (in SI units) by 
F = О(Е +у xB). 

Loss angle (б) - For a dielectric material in an alternating electromagnetic 
field, 6 is the phase difference between the current and the potential 
difference. The function tan 6 18 a measure of the ratio of the power 
dissipated in the dielectric to the power stored. 

Low energy electron diffraction (LEED) - See Techniques for Materi- 
als Characterization, page 12-1. 


Lumen (Im)* - The SI unit of luminous flux, equal to cd sr. [1] 

Luminous flux (Ф) - The intensity of light from a source multiplied by 
the solid angle. The SI unit is lumen. [1] 

Lux (Ix)* - The SI unit of illuminance, equal to cd sr m2. [1] 

Lyddane-Sachs-Teller relation - A relation between the phonon fre- 
quencies and dielectric constants of an ionic crystal which states that 
(0/0 )? = 2(го)/2(0), where œr is the angular frequency of transverse 
optical phonons, @, that of longitudinal optical phonons, е(0) is the 
static dielectric constant, and #(оо) the dielectric constant at optical 
frequencies. 

Lyman series - The series of lines in the spectrum of the hydrogen atom 
which corresponds to transitions between the ground state (principal 
quantum number и = 1) and successive excited states. The wave- 
lengths are given by 1/A = Rg(1-1/72), where n = 2,3,4,... and Ry is the 
Rydberg constant for hydrogen. The first member of the series (n = 
162), which is often called the Lyman-a line, falls at a wavelength of 
1216 А, and the series converges at 912 А, the ionization limit of 
hydrogen. 

Mach number (Ma) - A dimensionless quantity used in fluid mechanics, 
defined by Ма = v/c, where v is velocity and c is the speed of sound. 
[2] 

Масготојесше - А molecule of high relative molecular mass (molecular 
weight), the structure of which essentially comprises the multiple 
repetition of units derived, actually or conceptually, from molecules of 
low relative molecular mass [8] 

Madelung constant* - A constant characteristic of a particular crystal- 

line material which gives a measure ofthe electrostatic energy binding 

the ions in the crystal. 

Magnetic field strength (H) - An axial vector quantity, the curl of which 

is equal to the current density, including the displacement current. [1] 

Magnetic induction (B) - An axial vector quantity such that the force 

exerted on an element of current is equal to the vector product of this 

element and the magnetic induction. [1] 

Magnetic moment - See Dipole moment, magnetic. 

Magnetic susceptibility (Xm, к)* - Defined by Xm = (И-ЦојЦо, where u 

is the permeability of the medium and uo the permeability of a vacuum. 

[1] 

Magnetization (M) - Defined by М = (B/uo)-H, where В is magnetic 

induction, H magnetic field strength, and Ир the permeability of a 

vacuum. [1] 

Magnetogyric ratio (y) - Ratio of the magnetic moment of a particle to 

its angular momentum. Also called gyromagnetic ratio. 

Magneton - See Bohr magneton, Nuclear magneton. 

Magnetostriction* - The change in dimensions of a solid sample when 

itis placed in a magnetic field. 

Magnon - A quantum of magnetic energy associated with a spin wave in 

a ferromagnetic or antiferromagnetic crystal. 

Mantle - The layer of the earth between the crust and the liquid outer core, 

which begins about 2900 km below the earth's surface. 

Maser - A device in which a microwave cavity is filled with a medium 
where a population inversion can be produced by some means. When 
the resonant frequency of the cavity bears the proper relation to the 
separation of the inverted energy levels, the device can serve as an 
amplifier or oscillator at that frequency. 

Mass (m)* - Quantity of matter. Mass can also be defined as "resistance 
to acceleration". 

Mass defect (B) - Defined by B= Zm(!H) + Nm, - m, where Zis the atomic 
number, m(!H) is the mass of the hydrogen atom, М is the neutron 
number, т, is the rest mass of the neutron, and т, is the mass of the 
atom in question. Thus Bc? can be equated to the binding energy of the 
nucleus if the binding energy of atomic electrons is neglected. [1] 

Mass excess (A) - Defined by A = m, - Ату, where m, is the mass of the 
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atom, A the number of nucleons, and т, the unified atomic mass 
constant (m, = 1 u). [1] 

Mass fraction (wg) - The ratio of the mass of substance В to the total mass 
of a mixture. [1] 

Mass number (A) - A characteristic property of a specific isotope of an 
element, equal to the sum of the number of protons and neutrons in the 
nucleus. 

Massspectrometry - Ananalytical technique in which ions are separated 
according to the mass/charge ratio and detected by a suitable detector. 
The ions may be produced by electron impact on a gas, a chemical 
reaction, energetic vaporization of a solid, etc. [6] 

Massieu function - A thermodynamic function defined by J = -A/T, 
where A is the Helmholz energy and T the thermodynamic tempera- 
ture. [2] 

Matthiessen's rule - The statement that the electrical resistivity p of a 
metal can be written as р = pi +р;, where ру is due to scattering of 
conduction electrons by lattice vibrations and p; to scattering by 
impurities and imperfections. If the impurity concentration is small, p; 
is temperature independent. 

Maxwell (Mx)* - A non-SIunit of magnetic field strength (H) equal 
to 10% Wb. [1] 

Maxwell’s equations - The fundamental equations of electromagnetism. 
In a form appropriate to SI units, they are: 
curl H = 0D/0t + j 


div B -0 
curl E = -ӘВ/дї 
divD=p 


where H is the magnetic field strength, B the magnetic induction, E the 
electric field strength, D the electric displacement, j the current 
density, р the charge density, and г is time. 

Maxwell-Boltzmann distribution - An expression for the fraction of 
molecules f(v) in a gas that have velocity v within a specified interval. 
It takes the form 


f(v) = 4n(M авт)? ve (287 


where M is the molar mass, К the molar gas constant, and T the 
temperature. 

Mean free path* - The average distance a gas molecule travels between 

collisions. 

Meissner effect - The complete exclusion of magnetic induction from the 

interior of a superconductor. 

Melting point* - The temperature at which the solid and liquid phases of 

a substance are in equilibrium at a specified pressure (normally taken 

to be atmospheric unless stated otherwise). 

Mercaptans - A traditional term abandoned by IUPAC, synonymous 

with thiols. This term is still widely used. [5] 

Meson - Any elementary particle that has zero or integral spin. Mesons 

are responsible for the forces between protons and neutrons in the 

nucleus. 

Mesosphere - The part of the earth's atmosphere extending from the top 

of the stratosphere (about 50 km above the surface) to 80-90 km. It is 

characterized by a decrease in temperature with increasing altitude. 

Metal - A material in which the highest occupied energy band (conduc- 

tion band) is only partially filled with electrons. The electrical conduc- 

tivity of metals generally decreases with temperature. 

Metallocenes - Organometallic coordination compounds in which one 
atom of atransition metal such as iron, ruthenium or osmium is bonded 
to and only to the face of two cyclopentadienyl ligands which lie in 
parallel planes. [5] 

Meter (m)* - The SI base unit of length. [1] 

Methine group - In organic compounds, the -С- group. [5] 

Mho - An archaic name for the SI unit siemens (reciprocal ohm). 


Micelle - A particle formed by the aggregation of surfactant molecules 
(typically, 10 to 100 molecules) in solution. For aqueous solutions, the 
hydrophilic end of the molecule is on the surface of the micelle, while 
the hydrophobic end (often a hydrocarbon chain) points toward the 
center. At the critical micelle concentration (cmc) the previously 
dissolved molecules aggregate into a micelle. 

Micron (|) - An obsolete name for micrometer. 

Mie scattering - The scattering of light by spherical dielectric particles 

whose diameter is comparable to the wavelength of the light. 

Milky way - The band of light in the night sky resulting from the stars in 

the galactic plane. The term is also used to denote the galaxy in which 

the sun is located. 

Miller indices (hkl) - A set of indices used to label planes in a crystal 

lattice. [2] 

Millimeter of mercury (mmHg) - A non-SI unit of pressure, equal to 

133.322 Pa. The name is generally considered interchangeable with 

torr. 

Mobility ()% - In solid state physics, the drift velocity of electrons or 

holes in a solid divided by the applied electric field strength. The term 

is used in a similar sense in other fields. 

Molality (m) - A measure of concentration of a solution in which one 
states the amount of substance (i.e., number of moles) of solute per 
kilogram of solvent. Thus a 0.1 molal solution (often written as 0.1 m) 
has m = 0.1 mol/kg. 

Molar mass - The mass of one mole of a substance. It is normally 
expressed in units of g/mol, in which case its numerical value is 
identical with the molecular weight (relative molecular mass). [1] 

Molar quantity - It is often convenient to express an extensive quantity 
(e.g., volume, enthalpy, heat capacity, etc.) as the actual value divided 
by amount of substance (number of moles). The resulting quantity is 
called molar volume, molar enthalpy, etc 

Molar refraction (R) - A property of a dielectric defined by the equation 
R=V,,[(n?-1)/(n2+2)], where n is the index of refraction of the medium 
(at optical wavelengths) and V, the molar volume. It is related to the 
polarizability a of the molecules that make up the medium by the 
Lorenz-Lorentz equation, R = N40/3£, , where NA is Avogadro’s 
constant and £p is the permittivity of a vacuum. 

Molarity (c) - A measure of concentration of a solution in which one 
states the amount of substance (i.e., number of moles) of solute per liter 
of solution. Thus a 0.1 molar solution (often referred to as 0.1 M) has 
а concentration c = 0.1 mol/L. 

Mole (mol)* - The SI base unit of amount of substance. [1] 

Mole fraction (xg) - The ratio of the amount of substance (number of 

moles) of substance B to the total amount of substance in a mixture. [1] 

Molecular orbital - See Orbital. 

Molecular weight (M,)* - The ratio of the average mass per molecule or 

specified entity of a substance to 1/12 of the mass of nuclide ^C. Also 

called relative molar (or molecular) mass. [1] 

Moment of inertia (7) - The moment of inertia of a body about an axis is 

the sum (or integral) of the products of its elements of mass and the 

squares of their distances from the axis. [1] 

Momentum (p) - The product of mass and velocity. [1] 

Monomer - A substance consisting of molecules which can undergo 

polymerization, thereby contributing constitutional units to the essen- 

tial structure of a macromolecule. [8] 

Monosaccharides - A term which includes aldoses, ketoses, and a wide 

variety of derivatives. [5] 

Mossbauer effect - The recoilless emission of y-rays from nuclei bound 
in a crystal under conditions where the recoil energy associated with 
the y emission is taken up by the crystal as a whole. This results in a 
very narrow line width, which can be exploited in various types of 
precise measurements. 
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Muon* - An unstable elementary particle of spin 1/2 and mass about 200 
times that of the electron. 

Naphtha - The petroleum fraction consisting mostly of C; to Cs hydrocar- 
bons and boiling in the range 80-120?C. Solvents derived from this 
fraction include ligroin and petroleum ether. 

Nautical mile - A non-SI unit of length, equal to exactly 1852 m. 

Navier-Stokes equations - A set of complex equations for the motion of 
a viscous fluid subject to external forces. 

Néel temperature (Ту)“ - The critical temperature above which an 
antiferromagnetic substance becomes paramagnetic. [1] 

Nernst effect - The production of an electric field in a conductor subject 
to an applied magnetic field and containing a transverse temperature 
gradient. The electric field is perpendicular to the magnetic field and 
the temperature gradient. 

Network - In polymer science, a highly ramified macromolecule in which 
essentially each constitutional unit is connected to each other consti- 
tutional unit and to the macroscopic phase boundary by many perma- 
nent paths through the macromolecule, the number of such paths 
increasing with the number of intervening bonds. The paths must on 
the average be coextensive with the macromolecule. [8] 

Neutrino - A stable elementary particle in the lepton family. Neutrinos 
have zero (or at least near-zero) rest mass and spin 1/2. 

Neutron* - An elementary particle on spin 1/2 and zero charge. The free 
neutron has a mean lifetime of 887 seconds. Neutrons and protons, 
which are collectively called nucleons, are the constituents of the 
nucleus. 

Neutron activation analysis (NAA) - See Techniques for Materials 

Characterization, page 12-1. 

Neutron number (N) - A characteristic property of a specific isotope of 

an element, equal to the number of neutrons in the nucleus. 

Newton (N)* - The SI unit of force, equal to m kg s. [1] 

Nitriles - Compounds having the structure ВС=М; thus C-substituted 

derivatives of hydrocyanic acid, НСЕМ. [5] 

Nitrosamines - N-Nitroso amines: compounds of the structure В ММО. 
Compounds RNHNO are not ordinarily isolatable, but they, too, are 
nitrosamines. The name is a contraction of N-nitrosoamine and, as 
such, does not require the N locant. [5] 

Nuclear magnetic resonance (NMR)* - A widely used technique in 
which the resonant absorption of radiofrequency radiation by mag- 
netic nuclei in a magnetic field is measured. The results give important 
information on the local environment of each nucleus. 

Nuclear magneton ([\)* - The unit of nuclear magnetic moment, 

defined as ећ/ Ату, where h is Planck's constant, My the proton mass, 

and e the elementary charge. 

Nuclear quadrupole resonance (NQR) - See Techniques for Materials 

Characterization, page 12-1. 

Nuclear reaction analysis (NRA) - See Techniques for Materials Char- 

acterization, page 12-1. 

Nuclear spin (J) - The quantum number that specifies the intrinsic 
angular momentum of a particular nucleus. The magnitude of the 
angular momentum is given by [J(/+1)]!? h/2z, where h is Planck’s 
constant. 

Nucleic acids* - Macromolecules, the major organic matter of the nuclei 
of biological cells, made up of nucleotide units, and hydrolyzable into 
certain pyrimidine or purine bases (usually adenine, cytosine, guanine, 
thymine, uracil), D-ribose or 2-deoxy-D-ribose. [5] 

Nucleon - A collective term for the proton and neutron. 

Nucleosides - Ribosyl or deoxyribosyl derivatives (rarely, other glycosyl 
derivatives) of certain pyrimidine or purine bases. They are thus 
glycosylamines or N-glycosides related to nucleotides by the lack of 
phosphorylation. [5] 

Nucleotides - Compounds formally obtained by esterification of the 3’ or 


5’ hydroxy group of nucleosides with phosphoric acid. They are the 
monomers of nucleic acids and are formed from them by hydrolytic 
cleavage. [5] 

Nuclide - A species of atoms in which each atom has identical atomic 
number Z and identical mass number A. [3] 

Nusselt number (Хи) - A dimensionless quantity used in fluid mechan- 
ics, defined by Nu = Al/k, where h is coefficient of heat transfer, / is 
length, and k is thermal conductivity. [2] 

Nyquist theorem - An expression for the mean square thermal noise 
voltage across a resistor, given by ARKTAf where В is the resistance, 
k the Boltzmann constant, 7T the temperature, and Af the frequency 
band within which the voltage is measured. 

Octanol-water partition coefficient (P)* - A measure of the way in 
which a compound will partition itself between the octanol and water 
phases in the two-phase octanol-water system, and thus an indicator of 
certain types of biological activity. Specifically, P is the ratio of the 
concentration (in moles per liter) ofthe compound in the octanol phase 
to that in the water phase at infinite dilution. The quantity normally 
reported is log P. 

Oersted (Oe) - A non-SI unit of magnetic field (Н), equal to 
79.57747 Alm. 

Ohm (Q)* - The SI unit of electric resistance, equal to V/A. [1] 

Оһ” law - A relation among electric current 1, potential difference V, 
and resistance R, viz., [ = V/R. The resistance is constant at constant 
temperature to high precision for many materials. 

Olefins - Acyclic and cyclic hydrocarbons having one or more carbon- 
carbon double bonds, apart from the formal ones in aromatic com- 
pounds. The class olefins subsumes alkenes and cycloalkenes and the 
corresponding polyenes. [5] 

Oligomer - A substance consisting of molecules of intermediate relative 
molecular mass (molecular weight), the structure of which essentially 
comprises the multiple repetition of units derived, actually or concep- 
tually, from molecules of low relative molecular mass. In contrast to 
apolymer, the properties of an oligomercan vary significantly with the 
removal of one or a few of its units. [8] 

Oligopeptides - Peptides containing from three to nine amino groups. [5] 

Onsager relations - An important set of equations in the thermodynamics 
of irreversible processes. They express the symmetry between the 
transport coefficients describing reciprocal processes in systems with 
a linear dependence of flux on driving forces. 

Optical rotary power - Angle by which the plane of polarization of a 
light beam is rotated by an optically active medium, divided by path 
length and by concentration of the active constituent. Depending on 
whether mass or molar concentration is used, the modifier "specific" 
or “molar” is attached. [2] 

Orbital - A one-electron wavefunction. Atomic orbitals are classified as 
5-, р-, 4,- or f-orbitals according to whether the angular momentum 
quantum number / = 0, 1, 2, or 3. Molecular orbitals, which are usually 
constructed as linear combinations of atomic orbitals, describe the 
distribution of electrons over the entire molecule. 

Oscillator strength (f) - A measure of the intensity of a spectroscopic 
transition, defined by 
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where v is the frequency, l; the transition dipole moment, т, ће mass 
of the electron, e the elementary charge, and ћ Planck's constant. 
Osmosis - The flow of a solvent in a system in which two solutions of 
different concentration are separated by a semipermeable membrane 
which cannot pass solute molecules. The solvent will flow from the 
side of lower concentration to that of higher concentration, thus 
tending to equalize the concentrations. The pressure that must be 
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applied to the more concentrated side to stop the flow is called the 
osmotic pressure. 

Osmotic coefficient (0) - Defined by ф = ша_/(М Утв), where Мл is the 
molar mass of substance A (normally the solvent), ад is its activity, and 
the тв are molalities of the solutes. [1] 

Osmotic pressure (II) - The excess pressure necessary to maintain 
osmotic equilibrium between a solution and the pure solvent separated 
by a membrane permeable only to the solvent. In an ideal dilute 
solutionII- свАТ, where св is the amount-of-substance concentration 
of the solute, R is the molar gas constant, and T the temperature. [1,2] 

Ostwald dilutionlaw - A relation forthe concentration dependence ofthe 
molar conductivity A of an electrolyte solution, viz., 

1 1 Ac 
a ттар + Or 
A A K( N) 
where c is the solute concentration, K is the equilibrium constant for 
dissociation of the solute, and A? is the conductivity at cA = 0. 

Ounce (oz) - A non-SI unit of mass. The avoirdupois once equals 
28.34952 g, while the troy ounce equals 31.10348 g. 

Overpotential (m) - In an electrochemical cell, the difference between the 
potential of an electrode and its zero-current value. 

Oximes - Compounds of structure R3C=NOH derived from condensation 
of aldehydes or ketones with hydroxylamine. Oximes from aldehydes 
may becalledaldoximes; those from ketones may be called ketoximes. 
[5] 

Oxo compounds - Compounds containing an oxygen atom, -О, doubly 
bonded to carbon or another element. The term thus embraces alde- 
hydes, carboxylic acids, ketones, sulfonic acids, amides and esters. [5] 

Ozonides - The 1,2,4-trioxolanes formed by the reaction of ozone at a 
carbon-carbon double bond, or the analogous compounds derived 
from acetylenic compounds. [5] 

Pair production - A process in which a photon is converted into a particle 
and its antiparticle (e.g., an electron and positron) in the electromag- 
netic field of a nucleus. 

Paraffins - Obsolescent term for saturated hydrocarbons, commonly but 
not necessarily acyclic. Still widely used in the petrochemical indus- 
try, where the term designates acyclic saturated hydrocarbons, and 
stands in contradistinction to naphthenes. [5] 

Paramagnetism* - A type of magnetism characterized by a positive 
magnetic susceptibility, so that the material becomes weakly magne- 
tized in the direction of an external field. The magnetization disap- 
pears when the field in removed. In the simplest approximation 
(Curie's law) the susceptibility is inversely proportional to tempera- 
ture. 

Parity - The property of a quantum-mechanical wave function that 
describes its behavior under the symmetry operation of coordinate 
inversion. A parity of +1 (or even) is assigned if the wave function does 
not change sign when the signs of all the coordinates are changed; the 
parity is -1 (or odd) if the wave function changes sign under this 
operation. 

Parsec (рс) - A unit of distance defined as the distance at which 1 
astronomical unit (AU) subtends an angle of 1 second of arc. It is equal 
to 206264.806 AU or 3.085678 x 1016 m. 

Particle induced x-ray emission (PIXE) - See Techniques for Materials 
Characterization, page 12-1. 

Partition function (4,2) - For a single molecule, q =>, g,exp(€/kT), where 
£jis an energy level of degeneracy g;, k the Boltzmann constant, and T 
the absolute temperature; the summation extends over all energy 
states. Forasystem of N non-interacting molecules which are indistin- 
guishable, as in an ideal gas, the canonical partition function О = qN/ 
М!. 

Pascal (Pa)* - The SI unit of pressure, equal to N/m2. [1] 


Paschen series - The series of lines in the spectrum of the hydrogen atom 
which corresponds to transitions between the state with principal 
quantum number п = 3 and successive higher states. The wavelengths 
are given by 1/A = Ки /9-1/п2), where n = 4,5,6,... and Ry is the 
Rydberg constant. The first member of the series (n = 334), which is 
often called the P, line, falls in the infrared at a wavelength of 1.875 
um. 

Paschen-Back effect - In atomic spectroscopy, the decoupling of elec- 
tron spin from orbital angular momentum as the strength of an external 
magnetic field is increased. 

Pauli exclusion principle - The statement that two electrons in an atom 
cannot have identical quantum numbers; thus if there are two electrons 
in the same orbital, their spin quantum numbers must be of opposite 
sign. 

Pearson symbol - A code for designating crystallographic information, 
including the crystal system, the lattice type, and the number of atoms 
per unit cell. 

Péclet number (Pe) - A dimensionless quantity used in fluid mechanics, 
defined by Pe = vi/a, where у is velocity, 115 length, and а is thermal 
diffussivity. [2] 

Peltier effect - The absorption or generation of heat (depending on the 
current direction) which occurs when an electric current is passed 
through a junction between two materials. 

Peptides - Amides derived from two or more amino carboxylic acid 
molecules (the same or different) by formation of a covalent bond from 
the carbonyl carbon of one to the nitrogen atom of another with formal 
loss of water. [5] 

Permeability (U) - Magnetic induction divided by magnetic field strength; 
ie. и = В/Н. The relative permeability H, = Шо, where yọ is the 
permeability of a vacuum. [1] 

Permittivity (£) - Ratio of the electric displacement in a medium to the 
electric field strength. Also called dielectric constant. [1] 

Peroxides - Compounds of structure ROOR in which R may be any 
organic group. In inorganic chemistry, salts of the anion O5? [5] 
Peroxy acids - Acids in which an acidic -OH group has been replaced by 
an-OOH group; e.g. СНзС(=О)ООН peroxyacetic acid, РҺ5(-О),-ООН 

benzeneperoxysulfonic acid. [5] 

Petroleum ether - The petroleum fraction consisting of C5 and Cg 
hydrocarbons and boiling in the range 35-60?C; commonly used as a 
laboratory solvent. 

pH* - A convenient measure of the acid-base character of a solution, 
usually defined by pH = -log [c(H*)/mol L!)], where c(H*) is the 
concentration of hydrogen ions.The more precise definition is in terms 
af activity rather than concentration. [2] 

Phenols - Compounds having one or more hydroxy groups attached to a 
benzene or other arene ring. [5] 

Phonon - A quantum of energy associated with a vibrational mode of a 
crystal lattice. 

Phosphines - РН; and compounds derived from it by substituting one, 
two or three hydrogen atoms by hydrocarbyl groups. RPH;, R;PH and 
RP (R not equal to H) are called primary, secondary and tertiary 
phosphines, respectively. [5] 

Phosphonium compounds - Salts (and hydroxides) [R;P]*X" containing 
tetracoordinate phosphonium ion and the associated anion. [5] 

Phosphonium ylides - Compounds having the structure R;P*-C'R; 
І R;P-CR , Also known as Wittig reagents. [5] 

Phosphoresence - The process by which a molecule is excited by light to 
a higher electronic state and then undergoes a radiationless transition 
to a state of different multiplicity from which it decays, after some 
delay, to the ground state. The emitted light is normally of longer 
wavelength than the exciting light because vibrational energy has been 
dissipated. 
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Photoelectric effect - The complete absorption ofa photon by a solid with 
the emission of an electron. 

Photon - An elementary particle of zero mass and spin 1/2. The photon 
is involved in electromagnetic interactions and is the quantum of 
electromagnetic radiation. 

Photon stimulated desorption (PSD) - See Techniques for Materials 
Characterization, page 12-1. 

Pinacols - Tetra(hydrocarbyl)ethane-1,2-diols, К-С(ОН)С(ОН)К,, of 
which the tetramethyl example is the simplest one and is itself 
commonly known as pinacol. [5] 

Pion - An elementary particle in the family of mesons. Pions have zero 
spin and may be neutral or charged. They participate in the strong 
interaction which holds the nucleus together. 

рК“ - The negative logarithm (base 10) of an equilibrium constant K. For 
рК,, see Acid dissociation constant. 

Planck constant (й)* - The elementary quantum of action, which relates 
energy to frequency through the equation E = Лу. 

Planck distribution - See Black body radiation 

Planck function - A thermodynamic function defined by Ү--С/Т, where 
G is Gibbs energy and T thermodynamic temperature. [2] 

Plasma - A highly ionized gas in which the charge of the electrons is 
balanced by the charge of the positive ions, so that the system as a 
whole is electrically neutral. 

Plasmon - A quantum associated with a plasma oscillation in the electron 
gas of a solid. 

Point group* - A group of symmetry operations (rotations, reflections, 
etc.) that leave a molecule invariant. Every molecular conformation 
can be assigned to a specific point group, which plays a major role in 
determining the spectrum of the molecule. 

Poise (P) - A non-SI unit of viscosity, equal to 0.1 Pa s. 

Poiseuille's equation - A formula for the rate of flow of a viscous fluid 
through a tube: 

ЧУ _ (p? - p? ја“ 


dt 16mpo 


where V is the volume as measured at pressure po; p; and р are the 
pressures at each end of the tube; r is the radius and / the length of the 
tube; and 1 is the viscosity. 

Poisson ratio (I) - The absolute value of the ratio of the transverse strain 
to the corresponding axial strain resulting from uniformly distributed 
axial stress below the proportional limit (i.e., where Hooke's law is 
valid). [10] 

Polariton - A quantum associated with the coupled modes of photons and 
optical phonons in an ionic crystal. 

Polarizability (0)* - The change in dipole moment of a molecule 
produced by an external electric field; specifically, Од = дра/ 
дЕ, where p, is the dipole moment component on the a axis 
and E, is the component of the electric field strength along the 
b axis. [2] 

Polymer - A substance composed of molecules of high relative molecular 
mass (molecular weight), the structure of which essentially comprises 
the multiple repetition of units derived, actually or conceptually, from 
molecules of low relative molecular mass. A single molecule of a 
polymer is called a macromolecule. [8] 

Polypeptides - Peptides containing 10 or more amino acid residues. See 
also Peptides. [5] 

Polysaccharides - Compounds consisting of a large number of monosac- 
charides linked glycosidically. This term is commonly used only for 
those containing more than ten monosaccharide residues. Also called 
glycans. [5] 

Porphyrins - Natural pigments containing a fundamental skeleton of four 
pyrrole nuclei united through the o-positions by four methine groups 


to form a macrocyclic structure (porphyrin is designated porphine in 
Chemical Abstracts indexes). [5] 

Positron - The antiparticle of the electron. It has the same mass and spin 
as an electron, and an equal but opposite charge. 

Positronium - The hydrogen-like “atom” formed from a positron nucleus 
andan electron. Its lifetime is very short because of annihilation of the 
positron and electron. 

Potential - See Electric potential 

Potential energy (Ер, У, U) - The portion of the energy of a system that 
is associated with its position in a force field. 

Pound (Ib) - A non-SI unit of mass, equal to 0.4535924 kg. 

Power (P) - Rate of energy transfer. For electrical circuits, this is equal 
to the product of current and potential difference, P = IV. [1] 

Poynting vector (S) - For electromagnetic radiation, the vector product 
of the electric field strength and the magnetic field strength. [1] 

Prandtl number (Pr) - A dimensionless quantity used in fluid mechan- 
ics, defined by Pr = тура, where Тү is viscosity, р is density, and a is 
thermal diffusivity. [2] 

Pressure* - Force divided by area. [1] 

Proteins - Naturally occurring and synthetic polypeptides having mo- 
lecular weights greater than about 10,000 (the limit is not precise). See 
also Peptides. [5] 

Proton* - A stable elementary particle of unit positive charge and 
spin 1/2. Protons and neutrons, which are collectively called 
nucleons, are the constituents of the nucleus. 

Pulsar - А neutron star which rotates rapidly and emits electromagnetic 
radiation in regular pulses at a frequency related to the rotation period. 

Purine bases* - Purine and its substitution derivatives, especially natu- 
rally occurring examples. [5] 

Pyrimidine bases* - Pyrimidine and its substitution derivatives, espe- 
cially naturally occurring examples. [5] 

Q-switching - A technique for obtaining very high power from a laser by 
keeping the Q factor of the laser cavity low while the population 
inversion builds up, then suddenly increasing the Q to initiate the 
stimulated emission. 

Quad - A unit of energy defined ав 105 Btu, equal to approximately 
1.055056 x 10!8 J. 

Quadrupole moment - A coefficient of the third term (after monopole 
and dipole) in the power series expansion of the electric potential of an 
array of charges. A nucleus of spin greater than 1/2 has a non- 
vanishing nuclear quadrupole moment which can interact with the 
electric field gradient of ће surrounding electrons. Molecular quadru- 
pole moments have an influence on intermolecular forces. 

Quality factor (Q) - The ratio of the absolute value of the reactance of an 
electrical system to the resistance; thus a measure of the energy stored 
per cycle relative to the energy dissipated. 

Quantum yield - In photochemistry, the number of moles transformed in 
a specific process, either physically (e.g., by emission of photons) or 
chemically, per mole of photons absorbed by the system. [3] 

Quark - An elementary entity which has not been directly observed but 
is considered a constituent of protons, neutrons, and other hadrons. 

Quasar - An extragalactic object emitting electromagnetic radiation at a 
very high power level and showing a very large red shift, thus 
indicating that the object is receding at a speed approaching the speed 
of light. 

Quasicrystal - A solid having conventional crystalline properties but 
whose lattice does not display translational periodicity. 

Quaternary ammonium compounds - Derivatives of ammonium com- 
pounds, NH,* Үг, in which all four of the hydrogens bonded to nitrogen 
have been replaced with hydrocarbyl groups. Compounds having a 
carbon-nitrogen double bond (i.e. RxC=N*R,Y-) are more accurately 
called iminium compounds. [5] 
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Quinones - Compounds having a fully conjugated cyclic dione structure, 
such as that of benzoquinones, derived from aromatic compounds by 
conversion of an even number of -CH- groups into -С(-О)- groups 
with any necessary rearrangement of double bonds. [5] 

Racemic mixture - A mixture of equal amounts of a pair of enantiomers 
(optical isomers); such a mixture is not optically active. 

Rad - A non-SI unit of absorbed dose of radiation, equal to 0.01 Gy. 

Radiance (1.)- The radiant intensity in a given direction from an element 
of a surface, divided by the area of the orthogonal projection of this 
element on a plane perpendicular to the given direction. [1] 

Radiant intensity (1) - The radiant energy flux leaving an element of a 
source within an element of solid angle, divided by that element of 
solid angle. [1] 

Radicals - Molecular entities possessing an unpaired electron, such as 
-CH3, :-SnH,, -Cl. (In these formulas the dot, symbolizing the unpaired 
electron, should be placed so as to indicate the atom of highest spin 
density, if this is possible). [5] 

Raman effect - The inelastic scattering of light by a molecule, in which 
the incident photon either gives up to, or receives energy from, one of 
the internal vibrational modes of the molecule. The scattered light thus 
has either a lower frequency (Stokes radiation) or higher frequency 
(anti-Stokes radiation) than the incident light. These shifts provide a 
measure of the normal vibrational frequencies of the molecule. 

Rankine cycle - A thermodynamic cycle which can be used to calculate 
the ideal performance of a heat engine that uses a condensable vapor 
as the working fluid (e.g., a steam engine or a heat pump). 

Rankine temperature - A thermodynamic temperature scale based on a 
temperature interval °R = (5/9) K ; i.e., Т/°К = (9/5)T/K -t/?F + 459.67. 

Raoult's law - The expression for the vapor pressure p; of component i 
in an ideal solution, viz., р; = x; рю, where x; is the mole fraction of 
component i and pj; the vapor pressure of the pure substance i. 

Rare earth elements - The elements Sc, Y, and the lanthanides (La, Ce, 
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu). [7] 

Rayleigh number (Ra) - A dimensionless quantity used in fluid mechan- 
ics, defined by Ra = PgaATp/na, where 118 length, g is acceleration 
of gravity, © is cubic expansion coefficient, T is temperature, р is 
density, 1] is viscosity, and a is thermal diffusivity. [2] 

Rayleigh scattering - The scattering of light by particles which are much 
smaller than the wavelength of the light. It is characterized by a 
scattered intensity which varies as the inverse fourth power of the 
wavelength. 

Rayleigh wave - A guided elastic wave along the surface of a solid; also 
called surface acoustic wave. 

Reactance (X) - The imaginary part of impedance. For an inductive 
reactance L and a capacitive reactance C in series, the reactance is X 
= Lo-1/(Co), where 0 is 27 times the frequency of the current. [1] 

Red shift - A displacement of a spectral line toward longer wavelengths. 
This can occur through the Doppler effect (e.g., in the light from 
receding galaxies) or, in the general theory of relativity, from the 
effects of a star's gravitational field. 

Reflectance (p) - Ratio of the radiant or luminous flux at a given 
wavelength that is reflected to that of the incident radiation. Also 
called reflection factor. [1] 

Reflection high energy electron diffraction (RHEED) - See Tech- 
niques for Materials Characterization, page 12-1. 

Relative humidity* - The ratio of the partial pressure of water vapor in 
air to the saturation vapor pressure of water at the same temperature, 
expressed as a percentage. [10] 

Relative molar mass - See Molecular weight. 

Rem - A non-SI unit of dose equivalent, equal to 0.01 Sv. 

Resistance (R) - Electric potential difference divided by current when 
thereis noelectromotive force in the conductor. This definition applies 


to direct current. More generally, resistance is defined as the real part 
of impedance. [1] 

Resistivity (p) - Electric field strength divided by current density when 
there is no electromotive force in the conductor. Resistivity is an 
intrinsic property of a material. For a conductor of uniform cross 
section with area A and length L, and whose resistance is R, the 
resistivity is given by р = БАЛ. [1] 

Reynolds number (Re) - A dimensionless quantity used in fluid mechan- 
ics, defined by Re = pvl/n, where р is density, v is velocity, 115 length, 
and T is viscosity. [2] 

Rheology - The study of the flow of liquids and deformation of solids. 
Rheology addresses such phenomena as creep, stress relaxation, 
anelasticity, nonlinear stress deformation, and viscosity. 

Ribonucleic acids (RNA) - Naturally occurring polyribonucleotides. 
See also nucleic acids, nucleosides, nucleotides, ribonucleotides. [5] 

Ribonucleotides - Nucleotides in which the glycosyl group is a ribosyl 
group. See also nucleotides. [5] 

Roentgen (R) - A unit used for expressing the charge (positive or 
negative) liberated by x-ray or y radiation in air, divided by the mass 
of air. A roentgen is defined as 2.58 x 10+ C/kg. 

Rotational constants - In molecular spectroscopy, the constants appear- 
ing in the expression for the rotational energy levels as a function of 
the angular momentum quantum numbers. These constants are pro- 
portional to the reciprocals of the principal moments of inertia, 
averaged over the vibrational motion. 

Rutherford back scattering (RBS) - See Techniques for Materials 
Characterization, page 12-1. 

Rydberg constant (К..)* - The fundamental constant which appears іп 
the equation for the energy levels of hydrogen-like atoms; i.e., E, = 
hcR_ Z2u/n2, where h is Planck's constant, с the speed of light, Z the 
atomic number, u the reduced mass of nucleus and electron, and n the 
principal quantum number (и = 1, 2, ...). 

Rydberg series - A regular series of lines in the spectrum of an atom or 
molecule, with the spacing between successive lines becoming smaller 
as the frequency increases (wavelength decreases). The series eventu- 
ally converges to a limit which usually corresponds to the complete 
removal of an electron from the atom or molecule. 

Sackur-Tetrode equation* - An equation for the molar entropy S,, of an 
ideal monatomic gas: Sm = RIn(e?? V/NAA?), where R is the molar gas 
constant, Visthe volume, and N4 is Avogadro's number. The constant 
A is given by A = h/(2nmkT)"?, where h is Planck’s constant, т the 
atomic mass, k the Boltzmann constant, and T the temperature. 

Salinity (S)* - A parameter used in oceanography to describe the 
concentration of dissolved salts in seawater. It is defined in terms of 
electrical conductivity relative to a standard solution of KCl. When 
expressed in units of parts per thousand, 5 may be roughly equated to 
the concentration of dissolved material in grams per kilogram of 
seawater. 

Salt - An ionic compound formed by the reaction of an acid and a base. 

Scanned probe microscopy (SPM) - See Techniques for Materials 
Characterization, page 12-1. 

Scanning electron microscopy (SEM) - See Techniques for Materials 
Characterization, page 12-1. 

Scanning laser acoustic microscopy (SLAM) - See Techniques for 
Materials Characterization, page 12-1. 

Scanning transmission electron microscopy (STEM) - See Techniques 
for Materials Characterization, page 12-1. 

Scanning tunneling microscopy (STM) - See Techniques for Materials 
Characterization, page 12-1. 

Schiff bases - Imines bearing a hydrocarbyl group on the nitrogen atom: 
R,C=NR’ (R’ not equal to H). Considered by many to be synonymous 
with azomethines. [5] 
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Schmidt number (Sc) - A dimensionless quantity used in fluid mechan- 
ics, defined by Sc = тур, where 7 is viscosity, p is density, and D is 
diffusion coefficient. [2] 

Schottky barrier - A potential barrier associated with a metal-semicon- 
ductor contact. It forms the basis for the rectifying device known as the 
Schottly diode. 

Schródinger equation - The basic equation of wave mechanics which, 
for systems not dependent on time, takes the form: 


-(h/ 2m)V?w + Vy = Ey 


where y is the wavefunction, V is the potential energy expressed as a 
function of the spatial coordinates, E is an energy eigenvalue, V? is the 
Laplacian operator, | is Planck's constant divided by 27, and m is the 
mass. 

Second (s)* - The SI base unit of time. [1] 

Second radiation constant (c5)* - See First radiation constant. 

Secondary ion mass spectroscopy (SIMS) - See Techniques for Mate- 
rials Characterization, page 12-1. 

Seebeck effect - The development of a potential difference in a circuit 
where two different metals or semiconductors are joined and their 
junctions maintained at different temperatures. It is the basis of the 
thermocouple. 

Selenides - Compounds having the structure RSeR (R not equal to H). 
They are thus selenium analogues of ethers. Also used for metal salts 
of H5Se. [5] 

Semicarbazones - Compounds having the structure 
R C=NNHC(=0)NH,, formally derived by condensation of alde- 
hydes or ketones with semicarbazide [NH9NHC(2O)NH,]. [5] 

Semiconductor - A material in which the highest occupied energy band 
(valence band) is completely filled with electrons at T = 0 K, and the 
energy gap to the next highest band (conduction band) ranges from 0 
to4or5 eV. With increasing temperature electrons are excited into the 
conduction band, leading to an increase in the electrical conductivity. 

Semiquinones - Radical anions having the structure -O-Z-O: where Z is 
an ortho- or para-arylene group or analogous heteroarylene group; 
they are formally generated by the addition of an electron to a quinone. 
[5] 

SI units* - The International System of Units adopted in 1960 and 
recommended for use in all scientific and technical fields. [1] 

Siemens (S)* - The SI unit of electric conductance, equal to 07. [1] 

Sievert (Sv)* - The SI unit of dose equivalent (of radiation), equal to J/ 
kg. [1] 

Silanes - Saturated silicon hydrides, analogues of the alkanes; i.e. 
compounds of the general formula Si,H»,,;. Silanes may be subdi- 
vided into silane, oligosilanes, and polysilanes. Hydrocarbyl deriva- 
tives are often referred to loosely as silanes. [5] 

Silicones - Polymeric or oligomeric siloxanes, usually considered un- 
branched, of general formula [-OSiR»-], (R not equal to H). [5] 

Siloxanes - Saturated silicon-oxygen hydrides with unbranched or 
branched chains of alternating silicon and oxygen atoms (each silicon 
atom is separated from its nearest silicon neighbors by single oxygen 
atoms). [5] 

Skin effect - The concentration of high frequency alternating currents 
near the surface of a conductor. 

Slater orbital - A particular mathematical expression for the radial part 
of the wave function of a single electron, which is used in quantum- 
mechanical calculations of the energy and other properties of atoms 
and molecules. 

Small angle neutron scattering (SANS) - See Techniques for Materials 
Characterization, page 12-1. 

Snell’s law - The relation between the angle of incidence i and the angle 


of refraction r of a light beam which passes from a medium of 
refractive index no to a medium of index ni, viz., sin i/sin r = п/п. 

Solar constant* - The mean radiant energy flux from the sun on a unit 
surface normal to the direction of the rays at the mean distance of the 
earth from the sun. The value is approximately 1373 W/m?. 

Solar wind - The stream of high velocity hydrogen and helium ions 
emitted by the sun which flows through the solar system and beyond. 

Soliton - A spatially localized wave in a solid or liquid that can interact 
strongly with other solitons but will afterwards regain its original 
form. 

Solubility* - A quantity expressing the maximum concentration of some 
material (the solute) that can exist in another liquid or solid material 
(the solvent) at thermodynamic equilibrium at specified temperature 
and pressure. Common measures of solubility include the mass of 
solute per unit mass of solution (mass fraction), mole fraction of 
solute, molality, molarity, and others. 

Solubility product constant (K,,)* - The equilibrium constant for the 
dissolution of a sparsely soluble salt into its constituent ions. 

Space group* - A group of symmetry operations (reflections, rotations, 
etc.) that leave a crystal invariant. A total of 230 space groups have 
been identified. 

Spark source mass spectroscopy (SSMS) - See Techniques for Materi- 
als Characterization, page 12-1. 

Specific gravity - Ratio of the mass density of a material to that of water. 
Since one must specify the temperature of both the sample and the 
water to have a precisely defined quantity, the use of this term is now 
discouraged. 

Specific heat - Heat capacity divided by mass. See Heat capacity. 

Specific quantity - It is often convenient to express an extensive quantity 
(е.2., volume, enthalpy, heat capacity, etc.) as the actual value divided 
by mass. The resulting quantity is called specific volume, specific 
enthalpy, etc. 

Specific rotation [c]®,- For an optically active substance, defined by 
1040, = a/yl, where 015 the angle through which plane polarized light 
is rotated by a solution of mass concentration y and path length /. Here 
Ө is the Celsius temperature and А the wavelength of the light at which 
the measurement is carried out. Also called specific optical rotatory 
power. [2] 

Spin (s, D* - A measure of the intrinsic angular momentum of a particle, 
which it possesses independent of its orbital motion. The symbol s is 
used for the spin quantum number of an electron, while / is generally 
used for nuclear spin. 

Spiro compounds - Compounds having one atom (usually a quaternary 
carbon) as the only common member of two rings. [5] 

Stacking fault - An error in the normal sequence of layer growth in a 
crystal. 

Standard mean ocean water (SMOW) - A standard sample of pure 
water of accurately known isotopic composition which is maintained 
by the International Atomic Energy Agency. It is used for precise 
calibration of density and isotopic composition measurements. 

Standard reduction potential (E?) - The zero-current potential of a cell 
in which the specified reduction reaction occurs at the right-hand 
electrode and the left-hand electrode is the standard hydrogen elec- 
trode. Also called Standard electrode potential. 

Standard state - A defined state (specified temperature, pressure, con- 
centration, etc.) for tabulating thermodynamic functions and carrying 
outthermodynamic calculations. The standard state pressure is usually 
таКеп ав 100,000 Pa (1 bar), but various standard state temperatures are 
used. [2] 

Stanton number (St) - A dimensionless quantity used in fluid mechanics, 
defined by St = h/pvc,, where h is coefficient of heat transfer, p is 
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density, v is velocity, and с, is specific heat capacity at constant 
pressure. [2] 

Stark effect - The splitting of an energy level of an atom or molecule, and 
hence a splitting of spectral lines arising from that level, as a result of 
the application of an external electric field. 

Statistical weight (g) - The number of distinct states corresponding to the 
same energy level. Also called degeneracy. 

Stefan-Boltzmann constant (0)* - Constant in the equation for the 
radiant exitance M (radiant energy flux per unit area) from a black 
body at thermodynamic temperature T, viz. M = oT*. [1] 

Stibines - ЗЫН; and compounds derived from it by substituting one, two 
or three hydrogen atoms by hydrocarbyl groups: R3Sb. RSbH,, R;SbH, 
and R5Sb (R not equal to H) are called primary, secondary and tertiary 
stibines, respectively. [5] 

Stochastic process - A process which involves random variables and 
whose outcome can thus be described only in terms of probabilities. 

Stoichiometric number (v) - The number appearing before the symbol 
for each compound in the equation for a chemical reaction. By 
convention, it is negative for reactants and positive for products. [2] 

Stokes (St) - А non-SI unit of kinematic viscosity, equal to 10+ m?/s. 

Stokes’ law - The statement, valid under certain conditions, that the 
viscous force F experienced by a sphere of radius a moving at velocity 
v in a medium of viscosity T is given by Ғ--блдау. 

Strain - The deformation of a body that results from an applied stress. 

Stratosphere - The part of the earth’s atmosphere extending from the top 
of the troposphere (typically 10 to 15 km above the surface) to about 
50km. Itis characterized by an increase in temperature with increasing 
altitude. 

Stress - Force per unit area (pressure) applied to a body. Tensile stress 
tends to stretch or compress the body in the direction of the applied 
force. Sheer stress results from a tangential force which tends to twist 
the body. 

Strong interaction - The short range (order of 1 fm) attractive forces 
between protons, neutrons, and other hadrons which are responsible 
for the stability of the nucleus. 

Strouhal number (Sr) - A dimensionless quantity used in fluid mechan- 
ics, defined by Sr = Шу, where / is length, f is frequency, and v is 
velocity. [2] 

Structure factor - In x-ray crystallography, the sum of the scattering 
factors of all the atoms in a unit cell, weighted by an appropriate phase 
factor. The intensity of a given reflection is proportional to the square 
of the structure factor. 

Sublimation pressure - The pressure of a gas in equilibrium with a solid 
at a specified temperature. 

Sulfides - Compounds having the structure RSR (R not equal to H). Such 
compounds were once called thioethers. In an inorganic sense, salts or 
other derivatives of hydrogen sulfide. [5] 

Sulfones - Compounds having the structure, RS(2O);R (R not equal to 
H), e.g. С,Н.,5(-0):СН,, ethyl methyl sulfone. [5] 

Sulfonic acids - HS(=O),OH, sulfonic acid, and its S-hydrocarbyl 
derivatives. [5] 

Sulfoxides - Compounds having the structure R,S=O (R not equal to H), 
e.g. Рһ5-О, diphenyl sulfoxide. [5] 

Superconductor - A material that experiences a nearly total loss of 
electrical resistivity below a critical temperature Т.. The effect can 
occur in pure metals, alloys, semiconductors, organic compounds, and 
certain inorganic solids. 

Superfluid - A fluid with near-zero viscosity and extremely high thermal 
conductivity. Liquid helium exhibits these properties below 2.186 K 
(the A point). 

Supernova - A star in the process of exploding because of instabilities 
which follow the exhaustion of its nuclear fuel. 


Surface analysis by laser ionization (SALI) - See Techniques for 
Materials Characterization, page 12-1. 

Surface tension (y,0)* - The force per unit length in the plane of the 
interface between a liquid and a gas, which resists an increase in the 
area of that surface. It can also be equated to the surface Gibbs energy 
per unit area. 

Surfactant - A substance which lowers the surface tension ofthe medium 
in which it is dissolved, and/or the interfacial tension with other 
phases, and accordingly is positively adsorbed at the liquid-vapor or 
other interfaces. [3] 

Susceptance (B) - Imaginary part of admittance. [1] 

Svedberg - A non-SI unit of time, used to express sedimentation coeffi- 
cients, equal to 10-13 s. 

Syndiotactic macromolecule - A tactic macromolecule, essentially 
comprising alternating enantiomeric configurational base units which 
have chiral or prochiral atoms in the main chain in a unique arrange- 
ment with respect to their adjacent constitutional units. In this case the 
repeating unit consists of two configurational base units that are 
enantiomeric. [8] 

Tacticity - The orderliness of the succession of configurational repeating 
units of a macromolecule or oligomer molecule. In a tactic macromol- 
ecule essentially all the configurational repeating units are identical 
with respect to directional sense. See Configurational repeating unit, 
Isotactic, Syndiotactic. [8] 

Tautomerism - Isomerism of the general form G-X-Y=Z 1 X-Y-Z- 
G, where the isomers (called tautomers) are readily interconvertible; 
the atoms connecting the groups X, Y, Z are typically any of C, H, O, 
or S, and G is a group which becomes an electrofuge (i.e., a group that 
does not carry away the bonding electron pair when it leaves its 
position in the molecule) or nucleofuge (a group that does carry away 
the bonding electrons when leaving) during isomerization. The com- 
monest case, when the electrofuge is H*, is also known as prototropy. 
A common example, written so as to illustrate the general pattern given 
above, is keto-enol tautomerism, such as 

H-O-C(CH3)=CH-CO,Et (enol) 1 (CH3)C(2O)-CH»-CO,Et (keto) 
In some cases the interconversion rate between tautomers is slow 
enough to permit isolation of the separate keto and enol forms. [5] 

Tensile strength* - In tensile testing, the ratio of maximum load a body 
can bear before breaking to original cross-sectional area. Also called 
ultimate strength. [11] 

Terpenes - Hydrocarbons of biological origin having carbon skeletons 
formally derived from isoprene [CH;ZC(CH3)CH-2CH,]. [5] 

Terpenoids - Natural products and related compounds formally derived 
from isoprene units. They contain oxygen іп various functional groups. 
The skeleton ofterpenoids may differ from strict additivity of isoprene 
units by the loss or shift of a methyl (or other) group. [5] 

Tesla (T)* - The SI unit of magnetic flux density (B), equal to V s/m?. [1] 

Thermal conductivity* - Rate of heat flow divided by area and by 
temperature gradient. [1] 

Thermal diffusivity - Thermal conductivity divided by density and by 
specific heat capacity at constant pressure. [1] 

Thermal expansion coefficient ()* - The linear expansion coefficient 
is defined by а, = (1/0)(9//47); the volume expansion coefficient by оу 
= (1/V)(dV/d7). [1] 

Thermionic emission - The emission of electrons from a solid as a result 
of heat. The effect requires a high enough temperature to impart 
sufficient kinetic energy to the electrons to exceed the work function 
of the solid. 

Thermodynamic laws - The foundation of the science of thermodynam- 
ics: 
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First law: The internal energy of an isolated system is constant; if 
energy is supplied to the system in the form of heat dq and work dw, 
then the change in energy dU = dq + dw. 

Second law: No process is possible in which the only result is the 
transfer of heat from a reservoir and its complete conversion to work. 
Third law: The entropy of a perfect crystal approaches zero as the 
thermodynamic temperature approaches zero. 

Thermoelectric power - For a bar of a pure material whose ends are at 
different temperatures, the potential difference divided by the differ- 
ence in temperature of the ends. See also Seeback effect. 

Thermogravimetric analysis (TGA) - See Techniques for Materials 
Characterization, page 12-1. 

Thermosphere - The layer of the earth's atmosphere extending from the 
top of the mesosphere (typically 80-90 km above the surface) to about 
500 km. It is characterized by a rapid increase in temperature with 
increasing altitude up to about 200 km, followed by a leveling off in 
the 300-500 km region. 

Thiols - Compounds having the structure RSH (R not equal to H). Also 
known by the term mercaptans (abandoned by IUPAC); e.g. 
СН,СН, 5Н, ethanethiol. [5] 

Thomson coefficient (U, т) - The heat power developed in the Thomson 
effect (whereby heat is evolved in a conductor when a current is 
flowing in the presence of a temperature gradient), divided by the 
current and the temperature difference. [1] 

Tonne (t) - An alternative name for megagram (1000 kg). [1] 

Torque (Т) - For a force F that produces a torsional motion, T =r x F, 
whererisa vector from some reference point to the point of application 
of the force. 

Torr - A non-SI unit of pressure, equal to 133.322 Pa. The name is 
generally considered interchangeable with millimeter of mercury. 
Townsend coefficient - In a radiation counter, the number of ionizing 
collisions by an electron per unit path length in the direction of an 

applied electric field. 

Transducer - Any device that converts a signal from acoustical, optical, 
or some other form of energy into an electrical signal (or vice versa) 
while preserving the information content of the original signal. 

Transistor - A voltage amplifier using controlled electron currents inside 
à semiconductor. 

Transition metals - Elements characterized by a partially filled а 
subshell. The First Transition Series comprises Sc, Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu. The Second and Third Transition Series include the 
lanthanides and actinides, respectively. [7] 

Transition probability* - See Einstein transition probability. 

Transmittance (т) - Ratio of the radiant or luminous flux at a given 
wavelength that is transmitted to that of the incident radiation. Also 
called transmission factor. [1] 

Tribology - The study of frictional forces between solid surfaces. 

Triple point* - The point in р,7 space where the solid, liquid, and gas 
phases of a substance are in thermodynamic equilibrium. The corre- 
sponding temperature and pressure are called the triple point tempera- 
ture and triple point pressure. 

Troposphere - The lowest part of the earth's atmosphere, extending to 
10-15 km above the surface. It is characterized by a decrease in 
temperature with increasing altitude. The exact height varies with 
latitude and season. 

Tunnel diode - A device involving a p-n junction in which both sides are 
so heavily doped that the Fermi level on the p-side lies in the valence 
band and on the n-side in the conduction band. This leads to a current- 
voltage curve with a maximum, so that the device exhibits a negative 
resistance in some regions. 

Ultraviolet photoelectron spectroscopy (UPS) - See Techniques for 
Materials Characterization, page 12-1. 


Umklapp process - A process involving the interaction of three or more 
waves (lattice or electron) in a solid in which the sum of the wave 
vectors does not equal zero. 

Unified atomic mass unit (u)* - A unitof mass used in atomic, molecular, 
and nuclear science, defined as the mass of one atom of !2C divided by 
12. Its approximate value is 1.66054 x 107 kg. [1] 

Universal time (їр, UT) - Mean solar time counted from midnight at the 
Greenwich meridian. Also called Greenwich mean time (GMT). The 
interval of mean solar time is based on the average, over one year, of 
the time between successive transits of the sun across the observer's 
meridian. 

Vacancy - A missing atom or ion in a crystal lattice. 

Van Allen belts - Two toroidal regions above the earth's atmosphere 
containing protons and electrons. The outer belt at about 25,000 km 
above the surface is probably of solar origin. The inner belt at about 
3000 km contains more energetic particles from outside the solar 
system. 

Van der Waals’ equation* - An equation of state for fluids which takes 


the form: 
ши 3, 
V.-b У,2 


where p is pressure, V,, is molar volume, Т is temperature, R is the 
molar gas constant, and a and b are characteristic parameters of the 
substance which describe the effect of attractive and repulsive inter- 
molecular forces, respectively. 

Vander Waals' force - The weak attractive force between two molecules 
which arises from electric dipole interactions. It can lead to the 
formation of stable but weakly bound dimer molecules or clusters. 

Van't Hoff equation - The equation expressing the temperature depen- 
dence of the equilibrium constant K of a chemical reaction: 


dink _ А, Н° 
dT RT? 


pV. = er 


where А.Н? is the standard enthalpy of reaction, R the molar gas 
constant, and T the temperature. Also called van't Hoff isochore. 

Vapor pressure* - The pressure of a gas in equilibrium with a liquid (or, 
in some usage, a solid) at a specified temperature. 

Varistor - A device that utilizes the properties of certain metal oxides 
with small amounts of impurities, which show abrupt nonlinearities at 
specific voltages where the material changes from a semiconductor to 
an insulator. 

Velocity (v) - Rate of change of distance with time. 

Verdet constants (V)* - Angle of rotation of a plane polarized light beam 
passing through a medium in a magnetic field, divided by the field 
strength and by the path length. 

Virial equation of state* - An equation relating the pressure p, molar 
volume Vm, and temperature T of a real gas in the form of an expansion 
in powers of the molar volume, viz., рУ,- Е7(1-ВУ, CV? ...), 
where R is the molar gas constant. В is called the second virial 
coefficient, Cthe third virial coefficient, etc. The virial coefficients are 
functions of temperature. 

Viscosity (n)* - The proportionality factor between sheer rate and sheer 
stress, defined through the equation F = m A(dv/dx), where F is the 
tangential force required to move a planar surface of area A at velocity 
v relative to a parallel surface separated from the first by a distance x. 
Sometimes called dynamic or absolute viscosity. The term kinematic 
viscosity (symbol v) is defined as т divided by the mass density. 

Volt (V)* - The SI unit of electric potential, equal to W/A. [1] 

Volume fraction (фу) - Defined as V/Z;V;, where V; is the volume of the 
specified component and the V;are the volumes of all the components 
of a mixture prior to mixing. [2] 
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Watt (W)* - The SI unit of power, equal to J/s. [1] 

Wave function - A function of the coordinates of all the particles in a 
quantum mechanical system (and, in general, of time) which fully 
describes the state of the system. The product of the wave function and 
its complex conjugate is proportional to the probability of finding a 
particle at a particular point in space. 

Weak interaction - The weak forces (order of 10-1? of the strong 
interaction) between elementary particles which are responsible for 
beta decay and other nuclear effects. 

Weber (Wb)* - The SI unit of magnetic flux, equal to V s. [1] 

Weber number (We) - A dimensionless quantity used in fluid mechanics, 
defined by We = ру2 у, where p is density, vis velocity, lis length, and 
Y is surface tension. [2] 

Weight - That force which, when applied to a body, would give it an 
acceleration equal to the local acceleration of gravity. [1] 

Wiedeman-Franz law - The law stating that the thermal conductivity k 
and electrical conductivity o of a pure metal are related by k = LoT, 
where Т is the temperature and L (called the Lorenz ratio) has the 
approximate value 2.45 x 10% V?/K?. 

Wien displacement law - The relation, which can be derived from the 
Planck formula for black body radiation, that À max T = 0.0028978 m К, 
where Алах is the wavelength of maximum radiance at temperature T. 

Wigner-Seitz method - A method of calculating electron energy levels 
in a solid using a model in which each electron is subject to a 
spherically symmetric potential. 

Wittig reagents - See phosphonium ylides. 

Work (W) - Force multiplied by the displacement in the direction of the 
force. [1] 

Work function (Ф)* - The energy difference between an electron at rest 
at infinity and an electron at the Fermi level in the interior of a 
substance. It is thus the minimum energy required to remove an 
electron from the interior of a solid to a point just outside the surface. 


[1] 


X unit (X) - A unit of length used in x-ray crystallography, equal to 
approximately 1.002 х 10-13 m. 

X-ray photoelectron spectroscopy (XPS) - See Techniques for Materi- 
als Characterization, page 12-1. 

Yield strength - The stress at which a material exhibits a specified 
deviation (often chosen as 0.296 for metals) from proportionality of 
stress and strain. [11] 

Young's modulus (£) - In tension or compression of a body below its 
elastic limit, the ratio of stress to corresponding strain. Since strain is 
normally expressed on a fractional basis, Young's modulus has 
dimensions of pressure. Also called elastic modulus. [11] 

Zeeman effect - The splitting of an energy level of an atom or molecule, 
and hence a splitting of spectral lines arising from that level, as a result 
of the application of an external magnetic field. 

Zener diode - A control device utilizing a p-n junction with a well defined 
reverse-bias avalanche breakdown voltage. 

Zeotrope - A liquid mixture that shows no maximum or minimum when 
vapor pressure is plotted against composition at constant temperature. 
See Azeotrope. 

Zero-point energy - The energy possessed by a quantum mechanical 
system as a result of the uncertainty principle even when it is in its 
lowest energy state; e.g., the difference between the lowest energy 
level of a harmonic oscillator and the minimum in the potential well. 

Zeta potential (C) - The electric potential at the surface of a colloidal 
particle relative to the potential in the bulk medium at a long distance. 
Also called electrokinetic potential. 

Zwitterions - Neutral compounds having formal unit electrical charges 
of opposite sign. Some chemists restrict the term to compounds with 
the charges on non-adjacent atoms. Sometimes referred to as inner 
salts, dipolar ions (a misnomer). [5] 
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р = pressure 


V = volume T — temperature 


п; = amount of substance 7 
x; = пух, n; = mole fraction of substance i 


Energy 

Entropy 

Enthalpy 

Helmholtz energy 

Gibbs energy 

Isobaric heat capacity 
Isochoric heat capacity 
Isobaric expansivity 
Isothermal compressibility 


Isentropic compressibility 


Gibbs-Helmholtz equation 


Maxwell relations 


Joule-Thomson expansion 


Partial molar quantity 
Chemical potential 


Perfect gas [symbol РЕ 


Fugacity 
Activity coefficient 
Gibbs-Duhem relation 


U 

S 

H=U+pV 
A=U-TS 
G=U+pV-TS 
C, = (oH/oT), 
Су = (QU/OT)y 


a= У (МТ), 

Kr = -ҮЭ(дҮ/0р)т 

Ks =-У (9/4); 

Ky —ks = ТоРУ/С, 

C, - Су = TO? V/ky 

H = G - пат), 

(95/9р)т = —(ƏV/oT), 

(95/9У)т = -(ор/дТ)у 

Шт = (97/0р)ц = -£V — T(oV/oT),J/C, 
фу = (gH/gp)r = У – T(OV/0T), 


Х, = тт, 
и = (467 трл | 
РУ = (X; n)RT 


ЦРВ = це + RT In(x; p/p?) 
fi = (хр)ехрі(ц, — P8 VRT] 
y Ax?) 

0 — SdT – Vdp + Упаи; 


[Superscript 0 in above equations indicates standard state] 


Notation for chemical and physical changes (X = Н, 5, С, etc.): 


Chemical reaction 
Formation from elements 
Combustion 

Fusion (cry—liq) 
Vaporization (liq—gas) 
Sublimation (cry—gas) 
Phase transition 

Solution 

Mixing 


Dilution 


АХ 
АХ 
АХ 
Ar X 
Д.Х 
A. X 
A, X 
Дух 
Amix X 
Да 
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The basic physical constants and structure diagrams for about 10,900 organic compounds are presented in this table. An effort has been made to 
include the compounds most frequently encountered in the laboratory, the workplace, and the environment. Particular emphasis has been given to 
substances that are considered environmental or human health hazards. In making the selection of compounds for the table, added weight was 
assigned to the appearance of a compound in various lists or reference sources such as: 


* Laboratory reagent lists, e.g., the ACS Reagent Chemicals volume (Ref. 1) 

° Тһе DIPPR list of industrially important compounds (Ref. 2) and the (much larger) TSCA Inventory of chemicals used in commerce 

* Тһе Hazardous Substance Data Bank (Ref. 3) 

* Тһе UNEP list of Persistent Organic Pollutants (Ref. 4) 

e Chemicals on Reporting Rules (CORR), a database of about 7500 regulated compounds prepared by the Environmental Protection 
Agency (Ref. 5) 

* Тһе EPA Integrated Risk Information System (IRIS), a database of human health effects of exposure to chemicals in the environ- 
ment (Ref. 6) 

e Compendia of chemicals of biochemical or medical importance, such as The Merck Index (Ref. 10) 

° Specialized tables in this Handbook 


It should be noted that the above lists vary widely in their choice of chemical names, and even in the use of Chemical Abstracts Registry Numbers. 
To the extent possible, we have attempted to systematize the names and registry numbers for this table. 

Clearly, criteria of this type are somewhat subjective, and compounds considered important by some users have undoubtedly been omitted. Sug- 
gestions for additional compounds or other improvements are welcomed. 

The data in the table have been derived from many sources, including both the primary literature and evaluated compilations. The Handbook of 
Data on Organic Compounds, Third Edition (Reference 7) and the Chapman & Hall/CRC Combined Chemical Dictionary (Reference 8) were 
important sources. Other useful compilations of physical property data for organic compounds are listed in References 9-19. Many boiling point 
values (and some melting point and density values) were taken from recent physical chemistry literature dealing with fluid properties. Where con- 
flicts were found, the value deemed most reliable was chosen. 

The table is arranged alphabetically by substance name, which generally is either an IUPAC systematic name or, in the case of pesticides, phar- 
maceuticals, and other complex compounds, a simple trivial name. Names in ubiquitous use, such as acetic acid and formaldehyde, are adopted 
rather than their systematic equivalents. Synonyms are given in the column following the primary name, and structure diagrams are given below 
the data listing. The explanation of the data columns follows: 


° Хо. An identification number used in the indexes. 

° Маше: Primary name of the substance 

* Synonym: A synonym in common use. When the primary name is non-systematic, a systematic name may appear here. 

4 Ма. Form.: The molecular formula written in the Hill convention. 

° CAS RN.: The Chemical Abstracts Service Registry Number for the compound. 

° Mol. Wt: Molecular weight (relative molar mass) as calculated with the 2001 IUPAC Standard Atomic Weights. 

° Physical Form: A notation of the physical phase, color, crystal type, or other features of the compound at ambient temperature. 
Abbreviations are given below. 

° mp: Normal melting point in °С. A value is sometimes followed by “dec”, indicating decomposition is observed at the stated tem- 
perature (so that it is probably not a true melting point). The notation "tp" indicates a triple point, where solid, liquid, and gas are in 
equilibrium. 

° bp: Normal boiling point in °С, if it is available. This is the temperature at which the liquid phase is in equilibrium with the vapor at 
a pressure of 760 mmHg (101.325 kPa). A notation "sp" following the value indicates a sublimation point, where the vapor pressure 
of the solid phase reaches 760 mmHg. When a notation such as “dec” or “exp” (explodes) follows the value, the temperature may 
not be a true boiling point. A simply entry "sub" indicates the solid has a significant sublimation pressure at ambient temperatures. 
The boiling point at reduced pressure is listed in some cases, with or without the normal boiling point. Here the superscript indicates 
the pressure in mmHg. 


* den: Density (mass per unit volume) in g/cm?. The temperature in “С is indicated by a superscript. Values refer to the liquid or 
solid phase, and all values are true densities, not specific gravities. The number of decimal places gives a rough estimate of the accu- 
racy of the value. 

° пр: Refractive index, at the temperature in “С indicated by the superscript. Unless otherwise indicated, all values refer to a wave- 
length of 589 nm (sodium D line). Values are given only for liquids and solids. 

° Solubility: Qualitative indication of solubility in common solvents. Abbreviations are: 


i insoluble 

sl slightly soluble 
8 soluble 

vs very soluble 


msc miscible 
dec decomposes 


Abbreviations for solvents are given below. 


PHYSICAL CONSTANTS OF ORGANIC COMPOUNDS (continued) 


In order to facilitate the location of compounds in the table, three indexes are provided: 


* Synonym Index: Includes common synonyms, but not the primary name by which the table is arranged. 

* Molecular Formula Index: Lists compounds by molecular formula in the Hill Order (see Introduction to this Handbook). 

• CAS Registry Number Index: Lists compounds by Chemical Abstracts Service Registry Number. Note there is some redundancy 
in this index, because many compounds have several Registry Numbers associated with them. Thus the CAS RN in a table entry 
may differ from the CAS RN which points to it in the index. For example, CAS RN 1319-77-3 in the index points to all three cresol 
isomers, each of which has its own specific CAS RN. 


The assistance of Fiona Macdonald in checking names and formulas is gratefully acknowledged, as well as the efforts of Janice Shackleton, 
Trupti Desai, Nazila Kamaly, Matt Griffiths, and Lawrence Braschi in preparing the structure diagrams. 
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bl blue i i nsolubl e soln sol ut i on 
bl k bl ack iz i so- sp subli mat i on poi nt 
bp boi 11 ng poi nt 150 i sooct ane st ab st able 
br brown Ї leaves sub subl į mes 
bt bri ght ig li groin sul f sulf uri c aci d 
Bu but yl iq li qui d Syr Syrup 
BuOH 1-but anol 0 long ab tablets 
bz benzene mcl monocl i ni с cl triclinic 
chl chl orof orm e met hyl etr t et ragonal 
col col orl ess eCN acet oni t ri le fa t ri fluoroacet i c aci d 
соп, сопс concent rat ed ен met hanol hf , THF t et rahydrof uran 
cry cryst als mi sc, msc mi sci ble 0 toluene 
ctc carbon t et rachl ori de mp mel t i ng poi nt p tri ple poi nt 
Cy, cyhex сусі ohexane n ref ract i ve i ndex гд tri gonal 
dec decomposes nd needl es unst ab unst able 
den densi t y oct oct ahedra, oct ahedral vap vapor 
di | di lute oran orange vi ol vi olet 
di ox dioxane ort h ort horhombi с М sc М 50005 
dk dark 05 organi c sol vent 5 vol volat i le 
DMF di met hyl f ormami de pa pale vs very sol ubl e 
DMSO di met hyl sulf oxi de pet h pet rol eum et her м wat er 
ef flor ef florescent Ph phenyl wh white 
Е et Пу! PhCI chl orobenzene xyl xyl ene 
Et OH et hanol РАМН, ani li ne ye yellow 
eth di et hyl et her РАМО, ni t robenzene 
exp expl odes pl plat es 
fl flakes DOW powder 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
1 Abate Temephos 0 1,:0,Р,5,  3383-96-8 466.469 30 132 
2 Abi eticacid 50; 514-10-3 302.451 mcl pl (81-4) 173.5 250 vs ace, bz, et h, Et OH 
3 Absci si c aci d 40.0, 21293-29-8 264.318 cry (chl-peth) 160 sub 120 vs ace, et h, chl 
4 Acacet i п 5,7-Di hydroxy-2-(4-met hoxyphenyl ЈЕ 6Н 205 480-44-4 284.263 уе па (95% al) 263 vs Et OH 
4H-1-benzopyran-4-one 
5 Acebut ol ol, (+) £H, N,0, 37517-30-9 336.426 cry 121 
6 Acedapsone Ci H, N,0,S 77-46-3 332.374 m р | В) 290 51 HO = 
ila 
7 Acenapht hene 1,2-Di hydroacenapht ћу! ene 1280 83-32-9 154.207 93.4 279 1.22220 1.60485 | НО; 51 Et OH, chl ; vs bz; s HOAc = 
8 Acenapht hyl ene Acenapht hal ene 1% 208-96-8 152.192 91.8 280 0.898716 i НО; vs Et OH, et h, bz; sl chl Л 
9 1,2-Acenapht ћу! enedi one 140 82-86-0 182.175 yend(HOAc) 261 sub 1.480020 i НО; sl Et ОН, bz, НОАс; s li g a 
0 Асепосоштаго! Ni coumal one 010, 152-72-7 353.325 cry (ace aq) 198 i go > 
1 Acephat e Phosphorami dot hi oi c aci d, acet yl C,H44N0.PS 30560-19-1 183.166 88 1.3520 с 
0,S-di met hyl est er (е) 
2  Acepromazi ne G Hj М,05 61-00-7 326.455 oran oi | 230 Z 
3 Acesulf ame (ҢМ0,5 33665-90-6 163.153 nd (bz) 1232 S bz, chl а 
4 Acetaldehyde Et hanal 8,0 75-07-0 44.052 vol 11 а 07045 -123.37 20.1 0.7834 1.331622 msc H,0, Et OH, et h, bz; sl chl » 
5 Acet al dehyde phenyl hydrazone GN, 935-07-9 134.178 99.5 150%, 135?! vs Et OH = 
6 Acetaldoxi me Acet al dehyde oxi me 21:60 107-29-9 59.067 па 45 115 0.965620 14264? s ЊО, chl; msc Et OH, et h 9 
7 Acet ami de Et hanami de МО 60-35-5 59.067 trg mel (al-eth) 8016 222.0 0.9986 1.4278 vs ЊО, Et OH ° 
8 Acetani li de N-Phenyl acet ami de BONO 103-84-4 135.163 1143 304 1.219015 51 НО; vs Et OH, ace; s et h, s bz, 2 
to 
9 Acet azol ami de N-[5-(Ami nosul f onyl )-1,3,4- С,Н,М,0:5, 59-66-5 222.246 260.5 51 HO 2 
t hi adi azol -2-yl Jacet ami de ° 
20 Acethi on 0,0,5; 919-54-0 272.322 iq 379 1.182 = 
21 Aceti c aci d Et hanoi c aci d 10, 64-19-7 60.052 16.64 117.9 1.044625 37202 M OH, et h, асе, bz; s chl , 5 
2 
22 Aceti c aci d, 2-phenyl hydrazi de ШЕЙ 114-83-0 150.177 hex pr (et h) 130.0 vs HO, Et OH; sl et h, chl, tf a; bz 5 
23 Aceti с anhydri de 4660, 108-24-7 102.089 iq -74.1 39.5 1.082 39010. vs H,0; s Et OH, bz; msc et h; 51 ct c 2 
24 Acet oacet ani 11 de 1016:№, 102-01-2 177.200 prornd(bzor 86 SI HO; s Et OH, et h, bz, chl , aci d, = 
li g) lig © 
25 Acet oacet i c aci d 40, 541-50-4 102.089 cry (et h) 36.5 dec 100 vs HO, et h, Et OH а 
26 2-Acet oacet oxyet ћу! met hacryl at e 2-(Met hacryl oyl oxy)et hyl C, H, 0; 21282-97-3 214.215 iq 0% 1.122 .456020 2 
acet oacet at e n 
27 Acet ochl or QGHCINO,  34256-82-1 269.768 yeliq Зи 527029 51 ЊО = 
28 Acet ohexami de EH NOS 968-81-0 324.396 cry (Е ОН ад) 188 i Ж, et h; sl Et OH, chl; s py S 
29 Acet ohydrazi de МО 1068-57-1 74.08 67 1375 S НО, Et OH; sl et h =. 
30 Acetohydroxami c aci d N-Hydroxyacet ami de MNO, 546-88-3 75.067 hyg cry 90 = 
31 1-Acet onapht hone GH, 0 941-98-0 170.206 34 297 1.117121 628022 1 НО; s Et OH, et h, ace, chl s 
32 2-Acet onapht hone GH, 0 93-08-3 170.206 па (li g, di I al) 56 302 Я Et OH, ct c 19) 
33 Acet one 2-Propanone СНО 67-64-1 58.079 iq -94.7 56.05 0.7845 .35882 msc H,0, Et OH, et h, ace, bz, chl 
34 Acet one cyanohydri n HNO 75-86-5 85.105 -19 8223 0.93219 .3992 vs Н,0, Et OH, et h; s ace, bz, chl ; 
i peth 
35 Acet one (2,4-di ni t rophenyl )hydrazone 416М,0, 1567-89-1 238.200 уе па or pl (al) 128 i М; s Et OH, et В, bz, chl , AcOEt 
36 Acet one (1-met hyl et hyl i dene) Di met hyl ket azi ne «НОМ, 627-70-3 112.172 iq -12.5 133 0.8390 „45350 msc ЊО, Et OH, et h; s ace 
hydrazone 
37 Acetone t hi osemi carbazi de 4806,5 1752-30-3 131.199 ye cry 176 S ace 
38 Acetoni tri le Met ћу! cyani de АС 75-05-8 41.052 iq -43.82 81.65 0.7857 344049. msc H,0, Et OH, et h, ace, bz, ct с 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
39 Acet ophenone Met hyl phenyl ket one 480 98-86-2 120.149 mel pr or pl 20.5 202 1.0281? 1.5372? sl ЊО; s Et OH, et h, ace, bz, con 
Sul f , chl 
40 Acet ophenone azi ne Met ћу! phenyl ket azi ne NIS 729-43-1 236.311 120 
41 Acet охоп Acet ophos §H,,0;PS 2425-25-4 256.257 liq Dum 
42  N-Acet yl acet ami де 450; 625-77-4 101.105 nd (et h) 19 223.5 S HO, Et OH, et h, chl, li g 
43  N-Acet yl L-al ani ne (МО 97-69-8 131.130 125 
44 4-(Acet ylami no)benzenesulf ony! Acet yl sul ani | yl chlori de 81,С0М0,5 121-60-8 233.673 па (bz), pr (62- 149 vs Et OH, et h; s bz, chl = 
chl ori de chl) = 
45 2-(Acet yl ami no)benzoi c ас! d «НОО, 89-52-1 179.172 па (НОАс) 187.5 51 HO; s Et OH; vs et h, асе, bz, ме 
HOAc n 
46 4-(Acet yl ami no)benzoi c aci d HANO; 556-08-1 179.172 nd (НОАс) 256.5 i HO; s Et OH; sl eth, tfa © 
47  2-(Acet yl ami no)-2-deox-glucose М-Асві yl D-gl ucosami ne ШИ 7512-17-6 221.208 205 Ё 
48 2-(Acet ylami по)-2-деохр-таппозе N-Acet yl D-mannosami пе СН, NO; 3615-17-6 221.208 cry (ace aq) 128 dec al k 
49 2-(Acet ylami no)fluorene NO 53-96-3 223.270 cry (di | al) 193 i ®t s Et OH, et h, HOAc 5 
50 4-(Acet yl ami по) Шшогепе АМО 28322-02-3 223.270 br cry (bz) 200 ” 
51 6-(Acet yl ami no)hexanoi c aci d e-Acet ami docaproi c aci d НЕМО: 57-08-9 173.210 cry (ace) 104.5 а 
52 4-Acet ylani sole 460; 100-06-1 150,174 pl (pet h) 38.5 258 1.0818 1.5474 51 HO; s Et OH, et h, ace, chl > 
53 2-Acet yl benzoi c ас! d 460; 577-56-0 64.158 па (w), рг (bz) 1145 1112 vs ЊО, et h, Et OH = 
54 3-Acet yl benzoi c aci d 400, 586-42-5 64158 172 1112 S НО; msc Et OH а 
55  4-Acet yl benzoi c aci d 460; 586-89-0 64.158 nd (w) 208 sub vs ЊО © 
56 Acetyl benzoyl peroxi de Acet ozone 490, 644-31-5 80,158 wh nd (li g) 37 130 vseth ті 
57 Acetyl bromi de Et hanoyl bromi de 214810 506-96-7 22.948 liq -96 76 1.6625 1.448622 msc et h, bz, chl ; s ace ° 
58 Acetyl chlori de Et hanoyl chl ori de 00 15-36-5 78.497 liq -112.8 50.7 1.1051 1.3886? ^ msc eth, ace, bz, chl; s ctc Е 
59  Acet yl chol i пе bromi de ;H&BrNO; 66-23-9 226.112 hyg cry 146 vs ЊО » 
60 Acet yl chol i пе chl ori de 7HGCI NO, 60-31-1 81.661 150 s Н,0, Et OH; i eth 2 
61 Acet ylcholi ne i odi de 11, МО, 2260-50-6 273.112 hyg 163 б 
62 2-Acet yl cycl ohexanone 05,0; 874-23-7 40.180 -11 11218 1014 1.078225 15130?  sctc (~ 
63 2-Acet yl cycl opent anone 180; 1670-46-8 26153 139 1.04315 1.490620 о 
64  N-Acet yl Ł-cyst ei ne Acet yl cyst ei ne 814405 616-91-1 163.195 cry (w) 109.5 = 
65 3-Acet yl di hydro-2(3-f uranone a-Acet yl but yrol act one 40; 517-23-7 28.126 1075 1.184620 1.45850 vs H,0 5 
66 1-Асві yl -2,5-di hydroxybenzene 2,5-Di hydroxyacet ophenone 819, 490-78-8 52.148 уе ШШ (di | al 205.3 sl ЊО, et h, bz; s Et OH = 
or w 
67 Acet yl ene Et hyne 8, 74-86-2 26.037 col gas -80.7 (tri ple -84.7 sp 0.377% (р>1 sl HO, Et OH, CS; s ace, bz, chl > 
poi nt ) at m) p: 
68 Л-Асеѓ yl et hanol ami ne «19000, 142-26-7 03.120 63.5 1668 110795 1.4674 msc H,0; $ ace; sl bz, lig 8 
69 Acetyl fluori de Et hanoyl fluori de 2180 557-99-3 62.042 vol 11 а ог даз -94 20.8 1.032 msc Et OH, et h; s bz, chl; sl GS z 
70 N-Acet yl gl ut ami c aci d 7H,QNO; 1188-37-0 189.166 pr (w) 199 s НО, Et OH = 
71 N-Acet yl gl yci ne Acet uri c aci d 4H; ND, 543-24-8 17.104 lo nd (w, 206 vs НО, ace, Et OH б 
Ме0н) & 
72 transi-Acet yl -A-hydroxyL-proli ne Oxaceprol (1,0, 33996-33-7 173.167 cry (Ac) 132 vs НО, MeOH 
73 1-Acet yl-#-i mi 082016 50 2466-76-4 110114 1045 51 HO; s Et OH, et h, chl, THF 
74 Acetyl i odi de Et hanoyl i odi de 29310 507-02-8 169.948 108 2.067320 1.549122 vs eth 
75 Acetyl i sot hi ocyanat е 3405 13250-46-9 101.127 1325 1.15233 1.52318 561,05 
T6 N6-Acet yl L-l ysi ne НО 692-04-6 188.224 265 dec 
77 N-Acet yl DL-met hi oni пе ;,,N0,S 1115-47-5 191.248 1145 
78 N-Acet yl L-met hi oni ne Met hi onami ne JH, 30.5 65-82-7 191.248 105.5 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
19 1-Acet yl -17- Aspi dospermi ne GH, NO, 466-49-9 354.485 ndorpr(al)nd 208 220? SI HO, et h; s Et OH, bz, chl 
met hoxyaspi dospermi di ne (pet h) 
80 N-Acet yl A-met hyl acet ami de МО, 1113-68-4 115.131 liq -25 195; 1148 1.066325 1.45025 төс H,0;i eth 
81 1-Acet yl -3-met hyl pi peri di пе 81530 4593-16-2 141211 liq -13.6 239 0.9684 147315 у5Н,0 
82 3-Асві yl-6-met hyl Z2pyran-2,4(3H) — Dehydroacet i c ас! d 860, 520-45-6 168.148 109 270 vs ЊО, et h; sl. Et OH, chl 
-di one 
83 4-Acet yl morphol i ne ва NO, 1696-20-4 129.157 145 15250, 1182 1.114520 1.482722 msc H,0; s Et OH, ace, ct c 
84  N-Acet yl neurami ni c aci d Aceneurami c aci d 1H,,010, 131-48-6 309.271 186 = 
85 Acetyl nit rate HNO, 591-09-3 105.050 exp 60; 220 1,245 ме 
86 2-(Acet yl oxy)benzoi c aci d Acet yl sal i су! c aci d 40,6 50-78-2 180,158 па (w), mcl tab 135 S ЊО, et h, chl; vs Et OH; sl bz = 
(w) 
87 4-(Асе yl oxy)benzoi c ас! d 400, 2345-34-8 180.158 188.5 E 
88 2-(Acet yl oxy)-5-bromobenzoi c aci d 5-Вготоасві у! sal i суі c aci d H;BrOG 1503-53-3 259.054 nd (81) 60 i ID; vs Et OH, et h 
89  4-(Acet yl oxy)-3- СН, 0. 881-68-5 194.184 78 SI НО; vs Et OH, et h e 
met hoxybenzal dehyde 2 
90  2-(Acet yl oxy)-1-phenyl et hanone 104,0; 2243-35-8 178.184 ort h pl 49 270 1.1169 1.50365 — i НО; vs Et OH, et h, chl; sl bz, li g | 92 
91 1-(Acet yl oxy)-2-propanone Acet oxyacet one О; 592-20-1 116.116 171; 63! 1.075720 1.41412 vs HO, et h, Et ОН < 
92 (Acet yl oxy)t ri but yl st annane Tri but ylt i n acet at e PISOS 56-36-0 349.097 847 2, 
93 (Acet yl oxy)t ri phenyl st annane Tri phenylt i n acet at e о Hi 0; n 900-95-8 409.066 121.5 2 
94 4-Acet yl phenyl acet at е 1840; 13031-43-1 178.184 sctc, CS © 
95  N-Acet yl£-phenyl al ani ne КҮРДТЕР 2018-61-3 207.226 173.5 S Et OH = 
96  N-Acet yl L-phenyl al ani ne, et ћу! est er а М0, 2361-96-8 235.279 cry (Et ОН aq) 93 o 
97  N-Acet yl L-phenyl al ani ne, met ћу! СМО 3618-96-0 221.252 nd(peth)or 91 2 
est er vi sc oi | (chl) б 
98 Acetyl phosphat e ЖОР 590-54-5 140.032 unst ab i n soln = 
99 1-Acet yl pi peri di ne 7HGNO 618-42-8 127.184 liq -134 226.5 1.013 147905 vs HO, Et OH 5 
100 1-Acet yl -4-pi peri di none ;H&NO; 32161-06-1 141.168 218; 12402 1.14625 1.502620 с 
01 3-Acet yl pyri di ne adeni ne di nucleotide 3-Acet yl NAD 2 М0,Р, 86-08-8 662.436 soli d © 
02 4-Acet ylt hi oani sole 41605 1778-09-2 166.239 81.5 = 
103 Acetyl t hi ochol i пе i odi de 14805 1866-15-5 289.177 205 ч 
104 MAcet yl £-t турі ophan GH,,N,0, 1218-34-4 246.261 nd (di | MeOH) 189.5 S ED, Et OH, alk = 
05  N-Acet yl L-t yrosi ne МО, 537-55-3 223.226 cry (м); pl 153 Z 
(di 0x) 5 
106 М-Асеі yl Ł-t yrosi ne et ћу! est er КІМДІ? 840-97-1 251.279 80.5 Ф 
07 N-Acet yl L-val i ne (3,410, 96-81-1 159.183 164 © 
08 Ас d Fuchsi n Fuchsi n, aci d а „Мао, 3244-88-0 585.539 51 HO, Et OH z 
; =. 
109 Aci шог en 5-[2-Chl oro-4-(t ri fluoromet ћу!) ^ САЊСТЕМО, 50594-66-6 361.658 150 E 
phenoxy]-2-ni t robenzoi c aci d s 
110 Асопі пе (5Н, NO, 509-20-6 499.596 атог 132 S HO, Et OH, chl ; sl eth, li g is 
111 Aconi t i ne all NO; 302-27-2 645.737 ort h If 204 vs bz, Et OH, chl 
112 9-Acri di nami ne Ami nacri ne 316, 90-45-9 194.231 yend(aceoral) 241 S Et OH, асе; 51 DMSO; vs di | НСІ 
113 Acri di ne Di benzo[b,e]pyri di ne a3 HON 260-94-6 179.217 orthndorpr 106( опт а); 344.86 1.00520 i НО; sl ct c; vs Et OH, et h, bz 
(al) 110(f orm b) 
114 3,6-Асгі di nedi ami ne Proflavi ne НС 92-62-6 209.246 уе па (al orw) 285 S HO; vs Et OH; sl et h, bz 
115 9(10H)-Acri di none NO 578-95-0 195.216 уе lf (al) >300 1,8 et h, bz; 51 Et OH; $ НОАс, 
alk 
116 Acrolei n 2-Propenal 1,0 107-02-8 56.063 lig -87.7 52.6 0.840 1.401722 vs Н,0; s Et OH, et h, ace; sl chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
117 Acrylami de 2-Propenami de 4BNO 79-06-1 71.078 ЇЇ (bz) 84.5 192.6 vs ED, chl s Et OH, et h, ace 
118 Acrylic aci d 2-Propenoi c aci d HO, 79-10-7 72.063 12.5 141 1.051120 1.42240 msc H,0, Et OH, et h; s ace, bz, ct c 
119 Acrylonitrile Propeneni t ri 16 HINC 107-13-1 53.063 liq -83.48 773 0.800% 1.3911% s H,0; vs ace, bz, et h, Et OH 
120 Acycl ovi r (Hi №05 59277-89-3 225.205 cry (Et OH) 225 
121 Adeni ne H-Puri n-6-ami ne fN; 73-24-5 135.128 ort h па (438) 360 dec sub 220 S ВО; 51 Et OH; i. eth, chl 
122 Adenosi ne B-D-Ri bof uranosi de, adeni пе-9 0 6:М60, 58-61-7 267.242 n(w+3/2) 235.5 sl H0; i Et OH 
123 Adenosi ne cycli c 3,5-(hydrogen САМР Сон ОР 60-92-4 329.206 cry 219 - 
phosphat e) T 
124 Adenosi пе 3',5'-di phosphat e 3'-Адепу! i c aci d, 5-(di hydrogen СН, МО Р, 1053-73-2 427.202 атог ром < 
phosphat e) Л 
125 Adenosi ne 5- Adenosi ne, 5'-[hydrogen C,Hz;NO,P, 3768-14-7 425.229 cry (w) 204 s Н,0 б 
met hyl enedi phosphonat e (phosphonomet hyl )phosphonat e] E 
126 Adenosi ne 3-phosphat e 3-Adenyl i c aci d qo o, ОР 84-21-9 347.222 col nd 195 dec 
127 Adenosi ne 5-t ri phosphat e ATP 148 NO, P, 56-65-5 507.181 144 dec 5 
28 S-Adenosyl -L-homocyst ei ne CH NOS  979-92-0 384.411 210 dec Z 
129 5'-Adenyli с aci d Adenosi ne 5-monophosphat e (Ho NQO;P 61-198 347.222 195 dec vs ЊО; s Et OH, 10% НСІ а 
130 Adi рат c aci d 4%, NO, 334-25-8 145.156 nd (w) 161.5 » 
31 Ад! pheni ne hydrochl ori de ВС! NO, 50-42-0 347.879 cry 113.5 vs ЊО; sl Et OH, et h 2 
132 Adi pi c aci d 1,6-Hexanedi oi c aci d 81 0, 24-04-9 146141 mcl рг (м, асе, 152.5 337.5 1.36025 51 HO; vs Et OH; зе h;i HOAc, li g | un 
lig 
33 Adi poni t ri le Hexanedi ni t ri le 4; С 11-69-3 108.141 nd (et h) 1 295 0.9676? 14380? 51 HO, et h; s chl, Et OH - 
34 Adrenalone CH4NO; 99-45-6 181.188 nd 235 dec sl HO, Et OH, et h o 
135 Af fini n N-(2-Met hyl propyl )-2,6,8- C H, NO 25394-57-4 221.339 уе oi | 23 16% 151345 i НО 2 
decat ri enami de б 
36 Aflat oxi n B1 Но 162-65-8 312.273 cry 268 = 
37 Aflat oxi n B2 GH,,0, 7220-81-7 314.289 287.5 5 
138 Aflat oxi n G1 СН.20, 165-39-5 328.273 cry 245 с 
39 Agariti ne L-Gl ut ami c aci d, 5-[2-[4- Co HN, 2151-90-6 267.281 cry (di | al) 207 dec vs Ю © 
(hydroxymet ћу! )рпепу! ]hydrazi de] 2 
40 Aj malan-17,21-di ol, (8210) Aj mali ne 8,50, 4360-12-7 326.432 pl (43.58) (aq 206 i HO; s Et OH, chl; sl et h, bz = 
AcOEt ) о 
141 Alachl or (НСМ, — 15972-60-8 269.768 40 10002 1.1335 а 
42 DL-Nlani ne DL-2-Ami nopropanoi c aci d NO, 302-72-7 89.094 Д | prornd 300 дес sub 250 1.4245 S H0; vs Et OH 2 
w 9 
143 D-Alani ne 2-Аті nopropanoi c aci fd) ( C,H;NO; 338-69-2 89.094 nd (w, 21) 314 dec sub S НО; sl Et OH; | eth = 
44 L-Alani ne 2-Ami nopropanoi c aci 9, ( САМО, 56-41-7 89.094 ort h (w) 297 dec sub 250 1.4322 S H,0;sl Et OH, py; i. et h, ace S 
45 B-Alani ne 3-Ami nopropanoi c aci d 3/50, 07-95-9 89.094 nd, ort h pr (al) 200 dec 1.432 S 0; sl Et OH; i. eth, ace =. 
146 Alant olact one 118,0; 546-43-0 232.319 nd 76 215 vs bz, et h, Et OH, chl = 
147 Aldi carb GH,,N,0,S 16-06-3 190.263 99 1.195% s 
48 Aldost erone GH0; 52-39-1 360.444 cry (НОАс) 166.5 20 
149 Al doxycarb S,S-di oxi de f8,,N,0,S 646-88-4 222.262 cry 141 si HO 
150 Aldrin GH,Cl, 309-00-2 364.910 104 i HO; s Et OH, et h, ace, bz 
51 Ali zari n 1,2-Di hydroxy-9,10-ant hracenedi one,,HO, 72-48-0 240.212 oran or red tcl 289.5 51 НО; s Et OH, et h, асе, bz; i. chl 
nd or pr (al) 
152 Ali zari n Red S Sodi um al i zari nesul f onat e ну Na0;S 30-22-3 342.257 vs Н›О; s Et OH 
153 Ali zari n Yellow В 1365005 2243-76-7 287.227 oran-br nd (di | 253 dec vs Н,0, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
154 Ali zurol purple 1-Hydroxy-4-[(4-met hyl phenyl) —C,,H,,NO, 81-48-1 329.349 flat vi ol nd 580, 
ami no]-9,10-ant hracenedi one 
155 Alkanni n GH, 0; 23444-65-7 288.295 br-red pr (bz) 149 sub 140 vs Et OH 
56 Allant oi c aci d Bi s[(ami nocarbonyl јат! појасе! i 0,Н;М,0; 99-16-1 176132 nd 170 dec 51 HO, os, di | aci d 
aci d 
157 Allantoi n 4640; 97-59-6 158.116 mcl pl or 239 si Юю, s Et OH, NaOH; i. et h, 
MeOH 
58 Allene GH, 463-49-0 40.064 col gas -136.6 -34.4 гүн (p>1 1.4168 vs bz, pet h = 
atm 
159 Allethri n 18,0; 584-79-2 302.407 1.0102 2 
160 АПісіп 48005; 539-86-6 162.272 dec 1.11220 15619 . vs НО = 
61 All opregnane-B,21-di 01-11,20- Са Hg, 566-02-9 348.477 cry (ад, ас, +w) 190 > 
di one nd (bz, ac) E 
162 АП оргеопап-208-01 -3-one So-Pregnan-20-ol -3-one C4 H0; 516-58-5 318.494 185 a 
163 АПорџп nol 1,5-Di пудга фуга201013,4- C,H,N,0 315-30-0 136.112 cry 350 5 
d]pyri mi di n-4-one м 
64 D-Allose 610; 2595-97-3 180.155 cry (w) 128 vs HO - 
165 Alloxani c aci d «® №05 470-44-0 160.085 с! pr (et h) 162 dec vs 9, Et OH 27 
66 Alloxanti n МО; 76-24-4 286.156 orth рг (w+2) 254 дес sl ED, Et OH, et h = 
67 Allyl acetate 50; 591-87-7 100.117 103.5 0.927520 40490 s| НО; s ace; msc Et OH, et h М 
168 Allyl acet oacet at e 150; 1118-84-9 1421152 iq -85 196; 66.5 1.036620 43989 5 H,0, li g; msc Et OH, bz ° 
169 Allyl acrylate 660, 999-55-3 112.127 121 0.944120 43200 51 ЊО; s Et OH, et h, aci d o 
| М Айай 2 Popen 40 10-186 _ 5809 liq 49005970 080 141357 mcHORO0Hehsh ^ |94 
171 Allylami ne 2-Propen-1-ami ne HON 107-11-9 57.095 iq -88.2 53.3 0.759 .4205? msc H,0, Et OH, et h; s chl б 
172 MAII ylani || ne Allyl phenyl ami пе 4140 589-09-3 133.190 219; 1062 0.973625 55300 51 ЊО; s Et OH, ace; msc et h » 
T3 Allyl benzene 2-Propenyl benzene Gy 300-57-2 18.175 iq -40 156 0.8920 51319 | НО; s Et OH, et h, bz, сіс 2 
174 a-Allyl benzenemet hanol 10.0 936-58-3 148.201 228.5 1.00418 5289"! с 
175 Allyl benzoat e 1:0; 583-04-0 162.185 1.056915 51780 | НО; s Et OH, et h, ace, MeOH e 
76 АПУ but anoat e 71,0; 2051-78-7 28.169 142; 44.55 0.901720 .4158? 1 НО; msc Et OH, et h; sl сіс 2 
77 Allyl carbamat е 18,00, 2114-11-6 01.105 sl ctc = 
— 76 Allylchlorodi те рузае „Наса 408233 — 1400 — | HH 088 мо 11-19 
179 Allyl chlorof ormat e 416010, 2937-50-0 20.535 hygliq 09.5 .136 1.4220 5 
80 Allylt ransci nnamat e All угапз3-рћепу! -2-propenoat e GH,,0, 1866-31-5 88.222 dec 268; 1.04823 5302 i HO; vs Et OH; msc et h; sl сіс = 
1637 un 
81 1-АНУ сус! ohexanol 48,0 1123-34-8 140.222 190 0.934122 475622 ~ 
82 1-АПуісусі ohexene 1-(2-Ргорепу! )cycl ohexene 46, 13511-13-2 22.207 114 56 š 
183 Allylcyclopent ane а 3524-75-2 110.197 liq -110.7 25 0.793 4412»  schl E 
184 АПУ! et hoxymet ћу! si Iane ШО 18388-45-9 174.314 155 0.85725 41042 Е 
85 Allyldi et hylami ne N,N-Di et ћу! -2-propen-1-ami ne 7965 5666-17-1 13.201 110 0.747725 420920 = 
86 Allyldi met hyl ami пе N,N-Di met ћу! -2-propen-1-ami ne QN 2155-94-4 85.148 63.5 0.709425 .401020 
187 Allyl ethyl et her 51360 557-31-3 86.132 67.6 0.765120 .3881? 1 НО; msc Et OH, et h; s ace 
188 Allyl f ormat e 460, 1838-59-1 86.090 83.6 0.946020 sl HO; s Et OH; msc et h 
189 Allyl 2-f urancarboxyl at e Allyl 2-f uranoat e 30,0 4208-49-5 152.148 207.5 1.1155 49450 seth, ace; sl ctc 
190 Allyl glyci ду! et her 8160, 106-92-3 114142 154 0.96982 433220 
191 Allyl hexanoat e 4810 123-68-2 156.222 186 0.8869? 
192 Allyl (hydroxymet ћу! )carbamat e 5190, 24935-97-5 131.130 cry (t ol) 57 
193 Allyl i socyanat e «МО 1476-23-9 83.089 88 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
194 Allyl i sot hi ocyanat e 485 51-06-7 99.155 liq -80 152 1.0128 53060 vs bz, et h, Et OH 
195 Allyl met hacrylat e 790, 96-05-9 126.153 6790559 0.933520 43602 
196 4-AI | yl -2-met hoxyphenol Eugenol 104120, 97-53-0 164.201 liq -7.5 253.2 1.0652 54052 i НО; msc Et OH, et h; s chl , НОАс, 
oi Is 
197 4-Allyl-2-met hoxyphenyl acet at e 1,3,4-Eugenol acet at e PUT 93-28-7 206.237 pr (al) 30.5 281; 128 — 1.0806? 52050 | НО; s Et OH; sl ctc 
198 Allyl 3-met ћу! but anoat e 8100, 2835-39-4 142.196 54 
199 Allyl met hyl di chl orosi Iane 40,51 1873-92-3 155.099 119.5 1.0758 44192 = 
200 2-(Allyl oxy)et hanol Et hylene glycol топоа у! et her HOC 11-45-5 102.132 58.5 0.958020 .435820 Пе. vs Et OH; s bz, ct C, = 
201 2-Allylpheno „0 745-81-9 134174 liq -6 220 1.0246 51810 — vseth Л 
202 4-Allyl pheno Chavi col «41:50 501-92-8 134.174 15.8 238 1.02035 544178 vs et h, Et OH, chl a 
203 Allyl phenyl et her 48,0 746-13-0 134174 917 0.981120 52230 | НО; s Et OH; msc et h; sl сіс E 
204 Allyl propanoat e 2-Propenyl propanoat e 810» 2408-20-0 114,142 23 0.914020 .41052 s Et OH, et h, ace с 
205 N-Allyl-2-propen-1-ami ne Di all yl ат! ne 6148 24-02-7 97.158 11 43879? s Et OH, et h о 
206 Allyl propyl di sul fide 45,5; 2179-59-1 148.289 7913 52192 2 
207 3-(Alyl sul finyl]-al ani ne, $) Aliin o. N04S 556-27-4 177.22 nd (di | ac) 165 vs ED = 
208 Allylt hi ourea Thi osi nami ne 4 NS 09-57-09 116.185 i " orth pr 78 12173 59368  sH,O, Et OH; sl eth; | bz > 
W 

209 Allylt ri chlorosi lane Tri chl oro-2-propenyl si | ane 315018) 107-37-9 175.517 35 1175 12018 4460? 2 
210 Allyltri et hoxysi Lane ШЕ 2550-04-1 204.339 10%, 8222 0.903020 407220 © 
211 Allylt ri met hylsi Lane ams 762-72-1 114.261 85 0.7158 4074? 1 НО = 
212 Allylurea (HN,O 557-11-9 100.119 nd (al) 85 msc HO, Et OH; sl et h, chl; i pet h © 
213 Allyl vi nyl et her 3-(Et henyl oxy)-1-propene 50 3917-15-5 84.117 66 0.790020 40620 | HO; seth, асе, chl 5 
214 AloinA бН,0, 1415-73-2 418.395 1493 S НО, Et OH, ace; sl eth, 02:1 chl | > 
215 Alphaprodi ne GH;NO; 15867-21-7 261.360 cry 103 2 
216 Alst oni di ne zB; №504 25394-75-6 380.437 cry (et h) 189 vs ace, Et OH о 
217 АЗ oni ne АН,М0; 642-18-2 348.395 уе nd (ace) 207 dec (~ 
218 D-Alt rose (0; 1990-29-0 180.155 pr (MeOH,al) 103.5 vs НО ° 
219 Alumi num 2-but oxi de 2-But anol , al umi num salt ЭН», 2269-22-9 246.322 19720 2 
220 Alumi num di st earat 6 Hydroxyal umi num di stearate „НАК, 300-92-5 610.928 wh pow 145 i go 5 
221 Alumi num et hanolat e Al umi num et hoxi de 15400, 555-75-9 162.163 || q/wh soli d 140 200 dec H,0; sl ху! С 
222 Alumi num i sopropoxi de «НАТО, 555-31-7 204.243 hyg wh solid 119 139, 9405 reac Н,0: 8 Et OH, bz, pet h, chl 2 
223 Муей ne N-Et hyl -bi s(3-phenyl propyl Jami ne „1 150-59-4 281.435 oi | 166 Я 
224 о-Атапі (іп afl, N.0,S 23109-05-9 918.970 nd 254 dec т 
225 Amarant h dye 14 „Ма, 915-67-3 604.472 dk red pow 580 S 

3 =. 
226 Amet ryn GH,;N;S 834-12-8 221.330 88 z 
227 Ammi net ri met ћу! boron 3168 1830-95-1 72.945 73.5 s 
228 19-Ami no-8,11,13-abi et at ri ene PM 1446-61-3 285.467 cry 445 Bad 
229 2-Аті noacet ami de ВО 598-41-4 74.081 hygnd(chl) 675 vs НО, Et OH; $1 et h, bz; s ace, chl 
230 Ami noacet oni t ri le ЭЁ, 540-61-4 56.066 585 vs Et OH 
231 Ami noacet oni t ri 1e monohydrochl ori de О 6011-14-9 92.527 ћуд сгу (41) 165 дес 
232 о-Аті noacet ophenone hydrochl ori de ПЕШТЕ 5468-37-1 171.624 194 dec 
233 1-Аті noadamant ane hydrochlori de Adamant anami ne hydrochlori de „НСМ 665-66-7 187.710 cry (al -et h) 360 dec vs Ю, Et OH 
234 2-Аті noadi pi c aci d e HONO, 626-71-1 161.156 pl (w) 207.0 51 ВО, Et OH, et h 
235 3-Ami noal ani ne 2,3-Di ami nopropi oni c aci d МО 515-94-6 104.108 ћуд roset t es 110 vs Ю 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
236 1-Ami no-9,10-ant hracenedi one 1-Ami noant hraqui none 480, 82-45-1 223.227 гей па (81) 253.5 sub vs ace, bz, Et OH, chl 
237 2-Аті no-9,10-ant hracenedi one 2-Ami noant hraqui none «НО, 117-79-3 223.227 ии n 304.5 sub Г BO, et h; sl Et OH; s ace, bz, chl 
HOAc 
238 4-Ami noazobenzene СН, М; 60-09-3 97.235 огап ис! па (al) 127 >360 sl ED, li g; s Et OH, et h, bz, chl 
239 2-Ami nobenzal dehyde (H,NO 529-23-7 121.137 si lvl 40.5 30 sl HO; vs Et OH, et h; s bz, chl;i lig 
240 3-Аті nobenzal dehyde (H,NO 1709-44-0 121.137 nd (AcOEt ) 29 S et h, aci d 
241 4-Ami nobenzal dehyde (H,NO 556-18-3 21.137 pl (w) 71.5 S НО, Et OH, et h, aci d = 
242 2-Аті nobenzami de ВО 88-68-6 36151 110.5 dec S HO, Et OH; sl et h, bz; vs AcOEt T 
243 4-Аті nobenzami de МО 2835-68-9 136.151 ye сту (1/44) 183 sl ЊО, s Et OH, et h >° 
244 о-Аті nobenzeneacet i с aci d, (+) о-Рһелуі gl yci ne PINO; 2835-06-5 51.163 pl 292 dec Sub 255 S alk; sl os = 
245 4-Ami nobenzeneacet i c aci d p-Ami nophenyl acet i c aci d 8100, 1197-55-3 51.163 pl (w) 200 dec i ID; sl Et OH, DMSO o 
246 5-Ami no-1,3-benzenedi carboxyl i с C,H;NO, 99-31-0 181.147 pr(al ), pl (w) 360 sub i 10; sl Et OH m 
aci d б 
247 4-Аті nobenzeneet hanol Ва МО 104-10-9 37.179 па (81) 108 о 
248 2-Аті nobenzenemet hanami ne ГГ 4403-69-4 122.167 61 269 vs Et OH 2 
249 2-Аті nobenzenemet hanol М0 5344-90-1 123.152 83.5 273 5,0, Et OH, et h, HOAC; vs bz, chl - 
250 4-Ami nobenzenesulf onami de Sulf ani | ami de 490,5 63-74-1 72.205 И (di | al) 165.5 1208 S Н,0, Et OH, et h, ace; sl chl, pet h » 
251 2-Аті nobenzenesul f oni c aci d Ort hani 11 c aci d АМО 88-21-1 73.190 pr (+ 1/2) >320 dec sl HO; i Et OH, et h = 
252 3-Аті nobenzenesulf oni c ас! d Met ani li c aci d sH; NOS 121-47-1 173.190 nd, pr (w+1) dec sl HO, Et OH; Г eth 22 
253 4-Аті nobenzenesulf oni c ас! d Sulf ani li c aci d eH; NOS 121-57-3 73190 Y h р ormel 288 1.485% 51 HO; i Et OH, et h ° 
ШУ) 
254 4-Аті nobenzenesulf опу! fluori de — p-Sulf ani Іуі fluori de «8650,5 98-62-4 15.181 68.5 о 
255 2-Аті nobenzenet hi ol ШЕТУ 137-07-5 125.192 26 234 1.46060 s Et OH, et h 5 
256 4-Ami nobenzenet hi ol GNS 1193-02-8 125.192 46 143" s Н,0, Et OH > 
257 2-Аті nobenzoni t ri le E 1885-29-6 18.136 ye рг (С5,) па 51 263 SI HO; vs Et OH, et h, ace, bz; i 2 
(pet h) pet h б 
258 3-Ami nobenzoni t ri le HOI, 2237-30-1 118.136 па (di! al or 54.3 289 sl HO; vs Et OH, et h, ace, chl б 
CCL) © 
259 4-Аті nobenzoni t ri le HOI, 873-74-5 18.136 pr or pl (w) 87.0 SI HO, ct c; vs Et OH, et h, асе, bz < 
260 4-Аті nobenzophenone G3H,,NO 1137-41-3 197.232 If (di | al) 124 246 51 ЊО, tf a; s Et OH, et h, HOAc "5 
261 ЛЕ(4-Аті nobenzoyl Ё-01 ut ami c aci d 28490, 4211-30-1 266.249 cry (w) 173 = 
262 N-(4-Ami nobenzoyl )0 ус! ne p-Ami nohi ppuri c aci d Но 0; 61-78-9 94.186 pr or nd (w) 198.5 vs ace, bz, Et OH Z 
263 2-Аті nobi рһепу НАМ 90-41-5 169.222 И (di | al) 51 299 ОН Et OH, et h, bz 51 DMSO, > 
pet h 
264 3-Ami nobi phenyl НАМ 2243-47-2 69.222 па 815 51 HO; s Et OH, et h, ace, bz © 
265 4-Аті nobi рһепу p-Bi phenyl ami ne ТОР 92-67-1 69.222 If (di | al) 53.5 302 sJ0Hs Et OH, et h, ace, chl z 
266 2-Ami no-5-bromobenzoi c aci d 5-Bromoant hrani 11 c aci d 79,8180, 5794-88-7 216.033 па 219.5 5 0М50 5 
267 1-Аті no-4-bromo-9,10-di hydro- 1-Аті no-4-bromoant hraqui попе-2- C,,HjBrNO,S 116-81-4 382.187 red nd (w Е 
ши oxo-2-ant hracenesulf oni c sulf oni c aci d ы 
268 01-2-Аті nobut anoi с aci d 40; 2835-81-6 103.120 If (м) 304 dec sub 1.2300 vs H,0; sl Et OH; i. et h, bz 
269 L-2-Ami nobut anoi с aci d 4ҚХ0, 1492-24-6 103.120 If (di | al), cry 292 dec S H0; 51 Et OH, eth; і bz 
(al) 
270  DL-3-hmi nobut anoi c ас! d 40; 2835-82-7 103.120 па (81) 1943 vs HO; i Et OH, et h, bz 
271 4-Ami nobut anoi c aci d y-Ami nobut уп c aci d “00, 56-12-2 103.120 рг ог nd (al) If 203 dec vs ЊО; sl. Et OH, ace; i. et h, bz 
(MeOH-et h) 
272 2-Аті no-1-but anol, (+) 4B4NO 13054-87-0 89.136 liq -1.0 178 0.9162 1.44895 msc H,O, Et OH, et h; sl chl 
273 4-Аті no-1-but anol B,,NO 13325-10-5 89.136 205; 1253% 0.967? 14625? $ H,0, EtOH; i eth 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
274 4-Ami noA-[(but yl ami no) Carbut ami de fH NOS 339-43-5 271.336 144.5 
carbonyl ]benzenesul f onami de 
275 Ami nocarb G H4 №05 2032-59-9 208.257 cry 94 sl ЊО, bz; s ace 
276 М-Аті nocarbonyl Jacet ami de 36,0; 591-07-1 102.092 218 sub 180 51 HO, et h; s Et OH 
277 [4-[(Ami nocarbonyl ) Carbarsone CHAAsN,0, 121-59-5 260.079 nd (w) 1⁄4 sl НО, DMSO, Et OH; i et h, chl; s 
ami no]phenyl Jarsoni c aci d а 
278 NM-(Ami nocarbonyl )-2-bromo-2- Carbromal CH,BrNO, 77-65-6 237.094 ort h (di | al) 118 1584 sl НО, chl; s ace, bz 
et hyl but anami de = 
279 М-Аті nocarbonyl )-2-bromo-3- Bromi sovalum (H,,BrN,0, 496-67-3 223.067 nd or If (to) 154 sub 1.36 vs ace, bz, et h, Et OH = 
met hyl but anami de un 
280 Цэ nocarbonyl јрћепохујасе! | с Sal i cyl ami daceti c aci d МО, 25395-22-6 195.172 221 за A 
aci 
281 7-Ami nocephal osporani c ас! d „8140,5 957-68-6 272.277 cry Ё 
282 1-Аті no-5-chl oro-9,10- 1-Ami no-5-chl oroant hraqui none «80130, 117-11-3 257.673 212 a 
ant hracenedi one ° 
283 4-Аті no-6-chl oro-1,3- Chl orami nophenami de 48,01М0,5, 121-30-2 285.729 254,5 2 
benzenedi sul f опат! de - 
284 5-Аті no-2-chl orobenzenesul f oni с 6-Chl oromet ani 11 c aci d НСІ NOS 88-43-7 207.635 nd (w) 280 dec > 
ас! 0 
285 2-Аті no-5-chl orobenzoi с aci d 79601 NO, 635-21-2 171.582 21 2 
286 5-Ami no-2-chlorobenzoi c aci d 11801 NO, 89-54-3 171.582 188 1.5195 vs Et OH © 
287 2-Аті no-5-chl orobenzophenone 2-Benzoyl -4-chl oroani 11 ne НОСІ МО 719-59-5 231.677 уе пі 100.5 vs ЊО, Et OH, pet h, chl ті 
288 2-Аті no-4-chl oro-5- 2-Chl oro-p+t ol ui di ne-5-sul f oni c aci 8000,5 88-51-7 221.662 short nd (w) ° 
met hyl benzenesul f oni c aci d 2 
289 2-Ami no-4-chl orophenol 2-Hydroxy-5-chl oroani || ne 616010 95-85-2 143.571 140 51 DMSO Q 
290 1-Аті nocycl opent anecarboxyli c aci d Cycl ol euci ne cH ND; 52-52-8 129.157 cry (al -w) 330 dec ” 
291 и nodeacet oxycephal osporani с СН ,М0,5 22252-43-3 214.241 241 авс 5 
ас! 
292 1-Аті no-1-deoxy2-gl uci t ol Gl ucami пе НЕМО, 488-43-7 181.187 cry (MeOH) 127 vs ЊО, Et OH S 
293 2-Аті no-2-deoxy#-gl ucose D-Gl ucosami ne ШИ 3416-24-8 179171 vs ЊО = 
294 1-Аті no-2,4-di bromo-9,10- CHBrNO, 81-49-2 381.020 гей па (ху!) 226 ч 
ant hracenedi one © 
295 3-Аті no-2,5-di chl orobenzoi c aci d Chl oramben 185010, 133-90-4 206.027 200 sl DMSO 5 
296 2-Аті no-2'5-di chl orobenzophenone 4,010 2958-36-3 266.122 «80 гт 
297 2-Ami no-4,6-di chl orophenol «60110 527-62-8 178.016 long па (CS) 955 sub 70 Ф 
298 4-Аті no-2,6-di chl orophenol e CLNO 5930-28-9 178.016 nd ог lf (м, 02) 168 Sub i vs Et OH, et h; s ace; 51 bz, © 
HOAc 5 
299 2-Ami no-1,7-di hydro-7-met hylH6 — 7-Met ћу! диап! ne (B; NO 578-76-7 165.153 370 Б 
рші n-6-one = 
300 5-Аті no-2,3-di hydro-1,4- Lumi nol (Н,Һ,0, 521-31-3 77.161 ye nd (al) 330.5 i bD; sl Et OH, et h; vs al k; s HOAc s 
pht hal azi nedi one T 
301 2-Аті no-1,7-di hydro-B-puri ne-6- Thi oguani ne ANS 154-42-7 167.193 >360 
hi one 
302 6-Аті no-1,3-di hydro-2-puri n-2- ^ Isoguani ne GH,N,0 3373-53-3 51.127 >360 i go 
one 
303 2-Ami no-3,4-di met hyli mi dazo[4,5- Me-IQ СН» № 77094-11-2 212.250 cry 297 
]qui nol i ne 
304 2-Аті no-4,6-di ni t rophenol Pi crami c aci d oH; N40; 96-91-3 99.121 dkrednd(al)pr 169 vs bz, Et OH 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
305 2-Аті noet hanesul f oni c aci d Tauri ne 2H,NO,S 107-35-7 125.147 тег рг (w) 328 vs ЊО 
306 1-Аті noet hanol Acet al dehyde ammoni a 2160 75-39-8 61.083 ort h (et h-al ) 97 dec 110 520; sl eth 
307 2-(2-Аті noet hoxy)et hanol Di gl ycol ami ne 4140, 929-06-6 105.136 -125 221 1.057220 
308 М-0-Аті noet ћу! )acet ami de 416М,0 1001-53-2 102.134 51 S Н,0, Et OH, bz i eth 
309 6-Аті no-3-et ћу! -1-allyl-2,(3/)- Ami nomet radi ne МО; 642-44-4 195.218 cry (dw, w) 143 
pyri mi di nedi one 
310 1-[(2-Ami noet ћу! јат! no]-2-propanol A-(2-Hydroxypropyl Jet ћу! enedi ami ne НЫ №0 123-84-2 118.177 943 0.983725 1.473820 = 
311 4-(2-Аті noet hyl )-1,2-benzenedi ol, Dopami пе hydrochl ori de 882010, 62-31-7 189.640 nd (w) 241 dec vs Н,0, MeOH нэ 
hydrochl ori де ме 
312 о-(1-Аті noet ћу! )benzenemet hanol , СМО 492-39-7 151.205 pl (MeOH) 77.5 vs et h, Et OH, chl (2 
154889) б 
313 о-(1-Аті noet ћу! )benzenemet hanol , C H „СІ МО 53631-70-2 187.666 198.5 s HO > 
hydrochl ori de 
314 N-(2-Ami noet ћу! је! hanol ami ne 48040 111-41-1 104.150 239; 10510 1.028620 14863? msc H,0, Et ОН; $ ace; sl bz, li g e 
315 4-(2-Ami noet hyl)phenol Tyrami ne ОО 51-67-2 137.179 pl or nd (bz, м) 164.5 206% 51 ЊО, bz, DMSO; s Et OH, ху!: i Z 
‚ cry (al) tol 2 
316 ЛЕ(2-Аті noet ћу!)-1,3- N-(3-Ami поргору! et hyl enedi ami пе „ЊОМ 13531-52-7 117.193 873 1.480555 < 
propanedi ami ne 7 
317 2-Ami no-2-et ћу! -1,3-propanedi ol 5360, 115-70-8 119.163 375 15210 1.09920 1.49020 msc ЊО = 
318 1-2-Аті nohexanedi oi c ас! d 2-Ami noadi pi c aci d cH NO, 542-32-5 161.156 cry (EtOH, м) 205 dec 51 ED, Et OH, et h n 
319 6-Аті nohexaneni t ri le 5-Cyano-1-pent yl ami ne oH NG 2432-74-8 112.172 liq 118 ° 
320 6-Ami nohexanoi c aci d g-Ami nocaproi c aci d №№, 60-32-2 131.173 If (eth) 205 vs;B; i. Et OH; 51 MeOH © 
321 6-Аті no-1-hexanol ШИ 4048-33-3 17.189 57 13730 = 
322 1-Аті no-4-hydroxy-9,10- Ci 4H NO, 116-85-8 239.226 216.5 S Et OH, ace ° 
ant hracenedi one > 
323 3-Ami no-4-hydroxybenzenesul f oni c C H,N0,S 98-37-3 89.190 ort h (w+1) >300 sl ED; i Et OH, eth 2 
ас! 0 б 
324 4-Аті no-2-hydroxybenzohydrazi de р-Аті nosali cyli c aci d hydrazi de НО; 6946-29-8 167.165 nd (al) 195 vs Et OH б 
325 2-Аті no-3-hydroxybenzoi c ас! d ; NO, 548-93-6 153.136 If (w) 253.5 sl Ю; s Et OH, et h, chl ° 
326 4-Ami no-2-hydroxybenzoi c aci d p-Ami nosali cyli c aci d 79,00, 65-49-6 53.136 nd, р! (al-eth) 150 dec $ Ж, Et OH, et h, асе; і bz, pet h, = 
сћ 
327 5-Аті no-2-hydroxybenzoi c ас! d Меза! ami пе 10, 89-57-6 153.136 283 51 HO; i Et OH = 
328 3-Аті no-4-hydroxybut anoi c aci d — y-Hydroxy-B-ami nobut уп c ас! d AHQNO, 589-44-6 119.119 pr 216 vs Н,0: sl Et OH, chl, et h, AcOEt 2 
329 4-Аті no-3-hydroxybut anoi с aci d, (+) „НО, 924-49-2 19.119 pr (w), cry (911 218 vs Н,0 > 
41) = 
330 4-(2-Аті no-1-hydroxyet hyl )-1,2- C H, NO, 38-65-8 169.178 189 dec 8 
benzenedi 01, (+) z 
331 1-Аті no-4-hydroxy-2-met hoxy-9,10- CisHy NO, 2379-90-0 269.253 sl chl 5 
ant hracenedi one Е 
332 4-Аті no-5-(hydroxymet ћу!)-26)- 5-Нуйгохутеі ћу! суі osi пе МО; 123-95-1 141.129 >300 dec = 
pyri mi di none 
333 4-Аті no-5-hydroxy-2,7- 1-Napht hol -8-ami no-3,6-di sul f oni б.,Н,М0,5, 90-20-0 319311 sl HO, Et OH, et h 
napht hal enedi sulf oni c aci d aci d 
334 4-Аті no-3-hydroxy-1- 1-Ami no-2-napht hol -4-sul f oni с асі d 90,5 16-63-2 239.248 gray nd i ВО, Et OH, bz s alk 
napht hal enesul f oni c aci d 
335 2-Аті no-4-hydroxypt eri di ne o HONO 2236-60-4 163.137 ye cry >360 
336 5-Аті no-#-i mi 08701 e-4- CH ,N,0 360-97-4 126.117 cry (Et OH) 170 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
337 0-(Аті noi mi nomet hyl)ami/no]- Canavani ne GH,.N,0; 543-38-4 176.174 cry (al) vs ЊО 
homoseri ne 
338 (Ami noi mi nomet hyl )urea НОО 141-83-3 102.095 рг 105 дес 160 S ЊО, py; sl Et OH; i. et h, bz, chl, 
05; 
339 2-Аті no-5-i odobenzoi c aci d 7HQINO, 5326-47-6 263.033 220 dec $1 ЊО, t f a; vs Et OH, et h, ace; s bz 
340 4-Ami no-#-i soi ndol e-1,3/2-di one СНО, 2518-24-3 162.146 269.5 
341 4-Аті no-3-i soxazoli di nor, ( Cycl oseri ne ШИ 68-41-7 102.092 155 dec S H,O; 51 MeOH 
342 1-Ami no-2-met hyl -9,10- 1-Аті no-2-met hylant hraqui попе М0, 82-28-0 237.254 205.5 i НО; s Et OH, bz, chl; sl et h = 
ant hracenedi one we 
343 о-(Аті nomet ћу! )benzenemet hanol Phenyl et hanol ami ne eH МО 7568-93-6 137.179 56.5 16077 vs ЊО; s Et OH n 
344 В-(Аті nomet ћу! )benzenepropanoi с 4-Ami no-3-phenyl but уп c aci d по На МО; 1078-21-3 179.216 252 dec 2 
aci d 
345 2-Ami no-5-met hyl benzenesul f oni c C;HN0,S 88-44-8 187.216 It ye nd 132 dec vs ED A 
aci d 
346 trans4-(Ami nomet hyl ) Tranexami c aci d 1510, 1197-18-8 157.211 >300 vs HO 5 
сус! опехапесагроху! i c aci d nH 
347 4-Ami no-4-met ћу! -2-pent anone Di acet onami ne s H, RO 625-04-7 115.173 2504 S Њ0; msc Et OH, et h - 
348 2-Аті no-4-met hyl phenol МО 95-84-1 123.152 cry (м), orth 136 sub sl HO, bz s Et OH, et h, chl; i lig > 
(bz), If or nd - 
349 4-Ami no-2-met hyl phenol МО 2835-96-3 123.152 па ог If (bz) 176.5 sub sl М, bz; s Et OH, et h л 
350 4-Аті no-3-met hyl phenol МО 2835-99-6 123.152 pr (di | al) сту 179 sl HO; vs Et OH, et h; s DMSO ° 
(02) 
351 (Ат! nomet ћу! )phosphoni c ас! d BAP 1066-51-9 111.038 cry 309 ° 
352 2-Ami no-2-met hyl -1,3-propanedi ol «1610, 115-69-5 105.136 110 151% vs Н,0:5 Et OH Е 
353 1-3-Аті no-2-met ћу! propanoi c aci d «НО, 144-90-1 103.120 cry (w) 182 > 
354 2-Аті no-2-met hyl -1-propanol 2-Ami noi sobut anol 4410 124-68-5 89.136 25.5 165.5 0.93420 1.44920 msc H,0; s сіс 2 
355 4-Аті no-5-met ћу! -26)- 5-Met hyl cyt osi ne stGN,0 554-01-8 125.129 pr (w+1/2) 270 dec S HO, aci d; sl Et OH; i eth б 
pyri mi di none б 
356 3-(Аті поте! hyl )-3,5,5- 1-Hydroxy-3-ami nomet ћу! -3,5,5- СМО 15647-11-7 171.280 45.5 265 0.96975 1.490420 о 
t ri met hyl cycl ohexanol t ri met ћу! сус! ohexane = 
357 3-Аті no-2-napht hal enecarboxyli c 3-Аті no-2-napht hoi c aci d „КОМО, 5959-52-4 187.195 уе! (di | al) 216.5 $ Et OH, eth 5 
әсі 0 
358 2-Аті no-1,4-napht hal enedi one «8/0, 2348-81-4 173.169 207 i HO, alk; s Et OH, et h, НОАс 5 
359 7-Аті no-1,3-napht hal enedi sul f oni Ami do-G-Aci d (5930,5, 86-65-7 303.311 mel prornd 274 vs H,0, Et OH 5 
aci d (w+4) un 
360 2-Ami no-1,5-napht hal enedi sul f oni @-Napht һу! ami ne-1,5-di sul f oni c aci 4НМ0,5; 117-62-4 303.311 >300 = 
aci d © 
= 
361 4-Ami no-1,6-napht hal enedi sul f oni d-Napht hyl ami ne-4,7-di sul f oni c aci gH,ND,S; 85-75-6 303.311 vs ЊО E 
aci d 
= 
362 4-Аті no-1,7-napht hal enedi sulf oni d-Napht һу! ami ne-4,6-di sul f oni с aci 4НМ0,5; 85-74-5 303.311 vs HO, Et OH 8, 
әсі 0 = 
363 2-Аті no-1-napht hal enesulf oni c aci d 2-Марће hyl ami ne-1-sul f oni c ас НМ0:5С 81-16-3 223.248 sc(hot w) s 0М50 
364 4-Аті no-1-napht hal enesulf oni c aci d — 1-Napht hyl ami ne-4-sul f oni c aci dH, NO,SC 84-86-6 223.248 wh па (w-1/2) дес 1.6703% i НО; sl Et OH; s MeOH, ру 
red-br cry 
365 5-Аті no-1-napht hal епеви oni c aci d 1-Napht hyl ami ne-5-sulf oni с acigHNO,SC 84-89-9 223.248 wh cry s НО; i eth 
366 6-Аті no-1-napht hal enesulf oni c aci d 2-Napht hyl ami ne-5-sulf oni c acigH,NO,SC 81-05-0 223.248 nd(w) i HO, Et OH, et h 
367 7-Аті no-1-napht halenesulf oni c aci d Badi sche ас! d КЛ! 86-60-2 223.248 nd (8141), pl (aq vs HOAc 
ace) 
368 8-Аті no-1-napht hal enesulf oni с aci d — 1-Napht hyl ami ne-8-sul f oni c aci H,NO,SC 82-75-7 223.248 nd vs gl HOAc 
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369 6-Аті no-2-napht halenesulf oni с acid Bronner aci d 105035 93-00-5 223.248 ЇЇ i col dt sl hot ED 
370 8-Аті no-2-napht halenesulf oni с aci d — 1,7-Cleve's aci d 80,5 19-28-8 223.248 nd or рг (w) sl Et OH; s eth 
371 5-Ami no-1-napht hol 1-Ami no-6-hydroxynapht halene (АО 83-55-6 59.184 170 51 DMSO 
372 1-Ami no-2-napht hol 4040 2834-92-6 59.184 silvery If (bz, 150 dec SI HO, et h; s Et OH; vs di | alk, aci 0 
eth) 
373 8-Аті no-2-napht hol 8-Ami пари hol CHNO 18-46-7 159.184 nd (w, 21) 206 sub S HO, et h; vs Et OH; sl bz, li g 
374 2-Аті no-4-ni t robenzoi c aci d 188,0, 619-17-0 182.134 oran pr (di | al) 269 it vs Et OH, et h, ace; s ху! = 
375 2-Аті no-5-ni t robenzoi c aci d #40, 616-79-5 82.134 If (al), уе па (м, 269 i НО, bz, chl, xyl; s Et OH, et h T 
di | al) E 
376 2-Ami no-5-ni t robenzoni t ri le 160, 1420-30-3 163.134 203.5 sl DMSO (2 
377 3-Аті no-1-ni t roguani di ne 568, 8264-75-0 19.084 187.8 51 HO £ 
378 2-Аті по-4-пі t rophenol 46,0, 99-57-0 154123 oran рг (+w) 146 sl ЊО, ace; vs Et OH; s et В, bz, г 
HOAc 
379 2-Аті no-5-ni t горћепо! НО, 21-88-0 154,123 205.8 S Н.О, Et OH, bz 5 
380 4-Аті no-2-ni t rophenol КЕ 19-34-6 54123 dkredpl ornd 131 11072 5,0, ОН, et h; sl DMSO z 
(w, al) 9 
381 2-Аті nooct anoi c aci d, (+) Но МО; 644-90-6 159.227 И (м) 270 sub 51 Ю, Et OH, et h, bz; s НОАс < 
382 Ami nooxoacet ohydrazi de Semi oxamazi de 29030, 515-96-8 03.080 221 dec sl HO; i EtOH, eth; vsalk, acid | Z 
383 сі s4-Ami no-4-0xo-2-butenoi c aci d Ма!ваті c aci d 4150, 557-24-4 115.088 cry (а!) 1725 vs HO, Et ОН 2 
384 5-Ami no-4-oxopent anoi c aci d 5-Ami nol evul пі c aci d sHNOC 106-60-5 131.130 cry (Et OH) 145 ° 
385 (Ami поохујасе! i c aci d, hydrochl ori de С,Н,01М0, — 2921-14-4 218.592 152.5 = 
(2:1) © 
386 6-Аті nopeni ci Ilani c aci d Peni ci n NUR 551-16-6 216.257 cry (w) 208 ж 
387 5-Аті nopent anoi c ас! d НЕМО, 660-88-8 117147 If (di | al) 157 dec dec 80151 Et OH; i eth, bz, lig Q 
388 5-Аті no-1-pent anol Виа МО 2508-29-4 103.163 38.5 221.5 0.9488" 1.461817 тс H,0, Et OH, ace 7 
389 2-Аті nophenol (H,NO 95-55-6 109.126 wh ort h bi pym 174 sub 153 1.32825 s Н,0, et h; vs Et OH; sl bz {Га 5 
nd (bz) 
390 3-Ami nophenol МО 591-27-5 109.126 рг (10) 123 164! S Н,0, t ol; vs Et OH, et h; $1 bz, 2 
DMSO 
391 4-Аті nophenol МО 123-30-86 109.126 wh pl (w) 187.5 1103 sl ЊО, tf a; vs Et OH; i bz, chl;salk = 
392 N-(3-Ami nophenyl )acet ami de о О 102-28-3 150.177 nd or pl (bz) 88 vs HO, Et OH, ace; sl et h, bz ° 
393 N-(A-Ami nophenyl )acet ami de p-Ami noacet ani |i de 305,0 122-80-5 150.177 nd (w) 166.5 267 S H,0; vs Et OH, et h c 
394 (4-Аті nophenyl Jarsoni c aci d Arsani 11 c aci d eH АФ10; 98-50-0 217.055 те! па (м, al) 232 1.95710 S H;O, et h; sl Et OH, DMSO; i. ace, 2 
bz n 
395  N-(4-Ami nophenyl )-1,4- 4,4-Di ami nodi phenyl ami пе ТАҒАН 537-65-5 199,251 И (w) 158 dec vs et h, Et OH = 
benzenedi ami пе e 
396 2-Ami no-1-phenyl et hanone Phenacyl ami ne ЧО 613-89-8 135.163 ye cry 20 251 16160? i HO;seth;sl ctc z 
397 1-(3-Аті nophenyl et hanone m-Ami noacet ophenone HNO 99-03-6 135.163 ра ye pl (al), If 98.5 289.5 51 ЊО; s Et OH z 
(et h) © 
398 1-(4-Аті порћепу! Jet hanone p-Ami поасе! ophenone HNO 99-92-3 135.163 уе те! рг (al) 106 294; 1955 vs et h, Et OH & 
399 1-(4-Аті nophenyl )-1-pent anone МО 38237-74-0 177.243 cry (bz-peth) 745 16? i НО; s Et OH, et h 
400 1-(4-Аті nophenyl )-1-propanone p-Ami nopropi ophenone АМО 70-69-9 149.189 р! (al, м), nd 140 s DMSO 
(w) 
401 М-(4-Аті nophenyl ) Sul f acet ami de 8 6,М0.5 144-80-9 214.241 183 sl ЊО, s Et OH; i. et h; vs ace, alk 
sul f опу! Jacet ami de 
402 5-(4-Аті nophenyl)sulf onyl]-2- ^ Thi azol sul f one 9040,5, 473-30-3 255.316 па (81) 220 дес vs асе, et h, Et OH, di ох 
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403 4-Аті nopht hali mi de 5-Ami НӨ-801 ndol e-1,3(2- C H ,N,0, 3676-85-5 162.146 22405 
di one 
404 3-Аті no-1,2-propanedi ol , (+) МО; 3552-31-3 91.109 dec 265; 1.175220 49105  sH,O, Et OH; | eth, bz 
145 
405 3-Аті nopropaneni t ri le 3-Ami nopropi oni t ri le HN, C 51-18-8 70.093 185; 8820 0.958420 „43962 
406 2-Аті no-1-propanol , (+) (М0 6168-72-5 75.109 1745 .4502? vs H,0, Et OH, et h; sl chl 
407 3-Аті no-1-propanol Propanol ami ne NO 56-87-6 75.109 124 187.5 0.982475 46172  sH,O, Et OH, et h 
408 1-Аті no-2-propanol Isopropanol ami ne 3KNO 674-56-2 75.109 0.9 159.4 0.961120 44792 msc H,0, Et OH, et h, ace, bz, сіс = 
409 о-(1-Аті поргору! )benzenemet hanol о-(о-Аті поргору! )benzyl alcohol NO 5897-76-7 165.232 pl (02-64 h) 79.5 ме 
410 N-(3-Ami nopropyl W-met hyl -1,3- C; HN, 05-83-9 145.246 232.5; 1126 0.902320 470525 n 
propanedi ami ne б 
411 Ami nopropyl on САМО; 3690-04-8 302.372 рг (02) 181 vs HO E 
412 4-(2-Ami поргору! )phenol , (+) Hydroxyamphet ami ne ОЙО 518-86-1 151.205 cry (bz) 125.5 5,0, Et OH, bz, chl, AcOEt ^ 
413 M-(8-Ami nopropyl )-1,3- Bi s(3-ami поргору! Jami ne  HyN, 56-18-8 131.219 -14 15150 0.938% 481029 561 © 
propanedi ami ne Z 
414 Ami nopt eri n NNUS 54-62-6 440.413 ye cry 262 dec a 
415 4-Ami поМ- Sul f apyrazi ne (H, N,0,S 16-44-9 250.277 nd (PhNO;) 251 i HO, Et OH, et h, bz, chl; s py; sl » 
pyrazi nyl benzenesul f onami de ace z 
416 3-Аті no-Ħ-pyrazol e-4-carboni t ri le 3-Аті no-4-cyanopyrazol e АЁ, 6617-46-2 108.102 cry (w) 173 2 
417 2-Ami no-3-pyri di necarboxyl i c aci d 40, 5345-47-1 138.124 296 dec 51 HO o 
418 6-Ami no-3-pyri di necarboxyl i c aci d 6-Ami noni cot i ni c aci d eH NO, C 3167-49-5 138.124 cry (di | НОАс, 312 = 
428) 
419 4-Ami noA-2- Sul f apyri di ne 118.05 44-83-2 249.289 ув огап (81) 192 i ED, bz, ct c; s Et OH > 
pyri di nyl benzenesul f onami de б 
420 5-Аті по-2,4(Н,3Ң)- 5-Аті nouraci | 48-90, 932-52-5 127.102 па (w) dec Г НО; s alk, aci d > 
pyri mi di nedi one 2 
421 6-Аті no-2,4(H,3H)- С,НьМ.0, 873-83-6 127.102 cry (w) dec vs ЊО б 
pyri mi di nedi one с 
422 4-Аті no-2(#)-pyri ті di net hi one 2-Thi осу osi ne 46 333-49-3 127.168 sl DMSO © 
423 5-Аті no-2,4,6(H,3H,5H)- Urami | (H.N.O, 118-78-5 143.101 nd or pl (w) »400 S HO, chl; i eth, bz = 
pyri mi di net ri one ч 
424 4-Аті noA-2- Sul f adi azi ne (80405 68-35-9 250.277 cry (м), wh pow 255 dec sl HO, Et OH, ace, DMSO = 
pyri mi di nyl benzenesul f опат! de 2 
425 Ami nopyri пе НО 58-15-1 231.293 pr or pl (li g or 134.5 vs Н,0, bz, Et OH 5 
AcOEt ) 9 
426 4-Аті noA-2- Sulf aqui noxali ne ANOS 59-40-5 300.336 2475 sl ЊО, Et OH, ace; s aq alk = 
qui noxali nyl benzenesul f onami de S 
427 4-(Ami nosulf onyl )benzoi c aci d Carzeni de 7H;ND,S 138-41-0 201.201 prorlf (w) 291 dec i В; vs Et OH; sl eth; і bz e 
428 N-[4-(Ami nosulf опу!) Acet yl sul f ani lami de зН. 50:5 121-61-9 214.241 па (НОАс) 219.5 5,0, Et OH, ace Е 
phenyl Jacet ami de s 
429 5-Ami no-1,3,4-t hi adi azol 6:48 CəH,N,S; 2349-67-9 133.195 243.0 = 
thi one 
430 2-Аті по-4(%)-і hi 4201 one 48,М,05 556-90-1 116.141 pr or nd (w) 256 dec sl HO; i Et OH, et h 
431 N-(Ami not hi oxomet ћу! јасе! ami de Acet ylt hi ourea 3-06 591-08-2 118.157 рг (м), ort h (al) 165 sl $0, et h; s DMSO, Et OH 
432 М-Аті no-2-t hi oxo-4-t hi azoli di попе 3-Ami norhodani ne 3H,N,08, 1438-16-0 148.206 101.5 s DMSO 
433 1-Ami no-2,2,2-t ri chl oroet hanol Chl oral ammoni a 2H,CGNO 507-47-1 164.418 nd (al) 73 dec 100 vs bz, et h, Et OH 
434 4-Аті no-3,5,6-t ri chl oro-2- Pi cl oram (Н:01М,0, — 1918-02-1 241.459 218.5 
pyri di necarboxl i c aci d 
435 11-Аті noundecanoi c aci d 18,0, 2432-99-7 201.307 189.0 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
436 Ami t on QH,NO,PS 78-53-5 269.342 liq 70) 1.465527 
437 Ami t raz N-Met hyl bi s(2,4-xyl yl i mi nomet ВУ. На № 33089-61-1 293.406 86 1.12820 
ami пе 
438 Ami tri pt yli ne a HEN 50-48-6 271.404 cry 196 (НСІ) 
439 Аттопі um f erri с oxalat e вНЕЕеМ:0» 14221-47-7 374.017 165 dec 1.78775 vs H0; i. Et OH 
440 Ammoni um perfluorooct anoat e 884510, 3825-26-1 431.100 soli d 
441 Ammoni um propanoat e NO, 17496-08-1 91.109 hyg cry 45 580 = 
442 Amobarbi t al 5-Et ћу! -5-i sopent yl -2A,8655H) — CH, №0, 57-43-2 226.272 157 vs bz, Et OH, chl нэ 
-pyri mi di net ri one ме 
443 Amol anone 3-[2-(Di et Пу! ami поје! hyl 1-3-рїїепу(б,,Н, МО, 76-65-3 309.403 cry (pet h) 43.4 1939 1.561425 (2 
2(3H)-benzof uranone б 
444 Атох сі Піп 16105 26787-78-0 365.404 cry (м) 580 > 
445 Amphecloral АН СЕМ 5581-35-1 264.579 96.95 1.530 
446 Amphot eri ci n B МО 1397-89-3 924.080 ye pr (DMF) 170 dec | H0; sl DMF; s DMSO 5 
447 Ampicillin 160,5. 69-53-4 349.405 cry 200 dec 51 0 2. 
448 Атругопе САМО 83-07-8 203.240 pa уе сту (bz) 109 5,0, Et OH, bz, chl ; sl et h а 
449 Amygdali n (Нн, М0, 29883-15-6 457.428 2245 vs H,0; sl Et OH; i. et h, chl » 
450 Anacardi c aci d £H40; 11034-77-8 344.487 cry (ace) 355 vs et h, Et OH, pet h А 
451 Ападугі ne Со О 486-89-5 244.332 pe ye gl ass 265°, 2124 S Н,0, et h, bz vs Et OH, chl; i lig | 90 
452 Androst ane Gs Hg, 24887-75-0 260.457 If (ace-MeOH) 50 64003 vs ace, et h, Et OH, pet h ° 
453 Androstane-17-carboxyli c aci d, Et i ochol ani c ас! d НО» 438-08-4 304.467 па (01 HOAc) 228.5 sub 160 = 
(5В,17В) © 
454 Androst ane-3,17-di ol, (850,178) Ері androst anedi ol 19430, 1852-53-5 292.456 nd (ace aq) 223 2 
455 5а-Апагові ane-3,17-di one 690, 846-46-8 288.424 cry (MeOH) 135 Q 
456 5-Androst ane-3,17-di one GH, 0; 1229-12-5 288.424 cry (ace-hx) 135 ” 
457 Androst -4-ene-3,17-di one 4-Androst ene-3,17-di one 180; 63-05-8 286.408 143( orm а); 5 
173( orm b) с 
458 Androst -4-ene-3,11,17-t ri one Adrenost erone 18,40; 382-45-6 300.392 nd (al) 222 sub sl НО; s Et OH, et В, ace, chl © 
459 Anemoni n transh t- Сао, 508-44-1 192.169 ort h pl (С) па 158 vs chl < 
Пі oxadi spi ro[4.0.4.2]dodeca-3,9- (al or bz) = 
di ene-2,8-di one о 
460 Anhalami ne CH, NO. 643-60-7 209.242 nd (al) 187.5 vs et h, Et OH c 
461 Anhaloni di ne ДАМО; 7627-77-9 223.268 oct cry (bz, eth) 160.5 vs 0, Et OH 2 
462 Anhaloni ne СН, NO; 519-04-0 221.252 rhom nd 86 14002 vs Et OH, bz, chl, et h, pet h un 
463 2,5-Anhydro-3,4-di deoxyhexi t ol Tet rahydro-2,5-f шапа! met hanol 8,00 04-80-3 132.157 <-50 265 1.15420 vs ЊО, ace, bz, Et OH ~ 
464 Апі Ізгі ne 2,4-Di chlorod&enl oroani 11 ng} CH;CLN, 01-05-3 275.522 160 1.820 S 
tri azi ne =. 
465 Ani leri di ne „а МО; 44-14-9 352.469 сту 83 580 = 
466 Anili ne Benzenami ne ot GN 62-53-3 93.127 oilyliq -6.02 184.17 1.0277 1.586322 sH,0, ct c, li д; msc Et OH, et h, ace, 3 
bz 
467 Ani li ne-2-carboxyli c aci d o-Ant hrani 11 c aci d #00, 18-92-3 137.137 И (al) 146.5 sub 14f2 s H,O, Et OH, et h; sl bz, t f a; vs chl, 
py 
468 Ani li ne-3-carboxyl i c aci d m-Ant hrani li c aci d 100; 99-05-8 137.137 173 1.515 sl HO, Et OH; set h, t f a; vs асе; i bz 
469 Ani li ne-4-carboxyl i с ас! d p-Ant hrani 11 c aci d Но, 50-13-0 137.137 mcl рг (w) 188.2 1.3740 S H,O, Et OH, et h; sl ace; i bz, chl 
470 Ani li ne hydrobromi de ШЕ 542-11-0 174.039 286 
471 Ani li ne hydrochl ori de Benzenami ne hydrochl ori de eH CON 142-04-1 129.588 || or nd 198 1.2215 vs Н,0, Et OH; i. et h, chl; sl DMSO 
472 Апі li пе ni t rat e 48,0, 542-15-4 156.139 ort h 190 dec 1.356 vs ЊО, et h, Et OH 
473 Ani li пе sulf at e (2:1) 2690,5: 542-16-5 284.331 1377 s Н,0,5| EtOH, (Га; і eth 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
“474 Nüsle 222222 Mehoybmen — O 1006603 __ 10618 __ ла ууз 15397 (09949 151745 | HO;sECOH, eth, chi, vs ace, bz 
475 Ani sot горі ne met ћу bromi de Oct at гор! ne met hyl bromi де НВг, 80-50-2 362.346 cry (ace) 329 
476 Ant 22011 ne HN. 91-75-8 265.353 Cry 122 
477 Ant hra[9,1,2- Ca H, 0, 16-71-2 456.490 vi 01-01 or blk 492 dec i Et OH, bz, НОАс; s xyl , py, sul f 
cde]benzo[rst ]pent арһепе-5,10- nd (PhNO;) 
di one 
478 2-Апі hracenami ne Л 613-13-8 193.244 yelf (al) 238.8 sub i ®t s Et OH; i con sulf 
479 Ant hracene С.Н 20-12-7 178.229 tabormcl рг 215.76 339.9 1.2825 i НО; sl Et OH, et h, ace, bz, chl, = 
(al) їс „а 
480 9-Апі hracenecarboni t ri le ql GN 210-12-4 203.239 177.5 1.300020 n 
481 9-Ant hracenecarboxal dehyde GH,.0 642-31-9 206.239 orannd(dil 1045 i НО; s bz, HOAc о 
HOAc) > 
482 1-Ant hracenecarboxyl i c aci d 1-Ant hroi c aci d 4510, 607-42-1 222.239 ye nd Med 251.5 sub i HO; s Et OH, et h; sl bz, chl x 
ye pr (al 
483 2-Апі hracenecarboxyl i с aci d 2-Ant hroi c aci d 15110, 613-08-1 222.238 " | Па па, 11 281 sub vs HOAc 5 
su 
484 9-Ant hracenecarboxyl i с aci d 9-Ant hroi c aci d sH, 723-62-6 222.239 217 dec sub i HO; s Et OH 4 
485 9,10-Апі hracenedi carboni t ri le «НО, 1217-45-4 228.248 337 dec > 
486 9,10-Ant hracenedi ol 11,0; 4981-66-2 210.228 br or ye nd 180 vs et h, Et OH = 
487 9,10-Ant hracenedi one Ant hraqui none 146,0; 84-65-1 208.213 уе ort h nd (al, 286 377 1.43820 i HO; 51 Et OH, et h, bz, chl 5 
bz) 
488 9-Апі hracenemet hanol 410 1468-95-7 208.255 160.5 = 
489 1,49,10-Ant hracenet et го! 1401,00, 476-60-8 242.227 148 = 
490 1,2,10-Ant hracenet ri ol Ant hrarobi n 48060; 577-33-3 226.227 yelf,nd(al-w) 208 51,8; vs Et OH, et h, ace; s bz A 
491 1,8,9-Ant hracenet ri ol Ant hrali n 400, 1143-38-0 226.227 уері ornd(lig) 179 14 s Et OH, ace, bz; sl et h; vs py » 
492 1-Ant hracenol СНО 610-50-4 194.228 cry (bz), br nd 158 23413 i. НО; vs Et OH, et h; s NaOH 2 
ог || (al) б 
493 9-Ant hracenol Ant hranol 108,0 529-86-2 194.228 ув гей If (dil al) 152 С 
494 9(10H)-Ant hracenone Ant hrone СНО 90-44-8 194.228 nd (07-11 g, 155 S ace, bz, con sulf , di | alk © 
HOAc) < 
495 Anti mony pot assi ит t art rat et ri hydrate Тай ar emet | с 81650, b, 28300-74-5 667.873 col cry 2.6 si HO 5 
496 Apholate он, Ра 52-46-0 387.300 148 е 
497 Aphylli ne О 577-37-7 248.364 cry 52.5 2004 vs ace, bz, et h, Et OH 2, 
498 Ар geni п 5,7-Di hydroxy-2-(4-hydroxyphenyl )-С-,Н,,0, 520-36-5 270.237 уе па (ад py) 3475 i НО; s Et OH, py; vs di | alk Я 
4H-1-benzopyran-4-one pe 
499 Ароаї горі ne GH,,NO, 500-55-0 271.355 pr (chl ) 62 51 HO, li g; vs Et OH, et h, асе, bz 8 
500 Apocodei ne G H, NO; 641-36-1 281.350 pr (MeOH) 123.5 sl ВОН; s et h, ace, bz, li g z 
501 Аротогрһі ne НМ, 58-00-4 267.323 hex pl (chl- 195 dec 51 HO; s Et OH, et h, ace, bz, al k E 
pet h) rods E 
(et h) = 
502 Аротогрһі ne, hydrochl ori de fH CINO — 314-192 303.704 от! nai rmcl pr 205 dec 
503 Aprobarbi t al 5-Isopropyl -5-al l yl -2,4/88H,5H)- СұН,М,0; 77-02-1 210.229 Cry 141 vs ace, et h, Et OH, chl 
pyri mi di net ri one 
504 L-Arabi ni t ol 560; 7643-75-6 152.146 102.5 vs Н›О; sl Et OH; i eth 
505 о-0-Агай nopyranose СН (0; 608-45-7 150.130 cry (MeOH) 155.5 1.585 
506 м nopyranosyl D- Vi ci anose НО 14116-69-9 312.271 nd (di | al) 210 dec vs Ю 
| ucose 
507  DL-Arabi nose СН, 05 20235-19-2 150.130 pr, nd (а!) 164.5 1.5890 vs Н,0:51 Et OH; i. et h, bz 
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Name Synonym CAS RN Mol. Wt. Form mp/'C den/g cm? Solubility 
a-D-Arabi nose 31178-68-4 50.130 156 1.58525 vs ЊО; sl Et OH; i. et h, ace, MeOH 
В-0-Агай! nose 31178-69-5 150.130 156 1.62525 vs Н,0; sl Et OH; i. et h, ace, MeOH 
0 Aramite 140-57-8 334.860 -37.3 1.14320 vs ace, bz, et h, Et OH 
Arecai di ne 1,2,5,6-Tet rahydro-1-met hyl -3- 499-04-7 41.168 pl (di | al) tab 232 dec vs НО; i. Et OH, et h, bz, chl 
pyri di necarboxyl i c aci d (di | al 414) 
5 Arecol i ne 63-75-2 155.195 1.048520 msc H,0, Et OH, et h; s chl 
513 D-Argi ni ne 7200-25-1 174.201 217 dec i BO, Et OH, et h, bz = 
5 L-Argi ni ne 74-19-3 74.201 244 dec S H,0; sl Et OH; i eth = 
5 L-Argi ni пе, топопуагос ori de 1119-34-2 210.662 219 = 
516 Artemi si n 8-Hydroxysant oni n 481-05-0 262.302 cry 203 sl ЊО, chl; s AcOEt; | pet h == 
517 Ascari dole 1-Met hyl -4-i зоргору! -2,3- 512-85-6 68.233 114 3.3 1.01032 i НО; s Et OH, ace, bz, t ol; sl chl 2 
di охай! cycl o[2.2.2]oct -5-епе г 
L-Ascorbi c aci d Vi tami n C 50-81-7 176.124 191 dec 1.6525 vs Н,0:5 Et OH; i. et h, bz, chl , pet h с 
Ascorbyl pal mi t at e 6-Нехадесапоу! ascorbi c aci d 137-66-6 414.533 112 о 
L-Asparagi ne о-Аті nosucci nami c aci d 70-47-3 32.118 ort h (w+) 235 1.5435 S H0; i Et OH, et h, MeOH 2 
D-Asparagi пе, monohydrat e 5794-24-1 150.133 215 1.5235 sl HO; i Et OH, et h, bz, MeOH - 
L-Asparagi ne, monohydrat e 5794-13-8 50.133 234 1.5435 51 HO; i Et OH, et h, bz, MeOH > 
Aspart ame І-о-Аврап yl £-phenyl al ani ne, 2- 22839-47-0 294.303 nd (w) 246.5 = 
met hyl est er 9 
DL-Aspart i с aci d 617-45-8 133.104 mcl pr (w) 277.5 1.66223 sl HO; i. Et OH, et В, bz, ру © 
L-Aspart i c aci d L-Ami nosucci ni c aci d 56-84-8 33.104 orth If (м) 270 1.6603 sl ЊО; i. Et OH, et h, bz; s di | НСІ, 2 
ру 
Aspergi Ili c aci d 490-02-8 224.299 pa ye rods 98 vs bz, et h, Et OH 2 
Ast emi 2016 68844-77-9 458.570 wh cry 149.1 i HO; 5 os Q 
Asul am Met ву! [(4-ami nophenyl ) 3337-71-1 230.241 144 Z 
sulf опу! ]carbamat e 5 
At enol ol 29122-68-7 266.336 cry (AcOEt ) 147 i^n ох, ace; і chl; s MeOH, ^ 
Ati si ne Ant hori ne 466-43-3 343.503 ort h bi pym 58.5 vs et h, Et OH, chl 2 
At razi пе 1912-24-9 215.684 173 = 
At ropi ne 51-55-8 289.370 orth nd (di | al) 1185 vs, Et OH; i. et h; sl chl о 
Aurami пе hydrochl ori de 2465-27-2 321.045 ye nd (w) 267 51 HO 5 
Aureot hi n 2825-00-5 397.421 ye pr 158 vs ace, Ft OH, chl = 
Ашіп 603-45-2 290.312 dkredlf ororth 309 dec 1,0) bz; s Et OH, alk; sl et h, chl Ф 
ша ri carboxyl i caci d, t ri аттолАШ non 569-58-4 473.433 red-br pow $ H,0; sl Et OH; i peth © 
5а 5 
Амегтес i n Bla Abamect i n 71751-41-2 873.078 152 E 
3-Azabi cycl o[3.2.2]nonane 283-24-9 125.212 E 
1-Azabi cycl o[2.2.2]oct ane Qui nucli di ne 100-76-5 111.185 cry (et h) 158 vs HO, ace, et h, Et OH = 
1-Azabi сус! o[2.2.2]oct ап-3-01 3-Qui nucl i di nol 1619-34-7 127.184 cry (bz) 221 S ace 
Azaci t i di ne 4-Ami nB-D-ri bof uranosyl -1,3,5- Сан 320-67-2 244.205 Cry 229 
t ri azi пе-Ж)-опе 
Azacycl ot ri decan-2-one 947-04-6 197.317 1525 
8-Azaguani ne 134-58-7 152.114 300 
Azaseri ne 115-02-6 173.128 ye-grn orth cry 150 dec vs HO; sl Et OH, ace, MeOH 
Azat hi opri ne ЊРигі ne, 6-[(1-met hyl -4-ni ї г6-1 CH 446-86-6 277.263 ye cry 243 dec sl ЊО, Et OH, chl 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
546 6-Azauri di пе B-D-Ri bof uranosyl -1,2,4-t ri azi пвб,Н,,М0, 54-25-1 245.189 158 58,0 
3,5(2H,4H)-di one 
547 Azet i di ne EJ 503-29-7 51.095 liq -10.0 63 0.8436 1.42875 vs асе, bz, et h, Et OH 
548 2-Azet i di necarboxyl i c aci d 4H; KO; 2517-04-6 01.105 cry (9596 217 dec 
MeOH) 
549 2-Azet i di none 48530 930-21-2 71.078 73.5 10615 vs et h, Et OH, chl 
550 А2 dobenzene (Нн; 622-37-7 119.124 pa уе oi | -27.5 70 086020 1.55895 | НО; 51 Et OH, et h 
551 1-Azi do-4-chl orobenzene (НО 3296-05-7 53.569 20 9620 .263425 i HO;seth = 
552 2-Azi doet hanol 20:30 1517-05-1 87.080 75% 146% vs HO ме 
553 1-Azi do-4-met ћу! benzene A.N, 2101-86-2 133.151 -29.0 dec 180; 052723 vs et h, Et OH = 
8010 
554 (Azi domet ћу! )benzene EE 622-79-7 33.151 10823, 7812 1.07309 153415 | НО; msc Et OH, et h E 
555 Ай nphos et ћу! 1,505, 2642-71-9 345.377 nd 53 11100 284% Teac al k 
556 Ал nphos-met ћу! fH N.0.PS, 86-50-0 317.324 73 4420 5 
557 1-Azi ri di neet hanol 4/0 1072-52-02 87.120 168 0882 1.456020 2. 
558 t ransAzobenzene t ransDi phenyl di azene iN, 17082-12-1 182.220 pri mcl If 67.88 293 203% 1.62668 51 HO; s Et OH, et h, bz, chl ; vs ру а 
а! 
559 сі sAzobenzene сі 501 phenyl di azene «№ 1080-16-6 82.220 yon pl 71 sl НО; s Et OH, et h, bz, НОАс,11 0 2 
pet h 
560 3,3-Azobenzenedi sul f опу! chl ori de :1601М,0,5, 104115-88-0 379239 red nd (et h) 166.5 vseth 2 
561 1,1’-Azobi scycl ohexanecarboni t ri le Ju HON, 2094-98-6 244.336 100 i 0:5110 ° 
562 2,2-Azobi s[i sobut yroni t ri le] 2,2'-Azobi s[2-met hyl propi oni ТН ӨМ, С 78-67-1 64.208 i НО; 51 Et OH, et h © 
563 Azobut ane СН, №, 2159-75-3 42.242 6078 ж 
564 Аторгорапе CH, N 821-67-0 114.188 114 б 
565 сі sAzoxybenzene Di phenyl di azene 1-oxi 06)( C, H, N,0 21650-65-7 98.219 87 1.16620 1.6332 = 
566 1 ransAzoxybenzene Di phenyl di azene 1-oxi 08) ( C. H, N,0 20972-43-4 98.219 34.6 1.159026 i HO; $ Et OH, eth 5 
567 Azoxyet hane Di et hyl di azi ne 1-oxi de «Но ФО 16301-26-1 102.134 114 46 ^ 
568 Azul ene Bi сус! o[5.3.0]decapent aene ilg 215-51-4 128171 у | gr-blkIf 99 ee i HO; s Et OH, et h, ace, aci d; sl chl © 
а 
569 Balan N-But yl A-et hyl -2,6-di ni t ro-4- Ca H №0. — 1861-40-1 335.279 66 12195, 1487 = 
(t ri fluoromet ћу! Jani 11 ne о 
570 Ваграп C4H,CLNO, 101-27-9 258.101 75 = 
571 Barbi t al 5,5-Di et hyl barbi t uri c aci d 410М560, 57-44-3 184.192 nd (w) 190 1.2205 е во S Et OH, et h, ace, chl, li g, 2 
а 9 
572 Barbi t uri c aci d 4ҚУ,0, 67-52-7 128.086 orthpr(w42) 248 dec 260 S HO, et h; sl Et OH = 
573 Baylet on Tri adi mef on uH CI NO, 43121-43-3 293.749 82 1.2220 S 
574 Bebeeri ne быны М,0; 477-60-1 594.696 cry (bz, eth, 221 S Et OH, MeOH, et h; vs асе, chl =. 
chl -MeOH) z 
5/5 Вепасі yzi ne 2-(Di et hyl ami поје ћу! benzi late 5 МО 302-40-9 327.418 Cry 51 8, 
576 Вепасі yzi ne hydrochl ori de 2-Di et hy ami noet ћу! benzi late СНС МО 57-37-4 363.878 177.5 еді eth = 
hydrochl ori de 
577 Benalaxyl QH, М0; 71626-11-4 325.402 79 1275 
578 Bendi ocarb 1,3-Benzodi oxol -4-ol , 2,2-di met hyl CH. NO, 22781-23-3 223.226 130 1.2520 
met ћу! carbamat e 
579 Bendroflumet hi azi de db М0,5, 73-48-3 421.415 cry 225 i BO, bz, et h; s Et OH, ace 
580 Вепоту! Са N40, 17804-35-2 290.318 dec 
581 Bensulf uron-met ћу! «Я: №05 83055-99-6 410.402 187 
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Мо. Мате Ѕупопут CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
582 Bensuli de 741-58-2 397.514 34.4 1.22420 
583 Bent azon 25057-89-0 240.278 138 
584 Benz[c]acri di ne 12-Azabenz[a]ant hracene 225-51-4 229.276 nd (di | al) 132 vs bz, et h, Et OH 
585 Benzal dehyde Benzenecarboxal dehyde 100-52-7 106.122 liq -57.1 178.8 1.040% 1.54632 s| ЊО; msc Et OH, et h; vs ace, bz 
586 Белла! dehyde hydrazone Benzyli dene hydrazi ne 5281-18-5 120.152 If 16 140 s EtOH 
507 ci sBenzal dehyde oxi me 622-32-2 121.137 pr 36.5 200 1.11112 1.59082 vs bz, et h, Et OH 
588 t ransBenzal dehyde oxi me 622-31-1 121.137 nd (et h) 35 1190 114520 S Н,0: vs Et OH, et h = 
589  Вепга! dehyde, phenyl hydrazone 588-64-7 196.247 nd (li g), pr 157.0 Et OH, et h; s ace, bz, Li g NH = 
590  Benzal dehyde, (phenyl met hyl ene) 588-68-1 208.258 ye pr (al) 93 i bO; s Et OH, et h, ace, bz, chl ; sl = 
hydrazone C = 
591 Benzami de Benzoi c aci d ami de 55-21-0 121.137 mcl prorpl (w) 127.3 290 1.079280 ЊО, et h, bz; vs Et OH, ct c, GS 2 
592 Benzlalant hracene 1,2-Benzant hracene 56-55-3 228.288 И (al) 160.5 438 i ®t vs Et OH m 
593 Benz[a]ant hracene-7,12-di one 2498-66-0 258.271 170.5 Et OH, et h, li g; $ асе; уз bz, ch! | О 
594 Benzant hrone 82-05-3 230.260 170 bz ° 
595 Benzene [6]Annul ene 71-43-2 78.112 othprorliq 549 80.09 0.8765 1.50112 HO; msc Et ОН, et h, ace, chl ; s 2 
с = 
596  Benzeneacet al dehyde Phenyl acet al dehyde 122-78-1 120.149 33.5 195 1.027220 1.525520 HO; $ ace; msc Et OH, et h > 
597 Benzeneacet ami de а-Рћепу! acet ami de 103-81-1 135.163 157 HO, et h, bz; s Et OH = 
598 Benzeneacet i c aci d Phenyl acet i с aci d 103-82-2 136.149 If, pl (pet h) 165 265.5 1.298 НО, chl ; vs Et OH, et h; sace; i л 
lig © 
599 Benzeneacet i c aci d, hydrazi de 937-39-3 150.177 1155 ті 
600 Вепгепеасе! i c anhydri де 1555-80-2 254.280 prornd(eth) 733 1982 vs et h, chl ° 
601 Benzeneacet oni t ri le Benzyl cyani de 140-29-4 117.149 liq -23.8 233.5 1.0208 1.52115 5 
602 Benzeneacet yl chl ori de Phenyl acet yl chl ori de 103-80-0 154.594 1705, 1.168220 1.532502  vseth » 
1052 2 
603 Benzenearsoni c aci d 98-05-5 202.040 cry (w) 158 dec vs ЊО, Et OH 5 
604 Benzeneboroni c aci d 98-80-6 121.930 219 51 HO; s Et OH, et h, bz б 
605 Benzenebut anoi c aci d 1821-12-1 64.201 И (м) 52 290 S ED, Et OH, et h о 
606 Benzenebut anol 3360-41-6 150.217 140" 1.521420 < 
607 Benzenecarboperoxoi с ас! d Perbenzoi c ас! d 93-59-4 138.121 mcl pl (peth) 42 100 vs ace, bz, et h, Et OH 5 
608 Benzenecarbot hi oami de 2227-79-4 37.203 117 с 
609 Веп2епесагро oi c aci d 98-91-9 38.187 уе pl (HOAc) 24 86° 1.2820 1.60402 ^ vs асе, bz, et h, Et OH z 
610 Benzenecarboxi mi dami de, 1670-14-0 156.612 orthpr(w42) 169 HO, Et OH; sl tf a > 
monohydrochl ori de ло 
611 1,2-Benzenedi ami ne 0-Phenyl enedi ami ne 95-54-5 08.141 T (w)pl 102.1 257 S Н,0, et h, bz, chl ; vs Et OH 8 
chl = 
612 1,3-Benzenedi ami ne m-Phenyl enedi ami ne 108-45-2 108.141 ort h (81) 66.0 285 1.0098 1.633958 НО; s Et OH, et h, bz Б 
613 1,4-Benzenedi ami пе p-Phenyl enedi ami пе 106-50-3 108.141 wh pl (bz eth) 1414 267 10; s Et OH, et h, bz, chl E 
614 1,2-Benzenedi ami ne, di hydrochl ori de 615-28-1 81.062 250 dec = 
615  1,3-Benzenedi ami ne, di hydrochl ori de 541-69-5 181.062 580 
616 1,4-Benzenedi ami ne, di hydrochl ori de 624-18-0 81.062 58,0 
617 1,2-Benzenedi carbonyl di chl ori de Pht hal oyl chl ori de 88-95-9 203.023 15.5 281.1 1.408920 1.568420 
618 1,3-Benzenedi carbonyl di chl ori de 99-63-08 203.023 pr(et h) 43.5 276 1.38807 1.5704 HO, Et OH; set h 
619 1,4-Benzenedi carbonyl di chl ori de 100-20-9 203.023 nd or pl (lig) 835 258; 125 seth 
620 1,2-Benzenedi carboxal dehyde 643-79-8 134.133 5 cry ог nd 55.8 8308 vs et h, Et OH 
lig 
621 1,3-Benzenedi carboxal dehyde 626-19-7 134.133 nd (di | al) 89.5 246; 136 | HO, et h, chl ; vs Et OH; $ ace, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
622 1,4-Benzenedi carboxal dehyde (90, 623-27-8 134.133 па (м) 117 246 SI HO; vs Et OH; s et h, chl, alk 
623 1,2-Benzenedi carboxami de Pht hal ami de 810, 88-96-0 164.162 су 222 dec 51 HO, Et OH; i eth 
624 1,4-Benzenedi carboxami de 010, 3010-82-0 164.162 nd (w), pl 322.3 
(НОАс) 

625 1,2-Benzenedi carboxyl i с aci d, bi s(2-Bi s(2-but oxyet hyl ) рїї hal at e 21160, 17-83-9 366.448 270 

but oxyet ћу!) est er 
626 1,2-Benzenedi carboxyl i c aci d, bi s(2Bi s(2-met hoxyet ћу!) pht hal at e uH QO; 17-82-8 282.289 -60.0 23070 1.159620 

met похуе! ћу!) est er = 
627 1,2-Benzenedi carboxyl i c aci d, di all i allyl рї hal at e „На, 31-17-9 246.259 1614 = 

est er un 
628 1,2-Benzenedi carboxyl i c aci d, Di propyl pht halat e 480) 31-16-8 250.291 14 -31.0 304.5 1.0767 i BO; s Et OH, et h = 

di ргору! est er » 
629 1,3-Benzenedi met hanami ne m-Xyl ene di ami ne 82N; 411-55-0 136.194 247 1.05220 vs ЊО, et h, Et OH p 
630 1,2-Benzenedi met hanol 18,0; 612-14-6 138.164 pl (eth, peth) 648 145 $ Н,0, Et OH; vs et В; sl bz Q 
631 1,3-Benzenedi met hanol 16,0; 626-18-6 138.164 nd (bz) 57 15613 1.1610" vs H,0, et h, Et OH 5 
632 1,4-Benzenedi met hanol 180; 589-29-7 138.164 nd (w) 117.5 140 vs Н,0, ace, et h, Et OH un 
633 1,2-Benzenedi ol, di acet at e (0, 635-67-6 194.184 nd (al) 64.5 142 i HO; vs Et OH, et h, chl ; s pet h < 
634 1,4-Benzenedi 01, di acet at e 101600, 1205-91-0 194.184 pl (w, al) 123.5 0.873% S H,0; vs Et OH, et h, chl, li g 7 
635 1,3-Benzenedi 01, monobenzoat e 1,0; 136-36-7 214.216 134.5 2 
636 1,3-Benzenedi sulf oni c aci d 480;5; 98-48-6 230.238 hyg cry 
637 1,3-Benzenedi sulf опу! di chl ori de 0,0,5, 585-47-7 275.130 61.8 195105 ° 
638 1,2-Benzenedi t hi ol 465; 17534-15-5 42.242 28.5 238.5 vs Et OH, et h, bz; s AcOEt © 
639 1,3-Benzenedi t hi ol 465; 626-04-0 42.242 f 27 245 vs bz, et h, Et OH ж 
640 Benzeneet hanami ne 1-Ami no-2-phenyl et hane ШЕ 64-04-0 121.180 iq 40 195 0.9649 1.52905 5 Н0, ctc; vs Et OH, et h б 
641 Benzeneet hanami ne, Пуагос ori de СІМ 156-28-5 157.641 pl or lf (а! 218.5 vs 0| Et OH = 
642 Benzeneet hanol Phenet hyl al cohol Нико 60-12-8 22.164 iq -27 218.2 1.0202 1.5325? sl ЊО; msc Et OH, et h 5 
643 Benzenehexacarboxyli c aci d Melli t i c aci d 2606 517-60-2 342.169 nd (al) 287 dec vs HO; s Et OH, sulf с 
644 Benzenemet hanami ne, hydrochl ori de о N 3287-99-8 143.614 258.3 vs НО, Et OH © 
645 Benzenemet hanesul f опу! chl ori de ІНСІ 0S 939-99-7 90.648 pr (et h), nd (bz) 93 vs et h, bz < 
646 Benzenemet hanesul f опу! fluori de 790,5 329-98-6 174.193 92.0 ч 
647 Вепгепете! hanet hi ol Thi obenzyl al cohol 1% 00-53-8 124.204 iq -30 194.5 1.058 515191 HO; vs ОН, et h; sl ct c; s 65 = 
648 Benzenepent anoi с aci d 5-Phenyl val eri c aci d Ч, 2210-20-4 78.228 pl (w), pr (pet h) 57.5 199 51 HO; vs Et OH; s os 2 
649 Benzenepent апо! GH40 0521-91-2 164.244 15520, 15018 0.972520 .5156? vs et h, Et OH > 
650 Вепгепергорапа! Hydroci nnami c al dehyde 46,0 04-53-0 134174 mcl 47 224, 1178 :01902) i НО; vs Et OH; msc et h ло 
651 Benzenepropaneni t ri 16 Hydroci nnamoni t ri le 9HN C 645-59-0 31.174 iq 4 261; 14% 001620 52663 ^ s Et OH, et h; $1 chl 8 
652  Benzenepropanet hi ol 485 24734-68-7 152.256 12123, 1090 1.012 549470 z 
653 Benzenepropanoi c aci d Hydroci nnami c ас! 0 4140, 501-52-0 150.174 nd (w) 48 2798 07129 S HO, Et OH, et h, ct c, GSvs bz = 
654 Benzenepropanol Hydroci nnamyl al cohol 9,0 22-97-4 36.190 «18 235 0.995% 53575 5Ң,0,сіс; msc Et OH, et h б 
655 Вепгепергорапо! carbamat e Phenprobamat e 4,0, 673-31-4 19.216 102 i HO; s Et OH, ch = 
656 Вепгелергорапоу! chl ori de 4010 645-45-4 168.619 dec 225, 357 seth, CS 
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657 Benzeneseleni ni c aci d Phenyl sel eni ni c aci d 81605668 6996-92-5 89.07 124.5 9320 51 ЊО; i bz vs alk 
658  Benzenesel enol GH,Se 645-96-5 157.07 183.6; 84% 148655 i НО; s Et OH; vs et В, сіс 
659 Benzenesul fini c aci d 480,5 618-41-7 142.176 pr (w) 84 dec 51 НО; s Et OH, eth, bz i pet h 
660 Benzenesul finyl chl ori de 856105 4972-29-6 160.621 pl (pet h) 38 TP .346925 1.34705 seth, chl 
661 Benzenesulf onami de 68)М0,5 98-10-2 157.191 If, nd (w) 156 sl Jo, (Та; $ Et OH, et h 
662  Benzenesulf oni c aci d Besyli c aci d 4055 98-11-3 158.175 па (02) 65 vs Н,0, Et OH; | et h; sl bz; s HOAc 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
663 Benzenesulf опу! chl ori de Phenyl sul f onyl chl ori de 45005 98-09-9 176.621 145 dec 251 1.34705 i ВО; vs Et OH; s et h, сіс 
664 Benzenesul f опу! fluori de Phenyl sul f опу! fluori de 40,5 368-43-4 160.166 203.5 1.328620 149328 s Et OH, et h 
665 1,2,4,5-Вепгепе! et racarboxyli c acid — Pyromelliti caci d 480,0 89-05-4 254.150 tcl pr (w+2) 276 sl 40; s ОН 
666  Benzenet hi ol Phenyl mercapt an 45 108-98-5 110.177 114 -14.93 1691 1.0779 1.58932 1 НО; s Et OH, et h, bz; sl сіс 
667 1,3,2-Велгеле ri carbonyl t ri chl ori de 41:00, 4422-95-1 265.477 36.3 18016 schl 
668 1,2,3-Вепгепе ri carboxyl i c aci d Hemi melli t i c aci d 240% С 569-51-7 210.140 pr (al) 200 1.5460 vs et h, Et OH 
669 1,2,4-Вепгеле ri carboxyl i c aci d Tri melliti c aci d 20, С 528-44-9 210.140 nd (м) cry (al) 219 vs ЊО, et h, Et OH - 
сгу (НОАс) T 
670 1,3,2-Велгеле ri carboxyl i c aci d Н 554-95-0 210.140 pr ог па (w+1) 380 sl ЊО; vs Et OH, et h >° 
671 1,2,4-Велгеле ri carboxyli c aci d 1,2-4-(СШ orof ormyl )pht hal i c anhydri de 4,010, 1204-28-0 210.571 66 = 
anhydri de, 4-chl ori de a 
672 1,2,4-Benzenet ri carboxyl i c aci d, Сан 0g 2694-54-4 330.332 «-30 1.16420 Ё 
triallyl ester 
673 1,2,3-Benzenet ri ol Pyrogal | ol «00, 87-66-1 126.110 f or nd (bz) 133 309 1.458 1.5611 48Н,0,Е OH, et h, NH sace; | bz e 
674 1,2,4-Benzenet ri ol Hydroxyhydroqui none 40, 533-73-3 126.110 ys В), If огр! 140.5 vs ЊО, Et OH, et h; i. bz, chl 2 
675 1,3,5-Benzenet ri ol Phl orogl uci nol 40; 108-73-6 126.110 f orpl (w+2) 2185 sub 1.46 sl HO; vs Et OH, et h, bz, ру; s ace < 
676 1,2,4-Benzenet ri ol t ri acet at e АЙ» 613-03-6 252.219 99 300 S Et OH, chl, MeOH 2, 
677 Benzest rol 5Н,0; 85-95-0 298.419 cry (al) 164 vs ace, et h, Et OH, НОАс 2 
678 Benzet honi um chl ori de „ВС NO,  121-54-0 448.081 pl (chl /et h) 65 (hyd) vs Ж; s ace, chl , Et OH ° 
679 Benzi dene-3,3"-di carboxylic aci d 3,3-Di carboxybenzi di ne 415400, 2130-56-5 272.256 nd 300 dec = 
680  p-Benzi di пе [1,1-Bi phenyl ]-4,4-di ami ne o HN; 92-87-5 184.236 nd (w) 120 401 51 ЊО, et h, DMSO; s Et OH o 
681 Benzi | Di phenyl et hanedi one 460; 134-81-6 210.228 ye pr (al 94.87 347 1.0840? i НО; vs Et ОН, et h; s ace; sl сіс я 
682 1H-Benzi ті dazol -2-ami ne TON, 934-32-7 133151 pl (w) 224 s H0, Et 0H, ace; sl et h, bz, Q 
DMSO Z 
683 1H-Benzi mi dazole № №-МеЕ henyl -phenyl enedi ami пе ‚Б, 51-17-2 118.136 pu bi pym pl 170.5 >360 51 НО, et h; vs Et OH; i bz; s di | alk 5 
684 1Н-Белгі mi dazol e-2-acet oni t ri le  H,NÇ 4414-88-4 157.172 208.4 8 
685 1H-Benz[de]i soqui nol i ne-1,3(2 C4 HNO; 81-83-4 197.190 nd (chl -al ) 300 2 
di one = 
686 Вепго[сјећгузепе СН 94-69-4 278.346 па (Ас0Н) 126.5 о 
687 Benzo[g]chrysene Benzofalt ri phenyl ene Sy, 96-78-1 278.346 nd (АсОН) 1145 с 
688 1H3H-Benzo[1,2-c:4,5-c']di f uran- 4150, 89-32-7 218.119 285.3 2 
1,3,5,7-t et rone > 
689 1,3,2-Benzodi oxaborol e (НВО; 274-07-7 119.914 12 88155, 505 1.270020 1.507020 = 
690 1,3-Benzodi охо! -5-ami пе 78,30, 4268-66-7 137.137 42 14418 S 
691 1,3-Benzodi oxole (90, 274-09-9 122.122 172.5; 777 1.06425 1.539820 =. 
692 1,3-Benzodi oxole-5-carboxaldehyde Pi peronal 40, 20-57-0 150.132 37 263 51 НО: vs Et OH; msc et h; $ ace, Е 
chl 
693 1,3-Benzodi oxol e-5-carboxyli с acid Рі peronyli c aci d 40,6 94-53-1 166.132 229 = 
694 1,3-Benzodi oxol e-5-et hanami пе fü МО; 484-85-1 165.189 16620, 1011 1.22520 1.562020 
695 1,3-Benzodi oxol e-5-met hanami ne GNO; 2620-50-0 151.163 13913, 12145 1.563520 
100207 
696 1,3-Benzodi oxol e-5-met hanol 8603 495-76-1 152.148 nd (pet h) 58 157% sl HO; s Et OH, et h, bz, chl; i lig 
697 1,3-Benzodi oxol -5-ol 150, 533-31-3 138.121 64.9 
698 t ranst rans5-(1,3-Benzodi oxol -5-yl)- Pi peri ni c aci d 1260, 136-72-1 218.205 па (al), ye nd 215.8 Sub vs Et OH 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? Solubility 
699 7,8-Benzoflavone 2-Phenyl -4H-napht ho[1,2-b]pyran- C. H,,0, 604-59-1 272.297 ye pl (al) 157 Et OH, chl ; s sulf 
4-опе 
TOO Benzo[b]fluorant hene Benz[e]acephenant hryl ene 2 205-99-2 252.309 па (02) 168 i 0: msc bz 
701 Веп201| ]fluorant hene Di benzo[a,j КИ иогепе 210 205-82-3 252.309 ^ M (а!) па 166 i НО; sl. Et OH, HOAc 
HOAc) 
702 Benzo[k]fluorant hene 2,3,1,8-Ві napht ћу! ene 2012 207-08-9 252.309 pa ye nd (bz) 217 480 i НО; s Et OH, bz, HOAc 
703 11H-Benzo[alfluorene 0,1, 238-84-6 216.277 pl (ace or 189.5 405 i HO; sl Et OH; s et h, bz, chl = 
НОАс) 
704 11H-Benzo[b]fluorene (M 243-17-4 216.277 212 401 i go = 
705 Benzof шап Соштагопе СНО 271-89-6 118.133 «18 74 00132 i НО; Et OH, et h Л 
706 2-Benzof urancarboxyl i c aci d Coumari 11 c aci d 400 496-41-3 162.142 nd (w) 192.5 312.5 vs Et 0H б 
707 2(36)-Вепгог uranone 69,0; 553-86-6 134.133 50 249 22364 Ё 
708 3(2H)-Benzof uranone 6950, 7169-34-8 134.133 red nd (al ) 102.5 1525 vs bz 
709 1-(2-Веп201 uranyl је! hanone 1,0, 1646-26-0 160.170 76 26" s Н,0 5 
710 Benzof urazan, 1-oxi de (BN 0; 480-96-6 136.108 115 .28080 Z 
711 Benzohydrazi de Benzoi c aci d, hydrazi de 1ҢМ,0 613-94-5 136.151 р! (w) 115 dec 267 HO, Et OH; 51 et h, ace, chl M 
712 Benzoi c aci d Benzenecarboxyl i c aci d 180, 65-85-0 122.122 те! If or nd 122.35 249.2 1.2659 HO; vs Et OH, et h; s ace, bz, chl > 
713 Benzoi c anhydri de 0» 93-97-0 226.227 pr (et h) 425 360 1.9895 i НО, li g; s ОН, et h; sl. chl = 
714 Benzoin 2-Hydroxy-1,2-di phenyl et hanone, (+) 448420; 579-44-2 212.244 137 344; 19412 310% Et OH, chl Un 
715 Benzoni t ri le Phenyl cyani de "НЙ 100-47-0 103.122 114 -13.99 1911 1.0099 ЊО; msc Et OH; vs асе, bz; s ct c © 
716 Benzo[ghi ]peryl ene 1,12-Benzperyl ene BH, 191-24-2 276.330 ye-grn If (bz) 272.5 iB ті 
717 Benzo[c]phenant hrene Tet rahel i cene 4, 195-19-7 228.288 68 i HO; 51 Et OH, li g © 
718 Benzophenone Di phenyl ket one Но 119-61-9 182.217 (а) ort hpr(al); 47.9 (о); 305.4 11118 i HO; vs Et OH, et h, chl, ace; s bz 5 
(В) то! рг 26 (В) > 
719 Benzophenone hydrazone Сан» 5350-57-2 196.247 97.3 22155 ” 
720 Benzophenone, oxi me Di phenyl ket oxi me "uM 514-66-3 197.232 nd (al) 144 i ED; vs Et OH, et h, chl , ace; s bz 5 
721 33,44- қа 4,4'-Carbonyl di рїї hali c аппуй de 47H60; 2421-28-5 322.226 216 с 
Benzophenonet et racarboxyl i c aci d © 
di anhydri de 2 
722 Веп20-2-рїїепу! hydrazi de СН, 532-96-7 212.246 рг (al), nd (м) 168 314 SI ВО, et h; s Et OH, bz, chl = 
723 Benzopurpuri ne 4B C.l. Di тесі Red 2, di sodi um salt бай» 992-59-6 724.716 br pow S Н,0, Et OH, ac, HSO, = 
Ф 
724 2H-1-Benzopyran 1,2-Chromene С.Н: 254-04-6 132.159 132102, 9113 1.099316 i go 2 
725 [2]Benzopyrano[6,5,4- 1,4,5,8-Napht hal enet et racarboxyl с 0.,Н,0, 81-30-1 268.178 nd (al 450 sub 320 i. $D; s Ма,С0,, НОАс un 
def ][2]benzopyran-1,3,6,8-t et rone ас! d anhydri de = 
726 1H-2-Benzopyran-1-one Isocoumari n GH;O, 491-31-6 146.143 pl (bz) 47 286 i bD; vs Et OH, et h, bz, C$ S 
727 2H-1-Benzopyran-2-one Coumari n (1,0, 91-64-5 146.143 ort h рут (eth) 71 301.7 0.938 S Н,0, Et OH, alk; vs et h, chl , py =. 
728 4H-1-Benzopyran-4-one СНО; 491-38-3 146.143 nd (pel 59 sub 1.29000 51 HO; s Et OH, et h, bz, chl = 
729 Benzolalpyrene 2,3-Benzopyrene Сан 50-32-8 252.309 181.1 i 0: vs chl s 
730 Benzo[e]pyrene 1,2-Benzpyrene C.H; 192-97-2 252.309 pa ын (bz- 1814 311 i go БА 
MeOH 
731 Benzolf ]qui nol i ne B-Napht поди! nol i ne 18% 85-02-9 179.217 f (ре 94 352; 203 sl HO; vs Et OH, bz, et h; s ace 
732 Benzo[h]qui nol i ne AN 230-27-3 179217 | (et 52 339; 233" 1.234020 HO; s Et OH, et h, ace, bz, ct c 
pet h 
T33 p-Benzoqui none 2,5-Cycl ohexadi ene-1,4-di one 450, 106-51-4 108.095 ye mc 115 Sub 1.318? sl ЊО, pet h; s Et OH, et h, chl 
734 2,1,3-Benzot hi adi azole FONS 273-13-2 136.174 43 206 
735 2-Benzot hi azol ami ne 2-Ami nobenzot hi azole МБ 136-95-8 150.201 pl (w), 132 SI;B; s Et OH, et h, chl, con НСІ 
736 6-Benzot hi azol ami ne 6-Ami nobenzot hi azol e МБ 533-30-2 150.201 pr (w) 87 i HO, et h; s Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
738 2(3H)-Benzot hi azol et hi one 2-Mercapt obenzot hi azol e HNS 149-30-4 167.252 ERN. nd(al, 181 1.4220 i НО; s Et OH; sl et h, bz, DMSO 
MeOH 
739 2(3H)-Benzot hi azol et hi one, sodi um C;H,NNaS, 2492-26-4 189.234 51 HO 
salt 
740 2(3H)-Benzot hi azol one 18М05 934-34-9 151.186 pr (di I al), nd 139 360 it vs Et OH, et h 
741 2(3H)-Benzot hi azol one, hydrazone NS 615-21-4 165.216 202.8 
742 2-(2-Benzot hi azol yl phenol 138305 3411-95-8 227.28 nd or If (al) 131 179 s Et OH = 
743 Benzo[b]t hi ophene Thi anapht hene 45 95-15-8 134,199 If 32 221 1.1487 1.63747 1 НО; vs Et OH; s et h, ace, bz; sl = 
ch 
744 Benzo[b]t hi ophene-2-carboxyli c acid Thi onapht hene-2-carboxyl i c ас! d H,0,SC 6314-28-9 78.208 nd (м 240.5 vs et h A 
745 1H-Benzot ri azole 1,2,3-Tri ага ndene GHN; 95-14-7 19.124 nd (chl or bz) 100 2045 51 HO; s Et OH, bz, chl , t ol, DMF E 
746 Benzo[b]t ri phenyl ene ӚН, 215-58-7 278.346 па (al, HOAc) 205 i ID; vs bz 
747 3H-2,1-Benzoxat hi ol -3-one 1,1- C;H,0,S 81-08-3 184170 nd or pr (bz) — 1295 18418 vs bz, chl m 
di oxi de 2 
748 2H-3,1-Benzoxazi ne-2,4(H)-di one GH.NO, 118-48-9 63.13 pr (al, gl HOAc) 243 dec 51 HO, Et OH, ace; i et h, bz, chl M 
cry (al) 
749 Benzoxazole 1-Oxa-3-azai ndene (H,N0 273-53-0 119.12 pr (di | al) 31 182.5 1.1784 1.55940 | НО; $ Et OH, sulf > 
750 2(3H)-Benzoxazol et hi one 18М05 2382-96-9 51.186 nd (w) 196 sl ЊО, ace, Et OH; vs et h, НОАс 2 
751 2(3H)--Benzoxazol one GH;N0; 59-49-4 135.12 138 335; 23030 sl HO; s Et OH, eth, tf a 
752 2-(2-Benzoxazol yl )phenol САМО; 835-64-3 211.216 e (al, 1235 330 51 HO; vs Et OH; s et h, ace, bz ° 
C, 
753  N-Benzoyl -DL-al ani ne GH, N0; 1205-02-3 93.199 pl, prorlf (eth) 165.5 dec 5,0, Et OH; sl et h, DMSO = 
754 4-(Benzoyl ат! no)-2-hydroxybenzoi с Benzoyl pas C,H4NO, 13898-58-3 251.242 260.5 X 
aci d 
755 Benzoyl azi de Benzazi de 79:00 582-61-6 47.134 pl (ace) 32 exp 1.16805 vs et h, Et OH 2 
756 2-Вепгоу! benzoi c aci d 4 0: 85-52-9 226.227 cl nd (w) 129.0 vs Et OH, et h; s bz; 51 chl a 
757 4-Benzoyl benzoi c aci d 1900; 611-95-0 226.227 па (НОАс), pl 199 sub sl HO, tf a, bz; s Et OH, eth, НОА | О 
(al) те! If (м) о 
758 2-Benzoyl benzoi c aci d, hydrazi de 148250, 787-84-8 240.257 nd (а!) 242.3 51 НО; i. Et OH, et h, chl; s MeOH 2 
759 4-Benzoyl bi phenyl 4-Phenyl benzophenone 1,0 2128-93-0 258.313 1015 420, 15601 5 
760 Benzoyl bromi de Benzoi c ас! d, bromi de 114810 618-32-6 185.018 114 -24 218.5 1.570 1.58682 msc eth = 
761 Benzoyl chi ori de Benzoi c aci d, chl ori de 00 98-88-4 140.567 liq -04 1972; 71112070 1.55372 msc et h; s bz, ct c, C$ z 
762 Benzoyl cyclohexane Cycl ohexyl phenyl ket one 18,0 712-50-5 188.265 nd (pet h) 59.5 1648 > 
763 Benzoylecgoni ne GH, МО, 519-09-5 289.327 nd (w) 195 vs bz, Et OH = 
764 Benzoylf errocene GH.,FeO 1272-M-2 290.137 110.0 S 
765 Benzoyl fluori de Benzoi c aci d, fluori de НО 455-32-3 124112 114 -28 1545 1.1400 vs Et OH, et h; s сіс e 
766 N-Benzoyl gl ус! ne Hi ppuri c aci d 480; 495-69-2 179.172 pr (w or al) 191.5 1.3772 S HO, Et OH; sl et h, bz, chl; і pet h z 
767 Benzoyl i odi de Benzoi c aci d, i odi de тш 618-38-2 232.018 па 15 12820 1.74618 vs et h, Et OH 8, 
768 2-Вепгоу! met ћу! -6(2-hydroxy-2- Со ас МО 63990-84-1 373.916 183.5 51 HO; s Et OH; vs chl iy 
phenyl et hyl )-1-met hyl pi peri di пе, 
hydrochl ori de 
769 3-(Вепгоу! oxy)-8-met ћу! -8- Cocaet hyl ene МҮЛТ? 529-38-4 317.381 pr (et h) 109 vs et h, Et OH 
azabi сус! o[3.2.1]oct ane-2- 
carboxylic aci d, et hyl est eR-[1 
(exo,exo)] 
770 Benzoyl peroxi de GH, 0, 94-36-0 242.227 orth (eth), pr 105 exp 1.543 SI 9; s Et OH, et h, ace, bz, C$ 
771 1-Benzoylpi peri di ne КУЙ 776-75-0 189.253 tcl 49 320.5 i 9; $ Et OH, et h; sl ctc 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
772 М-Вепгоу! -L-t yrosi ne et ћу! est er ql e NO, 3483-82-7 313.349 119.5 
773 Benzphet ami ne Оным 156-08-1 239.356 127002 1.55159? vs et h, Et OH, MeOH, chl 
774 Benzpi peryl on CH МО 53-89-4 347.453 cry (al) 182 dec 
775 Benzqui nami de ДАО, 63-12-7 404.499 сту 131 
776 Benzt hi azi de B CIN0,S. 91-33-8 431.938 cry (Et OH) 236 i №; зак 
777  N-Benzyl acet ami de ГӘП 588-46-5 149,189 61 1572 vs Et OH, et h 
7 TP Benylacette #0 мї л 1а 522032 1050 152329 s ЊО, mse EtOH; зеп, ace, chi | my 
779 Benzyl acrylat e СН. 0, 2495-35-4 162.185 228 1.057320 514391 НО; s Et OH, et h, ace, ct c = 
780 Benzyl alcohol Benzenemet hanol 10 00-51-6 108.138 114 -154 205.31 1.0419 53962 эн Et OH, et h, ace, bz, MeOH, = 
C = 
781 Benzylami ne Benzenemet hanami ne GN 00-46-9 107.153 185; 9012 0.981320 54012 в. шаг OH, et h; vs ace; s bz; 2 
sl с 
782 4-(Benzyl ami no)benzenesul f опат! deN4-Benzyl sul f ani | ami de qi Ho N,0;S 04-22-3 262.327 171 A 
783 2-[Benzyl ami поје! hanol ова МО 04-63-2 151.205 225; 154? 1.0652 543029 о 
784 4-Benzylani || ne NM 135-12-2 183.249 mel (li g) 34.5 300 1.038 vs et h, Et OH, li g 2 
785 N-Benzylani li ne N-Phenyl benzenemet hanami ne Gis 03-32-2 183.249 pr 37.5 306.5 1.029865 61185 — vs eth, ОН - 
786  o-Benzyl benzenepropanoi c aci d 143,0, 618-68-8 240.297 р го HOAc) 90 2355 vs bz, et h, Et OH > 
nd (w 
787 2-Benzyl -1H-benzi mi dazole Bendazol «Бұ, 621-72-7 208.258 па (02) 187 vs bz, Et OH, gl HOAc 2 
788 Benzyl benzoat e (РОЈ 20-51-4 212.244 nd ог If 21 323.5 1.112% 56800 i НО; s Е OH, et h, асе, bz, MeOH, © 
chl = 
789 4-Benzyl -1,1’-bi phenyl His 613-42-3 244.330 f 85 2859 1710 i НО; s Et OH, ct c; vs et h, bz © 
790 Benzyl but anoat e 1,0, 03-37-7 178.228 239 01112 4920? 1 НО; vs Et OH, et h; s сіс 2 
791 Benzyl but yl pht halat e But yl benzyl pht hal at e 41500 85-68-7 312.360 14 370 1119 i go Q 
792 Benzyl chl oroacet at e 016 40-18-1 184.619 1479, 8504 22234 54268 — vs et h, Et OH ” 
793 Benzyl chl orof ormat e Carbobenzoxy chl ori de HEIO 501-53-1 170.594 oilyliq 103 195% 51909 seth, асе, bz 5 
794 Benzyl t ransci nnamat е Benzyt rans3-phenyl-2-propenoate GH,,0; 78277-23-3 238.281 рг 39 wo 1095 i НО; s Et OH, et h; sl bz с 
795 Benzyl dodecanoat е Benzyl | aurat e 1982007 40-25-0 290.440 8.5 21072 0.942925 48122 vs bz, et h, Et OH, pet h 2 
796 Benzylet hyl ami ne N-Et hyl benzenemet hanami ne Юз 4321-27-8 135.206 194 0.934217 511722 sl HO, ct c; s Et OH, et h, bz, chl "2 
797 N-Benzyl Jet hylani li ne Et hyl benzyl ani 11 ne ast, NC 92-59-1 211.303 pa ye oi | 35 288; 189 0015 59433 1 ВО; $ Et OH, et h, chl 2 
798 Benzyl et hyl et her 4890 539-30-0 136.190 186 0.94782 „49550 | НО; msc Et OH, et h Z 
799 Benzyl f ormat e 48,0, 04-57-4 136.149 203; 8410 0812 51540 | НО; $ Et OH, ace; msc et h; sl ct c > 
800 Benzyl f umarat e 4,0, 538-64-7 296.318 Cry pow 59 2105 vs et h, Et OH, chl 222 
801 Веп2у!! dene di acet at e Tol uenex-di ol, di acet at e 10, 581-55-5 208.21 pl (et h) 46 220 119 vs bz, et h, Et OH 8 
802 Benzyli mi dobipsfnet похурїїепу! ) ҰЛТЫ 524-96-9 331.408 ра ye cry 90 vs et h, chl z 
met hane 5 
803 2-Benzyl-1H-i soi ndol e-1,3(2-di one (510, 2142-01-0 237.254 уе па (а!) 116 1.3438 s Et OH, HOAc; sl DMSO E 
804 Benzyli sopropyl ami ne N-lsopropy! benzenemet hanami ne ds 102-97-6 49.233 200; 9319 0.89225 50252 = 
805 Benzyl i sot hi ocyanat e (Isot hi ocyanat omet hyl)benzene ,H,NSC 622-78-6 149.214 ye oi | 243 1.1248 60499 1 НО; msc Et OH; set h 
806 Benzyl met hacryal at e 14,0, 2495-37-6 176.212 14490 
807 Benzyl 3-met ћу! but anoat e 280; 103-38-8 92.254 245; 136% 0.99835 48842 
808 Benzyl met hyl et her 8,0 538-86-3 122.164 liq -52.6 170 0.9634 5008 1 НО, li g; vs Et OH, eth; s bz 
809 1-Benzyl -2-met ћу! hydrazi ne 1-Met ћу! -2-phenyl met ћу! hydrazi пен МЕ 10309-79-2 136.194 liq 112 
810 Benzyl 2-met hyl propanoat e Benzyl i sobut yrat e nH, 103-28-6 78.228 228; 114? 1.01598 48832 
811 Benzyl nitrite 7100, 935-05-7 37.137 oi | 8$ 1.075% „49895 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

812 N-Benzyl oxycarbonyl aspart ame ОНО; 33605-72-0 428.435 cry 122 

813 Benzyl oxycarbonyl +-9! ut ami ne 14,50; 2650-64-8 280.276 134.5 5 0М50 

814 Benzyl oxycarbonyl gl ус! ne HNO, 1138-80-3 209.199 121 S ace 

815 Benzyl oxycarbonyl gl үсуі euci ne GHjN,0; 1421-69-8 322.356 100 

816 Benzyl oxycarbonyl gl ycyl- Со О 1170-76-9 356.372 126 

phenyl al ап! ne 

817 2-(Benzyl oxy)et hanol Е hyl ene glycol monobenzyl et her ‚Н, 622-08-2 52.190 oi | <-75 256 1.0640 52339 vs Н,0, et h, Et OH = 

818 Benzyl peni ci 111 п sodi um па Мао 5 69-57-8 356.372 па (Вион ад) 215 141 vs H,0; s MeOH; і ace, et h, chl нэ 

819 2-Benzyl phenol o-Benzyl phenol (5150 28994-41-4 184.233 21 312 „59940 _ vs ace, bz, Et OH >° 

820 4-Benzylphenol p-Benzyl phenol (5150 101-53-1 84.233 84 322 S HO, Et OH, et h, bz, ct c, НОАс, ^ 

chl 

821 Benzyl phenyl et her £H,,0 946-80-5 184.233 И (al) 40 286.5 Ё 

822 1-Benzyl pi perazi ne (H, N; 2759-28-6 176.258 14672 54308 — s H,0, Et OH, et h; sl chl б 

823 1-Benzyl pi реп di ne БІН 2905-56-8 75.270 245 0.962515 5227 о 

824 4-Вепгуірі реп di ne ИІ 31252-42-3 15.210 16.8 270; 150" 0.997020 53379 1 HO; s Et OH, et h 2 

825 Benzyl propanoat e 9.0, 22-63-4 164.201 221 1.033520 - 

826 2-Benzyl pyri di пе "um 01-82-6 69.222 nd 12.5 277; 14918 1.067 51855 1 НО; s Et OH, et h, chl » 

827 4-Вепгуіругі di пе Hy 2116-65-6 69.222 12.4 288; 180? 1.061220 58180 1 HO; s Et OH, ct c; vs et h = 

828 Benzyl 3-pyri di necarboxyl at e Benzyl ni cot i nat e 13140, 94-44-0 213.232 1705 22 

829 1-Benzyl -1H-pyrrol e "mm 2051-97-0 57.212 15 247 1.018320 .5655" 1 HO; vs Et OH, et h о 

830 p ,2-pyrrol i di nedi carboxyl at e/V-(Benzyl oxycarbonyl )2-prol i ne GH, NO, 148-11-4 249.263 78.5 53100 sl chi 2 

831 Benzyl sali cylat e 44820: 18-58-1 228.243 320 1.179920 „58050 51 НО; s Et OH, et h, ct c Е 

832 O-Benzyl -L-seri ne 3-(Benzyl охуј--а! ani пе СН, 0, 4126-96-9 95.215 218 dec » 

833 Benzylsulf oni c aci d 10,5 00-87-8 72.202 hyg cry 2 

834 4-[(Benzyl sul f ony! јат! no]benzoi с p-(Benzyl sul f опат! do)benzoi c ас! а ,,HGNO,S 536-95-8 291.323 229.5 vs Et OH б 

ас! 0 

835 (Benzyl sul f onyl )benzene 109.05 3112-88-7 232.298 па (81) 146 1.126155 i НО; sl Et OH, et h, bz 2 

836 (Benzylt hi o)benzene Gs 831-91-4 200.299 If (al) 43.5 197 i НО; s Et OH, et h, con sulf < 

837 Benzyl t hi ocyanat e о-Тһі ocyanat ot ol uene atGNS 3012-37-1 149.214 pr (al) 43 232 i ID; s Et OH, et h, chl, CS 5 

838 Benzylt ri met hyl ammoni um chl ori de о IN 56-93-9 185.694 243 vs HO; s ace c 

839 Benzyl urea GH, N,0 538-32-9 150.177 nd (al) 148 dec 200 vs ace, Et OH 2, 

840 Bepheni um chl ori de {НСІ NO 13928-81-9 291.816 cry (ace) 135 Я 

841 Berberi пе GH, NO, 2086-83-1 353.369 red-ye nd 145 vs et h, Et OH жА 
(w+6) cry 8 
(chl) š 

842 Berberi ne chlori de di hydrat e Но! Ма 633-65-8 407.845 ye cry 5 

843 Bergeni n СНО 477-90-7 328.272 cry (MeOH) 238 vs Н,0, Et OH E 

844 Berylli um 2,4-pent апей! oat e Beryl || um acet yl acet onat е по! Веб, 10210-64-7 207.228 108 270 1.16820 = 

845 Bet ai ne 1-Carboxyy, N, N- С.Н, 0, 107-43-7 117147 рг ог 11 (al) 293 авс у5/0, MeOH; s Et OH; sl et h, chl 

t ri met hyl met hanami ni um, i nner sal 

846 Bet ai ne, hydrochl ori de 50:61 NO, 590-46-5 153.608 mcl cry (al) 227.5 vs HO 

847 Bet amet hasone GH F0; 378-44-9 392.460 cry (Ас0Ме) 232 dec 

848 Bet hani di ne 14655 55-73-2 177.246 cry (ад MeOH) 196 

849 Bet oni сі ne Мо, 515-25-3 159.183 pr (di | al, +1w) 252 dec vs Et OH 

850 Bet ulaprenol 9 Nonai soprenol 90 13190-97-1 631.069 oi | ог cry 41 s chl 

851 9,9-Bi ant hracene fHis 1055-23-8 354.443 321.3 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
852 А2,2(3Н3Н)-81 benzo[b]t hi ophene- Duri попе Red G H,0,S; 522-75-8 296.364 br nd (ху!) red 359 sub i HO, Et OH; sl chl, 655 bz, ху! 
3,3'-di one mcl nd (bz) 
853 Bi cycl o[2.2.1]hept ane 18 279-23-2 96.170 87.5 105.3 vs ace, bz, et h, Et OH 
854 Bi cycl o[4.1.0]hept ane Norcarane Bas 286-08-8 96.170 116.5 0.85325 456420 
855 Bi cycl o[2.2.1]hept an-2-one 18,0 497-38-1 110,153 89.5 170 
856 Bi cycl o[2.2.1]hept -2-ene во 498-66-8 94,154 45 % 
857 Bi cycl o[2.2.1]hept -5-ene-2- C H,N 95-11-4 19.164 13 8470 0.999% „48852 
carboni t ri le 
858 Bi cycl o[2.2.1]hept -5-ene-2- C H, 0 5453-80-5 122.164 712 1.0185 489320 
carboxal dehyde 
859 Bi cycl o[2.2.1]hept -5-ene-2-met hanol Pat 95-12-5 24.180 1039 
860 [1,1’-Bi сус! ohexyl ]-2-one 2-Cycl ohexyl сус! ohexanone 12820 90-42-6 80.286 iq -32 264 0.9696 „48775 
861 1,1-Ві cycl opent yl 1 1636-39-1 138.250 sctc, CS 
862 [1,1-Bi cycl opent yl ]-2-0l 2-Hydroxybi cycl opent yl 10H 4884-25-7 154.249 20 235.5 0.978515 488417 
863 [1,1-Bi cycl opent yl ]-2-опе a 4884-24-6 52.233 iq -13 2325 0.9749 4763 
864 ВІ f епох Met ћу! 5-(2,4-di chlorophenoxy)-2-C,H,CI;NO; 42576-02-3 342.131 85 
ni t robenzoat e 
865 Bifenthrin 260150 82657-04-3 422.868 69 1.2125 
866 Bi guani de Imi dodi carboni mi di c di ami de „НАБ С 56-03-1 01.111 pr or nd (81) 136 dec 142 vs HO; s Et OH; i. bz, chl 
867 Bi khaconi t i ne 3-Deoxypseudaconi t i ne ag МО: 6078-26-8 673.790 164 vs et h, Et OH, chl 
868 Bili rubi n 840; 635-65-4 584.662 Ч ШЫ pror pl i HO; 51 Et OH, et h; s bz, chl 
chl 
869 Bi li verdi ne Dehydrobi 11 rubi n а а @05 114-25-0 582.646 dk grn pl огрг >300 i НО; s Et OH, bz; sl et h, chl, GS 
(MeOH) 
870 Ві napacryl GH №0, 485-31-4 322.313 70 1.2720 
871 1,1-Bi napht hal ene 1,1-Bi napht hyl o 604-53-5 254.325 (i rs i 160 >360; 240 1.300020 i HO; 51 Et OH; s et h, ace, bz, CS 
ort h (pet h 
872 2,2-Bi napht hal ene ХН 612-78-2 254.325 bl flr pl (al) 187.9 452 i B; sl Et OH; s et h, bz, CS 
873 [1,1-Bi napht hal ene]-2,2"-di ol 5,40; 602-09-5 286.324 nd (al), cry (м) 220 i ID; s Et OH, et h, alk; sl chl 
8/4 Biotin Coenzyme R (H NOS 58-85-5 244.310 nd (w) 232 dec 5,0, Et OH; sl et h, chl 
875 2,2-Ві oxi rane Di epoxybut ane 480, 1464-53-5 86.090 20 144 1.1132 1.43520 vs ЊО, Et OH 
876 Bi phenyl Di phenyl w: 92-52-4 154.207 If (di | al) 68.93 256.1 1204 1.5887 i HO; s Et OH, et h; vs bz, ct c, 
еон 
877 [1,1-Bi phenyl ]-4-acet i c aci d Fel bi nac 480%, 5728-52-9 212.244 160.5 
878 [1,1-Bi phenyl ]-4-carboni t ri le P 2920-38-9 179.217 88 1902 i НО; vs Et OH, et h 
879 [1,1-Bi phenyl ]-4-carbonyl chl ori de 38010 14002-51-8 216.662 11 160 
880 [1,1-Bi phenyl ]-2,2’-di ami пе NM 1454-80-4 184.236 pr or nd (81) 81 162 1.309020 S Н,0, ace, bz 
881 [1,1-Bi phenyl ]-2,4’-di ami ne qo Bio; 492-17-1 184.236 nd (di | al 545 363 i Ot s Et OH, et h 
882 [1,1-Bi phenyl ]-4,4’-di ami пе, СНС 531-85-1 257.158 >300 
di пудгос ori de 
883 [1,1-Bi phenyl ]-2,2"-di carboxyl i c aci 40-01 pheni c aci d NN 482-05-3 242.227 mcl pr or lf (м) 233.5 sub i HO; s Et OH, et h 
cry (НОАс) 
884 [1,1-Bi phenyl ]-2,2--di ol 120100 1806-29-7 186.206 109 320 1.342020 S НО, Et OH, et h, ace, bz; sl pet h, 
chl 
885 [1,1-Bi phenyl ]-2,5-di ol 120100 1079-21-6 186.206 nd (di | al 97.5 vs Et OH 
886 [1,1-Bi phenyl ]-4,4"-di ol 120100 92-88-6 186.206 278 dec 51 HO, bz, DMSO; s Et OH, et h 
887 [1,1-Bi phenyl ]-4,4-di sulf oni c aci d 101,059 5314-37-4 314.333 рг 72.5 >200 vs HO 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
888 [1,1-Bi phenyl ]-3,3,4,4-t et rami пе, СНС, 7411-49-6 360.110 245 dec 
t et rahydrochl ori de 
889 [1,1-Bi phenyl ]-3,35,5"-t et rol Di resorci nol 12H, 531-02-2 218.205 pl or nd (w+2) 310 vs HO, et h, Et OH 
890 A-[1,1’-Bi phenyl ]-4-yl acet ami de 14th NO 4075-79-0 211.259 cry (di | MeOH) 172.8 i В; vs Et OH, ace, MeOH 
891 1-[1,1-Bi phenyl ]-4-yl et hanone 118.0 92-91-1 196.244 i cry 121 326 1.2510° i НО; vs Et OH, ace; sl chl 
a 
892 2-[1,1-Bi phenyl ]-4-yl -5-phenyl - Сун МО 852-38-0 298.337 168 
1,3,4-oxadi azole az) 
893 2,2-Ві pyri di ne о,о/-Пі pyri dyl PN; 366-18-7 156.184 pr (pet h) 72 273.5 sl ED; vs Et OH, et h, bz, chl = 
894 2,3-Ві pyri di ne 2,3-Ві pyri ду! 10901 581-50-0 156.184 295.5 1.14020 1.622320 1 НО; уз Et OH, et h, bz, chl ; sl pet h (2 
895 2,4-Bi pyri di ne 2,4-Ві ругі ау! ТІГІН 581-47-5 156.184 615 281 51 HO; vs Et OH, et h, chl о 
896 3,3-Ві pyri di ne 3,3-Ві pyri ду! NE 581-46-4 156.184 68 291.5 1.161420 vs ЊО, Et OH; sl et h > 
897 4,4-Ві pyri di ne y. y-Di pyri ду! iN. 553-26-4 156.184 па (142) 114 305 51 HO; vs Et OH, bz, chl; s et h 
898 2,2-Bi qui noli ne ND 19-91-5 256.30 pl or lf (al) 196 10148 Et OH; s et h, ace, bz e 
899 4,4-Ві s(acet oacet ami 00)-3,3- М.М-Ві s(acet oacet yl )-3,3- CH; NO, 91-96-3 380.437 212 51 DMSO 2 
di met ћу! -1,1'-bi phenyl di met hyl benzi di ne л 
900 Bi sacodyl GH, 0, 603-50-9 361.39 133.5 < 
901 Bi s(4-ami no-3-chl orophenyl )met hane 4,4-Меї һуГепе bi s(2-chl oroani 11 пејн СИ 01-14-4 267.153 sctc 2, 
902 Bi s(4-ami посус! ohexyl )met hane 455% 761-71-3 210.358 15 320 0.9275 2 
903 Bi s(2-ami noet ћу! )ami пе Di et hyl enet ri ami пе AH, N, С 11-40-0 103.166 ye hyg li q -39 207 0.9569 1.48105 msc НО, Et OH; i eth; $110 ° 
904 N,N-Bi s(2-ami noet hyl)-1,2- Tri et ћу! enet et rami ne eH AN, 12-24-3 146.234 12 266.5 14971? «Н,0,Е OH, aci d = 
et hanedi ami ne © 
905 Bi s(2-ami nophenyl )di sul fide 120209, 141-88-4 248.366 93 i ВО; vs Et OH, et h ж 
906 Bi s(4-ami nophenyl )di sul fide 24:55; 722-21-0 248.366 85 S Н0; vs Et OH, et h, chl ; sl bz, li g б 
907 1,2-Ві s(4-ami порћепу! је! hane AB, № 621-95-4 212.290 pl (w) 137 sub i ID; vs Et OH = 
908 Bi s(4-ami порћепу!) sul f one Dapsone 200,5 80-08-0 248.300 cry (95% al ) 175.5 s Et OH; 51 DMSO ё 
909 Bi s(4-ami порћепу!) sul f oxi де 4,4"-Sul finyl di ani || ne о N, OS 119-59-5 232.300 pr (м, 21) 175 dec s НО, Et OH ^ 
910 1,4-Bi s(3-ami nopropoxy)but ane is anedi ol bi s(3-ami поргоруб);Н,,М0; 7300-34-7 204.310 liq 135 0.9620 1.461920 © 
et her 
911 N,N-Bi s(3-ami nopropyl )-1,4- Spermi ne КҮЛІ) 71-44-3 202.340 29 1509 = 
but anedi ami ne o 
912 N,N-Bi s(3-ami nopropyl )-1,4- C. H. CEN, 306-67-2 348.184 301.5 sH,0 c 
but anedi ami ne, t et rahydrochl ori de 2 
913 Bi s(2-bromoet ћу!) et her Bromex 468150 5414-19-7 231.914 1152, 927 1.845220 1.51317 Я 
914 1,2-Ві s(bromomet ћу! )benzene 0881 91-13-4 263.958 ort h (chl ) 95 12% 1.98825 | ee S Et OH, et h, ct c, chl, peth, | e 
10 © 
915 1,3-Ві s(bromomet ћу! )benzene «8,8г, 626-15-3 263.958 Ч 4 ур 77 137% 1.95925 i НО; s Et OH, et h, chl, lig 8 
асе = 
916 1,4-Ві s(bromomet ћу! )benzene #08812 623-24-5 263.958 mel pr (al), cry 144.5 245 2.01225 i HO; vs Et OH, chl; sl et h; s bz 5 
(chl, 62) = 
917 2,2-Ві s(bromomet ћу! )-1,3- Pent aeryt hri t ol di bromi de 81508150, 3296-90-0 261.940 nd (bz 113 
propanedi ol 
918 1,3-Ві s(bromomet ћу!) C,H&Br,0Si, ^ 2351-13-5 320.169 233; 1035 1.391825 1.471925 
t et ramet ћу! di si | oxane 
919 Ві s(4-bromophenyl ) et her 10980 2050-47-7 327.999 If (al 60.5 339 18 i НО; s Et OH, bz; vs et В; sl ch 
920 Bi s(2-(2-but oxyet hoxy)et ћу!) adi pat e 2149, 141-17-3 434.563 liq 1% 
921 14-Bi s@-(t ertbut yl di oxy)i sopropyl ) Са 2781-00-2 338.482 Cry 79 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
922 Bi s(3¢ ertbut yl -5-et hyl -2- СНО; 88-24-4 368.553 cry 123 
hydroxyphenyl )met hane 
923 Bi s(4-chl orobenzoyl ) peroxi de 49,010, 94-17-1 311.118 pr cry (bz) 141 
924 1,2-Ві s(2-chl oroet hoxy)et hane 46:61,0; 112-26-5 87.064 232 1.19520 145925  sctc 
925 Bi s(2-chl oroet hoxy)met hane 561,0; 111-91-1 173.037 215.0 
926 N,N-Bi s(2-chl oroet hyl Jani li ne Ani li ne must ard по а СМ 553-27-5 218.123 рг 45 164% Sl et h; s Et OH, MeOH 
927 Bi s(2-chl oroet ћу!) carbonat e 516010, 623-97-2 87.021 8 241 1.350620 1.461% i HO = 
928 Bi s(2-chl oroet ћу!) 2- С,Н,00Р  6294-34-4 269.490 170.25 1.4885 T 
chl oroet hyl phosphonat e ме 
929 Bi s(2-chl oroet ћу!) et her Di chl oroet ћу! et her ШӨ] 111-44-4 143.012 iq -51.9 178.5 122 1.45120 i HO; s Et OH, et h, ace; msc bz 2 
930 Bi s(2-chloroet hyl )met hylami ne № t rogen must ard hydrochl ori de НОСЫ 55-86-7 92.515 пуд па 111.5 a 
hydrochl ori de > 
931 N,V-Bi s(2-chl oroet пуйр- Carmust i ne “01460, 154-93-8 214.049 t ye pow 31 vs ED, Et OH ^ 
ni t rosourea 5 
932 Bi s(2-chl oroet ћу!) sul fide Must ard gas 44025 505-60-2 59.078 135 216 27412 15313” 2 
933 1,2-Ві s(2-chl oroet ћу! sul f опу! је hane 612010,5, 3944-87-4 283.193 cry (MeOH/ 205 M 
НОАс) 
934 1,2-Ві s(chl oromet ћу! )benzene 8601, 612-12-4 175.056 те! (li g) 55 239.5 1.393 i HO; vs Et OH, et h, chl; s сіс > 
935 1,3-Ві s(chl oromet ћу! )benzene 88:01, 626-16-4 75.056 cry 34.2 251.5 30220 i НО; vs Et OH, et h; sl chl 2 
936 1,4-Ві s(chl oromet hyl )benzene 4860, 623-25-6 175.056 pl (а!) 100 peu 4175 Ї Ше Et OH, et h, асе, chl ; sl © 
937 Bi s(chl oromet һу!) et her 216010 542-88-1 114.958 liq -415 106 1.328 1435?! msc Et OH, et h 2 
938 3,3-Ві s(chl oromet hyl Joxet ane 816010 78-71-7 155.022 liq 18.7 107 .2955 = 
939 2,2-Ві s(chl oromet ћу! )-1,3- Pent aeryt hri t ol di chlorohydrin 00, 2209-86-1 173.037 cry 83 159" © 
propanedi 0 > 
940 1,3-Bi s(chl oromet ћу!) С:Н,С1,05 2362-10-9 231.267 liq -90 204; 92 04520 1.439820 2 
t et ramet hyl di si | охапе б 
941 Bi s(4-chl orophenoxy)met hane Di (4-chl orophenoxy)met hane 13НС10, 555-89-5 269.123 cry (pet h) 70.5 197 vs ace, bz б 
942 Bi s(4-chl orophenyl ) di sul fide NE 1142-19-4 287.228 728 schl ° 
943 Bi s(4-chlorophenyl )et hanedi one 4601,0; 3457-46-3 279.119 197.8 < 
944 1,1-Bi s(4-chlorophenyl је! hanol „800 80-06-8 267.150 70 i НО, Et OH; s et h, bz 5 
945 12-Bi s(2-chl orophenyl )-hydrazi пе 2,2'-Di chl orohydrazobenzene НАСА 782-14-1 253.126 87 = 
946 Bi s(4-chl orophenyl )met hane Cl, 01-76-8 237.124 55.5 18818 1.3657 S Et OH 2 
947 ВІ s(4-chl orophenyl ) sulf one 2680505 80-07-9 287.162 17.9 25070 SI HO; s Et OH, chl 5 
948 М.М-Ві s(4-chl orophenyl ЈЕ hi ourea (ВШ огорһелуі ЈЕ hi ourea del Cl NS 220-00-4 297.202 nd 176 СЗ 
949 1,1-Bi s(4-chl orophenyl )-2,2,2- Cu HSCIO 15-32-2 370.485 cry (pet r) 17.5 180^ i НО, os S 
tri chloroet hano = 
950 Bi s(3-chl oropropyl ) et her 3-Chl oropropyl et her 48001,0 629-36-7 171.064 216; 90.5" 1.13620 14158? s Et OH, et h = 
951 Bi s(2-cyanoet ћу!) et her 6\0 656-48-0 124.140 1615, 11105 1.050420 1.440520 8, 
952 Bi s(2-cyanoet ћу!) sul fide 46М,5 11-97-7 140.206 16315 1.504720 TT 
953 Bi s(1-cycl opent adi епу! )t i t ani um C, H, ст 271-19-8 248.959 red сгу 289 25870 1.60 51 HO, bz; s chl, Et OH, t ol 
chl ori de 
954 Bi 5б-сус! opent adi enyl )zi rconi um Сао zr 291-32-3 292.316 18005 
chl ori de 
955 1,2-Bi s(di bromomet ћу! )benzene NA 3209-15-9 421.750 mel 116.5 51 НО; vs chl; i lig 
956 Bi s(2,4-di chl orobenzoyl ) peroxi de «010, 83-14-2 380.008 106 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
957 1,3-Bi s(di chl oromet ћу!) C,H,CI0Si, 2943-70-6 300.157 14950, 1171 1.221320 1.466020 
t et ramet ћу! di si | oxane 
958 Bi s(2,4-di chl огорћепу! et her 2,2',4,4’-Tet rachl огой! phenyl et her ¿H ,CC0 28076-73-5 307.987 cry (et h) 71 
959 4,4-Ві s(di et hylami no)benzophenone Mi chl er's et ћу! ket one >H, |NO 90-93-7 324.459 И (al) 95.3 
960 Bi s(di et hyl di t hi ocarbamat e)ni ckel по Hoo МИ 5 4267-17-5 355.232 20209 
961 Bi s(di et hyl di t hi ocarbamat e)zi nc по о GS Zn 4324-55-1 361.948 178005 
962 Bi s(di fluoromet hyl) et her Di fluoromet hyl et her 0 691-17-4 118.030 col gas 2 143? = 
963 Bi s(2-di met hyl ami noet ћу!) et her 2,2'-ОМЕ sl C H, N,0 3033-62-3 160.257 liq 80 T 
di met hyl et hanami ne] ме 
964 Bi s[4-(di met hyl ami по) Mi chler's Base С 01-61-1 254.370 plortab(al,lig) 91.5 dec 390; i HO; 51 Et OH; vs et h, bz; s aci d (2 
phenyl ]met hane 1833 б 
965 Bi s[4-(di met hyl ami no) 4,4-В1 s(di met hyl ami no) (45155159 226-46-6 284.419 pl 204 i ED, Et OH, li g; sl et h; s bz, chl, > 
phenyl ]met hanet hi one t hi obenzophenone HOAc 
966 Bi s(4-di met hyl ami порпепу! )met hanol 4,4-Ві s(di met hyl ami no)benzhydebl,.N,OC 19-58-4 270.369 102.0 i НО; vs Et OH; s et В, bz, НОАс ж 
967 1,3-Ві s(di met hyl ami no)-2-propanol 18105,0 5966-51-8 146.230 181.5 0.878820 14418? vs H,0 2 
968 4,4-ВІ s(di met hyl ami по) C. H, N; 29-73-7 330.465 ndorlf (al, bz) 102 vs bz, eth 2 
t ri phenyl met hane < 
969 Bi s(di met hyl di t hi ocarbamat e)copper s H, 00N,S, 37-29-1 303.978 206°" z 
970 Bi s(di met hyl di t hi ocarbamat e)ni ckel 612303 5521-65-0 299.125 2080002 2 
971 2,5-Bi s(1,1-di met hyl propyl )-1,4- — 2,5-Di t ertpent у! hydroqui none 18,0; 79-74-3 250.376 180 o 
benzenedi ol = 
972 2,4-Ві s(1,1-di met ћу! propyl )phenol 150 20-95-6 234.376 26.0 1692 o 
973 1,2-Ві s(di phenyl phosphi поје! hane Di phos H&P» 663-45-2 398.417 143.5 ж 
974 1,3-Ві s(2,3-epoxypropoxy)benzene Di gl ус! ду! resorci nol et her 4210, 01-90-6 222.237 425 14704 1.218330 1.540820 a 
975 Bi s(2-et hoxyet hyl ) pht hal at e 16150; 605-54-9 310.342 34 345 1.1229?! » 
976 Bi s(et hoxymet hyl ) et her 8160, 5648-29-3 134.173 140.6 2 
977 N,N-Bi s(4-et hoxyphenyl Phenacai ne hydrochl ori de 4 Н01М0, 620-99-5 334.841 cry (w+1) 191 vs ЊО, Et OH, chl б 
et hani mi дат! де monohydrochl ori de С) 
978 Ві s(et hylenedi ami пејсоррег Cupri et hylenedi ami ne di chloride ,Н,(0,01М, 15243-01-3 254.649 dk bl cry s Et OH ° 
di chl ori de < 
979 Bi s(2-et ћу! hexyl ) adi pat e 2160, 103-23-1 370.566 -67.8 2145 0.9222 44742 vs ace, et h, Et OH 5 
980 Bi s(2-et hyl hexyl Jami пе NM 106-20-7 241.456 161?! = 
981 Bi s(2-et hyl hexyl ) azel at e 250, 103-24-2 412.647 -78 2375 0.915% 446% i НО; s Et OH, ace, bz; sl сіс 2 
982 Bi s(2-et hyl hexyl) et her 2,2-Di et hyl di hexyl et her 16H340C 10143-60-9 242.440 269, 14413 4325?  slctc 5 
983 Bi s(2-et hyl hexyl ) phosphat e 16183504P 298-07-7 322.420 vi sc li q 1885 0.97525 sl HO; s bz, hx = 
984 Bi s(2-et hyl hexyl ) phosphonat e Bi s(2-et ћу! hexyl) рћозрћ t e ПО 3658-48-8 306.421 114 150 0.932 44202 S 
985 Bi s(2-et hyl hexyl) phosphorodi t hi oat 6 3H PS; 5810-88-8 354.552 Cry S bz, hp, chl =. 
986 Bi s(2-et hylhexyl) pht hal at e séi-ect yl рї hal at e 2483804 117-81-7 390.557 liq -55 384 0.98% 4032 $1 сіс z 
987 Bi s(2-et hyl hexyl ) sebacat e 604 122-62-3 426.673 -48 2565 0.912% 4515 vs ace, bz, Et OH 8, 
988 Bi s(2-et hyl hexyl) sodi um Docusat e sodi um £H4Na0;S 577-11-7 444.559 waxy soli d S pet h, ct c, et h, ace s 
sul f osucci nat e 
989 Bi s(2-et hyl hexyl ) t erepht hal at e АО, 6422-86-2 390.557 383 
990 2,2-Bi s(et ћу! sul f onyl )but ane Sul f onet hyl met hane ОФ 76-20-0 242.357 pl (w) 76 dec 1.1995 s chl 
991 Bi s[4-(hexyl oxy)phenyl 191 azene, 1- C, Hy N,0; 2587-42-0 398.538 S chl 
oxi de 
992 N,N-Bi s(2-hydroxybenzyl i dene)-1,2- Di sali суі dene-1,2-et hanedi ami ne H4, №05 94-93-9 268.310 125.5 5| Et OH, et h; s bz, chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
met hyl phenyl )met hane 
994 Bi s(2-hydroxy-5-chl orophenyl ) Fent i cl or 1095610,5 97-24-5 287.162 174 i HO; s Et OH, et h, gl НОАС 
sul fide 
995 2-[Bi s(2-hydroxyet ћу! јат! поје! ћапоти! et hanol ami ne hydrochl ori de Н NO, 637-39-8 85.649 cry (al) 179.5 vs НО 
hydrochl ori de 
996 N,N-Bi s(2-hydroxyet ћу! )but ylami ne — But yl bi s(2-hydroxyet hyl Jami пе ,H,NOC 02-79-4 161.243 215; 8035 0.968120 46259 sch 
997 Bi s(2-hydroxyet hyl ) di sul fide 4850,5; 892-29-1 54251 26 6035 = 
998  N,N-Bi s(2-hydroxyet ћу С, 61:40, 20-40-1 287.438 waxy sol i d 38.7 „а 
dodecanami de un 
999 N,N-Bi s(2-hydroxyet ћу! et hyl ami ne N-Et hyl di et hanol ami ne 614010, 39-87-7 133.189 yeliq -50 247 1.0135 46632 vs H,O, Et OH; sl et h = 
000 М,М-Ві s(2-hydroxyet ћу!) C H, №0, 4439-20-7 48.203 97.5 36 580 > 
et hyl enedi ami ne E 
001 МЛ-Ві s(2-hydroxyet hyl )gl ус! ne Bi ci ne cH RO, 50-25-4 163.172 nd (81) 194 dec vs ЊО, i Et OH С) 
002 Ві s(2-hydroxyet ћу! )met һу! ami ne Met hyl di et hanol ami ne sH NOD 05-59-9 119.163 liq -21 247 1.048 46859 vs Н,0 5 
003 N,N-Bi s(2-hydroxyet ћу! )-3- Di et hanoh+t ol ui di ne 1860, 91-99-6 95.259 645 60! 5| chl а 
met hyl ani li ne - 
004 М.-Ві s(2-hydroxyet hyl )-1,3- 3-(Ami nopropyl)di et hanolami ne — /Н 00, 4985-85-7 162.230 60! > 
propanedi ami ne = 
005 Bi s(2-hydroxyet hyl ) sul fide 2,2-Тһі odi et hanol «Но 055 111-48-8 22.186 liq -102 282 1.1798 1.5211? тѕсН,О, Et OH, chl , AcOEt ; s et h; л 
sl bz © 
006 Ві s(2-hydroxyet hyl ) t erepht hal at е Bi s(2-hydroxyet ћу!) 1,4- Са 959-26-2 254,235 cry (м) 109.5 = 
benzenedi carboxyl at e o 
007 1,2-Ві s(2-hydroxyet hylt hi o)et hane 4,0,5, 5244-34-8 82.304 64.8 17005 5,0, Et OH, bz, pet h 2 
008 Bi s(2-hydroxy-4-met hoxyphenyl) 2,2-Пі hydroxy-4,4- C45H,,05 131-54-4 274.269 139.5 Q 
met hanone di met hoxybenzophenone Z 
009 1,3-Ві s(hydroxymet hyl )-2- 1,3-Di met hyl ol et hyl eneurea 516М0, 136-84-5 146.144 cry (MeOH) 101 5 
i mi 082011 done 
010 2,2-Ві s(4-hydroxy-3-met ћу! phenyl) Bi sphenol С GH30; 79-97-0 256.340 па (ху!) 140 5 
propane 
011 2,2-Bi s(hydroxymet hyl )-1,3- Pent aeryt hri t ol t et raacryl at e 17H22% 4986-89-4 352.336 17.3 1.1855 š 
propanedi ol , t et ra(2-propenoyl ) б 
est er е 
012 22-Bi s(hydroxymet hyl )-1,3- Pent aeryt hri t ol t ri acrylat e NIME 3524-60-3 298.289 1.18020 ” 
propanedi ol, t ri (2-propenoyl ) est er я 
013 2,2-Ві s(4-hydroxyphenyl )but ane Bi sphenol B 160; 77-40-7 242.313 120.5 vs ace, MeOH < 
014 Bi s(4-hydroxyphenyl )met hane Bi sphenol AD 1300, 620-92-8 200.233 162.5 sub S Et OH, et h, chl, alk; 51 DMSO; i 8 
CS, = 
015 2,2-Ві s(4-hydroxyphenyl)propane Bi sphenol А 10.0, 80-05-7 228.287 cry or fl 153 2204, 2223 i НО; vs Et OH, et h, bz, alk; s Б 
HOAc Е 
б 
016 2,2-Ві s(4-hydroxyphenyl )ргорапе Bi sphenol А di met hacryl at e 250,0, 3253-39-2 364.435 73 = 
di met hacryl at e 
017 Ві s(4-hydroxyphenyl ) sul f one Bi sphenol 5 20,5 80-09-1 250.270 па (w), ort h 240.5 1.366355 i НО; s Et OH, et h; sl bz, DMSO 
bi pym 
018 Bi s(2-mercapt oet ћу!) sul fide 2,2'-Di mercapt odi et ћу! sulfide Ң,5;6 3570-55-6 154317 -11 13518 1.183% 1.598220 
019 Bi s(2-met hal | yl) carbonat e 4100, 64057-79-0 170.205 201.3 663 0.94325 1.437120 
020 Ві s(2-met hoxyet ћу! ami ne 2-Met hik(2-met hoxyet ћу!) СН. NO; 111-95-5 133.189 sctc 
et hanami ne 
021 Bi s(4-met hoxyphenyl )di azene, 1- С.Н, №03 1562-94-3 258.272 ye па (al) 1.1711" S Et OH, ace, bz; sl chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
022 Bi s(4-met hoxyphenyl et hanedi one 1100, 1226-42-2 270.280 133 sl Et OH, chl 
023 1,4-Bi s(met hyl ami no)-9,10- Са Hu N50; 2415-44-7 266.294 5| chl 
ant hracenedi one 
024 1,3-Ві s(1-met hyl et henyl )benzene 1,3-Di i sopropenyl benzene PIE 3748-13-8 158.239 liq 231 0.925 1.5570 
025 Bi s(4-met hyl phenyl ) di sul fide [Bol yl. di sul fide 1,9; 103-19-5 246.391 nd or If (al) 47.5 29 1.1145 i НО; s Et OH, ace; vs et h 
026 Bi s(4-met hyl phenyl ) et her D-Tol yl et her НО 1579-40-4 198.260 51 285 vs bz, et h, Et OH 
027 Bi s(1-met ћу! -1-phenylet hyl)peroxi de Di cumyl peroxi de 481226 80-43-3 270.367 cry (Et OH) 40 1002 = 
028 Bi s(4-met hyl phenyl )mercury ЇЇН-0! yl mercury QH,,Hg 537-64-4 382.85 245.7 аз 
029 1,4-Ві s(4-met ћу! -5-phenyl оха201-2- 2,2-р-Рһепуі enebi s(4-met пу!-5-.. С,51,М,0, 3073-87-8 392.449 232 Sl chl < 
yl)benzene phenyl oxazol е) 2 
030 Bi s(4-met hyl phenyl ) sul fide pit-ol yl sul fide Hus 620-94-0 214.326 nd (81) 57.3 >300; 1755 i НО; s Et OH, асе, bz, HOAc; sl 2 
chl 
031 Bi s(4-met hyl phenyl) sul f one № el yl sulf one 14644058 599-66-6 246.325 pr(bz), nd(wal) 159 406 sl HO, et h; s Et OH, bz, chl, CS С 
032  N,N-Bi s(2-met hyl phenyl ЈЕ hi ourea 158655 37-07-3 256.366 nd (al, sub) vs bz, Et OH, chl s 
033 1,3-Ві s(1-met hyl -4-pi peri dyl )propane qs HON, 64168-11-2 238.412 187 21550 0.896225 1.480425 Z 
034 Bi s(met hylt hi o)met hane 386; 618-26-4 108.226 148 а 
035 1,2-Ві s(V-morphol i поје! hane fH NO; 723-94-0 200.278 wh-ye (et 1110) 15 285; 160 vs H,0, ace, bz, Et ОН > 
036 Bi smut h acet at e 6198! Q 22306-37-2 386.111 col tablets 250 OH = 
037 Bi smut h subsal i cyl at e 29:81 Q 4882-18-9 362.093 рг i НО, Et OH; reac al k 9 
038 Bi s(2-ni t rophenyl) di sul fide 129040,5, 155-00-6 308.333 198.5 i HO, et h; sl Et OH, ace, bz, НОАС o 
039 Bi s(3-ni t rophenyl ) di sul fide Ni t ropheni de НМ, 537-91-7 308.333 84 sl Et OH, chl; set h - 
040 Bi s(4-ni t горћепу!) di sul fide 129000,5, 00-32-3 308.333 182 25501 5| Et OH, НОАс ° 
041 1,2-Bi s(4-ni t rophenyl et hane 4,4-Di ni t robi benzyl АМО 736-30-1 272.256 ye па (а! ,bz 181.8 i Et OH; sl et h, bz, chl, HOAc 5 
042 N,N-Bi 5(4-пі t rophenyl )urea 4,4-Di ni t rocarbani 11 de Hy NO; 587-90-6 302.242 312 dec > 
043 Bi s(2,4-pent anedi onat o)cobal t Cobalt (1) bi s(acet yl acet onat e) „НСО, 4024-48-7 257.149 bl -vi ol cry 167 2 
044 Bi s(1-phenyl et ћу! јат! ne mo 0024-74-5 225.329 296.5 1.01815 1.573 б 
045 1,2-Ві s(2,4,6-t ri bromophenoxy) C, Во; 37853-59-1 687.637 па (bz/Et OH) 222 б 
et hane © 
046 N,N-Bi s(2,2,2-t ri chl oro-1- СНОО 16-52-9 354.831 196 vs ace, Et OH < 
hydroxyet ћу! јигеа ч 
047 1,4-ВІ s(t ri chl oromet ћу! benzene a Clg 68-36-0 312.836 cry (bz, et h 109 s chl = 
048 Bi s(t ri chl oromet ћу!) carbonat e Tri phosgene 3Cl G 32315-10-9 296.748 cry (eth, peth) 79 203 1.6290 Z 
049 Bi s(t ri decyl) t hi odi propanoat e Di t ri decyl t hi odi propi onat е ;Н;0,5 0595-72-9 542.897 265025 vs Et OH > 
050 3,5-Bi s(t ri fluoromet ћу! Jani 11 ne n 328-74-5 229.123 855,769 1.48725 1.433520 p: 
051 1,3-Bi s(t ri fluoromet ћу! )benzene 816, 402-31-3 214.108 116 1.379025 139165 i H0 8 
052 1,4-Ві s(t ri fluoromet ћу! )benzene 816, 433-19-2 214.108 114 115 z 
053 Bi s(t ri fluoromet hyl ) di sul fide JF S 372-64-5 202.141 346 vs Et 0H, pet h = 
054 1,2-Ві s(t ri met hyl si Ту! Jacet yl ene IH, SÇ 14630-40-1 170.400 26 134 0.77020 1.41320 б 
055 Bi s(2,4,6-t ri ni t rophenyl ) sul fide Di pi cryl sul fide «2Н.№ 5 2217-06-3 456.258 уе сгу 230 ехр = 
056 Bi s[2-(vi nyl oxy)et hyl ] et her Di et hylene glycol di vi nyl et her H440; C 764-99-8 158.195 8110 
057 Bithi onol 186614059. 97-18-7 356.052 188 1735 vs ace 
058 2,2-Bi t hi ophene 45; 492-97-7 166.264 33 260 i HO; vs Et OH; s et h, ct c, НОАс 
059 Bixin 5Н»0, 6983-79-5 394.504 vi ol pr (ace) 198 i И S Et OH, ace; sl et h, bz, 
HOAc 
060 Во! депопе Dehydrot est ost erone 1990, 846-48-0 286.408 165 
061 Boldi ne GHNO, 416-70-0 327.375 cry (et h) 163 vs Et OH, chl 
062 Bomyl GH4,0;P 122-10-1 282.184 ye oi | 160 sl НО; vs ace, Et ОН, ху! 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
063 Вогапе carbonyl CHBO 13205-44-2 41.845 col gas -137 -64 dec НО 
064 Borneol, (+) CoH, 0 6627-72-1 154.249 И (По) 208 sub 1.001 i ВО; vs Et OH, et h, bz 
065 /Bornyl acet at e 08,0; 5655-61-8 196.286 27 223.5 0.98225 1.46260 sl HO; s ОН, et h 
066 Bornyl ami ne НЕН 32511-34-5 153.265 163 vs ace, bz, et h, Et OH 
067 Bornyl chl ori de 2-Chl oro-1,7,7- 01 464-41-5 172.695 па 132 207.5 vs bz, et h, Et OH, pet h 
t ri met hyl bi cycl o[2.2.1]hept ane, 
endo 

068 Bornyl 3-met hyl but anoat e Aji d-Bornyl i soval erat e 400 53022-14-3 238.366 2575 0.955% vs et h, Et OH 
069 Boron t ri fluori de - di met ћу! et her C;HBF40 353-42-4 113.874 -14 dec 127 1.24107 1.30220 

compl ex 
070 Boron t ri fluori de et herat e 4Н0ВЕ;0 109-63-7 141.927 liq -60.4 125.5 1.125 1.34820 dec Н,0; vs et h, Et OH 
071 Brilliant Green 2104М,0,5 633-03-4 482.635 small gol d cry vs ED, Et OH 
072 Brilliant Yellow 2 СМ,Ма,0, 3051-11-4 626.569 ye cry (w) S НО, Et OH; $1 ace 

2 
073 Brodi f acoum НВгО, 56073-10-0 523.417 of f -wh pow 230 i ®t sl Et OH, bz; s ace, chl 
074 Bromaci | 5-Bromo-3sec-but yl -6-met ћу! шасі | “НӨВГМ0, 214-40-9 261.115 158 1.555 
075 Bromadi ol one GHBrO, 28772-56-7 527.406 ye-wh pow 205 vs DMF; sl ace, chl, Et OH, et h; i 
hx 
076 Bromal hydrat e (H,Br,0; 507-42-6 298.756 mel рг (м+1) 535 dec 2.56619 vs et h, Et OH 
077 Bromdi an Tet rabromobi sphenol A 15642Br,0> 79-94-7 543.871 179 S Et OH, et h, bz, chl 
078 М-Вготоасві ami de [p BrNO 79-15-2 137.963 nd (chl -hx) 103.5 vseth 
079 Bromoacet i c aci d 28,810, 19-08-3 138.948 hex or ort h cry 50 208 1.93350 1.8049 msc H,0, Et OH, et h; s ace, bz; sl 
ch 
080 Вготоасе! one GH;BrO 598-31-2 136.975 liq -36.5 138; 315 1,6342 146975 51 ЊО, s Et OH, et h, ace 
081  o-Bromoacet ophenone «-Bromoacet ophenone GH;BrO 70-1171 199.045 nd (al) orth pr. 50.5 13518 1.64720 Г ВО; s Et OH, pet h; vs et h, bz, chl 
(81) pl (pet h) 

082 4-(Вготоасе! yl )bi phenyl 2-Bromo-4-phenylacet ophenone — ¿H Br0 135-73-9 275.140 nd (95% а!) 127 
083 Bromoacet yl bromi de ВО 598-21-0 201.844 148.5 2.3122 1.5449 sace, сіс 
084 Bromoacet yl ene НВг 593-61-3 104.933 col gas 4.7 vseth 
085 5-(2-Bromoal | yl )-5sec- But al | yl onal „ВО, 1142-70-7 303.152 131.5 vs et h, Et OH 

but yl barbi t uri c aci d 
086 5-(2-Вготоа | yl )-5- Propal | у! onal GH,BrN,O, 545-93-7 289.125 cry (di | HOAc, 181 sl HO, et h, bz; vs Et OH, ace, 

i sopropyl barbi t uri c aci d di | al) HOAc 
087 2-Bromoani |i ne «ВВ 615-36-1 172.023 32 229 1.57820 61139 1 ВО, s Et ОН, eth 
088 3-Вготоапі li ne oB,BrN 591-19-5 172.023 18.5 251 1.579320 50600 51 ЊО; s Et OH, et h 
089 4-Вготоапі 11 ne ВВ 06-40-1 172.023 ort h bi pym па 66.4 dec 1.497010 i HO; s Et OH, et h; sl chl 

60% al) 

090 2-Вготоапі sole (H;BrO 578-57-4 187.034 13 216 1.501820 512191 HO; vs Et OH, et h 
091 3-Вготоапі sole (3,810 2398-37-0 187.034 211; 10519 .5635% 1 НО; s Et OH, et h, bz, CS 
092 4-Bromoani sole (Н,Вг0 04-92-7 187.034 13.5 215 1.456420 56422 51 HO; vs Et OH, et h, chl; s ct c 
093 2-Вготобепга! dehyde CH,Br0 6630-33-7 185.018 215 230 .5925? | НО; vs Et OH, bz; sl сіс 
094 .3-Bromobenzal dehyde CH;BrO 3132-99-8 185.018 234 593520 1 НО; vs Et OH, et h; sl сіс 
095 4-Bromobenzal dehyde CH;BrO 122-91-4 185.018 If (di | al) 58 ?67 i HO; vs Et OH, bz; 51 chl 
096 Bromobenzene Phenyl bromi de [НВг 08-86-1 157.008 liq -30.72 156.06 1.4950 55970 | НО; vs Et OH, et h, bz; s сіс 
097  4-Bromobenzeneacet | c aci d 48,810, 878-68-8 215.045 nd (w) 116 sub sl HO; vs Et OH, et h, C$ 
098  4-Bromobenzeneacet oni t ri 1e ШЕШ 6532-79-9 196.045 ра уе сту (al) 48.0 vs bz, Et OH 
099 o--Bromobenzeneacet oni t ri le о-Вготорепгу! cyani de (H BrN 5798-79-8 196.045 ye cry (dil al) 29 dec 242; 1.53929 i НО; vs Et OH, et h, ace, bz, chl 
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Мате Зупопут Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
— 00 2-Bromo-1,4-benzenedi о (30, 583607 — 189007 — 11 (10) ву(00) 1115... sb “ЯНыОН tH, bz sl chi, lig; 

S НОАс 

4-Bromobenzenesul f опу! chlori de — p-Brosyl chl ori de (810105: 98-58-8 255.517 ісі ormel pl 76 1535 i HO; vs et h; s chl 
(et h) 

4-Bromobenzenet hi 0 «8,85 106-53-6 189.073 И (al) 73 230.5 1.5268 51 HO, Et OH; vs et h, ct c, chl 
2-Bromobenzoi c aci d ft BrO, 88-65-3 201.018 mcl рг (м), nd 150 sub 1.9295 sl НО, DMSO; s Et OH, et h, ace, 

ch 
3-Bromobenzoi c aci d fH. Вг0, 585-76-2 201.018 mcl па (dil al) 155 >280 1.845 i НО; s Et OH, et h 
4-Bromobenzoi c aci d 18,810, 586-76-5 201.018 nd (et h), If (м), 254.5 1.89420 sl HO, DMSO; s Et OH, et h 

mcl pr 
2-Bromobenzoni t ri le ІВМ 2042-37-7 182.018 nd (w) 55.5 252 S H,0; vs Et OH; sl chl 
3-Bromobenzoni t ri le ІКВІМ 6952-59-6 182.018 39.5 225 vs Et OH, et h; sl chl 
4-Bromobenzoni t ri le ІВМ 623-00-7 182.018 nd (w, а!) 114 236 S HO, Et OH, et h, chl 
6-Bromobenzo[a]pyrene C.H, Br 21248-00-0 331.205 cry EN 223 
ебн 

2-Bromobenzoyl chl ori de ВС 0 7154-66-7 219.463 nd 11 243 159639  slctc 
4-Bromobenzoyl chl ori de £l,BrCl 0 586-75-4 219.463 nd (pet h) 42 246; 18% vs Et OH, et В, bz, li g 
2-Bromobi phenyl QH Br 2052-07-5 233.103 0.8 297 1.2175% 1.62485 vs eth, Et OH 
3-Bromobi phenyl QH Br 2113-57-7 233.103 300; 1717 1.64112 i HO 
4-Bromobi phenyl GH,Br 92-66-0 233.103 pl (al) 91.5 310 0.9327 i НО; s Et OH, et h, bz, НОАС, sl 

ch 
-Bromo-2-(bromomet hyl )benzene УЙ 3433-80-5 249.931 cry (al, li g) 31 128 vs et h, Et OH, НОАс 
-Bromo-3-(bromomet hyl )benzene HBr 823-78-9 249.931 nd or If 42 122 sch 
-Bromo-4-(bromomet hyl)benzene p-Bromobenzyl bromi de HBr, 589-15-1 249.931 nd (al) 63 81 HO; s Et OH, bz, chl ; vs et h, CS 
2-Bromo-2-(bromomet hyl ) 1,2-Di bromo-2,4-di cyanobut ane «6,81,М, 35691-65-7 265.933 52 Г HO; vs ace, bz, DMF 
pent anedi ni t ri le 
2-Bromo-1-(4-bromophenyl ) p-Bromophenacyl bromi de (НВО 99-73-0 217.941 па (81) 111 i ID; s Et OH, et h, chl 
et hanone 
2-Bromo-1,3-but adi ene HBr 1822-86-2 132.987 42165 1.39720 14988? vs et h, ОН 
1-Bromobut ane But yl bromi de «Вг 109-65-9 37.018 114 -112.6 101.6 1.2758 1.4401? i НО; msc Et OH, et h, ace; sl ct c; 

s chl 
2-Bromobut ane, (+) (+)sec-But yl bromi de 22! 5787-31-5 137.018 liq -112.65 913 1.2585 1.436602 vs асе, et h, chl 
Bromobut anedi oi c ас! d, (4) Bromosucci ni c aci d HBO, 584-98-5 196.985 161 2.073% 8 Н,0, Et OH; 51 НОАС 
4-Bromobut aneni t ri le «НВА 5332-06-9 48.002 206 49672 1.48180 s Et OH, et h, chl 
2-Bromobut anoi с ас! 0, (+) DL-o-Bromobut уп c aci d 48,810, 2385-70-8 167.002 -2.0 dec ЭГ 564120 S H,0, Et OH, et h 

127 

4-Bromobut anoi c aci d 48810; 2623-87-2 67.002 33 142%, 1257 
3-Bromo-2-but anone CH;BrO 814-75-5 51.002 387 
сі s1-Bromo-1-but ene CH;Br 31849-78-2 135.003 86.1 326515 4536? i НО; seth, ace, bz, chl; sl ctc 
t rans1-Bromo-1-but ene СН,Вг 32620-08-9 135.003 114 -100.3 947 1.3209 452791 НО; s eth, ace, bz, chl; sl сіс 
2-Bromo-1-but ene CH;Br 23074-36-4 35.003 liq -1334 88 1.3209 „45272 HO; s et h, ace, bz, chl; sl сіс 
4-Bromo-1-but ene CH;Br 5162-44-7 135.003 98.5 3230 4622 sl HO; vs bz, et h, Et OH 
1-Bromo-2-but ene CH;Br 4784-77-4 135.003 104.5 33715 408220 | НО; s Et OH, et h, ct c; vs chl , bz 
сі s2-Bromo-2-but ene CH;Br 3017-68-3 35.003 114 -1115 93.9 1.3416 4631%° 1 НО; $ Et OH, et h, ct c; vs chl , bz 
t rans2-Bromo-2-but ene CH;Br 3017-71-8 135.003 liq -114.6 85.6 1.3325 „46028 — i НО; s Et OH, et h, ct c; vs chl , bz 
(4-Bromobut oxy)benzene [ШЕ 1200-03-9 229113 сгу (а!) 4 1548 sl Et OH, сіс 
1-Bromo-4-t ertbut yl benzene ОН Br 3972-65-4 213.114 19 2315 1.228620 .5436 — i B0;seth, bz, chl 


2-Bromo-3-chl oroacet ophenone 3-Chl orophenacyl bromi de ЮВГСІ0 41011-01-2 233.490 па 40 397.5 vs Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
138 1-Bromo-2-chl orobenzene GH,BrC 694-80-4 91.453 liq -12.3 204 1.6387 58092 1 HO; vs bz; sl ctc 
139 1-Bromo-3-chlorobenzene GH,BrC 108-37-2 91.453 liq -21.5 196 1.6302 5/719 — i HO; vs Et OH, et h 
40 1-Bromo-4-chl orobenzene GH,BrC 106-39-8 91.453 ndorpl (al,eth) 68 196 1.576 55310 1 НО; sl Et OH; s et В, bz, ct c, chl 
41 1-Bromo-4-chl orobut ane QH,BrC 6940-78-9 71.464 175; 630 1.48920 4885? | НО; s Et OH, et h, chl; sl сіс 
142 Bromochl orodi fluoromet hane Hal on 1211 CBrGl F 353-59-3 165.365 col gas -159.5 -3.7 
143 3-Bromo-1-chl oro-5,5- C.H,BrCINO, 126-06-7 241471 162 
di met hyl hydant oi n = 
44 1-Bromo-1-chl oroet hane QH,BrC 593-96-4 43.410 83 1.6670 466070 аз 
145 1-Bromo-2-chl oroet hane GH,BrC 107-04-0 43.410 liq -16.7 107 1.7392 .4908 51 HO; s Et OH, et h, chl >° 
46 Bromochlorofluoromet hane CHBICIF 593-98-6 147.374 liq -115 36 1.9771 4144 | B0;s et h, ace, chl = 
47 Bromochl oromet hane Hal on 1011 CIBrCI 74-97-5 29.384 liq -87.9 68.0 1.9344 483820 i НО; s Et OH, et h, ace, bz £ 
148 1-Bromo-4-(chloromet hyl )benzene — p-Bromobenzyl chl ori de ВГС 589-17-3 205.480 nd (al, pet h) 50 236 1:8 vs Et OH, et h; s pet h m 
49 2-Bromo-1-(4-chl orophenyl ) p-Chl огорћепасу! bromi de BrCl 0 536-38-9 233.490 па 96.5 б 
et hanone о 
50 1-Bromo-2-chl oropropane GH,BrC 3017-96-7 57.437 118 1.5372 47459: vs асе, bz, et h, Et OH 2 
151 1-Bromo-3-chl oropropane GH,BrC 109-70-6 57.437 liq -58.9 1433 1.5969 48640 1 HO; vs Et OH, et h, chl = 
52 2-Bromo-1-chl oropropane оң Вс 3017-95-6 57.437 117 15329 4795? i НО; vs Et OH, et h; s асе, bz » 
53 2-Bromo-2-chl oropropane GH,BrC' 2310-98-7 57.437 95 1.495? 4575 vs ace, bz, et h, EL OH = 
154 1-Bromo-2-chl oro-1,1,2- C;HBrCI R 354-06-3 197.381 52.5 1.85745 37382 n 
tri fluoroet hane © 
55 2-Bromo-2-chl oro-1,1,1- Hal ot hane GHBICI R 51-67-7 197.381 50.2; 203 1.85632 .3697° sl ЊО; s pet h ті 
t ri fluoroet hane o 
156 Вготосгезо! Green Bromcresol Green GHjBr,O;S  76-60-8 698.014 gd eu 218.5 sl HO; vs Et OH, et h, AcOEt ; $ bz Е 
уе (НОАс 
57 Bromocresol Purple Bromcresol Purple 5Н,В05 15-40-2 540.222 2415 27 
58 Bromocycl опер! ane Cycl ohept yl bromi de 7HGBr 2404-35-5 177.082 0140, 7512 308020 „49969 1 HO; vs et h, chl 5 
159 Вготосус! ohexane Cycl ohexyl bromi de eG, Br 08-85-0 163.055 iq -56.5 166.2 1.3359 4957? | НО; msc Et OH, et h, ace, bz, | i g, ^ 
cc 
60 t rans4-Bromocycl опехапо! GH, ,BrO 32388-22-0 179.054 pl (hx) 81.5 8 
61 2-Вготосус! ohexanone GH,Br0 822-85-5 177.038 1422, 9074 1.3405 .5085% ma 
162 3-Вготосус! ohexene СН,Вг 521-51-3 161.039 814, 56" .389020 53200. i НО; seth, bz, chl о 
63 Bromocycl opent ane Cycl opent yl bromi de Hr 37-43-9 149.029 375 38732 4886? 51 ctc 5 
64 1-Вготодесапе 11 12-29-8 221.178 iq -29.2 240.6 1.0702 45579 | НО; vs et h, chl; $ ctc с 
165 2-Bromodecanoi c aci d 8,800, 2623-95-2 251.161 2.0 40? 119124 4595"  wseth Ф 
66  1-Bromo-3,5-di сїї! orobenzene (H.BrCl, 9752-55-7 225.898 pr (al) 83 232 i ID; s Et OH, et h, chl; vs bz © 
67 4-Bromo-1,2-di сїї! orobenzene ШЕ ЕЙ 8282-59-2 225.898 рг 25 237 i НО; sl Et OH; vs et h, bz, chl z 
168 Вготоа! chlorofluoromet hane Halon 1121 CBrEl 353-58-2 181.819 iq 52.8 1.95 5 
169 Bromodi chl oromet hane СНВГО 75-27-4 163.829 14 -57 90 1.980 .4964 i НО; vs Et OH, et h, ace, bz; sl ctc Е 
70 4-Вгото-2,5-01 chl orophenol GA.BrCl,0 940-42-7 241.897 nd 715 = 
171 2-Bromo-1,1-di et hoxyet hane 68 зВг0; 2032-35-1 197.070 170; 668 12832 4387? s Et OH, et h 
172 4-Bromo-N,N-di et hylani li ne НОВ! 2052-06-4 228.129 па or pr 38 270 i НО; vs Et OH, et h 
73 Bromodi fluoromet hane СНВЕ 511-62-2 130.920 -145 -14.6 1599 S ЊО; vs Et OH 
174 3-Bromo-4,5-di hydro-2(31)- oc-Bromo-y-but уго! act one 4,810, 5061-21-2 164.986 1302 1.820 505920 
f uranone 
75 5-Bromo-N2-di hydroxybenzami de 5-Bromosal i су! hydroxami c acid /Н,820, 5798-94-7 232.032 cry (al) 232 dec 
76  2-Bromo-1,4-di met hoxybenzene (45810, 25245-34-5 217.060 oi | 262; 130 1.445 57002 
177 4-Bromo-1,2-di met hoxybenzene 05810, 2859-78-1 217.060 254.5 1.702% 57430 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

178 2-Bromo-1,1-di met hoxyet hane 48810, 1252-83-17 169.017 149 43070 4450 s eth, ace, chl 

179 4-Bromo-N,N-di met hylani li ne Ше 586-77-6 200.076 55 264 32201 i HO; s Et OH; vs et h 

180 1-Bromo-2,4-di met ћу! benzene ABr 583-70-0 185.061 liq -17 205 1.3419 55010 i НО; vs Et OH, et h, ace 

181 1-Bromo-3,5-di met hyl benzene 008г 556-96-7 185.061 204 „36220 54622 vs et h; 5 ace, bz 

182 2-Bromo-1,3-di met ћу! benzene б г 576-22-7 185.061 203.5; 1002 55527 vs et h; s асе, bz 

183 2-Bromo-1,4-di met hyl benzene 0,87 553-94-6 185.061 If or pl 9 199; 88 358218 55146 | HO; vs Et OH; s bz 

184 4-Bromo-1,2-di met hyl benzene 008г 583-71-1 185.061 114 -02 2145 1.3708 5530? 1 НО; vs Et OH, et h - 

185 t rans1-Bromo-3,7-di met hyl-2,6- ^ transGeranyl bromi de CH; Br 6138-90-5 217.146 1017, 09402 50277 = 
oct adi ene 47005 < 

86 1-Bromo-2,2-di met hyl propane B, Br 630-17-1 151.045 106 :199720 4370? 1 НО; s Et OH, et h, ace, bz; vs chl = 

87 2-Вгото-4,6-0 ni t roani || ne 61, М0, 1817-13-8 262.018 ye nd (al or 153.5 sub vs Et OH, ace; s НОАс 2 

НОАс) г 

188 1-Bromo-2,4-di ni t robenzene ВО, 584-48-5 247.003 ye nd (al) 75 vs Et OH б 

89 о-Втотоді phenyl met hane Br 776-74-9 247.130 45 18420, 152? S Et OH, chl ; vs bz о 

90 1-Вготододесапе Lauryl bromi de СН, Br 143-15-7 249.231 liq -9.5 276 1.0399 45832 1 НО; s Et OH, et h, ct c; msc ace 2 

191 2-Bromododecanoi c ас! d НВгО, 111-56-8 279.214 pl 32 158 14747 „45852 үзім, et h, Et OH, li g - 

92 Bromoet hane Et hyl bromi de ЖВг 74-96-4 108.965 liq -118.6 38.5 1.4604 .4239? sl ЊО; msc Et OH, et h, chl > 

93 2-Bromoet hanol Et hyl ene bromohydri n 214810 540-51-2 124.964 150; 514 ‚762920 .4915 msc H,0, Et OH, et h; 51110 2 

194 Bromoet hene Vi nyl bromi de IGBr 593-60-2 106.949 volliqorgas -139.54 15.8 1.4933 .4380? 1 НО; s Et OH, et h, ace, bz, chl un 

95 1-Вгото-2-е{ hoxybenzene GH;BrO 583-19-7 201.060 223 422320 vs et h, Et OH ° 

96 1-Bromo-4-et hoxybenzene GH,BrO 588-96-5 201.060 2.0 231 40715 55170 | НО; vs Et OH, et h; s ch = 

197 (2-Bromoet hoxy)benzene GHjBrO 589-10-6 201.060 39 Белі 355520 i НО; vs Et OH, et h z 

98 1-Bromo-2-et hoxyet hane 2-Bromoet hyl et hyl et her 480 592-55-20 153.017 127.5 38520 44479 s| ЊО; msc Et OH, et h Ж 

99 2-Bromoet һу! acet at e 46,810, 927-68-4 167.002 iq -13.8 162.5 1.514 45773 vs Н,0, chl ; msc Et OH, et h 2 

200 2-Bromoet hyl ami ne hydrobromi de 2-Bromoet hanami ne hydrobromi de ;H;BCN 2576-47-8 204.892 174.0 б 

201 (1-Bromoet ћу! )benzene НВг 585-71-7 185.061 219; 92" 35355 55435 б 

202 (2-Bromoet ћу! )benzene GH,Br 03-63-9 185.061 iq -55.9 219; 108 364320 53720 | НО; seth, bz sl ctc о 

203 1-Bromo-2-et ћу! benzene GH,Br 973-22-4 185.061 iq -67.9 199.3 1.3548 54729 vs ace, bz, et h, Et OH = 

204 1-Bromo-3-et ћу! benzene НВг 2725-82-8 185.061 202 34932 54652 5 

205 1-Bromo-4-et ћу! benzene GH,Br 585-07-5 185.061 iq -43.5 204 1.3429 5445 vs асе, bz, et h, EL OH = 

206 (2-Вготов! ћу! )cycl ohexane (Br 647-26-3 191.109 iq -57 212 1.235? „48992 2 

207 N-(2-Bromoet ћу! )pht hal i mi de о ВО; 574-98-1 254.081 nd (w) 83 vs et h; sl chl Я 

208 1-Bromo-4-et hynyl benzene GH.Br 766-96-1 181.030 64.5 8916 s chl СЗ 

209 1-Bromo-2-fluorobenzene C H,BrF 072-85-1 174,998 54 07387 53372 S 

210 1-Bromo-3-fluorobenzene C,H,BrF 073-06-9 174.998 50 „70812 52579 se =. 

211 1-Bromo-4-fluorobenzene C H,BrF 460-00-4 74.998 liq 4174 515 1.593 53105 1 НО; s Et OH, et h, chl Е 

212 1-Bromo-2-fluoroet hane GH,BrF 762-49-2 26.955 419 .7044% 42362 vs et h, Et OH 8, 

213 Bromofluoromet hane CHBrF 373-52-4 112.929 vol li q or gas 19 S Et OH; vs chl iu 

214 2-Bromof uran СН,Вго 584-12-3 146.970 03 .650020 .4980 51 HO; s ОН, et h, ace, bz 

215 3-Bromof шап CH,BrO 22037-28-1 46.970 03 660620 .4958? ^ vs асе, bz, et h, Et OH 

216 5-Bromo-2-f urancarboxal dehyde (H,BrO, 1899-24-7 174.981 cry (50% al) 83.5 201; 1126 vs et h, Et OH 

217 1-Bromohept adecane G;Hs Br 3508-00-7 319.364 29.6 349 0.99167 4625? 1 НО; vs chl 

218 1-Bromohept ane Hept yl. bromi de Em 629-04-9 79.098 liq -56.1 78.9 1.1400 „45020 i НО; vs Et OH, et h; sl ctc; s chl 

219 2-Вготоһері ane 2-Hept yl bromi de 46 8г 1974-04-5 179.098 47 66 12779 4503? i НО; vs bz; s ct c, chl 

220 4-Bromohept ane 4-Hept у! bromi de Вг 998-93-6 179.098 61,847 13512 44952 | НО; s bz, ctc, chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
221 1-Bromohexadecane НЕЗ 112-82-3 305.337 18 336 0.999120 146185 1 НО; seth 
222 2-Bromohexadecanoi c aci d ОҢ; Вг0; 18263-25-7 335.320 52.8 
223 1-Bromohexane Hexyl bromi de (Н..Вг 111-25-1 165.071 114 -83.7 155.3 1.1744 1.4470? 1 НО; msc Et OH, et h; s ace; vs chl 
224 2-Вготоһехапе БЕУ 3377-86-4 165.071 143, 7890 1.165820 1.48325 1 НО; уз Et OH; s et h, ace; sl ct c 
225 3-Bromohexane CHBr 3377-87-5 165.071 142 1.179920 1.4472? vs ace, et h, Et OH, chl 
226 2-Bromohexanoi c ас! d, (+) G,,Br0, 2681-83-6 195.054 2.0 240; 140% 1.281033 s Et OH, et h 
227 6-Bromohexanoi c aci d (3,810, 4224-10-8 195.054 cry (pet h) 35 1670 vs pet h 
228 6-Bromohexanoyl chl ori de (3,8гС10 22809-37-6 213.499 10% 
229 1-Bromo-4-(hexyl oxy)benzene C; H,;BrO 30752-19-3 251.166 15613 1.230620 1.526220 
230 5-Bromo-2-hydroxybenzal dehyde CH,Br0, 1761-61-1 201.018 nd (al), If (eth) 105.5 1015 Et OH, et h; sl chl 
231 TOME NC с  p-Bromomandeli c aci d „8870; 7021-04-7 231.044 119 vs ЊО, Et OH, et h, bz, chl 
aci d, (+ 
232 5-Bromo-2-hydroxybenzenemet hanol _ Bromosali geni n 796Вг0, 2316-64-5 203.034 И (bz 113 vs bz, et h, Et OH, chl 
233 5-Bromo-2-hydroxybenzoi с aci d TB. BrO, 89-55-4 217.017 nd(w,dilal) 1698 sub 100 sl, ace; vs Et OH, et h 
234 3-Bromo-4-hydroxy-5- C,H;BrO, 2973-76-4 231.044 pl (HOAc), nd, 167.0 i HO; s Et OH, DMSO; sl et h, bz 
met hoxybenzal dehyde pl (al) 
235 1-Bromo-2-i odobenzene GH,Brl 583-55-1 282.904 95 257; 120% 2257029 66105 i НО; sl Et OH, НОАс; $ ace 
236 1-Вгото-3-1 odobenzene GH,Brl 591-18-4 282.904 lig -93 252; 120 i HO; 51 Et OH, НОАс 
237 1-Bromo-4-i odobenzene GH,Brl 589-87-7 282.904 prorpl (eth-al) 92 252 1,0, sl Et OH, chl; $ eth 
238 Bromoi odomet hane Cjgri 551-68-6 220.835 139.5 2.9267 54100: vs chl 
239 1-Вгото-4-і socyanat obenzene р-Вготорїїепу! i socyanat e ВО 2493-02-9 198.017 nd 226 vseth 
240 1-Вгото-4-і sopropyl benzene GH, ,Br 586-61-8 199.087 liq -225 218.7 1.3148 5569 i НО; seth, bz chl; sl ctc 
241 4-Bromoi soqui nol i ne ТЕ 532-97-4 208.055 cry (pet h) 41.5 282.5 vseth 
242 Bromomet hane Met hyl bromi de Ві 74-83-9 94.939 col gas -93.68 35 1.67550 421820 sl ЊО; msc Et OH, et h, chl, CS 
243 1-Bromo-2-met hoxyet hane (80 6482-24-2 138.991 110 1.462320 4475320 
244 Bromomet hoxymet hane (H.BrO 3057-17-5 124.964 87 1.597620 456220 
245 2-Bromo-4-met hyl ani li ne ІІМ 583-68-6 86.050 If 26 240 1519 59992 | НО; s Et OH, et h 
246 4-Bromo-2-met hyl ani || пе ІНІМ 583-75-5 186.050 cry (al) 59.5 240 sl HO, chl ; s Et OH; vs et h, HOAc 
247 (Bromomet ћу! )benzene Benzyl bromi de 768г 00-39-0 171.035 114 -15 201 1.4380 57520 | НО; msc Et OH, et h; s ct c 
248 4-(Bromomet ћу! )benzoi с aci d 816810, 6232-88-8 215.045 226.3 
249 3-(Bromomet ћу! )benzoni t ri 1e ШЕ 28188-41-2 96.045 96.5 304 
250 4-(Bromomet ћу! )benzoni t ri 1e ШЕ 7201-43-3 196.045 114 
251 1-Bromo-2-met ћу! but aneDL C;H, Br 5973-11-5 51.045 19 220570 44522 | НО; s Et OH, et h; vs chl 
252 1-Bromo-3-met ћу! but ane Isopent yl bromi de ШЕ? 07-82-4 51.045 114 -112 120.4 1.2072 44202 1 НО; s Et OH, et h; sl ct c; vs chl 
253 2-Bromo-2-met hyl but ane t ertPent yl bromi de B, Br 507-36-8 151.045 08 197% 4421 
254 3-Bromo-3-met hyl but anoi c acid — B-Bromoi sovaleri c ас! d 819810, 5798-88-9 81.028 nd (li g) 74 vs bz, et h, Et OH 
255 1-Bromo-3-met hyl -2-but ene CBr 870-63-3 49.029 dec 131; ‚293015 49305: vs ace, bz, et h, Et OH 
5040 
256 1-(Bromomet hyl )-2-chl orobenzene H BrCI 611-17-6 205.480 1090 
257 (Bromomet ћу! )chl orodi met hyl si | ane 31480151 16532-02-8 187.539 131 1.375 „46305 
258 1-Bromo-3-met ћу! сус! ohexane 3-Met hyl cycl ohexyl bromi de 11,8г 13905-48-1 77.082 81; 60" 267615 4979? | НО; vs et h; s bz 
259 (Bromomet ћу! )cycl ohexane Hi Br 2550-36-9 177.082 76% 28320 490727 vs bz, et h, chl 
260 1-(Bromomet ћу! )-3-fluorobenzene GH,BrF 456-41-7 89.025 882 547420 
261 3-(Вгототе! ћу! )hept ane Вг 18908-66-2 93.125 6710 
262 1-(Вгототе! ћу! )-2-met ћу! benzene 858г 89-92-9 185.061 рг 21 217; 10819 38112 57309) 1 НО; s Et OH, et h, ace, bz 
263 1-(Bromomet hyl )-3-met hyl benzene аб Вг 620-13-3 185.061 212.5 37112 56600 1 HO; vs Et OH, et h 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
264 1-(Bromomet ћу! )-4-met ћу! benzene аб Вг 104-81-4 185.061 nd (81) 35 220 1.3245 i HO; s Et OH; vs et h, chl 
265 1-(Вгототе! ћу! )napht hal ene Br 3163-27-7 221.093 cry (peth, al) 56 188, 16710 vs ace, bz, et h, Et OH 
266 2-(Вгототеї ћу! )napht hal ene HBr 939-26-4 221.093 If (al) 56 219, S Et OH, et h, chl, НОАс 
167 
267 1-(Bromomet hyl )-3-ni t robenzene ВО; 3958-57-4 216.033 nd or pl (al) 59.3 1623 i НО; s Et OH 
268 1-(Bromomet hyl )-4-ni t robenzene ВО; 100-11-8 216.033 nd (al) 99.5 SI HO, chl ; vs Et OH, et h; s HOAc 
269 2-(Bromomet hyl )-4-ni t rophenol ;HeBINO,, 772-33-8 232.032 148 = 
270 (Bromomet ћу! oxi rane, (+) 48,810 82584-73-4 136.975 liq -40 137 1.619 14841? | НО; $ Et OH, et h, bz, chl T 
271 1-Bromo-2-met hyl pent ane 2-Met hyl pent yl bromi de авг 25346-33-2 165.07 141 1.162420 1.44950 vs et h, ch >° 
272 1-Bromo-4-met ћу! pent ane f Br 626-88-0 165.07 145 1.168320 1.4490 vs et h, ch = 
273 2-Bromo-2-met hyl pent ane f Br 4283-80-1 165.07 142.5; 701% 1.44223 vs et h, ch o 
274 3-Bromo-3-met ћу! pent ane f Br 25346-31-0 165.07 130; 76" 1.18859 1.4525° vs eth, ch m 
275 2-Bromo-4-met hyl phenol Н/Вг0 6627-55-0 187.034 nd (pet h) 56.5 213.5 1.54225 1.57720 sl ЊО; s Et OH, bz, chl б 
276 1-(Bromomet hyl)-3-phenoxybenzene — 3-Phenoxybenzyl bromi de 11,810 51632-16-7 263.129 oi | о 
277 2-Вгото-1-(4-теЕ ћу! phenyl ) C,H,BrO 619-41-0 213.070 nd or lf (al) 51 157 vs et h, Et OH 2 
et hanone - 
278 N-(Bromomet ћу! )pht hal i mi de а hif-)-doi ndol e- CHBrNO, 5332-26-3 240.054 pr (chl , bz) 151.5 S ace; sl bz, chl ; vs AcOEt > 
1,3(2H)-di one 
279 1-Bromo-2-met ћу! propane lsobut yl bromi de Вг 78-77-3 137.018 114 -119 91.1 1279 14348? 1 HO; vs Et OH, et h, ace, chl , bz; 2 
scc 
280 2-Bromo-2-met ћу! propane ТӨНВШ у! bromi de 22! 507-19-7 137.018 liq -16.2 73.3 1.4279 14278? | НО; sl ctc = 
281 2-Bromo-2-met ћу! propanoi c aci d о-Вгото! sobut yri c aci d 43800, 2052-01-9 167.002 cry (pet h) 48.5 199; 1187 1.496960 o 
282 2-Bromo-2-met hyl propanoyl bromi de 4681,0 20769-85-1 229.898 163 1.406714 vs ace, CS; 2 
283 1-Bromo-2-met ћу! propene (НВг 3017-69-4 135.003 91 1.33620 Q 
284 3-Bromo-2-met hyl propene QH;Br 1458-98-6 135.003 95 1.3132 ” 
285 2-(Bromomet ћу! )t et rahydrof uran 53810 1192-30-9 165.028 170; 7022 1.467920 14050? s Et OH, et h 5 
286 (Bromomet hyl)t ri met hyl si | ane aH, ,BrSi 18243-41-9 167.120 1165 1176 1.446020 с 
287 1-Bromonapht hal ene 1-Napht hyl bromi de 4); Br 90-11-9 207.067 oilyliq 6.1 281 1.4785 1.65820 S HO, ace; msc Et OH, et h, bz; sl о 
їс 
288 2-Bromonapht hal ene НВг 580-13-2 207.067 pl ororthif (al) 559 281.5 1.605 1.6882? i НО; $ Et OH, et h, bz, C8 sl сіс Е 
289 4-Вгото-1,8- C, H.BrO, 81-86-7 277.070 222 = 
napht hal enedi carboxyl i c anhydri de > 
290 1-Bromo-2-napht hol 1-Bromop-napht hol QGH;BrO 573-97-7 223.066 ort h pr (07-11 g) 84 130 i HO; s Et OH, et h, bz; sl chl; vs 5 
nd (НОАс) HOAc 9 
291 4-Bromo-2-ni t roani || ne sHBrN,0, 875-51-4 217.020 oran-ye nd (м) 111.5 sub vs Et OH ~ 
292 1-Вгото-2-пі t robenzene «ВИО, 577-19-5 202.006 pa уе (81) 43 258 1.6245? i HO; vs Et OH; s et h, ace, bz; sl š 
ch = 
293 1-Bromo-3-ni t robenzene ,BrNO; 585-79-5 202.006 ort h 56 265 1.7036" .5979? 51 ЊО; s Et OH, et h, bz Е 
294 1-Вгото-4-пі t robenzene D-Ni t robromobenzene (H,BrNO, 586-78-7 202.006 orth or mel pr 127 256 1.94825 i HO; s Et OH, et h, bz; sl chl & 
(a 
295 Bromoni t romet hane GBrNO, 563-70-2 139.937 149; 71% 48800 vs Et OH 
296 2-Bromo-2-ni t ro-1,3-propanedi ol Bronopol sHQBrNO, 52-51-7 199.989 131.5 
297 1-Bromononane CH, Br 693-58-3 207.151 liq -290 221.4; 88 1.08452 452225 
298 1-Вготоосі adecane СаНувг 112-89-0 333.391 cry (al) 28.2 362; 2109 0.984820 46319 | НО; s Et OH, et h; sl сіс 
299 1-Bromooct ane Oct yl bromi de aC; Br 111-83-1 193.125 liq -55.0 200.8 1.1072 45035 1 НО; msc Et OH, et h; sl сіс 
300 2-Вготоосі ane, (+) GH,,Br 60251-57-2 193.125 188.5 1.08785 44425 | НО; msc Et OH, et h 
301 8-Вготоос! anoi c aci d 8 85810, 17696-11-6 223.108 nd (pet h) 38.5 14? vs bz, et h, Et OH 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
302 1-Вготореп! adecane (,Н.Вг 629-12-1 291.311 19 322 1.0675% 461191 НО; $ ace; vs chl 
303 Bromopent afluorobenzene GBIF, 344-04-7 246.960 liq -31 137 1.98% 449002 
304 Bromopent afluoroet hane ВІР, 354-55-2 198.917 со! gas -21 1.80985 
305 1-Вготорепі ane Pent yl bromi de st Br 110-53-2 151.045 liq -88.0 129.8 1.2182 .444720 i HO; s Et OH, bz, chl; sl ct c; msc 
eth 
306 2-Вготорепі ane GH,,Br 107-81-3 151.045 liq -95.5 1174 1.2078 44139 vs bz, et h, Et OH, chl 
307 3-Bromopent ane GH, Br 1809-10-5 151.045 liq -126.2 118.6 1.214 444191 НО; s Et OH, et h, bz, chl = 
308 5-Bromopent апеп t ri le ШЕШ 5414-21-1 162.029 11112, 1030 1.398920 47802 = 
309 5-Вготореп! anoi c ас! d 508810, 2067-33-6 181.028 40.0 14013 S chl = 
310 5-Bromo-1-pent ene GH,Br 1119-51-3 149.029 125.5 258120 46402 = 
311 9-Bromophenani hrene 9-Phenant hryl bromi de 4887 573-17-1 257.125 pr (al) 64.5 >360 1.40930 i НО; s Et OH, et h, С9 sl chl m 
312 2-Bromophenol GH;BrO 95-56-7 173.007 56 194.5 492420 5892 sl HO, chl; s Et OH, et h, al k m 
313 3-Вготорћепо! GHBrO 591-20-8 173.007 33 236.5 sl ЊО, ct с; уз Et OH, et h;schl;alk | О 
314 4-Вготорћепо! GH;BrO 106-41-2 173.007 66.4 238 8405 S ЊО, chl ; vs Et OH, et h ° 
315 Bromophenol Blue Bromphenol Bl ue 69,8105 115-39-9 669.960 hex | (НОАс- 279 дес 51 HO; s Et OH, bz, HOAc 2 
асв - 
316  1-Bromo-4-phenoxybenzene 4-Bromophenyl phenyl et her QH,BrO 101-55-3 249.102 18.72 12635 608820 16004? i HO;seth,ctc > 
317 (4-Вготорїїепоху) ri met hyl si | ane gH (Br0Si 17878-44-3 245.188 126 261920 1.514520 2 
318 М-(4-Вготорћепу! Jacet ami de p-Bromoacet ani 11 de atGBrNO 103-88-8 214.060 nd (60% al) 168 1.7175 i НО; s Et OH, chl; sl et h, bz л 
319 1-(3-Bromophenyl је! ћапопе QH;BrO 2142-63-4 199.045 £5 13319 15755? 1 НО; $ ace, bz ° 
320 1-(4-Bromophenyl)et hanone p-Bromoacet ophenone GH;BrO 99-90-1 199.045 If (al) 50.5 257; 130 647% 1.647 i HO; s Et OH, et h, bz, ct c, HOAc = 
321 (4-Bromophenyl )hydrazi ne I-Bromophenyl )hydrazi ne ЊВ 589-21-9 187.037 nd " ү (Li g), 108 vs et h, Et OH, li g > 
cry (а 
322 2-(4-Bromophenyl )-17-i ndene- Bromi ndi one GHBrO, 1146-98-1 301.135 cry (li g) 138 2 
1,3(2H)-di one ” 
323 (4-Bromophenyl )phenyl met hanone GH,BrO 90-90-4 261.113 f (al) 82.5 350 i ®t sl Et OH, et h, bz, pet h 5 
324 2-Bromo-1-phenyl -1-propanone GH,Br0 2114-00-3 213.070 247.5 1.429820 57202 1 НО; s Et OH, et h, ace, bz, ct c с 
325 Bromophos CgHsBrCl,PS — 2104-96-3 317.999 ye cry 54 14100 sl ЊО; set h, ct c, t ol о 
326 Bromophos-et hyl анын 4824-78-6 394.049 pale-ye li q 1220 = 
327 1-Вготоргорапе Propyl bromi de (H;Br 106-94-5 122.992 iq -110.3 71.1 1.3537 4343? 51 HO; s Et OH, et h, ace, bz, chl, = 
їс 
328 2-Bromopropane |5оргору! bromi de ШЕ 75-26-3 122.992 iq -89.0 59.5 13149 4251? sl НО; s ace, bz, chl ; msc Et OH, 2 
eth 9 
329 3-Bromopropaneni t ri le ТҮШ 2417-90-5 133.975 9225, 697 1.615220 „48000 ^ vs Et OH, et h; sl сіс = 
330 2-Bromopropanoi c aci d, (+) H;Br0, 10327-08-9 152.975 pr 25.7 203.5 1.70007 47539 vs Н,0, Et OH, et h; sl chl S 
331 3-Bromopropanoi c aci d В-Вготоргорі oni c aci d 35810, 590-92-1 152.975 pl (CCI) 62.5 1415 1.485 5,0, Et OH, et h, bz, chl Б 
332 3-Вгото-1-ргорапо! GH;BrO 627-18-9 138.991 105185 8022 1.537420 48345 5 Н»О; msc Et OH, et h E 
333 1-Bromo-2-propanol GH;BrO 19686-73-8 138.991 146.5 1.558530 48019? 5 ЊО vs Et OH, et h = 
334 2-Вготоргорапоу! bromi de (H,Br,O 563-76-8 215.871 153 2.061115 
335 2-Вготоргорапоу! chl ori de HL BrCI O 7148-74-5 171.420 132 1.697! 418099 seth, chl; sl ctc 
336 ci s1-Bromopropene СзН,Вг 590-13-6 120.976 liq -113 57.8 142% 4560 i НО; seth, ace, chl 
337 transi-Bromopropene CHBr 590-15-8 120.976 63.2 
338 2-Вготоргорепе С,Н,Вг 557-03-7 120.976 114 -126 48.4 1.3969 446751 НО; seth, ace, chl 
339 3-Вготоргорепе Allyl bromi de з8;8г 106-95-6 120.976 liq -119 70.1 1.398 4697 | НО; msc Et OH, et h; s ct c, chl, 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
340 (3-Вгото-1-ргорепу! )benzene СН,Вг 4392-24-9 197.071 nd (81, et h) 34 130 .342830 1.6132 vs Et OH 
341 (8-Bromopropoxy)benzene CH, Br0 588-63-6 215.086 10.7 12718 36416 vseth 
342 3-Bromopropyl ami ne hydrobromi de 3-Вгото-1-ргорапаті ne C,H,BrN 5003-71-4 218.918 171.5 
hydrobromi de 
343 Bromopropylat e 4,4-Di bromobenzi 11 c aci d i ѕ0ргорӯН.Вг,03 18181-80-1 428.115 TT 59% 
est er 
344 (3-Вготоргору! )benzene GH, Br 637-59-2 199.087 219.5; 117% 1.310625 154405 i НО; vs eth 
345 3-Вгото-1-ргорупе Propargyl bromi de HBr 106-96-7 118.960 89 57919 1.4922? Et OH, et h, bz, ct c, chl = 
346 2-Bromopyri di ne Вг 109-04-6 157.997 114 -40.1 193; 78 63372 15734? 51 НО; s Et OH, et h, ct c ме 
347 3-Вготоругі di пе ВГ 626-55-1 157.997 liq -27.3 173; 69 6450 1.56949? 5 Н,0; vs Et OH, et h 2 
348 4-Вготоругі di ne Вг 1120-87-2 157.997 0.5 2904 64500 1.5694? s ace, bz a 
349 5-Bromo-2,4(1H,3H)- 5-Bromouraci | (H.BrN,0; 51-20-7 190.983 310 > 
pyri mi di nedi one 
350 3-Bromoqui noli ne КШ 5332-24-1 208.055 ye oi | 13.3 275 1.6647 s chl; vs HOAc 5 
351 6-Bromoqui nol i ne КУБ 5332-25-2 208.055 24 281 S Et OH, et h, aci d Z 
352 М-8готовисс! ni mi de 40,800, 128-08-5 177.985 cry (bz) 174 2.09825 sl HO, AcOEt , et h; vs ace; i. hx 5 
353 1-Bromot et radecane GH, Br 112-71-0 277.284 5.6 307 1.01707 46032 ^ vs ace, bz, Et OH > 
354 2-Bromot hi azole 10,В1№5 3034-53-5 64.024 171 1.8225 59272 2 
355 1-(5-Bromo-2-t hi епу! et hanone eG BrOS 5370-25-2 205.072 nd (81) 94.5 103 sl Et OH; $ ct c Un 
356 2-Bromot hi ophene 2-Thi enyl bromi de 4H(BrS 1003-09-4 163.036 150 1.68420 58682 | НО; vs eth, ace; s ctc © 
357 3-Вгото! hi ophene fH.BrS 872-31-1 63.036 159.5 1.7352 59199 i НО; s ace, bz; sl chl = 
358 Bromot hymol Bl ue Bromt hymol Bl ue 2081,05 76-59-5 624.381 201 vs et h, Et OH © 
359 2-Bromot ol uene НВг 95-46-5 171.035 114 -27.8 181.7 1.4232 .5565? i НО; vs Et OH, et h, bz; msc ct c Е 
360 3-Вготоі ol uene GH,Br 591-17-3 71.035 liq -39.8 183.7 1.4099 5510 1 НО; s Et OH, ace, chl ; msc et h; » 
sl ctc ” 
361 4-Вгото ol uene НВг 106-38-7 171.035 cry (al) 28.5 1843 1.39595 547790 і зээ h, ace, bz, chl ; 51 5 
cc 
362 Bromot ri chl oromet hane СВЕСІ 75-62-7 98.274 liq -5.65 105 2.012 50659 vs et h, Et OH e 
363 1-Bromot ri decane H,Br 765-09-3 263.257 6.2 292 02345 45/45 | НО; vs ch = 
364 Bromot ri et ћу! si lane eH (Bri 1112-48-7 195.173 lig -493 163; 66 143% „45612 "5 
365 2-Вгото-1,1,1- ri fluoroet hane ЗЕ, 421-06-7 162.936 vol li а ог да5 -93.9 26 1.7881 3331 = 
366 Bromot ri fluoroet hene БІР; 598-73-2 160.920 col gas -25 2 
367 Bromot ri fluoromet hane СВЕ 75-63-8 148.910 col gas -172 -57.8 1.58002 i НО; vs ch > 
368 1-Вгото-2-(Е ri fluoromet ћу! )benzene ІТ; 392-83-6 225.006 167.5 6522 481720 ло 
369 1-Вгото-3-( ri fluoromet ћу! )benzene ЕВГЕ; 401-78-5 225.006 1 151.5 613% 471620 8 
370 1-Bromo-4-(t ri fluoromet ћу! )benzene ЕВГЕ; 402-43-7 225.006 160 607% „47055 z 
371 2-Bromo-1,3,5-t ri met hyl benzene otf, Br 576-83-0 199.087 liq Л 225 1.3197 5510? 1 НО; vs et h; s bz sl ctc = 
372 Bromot ri ni t romet hane CBN 560-95-2 229.931 175 56" 2.031220 .4808 ^ vs Et OH, chl б 
373 Bromot ri phenyl met hane Tri phenyl met hyl bromi de igh BY 596-43-0 323.226 153 2305 550020 = 
374 1-Bromoundecane СаЊаВг 693-67-4 235.205 liq -97 258.8 1.0499 45525 sl ctc 
375 11-Bromoundecanoi c aci d {H,,Br0, 2834-05-1 265.188 nd (li q) 57 188 vs ace, bz, et h, Et OH 
376 (1-Bromovi nyl )benzene (H;Br 98-81-7 183.046 -44 867, 713 402523 58812 
377 (сі 52-Втотоуі nyl )benzene (H;Br 588-73-8 183.046 -7 552 432210 .599022 
378 (trans2-Bromovi nyl )benzene (H;Br 588-72-7 183.046 7 dec 219; .426916 60930 j НО; msc Et OH, et h; s chl 
108 
379 1-Bromo-2-vi nyl benzene {НВг 2039-88-5 183.046 liq -52.8 209.2; 98 1.416020 592720 
380 1-Bromo-3-vi nyl benzene HBr 2039-86-3 183.046 9220 „40592 59332 
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Мате Synonym CAS RN Mol. Wt. mp/'C bp/'C den/g cm? n, Solubility 
1-Bromo-4-vi nyl benzene 2039-82-9 183.046 ГЕЈ 212; 10322 1.398420 1.59470 | НО; уз chl; s НОАС 
Brompheni rami пе 86-22-6 319.239 150 S di | aci d 
Bruci ne 357-57-3 394.463 178 51 ВО, et h, bz; vs Et OH, chl 
Bruci ne hydrochl ori de 2,3-Di met hoxyst rychni di п-10-опв ан 5786-96-9 430.924 vs Н,0, Et ОН 
monohydrochl ori de 
Bruci ne sulf at e hept ahydrat e 2,3-Di met hoxyst rychni di n-10-dhgH 60583-39-3 1013.113 $H,0; sl Et OH, chl , t f a; vs MeOH; 
Sul f at e, hept ahydrat e i bz 
Bucol ome 5-But yl -1-cycl ohexyl - мН 841-73-6 266.336 84 18608 
2,4,6(1H,3H,5A)-pyri mi di net ri one 
Buf otali n 471-95-4 444.560 223 авс i ID; s Et OH, chl 
Bul bocapni ne 298-45-3 325.359 199.5 i ID; s Et OH; vs chl 
Sec-Bumet on N-sec-But yl N-et ћу! -6-met hoxy- 26259-45-0 225.291 87 
1,3,5-t ri azi ne-2,4-di ami пе 
BUSAN 72A (2-Benzot hi azol yl t hi o)met ћу! 21564-17-0 238.352 dec 
t hi ocyanat e 
But achl or 23184-66-9 311.847 «5 1565 1.070% 
1,2-But adi ene Met hyl al | ene 590-19-2 54.091 -136.2 10.9 0.676 42051 i 0: msc Et OH, et В; vs bz 
1,3-But adi ene Di vi nyl 06-99-0 54.091 -108.91 -4.41 0.61495 (р>1 1.429225 | НО; $ Et OH, et h, bz; vs ace 
atm 
1,3-But adi en-1-ol acet at e 515-76-0 112127 58% 0.9455 469020 
(t ran3-1,3-But adi епу! benzene 6939-57-4 130.186 23 76" 0.92862 .6089 1 НО; s Et OH, et В, асе, bz 
1,3-But adi yne Di acet yl ene 460-12-8 50.059 -36.4 10.3 0.7364 41895 vs Н,0, et h, ace; 5 chl, Et OH 
But al bi t al 5-Isobut yl -5-al | yl -2 55 H)- T1-26-9 224.256 138.5 HO; s Et OH, et h, ace, chl; i li g 
pyri mi di net ri one 
But anal But yral dehyde 23-72-8 72.106 -96.86 748 0.8018 .3843 5Н,0; msc Et OH; vs ace, bz; sl chl 
But anal oxi me 10-69-0 87.120 -29.5 154 0.923 vs Н,0, ace, bz; msc Et OH, et h; s 
ch 
But anami de But yrami de 541-35-5 87.120 114.8 216 0.88509 4087130 HO, eth; i bz; s Et OH 
But ane 06-97-8 58.122 -138.3 -05 Т (р>1 33260 1 НО; vs Et OH, et h, chl 
atm 
402 But anedi al 638-37-9 86.090 dec 170; 589 1.06520 42608 — vs Н,0, ace, et h, Et OH 
403 1,4-But anedi ami ne Put resci ne 10-60-1 88.151 21.91 158.5 0.872 4969? 50 
4 ,A-But anedi ami пе di hydrochl ori de 333-93-7 161.073 280 dec sub vs 40, EL OH; Г et h, bz, MeOH 
4 ,2-But anedi ol , (+) 26171-83-5 90.12 190.5 .002420 4378? 5 Н,0, Et OH, ace 
4 :3-ВШ anedi 0 1,3-But yl ene gl усо! 07-88-0 90.121 <-50 207.5 005320 44012 
4 :4-ВШ апей о Tet ramet hyl ene gl ycol 10-63-4 90.121 20.4 235 01718 446022 msc Н,0; s Et OH, DMSO; sl et h 
408 2,3-But anedi o 6982-25-8 90.12 7.6 182.5 1.0033? 43109 msc H,0, Et OH; s et h, ace, chl 
4 4-But anedi ol di acet at e 628-67-1 174.195 12 229 047915 42515 
4 4-But anedi ol di acryl at е 070-70-8 198.216 8303 1055 
4 4-But апей ol di gl ус! ду! et her 1,4-Ві s(2,3-epoxypropoxy)but ane 49 2425-79-8 202.248 266; 155" 15 46112 
4 ,9-But anedi ol di met hacryl at e 189-08-8 226.269 290 „44955 vs ace, et h, Et OH, li g 
4 4-But anedi ol di met hacrylat e 2082-81-7 226.269 133 76097 1.02520 4560? sl HO 
4 ,4-But anedi ol di met ћу! sul f onat е Busul f an 55-98-1 246.301 116 i НО; sl Et OH, ace 
4 2,3-But anedi one Di acet yl 431-03-8 86.090 -12 88 0.9808 30910 vs H,0; msc Et OH, et h; s bz, ct c 
4 2,3-But anedi one monooxi me 57-11-6 101.105 16.8 1855 81,8: vs Et OH, et h, chl; s alk 
4 But anedi oyl di chl ori de Succi nyl chl ori de 543-20-4 154.980 20 193.3 1.3748 4683202: seth, ace, bz 
4 ,A-But anedi t hi ol Tet ramet hyl enedi t hi ol 1191-08-8 122.252 -53.9 195.5 1.0023 52902 | НО; vs Et OH; sl сіс 


(penuguo») SqaNQOdWOO ОМУОМО AO SLNVLSNOD 'IVOISAHd 


6/26 


НО 


E 


1-Bromo-4-vi nyl benzene 


H 
Buf otali n 


Pap Mes 


(t ran-1,3-But adi епу! benzer 


OH 
OH 
dos P 


1,2-But anedi o[+) 


Ж 
Н,80,.7Н,О Bd 
O N о 
Вг 
Brompheni rami ne Bruci ne Bruci пећудгосћ! ori de Bruci nesul f а ер! ahydrat e Bucol ome 
О 
О. 
° e М HN L. 
СІ 
O H A Уа N 
НО. М М 
2200 о Xe ? 
(0) М N к-(-- 
^o H S N ç SA Bos 
Bul bocapni ne sec-Bumet on BUSAN 72A But achl or 1,2-Ви adi ene 1,3-Вш adi ene 1,3-Ви adi en-1-cdcet at e 
О 
Ж 
N 
ко 9 
| o NH. NH, 2HCI 
н 51284208 МАО N, хо мс о uN "b ны VON 
1,3-But adi уп al bi t al But anal But analoxi me But anami de But ane But anedi al 1,4-But anedi ami ne 1,4-But anedi ami 0 hydrochl ori de 
i TE 
о „О pu 
Y^ Macon d О > o o o ON NS ^ o 
Horse °" он bi 27 9 
1,3-But anedi ol 1,4-But anedi ol 2,3-But anedi c 1,4-But anedi adi acet at e 1,4-But anedi ali acrylat e 1,4-But anedi ali gl yci dgt her 
ү ae | 
О. О. \/ 
^y О оо “0 қамы га. ( оа 
и № 
Ó š Ó о мон а H ЕН 


1,3-But anedi ali met hacryl at е 


1,4-But anedi ali met hacryl at e 


1,4-But anedi ali met hyl sul f onat e 


2,3-But anedi one 


2,3-But anedi onmonooxi me 


But anedi oyli chl ori de 1,4-But anedi t hi ol 


(penuguo») SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


08-8 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? ny Solubility 
419 But aneni tri le Propyl cyani de n 109-74-0 69.106 iq -111.9 117.6 0.7938 1.3842?  s| HO, ct c; msc Et OH, et h; s bz 
420 1-But anesulf опу! chl ori de 41(0105 2386-60-9 156.631 750 1.455920 
421 1,4-But ane sult one 1,2-Oxat hi ane 2,2-di oxi de 4005 1633-83-6 136.170 iq 13.5 135 1.3312 1.464020 
422 1,2,3,4-But anet et racarboxyl i c aci d 8140, 1703-58-8 234.160 f (м) сту (асе) 236.5 vs ED, Et OH 
423 1,2,3,4-But anet et rol Eryt hri t ol «Но 149-32-6 122.120 bipymtetrpr 121.5 330.5 1.481 $ Н,0:1 eth, bz 
424 1,2,3,4-But anet et rol tet rani trate, Eryt hri t yl t et rani t rat e ШИ 7297-25-8 302111 61 vs Et OH 
(8757) = 
425 1-But anet hi ol But yl mercapt an 486 109-79-5 90.187 iq -115.7 98.5 0.8418 44402 51 HO, chl; vs Et OH, et h = 
426 2-But anet hi ol sec-But y| mercapt an 40105 91840-99-2 90.187 iq -165 850 0.8299 43669 5 Et OH, et h, bz, pet h; sl сіс >° 
427 1,2,4-But anet ri ol 46,0, 3068-00-6 106.120 19018, 1722 1.1820 .4688? vs Н;О, Et OH = 
428 ВШ ani li cai ne 2-(But yl ат )е11 oro-6- CysHigCINO 3785-21-5 254.755 cry 46 14500 2 
met hyl phenyl Jacet ami de = 
429 But anoi c aci d But уп c aci d 40, 107-92-6 88.106 14 -5.1 163.75 0.9528 .3980? msc НО, Et OH, et h; sl сіс б 
430 But апо! c аппуйг де But yri c anhydri de 48,0; 106-31-0 158.195 iq -75 200 0.9668 40702  seth;sl ctc о 
431 1-But anol But yl alcohol 4140 71-36-3 74.121 iq -88.6 117.73 0.8095 .3988? 5 H,0, bz; msc Et OH, et h; vs ace 2 
432 2-But anol Sec-But yl al cohol £40 (8-927 74.121 ig -88.5 99.51 0.8069 .3978 уз ЊО; msc Et OH, et h; s bz, ct c = 
433 2-But anone Met hyl et hyl ket one «НО 78-93-3 72106 iq -86.64 79.59 0.7998 .9788? vs H,0; msc Et OH, et h, ace, bz; s > 
chl 
434 2-But anone (1-met ћу! propyl i dene) CH, N 5921-54-0 140.226 1715 0.840420 45112 2 
hydrazone ° 
435 2-But anone ох! me МО 96-29-1 87.120 iq -29.5 152.5 0.9232 4410? 560, chl ; msc Et OH, et h т 
436 2-But anone регох! de Met hyl et hyl ket one peroxi de 4,0, 1338-23-4 176.211 col liq exp 110 $19; mi sc os o 
437 But апоу! chl ori de n-But угу! chl ori de 48,010 141-75-3 106.551 liq -89 102 0277 A121 — msc eth 2 
438 ВШ aperazi ne fH, N.0S 653-03-2 409.587 275005 2 
439 But azol ami de N-[5-(Ami nosul f опу! )-1,3,4- СН (М,0,5; 16790-49-1 250.298 cry 261 dec ” 
t hi adi azol -2-у! ]but anami de 5 
440 trans2-But епа! t ransCrot onal dehyde (H,0 123-73-9 70.090 liq -76 102.2 0.8518 4366? — $H,0, chl ; vs Et OH, et h, ace; msc ^ 
bz 
441 1-But ene 1-But yl ene М 106-98-9 56.107 col gas -185.34 -6.26 ие (р>1 .39622 ji НО; vs Et OH, et h; s bz 2 
atm 
442 ci s2-But ene CH, 590-18-1 56.107 со! gas -138.88 3.71 0.6165 (p>1 393151 НО; vs Et OH, et h; s bz 8 
atm 
443 t rans2-But ene CH, 624-64-6 56.107 со! gas -105.52 0.88 0.5995 (р>1 384825 517 2 
atm 
444 t rans2-But enedi ni t ri le 498 764-42-1 78.072 nd (bz-pet h) 96.8 186 0.9416" 4349 s io Et OH, et h, ace, bz, chl ; sl - 
pel © 
445 ci s2-But ene-1,4-di ol 80; 6117-80-2 88.106 20 235 069820 .4782 s H,0; vs Et OH z 
446 trans2-But ene-1,4-di ol 80; 821-11-4 88.106 25 13113 070020 47559 vs H,0, Et OH 5 
447 t rans2-But enedi оу! di chl ori de Fumari c aci d di chl ori de 40,6 627-63-4 152.964 ра ye li 0 159 1408 500478 5 
448 ci s2-But eneni t ri le Isocrot ononi t ri le НАМ C 1190-76-7 67.090 liq 107.4 = 
449 trans2-But eneni t ri le Crot ononi t ri le ‚ЇЧ С 627-26-9 67.090 liq -51.5 120 0.8239 .4225? s et h, ace 
450 3-But eneni t ri le Allyl cyani de «ЊМС 109-75-1 67.090 liq -87 119 0.8347 .4060? sl ЊО; msc Et OH, et h 
451 ci s2-But enoi c aci d Isocrot oni c aci d 4:0, 503-64-0 86.090 па ог рг (peth) 15 169 1.02672 44502 vs H,0; s Et OH 
452 trans2-But enoi c aci d Crot oni c aci d 4166, 107-93-7 86.090 mcl prornd(w, 71.5 184.7 0.96047 4249” уз ЊО, Et OH; set h, ace, li g 
lig) 
453 3-But enoi c aci d 4660, 625-38-7 86.090 114 -85 169 1.00% 42395 5 Н,0; msc Et OH, et h 
454 2-But enoi c anhydri de Crot oni c aci d anhydri de Шо] 623-68-7 154.163 247,129? 1.039720 4745? — wseth 
455 ci s2-But en-1-ol сі sCrot yl alcohol 80 4088-60-2 72.106 123 0.866220 43425 50 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
456 f rans2-But en-1-ol t ransCrot yl al cohol 48,0 504-61-0 72.106 «30 1212 0.852120 4288 ^ vs H,0; msc Et OH, et h; s chl 
457 3-But en-1-ol 090 627-27-0 72.106 113.5 0.842420 42249. s H,0, ace; msc Et OH, et h; 51 chl 
458 3-But en-2-ol 090 598-32-3 72.106 97 
459 3-But en-2-one Met hyl vi nyl ket one «НО 78-94-4 70.090 81.4 0.86420 4081202 ЅН,О, Et OH, bz; vs et h, ace; sl ct c 
460 2-But enoyl chl ori de 46010 10487-71-5 104.535 1245 1.0905° 460% ^ узасе 
461 (transi-But епу! )benzene Н, 1005-64-7 132.202 liq -43.1 198.7 0.9019 54200 1 НО; s Et OH, et h, bz, ct c 
462 2-ВШ епу! benzene ОН» 1560-06-1 132.202 176 0.883120 51012 - 
463 3-ВШ епу! benzene QH, 768-56-9 132.202 liq -70 177 0.883? 50599 i НО; seth, bz = 
464 1-ВШ en-3-yne Vi nylacet yl ene 4% 689-97-4 52.075 col gas 5.1 0.7094 A161! i ВО; s bz = 
465 But et hami ne hydrochl ori de 2-lsobut yl ami noet ћу! 4- С.зНыС 0, 553-68-4 272.771 cry 194 S H,0; sl Et OH, bz, chl; i eth = 
ami nobenzoat e > 
466 Buthali tal sodi um АҢ 5ММа0,5 510-90-7 262.304 vs ЊО; sl Et OH; i eth, bz m 
467 Buthi azi de 10,01 NO,S 2043-38-1 353.846 221.5 5 
2 
468 But hi obat e Denmert „Ва 9; 51308-54-4 372.590 уе oi | 32 1.0865 1.596% i ВО; 5 05 2 
469 Butonate ЇН,С1,ОР 26-22-1 327.527 12905 - 
470 But oxyacet yl ene 48,0 3329-56-4 98.142 104 0.820020 1.4067 vs et h, Et OH » 
471 4-ВШ oxyani li ne qo Bu NO 4344-55-2 165.232 1324 = 
472  4-But oxybenzal dehyde СНА; 5736-88-9 178.228 14810 22 
473 2-But oxyet hanol Е hyl ene glycol monobut yl et her „Н„® 11-76-2 118.174 liq -74.8 68.4 0.9019 1.41982 msc HO, Et OH, et h; sl ctc ° 
474 2-[2-(2-But охув! hoxy)et hoxy]et hanol 10004 43-22-6 206.280 278 0.989020 1.4389? ^ vs Et OH, MeOH = 
475 2-(2-But oxyet ћохује hyl thi ocyanate |е! hane 384 о D.S 12-56-1 203.302 114 225 i НО; vs os > 
476 1-(2-But oxyet hoxy)-2-propanol 48,0, 24-16-3 176.253 col liq -90 230 0.931 580 A 
477 2-But oxyet hyl acet at e Et hyl ene glycol monobut yl et herC,H,,0, 12-07-2 160.211 liq 92 > 
acet at e 2 
478 2-ВШ oxyet hyl (2,4-di chl orophenoxy)2,4-D 2-But oxyet hyl est er 18.10, 929-73-3 321.197 159! 1.2322 б 
acet at e с 
479 2-ВШ oxyet hyl (2,4,5- 2,4,5-T But oxyet hyl est er 81610, 2545-59-7 355.642 1641 1.28020 sctc о 
t ri chl orophenoxy)acet at е < 
480 4-But охућ- Buf examac GH, NO, 2438-72-4 223.268 nd (ace) 154 ч 
hydroxybenzeneacet ami de о 
481 1-But oxy-4-met ћу! benzene 1,0 10519-06-9 64.244 2295 0.920525 4970? seth 5 
482 4-But oxyphenol НО 122-04-1 66.217 65.5 1254 vs ace, bz, et h, Et OH = 
483 4-[3-(4-But oxyphenoxy) Pramoxi ne GÇH;N0,; 140-65-8 293.401 1968 Ф 
propyl ]morphol i пе = 
484 1-8Ш oxy-2-propanol QH, 0; 5131-66-8 32.201 171.5; 71? 0.88220 „41689 _ $ Et OH, et h, bz, ct c, MeOH S 
485 Butralin 4ertBut yl N-sec-but yl -2,6- Ca H, МО, 33629-47-9 295.335 60 13505 Б 
di ni t roani || ne = 
486 N-But yl acet ami de 86:10 119-49-9 115.173 229 0.89602 43882 s 
487 Butyl acetate 4620; 23-86-4 16.158 liq -78 126.1 0.8829 .3941? 51 ЊО; msc Et OH, et h; $ ace, chl d 
488  sec-But yl acet at e 460; 05-46-4 116.158 liq -98.9 112 0.8748 3888? 51 HO, ctc; s Et OH, et h 
489 t erfBut yl acet at e 460, 540-88-5 116.158 95.1 0.866520 .3855 5 Et OH, et h, chl, HOAc 
490 t erfBut угасе i c aci d 8160, 070-83-3 16.158 65 190 0.912420 4096 5 Et OH, eth 
491 But yl acet oacet at e 8160, 591-60-6 158.195 -35.6 1275, 858 0396712 41379 sl ЊО; msc Et OH, bz, li g 
492 But yl acrylat e 18:50, 41-32-2 128.169 liq -64.6 145 0.8898 .4185 i НО; s Et OH, et h, ace; sl ctc 
493 t erfBut yl acrylat e 78,0, 663-39-4 28.169 liq 120; 69 ^ 0.8795 41109 
494 But ylami ne 1-But anami ne АНОМ 09-73-9 73.137 liq -49.1 71.00 0.7414 403122 msc H,0; s Et OH, et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
495 sec-But yl ami пе 2-But anami ne, (+)- АНОМ 33966-50-6 73.137 <-72 62.73 0.724620 1.3932? H,0, chl ; msc Et OH, et h; vs ace 
496 t erfBut yl ami ne 2-Met hyl -2-propanami пе «НМ 75-64-9 73.137 114 -66.94 44.04 0.6958 1.37842 msc HO, Et OH, et h; s chl 
497 But ylami ne hydrochl ori де 1-But anami ne hydrochl ori de АН СМ 3858-78-4 109.598 213 0.9820 51 HO, Et OH 
498 But yl 4-ami nobenzoat e But amben МО; 94-25-7 93.243 cry (al or bz) 58 173 i НО; s Et OH, et h, bz, chl 
499 2-(But yl ami no)et hanol «1510 111-75-1 117.189 199; 917 0.890720 14437? vs Н,0, Et OH, et h 
500 2-(і erBut yl ami no)et hanol «160 4620-70-6 117.189 44 176.5; 724 0.881920 
501 N-t ertBut yl ami noet ћу! met hacryl at е 1H, QN0, 3775-90-4 85.264 10212 sch - 
502 2-(¢ өяВш yl ami not hi o)benzot hi azot erfBut yl -2- Са 95-31-8 238.372 108 = 
benzot hi azol esul f enami de = 
503 2-sec-But ylani || ne 6; 55751-54-7 149.233 12016 0.957420 S Et OH, ace, bz; sl ctc = 
504 4-But ylani li ne 1005 04-13-2 49.233 ра уе 261 0.94520 sl ctc o 
505 4-зес-Вш ylani li ne 1005 30273-11-1 149.233 238; 1185 0,9495 53609 vs bz, et h m 
506 4-terBut ylani li ne 6; 769-92-6 49233 уе rd (pet h) 17 241 0.95255 .5380 51 ЊО; msc Et OH, et h; vs bz; $ ct c б 
507 /-8Ш ylani li ne NUM 126-78-9 49.233 liq -14.4 243.5 0.9323 53410 vs et h, Et OH ° 
508 Mt erBut ylani li ne 106; 937-33-7 149.233 215; 959 5270) — s Et OH; vs ace, bz, chl 2 
509 2-t ertBut yl -9,10-ant hracenedi one 18,0; 84-47-09 264.319 99 56010, CS - 
510 ft erBut yl azi dof ormat e t ertBut у! carbonazi dat е 500, 070-19-5 43.144 unst ab >80 730 > 
511 4-But yl benzal dehyde GH,,0 200-14-2 162.228 1237 .5265 - 
512 4-tertBut yl benzal dehyde GH,,0 939-97-9 62.228 liq 107,1305 0.970 52702 % 
513 But yl benzene Ни 04-51-8 34.218 liq -87.85 183.31 0.8607 4898? | су mae Et OH, et h, ace, bz, ° 
pet h, ct c 
514 sec-But yl benzene, (+) 2-Phenyl but ane 104 36383-15-0 134.218 liq -82.7 1733 0.8627 4902? | E Et OH, et h, ace, bz, = 
pet h, ct c 
515 tertBut yl benzene Ни 98-06-6 34.218 liq -57.8 169.1 0.8665 4927 | НО; vs Et OH, et h; msc ace, bz Q 
516 4-t ertBut yl -1,2-benzenedi ol NOUS 98-29-3 66.217 543 285; 16022 stfa 2 
517 2-t ertBut yl -1,4-benzenedi ol 140.0, 1948-33-0 166.217 128 б 
518 Mt ertBut yl benzenemet hanami пе иса 3378-72-1 63.260 755 49515 (~ 
519 4-ГенВи yl benzenemet hanol NN 877-65-6 64.244 236; 140? 0.92825 51792 ° 
520 Butyl benzoat e 1,0, 136-60-7 178.228 lig -224 250.3 1.000 49402 i НО; msc Et OH, et h; s ace; sl ct c 2 
521 2-t erfBut yl benzoi с aci d 18,40 1077-58-3 178.228 pl (di | al) 80.5 vs Et OH 5 
522 3-tertBut yl benzoi c aci d 119440, 7498-54-6 78.228 nd (pet h) 128.8 vs Et OH, pet h с 
523 4-tertBut yl benzoi c aci d 118440; 98-73-7 178.228 nd (di | al) 164.5 1,8 vs Et OH, bz; $ chl 2 
524 4-But yl benzoyl chl ori de 114,010 28788-62-7 196.673 1555 1.0515 535120 5 
525 4-t erfBut yl benzoyl chl ori de «Нз010 1710-98-1 196.673 266; 1350 1.00725 53642 т 
526  2-But yl -1,1'-bi phenyl Я 54532-97-7 210.314 liq -9.65 291.2 0.9676 :560420 S 
527 LerBut yl bromoacet at e 46,70; 5292-43-3 195.054 73% 44309 vs et h, Et OH =. 
528 Butyl but anoat e 800 109-21-7 144.212 liq -91.5 166 0.8700 .4075 1 НО; msc Et OH, et h; s ctc Е 
529 But ylc/ s2-but enedi oat e Monobut у! mal eat e 48,0, 925-21-3 172.179 oi | (9 s 
530 But yl carbamat e fl МО; 592-35-8 117147 рг 53 dec 204; vs Et OH; sl chl ын 
1084 
531 Butyl chl oroacet at e «15010, 590-02-3 150.603 183 1.070420 42972 vs et h, Et OH 
532 t eBut yl chloroacet at e 69.010 107-59-5 150.603 150; 5010 .4260? (ес ЊО 
533 ВШ yl chl orodi met ћу! si Iane ІШІҢЕ) 1000-50-6 150.722 139 0.878 514520 
534 But yl chl orof ormat e НСТ O 592-34-7 136.577 142 1.074% 4114 msc et h; s ace; sl ctc 
535  N-But yl -4-chl oro-2- Bucl osami de GHuCINQ  575-74-6 221.688 915 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
536 But yl 2-chl oropropanoat e 18.010, 54819-86-2 164.630 184 1.02532 42630 — wseth 
537 But yl 3-chl oropropanoat e 78,010, 27387-79-7 164.630 10422, 928 1.037020 43219 мо HO, et h 
538 terBut yl chromat e 4,010, 1189-85-1 230.223 гей cry (peth) -5 reac HO 
539 But yl citrate 1800; 77-94-1 360.443 -20 23322 1.04320 44602 
540 But yl cyanoacet at e 1.0; 5459-58-5 141.168 231; 1155 1.001020 4200 
541 But yl cycl ohexane ЁН» 1678-93-9 140.266 liq -74.13 80.9 0.7902 44089180 
542 sec-But yl cycl ohexane fa o 7058-01-7 40.266 179.3 0.813120 44670 | НО; $ асе 
543 t енВи yl cycl ohexane ОН» 8178-22-1 140.266 114 -412 715 0.8127 4469? i НО 
544 2-LertBut yl сус! ohexanol 18,0 13491-79-7 156.265 45 139% 0.9022 
545 сі 54-і ertBut yl сус! ohexanol 18,0 937-05-3 56.265 83 11215 
546 t rans4-t енви! yl cycl ohexanol 18,0 21862-63-5 156.265 83 112" 
547 4-LertBut yl сус! ohexanone GH,.0 98-53-3 154.249 48 909 
548 But yl cycl ohexyl ami ne N-But yl cycl ohexanami ne „М 10108-56-2 55.281 208.3 sl HO, ct c; vs Et OH, et h 
549 But yl cyclohexyl рї hal at e 185,0, 84-64-0 304.382 col liq =2055 1.076% sl ЊО; mi sc os 
550 But yl cycl opent ane оба 2040-95-1 126.239 liq -108 56.6 0.7848 43162 ^ vs ace, bz, et h, Et OH 
551 But yl di chl oroacet at e 418010, 29003-73-4 85.048 193.5 1.182020 .4420 vs et h, Et OH 
552 But yl (2,4-di chl orophenoxy)acet at e 2,4-D But yl est er qo Hu Cl 0, 94-80-4 271.143 9 133! 
553 5-But yl di hydro-2(3-f uranone (Н,,0; 104-50-7 142.196 13220 0.979619 44519 5 Et OH; sl ctc 
554 But yl di met hyl ami ne N,N-Di met ћу! -1-but anami ne ШЕ 927-62-8 101.190 95 0.7206? .3970? msc HO, Et OH, et h, ace, bz 
555 1-ғеяВи yl -3,5-di met ћу! benzene Nm 98-19-1 62271 liq -18 207 0.8668 sctc 
556 4-f ertBut yl -2,6-di met hyl -3,5- Musk ket one C H, №05 81-14-1 294.303 уе сгу 135.5 vs chl 
di ni t roacet ophenone 
557 2-LertBut yl -4,6-di met hyl phenol 1200 879-09-0 78.270 22.3 249 0.917% 51082 — i alk 
558 4-t ertBut yl -2,5-di met hyl phenol NONU 1696-37-6 18.270 712 264 0.9398 53119 s alk 
559 4-І erfBut yl -2,6-di met hyl phenol PU 879-97-0 178.270 824 248 0.91680 salk 
560 1-t ertBut yl -3,5-di met hyl -2,4,6- CH, МО 81-15-2 297.263 pl, па (al) 110 i Ю; sl Et OH; s et h, chl 
tri ni t robenzene 
561 2-t ertBut yl -4,6-di ni t rophenol о НОО; 420-07-1 240.212 ye sol i d 126 
562 5-But yl docosane ОН, 55282-16-1 366.707 208 24410 0.805820 45032 
563 11-Вш yl docosane ОН, 3475-76-8 366.707 242.50 0.804120 44997 
564 But yl dodecanoat e 69,0, 06-18-3 256.424 18018 
565 But ylet hyl ami ne N-Et hyl -1-but anami ne РТУ 3360-63-9 101.190 107.5 0.739820 „40400 msc Et OH, et h, ace, bz 
566 1-t ertBut yl -4-et ћу! benzene 18% 7364-19-4 62.27 114 -38.4 211 0.8647 
567 But yl et hyl et her «140 628-81-9 02.174 liq -124 923 0.7498 .38182 i НО; msc Et OH, et h; vs ace 
568  sec-But yl et ћу! et her «140 2679-87-0 102.174 81 0.750320 .3802? 1 HO; vs Е OH, et h 
569 tertBut yl ethyl et her Et hgHbut yl et her 48,0 637-92-3 02.174 liq -94 72.6 0.736 .9756? i НО; vs Et OH, et h 
570 2-t ertBut yl -4-et hyl phenol 1280 96-70-8 78.270 23 250 
571 2-But yl -2-et hyl -1,3-propanedi ol 4160, 115-84-4 160.254 wh cry 438 262 0.92750 45872 51 НО, ace; s Et OH 
572 5-But yl -5-et hyl -2,4,6513H,5H)- But et hal На О 77-28-1 212.245 128.5 
ругі mi di net ri one 
573 But yl ethyl sul fide 46,5 638-46-0 18.240 liq -95.1 1443 0.8376 4492 vs Et OH; s chl 
574 terBut yl ethyl sul fide 2-Met ћу! -2-propanet hi ol jH S< 14290-92-7 118.240 liq -88.9 120.4; 569 
575 N-tertBut yl f оптат! de NO 2425-14-3 01.147 liq 16 202 0.903 1.4330 
5/6 Butyl f ormate 5000, 592-84-7 02.132 liq -91.5 106.1 0.8958 .3887? sl НО; s ace; msc Et OH, et h 
577 ѕес-Ви yl f ormat e 550; 589-40-2 102.132 97 0.884620 .3865? 51 НО; s ace; msc Et OH, et h 
578 terBut yl f ormat e 1,1-Di met hylet hyl f ormat e Но, С 762-75-4 102.132 liq 82 0.872 1.3799 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

579 But yl glyci dyl et her 1860, 2426-08-6 130.185 169, 755 ^ 0.918? 

580 But yl hept anoat e But yl enant hat e “H0, 5454-28-4 186.292 liq -67.5 226.2 0.8638 .4204? vs ace, bz, et h, Et OH 

581 Butyl hexanoat e But yl caproat e 1000 626-82-4 172.265 liq -64.3 208 0.8659 41520 | НО; s Et OH; msc et h 

582 tertBut yl hydrazi ne hydrochl ori de AHGCIN, 7400-27-3 124.612 192.5 

583 But yl hydrogen succi nat e Monobut yl succi nat e 81146, 5150-93-6 174.195 8.6 136.53 1.073220 436029 

584 terBut yl hydroperoxi de 8,0; 75-91-2 90.121 6 dec 89; 3617 0.896020 4015 s H,O, Et OH, et h, ct c, chl 

585 ЕенВи yl -4-hydroxyani sol e But yl at ed hydroxyani sol e +H, 0; 25013-16-5 180.244 мах 51 268 i НО; s pet h, Et OH == 

586 But yl 2-hydroxybenzoat e 1,0, 2052-14-4 194.227 liq -5.9 271 1.0728 51159 81 ctc = 

587 But yl 4-hydroxybenzoat e But yl paraben 1840; 94-26-8 194,227 68.5 51 HO, ct c; s Et OH = 

588 But ylci $12-hydroxy-9- But yl ri сі nol eat e 2160, 51-13-3 354.566 2753 0.905822 4566? — vwseth = 
oct adecenoat e, A) > 

589 ft erBut yl hypochl ori t e 4610 507-40-4 108.566 уе lig 115 0.9583 403% i НО; vs et h, bz; s ace | 

590 But yl i sobut yl et her 8160 7071-47-5 30.228 liq 151 0.763 40772 vs асе, et h, Et OH б 

591 terBut yl i sobut yl et her 8160 33021-02-2 30.228 114 1120 ° 

592 But yl i socyanat e 3 GNO 11-36-4 99.131 15 0.880% „40602 2 

593 But yl i socyani de ОМ 2769-64-4 83.132 20 0.7820 vs et h, Et OH - 

594 terBut yl i sopropyl et her 7950 7348-59-3 16.20 114 -88 87.6 0.7368 S chl > 

595 But yl i sot hi ocyanat e 1-Isot hi ocyanat obut ane SHNSC 592-82-5 115.197 68 0.954620 5017 vs et h, Et OH = 

596  sec-But yl i sot hi ocyanat e, (+) 2-Isot hi ocyanat obut апе, (+) КҮЙ 16724-11-4 115.197 59.5 0.94412 vs et h, Et OH % 

597 terBut yl i sot hi ocyanat е 2-Isot hi ocyanat 0-2-те! ћу! propangH,NS С 590-42-1 15.197 10.5 40 0.9187" ° 

598 But yl lactate 105 34451-18-8 146.184 7719 0.974427 vs et h, Et OH © 

599 But yl met hacrylat e 8140» 97-88-1 142.196 60 0.893620 1.42402 vs et h, ОН ж 

600 terBut yl met hacrylat e 8140, 585-07-9 42.196 35.2 б 

601 1-terBut yl -4-met hoxybenzene 18,0 5396-38-3 64.244 19.0 238 0.938320 1.503920 > 

602 1-і ertBut yl -2-met hoxy-4-met hyl - C, H, N,0; 83-66-9 268.265 ра ув If (al) 85 185 i НО; sl Et OH; s et h, chl - 
3,5-di ni t robenzene a 

603 2-t ertBut yl -4-met hoxyphenol 108,0, 21-00-6 180.244 8450 С 

604 3-І ertBut yl -4-met hoxyphenol 108,0, 88-32-4 180.244 65 2 

605 But yl met hyl ami ne N-Met ћу! -1-but anami ne ОМ 10-68-9 87.164 91 0.763715 = 

606 1-ГенВш yl -2-met ћу! benzene PertBut у! ol uene ilis 074-92-6 148.245 liq -50.3 200.4 0.8897 50762 vs ace, bz, et h, Et OH ° 

607 1-tertBut yl -3-met ћу! benzene BertBut yl t ol uene nom 075-38-3 148.245 liq -41.4 189.3 0.8652 494420 vs асе, bz, et h, Et OH c 

608 1-І ertBut yl -4-met ћу! benzene AerBut yl t ol uene 18% 98-51-1 148.245 114 -52 190 0.8612 49189 | m sl Et OH; vs et h, chl ; s ace, 2 

Z 9 

609 But yl 2-met hyl but anoat e But-ybl uat е 40, 5706-73-7 158.238 179 0.862020 „41352 т 

610 But yl 3-met hyl but anoat е But-ybl uat е 480, 09-19-3 158.238 „40585 S 

611 But yl methyl et her 8150 628-28-4 88.148 liq -115.7 70.16 0.7392 37360 i НО; msc Et ОН, et h; s ace =. 

612 sec-But yl methyl et her 5150 16783-23-4 88.148 59.1 0.7415? 36805 vs асе, et h, Et OH Е 

613 2-Е енВи yl -4-met ћу! phenol 10.0 2409-55-4 164.244 51.5 237 0.924775 „49695 51 НО; s ace, bz, chl 8, 

614 2-t енВи yl -5-met ћу! phenol 18,0 88-60-8 164.244 46.5 127" 0.92280 52500 1 НО; s Et OH, et h, ace 5 

615 2-і енВи yl -6-met ћу! phenol 18,0 2219-82-1 164.244 31 230 0.924080 51959 

616 4-і erBut yl -2-met ћу! phenol N:NU 98-27-1 164.244 27.5 237; 132% 0.96520 52300 1 HO; seth, ace, bz 

617 But yl methyl sul fide 565 628-29-5 104.214 114 -97.8 1234 0.8428 44772 vs ОН, MeOH 

618 tertBut yl met ћу! sul fide 565 6163-64-0 104.214 114 98.9 

619 4-But yl morphol i ne ағ NO 1005-67-0 143.227 liq -57.1 2135 0.9068 44510 vs ЊО, ace, bz, Et OH 

620 1-But yl napht hal ene Gre 1634-09-9 184.277 lig -19.8 289.3 0.9738 58192 1 НО; s Et OH, et h, ace, bz 

621 2-ВШ yl napht hal ene NM 1134-62-9 184.277 liq -25 292 0.9673 57770 vs ace, bz, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
622 But yl nitrate ШТ 928-45-0 19.119 133 1.022830 401325 1 НО; s Et OH, et h; sl ctc 
623 Butyl nitrite 480; 544-16-1 103.120 78 0.911425 .3762? msc Et OH, et h 
624 terdBut yl nitrite 480, 540-80-7 03.120 pa ye li 4 63 0.8670 36820 51 HO; s Et OH, et h, chl, CS 
625 sec-But yl ni trite 440; 924-43-6 03.120 68.5 0.87262 37102 vs et h, Et OH, chl 
626 4-(Ви yl ni t rosoami no)-1-but ano! ЛАВИ yl A-(4-hydroxybut yl) C H, №0, 3817-11-6 174241 11500" 

пі 1 гоѕаті пе 

627 5-ВШ yl nonane ОН» 7312-63-9 84.361 217.5 0.763518 42739 = 
628 But yl nonanoat e But yl pel argonat e 3160, 50623-57-9 214.344 -38 12323 0.852025 426225 нэ 
629 But yl oct anoat e 100, 589-75-3 200.318 114 -42.9 240.5 0.8628 „42325 үѕ ace, et h, Et OH >° 
630  2-But yl -1-oct anol 164,0 3913-02-8 86.333 246.5; 13215 0.89120 = 
631 Butyl oleate Butojl s9-oct adecenoat e GH,.0, 42-77-8 338.567 ye cry -26.4 2275 0.870455 44802 vs ОН o 
632 t erBut yl 3-oxobut anoat e 46,0; 694-31-1 158.195 TIS 0.975620 4180 m 
633 Butyl 4-oxopent anoat e But yl levuli nat e 2,06 2052-15-5 72.221 237.5 0.973520 .4290? ^ sl chl б 
634 But yl pal mi tate But yl hexadecanoat e >Нұ0; 11-06-8 312.531 cry (di | al) 16.9 439 i HO; 5 ОН, eth ° 
635 But yl pent anoat e 900 591-68-4 58.238 liq -92.8 185.8 0.8710 .428? 51 ЊО; s Et OH, et h 2 
636 зес-Ви yl pent anoat e 940; 16836-32-9 158238 174,5 0.860520 .40702 vs bz, et h, py, Et OH - 
637 4-(1-But yl pent yl )pyri di ne P^ 2961-47-9 205.340 265; 1819? 0.887825 „48465 27 
638 Генвиу! peroxybenzoat e Benzoyl ertbut у! peroxi de 1,0; 614-45-9 194,227 7502 1.021% 49902 = 
639 2-Ви yl pheno [К 3180-09-4 150.217 liq -20 235 0.975 51809 — i HO; s Et OH, et h, alk % 
640 2-sec-But yl pheno QH,,0 89-72-5 50.217 16 228; 116%! 0.980425 520095 ° 
641 2-tertBut yl pheno! НО 88-18-6 150.217 114 -6.8 223 0.9788 5160" s Et OH, ct c, alk; vs et h © 
642 3-ВШ yl pheno [К 4074-43-5 150.217 248 0.97420 vs et h, Et OH ж 
643 3-t ertBut yl pheno £H,0 585-34-2 50.217 nd (pet h) 423 240 S Et OH, alk; vs et h ° 
644  4-But yl pheno GH,,0 1638-22-8 50.217 22 248 0.9762 51659 | НО; s Et OH, et h, alk; sl ctc > 
645 4-sec-But yl pheno 4-(1-Met hyl propyl )phenol 4,0 99-71-8 150,217 61.5 24 0.98620 51827 1 НО; s Et OH, alk; vs et h ші 
646 4-Г ertBut yl pheno НО 98-54-4 50.217 nd (li g) 98 237 0.908 4787 ^ 5 Н,0, Et OH, et h, chl , alk с 
647 4-t ertBut yl phenol , phosphat е (3:1) зо О.Р 78-33-1 494.602 i Et OH; sl et h, bz e 
648 (4-і еяВш yl phenoxy)met ћу! Joxi rane 16.80 3101-60-8 206.281 16714, 14505 1.03625 514520 2 
649  N-But yl A-phenyl acet ami де «HNO 91-49-6 91.269 24.5 281 0.991220 51469 sl chl "Jj 
650 1-(4-t ertBut yl phenyl et hanone 18,0 943-27-1 16.254 17.7 263; 137? 0.963520 5189 © 
651 Butyl phenyl et her But oxybenzene 108440 1126-79-0 150.217 iq -19.4 210 0.9357 4969? ^ seth, ace 5 
652  N-But yl pi реп di ne oH GN 4945-48-6 141.254 176 0.824520 44672 с 
653 But yl propanedi oi c ас! d But yl mal oni c aci d 7H420,0 534-59-8 60.168 pr (w) 104.5 vs H,0; s Et OH, et h 54 
654 But yl propanoat e But yl propi onat e 18,0; 590-01-2 130.185 iq -89 146.8 0.8754 4014 sl HO, ct c; msc Et OH, et h 8 
655  sec-But yl propanoat e 840, 591-34-4 130.185 133 0.865720 39529 s Et OH, et h z 
656 N-t ertBut yl -2-propenami de N-t ertBut yl acryl ami de мо 107-58-4 27.184 cry (bz) 128 51 HO; i peth 5 
657 Butyl propyl et her 18,0 3073-92-5 116.201 118.1 0.7772 i НО; vs Et OH, et h E 
658 4-t eBut yl pyri di пе 963 3978-81-2 135.206 iq -41 196.5 0.915 „49580 sctc, CS = 
659  5-But yl -2-pyri di necarboxyli c aci d Fusari c aci d по а МО 536-69-6 79.216 97 
660 But yl stearat e 200, 123-95-5 340.583 27 343 0.85425 43280 | НО; s Et OH; vs ace 
661 But yl t hi ocyanat e 1-Thi ocyanobut ane ИШЛЕ 628-83-1 115.197 186 0.9563" 4360? 1 НО; s Et OH, eth 
662 2-But ylt hi ophene 8659 1455-20-5 40.246 181.5 0.953720 50902 
663 But yl t hi ophene-2-carboxyl at e But yl 2-t hi ophenecarboxylate 38,0% 56053-84-0 84.255 58045 
664 But yl 4-t ol uenesul f onat e HROS 778-28-9 228.308 1656 1.131920 5050? 1 НО; зе п; 51 ctc 
665 But yl t ri chl oroacet at e 400; 3657-07-6 219.493 204 1.277820 45255 setce 
666 But yl (2,4,5-t ri chl orophenoxy)acet ate 2,4,5-Т But yl est er 12144030, 93-79-8 311.588 285 337 


16-Е 


20 


о о 
N N == ы” N Sannan L ре 
О = so” ЗӨ) X N МЕ “т бон о о 


But уп! t rat e But ylni t ri t e terBut ylni trite —sec-But ylni tri te 4-(But yl ni t rosoami no)-1-but anol 5-But yl nonane But ylnonanoat e But yloct anoat e 
K ys даасан 
Зил тə "PS 
2-But yl -1-oct anol But ylol eat e t енші yl3-oxobut anoat e But yM-oxopent anoat е But ylpal mi t at e But ylpent anoat e 
OH 
OH 
ил УТ он 
о О ОН НО ОН ОН 
S 0 
— 2 | % ж 
O 2 
Сү е 
Sec-But ylpent anoat e 4-(1-But yl pent yl )pyri di ne t енші ylperoxybenzoat e 2-But yl phenol 2-sec-But yl phenol 2-t енВші yl phenol 3-But yl phenol 3-і енВші yl phenol — 4-But yl phenol — 4-sec-But yl phenol 
| ES 
27 
bi 
OH о 
27 А ои 
| о, A 
< ne O. 
SNe и та N 4 
N о“ 
4-і енВші yl phenol 4-ГенВш yl phenolphosphat e(3:1) (4-І erBut yl phenoxy)met hyl Joxi гапе N-But ylA-phenyl acet ami де 1-(4-Г еяВші yl phenyl је! hanone ut ylphenyl et her N-But yl pi peri di ne But yl о. ова d ut ylpropanoat e 


27 
5 н ~ s ©. : 
EM Du тыл 22 
ыг > е” В N м шаа ааа ый 
O NOL. N о О 
Sec-But ylpropanoat e N-t ertBut yl -2-propenami de But ylpropyl et her 4-і енВш yl pyri di 5-But yl -2-pyri di necarboxyacicd Ви ylst earat e 
СІ СІ 
[\ о су? с | XX 
О. 
T [3 sy V У Брзо — “За 
m S Ó q Ó 


N 
But ylt hi ocyanat e 2-But ylt hi ophene But yit hi ophene-2-carboxyl at e But yl4-t ol uenesul f onat e But ук ri chl oroacet at e But yi(2,4,5-t ri chl orophenoxy)acet at e 


(penuguo») SqaN1OdIWOO OINVO2?IO AO S.LNV.LSNOD 'IVOISAHd 


6-6 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

667 But ylt ri chl orosi | ane Tri chl orobut yl si | ane 40,56 7521-80-4 191.559 148.5 1.1608? 14363? s et h, bz t ol, AcOEt 

668 But yl t ri fluoroacet at e НЕ 367-64-6 170.129 102 1.026822 1.35322 s chl 

669 But yl urea 0850 592-31-4 116161 tab (w), nd (bz) 97.0 vs HO, Et OH; 51 chl 

670  sec-But yl urea (1-Met hyl propyl )urea 510:М,0 689-11-2 116.161 pr (w) 169 

671 t erBut yl urea НО 118-12-3 116161 176 dec S H0; vs Et OH; sl bz 

672 1-tertBut yl -4-vi nyl benzene D-t ertBut yl st yrene ys 746-23-2 160.255 114 -36.9 99 0,8920 

673 But yl vi nyl et her 1-(Н henyl oxy)but ane 61120 11-34-2 100.158 liq -92 94 0.7888 .4026 i HO; vs Et OH, ace; msc et h; s bz - 

674 terButyl vi nyl et her 2-(Et henyl oxy)-2-met hyl propane — ; Hi, (T 926-02-3 100.158 liq -112 75 0.769 .392220 = 

675 1-But yne Et hyl acet yl ene n 07-00-6 54.091 col gas -125.7 8.08 0.6783 .3962 ij HO; s Et OH, et h = 

676 2-But yne Di met hyl acet yl ene «НС 503-17-3 54.091 мо! li 4 070845 -322 26.9 0.6970 392191 НО; s Et OH, et h, сіс = 

677 2-But ynedi ami де Се! ос! di n 490; 543-21-56 112.087 cry (di | MeOH) 217 dec 51 №, chl, Et OH, et h, gl НОАс » 

678 2-But ynedi ni t ri le NC 071-98-3 76.056 20.5 76.5 0.970825 „46475 С 

679 2-But ynedi oi с aci d 480, 42-45-0 114.057 183 dec vs ЊО, Et OH, et h Q 

680 2-Вш yne-1,4-di ol Bi s(hydroxymet ћу! Jacet yl ene 46 10-65-6 86.090 pl (bz, AcOEt) 50 238 1.4802 vs цэл ОН, ace; sl eth; | bz, 5 

ре 

681 2-ВШ yne-1,4-di ol di acet at e 14-01 acet oxy-2-but yne ШЙ 573-17-7 170.163 12210 46119? sctc 4 

682 2-But ynoi c aci d 48,0; 590-93-2 84.074 pl (eth, peth) 78 203 0.9644 vs Н,0, et h, Et OH, chl > 

683 2-But yn-1-ol 090 764-01-2 70.090 iq АЛ 148 0.9370 44530? vs eth, Et OH - 

684 3-ВШ yn-1-ol 090 927-74-2 70.090 iq -63.6 129 0.9257 440902: vs Н,0,Е OH % 

685 3-Вш yn-2-ol 0950 2028-63-9 70.090 iq -15 106.5 0.8618 „42079 vs HO, et h, Et OH ° 

686 3-But yn-2-one Et hynyl met hyl ket one 40 1423-60-5 68.074 84 0.879320 407020 ° 

687 3-ВШ ynyl benzene GHio 16520-62-0 130.186 190 0.925820 52082 ж 

688 y-But yrol act one Oxol an-2-one 4660, 96-48-0 86.090 iq -43.61 204 1.1296 44341? уз ace, bz, et h, Et OH ° 

689 Сасої heli ne АН, NO; 561-20-6 427.408 ye cry >300 si HO > 

690  y-Cadi nene Н 39029-41-9 204.352 126” 0.918215 31662 = 

691 Cadmi um bi s(di et ћу! di t hi ocarbamat e) 1H», 00N,S, 14239-68-0 408.950 wh cry 255 с 

692 Caf f ei ne al МО 58-08-2 194.191 wh па (м+1), 238 sub 90 1.23% sl HO, Et OH; i. eth, ct c; s chl, py S 

hex pr (sub) 

693 Calactin 19-Oxogomphosi de 2394009 20304-47-6 532.623 small рг (асе) 271 = 

694 Calci um ascorbat 6 483,,С40,, 5743-27-1 390.310 tri сі cry (w) 5:0; i. MeOH, Et OH o 

695 Calci ит ci t rat e 208,0, — 7693-132 498.433 cry (w) =100 dec (hyd) 51 HO; i Et OH c 

696 Calci um cyanami de Cal ci um carbi mi de CCal 56-62-7 80.102 col hex cry 21340 sub 2.29 dec Н,0 2 

697 Calcium cycl amat e Af, CaN,O, 139-06-0 396.535 cry vs HO 2 
5, т 

698 Calcium gl uconat e „Сао 299-28-5 430.373 сту i Et OH, os S 

699 Calci um i odobehenat e lododocosanoi c aci d, cal ci um salt „На C8,0, 319-91-1 971.023 wh-ye pow i HO, Et OH, et h; s chl =. 

700 Calci um lactate СаО» 814-80-2 218.217 wh pow (w) S H0; i Et OH z 

701 Calci um 2,4-pent anedi oat e Calci um acet yl acet onat 6 8405, 9372-44-2 238.294 col cry (MeOH) dec 8, 

702 Calci um t hi ogl ycol lat e 4020,5; 814-71-1 222.297 pr (w) 220 авс S ЊО, chl; sl Et OH; i. et h, bz d 

703 Calotoxi n B-Hydroxy-19-oxogomphosi de (51:06 20304-49-8 548.622 cry (Et OH) 268 

704 Calotropi n АН 986-70-5 532.623 pl (Et OH) 221 S ED, Et OH; i eth 

705 Calust erone 6,0 7021-26-0 400.680 cry (ace) 157.5 

706 Сатрћепе, (+) 22-01 met hyl -3- С Нь 5794-03-6 136.234 па 52 161 0.89505 145705  vseth 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
707 Сатрћепе, (-) 2,2-Di met hyl -3- СН 5794-04-17 36.234 52 158 0.844650 145644 vs eth 
met hyl enebi cycl o[2.2.1]hept ane, 
(15)- 
708  d-Camphocarboxyl i c aci d 11,0, 18530-30-8 96.243 pr(eth,50% al) 127.5 vs bz, et h, Et OH 
709 Camphor, (+) 1,7,7-Tri met hyl bi бус! o[2.2.1]hept an€,,H,,0 21368-68-3 52.233 wh rhom cry 178.3 sub i HO; vs Et OH, et h; s ace, bz, ct c 
2-опе, (+) (Et OH) 
710 Camphor, (+) 1,7,7-Tri met hyl bi бус! o[2.2.1]hept anC, H, 0 464-49-3 152.233 pl 178.8 207.4 0.9905 1.5462 i НО; vs Et OH, et h; s ace, bz 
2-опе, (1R) а”, 
711 Camphor, (-) 1,7,7-Tri met hyl bi бус! o[2.2.1]hept апе „Н.50 464-48-2 52.233 178.6 0.985318 i HO; vs Et OH, et h, НОАс; s ace, = 
2-опе, (15) bz = 
712 Сатрһог с ас! 0, (+) 1,2,2-Tri met hyl -1,3-cycl opent ane- Cio Hie, 5394-83-2 200.232 pr, If 202 1.186 sl 4; s chl, et h, Et OH = 
di carboxyl i c aci аЯ8, 35А) > 
713 d-Camphorsul f oni c aci d 18045 3144-16-9 232.297 рг (НОАс) 195 dec vs HO; i et h; sl НОАс m 
714 Canadi пе, (+) DL-Tet rahydroberberi ne fH NO, 29074-38-2 339.386 mcl nd (а!) 134 vs Et OH, ch б 
715 Cannabi di ol Аб; 13956-29-1 314.462 rods (pet h) 67 188 1.040% 1.54042 HO; s Et OH, et h, bz, chl ° 
716 Cannabi nol 6,6,9-Tri met ћу! -3-pent М-6 C4 Ha; 521-35-7 310.430 pl, If (peth) 77 185 i HO; s Et OH, et h, ace, bz, pet h, 2 
di benzo[b,d]pyran-1-ol а - 
717 Сапгепопе C H0, 976-71-6 340.455 cry (AcOEt ) 150 > 
718 Cant hari di n „0, 56-25-7 196.200 ort h pl 218 sub 84 i JB; sl Et OH, et h, ace, bz; s = 
HOAc un 
719 Caprolact am 6-Hexanel act am 68 NO 105-60-2 113.157 If (По) 69.3 210 vs bz, Et OH, chl © 
720 Capsai сі п НО. 404-86-4 305.412 то! pl orse 65 21500 i HO; vs Et OH; s et h, bz, pet h; sl = 
(pet h) con HCI o 
721 Capsant hi n 3,3-Di hydroxyac-carot en-6-one, 0,0, 465-42-9 584.871 176 я 
(383558) © 
722 Capt af ol 4 60140,5.. 2425-06-1 349.061 cry 161 = 
723 Capt an GH,CINO;S  133-06-2 300.590 cry (CCI) 172.5 1.7425 vs chl 5 
724 Capt opri | 1-(3-Mercapt o-2-met ћу! -1- CH, NO;S 62571-86-2 217.285 cry (AcOEt ) 105 s HO, Et OH, chl 
охургору! )prol i ne 2 
725 Carbachol GH4CINO, — 51-832 182.648 210 dec vs Н,0, MeOH; sl Et OH; i. et h, chl 2 
726 Carbami с chlori de Carbamyl chl ori de НО 463-72-9 79.486 дес 62 - 
727 Carbamodi t hi oi c aci d ГЕЛ 594-07-0 93.172 vs Et OH, et h 2 
728 Carbamoyl di hydrogen phosphat e QNO;P 590-55-6 141.021 unst ab іп soln 5 
729 Carbaryl CHNO, 63-25-2 201.221 145 1.2285 vs ace, DMF = 
730 Carbazole Di benzopyrol le non 86-74-8 167.206 pl or If 246.3 354.69 1@ sl EtOH, eth, bz с, засе | ©? 
731 9H-Carbazol e-9-acet i c aci d Ви №, 524-80-1 225.243 If (AcOEt ) 215 vs et h, Et OH, chl , НОАс © 
732 Carbendazi m Carbami c aci dH4benzi mi dazol -2- CH,N,0; 0605-21-7 191.186 300 dec 145 = 
yl -, met hyl est er E 
733 Carbet apent ane Pent oxyveri ne Ви NO; 77-23-6 333.465 165001 Е 
734  N-Carbet hoxypht hal i mi de N-(Et hoxycarbonyl )pht hal i mi de НОМ, 22509-74-6 219.194 91 = 
735 Carbi c anhydri de (5,0; 29-64-6 164,158 orth cry (peth) 164.5 1412 vs ace, bz, Et OH, chl 
736 Carbi mazole (H. №055 22232-54-8 186.231 Cry, pow 123.5 vs ace, chl 
737 Carbobenzoxyhydrazi пе Benzyl carbazat e 48,М,0, 5331-43-1 166.177 69.5 
738 Carbof шап АМО, 563-66-2 221.252 151 1.18 
739 Carboi mi di c di fluori de DHF 2712-98-3 65.023 gas -90 -13 dec 
740 y-Carboli ne Б-Ругі do[4,3-b]i ndol e (УМ, 244-69-9 168.195 па 225 1.352 SI HO, bz; vs MeOH; s Et OH 
741 Carbon di oxi de Carboni c anhydri de 50 24-38-9 44.010 col gas -56.56 t p -78.5 sp 0.726 (p>1 51 HO 
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742 Carbon di sel eni de Carbon sel eni de 658 506-80-9 169.93 yeliq -43.7 1255 2.6823 1.845420 
743 Carbon di sul fide Carbon bi sul fide 05 15-15-0 76141 col liq -112.1 46 1.2632 1.63192 5 Њ0, chl ; msc Et OH, et h 
744 Carboni caci d CHO; 463-79-6 62.025 Aq. soln. of CQ 
745 Carboni с di hydrazi de Carbohydrazi de 480 497-18-7 90.085 nd (di | al) 154 1.676 vs ЊО, Et OH 
746 Carbon monoxi de Carbon oxi de 00 630-08-0 28.010 col gas -205.02 -191.5 0.7909 sl HO; s bz, HOAc 
747  Carbonochl ori di c aci d, 4-ni t горћепу! C;H,CI NO, 7693-46-1 201.565 80 16019 
est er = 
748 Carbonochl ori di c aci d, (4- C4H,CI NO, 4451-32-3 215.592 32.8 m 
ni t rophenyl )met hyl est er ме 
749 Carbonochl ori di c aci d, 2,2,2- С.Н,01,0, 17341-03-4 211.859 631 n 
tri chloroet ћу! est er б 
750 Carbonot hi oi c di chl ori de Thi ophosgene SCCI 463-71-8 114.982 red li q 73 1.508 1.544220 dec H,0, Et OH; s et h E 
751 Carbonot hi oi c di hydrazi de 1,3-Di ami no-2-t hi ourea 445 CH 2231-57-4 106.151 ү (w)nd,pl 170 dec vs ЊО ^ 
752 Carbon oxysel eni de Carbonyl seleni de С05е 1603-84-5 106.97 col gas; unstab -122 -215 060 Н 5 
753 Carbon oxysul fide Carbonyl sul fide 005 463-58-1 60.075 col gas -138.8 -50 1.028 1.2487 51 ЊО; s Et OH; vs KOH 9 
754 Carbon suboxi de 1,2-Propadi ene-1,3-di one 3, 504-64-3 68.031 col gas -107 6.8 1.114 1.45380 s et h, bz, CS < 
755 Carbonyl bromi de Bromophosgene CBO 593-95-3 187.818 64.5 2528 2, 
756 Carbonyl chlori de Phosgene 00) 75-44-5 98.916 col gas -127.78 8 1.37195 (р>1 S bz, ct c, СА, t ol, НОАС 2 
atm 
757 Carbonyl chl ori de fluori de Carboni c chl ori de fluori de CCI FO 353-49-1 82.461 col gas -148 -47.2 жас H ° 
758 Carbonyl di cyani de 38,0 1115-12-4 80.044 114 -36 65.5 1128 1.3919? s et h, ace, ct c, chl © 
759 N,N-Carbonyl di i mi 087016 1ҢУ,0 530-62-1 162.149 cry (bz) 119 x 
760 Carbonyl fluori de СК) 353-50-4 66.007 col gas -1112 -84.5 1.1395 ° 
761 Carbophenot hi on GH4CIOPS, 786-19-6 342.866 82001 1.2712 = 
762 Carbosulf an QH,N,0,S — 55285-14-8 380.544 126 1.05620 5 
763 Carboxi n GH, N0,S 5234-68-4 235.302 94 с 
764 2-Carboxybenzeneacet i c aci d 460, 89-51-0 180.158 184.5 1.410020 S Н,0, Et OH; sl eth; i bz, chl © 
765 N-(D-1-Carboxyet hyl )Ł-argi ni ne Oct opi ne ом, 34522-32-2 246.264 nd (w) 281 = 
766 L-y-Carboxygl ut ami c aci d e GNO; 53861-57-7 191.138 cry 167 ч 
767 5-(Сатохуте! ћу! )é-cyst ei ne Carbocyst ei ne sHQNO,S 638-23-3 179.195 nd 206 = 
768 2-Carboxyphenyl 2-hydroxybenzoat e Sal sal at e 148.005 552-94-3 258.226 147 sl ace Z 
769 3-Сагепе, (+) С Нь 498-15-7 136.234 171; 12320 0.854930 1.4693 vs ace, bz, et h Я 
770 Cari soprodol CH,N;O, 78-44-4 260.330 cry 92 505 223 
771 Carmi ni c aci d 2504 1260-17-9 492.386 red m | (ад, 136 дес S Н,0, Et OH; sl eth; i bz, chl 8 
е0Н 5 
772 Carnitine 4-Ami no-3-hydroxybut anoi c aci d СМО; 541-15-1 161.199 cry (al-ace), 197 dec vs ЊО, Et OH E 
tri met hyl bet ai ne hyg E 
773 Carnosi ne N-B-Alanyl Z-hi st i di ne На МО, 305-84-0 226.232 260 vs ЊО = 
774 о-багоі ene Cots 7488-99-5 536.873 red pl or pr 187.5 1.0020 vs bz, et В, chl 
pet h, bz- 
e0H) 
775 В-Сагої ene Саб 7235-40-7 536.873 red red br hex 183 1.0020 i НО; sl Et OH, chl; s et h, ace, bz 
pr (Dz-MeOH) 
776 B,w-Carot ene y-Carot ene Go Has 472-93-5 536.873 red pr (bz- 183 i HO, Et OH; sl et h, pet h; s bz, chl 
e0H), vi ol 
pr (et h) 
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Physical 


86-Е 


№. Name Synonym CAS RN Mol. Wt. Form mp/'C den/g cm? n, Solubility 
777 уду-СагоЕ ene t ransLycopene 502-65-8 536.873 red pr or nd 175 sl Et OH, pet h; s et h; vs bz, chl , 
pet h) (5, 
778 В,В-СагоЕ епе-3,3-01 ol, 63А) Zeaxant hi n 144-68-3 568.872 уе pr(MeOH) 215.5 i ВО; sl. Et OH; s et В, ace, bz, py, 
ort h (chl -et h) chl 
779 B,e-Carot ene-3,3-di ol, (83,68) — Xant hophyl | 127-40-2 568.872 yeorviol pr 196 vs bz, et h, Et OH, pet h 
et h-MeOH) 
780 В,В-Сагої en-3-ol , (8) Crypt oxant hi n 472-70-8 552.872 garnet red pr 160 vs bz, chl 
bz-Me0H) а> 
781 Вл-Сагог en-3-ol , (8) Rubi xant hi n «00 3763-55-1 552.872 dk red nd (bz- 160 sl Et OH, pet h; 5 bz, chl = 
е0Н) oran- ~ 
red (bz-pet h) = 
782 w,w-Carot еп-16-01 Lycoxant hi n «850 19891-74-8 552.872 red pl (bz- 168 i HO; 51 Et OH; s bz, CS £ 
е0Н) = 
783 Caroveri ne ЛЕР 23465-76-1 365.468 cry 69 202001 sl i -РГОН с 
784 Carpai ne GeHsoN204 3463-92-1 478.708 mcl рг (al, асе) 121 vs ace, bz, et h, Et OH о 
785 Cart ap hydrochl ori de 19,601М0,5, 22042-59-7 273.804 cry 180 S H,0; sl Et OH, MeOH 2 
786 Сагепопе, (5) C, H, 0 10395-45-6 152.233 233 0.928920 14805? i НО; $ асе - 
787 (R)-Carvone p-Ment ha-1,8-di en-6-one, А) СұН,0 6485-40-1 150.217 25.2 231 0.959320 1.4980? 51 HO; vs Et OH; s et В, ct c, chl > 
788 (5)-Сагуопе p-Ment ha-1,8-di en-6-one, 4) СұН,0 2244-16-8 150.217 <15 231 0.96520 1.4989? 5 HO; vs Et OH; s et В, chl 2 
789 Caryophyl lene "m 87-44-5 204.352 122135 0.907520 14986? vs bz л 
790 Casi mi roi n 6-Met hoxy-9-met hyl -1,3- C4H4NO, 477-89-4 233.220 sl chl © 
di oxol o[4,5-h]qui nol i n-Bf£one = 
791 Cassai пе 6,540, 468-76-8 405.572 fl (et h) 142.5 S Et OH, ace, chl , et h, bz, MeOH © 
792 Caulophylli ne (H, NO 486-86-2 204.267 2 еі nd 137 vs Н,0, ace, bz, Et OH 5 
al, bz 
793 о-Сейгепе С На 469-61-4 204.352 oi | 262.5; 128 > 
794 Cedro G H, 0 77-53-02 222.366 86 0.9479% 1.4824% 5 
795 Cefazolin 4 Н,АМ0,5, 25953-19-9 454.508 nd (ace aq) 200 dec s DMF, py; 51 MeOH; | chl, bz, et h с 
796 B-Cell obi ose НО 13360-52-6 342.296 cry (di | al) 225 dec s40; i Et OH, eth, ace, bz о 
797 (06110111 ose 100,6 33404-34-1 504.437 208 = 
798 Cephalexi n GH.;N.0,S 15686-71-2 347.389 cry 5 
799 Cephaloglyci n Kaf oci n «Ю-№055 3577-01-3 405.425 cry (м) =220 dec е 
800 СерлаГогі di ne 010,5, 50-59-9 415.486 cry s Н,0 2, 
801 Cephalot hi n 1,505, 153-61-7 396.437 160 > 
802 Cephapi ri n fH; NO, 21593-23-7 423.463 cry (ace aq) 155 жА 
803 Cepharant hi ne £H, N,0; 481-49-2 606.707 уе атог pow 150 8 
804 Cephradi ne GJH, NOS 38821-53-3 349.405 col сту (w) 141 dec z 
805 Ceruleni n 2,3-Ероху-4-охо-7,10- С,1,0, 17397-89-6 223.268 wh nd 94 51 ЊО; s bz, Et OH, ace; i. pet h z 
dodecadi enami de, (235)- © 
806 Семад! ne (5,0, 62-59-9 591.733 flat nd (et h) 213 dec = 
807 Chavi ci ne £H, МО; 495-91-0 285.338 vs et h, Et OH, pet h 
808 Chei rolin sB,N0,S; 505-34-0 179.261 cry (et h) 475 200 vs Et OH, chl 
809 Cheleryt hri ne ХН, 0, 34316-15-9 365.380 cry (chl - 207 vs chl 
MeOH) 
810 Cheli doni ne St yl ophori пе 2: HGNO; 416-32-4 353.369 mcl pr (al) 135.5 220002 i HO; s Et OH, et h, chl 
811 Chi nomet hi onat 1005005, 2439-01-2 234.297 170 
812 Стога! hydrat e 4050, 302-17-0 165.403 57 dec 96 1.908120 vs Н,0, bz, et h, Et OH 
813 Chlorambuci | (Ha 010, 305-03-3 304.213 65 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
814 Chlorami ne В N-Chl orobenzenesul f опат! de C,H,CINNaOS 127-52-6 213.618 pr (w) 190 sl Et OH; i chl, eth 
sodi um 
815 Chlorami ne T N-Chl oro-4- C;H,CINNaOS 127-65-1 227.645 pr (hyd) 180 (hyd) s Н,0:1 bz chl, eth 
met hyl benzenesul f onami de sodi um 
816 Chl orampheni col НС О. 56-75-7 323.129 ра ув рі ornd 150.5 sub vs ace, Et OH, chl 
W 
817 Chlorampheni col pal mi t at e 218010, 530-43-8 561.537 cry (bz) 90 vs bz, et h, Et OH 
818 Chlorani li c aci d 2,5-Di chl oro-3,6-di ћудгоху-2,5- 0,Н,010, 87-88-7 208.984 red If (w42) 283.5 50 
сус! ohexadi ene-1,4-di one 
819 Chlorbensi de 1-Chl oro-4[[(4-chl orophenyl ) CH CS 103-17-3 269.189 75 1.42107 
met hyl Jt hi o]benzene 
820 Chlorbi cyclen ОСЬ 2550-75-6 397.768 pow 105 1742 
821 Chlorbromuron N'-(4-Bromo-3-chl orophenyl )-М- CoH BrCl NO, 13360-45-7 293.544 96 1.6920 
met hoxy-N-met hyl urea 
822 Chlorbuf am 1-Met ћу! -2-propynyl (3- СН, CI NO 1967-16-4 223.656 Cry 45.5 sl HO; s MeOH, Et OH, ace 
chl orophenyl )carbamat e 
823 Chlorcycli zi ne fl CIN 82-93-9 300.826 0il 1402 
824 Chlordane CHCl, 57-74-9 409.779 106 75! 1.6025 
825 Chlordant oi n KH ClN,O, 5588-20-5 347.689 $ CS; 
5 
826 Chlordene СНС 3734-48-3 338.873 cry (Et OH) 155 
827 Chlordi те! orm Нас 6164-98-3 196.676 35 5604 1.105% 1.58855 ^ vs bz, et h, Et OH 
828 Chlorendi c aci d 1,4,5,6,7,7-Нехасћі ого-5- C,H,CI,O, 115-28-6 388.844 cry (w) 232 
norbornene-2,3-di carboxyl i c aci d 
829 Chlorendi c anhydri de 48,010; 115-27-5 370.828 235 
830 Chlorf envi nphos Ha COP 470-90-6 359.569 70005 
831 Chlorflurecol H-FI uorene-9-carboxyl i c aci d, 2- 0,610, 2464-37-1 260.672 1.49620 
chl oro-9-hydroxy- 
832 Chlori dazon 3(B)-Pyri dazi none, 5-ami no-4- — C49H,CI NO 1698-60-8 221.643 205 
chl oro-2-phenyl - 
833 Chlori muron-et hyl (CI NO,S 90982-32-4 414.821 186 
834 Chl ormephos Chl oromet hyD, 0-di et ћу! С.Н,С10Р5, 24934-91-6 234.705 oi | 83 1.5244 51 ЊО; mi sc os 
di t hi ophosphat e 
835 Chlormequat chlori de 58:01 999-81-5 158.069 239 авс 
836 Chl ormezanone С.Н.,С1МО5 80-77-3 273.736 cry 117 s| Et OH 
837 Chl ornaphazi ne СН, 0, 494-03-1 268.182 pl (pet h) 55 210 vs ace, bz, et h, Et OH 
838 Chl oroacet al dehyde 5,610 107-20-0 78.497 liq -16.3 855 1.19 seth 
839 2-Chloroacet ami de ЕЗІН 19-07-2 93.512 121 225 S HO; vs Et OH; sl et h 
840 Chloroacet i c aci d 218010, 70-11-8 94.497 mel pl 63 189.3 1.4043 43519 — vsH,O; s Et OH, et h, bz, chl ; sl сіс 
841 Chloroacet i c anhydri de 46010, 541-88-8 170.979 pr (bz) 46 203 1.549720 
842 4-Chloroacet oacet ani || de N-Acet oacet yl -4-chl oroani 1i ne 1 ОО, — 101-92-8 211.645 132 
843 Chloroacet one 83,010 78-95-5 92.524 liq -44.5 119 148 S H;0, Et OH, et h, chl 
844 Chloroacet oni t ri le Chl oromet ћу! cyani de Са 107-14-2 75.497 126.5 1.1930? „42025 vs et h, Et OH 
845 о-СШ oroacet ophenone «-Chl oroacet ophenone QH,CIO 532-27-4 154.594 pl (di | al), rhom,56.5 247 1.3245 i HO; vs Et OH, et h, bz; s ace, pet h 
If (peth) 
846 4-(2-СШ oroacet yl јасе ani 11 de wHGCINO, — 140-49-8 211.645 218 
847 Chloroacet yl chlori де 216010 79-04-9 112.942 114 -22 106 1.4202 .4530? msc et h; sace, ctc 
848 Chl oroacet yl ene ӨСІ 593-63-5 60.482 col gas -126 -30 sl Et OH 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
849 9-Chloroacri di ne СІМ 1207-69-8 213.663 nd (al) 121 sub vs HO, Et OH 
850 2-Chloroani 11 ne e CIN 95-51-2 27.572 liq -1.9 208.8 1.5898 i НО; msc Et OH; s et h, ace 
851 3-Chloroani 11 ne e CIN 108-42-9 27.572 liq -10.28 230.5 1.2161 59410 | НО; msc Et OH, et В, ace, bz; s 
chl 

852 4-Chl oroani 11 ne СІМ 106-47-8 27.572 ort h pr 70.5 232 1.429 55467 — s H,0, Et OH, et h, chl 
853 2-Chloroani 11 ne hydrochl ori de ШӨ 137-04-2 164.033 pl (м, aq al) 235 1.5058 vs ЊО 
854 3-Chloroani 11 ne hydrochl ori de ШЙ 141-85-5 164.033 р 222 vs HO, Et OH = 
855 2-Chloroani sole 1-Chl oro-2-met hoxybenzene 46010 166-51-8 42.583 liq -26.8 198.5 1.1971 54809 1 НО; s Et OH, et h; sl chl T 
856 3-Chloroani sole 1-Chl oro-3-met hoxybenzene #6010 2845-89-8 42.583 193.5 1.17592 53652 | НО; s Et OH, et h = 
857 4-Chloroani sole 1-Chl oro-4-met hoxybenzene #6010 623-12-1 42.583 <18 197.5 1.2072 53900: i HO; vs Et OH, et h, chl; 5 ct c = 
858 1-Chloroant hracene НСІ 4985-70-0 212.674 If (НОАс) 83.5 1.1700 69590 | НО; s Et OH, et h, bz, сіс 2 
859 1-Chl oro-9,10-ant hracenedi one 4,010, 82-44-0 242.658 ye nd (to oral) 163 sub 19; sl Et OH, ctc; msc et h; s 62 | [РМ 
860 2-Chl oro-9,10-ant hracenedi one 1010 131-09-09 242.658 payend(al, 21 sub Г HO, eth; sl Et OH, bz; vs t ol; s A 

HOAc) PhNO, о 
861 2-Chl orobenzal dehyde 01,010 89-98-5 140.567 па 12.4 211.9 1.2483? 56620 51 ЊО; s Et OH, et h, ace, bz, ct c 2 
862 3-Chl orobenzal dehyde CH&CIO 587-04-2 140.567 рг 175 213.5 1.2410? .5650? sl НО, chl; s Et OH, et h, ace, bz - 
863 4-СһІ orobenzal dehyde CH,CI0 104-88-1 140.567 p 475 213.5 1.196! 55561 S Н,0, ace, chl ; vs Et OH, et h, bz » 
864 2-Chl orobenzami de (НСІ NO 609-66-5 155.582 ort h nd (w) 141.8 s ED, Et OH, et h = 
865 Chl orobenzene Phenyl chl ori de 46 108-90-7 112.557 liq -45.31 131.72 1.1058 52410 | НО; msc Et OH, et h; vs bz, ct c л 
866 2-Chl orobenzeneacet i c aci d 816010, 2444-36-2 170.594 nd (w) 96 s| HO; vs Et OH ° 
867 3-Chlorobenzeneacet i c aci d 816010, 1878-65-5 170.594 й (di | al), nd. 77.5 sl НО, bz, ct c, Et OH; msc et h 2 

110) 
868 4-Chl orobenzeneacet i c aci d 810010, 1878-66-6 170.594 nd (w) 105.5 S HO, Et OH, et h, bz Е 
869 2-Chl orobenzeneacet oni t ri le НСІ 2856-63-5 151.594 24 251 1.17378 > 
870 3-ОШ orobenzeneacet oni t ri 16 СІМ 1529-41-5 151.594 115 261; 135° 1.18069 1.543720 2 
871 4-ОШ orobenzeneacet oni t ri le НСМ 140-53-4 151.594 29 265.0 1.17780 560 б 
872 о-СШ orobenzeneacet yl chl ori de 816010 2912-62-1 189.039 12023, 11074 14965 1.544020 (~ 
873 3-ОШ orobenzenecarboperoxoi с aci d 010, 937-14-4 172.566 92 (ес ° 
874 4-Chloro-1,2-benzenedi ami пе 4-Chl om-phenyl enedi ami ne B; CI N, 95-83-0 142.586 pl (02-11 g)lf (w) 76 sJOHvs Et OH, et h; s bz, li g < 
875 4-Chloro-1,3-benzenedi ami ne ЕНІ 5131-60-2 142.586 pl or nd 91 vs Et OH 5 
876 2-СМ oro-1,4-benzenedi ami ne 2-Chl орв-рћепу! enedi ami ne B; CI N, 615-66-7 142.586 nd 64 = 
877 3-Chloro-1,2-benzenedi ol ACI 0, 4018-65-9 144.556 cry (li g) 48.5 110 vs lig 2 
878 4-Chl oro-1,2-benzenedi ol (4,010, 2138-22-9 144.556 If (bz-pet h) 90.5 139 vs Н,0, ace, et h, Et OH я 
879 4-Chl oro-1,3-benzenedi ol (85010, 95-88-5 144.556 257 vs HO, Et OH, et h, ace, bz, C$ т 
880 2-Chl oro-1,4-benzenedi ol 65610, 615-67-8 144.556 ТЫ (chl), nd 108 263 vs HO, chl ; s Et OH, et h; vs bz S 

2 =. 

881 2-Chlorobenzenemet hanami ne СІМ 89-97-4 141.599 72 1.559425 = 
882 3-Chl orobenzenemet hanami ne ОІМ 4152-90-3 141.599 89 1.5570% s 
883 4-Chlorobenzenemet hanami ne СІМ 104-86-9 141.599 1092 1.556625 = 
884 4-Chl orobenzenemet hanet hi ol ІҢСІ5 6258-66-8 158.649 195 1137 1.202% 1.589320 
885 2-Chl orobenzenemet hanol 010 17849-38-6 142.583 If ornd(dil al) 73 230 sDHs Et OH, et h, li g 
886 4-ОШ orobenzenemet hanol 010 873-76-7 142.583 100 (bzor 75 235 vs bz, et h, Et OH 

07-11 g 
887 2-Chlorobenzenesul f onami de 6%С1 NOS 6961-82-6 191.636 If (al) 188 vs Et OH 
888 4-Chl orobenzenesul f опат! de eK. CI NOS 98-64-6 191.636 prorpl (eth) 146 vs bz, et h 
889 4-Chl orobenzenesul f oni с aci d p-Chl orobenzenesul f oni с aci d «100105 98-66-8 192.620 nd (w+1) 67 1475 S Н,0, Et OH; i et h, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
890 4-Chl orobenzenesul f опу! chl ori de «1010,5 98-60-2 211.066 51 1415 vs et h, bz 
891 2-Chl orobenzenet hi ol 46615 6320-03-2 144.602 205.5 1.27520 si HO, Et OH 
892 3-Chl orobenzenet hi ol 46615 2037-31-2 144.622 206 1.26373 i HO; s Et OH, et h, chl, pet h 
893 4-Chlorobenzenet hi ol 605015 106-54-7 144.622 61 206 1.1910 1.54802 i НО; vs Et OH, et h, bz; sl chl 
894 Chlorobenzi lat e (861,0, 510-15-6 325.186 37 157007 1.281620 
895  2-Chl oro-1,3,2-benzodi oxaphosphol e (BICI OP 1641-40-3 174.522 30 8020 1.465020 1.571220 
896 2-Chl orobenzoi c асі d 185010, 118-91-2 156.567 mel рг (w) 1402 sub 1.5440 5 О, bz; vs Et OH, et h, ace; sl - 
2 

897 3-ОШ orobenzoi c aci d 18010, 535-80-8 156.567 pr (w) 158 sub 1.4962 sl HO, bz, ct c, CS; s Et OH, et h 2 
898 4-Chl orobenzoi c aci d 5010 74-11-3 156.567 ісі pr(al-eth) 243 10107, ct c; vs Et OH; sl eth, асе | = 
899 2-Chl orobenzoni t ri le 7HQC 873-32-5 137.567 nd 46.3 232 51 HO; s Et OH, et h, chl o 
900 3-Chlorobenzoni t ri le 790 766-84-7 137.567 4 1005 i НО; s Et OH, et h m 
901 4-СЋ! orobenzoni t ri le 790 623-03-0 137.567 nd (а!) 95 223; 95 14133" sl HO, li а; s Et OH, et h, bz, chl б 
902 2-Chl orobenzophenone 2-Chl orophenyl phenyl ket one СТО 5162-03-8 216.662 pl (chl-li g) 54 330 ° 
903 4-Chloro-2-benzot hi azolami ne ІКСІМ5 19952-47-7 184.646 204 2 
904 6-Chl oro-2-benzot hi azol ami ne 7HOCI NS 95-24-9 184.646 200 - 
905 2-Chlorobenzot hi azole ;KCI NS 615-20-3 169.632 24 248 13715? 1.63380 ^ vs ace, et h, Et OH > 
906 5-Chloro-1H-benzotri 42016 KC 94-97-3 153.569 158 =j 
907 6-Chl oro-2H-3,1-benzoxazi ne- 5-Chl oroi sat oi с anhydri de eH (CI NO, 4743-17-3 197.576 280 dec Ч 

2 4(1H)-di one ° 
908 5-Chloro-2-benzoxazolami ne Zoxazol ami ne 11010 61-80-3 168.580 pl (bz) 1845 vs Et OH = 
909 2-Chl orobenzoxazol e CH,CI NO 615-18-9 153.566 7 201.5 1.3453% 567870 = 
910 5-СМ oro-2(3H)-benzoxazol one Chl orzoxazone GH,CI NO, 95-25-0 169.566 cry (ace) 191.5 vs Et OH, MeOH A 
911 2-Chlorobenzoyl chl ori de 10,0 609-65-4 175.012 114 -4 238 15728 5сіс > 
912 3-Chlorobenzoyl chl ori де 180,0 618-46-2 175.012 225 567720 2 
913 4-Chlorobenzoyl chl ori de 13,010 122-01-0 175.012 16 222 1.377020 57560 sl chl a 
914 1-Chl oro-4-benzyl benzene КАНЫ 831-81-2 202.679 75 299; 148 1.124720 vs ace Q 
915 o-Chlorobenzyl i dene mal ononi t ri le «618 2698-41-1 188.613 wh cry 96 312 sl HO; s bz, di ox, Et OAc, ace 2 
916 2-С огобі phenyl 901 2051-60-7 188.652 mcl (di | al) 34 214 1.1499 i ВО; vs eth, Et OH, li g = 
917 3-Chlorobi phenyl 901 2051-61-8 188.652 16 284.5 1.15785 61819: vs ace, et h, Et OH о 
918 4-Chl orobi phenyl НО 2051-62-9 188.652 If (lig oral) 78.8 292.9; 146 i HO; $ Et OH, et h, li g С; 
919  4'-Chl oro-[1,1’-bi phenyl |-4-аті ne 4-Ami no-4’-chl orodi phenyl ЕМ 135-68-2 203.667 cry (pet h) 134 vs ace, bz, et h 2 
920 3-Chloro-[1,1'-bi phenyl ]-2-ol 2-Phenyl -6-chl orophenol 25010 85-97-2 204.651 6 dec 317 1.245 650379 | НО; El OH, et h, ace, bz un 
921 4-Chl oro-1,2-but adi ene BC 25790-55-0 88.536 88 0.989 90 41775599 vs ace, bz, et h = 
922 1-Chloro-1,3-but adi ene BC 627-22-5 88.536 68 0.96062 47129 vs et h, Et OH, chl S 
923 2-Chloro-1,3-but adi ene Chl oroprene 46 126-99-8 88.536 liq -130 594 0.956 458302 sl НО; msc et h, ace, bz Б 
924 4-Chlorobut anal 5610 6139-84-0 106.551 518 1068 .44669 vs ace, et h, Et OH E 
925 1-Chlorobut ane But yl chl ori de Ше 109-69-3 92.567 liq -123.1 78.4 0.8857 .4023 j НО; msc Et OH, et h; sl ctc = 
926 2-Chl orobut ane (+)sec-But yl chl ori de 46 53178-20-4 92.567 liq -131.3 68.2 0.8732 397129 vs bz, et h, Et OH, chl 
927 4-Chl orobut aneni t ri le ІСІМ 628-20-6 103.551 192 1.09345 44132 | НО; $ Et OH, et h; sl сіс 
928 2-Chl orobut anoi c aci d 40010, 4170-24-5 122.551 18997, „17962 441% sl ЊО; vs Et OH, et h 

10115 

929 3-Chl orobut anoi с aci d 40010, 625-68-3 122.551 cry (et h) 16 1162 „18982 42219: $ EtOH; vs et h; sl ct c 
930 4-Chlorobut anoi c ас! d 46010, 627-00-9 122.551 16 196%, 6802 1.223620 46420 vs Et OH 
931 4-Chl oro-1-but anol НОО 928-51-8 108.566 846 088320 4518? ^ vs et h, Et OH 
932 1-Chl oro-2-but anol oc-But yl ene chl orohydri n 4500 1873-25-2 108.566 141 1.0685 4400 s Et OH, et h 
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3-Chl oro-2-but anone 4091-39-8 106.551 115 1.05545 „42192 

4-Chl orobut апоу! chl ori де 4635-59-0 140.996 173.5 1.258120 46169 seth 

2-Chl oro-1-but ene 2211-70-3 90.552 58.5 0.91075 41659 vs ace, bz, et h, Et OH 

3-Chl oro-1-but ene 563-52-0 90.552 64.5 0.8978? 41499 vs et h, ace; s chl 

4-Chl oro-1-but ene 927-73-1 90.552 75 0.9217? „42330 ув асе, et h, chl 

сі s1-Chl oro-2-but ene 4628-21-1 90.552 841 0.94260 439091 ВО, s Et OH, ace, chl 

t rans1-Chl oro-2-but ene 4894-61-5 90.552 85 0.9295? 4350? i НО; $ асе, chl - 

сі s2-Chl oro-2-but ene 2211-69-0 90.552 liq 70.6 0.9239 .4240? i НО; msc Et OH; s ace, chl = 

t rans2-Chl oro-2-but ene 2211-68-9 90.552 liq 62.8 0.9138 .4190? i НО; msc Et OH; s ace, chl = 

1-Chl oro-44 ertbut yl benzene 3972-56-3 160.663 213 1.00758 512320 = 

Chl oro-(t ertbut yl ја! met ћу! si | ane 18162-48-6 150.722 125 » 

Chl oro(t ertbut yl ја! phenyl si | ane 58479-61-1 274.861 12026 1.0720 567570 го 

2-Chl oro-44 ertbut yl phenol 98-28-2 184.662 114 С) 

3-Chl oro-1-but yne 21020-24-6 88.536 68.5 1.42185 421825 5 

2-Chl oro-N-(2-chl oroet ћу!) 821-48-7 178.488 9 
et hanami ne, hydrochl ori de = 

2-Chl oro-A-(2-chl oroet ћу! А. HN1 538-07-8 70.080 col liq 66 1.086123 46535 i HO > 
et hyl et hanami ne - 

2-Chl oro-N-(2-chl oroet ћу! + Mechl oret hami ne 51-75-2 156.053 8778, 645 sl ЊО; msc ct c, DMF un 
met hyl et hanami ne o 

1-Chl oro-2-(chl oromet ћу! )benzene 2-Chl orobenzyl chl ori де 611-19-8 61.029 liq 217 1.2699 .5530? i НО; sl Et OH, ct c; vs et h, bz ті 

1-Chl oro-3-(chl oromet ћу! )benzene 3-Chl orobenzyl chl ori де 620-20-2 61.029 216; 110% 1.269575 55549 vs Et OH о 

1-Chl oro-4-(chl oromet ћу! )benzene 4-Chl orobenzyl chl ori de 104-83-6 161.029 nd 223 sl ctc Е 

Chl oro(chl oromet ћу! )di met ћу! si | ane 1719-57-9 143.088 115.5 1.08682 44360? » 

3-Chl oro-2-(chl oromet hyl )-1- 1871-57-4 24.997 liq 138 1.1782 4753 vs Et OH, chl 2 
propene б 

1-Ch oro-4-[(chl oromet ћу!) 7205-90-5 193.094 12872 1.34625 60552 с 
t hi o]benzene © 

2-Chl oro-1-(4-chl огорїїепу! ) 937-20-2 89.039 nd 270 S Et OH, bz, MeOH = 
et ћапопе ma 

3-Chl orochol est -5-епе, (8 910-31-6 405.099 nd (al , ace) i JÜ; s Et OH, ace, bz, chl ; vs CS © 

t rans-eChl oroci ппаті с aci d 939-58-2 82.604 vs et h, ОН 5 

t rans-mChl oroci nnami c aci d 14473-90-6 82.604 S Et OH, eth 5 

t rans-pChl oroci nnami с aci d 940-62-5 182.604 vs ace, et h, Et OH Ф 

Chl orocycl ohexane Cycl ohexyl chl ori de 542-18-7 18.604 liq 142 1.00 46269 | Ho; msc Et OH, et h, ace, bz; vs A 

Ё = 

2-Chl orocycl ohexanone 822-87-7 32.507 825 1.16020 48252  seth, bz, di ox; sl ctc E 

1-Chl orocycl ohexene 930-66-5 16.588 142.5 1.0361? „47970 şet h, ace, ct c, chl Е 

Chl orocycl opent ane Cycl opent у! chl ori де 930-28-9 04.578 114 1.00520 4510? i НО; s et h, асе, bz, ct c = 

2-Chl огосус! opent anone 694-28-0 18.562 879, 732 1.1855 .475020 

3-Chl orocycl opent ene 96-40-2 02.563 400, 2730 1.03882 „47086 ^ vs et h, Et OH, chl 

4-Chl oro-2-cycl opent yl phenol Dowi ci de 9 13347-42-7 96.673 1838 

1-Chl orodecane 1002-69-3 76.727 liq 225.9 0.8696 4380? | НО; vs eth, chl; s ctc 

10-Chl oro-1-decanol 51309-10-5 92.726 1875 0.963025 45780 us et h, Et OH 

2-Chl oro-V,N-di al | yl acet ami де Alli dochl or 93-71-0 73.640 liq 1169207 1.08825 .49325 s| НО; s Et OH 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
971 Chlorodi azepoxi de (Н40М0 58253 299.754 236.2 
972 СН! ого! bromomet hane СНВИ 124-48-1 208.280 liq -20 120 2451 54820 | НО; s Et OH, et h, ace, bz 
973 Chloro(di chl oromet hyl )di met hyl si lane (Пі chl oromet ћу!) САНС 8: 18171-59-0 177.533 114 -48 149 1.2309 461% 
di met hyl chl orosi | ane 
974 5-Chloro-A-(3,4-di chlorophenyl)-2- 2,4,5-Ті chl orosal i cylani 11 de 43140410, 642-84-2 316.568 247 
hydroxybenzami de 
975 2-Chl oro-1,1-di et hoxyet hane 03010, 621-62-5 152.619 157.4 1.018020 4170202 sl НО, ct c; msc Et OH, et h 
976 3-Chl oro-1,1-di et hoxypropane EN 35573-93-4 166.646 8425 0.995179 .4268? ^ vsace bz = 
977 2-Chl oro-N,N-di et hyl acet ami de «НОСІ NO 2315-36-8 149.618 1925 ме 
978 2-Chl oro-N,N-di et hyl et hanami пе, СОЊА 869-24-9 172.096 200 si HO n 
hydrochl ori de б 
979 Chlorodi fluoroacet i c aci d 2HCI EO; 76-04-0 130.478 hyg 25 122 .3559? — schl > 
980 1-Chloro-1,1-di fluoroet hane Ref ri gerant. 142b 215015, 75-68-3 100.495 со! gas -130.8 -9.1 1.1025 i ВО; s bz 
981 1-Chloro-2,2-di fluoroet hane 28,015, 338-65-8 100.495 35.1 5 
982 1-Chl oro-2,2-di fluoroet hene 1-Chl oro-2,2-di fluoroet hyl ene НОБ 359-10-4 98.479 col gas -138.5 -18.5 ” 
983 Chlorodi fluoromet hane Ref ri gerant 22 CHCI F 75-45-6 86.469 col gas -157.42 -40.7 1.490989 51 HO; s et h, асе, chl s 
984 7-Chloro-2,3-di hydro-H-i nden-4-ol — Chlori ndanol 245010 145-04-8 168.619 nd (pet h) 92 » 
985 10-Chloro-5,10-di hydrophenarsazi ne Phenarsazi ne chl ori de oHOASCIN 578-94-9 271.581 ye cry 195 1.65 ЕЮ; sl ct c, bz, ху! = 
986 5-Chl oro-2,4-di met hoxyani 11 ne 814010, 97-50-7 187.624 91 Un 
987 2-Chl oro-1,1-di met hoxyet hane 46010, 97-97-2 124.566 127.5 1.06820 14150? sl Et OH, et h, bz, ct c © 
988 М-(4-СМ oro-2,5-di met hoxyphenyl )- CoH,CINQ, 4433-79-8 271.697 107 s chl = 
3-oxobut anami de o 
989 Chlorodi met hyl al umi num Di met hylal umi num chloride — АСС 1184-58-3 92.504 hyg liq -21 126 0.996 reac; s hx 2 
990 2-Chloro-10-(3- Ami nazi n hydrochl ori de 1782061205 69-09-0 355.325 195 dec $ Н,0:1 eth, bz; vs chl , Et OH Q 
di met hyl ami поргору! )phenot hi azi ne 
monohydrochl ori de m 
991 2-Chloro-V,N-di met hylani li ne 8101 698-01-1 55.625 205 1.1067° 1.5570? vs bz, Et OH б 
992 3-Chl oro-N,-di met hylani li ne ІШІН 6848-13-1 55.625 232 51 HO; s Et OH, асе, bz 8 
993 4-Chl oro-V, V-di met hylani li ne вн 698-69-1 55.625 nd (al) 355 231 1.04809? S Et OH 2 
994 2-Chloro-1,4-di met ћу! benzene EN 95-72-7 40.610 0.8 187 1.05895 i HO; s ace, ct c; vs bz = 
995 4-Chl oro-1,2-di met ћу! benzene ВС! 615-60-1 40.610 liq -6 194 1.0682 i НО; s ace, ct c; vs bz е) 
996 2-Chl oro-V,A-di met hyl et hanami пе, C,H,,Cl, 4584-46-7 144.043 201.0 81 НО 5 
hydrochl ori de = 
997 (2-Chloro-1,1-di met hyl et hyl)benzene Neophyl chlori de tH 1 515-40-2 68.663 223; 1058 1.04720 1.524720 vs асе, bz, et h, Et OH 9 
998 4-Chl oro-2,5-di met hyl phenol 816010 1124-06-7 56.609 si Iv-grnnd (li g) 745 sJ0Hvs bz, Et OH, pet h ~ 
999 4-Chl oro-2,6-di met hyl phenol 816010 1123-63-3 56.609 nd (w) 83 51 HO; vs bz, Et OH, HOAc S 
2000 4-Chloro-3,5-di met ћу! phenol Chl oroxyl enol 3010 88-04-0 56.609 115 246 51 HO, bz, pet h; s Et OH, et h Б 
2001 СН ого! met ћу! phenyl si | ane ШЕЕ 768-33-2 170.712 195; 82 1.03220 1.508220 Е 
2002 1-Chloro-N,N-di met ћу! -2- С.Н, CLN 17256-39-2 158.069 s chl ы 
propanami пе, hydrochl ori de 
2003 1-Chloro-2,2-di met ћу! propane 5810 753-89-9 06.594 liq -20 843 0.8660 1.4044? vs bz, et h, Et OH, chl 
2004 3-Chl oro-2,2-di met hyl propanoi c aci d 6010 13511-38-1 136.577 415 1109 vs ctc 
2005 Chlorodi met hyl si Iane HEI Si 1066-35-9 94.616 lig -111 347 0.852 1.3830 
2006 2-Chi oro-4,6-di ni t roani 11 ne eH, №0, 3531-19-9 217.567 ye у (DMF 157 
aq 
2007 4-Chl oro-2,6-di ni t roani li ne eH, ONO, 5388-62-5 217.567 oran-ye nd (al) 147 s Et OH 
2008 1-Chl oro-2,4-di ni t robenzene GCI NO, 97-00-7 202.552 ye ort h (et 1) па 53 315 1.498275 1.58579 1 НО; sl Et OH; s et h, bz, CS 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2009 2-Chl oro-1,3-di ni t robenzene stGCI NO, 606-21-3 202.552 ye nd (al , 88 315 686719 i H0; s Et OH, et h, t ol; 51 chl 
НОАс) 

2010 1-Chloro-2,4-di ni t ronapht hal ene «НСО, 2401-85-6 252.611 уе па (62) 146.5 
2011 4-Chl oro-2,6-di ni t rophenol «150; 88-87-9 218.551 pa ye cry 81 7422 vs et h, Et OH, chl 
2012 2-Chl oro-3,5-di ni t горуп di ne sHC 50, 2578-45-2 203.541 66.5 
2013 2-Chl oro-1,3-di ni t ro-5- C;H,CIEN,O, 393-75-9 210.550 57 

(t ri fluoromet hyl )benzene 
2014 4-Chl oro-1,3-di oxol an-2-one Chl oroet hyl ene carbonat e 3010, 3967-54-2 122.507 liq 110 213; 122 504 454020 = 
2015 2-Chl oro-1,2-di phenyl et hanone 44010 447-31-4 230.689 nd (al) 68.5 dec S Et OH; sl chl; i alk ме 
2016 Chlorodi phenyl met hane NN 90-99-3 202.679 16 140 14025 59510 schl Л 
2017 1-Chlorododecane Lauryl chlori de HCl 112-52-7 204.780 liq -93 263.2 0.8678 44340 i НО; уз Et OH; msc ace, ct c; s bz a 
2018 Chloroet hane Et hyl chl ori де HE 75-00-3 64.514 vol 11 а ог gas -138.4 12.3 man .3676 sl HO, chl; vs Et OH; msc et h Ё 

atm 

2019 2-Chl oroet hanesulf опу! chl ori de (6,0,5 1622-32-8 163.023 201.5 55520 49202 5 
2020 2-Chloroet hanol Et hyl ene chl orohydri n 21010 107-07-3 80.513 liq -67.5 128.6 1.2079 441920 msc ЊО, Et OH; sl et h; s chl Z 
2021 2-Chl oroet hanol , 4- C;H4Cl QS 80-41-1 234.699 2107 i НО; з с! с 23 

met ћу! benzenesul f onat e > 
2022 Chloroet hene Vi nyl chlori de же 15-01-4 62.498 col gas -153.84 -13.8 0.9106? 37009 51 ЊО; s Et OH; vs et h 2, 
2023 1-Chloro-4-et hoxybenzene 6,010 622-61-7 156.609 21 213 1.12540 525220 s Et OH, et h, HOAC; vs bz; sl сіс 2 
2024 (2-Chloroet hoxy)benzene 69,010 622-86-6 156.609 28 218.5 i ED; vs Et OH, et h, ace, bz; sl сі с ° 
2025 1-Chloro-1-et hoxyet hane 85010 7081-78-9 108.566 93.5 0.9655? 4053 = 
2026 2-(2-Chloroet hoxy)et hanol 488010, 628-89-7 124.566 180; 805 1.185 45290: vs ЊО; msc Et OH, et h o 
2027 2-Chloroet һу! acet at e B-Chl oroet ћу! acet at 6 45010, 542-58-5 122.55 145 1.17820 „42340 | НО; msc Et OH, et h; s ct c я 
2028 2-Chloroet hyl acet oacet at e 0, 54527-68-3 164.586 198; 1209 — 1.2055? 44302 vs bz, et h, Et OH Q 
2029 2-Chloroet hyl ami пе hydrochl ori de 2-Chl oroet hanami пе hydrochl ori 084011 870-24-6 115.990 146.3 vs Н,0, ace, Et OH ” 
2030 (1-Chl oroet ћу! )benzene С 672-65-1 140.610 105% 5 
2031 (2-Chloroet ћу! )benzene С 622-24-2 140.610 197.5; 920 1.0695 52769 1 НО; s Et OH, et h, ace, bz, CS с 
2032 1-Chloro-2-et ћу! benzene 1010 89-96-3 140.610 liq -82.7 1784 1.0569 52180 1 НО; $ асе, bz, ct c, chl o 
2033 1-Chloro-3-et hyl benzene (uc 620-16-6 140.610 liq -55 183.8 1.0529 51959 ^ vs ace, bz, et h, Et OH = 
2034 1-Chl oro-4-et hyl benzene С 622-98-0 140.610 liq -62.6 1844 1.0438 519 1 e Et OH, et h, ace, pet h; 5 

$ НОАс 

2035 2-С oroet hyl chl ого? ormat e 31150, 627-11-2 142.969 155 1.384720 44832 1 НО; s Et OH, et h, ace, bz; sl ctc = 
2036 1-(2-Chloroet hyl)-3-cyclohexyl-1- — Lomust i ne СО, — 13010-47-4 233.695 ye pow 90 i HO; s Et OH = 

ni t rosourea Ф 
2037 М-2-СШ oroet ћу! )di benzyl ami ne Di benami ne tet CIN 51-50-3 259.774 oi ly lig 169 © 
2038 N-(2-Chloroet hyl )di benzylami ne Di benami ne hydrochl ori de пао CIN 55-43-6 296.235 cry 194 i НО; s Et OH, di | aci d z 

hydrochl ori de E 
2039 Chl oroet hyl di met hyl si | ane ІШІҢЕ! 6917-76-6 122.669 895 0.8678 1.410520 Е 
2040 2-Chloroet ћу! et hyl et her 48010 628-34-2 08.566 1075 0.9895° 141139 sl НО; msc et h; s chl = 
2041 2-Chloroet hyl i socyanat е ОСМО 1943-83-5 05.523 441 
2042 1-(2-СШ oroet ћу! )-3-(4- Semust i ne GHigCINO, 13909-09-6 247.722 сгу 64 дес 

met ћу! cycl ohexyl )-1-ni t rosourea 
2043 5-(2-СШ oroet hyl )-4-met hylt hi azole Cl omet hi azole 61,015 533-45-9 61.653 oi | 92 1.233% 
2044 М-2-СШ oroet ћу! morphol i ne НСІ NO 3240-94-6 49.618 42 
2045 4-(2-Chl oroet ћу! morphol i ne, C H, CLNO 3647-69-6 186.079 185 

hydrochl ori de 
2046 1-Chl oro-2-(et hyl t hi o)et hane HEIS 693-07-2 24.632 157 1.06635 
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2047 2-С гоё! hyl vi nyl et her «НЕТО 110-75-8 106.551 liq -70 108 1.0498 43780 vs Et OH, et h; sl chl 

2048 3-Chloro-4-fluoroani 11 ne СЕ 367-21-5 145.562 45.0 227.0 

2049 1-Chl oro-2-fluorobenzene GH,CIF 348-51-6 130.547 liq -43 137.6 1.2239 49180: i НО; s ace, bz 

2050 1-Chl oro-3-fluorobenzene GH,CIF 625-98-9 130.547 127.6 1.2275 4911 

2051 1-Chloro-4-fluorobenzene GH,CIF 352-33-0 130.547 liq -26.8 130 1.4998 4905 1 НО; s Et OH, et h, bz 

2052 1-Chloro-1-fluoroet hane H,CIF 1615-75-4 82.504 vol li q or gas 16.2 

2053 1-Chloro-2-fluoroet hane GH,CIF 762-50-5 82.504 52.8 1.17470 37759) vs et h, ОН - 

2054 Chlorofluoromet hane CECI F 593-70-4 68.478 col gas -135.1 -9.1 51 ED; vs chl = 

2055 1-Chloro-3-fluoro-2-met hyl benzene H; CIF 443-83-4 144.574 154 1.1975 502629 >° 

2056 2-Chloro-1-fluoro-4-ni t robenzene 3-Chl oro-4-fluoroni t robenzene ТЕО 350-30-1 175.545 415 229.5 = 

2057 4-Chloro-1-(4-fluorophenyl )-1- C, IH, CI FO 3874-54-2 200.636 136 1225 525520 > 
but anone m 

2058 3-Chl oro-2,5-f urandi one 48610, 96-02-6 132.502 33 196 1.537525 49802 б 

2059 1-Chloro-1,2,2,3,3,4,4- Ref ri gerant. C317 405 377-41-3 216.485 li 4 or gas -39.1 25 1.608 ° 
hept afluorocycl obut ane 2 

2060 1-Chlorohept ane Hept yl chlori de ;HGC 629-06-1 34.647 liq -69.5 160.4 0.876? 4264? | НО; msc Et OH, et h; sl ctc;schl | юм 

2061 2-Chlorohept ane СНС 1001-89-4 34.647 682, 4619 0.867220 42210 | НО; vs et h; bz, chl, НОАс > 

2062 3-СШ orohept ane (3, 0 999-52-0 34.647 144; 480 0.86902 „42280 vs bz, et h = 

2063 4-Chlorohept ane СНС 998-95-8 34.647 144 0.87100 42372 vs bz, et h т 

2064 7-Chloro-1-hept anol Hept amet hyl ene chl orohydri n 11010 55944-70-2 50.646 cry (pet h, bz) 11 150 0.999815 45375 vs Et OH, pet h о 

2065 1-Chl orohexadecane GH; СИ 4860-03-1 260.886 17.9 326.6 0.8635? 45039 i НО = 

2066 1-СШ orohexane Hexyl chl ori de ВС 544-10-5 20.620 liq -94.0 1351 0.8781 42009 i bus Et OH, et h, ace, bz; vs chl ; = 

sl ctc 

2067 2-Chl огоһехапе 2-Hexyl chl ori де Вас 638-28-8 20.620 122.5 0.8694! 41422 vs ace, bz, et h, Et OH Q 

2068 3-Chlorohexane 3-Hexyl chl ori de «0 2346-81-8 20.620 123 0.8684? 4163 vs ace, bz, et h, Et OH 2 

2069 6-Chl oro-1-hexanol (Н4010 2009-83-8 36.619 1072 1.024120 4550? 51 ЊО; vs Et OH, et h о 

2070 4-Chloro-17-hydroxyandrost -4-en-3- Cl ost ebol GH,/Cl 0, 1093-58-9 322.869 189 б 
опе, (178) о 

2071 5-Chl oro-2-hydroxybenzal dehyde СНОО, 635-93-8 156.567 р! (а!) 100.3 1082 i НО; vs Et OH; s et h, al k = 

2072 4-СҺ ого-о-ћудгохубепгепеасе! | с C 1,010, 492-86-4 186.593 120.3 vs bz, Et OH 5 
ас! 0 

2073 3-С oro-4-hydroxybenzoi c aci d 1010, 3964-58-7 172.566 nd (w) 171 sub sl HO, bz, chl ; vs Et OH, et h, ace = 

2074 5-Chl oro-2-hydroxybenzoi с aci d 18010; 321-14-2 172.566 nd (w, а!) 1748 S HO, et h; vs Et OH, bz; sl ace Я 

2075  2-Chl oro-5-hydroxybenzophenone СНС, 85-19-8 232.662 95.3 i ВО p: 

2076 3-Chl oro-4-hydroxy-5- С,Н,010, 19463-48-0 186.593 tetr 165 128; s Et OH, HOAc 8 
met hoxybenzal dehyde z 

2077 1-Chloro-2-i odobenzene (HC 615-41-8 238.453 0.7 234.5 1.95155 1.6831? 1 HO; s ace; sl ctc 5 

2078 1-Chloro-3-i odobenzene (HC 625-99-0 238.453 230 1.9255? i HO; s ace E 

2079 1-Chl oro-4-i odobenzene (HC 637-87-6 238.453 If (ace, al) 57 227 1.886 i НО; s Et OH, РАМО; sl chl = 

2080 1-Chl oro-4-i odobut ane B. 10297-05-9 218.464 liq 116; 88 1.785 1.54007 

2081 Chl огоі odomet hane СВІ 593-71-5 176.384 109 2.4220 1.582220 vs ace, bz, et h, Et OH 

2082 1-Chloro-3-i odopropane H.C 6940-76-7 204.437 171 1.9049 1.54720 1 ВО; seth, bz, chl; sl ctc 

2083 5-Chloro-7-i odo-8-qui nol i nol lodochl orhydroxyqui n о. (INO 130-26-7 305.499 ye br nd (al) 178.5 sl Et OH; s HOAc 

2084 1-Chl oro-2-i socyanat obenzene 18,010 3320-83-0 153.566 30.5 200; 1158 sl ctc 

2085 1-Chloro-3-i socyanat obenzene ӘЛЕГЕ) 2909-38-8 153.566 1139 sl ch 

2086 1-Chl oro-2-i sopropyl benzene АС 2077-13-6 154.636 liq -74.4 191.1 1.0341 1.5160? ^ vs ace, bz, et h, Et OH 
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“772087. 10004 sopropylbenzene 2594565, ма 6:57 1406 liq 4123 183 1048 15177 | HO, msc EtOH, et h, ace, ct c; vs 
bz 
2088 1-Chl oro-4-i sot hi ocyanat obenzene ІНСІМ5 2131-55-7 69.632 nd (а!) 46 249.5 i 49; s Et OH 
2089 Chl oromet hane Met hyl chl ori de «CH 74-87-3 50.488 col gas -97.7 -24.09 Pes (p>1 1.3389? 5 HO; s Et OH; msc et h, ace, bz, 
atm ch 
2090 4-Chloro-2-met hoxyani 11 ne 4-Chl oro-2-ani si di ne 10160 93-50-5 57.598 nd or pr(di | al) 52 260 S Et OH, et h, bz, chl 
2091 5-Chl oro-2-met hoxyani |i ne 7HQCI NO 95-03-4 57.598 nd (di | al) 84 s Et OH; sl lig 
2092 (Chi oromet hoxy)et hane Chl oromet hyl et ћу! et her 3H,000 3188-13-4 94.540 83 1.01885 404020 = 
2093 1-Chloro-2-met hoxyet hane 48,010 627-42-9 94.540 92.5 1.0345 4111 уз HO, et h ме 
2094 [(Chl oromet hoxy)met ћу! ]benzene 38010 3587-60-8 56.609 1033 1.135020 519220 n 
2095 1-(Chl oromet hoxy)propane 09,010 3587-57-3 08.566 109 0.98840 41250 vs et h, ОН a 
2096 Chloromet ћу! acet at e 31810, 625-56-9 108.524 116 1.19420 „4092 vs et h, Et OH > 
2097 5-Chloro-2-(met hylami no) N-Met hyl -2-ami no-5- СА СМО 1022-13-5 245.704 92 с 
benzophenone chl orobenzophenone © 
2098 4-СШ oro-N-met hyl ani || ne 7HQC 932-96-7 41.599 240 1.169! 58350 s Et OH, ace, bz ” 
2099 2-Chloro-4-met hylani li ne НС 615-65-6 41.599 7 220 1,187? 57482 sl Et OH, bz a 
2100 2-Chl oro-6-met hyl ani 1i ne НС 87-63-8 41.599 215; 970 > 
2101 3-Chl oro-2-met hylani li ne Н 87-60-5 41.599 1 245 1.5880?  sH,O,Et OH; i eth, bz = 
2102 3-Chloro-4-met hylani li ne НС 95-74-9 41.599 26 243 S Et OH; sl сіс Un 
2103 4-Chloro-2-met hylani 11 ne p-Chl oro-o-t ol ui di ne #50 95-69-2 41.599 If (al) 30.3 244 S Et OH; sl ctc © 
2104 5-Chl oro-2-met hylani li ne нс 95-79-4 41.599 26 239; 140* vs Et OH = 
2105 1-Chl oro-2-met hyl -9,10- C4 H,CI 0; 129-35-1 256.684 170.5 | EL OH, et h; sl py ° 
ant hracenedi one 2 
2106 (Chl oromet ћу! )benzene Benzyl chl ori de ; HC 00-44-7 26.584 liq -45 179 1.1004 539120 j НО; msc Et OH, et h, chl; sl сіс Q 
2107 3-ОһІ oro-N- СН СИМ 39191-07-6 55.625 88 53505 schl ” 
met hyl benzenemet hanami ne 5 
2108 о-(СШ oromet ћу! )benzenemet hanol 35610 674-30-2 56.609 1287, 121" 1.192620 55239 s Et OH; vs et h ^ 
2109 4-Chloro-o--met ћу! benzenemet hanol 38010 3391-10-4 56.609 1212 55059 86 © 
2110 5-(СШ oromet hyl )-1,3-benzodi oxol e 816010, 20850-43-5 170.594 20.5 1344 3125 566020 < 
2111 1-Chl oro-3-met ћу! but ane Isopent yl chl ori де 81401 07-84-6 06.594 liq -1044 98.9 0.8730 .4084? 51 ЊО; msc Et OH, et h; vs chl "5 
2112 2-Chl oro-2-met hyl but ane E 594-36-5 06.594 liq -73.5 85.6 0.8658 40559 51 ЊО; s Et OH, et h, сіс = 
2113 2-Chl oro-3-met ћу! but ane 58:0! 631-65-2 06.594 915 0.878? 2 
2114  1-Chl oro-3-met ћу! -2-but ene 56 503-60-6 04.578 109 0.9273? .4485? vs ace, et h, Et OH, chl = 
2115 3-Chl oro-3-met hyl -1-but yne ;E;C 111-97-3 02.563 liq -61 76 0.9061 < 
2116 (Chl oromet ћу! )cycl opropane BC 5911-08-0 90.552 liq -90.9 88 0.98 43502 8 
2117 1-(СШ oromet hyl )-2,4- C, HC 824-55-5 54.636 215.5; 110? 1.0580? vs bz, et h, Et OH z 
di met hyl benzene 5 
2118 (Chi oromet hyl ја! met hyl phenyl si | ane ИШЕ 1833-51-8 184,738 225 1.0240 56010, CS Е 
2119 Chl oromet hyl di phenyl si | ane 3 HGCI Si 144-79-6 232.781 295 1.127? 57420 = 
2120 1-Chloro-3-(1-met ћу! et hoxy)-2- C.H, 010, 4288-84-0 152.619 182; 877 09102 43705 s Et OH, eth 
propanol 
2121 1-(Chloromet hyl )-4-et ћу! benzene 4616 1467-05-6 154.636 955 52905 ^ vs bz, Et OH, chl 
2122 (1-Chloro-1-met hyl et ћу! benzene Ю.С 934-53-2 154.636 98 .19225 52902 
2123 1-(Chl oromet hyl )-2-fluorobenzene H CIF 345-35-7 144.574 172; 860 216% 515020 
2124 1-(СШ oromet hyl )-4-fluorobenzene H CIF 352-11-4 144,574 825, 7620 2143% 5130 
2125 2-(Chl oromet ћу! )f шап 585010 617-88-9 116.546 495 17832 49412 vs bz, et h, Et OH 
2126 3-(СШ oromet ћу! лері ane 486 123-04-6 148.674 172 0.87699 4319? 1 HO; s Et OH, et h, ace, bz; sl ctc 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2127 4-Chloro-5-met hyl -2- Chl orot hymol КЕНІН 89-68-09 84.662 63 258.5 vs ЊО; s Et OH, et h, bz, ct c, pet h, 
i sopropyl pheno alk 
2128 1-(Chl oromet hyl )-4-met hoxybenzene 8010 824-94-2 56.609 па 245 262.5 1.2670 58020 vs асе, bz, et h 
2129 1-(Chl oromet hyl )-2-met hyl benzene 806 552-45-4 40.610 198; 90° 1.063% 54109 vs et h, Et OH 
2130 1-(Chl oromet hyl )-3-met ћу! benzene dC 620-19-9 40.610 195.5 1.064? 53459 | НО; s Et OH, et h 
2131 1-(Chl oromet ћу! )-4-met ћу! benzene Fg 104-82-5 40.610 201; 902 1.051220 5380 i HO; s Et OH; msc et h 
2132 Chl oromet ћу! met ћу! et her 10 107-30-2 80.513 liq -103.5 59.5 1.063 397% S Et OH, et h, асе, chl = 
2133 2-(Chl oromet ћу! )-2-met hyl oxi rane 44210 598-09-4 06.551 122 110179 4310? 48Н,0, eth аз 
2134 1-(СШ oromet ћу! )napht hal ene 11856 86-52-2 76.642 рг 32 291.5 118130 53800. i НО; s Et OH, ct c, pet h >° 
2135 2-(Chloromet hyl )napht hal ene 146 2506-41-4 76.642 || (al) 48.5 189 i HO; s Et OH, pet h = 
2136 1-(Chl oromet hyl )-2-ni t robenzene 7HQCI №, 612-23-7 171.582 cry (li g) 50.0 125 55579 | шлан OH, et h, НОАс; vs ace, 2 
7 
2137 1-(Chl oromet hyl )-3-ni t robenzene 116010, 619-23-8 171.582 payend(lig) 46 179 55778 vs асе, bz, et h, Et OH A 
2138 1-(Chl oromet hyl )-4-ni t robenzene 4-Ni t robenzyl chl ori de 1010, 100-14-1 171.582 pl or nd (81) 71 1.5642 i e OH, et h; vs ace, bz, 5 
2139 1-Chloro-2-met hyl -3-ni t robenzene 11801 NO, 83-42-1 171.582 nd (di | al) 37.8 238 15377 i HO;s EtOH а 
2140 1-Chl oro-2-met hyl -4-ni t robenzene ОМО, 13290-74-9 171.582 уе сгу 425 249 vseth > 
2141 1-Chloro-4-met hyl -2-ni t robenzene 4-Chl oro-3-ni t rot ol uene 16100, 89-60-1 171.582 7 261; 118" 55/29 180506 = 
2142 2-Chloro-1-met hyl -4-ni t robenzene 7HgCI NO, 121-86-8 171.582 nd (al) 66.5 260 1.54709? — sl HO, chl; s Et OH, et h, HOAc а 
2143 4-Chl oro-1-met hyl -2-ni t robenzene 7HQCI NO, 89-59-8 171.582 mel nd 38 242; 115.51 1.255980 i НО; s Et OH, et h; sl chl © 
2144 2-Chl oro-4-met ћу! pent ane ВС 25346-32-1 20.620 113 0.8610? 41139 — vseth = 
2145 3-(Chl oromet hyl )pent ane 480 4737-41-1 20.620 126; 832 0.891420 422220 vs bz, et h, chl © 
2146 2-Chloro-4-met hyl pheno! 2-Chl omp-cresol CH,CI 0 6640-27-3 42.583 195.5 117897 52007 vs bz, et h, Et OH 5 
2147 2-Chloro-5-met hyl pheno! 6-Chl omm-cresol GH;CIO 615-74-7 42.583 pr (pet h) 45.5 196 1215 vs ЊО, Et OH » 
2148  2-Chl oro-6-met ћу! pheno 6-Chl oro-cresol GH,CIO 87-64-9 42.583 189; 80° 54499 51 HO; s eth 2 
2149 3-Chl oro-4-met hyl pheno! 3-Chl omp-cresol GH;CIO 615-62-3 42.583 nd (81) 555 228 vs bz, et h, Et OH б 
2150 4-Chl oro-2-met ћу! pheno 4-Chl oro-cresol GH;CI 0 1570-64-5 42.583 nd (pet h) 51 223 sl Ю s pet h (~ 
2151 4-Chl oro-3-met hyl pheno! 4-Chl опф-сгезо! GH,CI 0 59-50-7 42.583 nd (pet h) 67 235 SI $0, chl; s Et OH, et h, pet h ° 
2152 (4-Chl oro-2-met ћу! phenoxy)acet | с MCPA C H,CI O 94-/4-6 200.618 pl (02,10) 120 sl $0; vs Et OH, et h; s bz, сіс = 
aci d 
2153 4-(4-Chl oro-2-met hyl phenoxy) С.Н 3010, 94-81-5 228.672 100 = 
but anoi c ас! d 2 
2154 Chl oromet hyl phenyl si | ane 7HQCI Si 631-82-9 156.685 1190 1.04320 517120 > 
2155 (Chl oromet hyl )phosphoni c aci d CHOP 2565-58-4 130.468 nd (bz/MeNO;) 90 223 
2156 М-СШ oromet hyl pht hal i mi de СМО 17564-64-6 195.603 1355 8 
2157 2-Chloro-2-met hyl propanal 80 917-93-1 106.551 9% 1.0535 41605 — vs et h, ОН z 
2158 1-Chloro-2-met ћу! propane Isobut yl chl ori de «НС 513-36-0 92.567 liq -130.3 68.5 0.8778 39842 sl HO, ct c; s et h, ace, chl = 
2159 2-Chloro-2-met ћу! propane t ertBut yl chlori de 46 507-20-0 92.567 liq -25.60 50.9 0.8420 3072 s| ЊО; msc Et OH, et h; s bz, ct c, ©; 
chl хи 
2160 1-Chloro-2-met ћу! propene Di met hyl vi nyl chlori de 4H;CIC 513-37-1 90.552 68 0.9186? 4221? 51 НО; s chl 
2161 3-Chloro-2-met ћу! propene HC 563-47-3 90.552 71.5 0.91659 42919: msc Et OH, et h; s ace; vs chl 
2162 3-(Chloromet hyl )pyri di ne, C H,CLN 6959-48-4 164.033 hyg 143.8 
hydrochl ori de 
2163 Chl oromet hyl si Iane 0191 993-00-0 80.590 col gas -135 T; -45 
2164 1-Chloro-4-(met ћу! sul f onyl)benzene — 4-Chl orobenzenet 18-08) hyl 5,S-  C;H;CI OS 98-57-7 190.648 98 
di oxi de 
2165 1-Chloro-4-(met hylt hi o)benzene ІҢСІ5 123-09-1 158.649 1059 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2166 1-Chl oro-2-(met hylt hi o)et hane 311015 542-81-4 110.606 140; 6% 1.12320 149022 s Et OH, et h, асе 
2167 Chloro(met hylt hi o)met hane HEIS 2373-51-5 96.579 105 1.1535 1.496320 
2168 (Chi oromet hyl)t ri met hyl si Iane 4H4 Si 2344-80-1 122.669 98.5 0.879 1.417520 
2169 1-Chloronapht hal ene 1-Napht ћу! chl ori де 109 90-13-1 162.616 oilyliq -25 259, 105.5 1.188025 1.63262 1 НО; $ Et OH, et h, bz, С9 sl сіс 
2170 2-Chloronapht hal ene GHC 91-58-7 162.616 pl (di | al), If 58.0 256 1.1377 1.60793 i НО; s Et OH, et h, bz, chl, CS 
2171 4-Chloro-1-napht hol HClO 604-44-4 178.615 nd (chl, aqal) 1205 s Et OH, et h, ace, bz, chl 
2172 Chloroneb 14-01 chl oro-2,5-di met ћохубепгепе ,H@CI,0, 2675-77-6 207.055 134 268 - 
2173 2-Chl oro-4-ni t roani 11 ne «15010, 121-87-9 172.569 ye па (w) 108 vs et h, Et OH, НОАс = 
2174 2-Chloro-5-ni t roani 11 ne «Н:СІ №0, 6283-25-6 172.569 ye nd (li g 121 vs et h, Et OH, HOAc = 
2175 4-Chl oro-2-ni t roani 11 ne 46180 89-63-4 172.569 rata рг 1165 vs Et OH, et h, HOAc; sl ace, li g = 
2176 4-Chl oro-3-ni t roani || пе 46180; 635-22-3 172.569 yendorpr(w) 103 s ЊО, et h, chl; vs Et OH; 51110 E 
nd (pet h б 
2177 5-0 oro-2-ni t roani 11 ne 456180; 635-61-6 72.569 yend(CSjyelf 127.8 sub vs et h, Et OH о 
(al , bz) 2 
2178 1-Chl oro-5-ni t ro-9,10- СОЊОМ 29-40-8 287.656 315.3 i НО, Et OH, et h, li g; sl bz; s py 4 
ant hracenedi one > 
2179 2-Chloro-5-ni t robenzal dehyde ;K,CI NO 6361-21-3 85.565 cry (al) 81.3 vs Et OH, ch 2, 
2180 4-Chl oro-3-ni t robenzal dehyde 16,010 6588-34-4 85.565 64.5 51 Ң0; s ch 2 
2181 1-Chloro-2-ni t robenzene 0-Chl oroni t robenzene ӘЛІШ 88-73-3 157.555 mcl nd 32.1 245.5 1.3662 i НО; s Et OH, et h, bz; vs ace, t ol , © 
ру 
2182 1-Chloro-3-ni t robenzene m-Chl oroni t robenzene «ВСІМ, 21273-3 57.555 И \ othpr 444 235.5 1.3439? 1.53749 1 НО; s Et OH, et h, bz, chl, CS 2 
а 
2183 1-Chloro-4-ni t robenzene p-Chl oroni t robenzene «ВСІМ, 00-00-5 157.555 mel рг 82 242 1.2979° 1.53760 | НО; 51 Et OH; set h, chl, GS 5 
2184 5-Chl oro-3-ni t ro-1,2- C,H&CI NO; 42389-30-0 187.584 167 » 
benzenedi ami ne 2 
2185 4-Chl oro-3-ni t robenzenesul f onami de вН5С1 №045 97-09-6 236.633 уе cry (Е ОН) 175 a 
2186 4-Chl oro-3-ni t robenzenesul f опу! C,H.ClNO,S 97-08-5 256.064 60.8 С) 
chl ori de ° 
2187 2-Chloro-4-ni 1 robenzoi с aci d 7H{CI NO, 99-60-5 201.565 nd (w) 141.8 S Н,0, Et OH, et h, bz 2 
2188 2-Chl oro-5-ni t robenzoi с aci d 7H{CI NO, 2516-96-3 201.565 nd or pr (w) 166.5 50818 sl HO, ace; s Et OH, et h, bz 5 
2189 4-Chloro-3-ni t robenzoi с aci d 1121 МО, 96-99-1 201.565 nd or pl (w) 182.8 1.6458 i HO; 51 Et OH, ace ct 
2190 1-Chloro-1-ni t roet hane ACINO 598-92-5 109.512 124.5 28372 42240 | НО; s Et OH, ct c, al 2 
2191 2-Chl oro-4-ni t rophenol «KCl NO 619-08-9 173.554 wh па (50% al) 111 S HO, Et OH, et h, chl; 51 bz 5 
2192 4-Chloro-2-ni t rophenol 68,С1М0 89-64-5 173.554 уе те! рг (al) 885 i 4; s Et OH, et h, chl; $1 ace т 
2193 5-Chloro-2-ni t rophenol a, CI NO 611-07-4 173.554 yeprornd(w) 41 sub sl HO; s Et OH, et h, HOAc s 
2194 1-Chloro-1-ni t ropropane 48,010, 600-25-9 123.539 142 2072 42519 51 ЊО, chl; s Et OH, et h, oi Is =. 
2195 2-Chloro-2-ni t ropropane 48,01М0, 594-71-8 123.539 -215 dec 134; 2% 4378? 51 HO; $ ОН, eth, ctc, oi Is; i Е 
5750 КОН s 
2196 2-Chl oro-3-ni t горуп di ne НС NO; 5470-18-8 158.543 nd (w) 104.0 T 
2197 1-Chl oro-2-ni t ro-4-(t ri fluoromet ћу!) C,HCIENO, 121-17-5 225.553 liq -13 222; 98 511% 48932 
benzene 
2198 1-Chl oro-4-ni t ro-2-(t ri fluoromet ћу!) C,HCIENO, — 777-37-7 225.553 22 232 527% 50832 
benzene 
2199 1-Chl orononane GH, C 2473-01-0 162.700 liq -394 205.2 0.8706 434321 HO;seth, chl 
2200 9-Chl oro-1-nonanol QH, CI0 51308-99-7 178.699 28 1474 4575? vs et h, Et OH 
2201 1-Chl orooct adecane НО! 3386-33-2 288.940 28.6 352 0.86169 4524? | HO;sl ctc 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 2202 t-Chlorooctane  Odylcloide 001022 11453. 148674 п 58 1835 0874 14309? | HO,vsEtOHeth;slctc — 
2203 2-Chlorooct ane 09,01 628-61-5 148.674 172; 798 0.8658" 42731 — i НО; vs Et OH, et h 
2204 8-Chl oro-1-oct anol 17610 23144-52-7 164.673 1399 45635 vs et h, Et OH 
2205 Chloropent afluoroacet one 44150 79-53-8 182.476 со! gas -133 8 
2206 Chl oropent afluorobenzene QCIF, 344-07-0 202.509 117.96 1.568% 425670 
2207 Chl oropent afluoroet hane Ref ri gerant 115 2016, 16-15-3 154.466 col gas -994 -39.1 1.5678% 26/8? 1 ВО; s Et OH, et h 
2208 1-Chloropent ane Pent yl chl ori de sHGCl 543-59-9 06.594 liq -99.0 108.4 0.8820 412691 HO; ШЫ Et OH, et h; s bz, ct c; - 
vs ch 
2209 2-Chloropent ane, (+) Sec-Pent yl chl ori de 40! 29882-57-3 06.594 liq -137 97.0 0.8698 .4069? | НО; s Et OH, et h, bz; уз chl 2 
2210 3-Chl oropent ane (HCl 616-20-6 06.594 liq -105 975 0.8731 .4082 1 НО; s Et OH, et h, bz; sl ace = 
2211 5-Chloropent anoi c aci d 518010, 1119-46-6 136.577 18 230 1.34162% 445559 vs et h, Et OH £ 
2212 5-Chloro-1-pent anol HCIO 5259-98-3 22.593 1122 4518 vs eth, Et OH m 
2213 5-Chl oro-2-pent anone (9610 5891-21-4 20.577 10679, 76% — 1.0523? 4375? seth, ace; sl ctc б 
2214 1-Chl oro-3-pent anone 016010 32830-07-0 20.577 68? 43619 vs et h, Et OH ° 
2215 5-Chloropent апоу! chl ori de 586010 1575-61-7 155.022 8372 1.21018 4639? vseth 2 
2216 4-СҺ oro-2-pent ene С 1458-99-7 04.578 103; 475 0.898820 43222 vs ace, et h, chl - 
2217 2-Chlorophenol GH&CIO 95-57-8 28.556 94 174.9 1.26340 55240 51 HO, chl; s Et OH, et h; vs bz > 
2218 3-Chlorophenol 615010 108-43-0 28.556 32.6 214 1.2485 55650 sl HO, chl; s Et OH, et h; vs bz - 
2219  4-Chl orophenol 615010 106-48-9 28.556 42.8 220 1.26510 55790 51 HO; vs Et OH, et h, bz s alk wn 
2220 Chlorophenol Red @Н.›С055 4430-20-0 423.266 grn-br cry 261 51 ЊО; s Et OH ° 
2221 2-Chl oro-104-phenot hi azi ne dil Cl NS 92-39-7 233.717 198.5 © 
2222 2-СШШ orophenoxyacet i c ас! d 810010, 614-61-9 186.593 nd (w, а!) 148.5 s HO, Et OH ж 
2223 3-Chl orophenoxyacet i c ас! d 816010, 588-32-9 186.593 cry (w) 110 i go б 
2224 (4-ОШ orophenoxy)acet i c aci d 810010, 122-88-3 186.593 pr or nd (w) 156.5 vs Н,0: sl chl > 
2225 1-Chl oro-4-phenoxybenzene 4-Chl огорћепу! phenyl et her 45610 7005-72-3 204.651 284.5 1.20265 1.599 == 
2226 3-(4-Chl orophenoxy)-1,2- Chl orphenesi n (НАС! O 104-29-0 202.634 Cry 78 214% i HO; vs Et OH, et h; $ bz, con sul f с 
propanedi o о 
2227 2-(3-СШ orophenoxy)propanoi c aci d CI oprop 46610; 101-10-0 200.618 Cry 113 10015 ° 
2228 2-Chloro-N-phenylacet ami de СМО 587-65-5 169.609 nd (di | НОАс) sub vs bz, et h, Et OH = 
2229  N-(2-Chl orophenyl Jacet ami de a CI NO 533-17-5 169.609 88.3 i ID; s ОН, bz, chl; vs et h ° 
2230 N-(3-Chlorophenyl Jacet ami de 601 NO 588-07-8 169.609 nd 79 333 81 HO; vs Et OH, et h, bz, C$ s chl = 
2231  N-(4-Chl orophenyl )acet ami de a. CI NO 539-03-7 169.609 179 333 1.385? i HO; s Et OH; vs et h; sl ctc 2 
2232 4-СҺ ого-а-рћепу! benzenemet hanol £H4CIO 119-56-2 218.678 59 sl ch 2 
2233 4-Chlorophenyl benzenesul f onat e 280105 80-38-6 268.715 col cry 62 1.33 51 НО ~ 
2234 4-Chl oro-1-phenyl -1-but anone £H4CIO 939-52-6 182.646 19.5 131 1.13725 1.545920 S 
2235 4-Chlorophenyl 4- Оуех С.1,0)0:5 80-33-1 303.161 86.5 i HO; 51 Et OH; s ace E 
chl orobenzenesul f onat e = 
2236 (2-Chlorophenyl)(4-chlorophenyl) ^ 2,4-Di chl orodi phenyl ket one 138010 85-29-0 251.108 рг (81) 67 2142 1.393" S Et OH; sl chl s 
met hanone = 
2237 N-(4-Chl orophenyl )N,N- onuron С.Н, СІ NO 150-68-5 198.648 wh pl (MeOH) 170.5 i EO; sl Et OH, ace 
di met hyl urea 
2238 1-(3-Chl orophenyl је! hanone m-Chl oroacet ophenone (3,010 99-02-5 154.594 244; 1290 1.2130% 1.5494? s Et OH, et h, ace 
2239 1-(4-Chl orophenyl је! hanone p-Chl oroacet ophenone 69,010 99-91-2 154.594 20 232 1.19220 1.5550? i НО; msc Et OH, et h; s chl 
2240 5-(4-Chl orophenyl )-6-et ћу! -2,4- Pyri met hami ne СИМ 58-14-0 248711 233.5 
ругі mi di nedi ami ne 
2241 2-(4-Chl orophenyl )-1Н-1 ndene- Cl ori ndi one 11010, 1146-99-2 256.684 dk red nd (al) 1455 vs bz, et h, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
2240 4-Chlorophenyl i socyanat e ; CI NO 104-12-1 153.566 31.3 1165 
2243 1-(2-Chlorophenyl)-2-methyl-2- Сой ermi ne 169,1 10389-73-8 183.678 liq 117 
propyl ami ne 
2244  N-(2-Chl orophenyl )-3- CoH CINO 93-70-9 211.645 106.5 s EtOH; i eth, lig 
oxobut anami de 
2245 (4-Chl orophenyl )phenyl met hanone 14610 134-85-0 216.662 nd (а!) 71.5 332 S Et OH, et h, ace; sl ctc 
2246 3-(2-Chl orophenyl )propanoi c aci d 245010 1643-28-3 184.619 nd or lf (w) 102 
2247 3-(3-СВ! orophenyl )propanoi c aci d 46610, 21640-48-2 184,619 If (peth) 77 
2248 3-(4-Chl orophenyl )propanoi c aci d 46610, 2019-34-3 184,619 126 
2249 3-0 oro-1-phenyl -1-propanone 2-Chl oroet ћу! phenyl ket one 41010 936-59-4 168.619 If (eth), cry (81,49.5 1134 
pet h) 
2250 1-(4-Chl orophenyl )-1-propanone GH,CIO 6285-05-8 168.619 373 135", 1142 i HO; s Et OH, CS; 51 chl 
2251 3-(3-Chl orophenyl )-2-propynoi c aci d 48010, 7396-28-3 180.588 cry (НОАс, bz- 144.5 vs НОАс 
pet h) 
2252 Chlorophenyl si | ane Phenyl chl orosi | ane НСІ Si 4206-75-1 142.659 162.5 1.0682 1.534020 
2253 1-Chloro-4-(phenyl sul f onyl)benzene — Sul phenone 280105 80-00-2 252.716 94 i HO; 51 Et OH; s et h; vs ace, bz 
2254 5-Chl oro-1-phenylt et razol e О 14210-25-4 180.595 123 
2255 (2-Chl orophenyl )t hi ourea 166185 5344-82-1 186.662 nd or pl 146 vs bz, Et OH 
2256 a-Chl orophyl I СНФМ0М40 479-61-8 893.490 bl blk hex pl 1523 i ,H; vs Et OH, et h; s li g 
2257 B-Chl orophyl I СНт%М0М406 519-62-0 907.473 bl-blkorgm 125 i ВО; vs Et OH, et h, ру; s MeOH 
pow 
2258 Chloropropami de 4-Chl ordV-[(propyl ami по) Со с NOS 94-20-2 276.739 cry (Et OH) 128 i ЖЮ; s Et OH; sl et h, bz 
carbonyl ]benzenesul f onami de 
2259 2-Chl oropropanal 885010 683-50-1 92.524 86 1.1825 4317 vs bz, eth 
2260 1-Chloropropane Propyl chl ori de 38,0 540-54-5 78,541 liq -122.9 46.5 0.8899 .38790 51 HO, ct c; msc Et OH, et h; s bz, 
ch 
2261 2-Chloropropane Isopropyl chl ori de 8С 75-29-6 78.541 liq -11718 35.7 0.8677 377720 sl НО; msc Et OH, et h; s bz, ct c, 
ch 
2262 3-Chl oro-1,2-propanedi ol а- СА! orohydri n (Н:010, 96-24-2 110.540 yeliq dec 213; 1.32518 4809?  sH,O, Et OH, et h 
116" 
2263 2-Chl oro-1,3-propanedi ol Gl ycer(d-chl orohydri n (H;CI 0; 497-04-1 110.540 14678, 1244 1.321920 48312 vs Н;О, ace, Et OH 
2264 3-Chl oro-1,2-propanedi ol di ni t rat e Cloni t rat e 3010; 2612-33-1 200.534 sl уе li q 192.5 15172 vs ace, Et OH, chl 
2265 3-Chloropropaneni t ri 16 B-Chl oropropi oni t ri le ЊОМ 542-76-7 89.524 liq -51 175.5 11528 496020 81 ctc 
2266 2-Chloropropanoi c ас! d 2-Chl oropropi oni c aci d 31020, 598-78-7 108.524 185 1.258520 .4380? msc H,0, Et OH, et h; s ace 
2267 3-Chloropropanoi c aci d B-Chl oropropi oni c aci d 318010, 107-94-8 108.524 ү (м), hyg cry 41 dec 204 S Н,0, Et OH, chl; msc et h 
lig 
2268 2-Chloro-1-propanol Propyl ene chl orohydri n JE CIO 78-89-Т 94,540 133.5 1.103? .4390 vs H;0, et h, Et OH 
2269 3-Chl oro-1-propanol GH;CIO 627-30-5 94.540 165 1.13099 44590: vs Н,0; s Et OH, et h; sl ctc 
2270 1-Chl oro-2-propanol Sec-Propyl ene chl orohydri n HClO 127-00-4 94.540 127 141% .4392? msc ЊО, ОН, et h; sl сіс 
2271 3-Chloropropanoyl chl ori de 480,0 625-36-5 126.969 144 1.330713 45492 51 HO; vs Et OH, et h, chi 
2272 сі s1-Chl oropropene Он 16136-84-8 76.525 liq -134.8 32.8 0.9347 „40552 | НО; seth, ace, bz, chl 
2273 t rans1-Chl oropropene GHC. 16136-85-9 76.525 liq -99 374 0.9349 .4054? | НО; seth, асе, bz, chl 
2274 2-Chloropropene |зоргорепу! chl ori de B.C 557-98-2 76.525 volliqorgas -137.4 22.6 0.9047 39730 | НО; s eth, асе, bz, chl 
2275 3-СШШ oropropene Allyl chlori de ЗНС 107-05-1 76.525 liq -134.5 45.1 0.9378 .4157 | НО; msc Et OH, et h, ace, bz, li g; 
sl ctc 
2276 2-СШ oro-2-propeneni t ri le НСМ 920-37-6 87.508 liq -65 88.5 1.096 4290 
2277 2-СШ oropropenoi c ас! d 2-Chl oroacryl i c aci d 300 598-79-8 106.508 66 sub 
2278 t rans(3-Chl oro-1-propenyl )benzene GH,C 21087-29-6 152.620 8.5 1063 1.092620 .5851? ^ vs ace, bz, et h, Et OH 


(рэпициоэ) ѕампоаио? ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


ЕСТЕ 


5 co^ слу осо со" Q'" mw 


4-Chl "ut socyanate — 1-(2-Chl orophenyl )-2-met ћу! -2-propylami ne — -(2-Chl orophenyl )-3-oxobut anami de 7 Chl orophenyl phenyl met hanone 3-(2-СЛІ orophenyl )propanoi aci d 3-(3-Chl orophenyl )propanoi aci d 3-(4-Chl orophenyl )propanoi aci d 


СІ „М 
о “н, " CI^ ^N C H 
li М. АН, 
СІ 
[y a (У уа Y 
O 5 
3-Chl oro-1-phenyl -1-propanone ns т 1-ргорапопе 3-(3-СШ orophenyl )-2-propynoi aci d Chl orophenyl si | ane 1-Chl oro-4-(phenyl sul f onyl )benzene 5-Chl oro-1-phenyl t et razol e (2-Chl orophenyl )t hi ourea 
О 
д 
О-5-О 
| | ' | СІ СІ 
СІ Жо paupe! 
ос-СПІ orophyl | B-Chl orophyl I Chl oropropami de 2-Chl oropropanal 1-Chl oropropane 2-Chl oropropane 
СІ 
МО: 
CI 07 ОН о 
cC Сон Bo ol d d а ~ а он 
0 — AA 
OH OH ON N Ó СІ ОН OH Cl... ^. ОН CI 
3-Chl oro-1,2-propanedi ol 2-Chl oro-1,3-propanedi о 3-Chl oro-1,2-propanedi ов! ni trate — 3-0Ш огоргорапепі tri le 2-Сћ oropropanoi aci c 3-Chl oropropanoi aci d 2-Chl oro-1-propanol 3-Chl oro-1-propanol 1-Chl oro-2-propanol 


О 
АА == T as 4 nds 
9 
СІ СІ СІ Cl. ZA A cac ae CN Cl он 


3-Chl oropropanoylchl ori де сі si-Chl oropropene t ransi-Chl oropropene 2-Chl oropropene 3-Chl oropropene 2-Chl oro-2-propeneni t ri le 2-Chl oropropenoi aci d t rans(3-Chl oro-1-propenyl )benzene 


(penuguo») SqaN1OdIWOO OINVO2?IO AO S.LNV.LSNOD 'IVOISAHd 


РЕГЕ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

2279 Chl oropropham СНС — 101-21-3 213.661 41 1492 1.1830 53882 

2280 Chl oropropyl at e £H, CL,0, 5836-10-2 339.213 ром 73 51 Н0:5 08 

2281 (3-СШ огоргору! )benzene GH,,C 104-52-9 154.636 219.5 1.056" 51605 $1 сіс 

2282 3-С огоргору! chl orof ormat e 400150, 628-11-5 156.996 177 1.2926% 44569 i НО 

2283 (3-Chl oropropyl ЈЕ ri met hoxysi | ane 61401051 2530-87-2 198.720 91 1.07Р 4183? 

2284 (3-Chl oropropyl ЈЕ ri met hyl si Iane ІШІҢЕ) 2344-83-4 150.722 151 0.8789 43192 

2285 3-Chloro-1-propyne Propargyl chl ori de Куй 624-65-7 74,509 -78 58 1.0305 4349? | НО; msc Et OH, et h, bz s сіс 

2286 6-СШ ого-1Н-рий ne 6-Chl oropuri ne 58,С1М 87-42-3 154.558 nd (w) 176 dec 

2287 6-Chloro-3-pyri dazi nami ne «НС 5469-69-2 129.548 220 

2288 5-Chloro-2-pyri di nami пе С 1072-98-6 128.560 pl 137 127! $ ЊО, Et OH; sl DMSO; i peth, li g 

2289 2-Chloropyri di ne 586 109-09-1 113.546 oi | 170 208 53200 51 ЊО; s Et OH, et h 

2290 3-Chloropyri di ne E 626-60-8 113.546 148; 8000 53040 51 ЊО 

2291 4-СҺ огоруп di ne 586 626-61-9 113.546 liq -43.5 1475 2009 S H,0; msc Et OH 

2292 2-Chloro-3-pyri di necarboxyl i c aci d «НСІ №, 2942-59-8 157.555 >175 dec 

2293 6-Chl oro-3-pyri di necarboxyl i c aci d «1,010, 5326-23-8 157.555 198 dec 

2294 4-Chloropyri di ne, hydrochl ori de СО, 7379-35-3 150.006 Sub 210 

2295 Chloroqui ne СНО N 54-05-7 319.872 90 

2296 2-Chloroqui nol i ne 460 612-62-4 63.604 nd (ад а!) 38 266; 1532 1.246425 63425 | НО; vs Et OH, et h; s bz, chl 

2297 4-Chloroqui nol i ne 460 611-35-8 63.604 cry 34.5 262; 1305 12515 sl HO; vs Et OH, et h; s di | НСІ 

2298 6-Chloroqui nol i ne JC 612-57-7 63.604 pr (et h), nd (al) 43.8 263 1.6116 

2299 8-Chloroqui nol i ne 460 611-33-6 63.604 liq -20 288.5 1.2834 .6408" — s H,0; vs Et OH, et h, ace, bz, chl 

2300 5-Chl oro-8-qui nol i nol Cl oxyqui n о NO 130-16-5 79.603 cry (al) 130 

2301 2-Chlorost yrene GH,C 2039-87-4 38.595 liq -63.1 188.7 1.1000 .56492 sEt OH, et h, ace, ct c, НОАс; msc 
pet h 

2302 3-Chl orost yrene GH,C 2039-85-2 38.595 63 10332 5625? 1 HO; s Et OH, et h 

2303 4-Chlorost yrene GH,C 1073-67-2 38.595 15.9 192 1.0868? .5660 1 НО; s Et OH, et h; msc ace, bz, 
їс 

2304 М-СШ orosucci ni mi de СМО 128-09-6 133.534 pl (CCI) 150 559 sl HO, Et OH, bz, li g; s ace, HOAc 

2305 1-Chl orot et radecane ІНІН 2405-54-9 232.833 49 296.8 0.8654? 44749 i НО; s Et OH, chl ; vs ace, bz; sl 
сіс 

2306 6-Сһ ого-М,М.М,М- et гав! hyl -1,3,5- СН, Cl N, 580-48-3 257.764 oi ly lig 27 155 095620 53200 vs bz, chl , Et OH, li g 

tri azi ne-2,4-di ami ne 

2307 1-Chloro-1,1,2,2-t et rafluoroet hane 2015, 354-25-6 136.476 col gas -117 -11.7 

2308 1-Chl oro-1,2,2,2-t et rafluoroet hane 2015, 2837-89-0 136.476 col gas -12 

2309 Chl orot hal oni | Nux 1897-45-6 265.91 250 350 52 i НО; sl ace, cyhex 

2310 Chlorot hen Chl oromet hapyri | ene sat gC NS 148-65-2 295.83 155", 1925 751% 

2311 Chlorot hi azi de 7HECINO,S, 58-94-6 295.724 350 dec 

2312 2-Chlorot hi ophene 2-Thi enyl chl ori de 405 96-43-5 118.585 liq -71.9 128.3 .2863 548720 | НО; msc Et OH, et h; 51 chl 

2313 5-Chl oro-2-t hi ophenecarboxal dehyde 50105 7283-96-7 146.595 77.5 .6036 51 chl 

2314 2-Chl oro-9H-t hi oxant hen-9-one NIU 86-39-5 246.712 153.5 

2315 2-Chlorot ol uene HC 95-49-8 126.584 liq -35.8 159.0 0825 52689) | НО; s Et OH, bz; msc et h, ace, 
chl 

2316 3-Chlorot ol uene Ян 108-41-8 126.584 liq -47.8 161.8 075 52149 i HO; s Et OH, bz, ct c, chl ; msc et h 

2317 4-Chlorot ol uene HC 106-43-4 126.584 75 1624 1.0697? 5150 1 НО; $ Et OH, ct c, chl; msc et h 

2318 6-Chl oro-1,3,5-t ri azi ne-2,4-di ami ne ЊОМ 3397-62-4 145.551 >330 

2319 1-Chl oro-2-(t ri chl oromet ћу! )benzene ІНГІ, 2136-89-2 229.919 29.4 264.3 1.518720 5836 1 НО; seth, асе; sl ctc 
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Нате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
-Chl ого-4-( ri chl oromet hyl benzene HEL, 5216-25-1 229.919 245 1.446320 vs ace, et h 
Chl orot ri et hoxysi | ane «11601051 4667-99-6 198.720 liq -51 156 1.030 39992 ^ vs Et OH 
Chl orot ri et hyl pl umbane Lead t ri et hyl chl ori de s H, CI Rb 1067-14-7 3298 123 dec s HO 
Chl orot ri et hyl si lane ІШІМЕ) 994-30-9 150.722 1445 0.8967 431420 
-Chl oro-1,1,2-t ri fluoroet hane 2615, 421-04-5 118.485 vol li q or gas 12 
-Chl oro-1,2,2-t ri fluoroet hane 266015, 431-07-2 118.485 vol li q or gas 173 
2-Chl oro-1,1,1-t ri fluoroet hane 206015, 15-88-7 18.485 col gas -105.5 6.1 1.389 .3090? - 
Chl orot ri fluoroet hene Chl orot ri fluoroet hyl ene 20150 19-38-9 116.469 со! gas -158.2 -27.8 1.546 38° S bz, chl = 
Chl orot ri fluoromet hane Ref ri gerant. 13 CCIF 75-72-9 104.459 col gas -181 -81.4 10 >° 
2-Chl oro-5-(t ri fluoromet hyl Jani 1i ne НОСЕМ 121-50-6 95.570 103% 1.428% 49752 = 
4-Chl oro-3-(t ri fluoromet hyl Jani 11 ne НОСЕМ 320-51-4 195.570 36.5 1327 > 
-Chl oro-2-(t ri fluoromet ћу! )benzene o-Chl orobenzot ri fluori de #05 88-16-4 180,555 liq -6 1522 1.2549 45135  schl p 
-Chl oro-3-(t ri fluoromet ћу! benzene m-Chl orobenzot ri fluori de #05 98-15-7 80.555 liq -56 137.5 1.331% „44385 С) 
-Chl oro-4-(t ri fluoromet ћу! )benzene p-Chl orobenzot ri fluori de О 98-56-6 80.555 114 -33 138.5 1.3340 443150 5 
3-Chl oro-1,1,1-t ri fluoropropane 48,015, 460-35-5 132.512 liq -106.5 45.1 1.3259 335007 i НО а 
2-Chl oro-2,4,4-t ri met hyl pent ane 8160 6111-88-2 148.674 -26 ЭД 0.874620 43080 vs Et OH < 
Chl orot ri met hyl st annane 34 Sn 1066-45-1 199.266 38.5 148 s HO, chl, os 2 
2-Chl oro-1,3,5-t ri ni t robenzene Pi cryl chl ori de 480160; 88-88-0 247.549 wh nd or pl 83 14979 i НО; s Et OH, bz; sl et h; vs ace, % 
(chl, 21-11 g) tol о 
Chl orot ri ni t romet hane GOLN 1943-16-4 185.480 23 dec 134; 1.676920 1.4500? vs et h, ОН, chl 2 
56% 
Chl orot ri phenyl met hane NM 76-83-5 278.775 nd ог рг (62- 1135 310 i НО; sl. Et OH; vs et h, bz, chl ; s 5 
pet h) ace > 
Chl orot ri phenyl si | ane 18050151 76-86-8 294.851 24% ” 
Chl orot ri phenyl st annane Tri phenylt i n chl ori de па Hi Con 639-58-7 385.475 103.5 s chl 5 
Chl orot ri propyl st аппапе aHa, CI Sn 2279-76-7 283.426 -235 1233 1.267828 1.49102? s ctc, os б 
Chl orovi nyl di met ћу! si Lane Ho Si 1719-58-0 20.653 83.5 0.8749 1.41412 о 
Chl oroxuron N-[4-(4-Chl orophenoxy)phenyl ]- СНС МО, — 1982-47-4 290.745 151 = 
N,N-di met ћу! urea ч 
Chl orozot oci n (8,С1М0, 54749-90-5 313.692 cry 147 dec s Н,0 = 
Chl orphenesi n carbamat e £HCINQ, 886-74-8 245.660 cry (bz) 90 vs ace, Et OH, di ox 2 
Chl orpheni rami ne 18,618 132-22-9 274.788 oi ly lig 142 > 
Chl orpheni rami ne mal eat e Chl oroprophenpyri dami ne 4H, CI NO, 113-92-8 390.861 132.5 ло 
Chl orphent епті пе 2-(4-Chl orobenzyl )-2-propyl ami ne „Нес 461-78-9 183.678 liq 231; 101 8 
Chl orpromazi ne 2-Chl ordV,V-di met ћу! -f0- Санс 50-53-3 318.864 20208 i НО; vs Et OH, et h, bz, chl ; s di | Б 
phenot hi azi пе-10-ргорапаті пе HCI 5 
Chl orprot hi xene fH, CINS 113-59-7 315.861 pal e ye cry 97 1 Ю, Et OH, et h, chl E 
Chl orpyri f os «801 М0Р5 2921-88-2 350.586 42 = 
Chlorpyri f os-met hyl ;HOClNO,PS 5598-13-0 322.534 43 
Chl orsul f uron GH,.CINO,S — 64902-72-3 357.773 176 
Chl ort et racycl i пе 28 СО, ^ 57-62-5 478.879 gol d-ye 168.5 i bO, et h; 51 Et OH, ace, bz; s di ox 
Chl ort hal i done AB CINOS — 77-36-1 338.765 wh pow ог cry 225 dec зак Et OH; sl et h 
Chl ort hi on «ӨСІ МОРЅ 500-28-7 297.653 ye cry 21 12501 1.4372 1.566122 i НО; vs bz, et h, Et ОН 
Chl ort hi ophos 1Н,61,0,Р5, 21923-23-9 361.245 1500007 
Chl ort ol uron N*(3-Chloro-4-met hyl phenyl MA- —— C, H,,CINO 15545-48-9 212.675 cry 147 51 ЊО; $ os 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2360 Cholane "m 548-98-1 330.590 pr (al) 90 190001 
2361 Cholan-24-oi c aci d Chol ani c aci d НОО 25312-65-6 360.574 E d ), cry 163.5 S Et OH, chl, HOAc 
НОАс) 
2362 Cholest a-3,5-di ene um 747-90-0 368.638 wh nd (al) 80 2603 0.925100 i НО; s Et OH; msc et h, bz, chl ; 
vslig 
2363 Chol est a-5,7-di en-3-ol , $ 7-Dehydrochol est его! GH,,0 434-16-2 384.637 pl М (eth- 150.5 i НО; sl Et OH; s et В, ace 
вон 
2364 Cholest a-8,24-di еп-3-01, о) Сунао 128-33-6 384.637 pl (MeOH)nd 110 160.01 s ace, chl, MeOH = 
2365 Cholestane, (br) 28,29,30-Tri norl anost ane Kum 481-21-0 372.670 sc or pl (et h-al, 80 250! 0.909088 148879 | НО; 51 Et OH; vs et h, bz, chl = 
асе un 
2366 Cholest ane, (В) Coprost ane (51 481-20-9 372.670 orthnd(al,ace) 72 0.9118 148048 ^ vs et h, chl = 
2367 Cholest anol Di hydrochol est erol 21160 80-97-7 388.669 sc (81,414) 1415 vs et h, chl > 
2368 Cholest an-3-ol , (8,50) Epi chol est anol 200 516-95-0 388.669 па (а! 185.5 sch с 
2369 Chol est -4-en-3-ol , (B) Al оспо! est его! 2100 517-10-2 386.653 па (et h-MeOH) 132 i JÜ; s Et OH; vs et h, ace, bz, chl e 
2370 Chol est -5-en-3-ol , (8) Epi chol est erol 284,0 474-77-1 386.653 cry (al, chl- 1415 8| EtOH Z 
e0H) un 
2371 Cholest -5-en-3-ol (B), acet at e GH, 0, 604-35-3 428.690 wh nd (асе, al) 115.5 vs bz, et h, chl < 
2372 (101681 -5-еп-3-01 (B), benzoat e На; 604-32-0 490.760 wh nd 151.3 0.941320 i Et OH; s et h, chl 7 
2373 Cholest -5-en-3-ol (B)-, CaaHz602 601-34-3 625.062 wh па (ethal) 793 vs bz, chl - 
hexadecanoat e 9 
2374 001681 -5-en-3-ol (B)-, ci s9- Са 0, 303-43-5 651.100 46.3 s chl ° 
oct adecenoat e 
2375 Chol est -4-en-3-one НО 601-57-0 304.637 nd or pl (al) 81.5 24805 = 
2376 Cholest ero £H, 0 57-88-5 386.653 ort hort cl If (al]48.5 dec 360; 1.067% i HO; 51 Et OH, ace; s bz, НОАс; б 
nd (et h) 23305 vs di ox > 
2377 Choli c aci d 3,7,12-Tri hydroxychol ап-24-01 c ас! Н 05 81-25-4 408.572 198 SI HO; s Et OH, ace, alk; vs et h, 2 
(Зо,58,7о.120) chl 5 
2378 Choli пе chlori de БЕЗІНЕ 67-48-1 139.624 hyg cry 305 dec vs HO, Et OH с 
2379 Choli ne chlori de di hydrogen Phosphoryl chol i ne fH CINOP — 107-73-3 219.605 vi sc lig о 
phosphat е = 
2380 Chori smi c aci d 100100 617-12-9 226.182 cry 148 580 "J 
2381 Chromi um carbonyl го, 13007-92-6 220.056 col ort h cry dec 130 sub 1.77 i B, Et OH; s et h, chl 2 
2382 Chromi um(Il) oxal at e 10, 814-90-4 140.015 ye-grn pow i BO, Et OH; s di | aci d Z 
(hyd) гт 
2383 Chromi um(Ill) 2,4-pent anedi oat e Chromi um acet yl acet onat e 15H80; 21679-31-2 349.320 red mel cry 208 345 1.34 i $D; s bz Ф 
2384 Chromot rope 2B GNI On 548-80-1 513.366 red-br pow 300 SH,0; i Et OH © 
2 = 
2385 Chrysammi ni c aci d 1,8-Di hydroxy-2,4,5,7-t et rani t ro-C,,H,N,0,. 517-92-0 420.202 ye pl ог! exp dec vs et h, Et OH Б 
9,10-ant hracenedi one е 
2386 6-Сһгуѕепаті ne 6-Ami nochrysene На 2642-98-0 243.303 If (al 210.5 s 
2387 Chrysene Benzo[a]phenant hrene С.Н. 218-01-9 228.288 red bl Ногой һ 255.5 448 1.27420 i HO; 51 Et OH, et h, ace, bz, CS T 
pl (bz, НОАс) stol 
2388 Ci af os f NO,PS 2636-26-2 243.219 yetored-yeliq 15 126? dec 1.5404? 51 HO; vs chl, Et OH, ace, MeOH 
2389 Cicutoxin 8,10,12-Hept adecat ri ene-4,6-di уп6-/Н;0; 505-75-9 250.356 pr(eth/peth) 54 S hot „В, Et OH, et h, chl 
1,14-di ol 
2390 C.I. Di rect Blue 6, t et rasodi um salt Di rect Blue 6 a Hog NNa,0,, 2602-46-2 932.752 dk bronze pow 
5, 
2391 Ci met i di ne ло, N S 51481-61-9 252.339 су 142 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 2392 поют м 482280 296400 > а) 16 — — — ТЮ 6 НОН, eth; 507, с | 
pr (Me0H) 
2393 Сі nchoni di ne „МО 485-71-2 294.390 or pl or pr (al) 210.5 sub i Ж, bz; s Et OH, chl, py; sl et h 
2394 Ci nchoni ne Hj NO 18-10-5 294.390 prnd(al,eth) 265 
2395 Ci nchot oxi ne МО 69-24-9 294.390 ndorpr(eth) 59 i 0; vs Et OH, et h, ace, bz, chl 
2396 t ransCi nnamal dehyde 3-Phenyl -2-propenal £- C,H,0 4371-10-9 132.159 yeliq -15 246 1.0497 1.61952 5 HO; s Et OH, eth, chl; i lig 
2397 Ci nnamedri ne oc-[1-[Met ћу! (3-phenyl al | yl) C. H, МО 90-86-8 281.392 75 = 
ami поје! ћу! ]benzenemet hanol = 
2398 сі sCi nnami c aci d 3-Phenyl -2-propenoi c ас 1, ( C,H40; 02-94-3 148.159 mcl pr (w) 42 vs Et OH, HOAc, li g ме 
2399 t ransCi nnami c aci d 3-Phenyl -2-propenoi с ac£yl, ( СО; 40-10-3 148.159 те! рг (dil al) 133 300 1.2475 i HO, li g; vs Et OH; s et h, ace, bz Л 
2400 transCi nnamyl ant hrani lat e «Н6МО, 87-29-6 253.296 cry 64 a 
2401 Ci nnamyl ci nnamat e 1884607 22-69-0 264.319 nd (al ) 44 1.1569 i НО; s Et OH, chl ; vs et h E 
2402 Ci nnamyl f ormat e 3-Phenyl -2-ргореп-1-01, f ormate „Н; 04-65-4 162.185 0 252 1.08625 б 
2403 Ci nnoli ne 1,2-Benzodi azi ne 810, 253-66-7 130,147 payecry(lig) 38 11$ vs et h, Et OH о 
2404 Сі noxate 3-(4-Met hoxyphenyl )-2-propenoi с С,,Н,,0, 04-28-9 250.291 col li q -25 185 1.10225 1.56720 i ВО; msc Et OH 2 
aci d, 2-6! hoxyet ћу! est ег = 
2405 Сі nquasi а Red Qui nacri done 65,0, 047-16-1 312.321 red-vi ol cry 390 i В, os > 
2406 Ci odri n (Но ОР 7700-17-6 314271 135003 1.195 = 
2407 C.I. Pi gment Red 170 СНО, 2786-76-7 454.478 red sol i d un 
2408 C.l. Pi gment Yellow 1 del NO, 2512-29-0 340.334 ye cry 256 © 
2409 C.l Pi gment Yellow 12 af CN IO, 6358-85-6 629.492 ye cry 317 = 
2410 Сі sapri de ДАО О, 81098-60-4 465.945 cry (hp) 132 ° 
2411 Ci t ral 3,7-Di met hyl -2,6-oct adi enal 1090 5392-40-5 152.233 228.3 0.888820 1.48982 | НО; msc Et OH, et h Е 
2412 B-Ci t rauri n afl 0; 650-69-1 432.638 pl (bz-peth), 147 i HO; vs Et OH, et h, асе, bz; sl lig | > 
cry (al) ” 
2413 Ci гад ni c aci d 1,2-Di hydro-6-hydroxy-2-oxo-4- С,Н6МО, 99-11-6 155.109 ye pow >300 dec S HO, alk; 51 НСІ 5 
pyri di necarboxyl i c aci d ^ 
2414 Citri caci d 2-Hydroxy-1,2,3- C,H40; 77-92-9 192.124 ort h (441) 153 dec 1.6680 vs Н,0, Et OH; s et В, AcOEt ; i. bz, © 
ргорапе ri carboxyl i с ас! d chl 2 
2415 Citric aci d monohydrat e 2-Hydroxy-1,2,3- C. Ha 0 5949-29-1 210.138 cry (w) 135 1.542 vs H,0; vs Et OH, et h ma 
propanet ri carboxyl i c ас! d, © 
monohydrat e = 
2416 Citrinin Ant i myci n 13905 518-75-2 250.247 уе па (MeOH) 178 dec i НО; sl Et OH, et h; s асе, bz 2 
2417 Citrulli ne N5-(Ami nocarbonyl )Ł-orni t hi ne «6\03 372-75-8 175.185 рг (ад MeOH) 222 S Н,0:1 EL OH, MeOH 5 
2418 Citrus Red 2 8,600, 6358-53-8 308.331 cry 156 51 ЊО; s Et OH = 
2419 C.I. Vat Blue 6 7,16-Di chl oro-6,15-di hydro- САН 501,М,0, 130-20-1 511.312 vi ol-bl pow S 
5,9,14,18-ant hrazi net et rone = 
2420 C.I. Vat Yellow 4 Ant hant hrone 28:50, 128-66-5 332.351 ye cry z 
2421 Clayton Yellow Thi azol Yellow G ан 5Ма,0 1829-00-1 695.721 ye-br pow s ЊО, Et OH, 950, 8, 
7 МУ 
2422 Clemast i ne f umarat e 56061 NO; 14976-57-9 459.963 181 
2423 Cli ndamyci n ICI NOS 18323-44-9 424.983 уе amorp soli d 
2424 Cloconazole (51,501 NO 77175-51-0 310.777 73 S Et OAc 
2425 Clof ent егі ne 3,6-Bi s(2-chl orophenyl )-1,2,4,5- CuH,CLN, 74115-24-5 303.147 182 
t et razi ne 
2426 Clofibrat e 6,010 637-07-0 242.698 1492 
2427 Clof orex CH CINO 14261-75-7 255.741 cry 52.8 890005 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
2428 Clomazone 2-(2-Chl orobenzyl )-4,4-di met hyl- C.H CINO — 81777-89-1 239.698 1.192% 
1,2-oxazoli di n-3-one 
2429 Clomi phene (НАС NO 911-45-5 405.959 117 
2430 Clonazepam СНС МО — 1622-61-3 315.711 wh cry 231.5 i BO, bz; sl ace, MeOH, chl 
2431 Cloni di ne 280% 4205-90-7 230.093 cry 137 
2432 Clopi dol СМО 2971-90-6 192.043 pow 2320 i ВО 
2433 Clopyrali d PEDI chl oro-2-pyri di necarboxyl i ФАЊСЊМО; 1702-17-6 192.000 151 = 
әсі 
2434 Сіогорһепе CHCl 0 120-32-1 218.678 48.5 1685 1.18558 sctc, CS = 
2435 Clot ri mazole NON 23593-75-1 344.836 cry 148 SI HO, bz; s ace, chl , AcOEt , DMF ZR 
2436 Clozapi ne CI тал | 148 CIN 5786-21-0 326.824 уе сгу 183.5 a 
2437 Cobalt carbonyl Di cobalt oct acarbonyl a Col, 10210-68-1 341.947 огап cry 51 dec 1.78 i НО; s Et OH, et h, CS > 
2438 Cobalt hydrocarbonyl Tet racarbonyl hydrocobal t 4HCo0, 16842-03-8 171.982 yeli ( ог 045 =-30 10 505 б 
2439 Cobalt (Ill) 2,4-pent anedi oat e Cobalt (11) acet yl acet onat e 158,000; 21679-46-9 356.257 240 о 
2440 Соса! ne GH, NO, 50-36-2 303.354 mcl рг (al) 98 1871 1.50229 51 HO; vs Et OH, et h, bz, py; s CS 2 
2441 бос аш! ne СН МО: 486-39-5 285.338 pl (al) 220.5 - 
2442 Codami ne 690, 21040-59-5 343.418 pr (bz, et h) 127 vs et h, Et OH, chl » 
2443 Codei ne (510, 16-57-3 299.365 ort h cry (м, di | 157.5 25022, 14015 1.3225 S Н.О, et h, bz, chl, t ol; vs Et OH; = 
al, et h) i peth Un 
2444 Соде! ne phosphat e АМОР 52-28-8 397.361 f orpr(dil al) 227 dec vs Et OH, chl © 
2445 Coenzyme А С,.Нз\№О,6Рз 85-61-0 767.535 ром; unst ab | n 580 2 
air 
2446 Coenzyme | Ni cot i nami де adeni ne di nucleot i de;H;;N(D,,P, — 53-04-9 663.425 hyg pow 580 2 
2447 Coenzyme | Ni cot i nami de adeni ne di nucl eot | @3,H,.N,0,,P, 53-59-8 743.405 gray-wh pow s Н,0 Q 
phosphat e Z 
2448 Colchi cei ne ДАМО; 477-21-0 385.411 pa ye nd (di ox) 178.5 1.245 Я ЊО; vs Et OH, chl; i et h, bz 5 
2449 Сојсћ ci ne №5 64-86-8 399.437 ye pl (м + 1/2) 156 vs Н,0, Et OH 
ye cry (bz) Ы 
2450 ColistinA 839 0М60:5..7722-44-3 1169.47 amorp pow sl ЊО, Et OH, hx; s асі ds, MeOH = 
2451 Colli nomyci n 200, 27267-69-2 536.441 огап рг (chl- 281 vs ace, di ох, chl = 
e0H) 9 
2452 Columbi n ОНО 546-97-4 358.385 nd (MeOH) 195.5 i ВО; sl ace, AcOEt , MeOH; s chl c 
2453 Conessi ne Ç H, N; 546-06-5 356.588 f or pl (ace) 125.5 166 51 ЊО; s chl, НОАс 2 
2454 Congo Red быны NaO; 573-58-0 696.663 ром >360 sl ЊО, s Et OH; i eth un 
2 е 
2455 Сопһуйгі ne GH,/NO 3238-62-8 143.227 nd (pet h) 121 226 SI. БО; vs bz, et h, Et OH 8 
2456 Conhydri ne, (+) 2-6-Hydroxypropyl јр! peri di ne Hs; NO 495-20-5 143.227 f (eth) 121 226 51,0; vs et h, Et OH, chl =. 
2457 Coni f eri n 10108 531-293 342.341 nd (142) 186 S НО, py; 51 Et OH; i eth Е 
2458 Conqui nami ne О 464-86-8 312.406 yetetr 123 sl 9; s Et OH, et h, chl s 
2459 Convallat oxi n „010 508-75-8 550.637 pr (et h/MeOH) 238 S Et OH, ace; sl chl; i eth = 
2460 Сораепе С На 3856-25-5 204.352 248.5 0.8996? 14894? | НО; seth, ace, НОАс, li g 
2461 Соррег() et hyl acet oacet at e Bi s(et hyl acet oacet at o)copper — 51,000, 14284-06-1 321.813 grn cry (EL OH) 192 S Et OH, ch 
2462 Copper(ll) gl uconat e Cupri c gl uconat e 12852010, 527-09-3 453.841 bl -grn cry 156 sl Et OH; | os 
2463 Соррег(И) 2,4-pent anedi oat e Copper(Il) acet yl acet onat e rot ио, 13395-16-9 261.762 bl pow 284 dec sub 51 НО; sch 
2464 Copper pht hal ocyani ne Pi gment Blue 15 apHGCuN, 147-14-8 576.069 bl -purp cry i. Ю, Et OH; s conc Н2504 
2465 Согопепе Coste 191-07-1 300.352 ye nd (bz) 437.4 525 1.3715 i BO, con sulf ; sl bz 
2466 Cort i cost erone 201 0, 50-22-6 346.461 па (al, pl) (асе) 181 i 40; s Et OH, et h, ace 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 

2467 Corybul bi ne GHNO, 518-77-4 355.429 nd (al) 2375 i bD; sl Et OH, et h; s ace, bz, НСІ 

2468 Corycavami ne G,H,N0; 521-85-7 367.396 pr (et h, al) 149 vs Et OH, ch 

2469 Corydali ne GH,/NO, 518-69-4 369.454 pr (al) 136 vs bz, et h, Et OH, chl 

2470 Согуд! ne (51530, 476-69-7 341.402 tetr pr (et h) 149 vs et h, Et OH, chl 

2471 Corynant hei ne £H, Оз 18904-54-6 366.452 165.5 vs Et OH 

2472 Cot arni ne СН, N0, 82-54-2 237.252 па (02), сту 132 dec 51 ЊО; s Et OH, et h, bz, chl, 
(et h) МН,ОН 

2473  Coumaphos C H CIOPS 56-72-4 362.766 93 1.474 

2474  Coumest rol 3,9-Di hydroxy/€-benzof uro[3,2- 0,Ң;0; 479-13-0 268.222 cry rods 385 dec i HO; 51 Et ОН, асе; | eth 

c](1]benzopyran-6-one 

2475 Creat i ne МО; 57-00-1 131.133 mel pr (м+1) 303 дес 1.335 $ Н,0:5| Et OH; i eth 

2476 Creat i ni ne 4E NO 60-27-5 113.118 Ч basa If 300 dec S H,0; sl Et OH; i et В, ace, chl 
w 

2477  o-Cresol 2-Met hyl phenol 16,0 95-48-7 108.138 31.03 191.04 1.032735 1.53865 — sH,0;vs Et OH, et h; msc ace, bz, 

їс 

2478 m-Cresol 3-Met пу! phenol 18,0 08-39-4 108.138 12.24 202.27 1.033920 1.540122 sl ЊО; msc Et OH, et h, ace, bz, ct c 

2479 p-Cresol 4-Met hyl phenol 18,0 06-44-5 108.138 рг 34.77 201.98 1.0185% 1.53120 s| ЊО; msc Et OH, et h, ace, bz, ct с 

2480  o-Cresol pht halei n „804 596-27-0 346.376 сту (а!) 223 vs Et OH 

2481  o-Cresol pht hal ei n compl exone Met al pht hal ei n 32112 О 2411-89-4 636.602 уе сгу ром 186 i НО; s Et OH, ace, alk 

2482 Cresol Red 0-Cresol sul f onpht hal ei n 219055 733-12-6 382.430 red-br cry pow >300 vs ЊО, Et OH 

2483 p-Cresyl di phenyl phosphat e „ОР 78-31-9 340.309 со! 114 -40 1.208 i HO; $ os 

2484 Cri mi di ne ЕГ 535-89-7 171.627 br wax 87 143: vs Et OH 

2485 Cromolyn Cromogl i ci c aci d 23:04 6110-51-3 468.366 col cry 241 dec 

2486 Cruf omat e GH,CINOP 299-86-5 291.711 60 11800! 

2487 Crypt opi ne Crypt ocavi ne 21005 482-74-6 369.412 prorpl (bz) па 223 1.31520 i НО; sl Et OH, et h, bz; s chl, 
(chl -MeOH) HOAc 

2488 Crystal Vi olet Gent i an vi olet 2s Hao OON 548-62-9 407.979 grn pow 215 dec vs ЊО, chl 

2489 Cubebi n СоНо05 18423-69-3 356.369 nd (al , bz) 1315 vs et h, Et OH, chl 

2490 Cucurbi t aci n B ба 6199-67-3 558.702 cry (Et 0H) 181 

2491 Cucurbi t aci n C „ада 5988-76-1 560.718 cry (AcOEt ) 207.5 

2492 Сирі erron CH;N.O; 135-20-6 155.154 163.5 sl DMSO 

2493 Cuprei ne СА МО; 524-63-0 310.390 pr (et h 202 vs Et OH 

2494 Сигап-17-01, (160) Gei ssoschi 2011 ne 198№0 18397-07-4 298.421 ра ув атогром 135 dec i НО; vs Et OH, et h, chl 

2495 Curcumi n Turmeri c ЯН 458-37-7 368.380 огап yepr,orth 183 vs Et OH, НОАс 
pr (MeOH) 

2496 Curi ne (515510, 436-05-5 594.696 pr, nd (chl - 221 vs ace, bz, py 
MeOH) 

2497 Cuscohygri ne СНО 454-14-8 224.342 oi | 169, 1222 0.973320 14832? уз ЊО, bz, et h, Et OH 

2498 Cuspari ne 2-[2-(1,3-Benzodi oxol -5-yl Jet ћу! 1-46-5Н, 0, 529-92-0 307.343 (o) whoryend — 92(a f orm); i НО; vs ace, bz, et h, Et OH 

met hoxyqui nol i ne (pet h); B) 111(B f orm) 

amber pr 

2499 Суатетагі ne СН №9 3546-03-0 323.455 уе ром 92 212022 i НО; s Et OH 

2500 Суапаті de Cyanogenami de CHI, 420-04-2 42.040 nd 45.56 140% 1.28220 1.4418% M Et OH; s et h, ace, bz; sl 

2 

2501 Cyanazi ne ОНО 21725-46-2 240.692 168 

2502 Cyani c aci d Hydrogen cyanat e CHNO 420-05-3 43.025 unst ab li q or-86 23 114020 vs ЊО, bz, et h, chl 
gas 

2503 2-Cyanoacet ami de МО 107-91-5 84.076 pl (w) 1215 vs НО 


(рәпшҙиоо) SqN1OdIWOO OINVO2?IO AO SINV.IISNOO 'IVOISAHd 


СЕГРЕ 


О 
ee 
HO O ^O 


Corybul bi ne 


OH 


- 


Coumest rol 


p-Cresyl di 


DAN. 
H 


phenylphosphat e 


aci 


Cucurbi 


2 “он 


Curi ne 


CI 


27 2 5 < 
„Ох! 
Ох м 0 ss oco oo 
Ó о OH P 
Corycavami ne Corydal i ne Corydi ne Corynant hei ne Cot arni ne Coumaphos 
OH 
о 
НО 
НО N HO 
o | он 
О рут Qr 
RC Ч I Q 
О, о 
/ OH OH 
NH) N N e о “А о 
Ayn № = po 0 он $ 
| N "NH, N NH b 5% 
о | | o 0^ “он 
Creat i ne Creat i ni ne 0-Cresol m-Cresol ^ p-Cresol o-Cresol pht hal ei n 0-Cresol pht hal еіоотрі exone Cresol Red 


тм HO 
“SN HO. 
| о о 
43. O 
Cri mi di ne Cromol yn Cruf omat e Crypt opi ne Cryst alVi ol et Cubebi n 


бү? 


Ó N 
у 
N. ` 
O o° NH? Na H 
H 
“он 
Cucurbi t aci Cupf erron Cuprei ne Curan-17-0l (160) Curcumi n 


HO—=N (0) 
Cyani caci d 


EN О 
| d o | 
7 © сон/ Н BEN AK Ју 
N о Ж NN 
O М. 
йг WM м : Жонг us 
— C A тааж eX 


Ho)jN =N H H “ч 


Cuscohygri ne Cuspari ne Cyamemazi ne Cyanami de Cyanazi ne 2-Cyanoacet ami de 


(penuguo») SqaN1OdIWOO ОМУОМО AO SLNV.LSNOD 'IVOISAHd 


9614 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2504 Суапоасе i c aci d 26,0, 372-09-8 85.062 66 dec 160; S Н,0, Et OH, et h; sl chl, HOAc 
1085 
2505 Cyanoacet ohydrazi de Cyacet aci de НО 140-87-4 99.091 pr (al) 1145 vs HO, Et OH 
2506 Cyanoacet yl ene GHN 1070-71-9 51.047 5 425 0.81677 1.3868? 51 НО; s EtOH 
2507 3-Cyanobenzoi c aci d PI NO; 1877-72-1 147432 nd (w) 219 sub sl HO; s Et OH, et h 
2508 4-Cyanobenzoi c aci d HNO, 619-65-8 147.132 219 S ЊО, Et OH, et h, HOAc; sl tf a 
2509 4-Cyanobut anoi c aci d МО; 39201-33-7 113.116 hyg cry 45 S Н,0, Et OH, et h, bz = 
2510 2-Cyanoet hyl acryl at e 8,30, 106-71-8 125.126 10812 06220 T 
2511 Cyanof enphos GH,NO;PS 13067-93-1 303.317 83 1.58395 51 НО >° 
2512 Cyanogen CN; 460-19-5 52.034 col gas -27.83 -21.1 0.9537?! S Н,0, Et OH, et h = 
2513 Cyanogen bromi de Bromi ne cyani de CBrN 506-68-3 105.922 nd 52 61.5 2.005 S Н,0, Et OH, et h o 
2514 Cyanogen chlori de Chlori пе cyani 06 CCIN 506-77-4 61471 col vol li q 66.5 13 186° $ Н,0, Et OH; vs et h E 
gas 
2515 Cyanogen fluori de Fluori ne cyani de CFN 1495-50-7 45.016 col gas -82 -46 e 
2516 Cyanogen i odi de lodi ne cyani de CIN 506-78-5 152.922 nd (al, et h) 146.7 sub 284 vs et h, Et OH 2 
2517 Суаподиапі di ne Di cyanodi ami de НА, 461-58-5 84.080 21 404" S H,0, Et OH, ace; i et h, bz, chl = 
2518 Суапоте! ћу! mercury Met ћу! mercuryni t ri le НМ 2597-97-9 241.64 cry (chl ) 92 subl vs HO, Et OH, bz; s et h > 
2519  (4-Cyanophenoxy)acet i c aci d 9; NO, 878-82-6 171.157 cry (м) 178 = 
2520 2-Cyano-N-phenyl acet ami de 485,0 621-03-4 160.172 nd (al) 199.5 un 
2521 4-Cyanot hi azole ANS 452-15-9 110.137 nd 58 о 
2522 Суапий c aci d 1,3,5-Tri azi ne-2,4,6(94,54)- C4HN.0, 08-80-5 129.074 wh cry 2330 sub 1.75% sl hot ED, ace, bz, Et ОН; s conc "i 
tri one HCI ° 
2523 Суапигі c fluori де 2,4,6-Tri fluoro-1,3,5-t ri azi ne зЕз\6 675-14-9 135.047 72.8 Е 
2524 Сусаѕі п QH, N0; 4901-08-7 252.222 nd (ace aq) 154 dec » 
2525 Cyclandelat e GH,,0, 456-59-7 276.371 52 193" i HO 2 
2526 Cycli zi ne „№ 82-92-8 266.381 cry (pet h) 106 i ЖЮ; schl; sl Et OH б 
2527 Cycl oat e Carbamot hi oi caci d, сус! оћеху! et 1їф115,М05 134-23-2 215.356 11.5 14510 1.0156? e 
S-et hyl est er © 
2528 Cyclobarbi t al 48,50; 52-31-3 236.266 | (м) 173 i ;H; vs Et OH; s et h, di | al k; sl = 
HOAc ч 
2529 Cycl obut anami ne Ami nocycl obut ane «НЫ 2516-34-9 71.121 82 0.832820 436379 = 
2530 Cycl obut ane Tet ramet hyl ene 45 287-23-0 56.107 vol li qorgas -907 12.6 0.7038 37520 i HO; vs Et OH, ace; msc et h; s bz Z 
2531 Cycl obut anecarboni t ri le Cyanocycl obut ane Ж 4426-11-3 81.117 149.6 > 
2532 Cycl obut anecarboxyl i c aci d НО, 3721-95-7 100.117 liq -1.0 190; 74 1.059920 44002 51 ЊО; msc Et OH, et h p: 
2533 1,1-Cycl obut anedi carboxyl i c aci d 40, 5445-51-2 144,126 pr (w, et h) 158.0 vs НО; s Et OH, et h, bz; sl li g 8 
2534 Суб obut anol Hydroxycycl obut ane 480 2919-23-5 72.106 124 0.921815 43712 z 
2535 Cycl obut anone 0950 191-95-3 70.090 114 -50.9 99 0.9547 42159 s ae h, bz, chl , t ol; vs Et OH; = 
| pe 6 
2536 Cycl obut ene (H; 822-35-5 54.091 col gas 2 0.733 vs ace; $ 62, pet h = 
2537 Cycl ochl orot i ne „СМО; 12663-46-6 572.439 па (Меон) 255 dec 
2538 Сус odecane Co Hos 293-96-9 140.266 10 202 0.85382 471620 
2539 1,2-СусІ odecanedi one Sebaci | 10010 96-01-5 168.233 40.5 10410 
2540 Сус! odecanol (5150 502-05-2 156.265 405 1257 0.9606? 49260 s Et OH 
2541 Cycl odecanone CoHi 0 502-06-3 154.249 amor pow 28 10613 0.965420 .4806? ^ vs bz, et h, chl 
2542 a-Oycl odext ri n Cycl omal t ohexaose ag Goo 0016-20-3 972.843 hx pl or nd vs cold НО; i hot $0 
2543 B-Cycl odext ri n Cycl omal t ohept 4086 НО 7585-39-9 1134.984 mcl cry (w) 260 dec 
2544 y-Cycl odext ri n Cycl omal t ooct aose «НВО 7465-86-0 1297.125 Sq pl or rods 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
2545 Cycl ododecane СН, 294-62-2 168.319 па (81) 60.4 247 0.820 
2546 Cycl ododecanol GH,,0 1724-39-6 184.318 286 
2547 Сус! ododecanone (РО 830-13-7 182.302 59 127? 0.90598 45719 
2548 1,5,9-Cycl ododecat ri ene CDT Im 4904-61-4 162271 liq -17 240 0,840 
2549 сі sCycl ododecene Gs 1129-89-1 166.303 133%, 712 4002 vs bz, chl 
2550 t ransCycl ododecene СН» 1486-75-50 166.303 113" .4850? ^ vs bz, chl 
2551 ci 59-Cycl ohept adecen-1-one Ci vet one К 542-46-1 250.419 32.5 343; 15% - 
2552 1,3-Cycl оһері adi ene о 4054-38-0 94.154 liq -110.4 20.5 0.868 497820 = 
2553 Cycl ohept anami ne ЫМ 5452-35-7 113.201 54" 472420 = 
2554 Сус ohept ane Hy, 291-64-5 98.186 liq -8.46 184 0.8098 .4436? 1 НО; vs Et OH, et h; s bz, chl = 
2555 1,2-Cycl ohept anedi one 18,0; 3008-39-7 126.153 -40 10877 1.058322 46892 s Et OH » 
2556 Cycl ohept anol ІН,0 502-41-0 114.185 72 185 0.955420 407052 51 ЊО; vs Et OH, et h С 
2557 Сус ohept anone Suberone (8,0 502-42-1 112.169 178.5 0.950820 .4608 1 НО; vs Et OH, et h Q 
2558 1,3,5-Cycl ohept at ri ene Tropi 11 dene 7H, 0 544-25-2 92.139 n 50 cry (- -795 117; 60.5122 0.88759 53439 1 НО; s Et OH, et h; vs bz, chl 5 
2559 2,4,6-Cycl ohept at ri en-1-one 71,0 539-80-0 106.122 -7 1139, 84 1.09522 81722 vs bz, chl 2 
2560 Сус! ohept ene Hiz 628-92-2 96.170 iq -56 15 0.8228 455220 | НО; s Et OH, et h, bz, chl; sl сіс 27 
2561 1,3-Сус! ohexadi ene СН, 592-57-4 80.128 і4 -89 80.5 0.8409 4755? | НО; $ Е OH, bz, chl , pet h; vs et h = 
2562 1,4-Сус! ohexadi ene 1,4-Di hydrobenzene 48: 628-41-1 80.128 14 -49.2 85.5 0.8477 47250 | НО; msc Et OH, et h; s bz, chl, 5 
pet h 
2563 3,2-Сусі ohexadi ene-1,2-di one 48,0, 583-63-1 108.095 red pl or pr «65 dec seth, асе, bz i pet h = 
2564 ps ohexadi ene-1,4-di one, СНО 105-11-3 138.124 ра уе па (м) 240 dec 580 > 
i oxi me 
2565 Сус ohexane Hexahydrobenzene СН, 110-82-7 84159 6.59 80.73 0.773925 1.42355 1 НО; msc Et OH, et h, ace, bz, li g, ° 
їс ” 

2566 Cycl ohexaneacet i c aci d 45,0, 5292-21-7 142.196 nd (HCO,H) 33 245 1.0423" 1.4775% sl ЊО; s et h, ace 5 
2567 Cycl ohexanecarboni t ri le Cycl ohexyl cyani de ММ! 766-05-2 109.169 liq 11 184; 76 0.919 1.4505? б 
2568 Cycl ohexanecarbonyl chl ori de 18010 2719-27-9 146.614 180 1.09625 147119 о 
2569 Cycl ohexanecarboxal dehyde Н,0 2043-61-0 112.169 1593 0.9035? 14496? 50, et h = 
2570 Cycl ohexanecarboxyl i c aci d Hexahydrobenzoi c aci d 180, 98-89-5 128.169 mcl pr 315 232.5 1.03342 1.45302 5 HO, ct c; vs Et OH, bz, chl 5 
2571 сі 51,2-Сус! ohexanedi ami ne сі 81-01 ami посус! ohexane ва 1436-59-5 4188 liq 40 0.95220 1.495120 е 
2572 trans1,2-Cycl ohexanedi ami пе t rans1,2-Di ami посус! оћехапе «3 ММ, 1121-22-8 114.188 148 8075, 41? 0.95120 2 
2573 trans :4-Сус! ohexanedi carboxyl i с C4 H0, 619-82-9 172479 pr (w) 3125 sub 300 sl НО, et h; vs Et ОН, s ace; і chl > 

асі 4 222 
2574 1,3-Cycl ohexanedi met hanami ne ам 2579-20-6 42.242 <-70 220 0.94520 vs ЊО, et h, Et OH 8 
2575 1,4-Сусі ohexanedi met hanol 8602 105-08-8 144.212 43 283, 16770 z 
2576 сі 51,2-Cycl ohexanedi ol (1,0, 1792-81-0 116.158 100 12015 1.029710 S Et OH, ace, bz; sl chl = 
2577 t rans1,4-Cycl ohexanedi ol 40,0 6995-79-5 6.158 mcl pr (ace) 143 1.189 S ЊО, Et OH, MeOH; i eth; sl ace | е 
2578 1,2-Сус! ohexanedi one 1,2-Di oxocycl ohexane №0, 765-87-7 2.127 cry (pet h) 40 194 1.1187! 499595 5Н,0, Et OH, et h, bz = 
2579 1,3-Сус! ohexanedi one Di hydroresorci nol ШИЛ 504-02-9 112.127 pr (bz) 105.5 1.08619! 4576192 s H,O, Et OH, ace, chl ; 51 et h, bz 
2580 1,4-Сусі ohexanedi one Tet rahydroqui none 450, 637-88-7 2.127 ү р! Ы nd 78 13220 1.0861% S Н,0, Et OH, et h, ace, bz, chl 

pet h 

2581 1,2-Cycl ohexanedi one di oxi me Ni oxi me 81:00, 492-99-9 142.155 nd (w, HOAc) 192 S H30, ace, chl; sl tf a 
2582 Cycl ohexaneet hanol (8,0 4442-79-09 128.212 208 0.922920 46419 5 Et OH, et h, bz 
2583 Сус! ohexanemet hanami ne sN 3218-02-8 3.201 160 0.875 „46302 
2584 Сус! ohexanemet hanol Cycl ohexyl carbi по! #00 100-49-2 114.185 114 -43 183 0.9297 46440 vs et h, Et OH 
2585 Cyclohexanepropanoi c ас! d 08,0 701-97-3 156.222 16 216.5 0.912% 46380 s H,0, et h; sl ctc 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2586 Cycl ohexanet hi ol Cycl ohexyl mercapt an Ше 569-69-3 116.224 158.8 0.978220 492120 ^ vs ace, bz, et h, ОН 
2587 Cycl ohexanol Cycl ohexyl al cohol 468,0 08-93-0 100,158 hyg nd 25.93 160.84 0.962420 4641? H,0, Et OH, et h, ace; msc bz; sl 
chl 
2588 Cycl ohexanone Pi meli c ket one 4850 08-94-1 98.142 liq -27.9 155.43 0.9478 4507? sH,0, Et OH, et h, ace, bz, chl, ct c 
2589 Сус ohexanone oxi me (НАМО 00-64-1 113.157 hex pr (li g) 90 206 S ED, Et OH, et h, MeOH; sl chl 
2590 Сус! ohexanone peroxi de 6Н»0; 78-18-2 246.300 cryorlongnd 79 
2591 Oyclohexene Те! rahydrobenzene ЄН 10-83-8 82.143 liq -103.5 82.98 0.8110 24650 | НО; msc Et OH, et h, ace, bz, li g, = 
їс 
2592 1-СусІ ohexenecarboni t ri 16 1-Cyanocycl ohexene 10 855-63-6 107.153 819 = 
2593 1-Сусі ohexene-1-carboxal dehyde (Н,0 192-88-7 110.153 6918 0.969420 50055 s Et OH, et h n 
2594 3-Сус! ohexene-1-carboxal dehyde CH40 00-50-5 0.153 1.0 105 0.969220 47450 sace, MeOH; sl ctc a 
2595 1-Cycl ohexene-1-carboxyl i c aci d 150; 636-82-8 126.153 38 241 1.10920 .4902? 51 НО; s Et OH, ace E 
2596 3-Сусі ohexene-1-carboxyl i c aci d 150; 4771-80-6 126.153 17 234.5 1.082020 481420 vs Н,0; s Et OH, ace с 
2597 4-СусІ ohexene-1,2-di carboxyl i c aci d 8160, 88-08-2 70.163 pr (w) 173.0 о 
2598 2-бусі оһехеп-1-01 GH,.0 822-67-3 98.142 164 0.99235 479025 5 Et OH, ace 2 
2599 2-Cycl ohexen-1-one GH,O 930-68-7 96.127 iq -53 170 0.9628 48832 vs Et OH; s ace - 
2600 1-Сусі ohexen-1-yl benzene Ни 771-98-2 58.239 iq -11 252 0.9939 57180 — vs MeOH > 
2601 2-(1-Cycl ohexen-1-yl )cycl ohexanone CH40 1502-22-3 78.270 116 50702 = 
2602 1-(1-Cycl ohexen-1-yl је! hanone (1,0 932-66-1 124.180 73 201.5 0.965520 48819 s Et OH, et h 22 
2603 3-Сусі ohexenyl met ћу! 3- Cua; 2611-00-9 220.308 iq 153 1095 ° 
сус! ohexenecarboxyl at e ті 
2604 4-(3-Сус! ohexen-1-yl )pyri di ne NN 70644-46-1 59.228 221 226 1.022225 54665 ° 
2605 Cyclohexi mi de ИМ, 66-81-9 281.349 pl (al) 119 vs Et 0H 5 
2606 Сус!оћеху! acet at e 38,0; 622-45-7 42.196 173:969 0.96820 442% vs et h, Et OH » 
2607 Cycl ohexyl acryl at e (8,0; 3066-71-5 54.206 183; 88° ^ 1.027520 467391 НО; msc Et OH, et h; s chl 2 
2608 Cycl ohexyl ami ne Сус! ohexanami ne оным 108-91-8 99.174 iq -17.8 134 0.819? 46255 — sH,O, ct c; vs Et OH; msc et h, ace, б 
bz 
2609 Cycl ohexyl ami ne hydrochl ori де Cycl ohexanami пе hydrochlori de — ,H,,@) N 4998-76-9 135.635 nd(w,al-eth) 206.5 vs Ж, Et OH 2 
2610 2-(Сус! ohexyl ami not hi о) C, H, N.S; 95-33-0 264.409 103 < 
benzot hi azole ч 
2611 N-Cycl ohexyl ani | i ne ИІ 1821-36-9 175.270 mcl pr 16 279; 1923 1.015520 1.56102 1 НО; $ Et OH, et h, bz = 
2612 Сус ohexyl benzene ФН 827-52-1 60.255 р! 7.07 240.1 0.94270 1.5329? 1 НО; vs Et OH; $ et h; sl сіс Z 
2613 Суб ohexyl benzoat e CH, 0; 2412-73-9 204.265 «10 285 1.042920 1.520002 i ВО, s EtOH, eth Я 
2614 бус! ойеху! but anoat e 10,0, 1551-44-6 170.249 213 0.95720 i HO; s Et OH; sl сіс 223 
2615 3-Сус! ohexyl -2-but enoi c ас! d Ci crot oi c aci d rot 6G 25229-42-9 68.233 pr(ag-MeOH) 855 8 
2616 Cycl ohexyl chl ого? ormat e 46010, 13248-54-9 162.614 87.57 vs et h z 
2617 Cycl ohexyl cycl ohexane QH 92-51-3 166.303 4 238 51 HO; s Et OH, et h = 
2618 Cycl ohexyl di et hyl ami ne N,N-Di et hyl сус! ohexanami ne mom 91-65-6 55.281 192; 8520 0.844325 S Et OH; sl ctc б 
2619 Сус ohexyl di те! hyl ami пе N,N-Di met ћу! сус! ohexanami ne НОМ 98-94-2 27.228 162 = 
2620 2-Cycl ohexyl -4,6-di ni t rophenol oH NO; 131-89-5 266.249 cry 104 51 HO; s bz, DMF 
2621 (1,2-Cycl ohexyl enedi ni t ri 10) CDTA CuH, N.O; 13291-61-7 364.349 cry (w) 215 
t et raacet | с ас! d monohydrat e 
2622 1-Сус! ohexyl et hanone (10 823-76-7 126.196 180.5 0.917620 145655 1 HO; seth 
2623 Cycl ohexyl et hyl ami ne МЕН ћу! сус! ohexanami пе ВМ 5459-93-8 127.228 164 0.8680 sl ЊО, ct c; msc Et OH, et h 
2624 4-Сус! ohexyl -3-et ћу! 4-1,2,4- Hexazol e Со 4671-03-8 179.262 pr (et h) 89.5 227 vs ЊО, bz, chl 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
2625 бусі ohexyl f ormat e 180, 4351-54-6 28169 162 1.0057 .M30? 1 HO; s Et OH, HOAc, HCOOH; vs 
eth 
2626 Cyclohexyl hydroperoxi de 04,0; 766-07-4 116.158 -20 4201 1.01920 .4645 vs et h, Et OH, HOAc 
2627 Сус ohexyl i deneacet oni t ri le «146 4435-18-1 21180 10722 0.9483" 4382 vs et h, Et OH 
2628 2-Cycl ohexyl i denecycl ohexanone 10 011-12-7 178.270 cry (MeOH ад) 56.5 
2629 Сус оһеху! i socyanat e Isocyanat ocycl ohexane ;HGNO 3173-53-3 125.168 172 0.985 45512 
2630 Сус ohexyl i sopropyl ami ne N-Isopropyl cycl ohexanami ne Hyg 195-42-2 41.254 6212 0.85925 44802 
2631 Сус ohexyl i sot hi ocyanat e Isot hi ocyanat ocycl ohexane ;HüNS 122-82-3 41.234 221 1.033920 53750 1 НО; s Et OH, et h; sl ctc 
2632 Cycl ohexyl magnesi um chl ori de Ha. CI Mg 931-51-1 142.909 hygliq seth 
2633 Cyclohexyl met hacryl at e 108.0 01-43-9 68.233 210 0.962620 457820 
2634 Cycl ohexyl met hyl ami ne N-Met ћу! сус! ohexanami ne 165 00-60-7 113.20 147 0.866023 45600 sl HO; vs Et OH; msc et h; $ chl 
2635 Cyclohexyl 2-met ћу! propanoat e (80 129-47-1 170.249 204 0.9489 vs et h, Et OH 
2636 2-СусІ ohexyl phenol GH, 0 19-42-6 76.254 nd (li g) 56.5 vs Et 0H, НОАс 
2637 4-Cyclohexylphenol GH,,0 131-60-8 76.254 nd (bz) 133 294; 1334 i НО; vs Et OH, eth; s bz; sl lig 
о-бусі ohexyl e-phenyl -1- Tri hexpheni ду! ANO 44-11-6 301.466 114 
pi peri di nepropanol 
2639 Сус!оћеху! propanoat e (8,0, 6222-35-1 56.222 193; 935 0.935920 .4403 1 НО; s Et OH, et h, ace, ct c 
2640 Cycl ohexyl sul f ami c aci d Сус! ami c aci d s H, NDS 00-88-9 79.237 169.5 vs alk 
2641 бус! ononane ОН» 293-55-0 126.239 11 178.4 0.846325 „46662 
2642 Сус! ononanone GH, 0 3350-30-9 40.222 34 148%, 94? (,956020 4729? s EtOH 
2643 1,4-Сусі ooct adi ene Em 073-07-0 08.181 liq -53 145 0.8759 
2644 сі sci 81,5-Сус! ooct adi ene do 11-78-4 108.181 liq -56.4 150.5 0.889 49055 vs bz 
2645 Cycl ooct anami ne Ami nocycl ooct ane НМ 5452-37-9 127.228 liq -48 190 0.928 „48042 
2646 Cycl осі ane 0, 292-64-8 112.213 14.59 149 0.834920 45869 i ВО; ѕ bz, lig 
2647 Cycl ooct anol (8,0 696-71-9 128.212 251 9916 0.9740 48/12 s Et OH 
2648 Cycl ooct anone NU 502-49-8 126.196 29 196 0.958120 .4694 j HO; s Et OH, ace, bz; sl ctc 
2649 1,3,5,7-Сусі оос! at et raene [8]Annul ene aH 629-20-9 104.150 114 -2.4 140.5 0.9208 53810 s Et OH, et h, ace, bz 
2650  1,3,5-Cycl ooct at ri ene n 1871-52-9 106.165 liq -83 145.5 0.897 50355 
2651 сі sCycl ooct ene На 931-87-3 110.197 liq -12 138 0.8472 .4698 5 ОН, eth, ctc 
2652 t ransCycl ooct ene (Hi, 931-89-5 110.197 liq -59 143 0.8483 47415 5 EtOH, chl; sl ctc 
2653 Cycl ooct yne [um 1781-78-8 108.181 158 0.86820 48502 
2654 Сус opami ne 11-Deoxoj ervi ne амо, 4449-51-8 411.621 па (Е ОН) 237 
2655 Cycl opent adecane Ен» 295-48-7 210.399 nd (Меон) 61.3 0.83645! „45926 
2656 Cycl opent adecanol Exal ol 1560 4727-17-7 226.398 сту (MeOH) 80.5 177", 14503 0.93020 „45553 
2657 Сус opent adecanone GH40 502-72-7 224,382 63 12003 0.889525 463709 51 ЊО; s Et OH, ace 
2658 1,3-Сус! opent adi ene Pyropent yl ene sHy 542-92-7 66.102 lig -85 4 0.8027 .4440? i НО; msc Et OH, et h, bz; s ace 
2659 Cycl opent ane Pent amet hyl ene E" 287-92-3 70.133 liq -934 493 0.7452 „40652 i НО; msc Et OH, et В, ace, bz, 
pet h, ct c 
2660 Сус opent aneacet i c aci d ;H60; 1123-00-8 128.169 pl 13.5 228 1.02168 452318 
2661 Cycl opent anecarboni t ri le Cyanocycl opent ane ае 4254-02-8 95.142 liq -76 170; 67 0.912 44102 
2662 бус! opent anecarboxal dehyde (8,0 872-53-7 98.142 133.5 0.937120 44329 vs HO, et h, Et OH 
2663 Cycl opent anecarboxyl i c ас! d Cycl opent anoi c aci d 68000 3400-45-1 114142 liq -7 212; 104 — 1.05272 45320 51 HO, ct c; s MeOH 
2664 ci 51,2-Cycl opent anedi ol 56,00 5057-98-7 102.132 30 1242, 10070 
2665 t rans1,2-Cycl opent anedi ol 580; 5057-99-8 102.132 54.7 226, 136?! 
2666 Сус! opent anemet hanol 48,0 3637-61-4 100.158 163 0.933220 4579? 
2667 Cycl opent anepropanoi c aci d 45,0, 140-77-2 142.196 1582, 1317 1.010077 „45702 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2668 Cycl opent anet hi ol Cycl opent yl mercapt an 51109» 1679-07-8 102.198 1321 0.955020 
2669 Cycl opent anol Cycl opent yl al cohol 500 96-41-3 86.132 14 -175 140,42 0.9488 1.4530? 5 HO, ct c; s ОН, et h, ace 
2670 Сус opent anone Adi pi c ket one 50 120-92-3 84.117 iq -51.90 130.57 0.948? 14366? i ВО, s Et OH, ace, ct c, hx; msc 
eth 
2671 Cycl opent anone oxi me «8,М0 1192-28-5 99131 578 196 vs Н,0, bz 
2672 Cycl opent ene Hs 142-29-0 68.118 iq -135.0 442 0.7720 14225? | НО; $ Et OH, et h, bz, ct c, pet h 
2673 1-Сусі opent enecarboni t ri le 1-Cyanocycl opent ene аж 3047-38-9 93.127 iq 8? = 
2674 1-Сус! opent ene-1-carboxal dehyde (8,0 6140-65-4 96.127 iq -32 146 0.970 1.487217 аз 
2675 2-бусі opent ene-1-t ri decanoi c ас! d, Chaul moogri c aci d 13:50, 29106-32-9 280.446 pl orif (al, 68.5 247% vs et h, chl < 
(S HOAC) Л 
2676 E d opent ene-1-undecanoi c aci d, Hydnocarpi c aci d 90, 459-67-6 252.392 60.5 vs Et OH, chl, pet h £ 
2677 2-Cycl opent en-1-one 0 930-30-3 82101 136; 407 0,9895 462959: vs et h, Et OH С 
2678 3-Cycl opent en-1-one 090 14320-37-7 82.101 liq 28 e 
2679 N-(1-Cycl opent en-1-yl )pyrrol i di ne 1-Pyrroli di nyl cycl opent ene МС 7148-07-4 137.222 10515 512820 7, 
2680 Cycl opent hi azi de «бий NO, 742-20-1 379.883 238 а 
d 
2681 Cycl opent obarbi t al МО 76-68-6 234.250 cry (w, dil al) 139.5 $19; vs Et OH 2 
2682 Cycl opent yl ami пе Cycl opent anami ne ИШ 1003-03-8 85.148 liq -82.7 108 0.8689 47285 ^ sace, bz, chl 2 
2683 Cycl opent yl benzene СН, 700-88-09 146.229 219 0.946220 52800 — vs eth ° 
2684 2-Cycl opent yl i denecycl opent anone 4140 825-25-2 150.217 1355 1.017918 52158 = 
2685 Cyclopent yl met һу! sul fide tS 7133-36-0 116.224 156.2 o 
2686 Сус ophosphami de Cycl ophosphane СМОР 50-18-0 261.086 43 vs HO; sl bz, chl, di ox, Et OH я 
2687 Суб oposi ne Н, 0, 23185-94-6 573.761 268 Q 
2688 Cycl opropane Tri met hyl ene 3% 75-19-4 42.080 col gas -127.58 -32.81 AEA (p>1 1.37992 5 H,O, bz, pet h; vs Et OH, et h Z 
2689 Cycl opropanecarboni | ri 1e Cycl opropyl cyani de HN 5500-21-0 67.090 35.1 0.894620 1.42290  seth,hx sl ctc A 
2690 Cycl оргорапесагропу! chl ori de 4010 4023-34-1 104,535 119 1.1516? © 
2691 Сус opropanecarboxal dehyde Formyl cycl opropane H 0 1489-69-6 70.090 liq 100 0.938 1.4298 < 
2692 Cycl opropanecarboxyl i c aci d 450; 1759-53-1 86.090 18.5 83 1.088520 1.439022  sH,O, Et OH, et h; sl сіс "5 
2693 1,1-Cycl opropanedi carboxyl i с асі d nu 598-10-7 130.100 prornd(chl)pr 140.5 vs Н,0, et h = 
(w +1) > 
2694 Cycl opropanemet hanol NU) 2516-33-80 72.106 24 0.9115 sl ctc с 
2695 Cycl opropanone СНО 5009-27-8 56.063 St able onl y at Ф 
Гом t emp. = 
2696 Cyclopropene СН, 2781-85-3 40.064 088 dec -36 S 
2697 Cycl opropyl ami ne Сус! opropanami ne HON 765-30-0 57.095 114 -35.39 50.5 0.8249 142109 msc H,0; s Et OH, et h, chl Б 
2698 Cycl opropyl benzene ОН 873-49-4 118.175 liq -31 173.6; 80 0.931720 1.5205? 1 HO; s eth, ace, chl Е 
2699 Cyclopropyl met ћу! et her 480 540-47-6 72.106 liq -119 44.7 0.8109 1.3802? у5Н,0, bz, et h, Et OH = 
2700 Сус!оргору! met ћу! ket one 550 765-43-5 84.117 liq -68.3 1113 0.8987 14251? уз ЊО, et h, Et OH 
2701 Cycl ot et ramet ћу! enet et rani t rami ne HMX 45,6, 2691-41-0 296.156 Cry 286 exp 
2702 Cyclot hi azi de бо NO, 2259-96-3 389.878 234 
2 
2703 Сусі шоп М-Сус! оос! ylN,N-di met ћу! urea (А0 2163-69-1 198.305 cry 138 sl HO; $ bz, ace; vs MeOH 
2704 Oyflut hri n fH, CLFNO, 68359-37-5 434287 60 
2705 Cygon C;HjNO;,PS, 60-51-5 229.258 52 117% 1.2776 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 

2706 Cyhal ot hri n 22- C.H. CIENO, 91465-08-6 449.850 492 
Di met пу! cycl opropanecarboxyl at e 

2707 Cyhexat i n St аппапе, t ri cyclohexyl һуйгоху- “414051 13121-70-5 385.172 196 

2708 Сурегте hri n ОН 010, 52315-07-8 416.297 70 1.2520 

2709 Сурга ne вН,,01М 22936-86-3 221.694 167 

2710 Сургоһері adi ne f HN 129-03-3 287.399 cry (EtOH aq) 113 

2711 Cyromazi ne N-Cycl оргору! -1,3,5-t ri azi ne-2,4,6- СЕН № 66215-27-8 66.183 cry 220 = 
t ri ami ne = 

2712 Cyst ami пе di hydrochl ori de 41001М,5, 56-17-7 225.203 nd (MeOH) 218 dec vs HO, Et OH ме 

2713 Cyst ваті ne SANS 60-23-1 77.149 cry (sub) 99.5 dec vs H,0, Et OH М 

2714 L-Cyst ei c aci d 305 13100-82-8 69.157 cry S H0; i. Et OH a 

2715 L-Cyst ei ne Propanoi c aci d, 2-ami no-3- С,Н,М0,5 52-00-4 121.159 cry (w) 240 dec vs НО, ace, Et OH E 
mercapt 0-, ()- 

2716 L-Cyst ei ne, et hyl est er, hydrochl ori de sH,CINOS 868-59-7 185.673 125.8 vs HO e 

2717 L-Cyst ei ne, hydrochl ori de 3ЮСІМ05 52-89-1 57.620 cry 175 dec 580 Z 

2718 L-Cysti ne 1 t hi obi s(2-ami nopropanoi сС.Н,,М,0,5, 56-89-3 240.300 hex pl orpr(w) 260 дес 1.6775 sl HO; i. Et OH, et h, bz; $ ас! d, al k M 
aci d 

2719 Cyt arabi ne Cyt osi ne arabi nosi de 481400, 147-94-4 243.216 pr (EtOH aq) 212 s HO % 

2720 Oyti di ne 4-Ami п0832-гі bof uranosyl -20) — СоН.3№05 65-46-3 243.216 nd (di | al) 230 dec vs Ю; sl Et OH 2 
-pyri mi di none 

2721 2-Oyti dyli c aci d Cyt i di ne 2-monophosphat е IH, NO;P 85-94-9 323.196 239 dec ° 

2722 3-Oyti dyli c aci d Cyt i di ne 3-monophosphat e АМОР 84-52-6 323.196 233 dec S Н,0, Et OH © 

2723 5-бугі dyli c aci d Cyt i di ne 5-monophosphat e «НМР 63-37-6 323.196 ort h nd 233 dec vs HO, Et OH ж 

2724 Oytisi ne Sophori ne 44,0 485-35-8 190.241 рг 153 2182 vs ЊО, Et OH, MeOH; s bz, асе б 

2725 Cytochalasi n B AH4N0; 14930-96-2 479.608 па (асе) 219 2) 

2726 Cyt ochalasi n D Zygospori n A a Bs; NO; 22144-77-0 507.618 nd (асе/ре в) 270 5 

2727 Cyt ochalasi n E АН: 0, 36011-19-5 495.565 207 с 

2728 Cyt osi ne МО 71-30-7 111.102 b e pl 322 дес s H0; 51 Et OH, chl; i eth © 

W+ 

2729 Dacarbazi ne 5-(3,3-Di met hyl -1-t ri azenf)-1 CH, N,0 4342-03-4 182.182 Cry 205 = 
i mi dazol e-4-carboxami de ° 

2730 Расі i nomyci n №015 50-76-0 1255.416 245 dec c 

2731 Dai dzei n 7-Hydroxy-3-(4-hydroxyphenyl )M- — С.5Н,0, 486-66-8 254.238 ра уе рг (50% 323 dec sub s Et OH, et h 2 
1-benzopyran-4-one al) > 

2732 Dami nozi de But anedi oi c aci d, mono(2,2- СНО 1596-84-5 160.170 1545 = 
di met hyl hydrazi de) e 

2733 Dant rol ene GH, М0; 7261-97-4 314.253 cry (DMF aq) 280 z 

2734 Dati 86611 п 158 60, 480-15-9 286.236 payend(al,aq 277.5 vs ace, et h, Et OH Е 

НОАс) © 

2735 Daucol СНО; 887-08-1 238.366 cry 114 1282 = 

2736 Daunorubi ci n БН, МО,, 20830-81-3 527.520 red nd 208 

2737 Dazomet GH, N.S; 533-/4-4 162.276 па (02) 106 геас Н,0: s Et OH 

2738 Decabromobi phenyl et her Ві s(pent abromophenyl ) et her 228140 1163-19-5 959,167 ye pr (t ol) 305 19 

2739 Песасћ! orobi phenyl 801, 2051-24-3 498.658 cry (bz) 309 i go 

2740 1,3-Decadi ene 1-Hexyl -1,3-but adi ene 108g 2051-25-4 138.250 169 0.75230 vs bz 

2741 1,9-Decadi ene Gi His 1647-16-1 138.250 167 0.7525 1.432520 

2742 2,2',3,3',4,4',5,5',6,6'-Ресайиого- Собе 434-90-2 334112 67.5 206 1.78520 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 2743 cisDecahydromaphthalene  cisDecalin = (Ha, 4930-6 — 19620 п 4429 1058 04069 148109 | HO; msc EtOH, vs et h, ace, chi 

2744 transDecahydronapht hal ene t ransDecali n GHis 493-02-7 138.250 114 -30.4 87.3 0.8659 4695? | HO; ЫН OH, et h, ace; msc bz; 

sl MeOH 
2745 Decahydro-2-napht hol DecahydroB-napht hol GH; 20 825-51-4 154.249 109" 0.9967 499220 
2746 Decamet поп! um di bromi de че Br,N, 541-22-0 418.294 Cry гн 269 dec i eth 

ace 

2747  Decamet ћу! сус! opent asi | oxane 109600591 541-02-6 370.770 liq -38 210 0.9593 39822 i HO 
2748 Decamet hylt et газ! | oxane 19 494 41-62-8 310.685 lig -76 94 0.8535 .3895? | НО; sl Et OH; $ bz, pet h = 
2749 Decanal Capral dehyde GH, 0 12-31-2 156.265 liq -4.0 208.5 0.830 42879 | НО; s Et OH, et h, ace; sl ctc ме 
2750 Decane Cio, 24-18-5 142.282 liq -29.6 74.15 0.7266 .40905 1 HO; msc Et OH; s et h; sl сіс Л 
2751 1,10-Decanedi ami ne £N, 646-25-3 1723311 59.73 140? a 
2752 Decanedi ni t ri le qo ag 871-96-1 164.247 7.6 20416 0.91320 44740 — j НО; schl Ё 
2753 1,10-Decanedi ol Decamet hyl ene gl ycol 1000 12-47-0 174.281 па (м, di l al) 74 192 5 HO, et h; vs Et OH; s DMSO; i б 

10 
2754 Decanedi оу! di chl ori de 1006610 11-19-3 239.139 -1.3 2207, 16511 1.121220 468418 5 
2755 Decaneni t ri le Capri ni t ri le «НЫС 975-78-6 153.265 iq -17.9 243; 106 0.819920 .4296? ^ vs ace, et h, Et OH, chl а 
2756 1-Песапеі hi ol Ресу! mercapt an 1065 43-10-2 174.347 iq -26 240.6 0.8443 4509? | НО; s Et OH, et h > 
2757 Decanoi c ас! d Capri c aci d 1460 334-48-5 172.265 па 314 268.7 0.8858" 42880 i НО; vs ace, bz, et h, Et OH = 
2758 1-Decanol Capri c al cohol 18,0 12-30-1 158.28 6.9 2314 0.829720 4372 | НО; msc Et OH, et h, ace, bz, chl ; un 

800 
2759 2-Decanol Со о 74742-10-2 158.28 iq -12 211 0.8250 „43265 s Et OH, bz; msc et В, ace; sl ctc © 
2760 3-Decanol 0,150 565-81-7 158.28 iq -15 213; 10Р 0.82720 43420 © 
2761 4-Decanol 1-Propyl hept yl al cohol 1080 2051-31-2 158.28 iq -11 210.5 0.8267 4320? 1 НО; s Et OH, сіс 2 
2162 5-Decanol Саро 5205-34-5 158.28 iq 8.7 201 0.824 43332 Q 
2763 2-Песапопе Met hyl oct yl ket one 1850 693-54-9 156.265 nd 14 210; 9612 0.824820 4255? | НО; s Et OH, et h; sl сіс ” 
2764 3-Decanone Et hyl hept yl ket one 10800 928-80-3 156.265 iq 13 203 0,8257 42529 s Et OH, et h, ctc A 
2765 4-Оесапопе Hexyl propyl ket one GH, 0 624-16-8 156.265 ig -9 206.5 0.824 424071 НО; msc Et OH, et h с 
2766 Decanoyl chl ori de Capri noyl chl ori de „5010 112-13-0 190.710 liq -34.5 95 0.979 44109  seth,ctc о 
2767 t rans2-Decenal C H440 3913-81-3 154.249 230; 107" = 
2768 1-Оесепе (m 872-05-9 140.266 iq -66.3 170.5 0.7408 421591 НО; msc Et OH, et h 5 
2769 сі s2-Decene СН» 20348-51-0 140.266 col liq 1742 е 
2770 t rans2-Decene Сон» 20063-97-2 140.266 col liq 173.3 2, 
2771 ci s5-Decene Cio, 7433-78-5 140.266 col liq -112 171:7% 0.744520 „42580 1 НО; msc Et OH, et h; sl сіс Я 
2772 t rans5-Decene баны 7433-56-9 140.266 col liq -73 171 0.7401 .4243? | НО; msc Et OH, et h; sl сіс т 
2773 9-Decenoi c ас! d Caprol ei c aci d 44180: 4436-32-9 170.249 26.5 15821, 142^ 0.92385 45075 vs et h, Et OH © 
2774 9-Decen-1-ol Deoyl eni c al cohol 48) 0 3019-22-2 156.265 236 0.876% 448020 z 
2775 3-Decen-2-one Hept yl i dene acet one 108.80 0519-33-2 154.249 102153 0.847320 44802 Е 
2776 Decl omyci n Demecl ocycl i пе „Ва СО 27-33-3 464,853 cry 176 dec s 
2777 Decyl acet at e 08,0; 12-17-4 200.318 liq -15 244 0.8677 42739 і НО; s Et OH, eth, bz, сіс, HOAc | 77 
2778 Decylami ne 1-Decanami ne („М 2016-57-1 157.297 17 220.5 0.793620 „43690 s| ЊО; msc Et OH, et h, ace, bz, chl 
2779 есу! benzene СН 04-72-3 218.377 114 -14.4 293 0.8559 483229 vs ace, bz, et h, Et OH 
2780 есуі cycl ohexane Gi Hs; 795-16-0 224.425 114 -0.9 299 0.8186 45342 
2781 есуі сус! opent ane ОН» 795-21-7 210.399 114 -22 279 0.8119 .4486? ^ vs ace, bz, et h, Et OH 
2782 есуі decanoat е GH40; 654-86-0 312.531 9.7 2195 0.8586 „44230 vs eth 
2783 есуі f ormat e 1,0; 5451-52-5 186.292 114 243 
2784 11-Decyl henei cosane ОН 55320-06-4 436.840 10.0 282.010 0.811620 454020 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
2785 1-Decyl napht hal ene GH 26438-27-7 268.436 15 379 0.932220 1.543520 
2786 Decyl oxi rane GH,,0 2855-19-8 184.318 143475 51 сіс 
2787 Песуі vi nyl et her 1-(Et henyl oxy)decane P 765-05-9 184.318 -41 10179 0.81220 1.434620 
2788 1-Оесупе Oct yl acet yl ene Nm 764-93-2 138.250 liq -44 174 0.7659 14265? | НО; $ Et OH, eth 
2789 5-Песупе Di but ylacet yl ene 6 1942-46-7 138.250 liq -73 177; 788 0.769020 14331? 1 НО; $ Et OH, et h 
2790 Dehydroabi et i c aci d 8,11,13-Abi et at ri еп-18-01 c aci d 551560, C 1740-19-8 300.435 cry (EtOH ад) 172 
2791 Delphi ni di n 159010, 528-53-0 338.697 >350 vs Н,0, Et OH, MeOH; s AcOEt - 
2792 Delphi ni ne 401 NO, 561-07-9 599.712 ort h (al) 199 i 9; s chl , ace, et h; vs Et OH = 
2793 Delt amet hri n „Вавр NO, 52918-63-5 505.199 99 = 
2794 Demecari um bromi de Ново О, 56-94-0 716.588 hyg pow 165 dec vs Н,0: sl ace; i ace, et h = 
2795 Demet on Syst ox [H4,0;PS; 8065-48-3 258.339 oilyliq 184 i НО; s Et OH, t ol » 
2796 Demet onS-met ћу! 09,0,Р5, 919-86-8 230.285 уе liq 895, 1181 1.2020 15063? | HO; s os С 
2797 2'-Deoxyadenosi ne На Оз 958-09-8 251.242 51 ЊО С) 
2798 2’-Оеохуадепоз! ne 5'-t ri phosphat e обе Ме ОР, 1927-31-7 491.182 cry (Et OH ад) 5 
2799 6-Deoxy-L-ascorbi c aci d 400, 528-81-4 160.125 pr (AcOEt ) 168 sub 160 vs HO, ace, Et OH а 
2800 Deoxycholi c aci d 3,12-Di hydroxychol an-24-oi c aci dC, Н 0, 83-44-3 392.573 cry (al) 177 < 
(Зо,50,120) 2 
2801 2-еохусу! i di ne 5-monophosphate 2-Пеоху-5-суГі dyli c aci d АМОР 1032-65-1 307.197 ром 183 dec = 
2802 2'-Deoxy-5-fluorouri di ne Fl oxuri di ne ШЕ 50-01-9 246191 Cry 150 % 
2803 2-Deoxy-D-gl ucose СН. 205 154-17-6 164.156 146.5 ° 
2804 2'-Deoxyguanosi пе 5- 2'-Deoxy-5"-guanyl i c ас! d fH N.O  902-04-5 347.222 580 © 
monophosphat e x 
2805 2-Deoxy-D-chi rei nosi t ol D-Querci t ol (8,0; 488-73-3 164.156 pr(w,dilal) 236 1.5848 vs Н,0 A 
2806 1-Deoxy-1-(met ћу! ami nof-gl uci t ol A-Met hyl gl ucami ne МО; 6284-40-8 195.214 cry (MeOH) 128.5 580 > 
2807 6-Пеоху-3-0-тег ћу! gal act ose Di gi t al ose ;Hu0s 4481-08-7 178.183 nd (AcOEt ) 119 vs НО 2 
2808 —D-2-Deoxyri bose 1,0, 533-67-5 13413 90 a 
2809 Deserpi di ne ФН №0, 131-01-1 578.652 па or рг 230.5 i НО; s Et OH, chl Q 
2810 Deset hyl at razi ne 6-Chl о№+ sopropyl -1,3,5-t ri azi пеб,Н,С1М, 6190-65-4 187.630 Cry 136 9 
2,4-di ami ne < 
2811 Desf erri oxami ne Def eroxami ne ax HN OS 70-51-9 560.684 cry (ELOH ад) 139 5 
2812 Desi prami ne „№ 50-47-5 266.38 173002 с 
2813 Desmedi pham (51,610, 13684-56-5 300.309 120 2 
2814 Desmet ryne GH,N,S 1014-69-3 213.304 cry 85 5 
2815 Desthi obi oti n 10850; 533-48-2 21426 lo па (HO) 157 s Н,0 т 
2816 Dexamet hasone СО РО; 50-02-2 392.460 262 S 
2817 Dexon Sodi um СН. М-Ма0;5 140-56-7 251.238 ye-br pow sl НО; s DMF =. 
di met hyl ami nobenzenedi azosul f ona = 
te б 
2818 Оехрап! henol СН. №0, 81-13-0 205.252 hyg oi | dec 1.28 1.497% ма ЊО, Et OH, MeOH; sl et h = 
2819 Dext roamphet ami ne sul f at e а АМО, 51-63-8 368.491 >300 1.155 vs ЊО 
2820 Dext romet horphan hydrobromi de (H BrN0 125-69-9 352.309 wh cry pow 123 s Et OH, chl; i eth 
2821 Di acet one al cohol 4-Hydroxy-4-met hyl -2-pent anone 40, 123-42-2 116.158 liq -44 167.9 0.9387 14213? msc H,0, Et OH, et h; s chl 
2822 3,3-Пі acet oxy-1-propene ІН 0, 869-29-4 158.152 114 -37.6 180 1.0760 1.4193? ^ vs ace, bz, et h, Et OH 
2823 1,3-Di acet yl benzene 1180; 6781-42-6 162.185 32 15215 sl 40, pet h; s Et OH, bz, chl, 
HOAc 
2824 1,4-Di acet yl benzene 4-Acet yl acet ophenone 1090 1009-61-6 162.185 113.0 1283 vs Et OH; sl. chl 
2825 ММ-ОГ acet yl -4,4-di ami nobi phenyl 8105,0, 613-35-4 268.310 па (НОАс) 328.3 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2826 Di acet yl morphi ne zB; NO; 561-27-3 369.412 ort h 173 2732 1.56% vs bz, chl 
2827 Di acet yl peroxi de Acet yl peroxi de HC, 110-22-5 118.089 nd (et h) If 30 68 vs et h, Et OH 
2828 Dialifor yere NOP 10311-84-9 393.846 68 
2 
2829 Diallate (f; Cl,NOS — 2303-16-4 210.219 50? 
2830 Di allyl cyanami de 790% 538-08-9 122.167 42%, 959 S Et OH; sl eth, сіс 
2831 Diallyl di ethylene glycol carbonat e Di et hylene glycol bi s(allyl сагр 06) C 142-22-3 274.267 col li q 4 161 14% i НО; $ os = 
2832 Di allyl di met hyl si Lane nx 1113-12-8 140.299 137; 6829 0.767920 44202 T 
2833 Diallyl di sul fide ШЙ 2179-57-9 146.273 008, 796 1,023715 = 
2834 Di allyl et her Allyl et her 610 557-40-4 98.142 liq -6 94 0.8260 4163 i НО; msc Et OH, et h; vs ace; s chl E 
2835 Di allyl f umarat e 4150, 2807-54-17 196.200 403 076820 46705 vs асе, bz, et h, Et OH £ 
2836 Di allyl i sopht hal at e Di -2-propenyl 1,3- С Н.О, 1087-21-4 246.259 76% m 
benzenedi carboxyl at e б 
2837 Di allyl maleat e 1000, 999-21-3 196.200 29%, 1098 1.07520 46999 sch о 
2838 Di allyl oxalate 8160, 615-99-6 170.163 217 „15822 448191 НО; s Et OH, асе, bz; sl chl 2 
2839 N,N-Di al yl -2-propen-1-ami ne Tri all yl ami ne aHa NC 102-70-5 137.222 94 55.5 0.8092) 45029 s Et OH, et h, ace, bz, aci d - 
2840 5,5-Di allyl-2,4,6883H,5H)- All obarbi t al (8250; 52-43-7 208.213 If 172 51 0, DMSO; s Et OH, et h, bz » 
pyri mi di net ri one 2 
2841 Di allyl sulfide №5 592-88-1 114.208 liq -85 138.6 0.8877 48705 vs et h, Et OH un 
2842 Di allyl t ri sulfide H (S; 2050-87-5 178.338 1143 1.08455 vseth © 
2843 Di amant ane Congressane СН 2292-79-7 188.309 cry 236 = 
2844 1,2-Di ami no-9,10-ant hracenedi one 45,0; 1758-68-5 238.241 vi ol nd 303.5 sI Et OH, et h, chl, ху!; s py, con = 
Su 
2845 1,4-Di ami no-9,10-ant hracenedi one NONO 128-95-0 238.241 dk vi ol nd (py) 268 SI 49; s Et OH, bz, РАМО; vs py 5; 
2846 1,5-Di ami no-9,10-ant hracenedi one 446,М0, 129-44-2 238.241 dkrednd(al, 319 sub i НО; sl Et OH, et h, ace, bz; s ” 
НОАс) PhNO, 5 
2847 1,8-Пі ami no-9,10-ant hracenedi one 446,М0, 129-42-0 238.241 pe 265 i НО; s Et OH, py; sl et h, HOAc с 
2848 2,6-Di ami no-9,10-ant hracenedi one 146 60, 131-14-6 238.241 red-br рг (ад- 320 dec 51 ЊО; s ОН, chl , con sul f , ху!, 2 
ру ру 
2849 4,4-Пі ami noazobenzene HN, 538-41-0 212.250 ye nd (al ), 250.5 51 HO, li g; s Et OH; vs bz, chl 5 
огап-уе рг c 
al) 2 
2850 3,5-Di ami nobenzoi c ас! d НО, 535-87-5 152.151 nd (+1w) 228 sl НО, tf a; s Et OH; vs et h > 
2851 2,4-Di ami nobut anoi c ас! d 4805,0, 305-62-4 118.134 hyg cry S H,0; sl Et OH, MeOH ~ 
2852 сі 52,3-Di ami no-2-but enedi ni t ri le AH NS 1187-42-4 108.102 178.5 1.412 8 
2853 1,8-Di ami no-4,5-di ћудгоху-9,10- СН №04 128-94-9 270.240 bl па (ху!) i Ю; $ bz, xyl, Et OH 8 
ant hracenedi one = 
2854 4,4-Пі ami nodi phenyl et her 4,4-Oxydi ani 11 ne ән 00 101-80-4 200.235 189 dec >300 5 
2855 4,4-Пі ami nodi phenyl met hane 4,4'-Met hyl enedi ani || ne NUNG 101-77-9 198.263 pl or nd (м) pl 92.5 398; 25718 SI HO; vs Et OH, et h, bz = 
(07) 
2856 4,4-Пі ami nodi phenyl sul fide 4,4-Thi odi ani li ne o HoN S 139-65-1 216.301 nd (w) 108.5 51 HO; vs Et OH, et h, bz s t f a 
2857 3,3-Di ami nodi phenyl sulf one 3,3-Sulf onyl di ani li ne oH NJOCS  599-61-1 248.300 168.5 vs ЊО, Et OH 
2858  meso-2,6-Di ami nohept anedi oi c aci d 2,6-Пі ami порі meli c aci d 1490,6 922-54-3 190.197 nd (w) 314 dec 580 
2859 1,4-Пі ami no-2-met hoxy-9,10- СНО 2872-48-2 268.267 235 
ant hracenedi one 
2860 1,4-Пі ami no-5-ni t ro-9,10- Сан МО, 82-33-7 283.239 278 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2861 2,4-Di ami nophenol «800 95-86-3 124.140 | 19 дес vs ED, ace, Et OH 
2862 2,4-Пі ami nophenol , di hydrochl ori de ШӨ Ө 137-09-7 197.061 nd 235 dec vs ЊО 
2863 3,7-Di ami nophenot hi azi n-5-i um Thi oni пе ЕН CI NS 581-64-6 263.745 51 ЊО, Et OH, et h; s bz, chl, aci d 
chl ori de 
2864 4-[(2,4-Di ami nophenyl ) Pront osi | (Н,С1М0,5 — 103-12-8 327.790 249.5 sl HO; s Et OH, ace, oi Is, f at s 
azo]benzenesul f onami de 
2865 1,3-Di ami no-2-propanol 4B, №0 616-29-5 90.123 cry 42.8 i eth, bz 
2866 ын ami no-2,2’-st i | benedi sul f олдвол c aci d (H4N,0,S, 81-11-8 370.400 ye nd 300 51 0 = 
әсі 
2867 4,6-Пі ami no-1,3,5-t ri azi п/9(фпе СНО 645-92-1 127.105 nd (aq Ма,С0,) dec i НО, Et OH, et В, bz, HOAc; saci d, 2 
al 
2868 8,8-Di apow,w-carot enedi oi caci d — Crocetin a HD, 27876-94-4 328.403 bri ck red orth 286 5 m Et OH; i eth, bz; s py; vs 5 
NaOH 
2869 Di at ri zoi c aci d N,N-Di acet yl -3,5-di ami no-2,4,6- — CHINO, 117-96-4 613.913 cry (EtOH aq) 300 Q 
tri i odobenzoi с aci d ° 
2870 Di azenedi carboxami de Azodi carbonami de ЖАО; 123-77-3 116.079 212 дес 2 
2871 Di әгі non GH,,N,0,PS — 333-41-5 304.345 87005 1.108820 1.492220 - 
2872 Di azomet hane CIN, 334-88-3 42.040 ye gas -145 -23 vs et h, di ox > 
2873 Di benz[a,h]acri di пе 201 226-36-8 279.335 ув сгу 228 = 
2874 Di benz[a,j Jacri di ne 7-Azadi репда,| Jant hracene PLN 224-42-0 279.335 216 i go n 
2875 Di benz[c,hjacri di ne 201: 224-53-3 279.335 уе cry (EtOH) 189 ° 
2876 Di benz[a,hlant hracene 1,2:5,6-Di benzant hracene „ба 53-70-3 278.346 pl (di | ace) 269.5 1451 Et OH; s ace, bz, CS © 
2877 Di benz[a,j Jant hracene 201, 224-41-9 278.346 огап 11 ornd 197.5 i ВО, НОАс; 51 Et OH, et h, bz; s ж 
(02) pet h A 
2878 5H-Di benz[b,f Jazepi пе-5- Carbamazepi ne ОН МО 298-46-4 236.268 190.2 > 
carboxami де 2 
2879 Di benzepi n fH, NO 4498-32-2 295.379 117 185001 б 
2880 ТН-Пі benzo[c,g]carbazol е ОН 94-59-2 267.324 cry (Et OH) 158 б 
2881 13H-Di benzo[a,i ]carbazol e Kom 239-64-5 267.324 221.3 i go ° 
2882 Di benzo[b,k]chrysene Goths 217-54-9 328.405 400 2 
2883 Di benzo[b,e][1,4]di oxi n Di phenyl ene di oxi de qo Hs D 262-12-4 184.191 nd (MeOH) 120.5 5 
2884 Пі benzof шап 2,2-Ві phenyl ene ох! de НО 32-64-9 168.191 If or nd (al) 86.5 287 1.0886 1.60799 | 5 Et OH, ace, bz; vs et h, = 
2885 Di benzo[a,e]pyrene Napht ho[1,2,3,4-def Ichrysene „а 92-65-4 302.368 ра уе п (ху!) 233.5 si P ace, bz, HOAc; 5101, con > 
su 
2886 Пі benzola,h]pyrene Di benzo[b,def ]chrysene 281, 89-64-0 302.368 огап р! 315 © 
2887 Пі benzola,i ]pyrene Benzo[rst ]pent aphene p. 89-55-9 302.368 281.5 27505 z 
2888 Di Велго(а,! Іругепе Di benzo[def „рјећгузепе pm 91-30-0 302.368 ye pl (bz/Et ОН) 164.5 E 
2889 Пі benzot hi ophene PON 32-65-0 184.257 nd (di | al, li g) 982 332.5 30% chl , MeOH; vs Et OH, bz = 
2890 Di benz[c,e]oxepi n-5,7-di one 46605 6050-13-1 224.212 па (НОАсог 217 sub i ВО; sl eth = 
bz) 
2891 Di benzoyl di sul fide Веп20у! di sul fide 4800,5, 644-32-6 274.358 pr(al), sc(chl- 134.5 dec i HO; 51 Et OH, et h; s CS 
pet h) 
2892 Di benzyl ami ne N-Benzyl benzenemet hanami ne HN 103-49-1 197.276 -26 dec 300; 1.025622 157019 1 НО; vs Et OH, et h; $ ct c 
270250 
2893 Di benzyl di sul fide 14145; 150-60-7 246.391 If (al) 715 81,8, s Et OH, et h, bz, MeOH 
2894 N,N-Di benzyl -1,2-et hanedi ami ne Benzat hi ne tet Dl 140-28-3 240.343 oi ly lig 26 195 1.02420 1.5635? vs bz, et h, Et OH 
2895 Di benzyl et her Benzyl et her 446,0 103-50-4 198.260 1.8 298 1.042820 15168? i НО; msc Et OH, et h; $ сіс 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
2896 2,6-01 benzyl i авпесус! ohexanone 2050 897-78-9 274.356 117.5 19020 sl Et OH; 5 bz, HOAc 
2897 Di benzyl та! onat 6 18,0, 15014-25-2 284.307 1872 1.1375 1.544720 
2898 Di benzyl phosphi t e 8,03 17176-77-1 262.241 -25 16291 1.552118 
2899 Di benzyl sulfide Benzyl sul fide 8,5 538-74-9 214.326 pl (eth orchl) 49.5 dec 1.0588 i НО; s Et OH, et h, CS 
2900 Di benzyl sulf one 181405 620-32-6 246.325 nd (81-02) 152 dec 290 i bO; 51 Et OH; vs ace; s bz, HOAc 
2901 Di benzyl sulf oxi de 44,05 621-08-9 230.325 If (al, м) 134 dec 210 iB vs Et OH, et h 
2902 1,3-Di benzyl urea СН, №0 1466-67-/ 240.300 па (81) 169.5 vs Et OH, НОАс - 
2903 Di bromoacet i c aci d 21468150, 631-64-1 217.844 hyg cry 49 19525, vs Н,0; vs Et OH, et h = 
13016 
2904 Di bromoacet oni t ri le 21В0,М 3252-43-5 198.844 169; 68% 2.36920 1.539320 Ж 
2905 2,4-Пі bromoani 11 ne ШЕЙ 615-57-6 250.919 orth bi pym 795 15674 2.26020 S Et OH, et h, chl, HOAc £ 
(chl) nd or If m 
(al) ^ 
2906 3,5-Di bromoani 11 ne «1881, 626-40-4 250.919 nd (di | al) 57 vs Et OH, et h, bz © 
2907 9,10-Di bromoant hracene CH,Br, 523-27-3 336.022 yend(toorxyl) 226 sub i В; sl Et OH, et h, bz; s chl ” 
2908 0-0! bromobenzene 1,2-Di bromobenzene (pr, 583-53-9 235.904 ГА! 225 1.984320 1.6055? | НО; $ Et OH; msc et h, ace, bz, 5 
їс 
2909 m-Di bromobenzene 1,3-Di bromobenzene (pr, 108-36-1 235.904 lig 7 218 1.9523 1.6083" 1 HO; s Et OH; msc eth 2 
2910 p-Di bromobenzene 1,4-Di bromobenzene (pr, 106-37-6 235.904 pl 87.43 218.5 2.2617 1.5742 i ВО; $ Et OH, bz; vs et h, ace, CS 2 
2911 4,4-Пі bromobenzophenone Bi s(4-bromophenyl ) ket one 13880 3988-03-2 340.010 pl (al) 177 395 vs bz, НОАс, chl © 
2912 4,4-Пі bromo-1,1’-bi phenyl «HBr, 92-86-4 312.000 mcl рг (MeOH) 164 357.5 i $D; sl Et OH; s bz = 
2913 1,3-Di bromo-2,2-bi s(bromomet һу!) Pent aeryt hri t ol t et rabromi de 51880 3229-00-3 387.734 cry (ace), nd 163 305.5 2.59615 S Et OH, bz, t ol; $1 eth, chl o 
propane (lig) x 
2914 3,5-Di bromoA-(4-bromophenyl)-2- Tri bromsal an GH,BrNO, 87-10-5 449.92 227 б 
hydroxybenzami de » 
2915 1,1-Di bromobut ane Br, 62168-25-6 215.915 158; 91197 1.78425 „49885 2 
2916 1,2-Di bromobut ane о-Ви yl ene di bromi de «КВ 533-98-2 215.915 liq -654 166.3 1.7919 4025 | BO;seth, chl a 
2917 1,3-Di bromobut ane Ho Br; 107-80-2 215.915 174 1.80020 507% i ВО; seth, chl; sl ctc S 
2918 1,4-Пі bromobut ane Br, 110-52-1 215.915 liq -16.5 197 1.8199 51675 — i HO; sl ctc; s chl 2 
2919 2,3-Di bromobut ane HBr 5408-86-6 215.915 liq -24 161 1.7893 51332 i HO;seth = 
2920 trans1,4-Di bromo-2-but ene H Br; 821-06-7 213.899 pl (pet h) 53.4 203, 7# sl НО, chl ; vs Et OH, pet h; s ace о 
2921 1,4-Пі bromo-2-but yne НВ 2219-66-1 211.883 905 2.01418 588" s et h, ace; vs chl 5 
2922 о,о/-ПІ bromog-camphor С,61,481,0 514-12-5 310.025 61 1.8542! i НО; vs Et OH, et h, bz, chl ; s 5 
AcOEt un 
2923 Di bromochl orofluoromet hane СВИ 353-55-9 226.270 80.3 2.3173? 4570 ~ 
2924 1,2-01 bromo-3-chl oropropane (181501 96-12-8 236.333 196 2.093“ 553" i HO E 
2925 1,2-Пі bromo-1-chl oro-1,2,2- C;Br;CI R 354-51-8 216.277 50 93 E 
t ri fluoroet hane = 
2926 2,2-01 bromo-2-cyanoacet ami de &Br,N,O 10222-01-2 241.868 cry (bz) 126 s 
2927 trans1,2-Di bromocycl ohexane, (+) ІН, Вг; 5183-77-7 241.951 -2.0 14510, 1.775920 544519 уз асе, bz, et h, EL OH i 
10520 
2928 1,10-Пі bromodecane Decamet hyl ene di bromi de чоН ВЕ 4101-68-2 300.074 р! (а!) 28 161, 1284 1.3359 49275 | НО; sl Et OH; s et h 
2929 1,2-рі bromo-1,1-di chl oroet hane 2681,01, 75-81-0 256.751 liq -26 195 2.138 .5662? vs ace, bz, et h, Et OH 
2930 1,2-Пі bromo-1,2-di chl oroet hane 21008150), 683-68-1 256.751 liq -26 195 2.138 56620 i НО; s Et OH, et h, ace, bz 
2931 Di bromodi chl oromet hane GBI, 594-18-3 242,725 38 150.2 2.425 i НО; s Et OH, et h, ace, bz 
2932 1,2-Пі bromo-1,1-di fluoroet hane Genet ron 132b-B2 гр, 75-82-1 223.842 liq -61.3 92.5 2.2238 „44562 
2933 Di bromodi fluoromet hane СВ 75-61-6 209.816 volliqorgas -110.1 22.76 5, et h, ace, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
2934 1,3-Di bromo-5,5-di met ћу! -2,4- Di bromant i ne 56,81,00, 77-48-5 285.922 198 dec 
i mi dazoli di nedi one 
2935 1,3-Di bromo-2,2-di met hyl propane 580081 5434-27-5 229.941 184, 80% 1.677520 .5090 
2936 1,12-Di bromododecane НВг 3344-70-5 328.127 nd(al,HOAc) 41 2155 i НО; vs Et OH, chl; s et h, HOAc 
2937 1,1-Di bromoet hane Et hyl i dene di bromi de 21,86, 557-91-5 187.861 iq -63 108.0 2.0559 51280 1 НО; s Et OH, ace, bz; sl 011: vs 
eth 
2938 1,2-рі bromoet hane Et hyl ene di bromi de ШЙ 106-93-4 187.861 9.84 131.6 2.16835 53562 vs ace, bz, et h, Et OH 
^ 2939 cist,2-Di bromoethene = cisi12-Dibromoethylene з 590414 18584 Ла | 59 1025 224609 15428? i HO; vs ОН, et №; s ace, bz, chi = 
2940 t rans1,2-Di bromoet hene t rans1,2-Di bromoet ћу! ene Вг; 590-12-5 185.845 iq -65 108 2.2308 „55058 1 НО; vs Et OH, et h; s ace, bz, chl ме 
2941 1,2-Di bromo-1-et hoxyet hane 48,Br,0 2983-26-8 231.914 8020 13202 „50440 vs Et OH, ch n 
2942 1,2-рі bromoet ћу! acet at e 418150, 24442-57-7 245.898 iq 89.5 912 a 
2943 (1,2-Di bromoet hyl )benzene 408г, 93-52-7 263.958 75 13319 1 OH, et h, bz, chl , HOAc, MeOH, > 
10 
2944 Di bromofluoromet hane CHBF 1868-53-7 191.825 iq -78 64,9 2.422 .4685 1 НО; s Et OH, et h, ace, bz, chl e 
2945 1,2-Di bromohept ane И, „ВР 42474-21-5 257.994 228 50862 49862 2. 
2946 1,7-Di bromohept ane Hept amet hyl ene di bromi de "Ний! 4549-31-9 257.994 41.7 263 530620 50340 1 HO; seth, асе, bz, ct c, chl 4 
2947 2,3-Пі bromohept ane И, „ВР 21266-88-6 257.994 1017 51392 49922 > 
2948 3,4-Пі bromohept ane | «ВР 21266-90-0 257.994 10724 51822 50102 = 
2949 1,2-Пі bromo-1,1,2,3,3,3- СВ 661-95-0 309.830 72.8 2.1630? i HO un 
hexafluoropropane © 
2950 1,2-Di bromohexane GH,.Br, 624-20-4 243.967 103% 57742) 502429 vs bz, et h, chl т 
2951 1,6-Пі bromohexane GH,.Br, 629-03-8 243.967 114 -12 245.5 1.6025 .50545 | BO;seth, ace, chl; sl ctc o 
2952 3,4-Пі bromohexane GH, Вг; 89583-12-0 243.967 8013 50272 504320 я 
2953 3,5-Di bromo-2-hydroxybenzal dehyde 3,5-0і bromosal i cyl al dehyde 7H,Br,0, 90-59-5 279.914 pa ye pr 86 sub vs bz, et h, chl Q 
2954 3,5-Di bromo-2-hydroxybenzoi с асі d — 3,5-Di bromosali су! c aci d 79,810; 3147-55-5 295.913 па 228 S асе 2 
2955 3,5-Пі bromo-4-hydroxybenzoni t ri le Вготохупі | 1148 ,М0 1689-84-5 216.913 190 5 
2956 Di bromomet hane Met hyl ene bromi de ;BH 74-95-3 173.835 liq -52.5 97 2.4969 1.5420? s| ЊО; msc Et OH, et h, ace; 5 ct c б 
2957 1,4-Пі bromo-2-met ћу! benzene 2,5-Di bromot ol uene 18 г, 615-59-8 249.93 5.6 236 1.81277 1.59828 i HO о 
2958 2,4-Пі bromo-1-met ћу! benzene ABr 31543-75-6 249.93 -9.7 103" 1.817625 1.596425 = 
2959 (Di bromomet hyl )benzene ABr 618-31-5 249.93 1.0 1563 1.836528 1.61472 | НО; msc Et OH, et h 5 
2960 2,3-Пі bromo-2-met hyl but ane 50087 594-51-4 229.94 7 6217 1.671720 1.572925 е 
2961 2,4-Пі bromo-6-met hyl phenol 70,80 609-22-3 265.930 nd (pet h) 58 dec 265; S chl 2 
1054 
2962 1,2-Пі bromo-2-met hyl propane Вт, 594-34-3 215.915 105 150 1.782720 151199 5 Е OH, et h, chl ји. 
2963 1,4-Пі bromonapht hal ene HBr, 83-53-4 285.963 83 310 i НО; s Et OH, et h; sl HOAc 8 
2964 2,6-Пі bromo-4-ni t roani li ne «1,8 ,М,0, 827-94-1 295.916 ye nd (al , 207 51 НО; s HOAc Б 
НОАс) 5 
2965 2,6-Пі bromo-4-ni t rophenol sFGBr,NO; 99-28-5 296.90 payeprorlf 145 dec i HO; vs Et OH, et h; 51 ace, bz, Е 
(81) HOAc ы 
2966 1,9-Пі bromononane GH, Br, 4549-33-1 286.047 liq -225 285; 154 1.422920 
2967 1,4-Пі bromooct afluorobut ane BU, 335-48-8 359,838 97 
2968 1,8-Пі bromooct ane Oct amet hyl ene di bromi de aH, Br; 4549-32-0 272.02 155 211 1.459425 14971? 1 ВО; seth, ct c, chl 
2969 1,2-Пі bromopent ane И, ВР 3234-49-9 229.94 184 1.66818 
2970 1,4-Пі bromopent ane В”; 626-87-9 229.94 -34.4 14679, 994 1.622220 1.508620 
2971 1,5-Di bromopent ane ТЫЙ 111-24-0 229.94 liq -39.5 2223 1.6928 151025 1 НО; $ bz, chl; sl ctc 
2972 2,4-Пі bromopent ane NS 19398-53-9 229.94 759,60? 1.665920 1.498720 
2973 2,4-Пі bromophenol (H,Br,0 615-58-7 251.903 nd (pet h) 38 238.5 2.0700 sl ЊО, ct c; vs Et OH, et h, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
2974 2,6-Di bromophenol GH,Br,0 608-33-3 251.903 nd (w) 56.5 255, 162?! S H,0; vs Et OH, et h 
2975 1,2-Di bromopropane Propyl ene di bromi de Во 78-75-1 201.888 114 -55.49 141.9 1.9324 1.52012 s Et OH, et h, chl; sl ctc 
2976 1,3-Пі bromopropane GH,Br, 109-64-8 201.888 lig -345 167.3 1.970% 152045 1 НО; $ Et OH, eth, chl; sl ctc 
2977 2,2-Пі bromopropane 1,815 594-16-1 201.888 113 1.88020 vs et h, Et OH, chl 
2978 2,3-01 bromopropanoi c aci d 36,850, 600-05-5 231.871 66.5 1602, 1387 vs bz, et h, Et OH 
2979 2,3-Пі bromo-1-propanol (H ,Br,0 96-13-9 217.887 219 2.12020 
2980 1,3-Di bromo-2-propanol (9810 96-21-9 217.887 yeli q шоо 2.136420 1.54955 vs ace, et h, Et ОН - 
2981 Кт bromo-1-propanol, phosphat е Tri s(2,3-di bromopropyl) phosphate  H&sBr604P 126-72-7 697.610 $ chl 2 
> — 
2982 1,3-Пі bromo-2-propanone 1,3-Di bromoacet one JE Br;O 816-39-7 215.871 nd 26 972 2.16706 vs et h, CS a 
2983 1,1-Di bromo-1-propene GH,Br 13195-80-7 199.872 125 1.976720 1.5260? 5 НО; s bz, ct c, chl E 
2984 1,2-Пі bromo-1-propene GH,Br, 26391-16-2 199.872 131.5 2.007620 с 
2985 2,3-Di bromo-1-propene GH,Br; 513-31-5 199.872 141; 37.7" 2.03455 1.54165 1 НО; s eth, ace, chl о 
2986 3,5-0і bromopyri di пе 56,811 625-92-3 236.893 nd (al) 112 222 51 НО; s Et OH, et h 2 
2987 5,7-Пі bromo-8-qui nol i nol Broxyqui nol i ne gH;BENO 521-74-4 302.950 nd (al) 196 sub i ED; s Et OH, асе, bz, chl , НОАс; < 
sl eth 
2988 2,6-Di bromoqui none-4-chl ori mi de 2,6-Di bromo-4-(chl oroi mi no)-2,8H,Br,CINO 537-45-1 299.347 ye pr (al or 83 vs Et OH 2 
сус! ohexadi en-1-one HOAc) 2 
2989 1,14-Di bromot et radecane Tet radecamet hylene di bromi de ¿H Br, 37688-96-3 356.180 Ea -et h) cry 50.4 1908 vs et В, Et OH, chl ° 
2990 1,2-Di bromot et rafluoroet hane Ref ri gerant. 114B2 ВК 124-73-2 259.823 liq -110.32 47.35 2448 1.36125 i go 2 
2991 2,3-Di bromot hi ophene (ЖУ 3140-93-0 241.932 liq -17.5 218.5; 89 1.630422 ж 
2992 2,5-Пі bromot hi ophene 4681,5 3141-27-3 241.932 liq -6 210.3 2.142 1.6288? 1 НО; vs Et OH, et h; s ct c б 
2993 3,4-Пі bromot hi ophene AK Br;S 3141-26-2 241.932 45 2215 = 
2994 1,2-Пі bromo-1,1,2-t ri fluoroet hane Hal on 2302 2HBr,F, 354-04-1 241.832 76 2.2747 1.419124 5 
2995 АСЫЛ bromo-3,4,5-t ті hydroxybenzoi Di bromogal li c ас! d ;HBr,0s 602-92-6 327.912 Pa If 150 vs ЊО, et h, Et OH с 
2996 3,5-Di bromo?-t yrosi ne (H,Br,NO, 300-38-9 338.980 nd or pl 245 51 HO, Et OH; i eth; s alk, aci d 2 
2997 Di bucai ne Ci nchocai ne х0, 85-79-0 343.463 hyg cry 64 = 
2998 Di bucai ne hydrochl ori de 2083001 №0, 61-12-1 379.924 94 dec S chl © 
2999 1,4-Пі but oxybenzene Њ 04-36-9 222.324 45.5 158" sctc 5 
3000 1,2-рі but oxyet hane Et hylene glycol di but yl ether — ¿H,0Ç 12-48-1 174281 iq -69.1 203.3 0.8319 1.41125 с 
3001 Di but oxymet hane But yl al 450, 2568-90-3 160.254 iq -58.1 1792 0.8339 1.40727 Ф 
3002 Di but yl adi pat e 40, 05-99-7 258.354 -32.4 16570 0.9613? 14369? i НО; msc Et OH, et h © 
3003 Di but yl ami пе N-But yl but anami ne ТІНІ 11-92-2 129.244 iq -62 159.6 0.7670 1.417720 5Ң,0, ace, bz; vs Et OH, et h z 
3004 Di sec-but yl ami ne N-sec-But yl -2-but anami ne ШИ 626-23-3 129.244 134 0.753420 1.41622 vs Н,0; s Et OH 5 
3005 2-Di but yl ami noet hanol о о МО 02-81-8 173.296 11418 Е 
3006 N,N-Di but ylani li ne NUM 613-29-6 205.340 iq -322 2748 0.9037 1.5186? 1 НО; msc Et OH, et h; vs ace, bz; = 
scc 
3007 1,4-Пі £ ertbut yl benzene "um 012-72-2 190.325 nd (MeOH) 79.5 238; 1095 0.985020 i HO; s Et OH, et h 
3008 2,5-01 феи! yl -1,4-benzenedi ol 45,0, 88-58-4 222.324 cry (aq HOAc) 213.5 
3009 Di but yl bi s(dodecyl t hi o)st annane Di but ylti n bi s(dodecyl sulfide; Hj ,SjSn C 185-81-5 635.722 col lig 122 1.0520 stol, hp 
3010 Di but yl carbonat e 4:0; 542-52-9 174,237 207 0.925120 14117? i НО; $ Et OH, eth 
3011 Di erbut yl carbonat e 0; 34619-03-9 174.237 cry (al) 40 158 vs Et OH 
3012 22-Пі t ertbut yl -2,5-cycl ohexadi ene- Сао 2460-77-7 220.308 ye cry (81) 152.5 i bD; s Et OH, et h, bz, chl, НОАС 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3013 2,6-Di £ ertbut yl -2,5-cycl ohexadi ene- C H,0; 719-22-2 220.308 69 60001 

1,4-di one 
3014 2,6-Di £ ertbut yl -4- Сао Мо 88-27-7 263.418 pl (Et OH) 94 179 

(di met һу! ami nomet ћу! )phenol 
3015 2,2-ПІ but yl -1,3,2-di oxast annepi n- СНО гп 78-04-6 346.995 ye soli d 110 

4,7-di one 
3016 Di but yl di sulfide 892 629-45-8 178.359 oi | 226; 117 0.93820 1.49232 | НО; msc Et OH, et h 
3017 Di £ertbut yl di sul fide 1645; 110-06-5 178.359 -2.5 88?! 0.9226 1.489920 = 
3018 ci 51,2-Di “өлш yl et hene сі 82,2,5,5-Те! ramet ћу! -3-hexene nom 692-47-7 140.266 liq 144 0.744 1.427020 = 
3019 Di but yl et her 460 142-96-1 130.228 liq -95.2 140.28 0.768% 13992» | m msc Et OH, et h; vs ace; sl Л 

їс 

3020 Пі sec-but yl et her 48,0 6863-58-7 130.228 liq 1214 0.756 2 
3021 Di #erbut yl et her 48,0 6163-66-2 130.228 liq 107.23 0.7658 1.394920 с 
3022 ММ-01 t erbut yl et ћу! enedi ami пе N.N-Di £ ertbut yl et hanedi ami ne NX 4062-60-6 172311 Cry 53.3 189 0.59 Е 
3023 2,6-Di £ ertbut yl -4-et ћу! phenol (8,0 4130-42-1 234.376 44 272 i alk 2 
3024 14-01 but yl f оптат! de НЕМО 761-65-9 157.253 56010, CS 22 
3025 Di but yl f umarat e 20, 105-75-9 228.285 114 -13.5 285; 150 0.977520 .4469? | НО; s асе, chl < 
3026 МЛ-Пі but yl -1,6-hexanedi ami ne HN; 4835-11-4 228.417 13835 44705 2, 
3027 35 Di ашу -2-hydroxybenzoi с Cas Ho, 19715-19-6 250.334 163.3 s chl 2 

ас! 
3028 014 енош yl ket one 8,0 815-24-7 142.238 liq -25.2 152 0.8246 .4194 | НО; s OH, et h, ace, chl , НОАС ° 
3029 Di but yl mal eat e 280, 105-76-0 228.285 <-80 280; 14210 © 
3030 Di but yl mal onat e „60, 1190-39-2 216.275 liq -83 251.5 0.9822 42622 | НО; $ Е OH, et h, ace, bz, НОАс, Е 

їс 

3031 Di #erbut yl та! onat e ТО 541-16-2 216.275 -6 1135,66? 1.418420 418429 sace, chl » 
3032 Di but yl mercury 48,610 629-35-6 314.82 223; 105 1.777920 50572 2 
3033 2,4-Пі t ertbut yl -5-met ћу! phenol DBMC 180 497-39-2 220.35 621 282 0.91280 i НО; s Et OH, et h, ace, bz, ct c o 
3034 2,4-Пі ¢ ertbut yl -6-met ћу! phenol (8,0 616-55-7 220.35 51 269 0.8918 i alk 8 
3035 2,6-Di £ ertbut yl -4-met ћу! phenol 48,40 28-37-0 220.35 71 265 0.893775 48595 — | НО; s Et OH, ace, bz, pet h; і alk 2 
3036 Di but yl nonanedi oat e 11660, 2917-13-9 300.434 1702 sl chl ma 
3037 Di but yl oxalate (60; 2050-60-4 202.248 iq -30.5 241,96 0.987320 4234? | НО; s Et OH, et h © 
3038 Di £ ertbut yl peroxi de DTBP 8,0 10-05-4 146.228 iq -40 111 0.704 .3890 1 НО; msc асе; $ ct c, li g 5 
3039 2,6-01 sec-but yl phenol СНО 5510-99-6 206.324 14 -42 257.5 1.5089 5 
3040 2,4-Пі £ ertbut yl phenol 050 96-76-4 206.324 56.5 263.5 5080? 51 ctc; i alk Ф 
3041 2,6-Di £ ertbut yl phenol СН„0 28-39-2 206.324 pr (а!) 39 160, 13320 50019 5 EtOH; s ct c; i alk © 
3042 3,5-01 £ ertbut yl phenol [КҮ 138-52-9 206.324 88 = 
3043 Di but yl phosphat e 90,0, P 07-66-4 210.208 oi | 1387 1.06? s ct c, ВИОН 5 
3044 Di but yl phosphonat e вО. 809-19-4 194.209 oi | 230; 13% 0.98525 42202 Е 
3045 Di but yl pht halat e 15550, 84-74-2 278.344 iq -85 340 1.0469 4911202 | НО; msc Et OH, et h, bz s сіс = 
3046 2,6-Пі £ ertbut yl pyri di пе 138z 585-48-8 191.313 1202 
3047 Di but yl sebacat e 48,40, 09-43-3 31446 iq -10 3445 0.9409 443351 ВО; seth, сіс 
3048 Di butyl succi nat e 12900, 41-03-7 230.30 iq -292 2745 0.9752 .4299? | НО; s Et OH, et h, bz, ct c 
3049 Di £ertbut yl succi nat e 2820, 926-26-1 230.30 36.5 1099 
3050 Di but yl sulfate But yl sulf ate ШЗ 625-22-9 210.292 iq 115 
3051 Di but yl sul fide 465 544-40-1 146.294 iq -79.7 185 0.8388 45300 vs et h, Et OH, chl 
3052 Di sec-but yl sul fide (8,5 626-26-6 146.294 165 0.834820 45060 i HO; vs Et OH, et h 
3053 Di £ertbut yl sul fide (8,95 107-47-1 146.294 iq -9.0 149.1 0.815 :450620 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3054 Di but yl sulfit e But yl sul fit e 814059 626-85-7 194.292 230 0.995720 1.4310 s Et OH, eth 
3055 Di butyl sulf one 450,5 598-04-9 178.293 45 291 0.988547 i HO; $ Et OH, et h 
3056 Di but yl sulf oxi de 405 2168-93-6 162.293 nd (di | al) 32.6 dec 0.8377 14669? i НО; $ EtOH, eth 
3057 Di but yl tart rat e 2Н506 87-92-3 262.299 рг 22 320 1.090920 14451? vs HO, ace, Et OH 
3058 N,N-Di but ylt hi ourea 205,5 109-46-6 188.333 nd (al) 78 
3059 Di but ylt i n di chlori de Di but yl di chl orost annane ПШ ЕИ 683-18-1 303.845 sol i d 43 139 S hx, et h, t hf 
3060 Di but ylti n di laurat e aHa, O4Sn 71-58-7 631.558 ye li q or cry 23 i В, MeOH; s et h, bz, сіс - 
3061 Di capt hon ФЊСМОР5 2463-84-5 297.653 cry (MeOH) 53 i HO; s ace, t ol, ху, AcOEt = 
3062 Di cent ri ne „№, 517-66-8 339.386 schl os 
3063 Пі chl of ent hi on оНзСЬОзР5 97-17-6 315.153 з сіс, CS = 
3064 Di chl ofluani d Be „ЕМО, 1085-98-9 333.229 wh pow 105.3 i ВО; s ace, MeOH, ху! Ё 
2 
3065 Пі chl oroacet al dehyde 28,010 79-02-7 12.942 90.5 436 sl Et OH б 
3066 2,2-Пі chl oroacet ami de JI&CLNO 683-72-7 21.957 994 234 S H,0, Et OH, et h; $1 ace ° 
3067 Пі chl oroacet i c ас! d 1,0, 79-43-6 128.942 135 194; 10220 56347 1.46582 msc Н,0, Et OH, et h; s ace; sl сіс 2 
3068 Di chl oroacet i c anhydri de «НО, 4124-30-5 239.869 18.0 dec 215; 57434 < 
10079 
3069 1,1-рі chl oroacet one 48,010 513-88-2 26.969 120 304% SI НО; s Et OH; msc et h 2 
3070 1,3-Пі chl oroacet one #4050 534-07-6 126.969 pr ог nd 45 1734 .38266 1.4716 8Н,0,Е OH, et h 22 
3071 Di chloroacet oni t ri le СС: 3018-12-0 09.942 1125 3697 1.4391% 5 MeOH ° 
3072 Пі chloroacet yl chl ori de 21010 79-36-7 47.387 108 591516 14591? ^ dec H,0, Et OH; msc et h = 
3073 Di chl oroacet yl ene 20 1572-29-4 94.927 liq -66 33 1.267 142790? 5 Et OH, et h, ace > 
3074 ДО oroami no)sul f опу! ]benzoi сна! azone CH.CLNO,S 80-13-7 270.091 pr (НОАс) 195 dec 51 HO, chl; vs HOAc; i. pet h б 
әсі 
3075 2,3-Пі chl oroani li ne ПШ 608-27-5 62.017 nd (110) 24 252 S Et OH, ace; vs et h; $1 bz, ct c, 110 2 
3076 2,4-0! chl oroani || ne e HEC 554-00-7 162.017 pr (ace) nd (di 1 63.5 245 1.56720 sl HO, chl; s Et OH, et h б 
al) (li g) с 
3077 2,5-Di chl oroani 11 ne 45001; 95-82-9 62.017 nd (li g) 50 251 sl Ю; s Et OH, et h, bz, chl, CS © 
3078 2,6-Пі chl oroani 11 ne ШЙ 608-31-1 162.017 39 sl ЊО; s Et OH, et h = 
3079 3,4-Пі chl oroani 11 ne 0, 95-76-1 162.017 nd (110) T2 272 S Et OH, et h; sl bz, ch 5 
3080 3,2-Пі chl oroani 11 ne 4001; 626-43-7 62.017 nd(lig,dilal) 52 261 0% Et OH, et h, ct c, lig е 
3081 9,10-Di chl oroant hracene 16961, 605-48-1 247 120 yend(MeCOEt 213.5 51 Et OH, et h, chl ; s bz 2 
ог CCI) 
3082 1,5-Di chl oro-9,10-ant hracenedi one 4801,0, 82-46-2 277.103 ye nd (t 0) 252 i 0; sl Et OH, ace; s bz, НОАс ђе 
3083 1,8-Пі chl oro-9,10-ant hracenedi one 4801,0; 82-43-9 271.103 уе па (НОАс) 202.5 i HO; 51 Et OH; s bz, tol, РАМО 8 
3084 ft rans4,4’-Di chl oroazobenzene СОЊОМ 1602-00-2 251111 уе nd (ace) 189 z 
3085 4,4-Di chl oroazoxybenzene GH,CLN;O  —614-26-6 267.110 yend(EtOH) 158 = 
3086 2,3-Пі chl orobenzal dehyde 1,050 6334-18-5 175.012 cry (di | al) 66 vs et h, Et OH б 
3087 2,4-Пі chl orobenzal dehyde 1,050 874-42-0 175.012 рг 73.3 10515 i ВО; s Et OH, et h, bz, chl, НОАс = 
3088 2,6-Пі chl orobenzal dehyde 8,010 83-38-5 175.012 nd (li g) 718 vs et h, Et OH, li g 
3089 3,4-Пі chl orobenzal dehyde 1,050 6287-38-3 175.012 44 2475 i НО; s Et OH, et h; sl сіс 
3090 3,5-Di chl orobenzal dehyde 11,010 10203-08-4 175.012 ndorlf (dil 65 240 vs ace, bz, et h, Et OH 
HOAc) 
3091 2,6-Пі chl orobenzami de zZB,CLN0 2008-58-4 190.027 cry 198 
3092 о-Пі chl orobenzene 1,2-Di chl orobenzene сі, 95-50-1 147.002 liq -17.0 180 1.3059 1.515? i НО; s Et OH, et h; msc ace, bz, 
сіс 
3093 т-Пі chl orobenzene 1,3-Di chl orobenzene Сі, 541-73-1 147.002 114 -24.8 173 1.2884 1.5459? 1 HO; s Et OH, et h, bz; msc ace 
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Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
D-Di chl orobenzene 1,4-Di chl orobenzene «01, 06-46-7 147.002 тс! рг, If (ace) 53.09 174 1.2475 1.5285? | НО, msc Et OH, ace, bz; s et h, 
їс 
0ro-1,4-benzenedi ami ne #GCLN, 20103-09-7 177.03 pr (w) 170 
oro-1,4-benzenedi ami ne О 609-20-1 177.03 па, pr (di I а!) 125 S Et OH, et h, ace, bz 
0r0-1,2-benzenedi ol 4661,0, 3673-92-2 179.00 рг 83.5 51 HO; s Et OH; vs ace 
oro-1,2-benzenedi ol Re 3428-24-8 179.00 pr(chl -CS) 116.5 S ЊО; vs Et OH, bz 
nd(bz-pet h) 
0ro-1,3-benzenedi ol 4661,0, 37-19-09 179.00 113 254 vs ЊО, Et OH, et h, ace; 51110 = 
0ro-1,4-benzenedi ol 4661,0; 824-69-1 179.00 ndorprw,ace, 1725 1.815024 S H,0; vs Et OH, et h, ace э 
bz) 
hl oro-1,3- Di chl orphenami de 86100,55 120-97-8 305.159 228.7 б 
edi sul f onami de > 
orobenzenemet hanami ne Жо); 95-00-1 176.044 1255 157625 sch с 
orobenzenemet hanol 2,4-Di chl orobenzyl al cohol 1,0,0 777-82-8 177.028 59.5 150% sch ж 
| chl orobenzenesul f опат! de eHOCLNO,S 473-29-0 226.08 ye те! or pl 76 S Et OH; sl ctc 2 
orobenzenet hi ol 6001,5 5858-18-4 179.067 11550 22 
огор-елгі di ne [1,1-Bi phenyl ]-4,4-di ami пе, 2,2- C,H; CEN; 84-68-4 253.126 па (м), pr(al) 165 vs et h, Et OH < 
di chloro- z 
orog-benzi di ne i. phenyl 1-4,4-ді ami пе, 3,3- C,H, CIN, 91-94-1 253.126 nd 132.5 i НО; s Et OH, bz, HOAc 2 
i chloro- 
orgp-benzi di ne СА 612-83-9 326.048 i НО; vs Et OH ° 
di hydrochl ori de 
orobenzoi c aci d 79010, 50-84-0 191.012 nd (w or bz) 1642 sub 5,0, Et OH, et h, bz, chl ; sl ace = 
orobenzoi c aci d 151,0, 50-79-3 191.012 nd (w) 1544 301 sl HO, DMSO; s Et OH, et h A 
orobenzoi c aci d 790010, 50-30-6 191.012 па (al), рг (м) 144 sub S НО, Et OH, et h, bz, chl » 
orobenzoi c aci d 15661,0, 51-44-5 191.012 nd (w, al, bz) 208.5 s HO, et h; vs Et OH; 51 DMSO 2 
orobenzoi c aci d 1661,0, 51-36-5 191.012 nd (al, w) 188 sub 51 ВО, li g, DMSO; s Et OH, et h a 
orobenzoni t ri le Di chl obeni | 795101 1194-65-6 172.012 cry (pet h) 1445 270 Q 
| orobenzophenone Bi s(4-chl огорїїепу! ) ket one эҢСІ,0 90-08-2 251.108 pl (al) 1475 353 1.4500? i НО; s Et OH; vs et h, chl; $1 ace ° 
orobenzot ri fluori de 1,2-Di chl ого-4-( ri fluoromet hyl C;H.CLF; 328-84-7 215.000 liq 173.5; 64 147295 = 
benzene б 
orobenzoyl chl ori de 118010 2905-60-4 209.457 liq 140 = 
orobenzoyl chl ori de 796010 89-75-8 209.457 16.5 1509, 11175 15895?  sctc 2 
orobenzoyl chlori de #9050 2905-61-5 209.457 liq 954 5 
orobenzoyl chl ori de #8050 3024-72-4 209.457 25 242 sl ctc = 
orobi phenyl 48:61, 34883-39-1 223.098 18230, 1715 i go S 
orobi phenyl 0С 33146-45-1 223.098 cry 35.5 i 0 =. 
lorobi phenyl 46:61; 2050-67-1 223.098 па (di | al) 29 320 vs bz, et h, Et OH Е 
lorobi phenyl NUM 2050-68-2 223.098 pr or nd (al, t o- 149.3 317 1.420? i HO; sl Et OH, chl; s bz & 
pet h) 
0г0-2,2-61 g(chl orophenyl ) Cu Hal, 72-54-8 320.041 109.5 193! Sl chl 
oro-1,1-bi s(4-chl orophenyl ) АЛЫ) 72-55-9 318.026 89 
oro-1,3-but adi ene 460, 1653-19-6 122.981 98 1.182920 14890? vs chl 
orobut ane But yli dene chl ori de 410, 541-33-3 127.013 113.8 1.086320 14355? ij НО; schl 
orobut ane 0, 616-21-7 127.013 1241 1.11165 1.44500 1 НО; seth, chl; sl ctc 
orobut ane 4881, 1190-22-3 127.013 134 1.115820 1.44450 | HO; seth, chl; sl ctc 
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3131 1,4-Di chl orobut ane 0, 110-56-5 21.013 iq -37.3 61 11337 „45225 | HO; vs chl 

3132 22-Di chl orobut ane 48501, 4279-22-5 127.013 iq -74 04 1.1048 4295 i ВО; s chl 

3133 2,3-Пі chl orobut ane, (+) 48501, 2211-67-8 27.013 iq -80 19; 59 105% 4495 i HO 

3134 1,4-ПІ chl oro-2,3-but anedi ol 4501,0, 2419-73-0 59.012 126.5 15030 vs Et OH 

3135  3,4-Di chl oro-1-but ene Cl, 760-23-6 124.997 iq -61 16 1.1178 4641? — ji НО; $ Et OH, et h, ct c; vs chl , bz 

3136 сі 51,3-Di chl oro-2-but ene 0, 10075-38-4 124,997 130; 3420 16052 47350 vs асе, bz, et h, Et OH 

3137 t rans1,3-Di chl oro-2-but ene Cl, 7415-31-8 24,997 132; 5350 „1602 47192 vs ace, bz, et h, Et OH - 

3138 сі s1,4-Di chl oro-2-but ene Cl, 1476-11-5 124.997 iq -48 525 1188 4882 ws асе, bz, et h, Et OH = 

3139 t rans1,4-Di chloro-2-but ene 40, 110-57-6 124,997 1.0 155.4 183% 48712 vs асе, bz, et h, Et OH 2 

3140 1,4-Пі chl oro-2-but yne Cl, 821-10-3 22.981 165.5 2589 50589 seth, ace; sl ct c; vs chl = 

3141 2,6-Di chl oro-4-(chl oroi mi no)-2,5- Gi bbs’ reagent Н,С1,М0 101-38-2 210.445 66 > 
сус! ohexadi еп-1-опе rm 

3142 1,2-Пі chl oro-4-(chl oromet hyl ) СНС 102-47-6 95.474 37.5 241 i НО; s Et OH, сіс б 
benzene о 

3143 2,4-Пі chl oro-1-(chl oromet ћу!) C; HCl; 94-99-5 95.474 12013 2 
benzene 5 

3144 Пі chl oro(chl oromet hyl )met hyl si | ane 055 1558-33-4 163.506 121.5 1.2858) 1.450020 > 

3145 Di chl oro(2-chl orovi nyl Jarsi ne 218501, 541-25-3 207.318 114 01 190 1.888 = 

3146 2,5-Di chl oro-2,5-cycl ohexadi ene- СенС10, 615-93-0 176.985 ра уе mcl pr 162.3 i НО; sl Et OH; s et В, chl DN 
1,4-di one (al) ° 

3147 2,6-Di chloro-2,5-cycl ohexadi ene- СеЊСЊО; 697-91-6 176.985 yeorth(lig bz 1218 51,0, Et OH; $ chl т 
1,4-di one © 

3148 1,1-Di chl orocycl ohexane Gi, Cl, 2108-92-1 153.049 liq EH 171 11559 48032 ж 

3149 ci 51,2-Пі chl orocycl ohexane „С, 10498-35-8 153.049 liq -15 206.9 1.2027 4967? vs bz б 

3150 1,10-Пі chl orodecane СН, 0, 2162-98-3 211172 15.6 16728 0.99452 „45865 = 

3151 2,7-Пі chl orodi benzp-di oxi n 6961,0, 33857-26-0 253.081 cry 201 5 

3152 1,2-Пі chl oro-4-(di chl oromet ћу!) КЛЕЙ 56961-84-3 229.919 257 1.5152 vs bz, et h, Et OH ^ 
benzene 

3153 Di chl oro(di chl oromet ћу! )met hyl si | ane НАСТ! 1558-31-2 197.951 149 14118 A700? 2 

3154 2,3-Пі chl oro-5,6- 0,61,М,0, 84-58-2 227.004 уе-огап cry 2145 vs bz, HOAc, di ox = 
di cyanobenzoqui none о 

3155 Di chl orodi et hyl si Lane ШЕ 1719-53-5 157.114 -96.5 dec 129 1.05040 430920 С 

3156 1,1-Di chl oro-1,2-di fluoroet hane 26С1,Р, 25915-78-0 34.940 col li q 48.4 2 

3157 1,2-Пі chl oro-1,1-di fluoroet hane 2601, 1649-08-7 134.940 114 -1012 462 1.4169 361930 51 ЊО un 

3158 1,2-01 chl oro-1,2-di fluoroet hane JGCLF, 431-06-1 34.940 liq -101.2 59.6 14163 36192 ~ 

3159 1,1-Di chl oro-2,2-di fluoroet hene 1,1-Di chl oro-2,2-di fluoroet hyl ene ›СЬЕС 79-35-6 32.924 volliqorgas -116 19 559 38370 S 

3160 ci 51,2-01 chloro-1,2-di fluoroet hene — Fl'uorocarbon 1112 2065, 311-81-9 132.924 vol lig -119.6 211 4% E 

3161 trans1,2-Di chl oro-1,2- C;CLF; 381-71-5 132.924 vol li q -93.3 22 494 = 
di fluoroet hene s 

3162 Di chlorodi fluoromet hane Ref ri gerant 12 FECI 15-11-8 20.914 col gas -158 -29.8 sl HO; s Et OH, et h, НОАс iu 

3163 2,2-Пі chl oro-1,1-di fluoro-1- Met hoxyflurane GH,CLF,O 76-38-0 164.966 col liq -35 105 4 1.386120 
met hoxyet hane 

3164 2,2-Di chl огой i sopropyl et her 81:00 108-60-1 171.064 187 1.10320 1.4505? 1 НО; msc Et OH, et h, ace; уз bz 

3165 1,4-Пі chl oro-2,5-di met ћу! benzene г, 1124-05-6 75.056 71 222 schl 

3166 2,5-Di chl oro-2,5-di met hyl hexane «160, 6223-78-5 183.119 If, nd 67.5 0.9543 vs bz, et h, Et OH, chl 

3167 1,3-рі chl oro-5,5-di met ћу! hydant oi n 5,0,М,0, 118-52-5 197.019 рг 132 1.59 51 HO; s chl, ct c, bz 

3168 2,4-Пі chl oro-3,5-di met ћу! phenol Di chl oroxyl enol 3000 133-53-9 91.055 83 vs et h 


691-6 


cr 


14-01 chl orobut ane 


СІ 
су И 


t rans1,4-Di chl oro-2-but ene 


Ав 
с ~ а 


Di chl oro(2-chl огом! nyl )агѕі пе 


СІ CI 
22-01 chl orobut ane 


CI 


=> 


СІ 


СІ 
2,3-Di chl orobut ап@) 


CI 


1,4-Пі chl oro-2-but 


CI 


yne 


[9] 


о 


2,5-Di chl oro-2,5-cycl ohexadi ene-1,4-di one 


CI (0) 


2,7-Di chl orodi benzp-di oxi n 


m 


1,2-Di chl oro-1,1-di f | uoroet hane 


CI 
CI 


2,2-Di chl oro-1,1-di f | uoro-1-met hoxyet hane 


F 


CI 
CI 


CI СІ 


СІ 


Е 
Е 


СІ 


1,2-Di chl oro-1,2-di f | uoroet | 


md “(та 


22-01 chl orodi i зорговућег 


СІ 


12-01 chl oro-4-(di chl oromet hyl )benzene 


OH 


алуда 


ОН 
14-01 chl oro-2,3-but anedi ol 


CI 


2,6-Di chl oro-4-(chl oroi mi no)-2,5-cycl ohexadi en-1-one 


CI CI 


2,6-Di chl oro-2,5-cycl ohexadi ene-1,4-di one 


СІ 
n d 
СІ 81 
| "Cl 
СІ 


Е СІ 
Е СІ 


1,1-Di chl oro-2,2-di f | uoroet hene 


CI 


СІ 
1,4-Di chl oro-2,5-di met ћу! benzene 


Di chl oro(di chl oromet ћу! )met hyl si | ane 


сер м 
СІ 
3,4-Di chl oro-1-but ene 


СІ 


1,2-Di chl oro-4-(chl oromet hyl )benzene 


PAS 


ci 81,3-Пі chl oro-2-but ene 


Cl 


cl. cl Cl 


2,3-Di 


сі 51,2-Di chl oro-1,2-di f | uoroet hene 


2,5-Di chl ого-2, 


1,1-Di chl orocycl ohexane 


о 
N 
< СІ 
Ж СІ 
х Ó 


chl oro-5,6-di cyanobenzoqui nc 


СІ 


,5-0 те! hyl hexane 


2,4-Di chl oro-1-(chl oromet ћу! )benzene 


сі 81,2-Пі chl orocycl ohexane 


ee 


t rans1,3-Di chl oro-2-but ene 


Cl 


Cl 


СІ 


СІ 


a’ Ма 


сі 51,4-01 chl oro-2-but ene 


| 
уон 
а СІ 


Di chl oro(chl oromet ћу! )met hyl si | ane 


— А МИ МИ 
СІ 


ыы 
СІ 
Di chl orodi et hyl si Iane 


CI F 
jet 
F CI 


t rans1,2-Di chl oro-1,2-di f | uoroet hene 


1,3-Di chl oro-5,5-di met тудап oi n 


1,10-Di chl orodecane 


CI 


F 
CI 


1,1-Di chl oro-1,2-di f | uoroet hane 


с 
Е 
Di chl orodi f | uoromet hane 


OH 
CI 


CI 


2,4-Di chl oro-3,5-di met ћу! phenol 


(penuguo») SqaN1OdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


0416 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3169 Di chl orodi met hyl si lane 0,5 15-18-5 129.061 liq -16 70.3 1.064 .4038? dec ЊО, Et OH 
3170 2,3-0і chl oro-1,4-di oxane 4561,0; 95-59-0 156.996 30 8110 1.46820 .4928? | НО; vs et h, ace, bz, ct c, di ox 
3171 Di chl orodi phenyl met hane 13660) 2051-90-3 237.124 dec 305; 1:235'8 Seth, bz, ctc 
190 
3172 Di chl orodi phenyl si | ane PPS 80-10-4 253.199 305 1.204 5800 s Et OH, et h, ace, bz, сіс 
3173 1,1-Di chl oroet hane Et hyl i dene di chl ori de ОС 75-34-3 98.959 iq -96.9 573 11757 .4164 51 HO; vs Et OH, et h; s ace, bz 
3174 1,2-Di chl oroet hane Et hyl ene di chl ori de НО 07-06-2 98.959 iq -35.7 83.5 1.245% 440228: sl ЊО; vs Et OH; msc et h; s ace, 
bz, chl 
3175 22-01 chl oroet hanol 010 598-38-9 114,958 146 1.404025 „46265 sl ЊО, ctc; s Et OH, et h 
3176 1,1-рі chl oroet hene Vi nyl i dene chl ori de ШШ 75-35-4 96.943 iq -122.56 31.6 1213 .4249? | НО; s Et OH, ace, bz; vs et h, chl 
3177 ci 51,2-Пі chl oroet hene сі 81,2-01 chl oroet ћу! ene 0 56-59-2 96.943 iq -80.0 60.1 1.2837 44900 sl НО; msc Et OH, et h, ace; vs bz, 
ch 
3178 t rans1,2-Di chl oroet hene t rans1,2-Di chl oroet ћу! ene 0 56-60-5 96.943 iq -49.8 48.7 1.2569 4454? sl ЊО; msc Et OH, et h, ace; vs bz, 
ch 
3179 1,2-Пі chl oro-1-et hoxyet hane 4661,0 623-46-1 143.012 145 1.137020 .4435? — sl chl 
3180 1,2-Пі chl oroet ћу! acetate 460,0, 0140-87-1 156.996 iq 79, 3210 
3181 Di chl oroet hyl al umi num Et hyl al umi num chl ori de А 00 563-43-09 126.949 hygsolidorliq 32 185 1.207 геас H,0 
3182 Di сШ oroet ћу! met hyl si Lane 30,51 4525-44-4 143.088 101 1.0047 41979 
3183 2'7-Di chl orofluorescei n 2^T-Di chl oro-3,6-fluorandi ol эН(001,0; 76-54-0 401.196 sl DMSO 
3184 1,1-Di chl oro-1-fluoroet hane JESCLF 1717-00-6 116.949 iq -103.5 32.0 1.250 3600? i НО 
3185 1,2-Пі chl oro-1-fluoroet hane ВСЕ 430-57-9 116.949 iq -60 73.8 1.3812 413220 
3186 1,1-Di chl oro-2-fluoroet hene 1,1-Di chl oro-2-fluoroet ћу! ene НОЕ 359-02-4 114.933 14 -108.8 37.5 1.3732 403116 
3187 Пі chl orofluoromet hane Ref ri gerant. 21 GRCI 75-43-4 102.923 col gas -135 8.9 1.405 .3724 | НО; s Et OH, et h, ct c, chl, НОАс 
3188 (Di chl orofluoromet ћу! )benzene ‚ВСЕ 498-67-9 179.019 iq -26.8 179 1.3138 51801 — vs EtOH 
3189 1,1-Di chl oro-2-fluoropropene (Н.СЬЕ 430-95-5 128.960 78 1.302625 „41965 
3190 1,7-01 chl orohept ane 18401; 821-76-1 169.092 124% 1.040825 „45655 
3191 1,2-Пі chl oro-1,2,3,3,4,4- C,ChFs 356-18-3 232.939 iq -24.2 59.5 
hexafluorocycl obut ane 
3192 1,2-Di chl oro-3,3,4,4,5,5- СС 706-79-6 244.949 iq -105.8 90.7 1.6546 36762 
hexafluorocycl opent ene 
3193 1,2-Di chl oro-1,1,2,3,3,3- СС 661-97-2 220.928 341 i ВО 
hexafluoropropane 
3194 1,3-01 chl oro-1,1,2,2,3,3- Ref ri gerant. 216 Кк 662-01-1 220.928 iq -1254 35.7 1.578 30302 
hexafluoropropane 
3195 1,5-Di chl oro-1,1,3,3,5,5- CeHigCl,0,Si; 3582-71-6 277.369 iq -53 184 1.018 dec Н,0 
hexamet hyl t ri si | охапе 
3196 1,2-рі chl orohexane GH,.Cl, 2162-92-7 155.065 173 1.085% vs et h, chl 
3197 1,6-01 chl orohexane ШКЕ 2163-00-0 155.065 204 1.0676% 1.45555 1 НО; seth, ctc, chl 
3198 3,5-Пі chl oro-2-hydroxybenzal dehyde 18,0105 90-60-8 191.012 уе orth (HOAc) 95 i № 
3199 3,5-Пі chl oro-2-hydroxybenzoi c aci d 151,0; 320-72-9 207.011 nd (di | al) ort h 220.5 sub sl HO; vs Et OH, et h 
pr 
3200 2,6-Di chl oroi ndophenol, sodi um salt Ti || man's reagent 1 HSCINNaO, 620-45-1 290.078 dk grn cry S HO, Et OH, ace 
3201 5,6-Di chloro-1,3-i sobenzof urandi one 4,2-Пі chl oropht hal с anhydri de ,H;Cl;0G 942-06-3 217.006 taborpr(to) 188 313 vs et h, Et OH, t ol 
3202 Di chl oromet hane Met hyl ene chl ori de ХН 15-09-2 84.933 liq -97.2 40 1.3266 14242? 51 ЊО; msc Et OH, et h; s сіс 
3203 1,2-Пі chl oro-3-met hoxybenzene 10,0 1984-59-4 177.028 32 
3204 1,3-Пі chl oro-2-met hoxybenzene 2,6-Di chl oroani sole 10,0 1984-65-2 177.028 liq 10 108 1.291 1.543020 
3205 2,4-Пі chl oro-1-met hoxybenzene 161,0 553-82-2 177.028 рг 28.5 232; 12510 sl chl 
3206 3,6-Пі chl oro-2-met hoxybenzoi c aci d Пі camba 40,0; 1918-00-09 221.038 cry (pent ) 115 159 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3244 1,3-Di chl oro-1,1,2,2,3- С.НО, 507-55-1 202.938 iq 52 155 
pent afluoropropane 
3245 3,3-Di chl oro-1,1,1,2,2- Ref ri gerant 225ca 38615, 422-56-0 202.938 iq 455 1.5% 
pent afluoropropane 
3246 1,2-Пі chl oropent ane 5006 1674-33-5 141.038 148.3 1.087220 1.44850 | НО; $ Et OH; vs chl 
3247 1,5-Пі chl oropent ane 50061 628-76-2 141.038 iq -72.8 179 1.0956 145455 | НО; $ Et OH, et h, bz, сіс 
3248 2,3-Пі chl oropent ane ось 600-11-3 141.038 14 -77.3 139 1.0789 14464? | HO 
3249 Пі chl orophene GH, CL0, 97-23-4 269.123 сту (07, peth) 1775 i 0; s Et OH, ace = 
3250 2,3-Пі chl orophenol 6561,0 576-24-9 163.00 cry (li g, bz) 58 s Et OH, eth, bz, li g ме 
3251 2,4-Пі chl orophenol (861,0 120-83-2 163.00 hex nd (bz) 45 210 SI HO; s Et OH, et h, bz, chl М 
3252 2,5-Di chl orophenol (01,010 583-78-8 163.00 pr (bz, pet h) 59 211 sl ED; vs Et OH, et h; s bz, pet h a 
3253 2,6-Di chl orophenol (1,010 87-65-0 163.00 nd (pet h) 68.5 220; 82 1.65320 vs Et OH, et h; s bz, pet h E 
3254 3,4-Пі chl orophenol (561,0 95-77-2 163.00 nd (bz-pet h) 68 253 51 ED; vs Et OH, et h; s bz, pet h б 
3255 3,2-Пі chl orophenol G,CI,0 591-35-5 163.00 pr (pet h) 68 233 sl ED; vs Et OH, et h; s pet h о 
3256 (2,4-Пі chl orophenoxy)acet i c aci d 24-D 810150, 94-75-7 221.038 cry (bz) 140.5 16004 i HO; s Et OH; $1 bz, DMSO 2 
3257 4-(2,4-Di chlorophenoxy)butanoi с — But yrac 118 051 5010: 94-82-6 249.090 118 < 
aci d 
3258 2-(2,4-Di chl orophenoxy)propanoi c Di chlorprop (1,010, 120-36-5 235.064 117.5 sl HO, li g; s ОН, et h 2 
aci d 
3259 Di chl orophenyl arsi ne eG AsCL; 696-28-6 222.932 liq -19 255 1.6518 163865 — vs bz, et h, Et OH 5 
3260 2,4-Пі chlorophenyl benzenesulf onate Geni te 1980035 97-16-5 303.16 45.5 sctc, CS = 
3261 2,2-Di chl oro-1-phenyl et hanone 461,0 2648-61-5 189.039 amor 205 249 1.34016 1.56862 s Et OH, bz, ctc o 
3262 1-(2,4-Di chl orophenyl )et hanone 4561,0 2234-16-4 189.039 33.5 156409 i HO я 
3263 1-(2,5-Di chl orophenyl et hanone 401,0 2476-37-1 189.039 12 118? 1.32130 1.559530 Q 
3264 1-(3,4-Di chl orophenyl )et hanone 461,0 2642-63-9 189.039 nd (pet h) 76 1392 i НО; з сіс, lig 2 
3265 3,4-Пі chl orophenyl i socyanat e 1,2-Di chl oro-5-i socyanat obenzene ;H,CIQNO 102-36-3 188.011 Cry 42 11272 5 
3266 3,5-Пі chl orophenyl i socyanat e 1,3-Di chl oro-5-i socyanat obenzene ;H,CIQNO 34893-92-0 188.011 33 1.380 A 
3267 М-3,4-Пі chl orophenyl )-2-met hyl -2- Di cryl МӘНЕРДЕ) 2164-09-2 230.090 cry (al -pet h) 128 vs ace, Et OH о 
propenami de = 
3268 3-(2,4-01 chl orophenyl )-2-propenoi с C H,CL0, 1201-99-6 217.049 234 5 0М50 5 
aci d 
3269 Пі chl orophenyl si | ane Phenyl di chl orosi | ane 61160651 1631-84-1 177.104 181 1.22% dec Н,0 5 
3270 1,1-Di chl oropropane Propyl i dene chl ori de HCl, 78-99-9 12.986 88.1 1.13212 .4289? ^ s Et OH, et h, bz, ch - 
3271 1,2-Di chl огоргорапе, (+) Propyl ene di chl ori de 3104, 26198-63-0 112.986 liq -100.53 964 1.1560 .4394? sl ЊО; s Et OH, et h, bz, chl n 
3272 1,3-Di chl oropropane (9501, 142-28-9 12.986 liq -99.5 120.9 1.1785 .44555 51 HO; vs Et OH, et h; s bz, chl © 
3273 2,2-Di chl oropropane ШИЙ 594-20-7 12.986 liq -33.9 69.3 1.1138 41480 | НО; $ Et OH, bz, chl; msc et h z 
3274 2,2-01 chl oropropanoi c ас! d 2,2-Di chl oropropi oni c aci d 31,010, 15-99-0 142.969 187.5; 924 — 1.389? vs Н,0, alk, Et OH; s et h, ct c 5 
3275 2,3-Di chl oro-1-propanol 50,0 616-23-9 128.985 vi sc 184 1.3607 48192 51 ЊО, li g; msc Et OH, et h, ace, bz E 
3276 1,3-Di chl oro-2-propanol BI CO 96-23-1 28.985 176 350617 48372 vs ЊО, Et OH; msc et h; s ace, chl £ 
3277 E chl oro-1-propanol , phosphat e CyH,,C1,0,P 78-43-3 430.904 190% 517? 
31 
3278 2,3-Пі chl oropropanoyl chl ori de 318010 7623-13-4 61.414 537 47572 47640 
3279 1,1-Di chl oropropene ШЫЙ 563-58-6 10.970 76.5 „18642 „44305 1 НО; seth, ace, ch 
3280 ci s1,2-Di chl oropropene (Сі, 6923-20-2 110.970 93 .4549 i НО; s асе, bz, chl 
3281 t rans1,2-Di chl oropropene (3,0, 7069-38-7 10.970 TT 1181820 447120 1 HO; vs Et OH, ct c, MeOH 
3282 ci s1,3-Di chl oropropene сі 51,3-Пі chl oropropyl ene H, CI, 10061-01-5 10.970 104.3 .22420 4622 | НО; seth, bz, chl 
3283 t rans1,3-Di chl oropropene t rans1,3-Di chl oropropyl ene H,Cl, 10061-02-6 110.970 112 217% 4730® 1 НО; seth, bz, chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3284 2,3-ПІ chl oropropene (HCl; 78-88-6 110.970 10 94 1.21120 14603? | HO; msc Et OH; s et h, bz, chl 
3285 3,6-Di chl oropyri dazi ne АСБ 141-30-0 148.978 68.8 8902 schl 
3286 2,6-Di chl oropyri di ne 81801 2402-78-0 147.990 87 211 
3287 4,6-0і chl oro-2-pyri mi di nami ne 40,М, 56-05-3 163.993 215 5 0М50 
3288 2,4-ПІ chl oropyri mi di пе АН 3934-20-1 148.978 59 198, 10123 
3289 4,7-Di chl oroqui nol i ne 20; 86-98-6 198.049 cry(MeOH),nd 93 14819 sl chl 
(80% al) 
3290 5,7-Пі chl oro-8-qui noli nol Chl oroxi ne «15010 713-16-2 214.048 cry (al) 179.5 sl Et OH, ace, chl, DMSO; s alk, 
bz, pet h 

3291 2,3-Di chl oroqui noxali пе e CEN, 2213-63-0 199.037 cry (al, bz) 152 i EO; vs Et OH, bz, chl, HOAc 
3292 2,5-Di chl orost yrene 401, 1123-84-8 173.040 8.0 935, 743 1.24620 579820 
3293 1,2-Пі chl oro-3,4,5,6- КЕРУ) 1198-59-0 218.964 157.7 

et rafluorobenzene 
3294 1,1-Di chl oro-1,2,2,2- Ref ri gerant. 114a ЊЕ, 374-07-2 170.92 col gas -56.6 34 1.4555 (р>1 .30920 vs bz, et h, Et OH 

et rafluoroet hane at m) 
3295 1,2-Пі chl oro-1,1,2,2- Ref ri gerant 114 КУДА 76-14-2 170.92 Col gas -92.53 35 1.4555 (p>1 3090 1 НО; vs et h, Et OH 

et rafluoroet hane at m) 
3296 1,2-Пі chl oro-1,1,2,2- C,H,CLSi, 4342-61-4 187.215 148; 498 1.01020 45482 

et ramet hyl di si lane 
3297 1,3-Пі chl oro-1,1,3,3- САН СОЗ 2401-73-2 203.214 liq -37.5 138 1.038 

et ramet hyl di si | охапе 
3298 2,5-Di chl orot hi ophene 46055 3172-52-9 153.030 liq -40.5 162 14422 56269 i НО; msc Et OH, et h; s ct c 
3299 2,3-Пі chl orot ol uene 10, 32768-54-0 161.029 6 207.5 1.245820 5511 vs bz 
3300 2,4-Пі chl orot ol uene 0, 95-73-8 161.029 liq -13.5 201 12478 55119 i HO;sctc 
3301 2,5-Di chl orot ol uene 16, 19398-61-9 161.029 2.5 200 1.253520 54499 | HO; s bz 
3302 2,6-01 chl orot ol uene 16.0), 118-69-4 161.029 25.8 198 1.268620 55079 1 НО; schl 
3303 3,4-Di chl orot ol uene 16501, 95-75-0 161.029 114 -15.2 208.9 1.2564 547191 ВО; msc Et OH, et h, ace, bz, 11 g, 

їс 

3304 1,3-ПІ chl oro-1,3,5-t ri azi ne- Di chl orocyanuri c aci d НЕ МО 2782-57-2 197.964 cry 226.6 

2,4,6(1H,3H,5H)-t ri one 
3305 1,2-Пі chl oro-4-(t ті chl oromet ћу!) C;HsCl; 13014-24-9 264.364 25.8 283.1 1.591320 58862 

benzene 
3306 1,2-Пі chl oro-1,1,2-t ri fluoroet hane Ref ri gerant. 123a ШЕ 354-23-4 152.930 volliqorgas -78 295 159 
3307 2,2-рі chl oro-1,1,1-t ri fluoroet hane ЖС"; 306-83-2 152.930 vol 11 а огдаѕ -107 27.82 1.4638 si HO 
3308 2,2-Пі chl oro-1,1,2-t ri fluoroet hane Ref ri gerant. 123b ШЕ 812-04-4 152.930 30.2 
3309 2,4-Пі chl oro-1-(t ri fluoromet hyl) 2,4-Пі chl orobenzot ri fluori de НЕ 320-60-5 215.000 1.480220 

benzene 
3310 4,5-01 chl oro-2-(t ri fluoromet hyH-1 Chl oroflurazol e ЊОМ 3615-21-2 255.024 213.5 

benzi mi dazol e 
3311 Di chl огом! nyl met hyl si ane 30,51 124-10-9 141.072 925 1.0868 14270? dec ЊО 
3312 Di chl orvos Phosphori c aci d, 2,2-di chl oroet herj]H;CI,O;P 62-73-7 220.976 1409,84! 14155 

di met hyl est er 
3313 Di cl of op-met ћу! Met ћу! 2-[4-(2,4-di chl огорһепоху) 4 H,,CL50, 51338-27-3 341.186 40 17601 
phenoxy]propanoat e 

3314 Di crot ophos {МОР 141-66-2 237.191 400; 13091 1.21675 
3315 Di cumarol 6Н,05 66-76-2 336.294 па 290 
3316 01 суапаті де Суапосуапаті де ЖМ, 504-66-5 67.049 ад sol n onl y 
3317 o-Di cyanobenzene o-Pht hal odi ni t ri le ІШІН 91-15-6 128131 nd (w, li g) 141 150 1.12502 sl ЊО, li g; vs Et OH, bz; s et h, ace 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3318 m-Di cyanobenzene m-Pht hal odi ni t ri Те nA 626-17-5 128.131 nd(al ) 162 sub 0.9920 51 ЊО; vs Et OH; s et h, bz, chl; i 
pet h 
3319  p-Di cyanobenzene p-Pht hal odi ni t ri le ІШІН 623-26-7 128.131 nd (w, MeOH) 224 Sub i HO; sl Et OH, et h; s bz; vs HOAc 
3320 Пі cycl ohexyl adi pat e 18 860 849-99-0 310.429 35 s chl 
3321 Di сус! ohexyl ami пе N-Cycl ohexyl cycl ohexanami ne illa, 101-83-7 181.318 -04 dec 256; 0.912320 1.4842? 5 HO, ct c; s ОН, et h, bz 
114 
3322 Di cycl ohexyl ami ne ni t ri te N-Cycl ohexyl сус! ohexanami ne, ni t ri t eH; 10, 3129-91-7 228.331 Cry 182 dec 
3323 Пі cycl ohexyl carbodi i mi de зНЕ№ 538-75-0 206.327 34.5 1236, 9905 = 
3324 Di cyclohexyl di sulfide 1282295 2550-40-5 230.433 liq 195 ме 
3325 Di cycl ohexyl et her 48,0 4645-15-2 182.302 liq -36 242.5 0.9227 1.474120 2 
3326 Di cycl ohexyl те! hanone 1,0 19-60-8 194.313 57 15920 0.9860 14860? seth, ace, сіс Q 
3327 Di cycl ohexyl phosphi ne ЖР 829-84-5 198.285 281; 129° 0.90425 1.516320 Ё 
3328 Di cyclohexyl рї hal at e NON 84-61-7 330.418 pr (al) 66 225 1.38320 1.43120 i HO; s Et OH, et h; $1 chl с 
3329 ММ-01 сусі ohexylt hi ourea 130,М55 212-29-9 240.408 cry (MeOH) 180 о 
3330 1,3-ПІ cycl ohexyl urea 8,0 2387-23-17 224.342 233.8 2 
3331 Di сус omi ne hydrochl ori de Di cycl overi ne hydrochl ori de па СМО 67-92-5 345.948 Cry 165 = 
3332 Di cycl opent adi ene 1082 755-01-7 132.202 32 dec 170; 0.930235 1.5050% vs et h, Et OH > 
654 

3333 Di cycl opent yl et her Cycl opent yl et her Н.О 0137-73-2 154.249 liq 80 2 
3334 Di cyclopropyl ket one 18,0 121-37-5 110153 161 0.977% 1.467020 © 
3335 Di decyl ami ne N-Decyl -1-decanami ne ба 120-49-6 297.562 359.0 = 
3336 Di decyl et her АН, 0 2456-28-2 298.546 16 196155 0.81872 © 
3337 Di decyl рїї hal at e 28184604 84-77-5 446.663 25 2403 0.963920 Е 
3338 3,4-Пі депудгоВ ду-саго! en-16-0i с Torul arhodi n 690, 514-92-1 564.840 ригр па 211 vs ру, chl, CS > 

aci d (MeOH-et h) ” 
3339 2,3-Пі deoxyi nosi ne Di danosi ne «Н6М,0, 69655-05-6 236.227 wh P (EtOH 162 5 

aq 
3340 2,6-Di deoxy-30-met пу!н behexose Сутагоѕе сна, 579-04-4 162.184 y НА h)nd 101 vs НО, ace, Et OH 8 
асе 
3341 Di dodecanoyl peroxi de Lauroyl peroxi de NONO 105-74-8 398.620 wh pl 49 i $D; schl = 
3342 Di dodecyl ami ne N-Dodecyl -1-dodecanami ne СНА 3007-31-6 353.669 53.7 26327 vs bz, et h, Et OH, chl е) 
3343 Di додесу! phosphat e AH40;P 7057-92-3 434.633 cry (MeOH) 59 5 
3344 Di dodecyl pht hal at e 1,2-Benzenedi carboxylic асі d, ^ CHO, 2432-90-8 502.769 22.0 256! 0.938920 с 
di додесу! est er un 
3345 Di eldri n 41,010 60-57-1 380.909 1755 1.7525 i HO; sl Et ОН; s ace, bz ~ 
3346 Пі enest го! 1:0; 84-17-3 266.335 cry (di | al) 2275 sub 130 vs ace, et h, Et OH S 
3347 1,2:8,2-Пі epoxyp-ment hane Li monene di epoxi de 1060 96-08-2 168.233 242 Б 
3348 Di et hanol ami ne Bi s(2-hydroxyet ћу! јат! ne 4H4ND; 111-422 105.136 28 268.8 1.096620 147769 vs Н,0, Et OH; sl et h, bz Е 
3349 Пі et hat yl, et hy! est er «НФСІМО) 38727-55-8 311.804 cry 49.5 = 
3350 4,4-Пі et hoxyazobenzene СН №0, 588-52-3 270.326 yelf (al) 162 dec 1,0 51 Et OH; s et h, bz, chl ; vs 
HOAc 

3351 3,4-ПІ et hoxybenzal dehyde 1,40; 2029-94-9 194,227 22 279; 2005: 1.01002 vs Et OH 
3352 1,2-01 et hoxybenzene 4 2050-46-6 166.217 рг (peth, di | al) 44 219 1.0075 1.50835 s Et OH, ctc; vs et h 
3353 1,4-Di et hoxybenzene 40; 122-95-2 166.217 pl (di | al) 72 246 vs Et OH; s et h, bz, ct c, chl 
3354 4,4-Di et hoxy-1-but anami ne ТЕТ 6346-09-4 161.243 196 0.93325 1.427520 
3355 1,-Di et похууЛ- САМО, 1188-33-6 147.216 129 0.859% 1.400720 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3356 Di et hoxydi met ћу! si | ane Di met hyl di et hoxysi | ane H, 0,Si C 78-62-6 148.276 liq -87 114 0.865 98119  sctc 
3357 Di et hoxydi phenyl si | ane 1696091 2553-19-7 212.415 302; 1675 1.032920 52692 
3358 2,2-ПІ et hoxyet hanami ne «1610, 645-36-3 133.189 liq -78 163 0.9159 41238 48Н,0, et h, Et OH, chl 
3359 1,1-Di et hoxyet hane Acet al 450; 105-57-7 118.174 liq -100 102.25 0.8254 .3834? $ НО, chl ; msc Et OH, et h; vs ace 
3360 1,2-Пі et hoxyet hane Et hylene glycol di et hyl et her 48400 629-14-1 118.174 liq -740 1212 0.835% .3898% ^ vs ace, bz, et h, Et OH 
3361 1,1-Di et hoxyet hene 80 2678-54-8 116.158 6810 0.793220 36432! 
3362 Пі et hoxymet hane 580 462-95-3 104.148 liq -66.5 88 0.8319 374818 8560; msc Et OH; vs ace, bz; sl chl - 
3363 2-(Пі et hoxymet ћу! )f шап 4160, 13529-27-6 170.205 191.5 0.9976? .4451? vs EtOH = 
3364 Di et hoxymet hyl phenyl si | ane 1.96091 775-56-4 210.346 218 0.96270 „46902 >° 
3365 Di et hoxymet ћу! si lane 8160,51 2031-62-1 134.250 98 0.8295 = 
3366 1,1-Пі et hoxypent ane 480; 3658-79-5 160.254 5912 0.82922 40292 » 
3367 1,1-01 et hoxypropane H, 0; 4144-08-5 132.201 23 0.82520 39249 5 Н,0, асе, bz; vs Et OH, et h ie. 
3368  2,2-Di et hoxypropane H, 0; 26-84-1 132.201 14 0.8200?! .3891 s Et OH, ace, bz; vs et h; sl сіс С) 
3369 3,3-Di et hoxy-1-propene Acrol ei n, di et hyl acet al EN 3054-95-3 130.185 235 0.85435 40002 sl НО; msc Et OH, et h > 
3370 3,3-Пі et hoxy-1-propyne lio 0160-87-9 128.169 39 0.894222 41409 vs ace, et h, Et OH, chl un 
3371 N,N-Di et hyl acet ami de eHGNO 685-91-6 115.173 85.5 0.91307 4374" s n Et OH; msc et h, ace, bz; sl < 
cc 
3372 Di et hyl 2-acet ami domal onat e 41400, 068-90-2 217.219 cry (al ,bz-pet h) 96.3 189 sl HO, eth; st f a, Et OH 4 
3373 N,N-Di et hyl acet oacet ami de 814010, 2235-46-3 157.211 114 70 % 
3374 Di et hyl acet yl phosphonat e «НОР 919-19-7 180.138 1470 1.100520 „42008 ° 
3375 Di et hyl 2-acet yl succi nat e 41:60, 115-30-6 216.231 255; 133" 1.08120 .4346? 1 НО; s Et OH, et h, bz; sl chl © 
3376 Di et hyl adi pat e 0, 41-28-6 202.248 liq -19.8 245 1.0078 42720 | ВО, s Et OH, eth ж 
3377 Di et hyl 2-al | yl та! onat e «160, 2049-80-1 200.232 222.5; 93° 1.009820 4305? 1 НО; vs Et OH, et h; $ ctc ° 
3378 Di et hylami пе N-Et hyl et hanami ne Aü, N 09-89-7 73.137 liq -49.8 555 0.7056 .3864? ^ vs H,0; msc Et OH; s et h, ct c > 
3379 Di et hyl ami ne пуагос ori de N-Et hyl et hanami ne hydrochlori de Н ОМ 660-68-4 109.598 If (al-et h) 228.5 1.0477 vs ЊО, Et OH E 
3380 (Di et hyl ami no)acet oni t ri le eH NC 3010-02-4 112.172 170 0.8660? 4260? 50 с 
3381 4-(Пі et hyl ami no)benzal dehyde 4, МО 20-21-8 177.243 ye nd (w) 4 17210 vs ЊО; s Et OH, et В, bz, сіс 8 
3382 2-(Пі et hylami пїйн2,6- Li docai ne {HNO 37-58-6 234.337 nd (bz, al ) 68.5 181 vs bz, et h, Et OH, chl 2 
di met ћу! phenyl јасе! ami de = 
3383 2-(Пі et hyl ami п02,6- Cu4HSCINO — 73-78-9 210.798 128 vs HO о 
di met ћу! phenyl )асе! ami de, = 
monohydrochl ori de z 
3304 2-Di et hyl ami noet hanol «160 00-37-8 117.189 hyg 163 0.89212 1.44120 msc H,0; s Et OH, et h, ace, bz, > 
pet h; sl сіс ло 
3385 2-[2-(01 et hyl ami поје! поху]е! hanol «1400, 40-82-9 161.243 221.5; 927 0.942125 1.448020 8 
3386 2-(Пі et hyl ami поје! hyl acryl at e 41:00, 2426-54-2 171.237 «-60 8170 0.93720 1.437625 Б 
3387 2-01 et hyl ami noet ћу! 4-ami nobenzoate Ргосаї ne 315160, 59-46-1 236.310 па Уа (lig 61 51 HO; s Et OH, et h, bz, chl = 
оге © 
3388 2-(N,N-Di et һу! ami по)е! ћу! СН 0, 05-16-8 185.264 8070 0.9230 = 
met hacryl at e 
3389 2-(Пі et hyl ami поје! ћу! 2- But et hamat e (050, 4007-64-8 263.376 168" 1.490920 
phenyl but anoat e 
3390 4-(01 et hyl ami по)-2- C.H, 0, 7754-90-4 193.243 65.0 
hydroxybenzal dehyde 
3391 Di et hyl 2-ami nomal onat e 79630, 6829-40-9 175.183 1226 1161? 1.10015 1.43536 — уз H,O, Et OH, et h; $ ace, bz i lig 
3392 7-(Di et hyl ami no)-4-met hÈ С, М0, 91-44-1 231.291 cry (al, 07-11 g) 51,8; 5 Et OH, et h, ace 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 3393 3-(Diethylami пор — 0 91689 — 16522 —  othbipm 78 2761708 sROBO0RehOSslig 
(05,411 g) 
3394  2-(Di et hyl ami no)-1-phenyl -1- Di et hyl propi on qo B, NO 90-84-6 205.296 liq Tf 
propanone 
3395 3-(Пі et hyl ami no)-1-propanol 79630 622-93-5 131.216 189.5 0.860020 „44390 s Et OH; s et В, ace, bz; sl chl 
3396 3-(Пі et hyl ami no)-1-propyne N,N-Di et hyl -2-propargyl ami ne 796, 4079-68-9 111.185 114 20 
3397 2,6-Пі et hylani li ne qo HG 519-66-8 149.233 15 243 0.9062 54522 
“73308 NNMDiehyanline ДҺДҺә9ДДҺ5ӛДДҺәҘҺә9р нем — 91667 149233 yeoil 388 263 0997 15409? sl HO; s EtOH, ace, ct c; vs et h, = 
chl 
3399 Di et hylarsi ne Aü As 692-42-2 134.052 105 1.133824 „4709 vs ace, bz, et h, Et OH 2 
3400 N.NDi et ћу! benzami де па NO 1696-17-9 177.243 1325 о 
3401 o-Di et hyl benzene 1,2-Di et hyl benzene qo 135-01-3 134.218 liq -31.2 84 0.8800 50359 i НО; msc Et OH, et h, ace, bz, li g, Ё 
їс 
3402 т-Пі et hyl benzene 1,3-Di et hyl benzene qo 141-93-5 134.218 liq -83.9 81.1 0.8602 „49550 | НО; msc Et OH, et h, ace, bz, li g, 5 
їс 
^ 3403 рї же — — — — 14-01 бі ушт она 105-055 134218 Ла 423 197 0860 149070 i HO;msc Et ОН, et h, ace, bz, li 0, 2 
їс 
3404 N,N-Di et ћу! -1,4-benzenedi ami ne qo og No 93-05-0 164.247 261 vs bz > 
3405 Di et hyl benzyl i denemal onat e Di et hyl benzal mal onat e H, 0,C 5292-53-5 248.275 32 2169. 196^ 1.104520 53897 | НО; s Et OH, et h, асе, bz = 
3406 Di et hyl benzyl mal onat e 14050, 607-81-8 250.291 300 07615 487291 НО; sl ch Ф 
3407 Di et һу! benzyl phosphonat е 41:0; P. 080-32-6 228.225 110? 4930?  sctc ° 
3408 Di et hylbromoacet ami de 2-Bromo-2-et hyl but anami de «128010 511-70-6 194.069 67 sl HO, chl; vs Et OH, et h, bz ° 
— 3409 Diethyl 2-bromomalonate Ethyl bromomalonate — 8,0, 685870 404-542 002 14905 1491" | НО, төс EtOH, eth; sace,ctc | 55 
3410 NNDi et hyl but anami de sHGNO 114-76-7 143.227 206 0.888420 44035 vs H,0, Et OH б 
3411 Di et hyl 2-but yl mal onat e Pent ane-1,1-di carboxyl i caci d, Ну), 33-08-4 216.275 238 0.976420 42500 vs Et OH, et h > 
est er а 
3412 Di et һу! 2-but ynedi oat e 4810, 762-21-0 170.163 0.8 184200 007520 44050 s Et OH, et h, ctc б 
3413 Di et ћу! carbamazi ne ci t rat e 16121506 642-54-2 391.416 су 138 Q 
3414 Di et hyl carbami c chl ori de 5H,Q01 NO 88-10-8 135.592 186 ° 
3415 N,N-Di et ћу! carbani li de oz HONO 85-98-3 260.353 cry (al) 79 i b0; vs Et OH; $ chl = 
3416 Di et hyl carbonat e Et hyl carbonat е 6840, 05-58-8 118131 114 -43 126 0.9692 3084652 | НО; s Et OH, et h, chl о 
3417 0,0-Di ethyl chl ori dot hi onophosphat e Оі et hyl t hi ophosphoryl chlori 08,010РФ2524-04-1 188.613 453 sctc с 
3418 Пі et hyl chl oroal umi num 4HGA CI 96-10-6 120.557 134 2 
3419 Di et hyl chl oromal onat e Et hyl chl oromal onat e 184600, 4064-10-9 194.613 222 20409 43272 | НО; msc Et OH, et h, chl; s CS un 
3420 Di et һу! chl orophosphonat e Di et hoxyphosphoryl chl ori de H, CDP 814-49-3 172.547 93.5 20519 4170 ~ 
3421 Di et hyl cyanami de s, 617-83-4 98.146 liq -80.6 188 0.854 41265 1 ВО, s Et OH, eth S 
3422 Di et һу! 1,1-cycl obut anedi carboxyl at e 4140, 3779-29-1 200.232 224 045620 43308 уз ОН; sl ctc E 
3423 1,1-Di et һу! сус! ohexane ж 78-01-3 140.266 179.5 Е 
3424 Di ethyl 1,1- CoH, 40, 1559-02-0 186.205 215; 10072 0552 43459 м Et OH, et h ы 
сус! opropanedi carboxyl at e 
3425 Di et hyl di but yl mal onat e 10; 596-75-8 272.381 15072 0.945720 43419 | HO; s ОН, et h, сіс 
3426 Di et hyl di carbonat e Pyrocarboni c aci d di et ћу! ester „Но, C 1609-47-8 162.140 9318 120 3960 ^ vs ace, Et OH, li g 
3427 Di et һу! [(di et hanol ami no) C;H;NO;P 2781-11-5 255.249 liq 1507 
met ћу! ]phosphonat e 
3428 5,5-01 et hyl di hydrd#21,3-oxazi ne- Пі et hadi one ва МО; 702-54-5 171.194 cry (et h) 97.5 
2,4(3H)-di one 
3429 Di et һу! 1,4-di hydro-2,4,6-t ri met hyB;5-Di et hoxycarbonyl -1,4- С.Н, NO, 632-93-9 267.322 It bl гр! (al) 131 8,0 Et OH, et h, CS vs chl 
3,5-pyri di nedi carboxylat e di hydrocol li di пе 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3430 Di et hyl di met hyl вад Di et hyl di met hyl pl umbane gb С 162-21-2 295.4 col liq 51 1.7920 
3431 Di et hyl 2,6-di met hyl -3,5- C. H,NO, 149-24-2 251.279 71 301; 20840 i HO; s Et OH, et h, bz, chl, li g 
pyri di nedi carboxyl at e 
3432 Di et hyl 3,5-di met hyl pyrrol e-2,4- САМО, 2436-79-5 239.268 nd (di | al) 137.8 it sl Et OH, et h; s ace, bz, 
di carboxyl at e HOAc 
3433 Di ethyl di sul fide «Нр 10-81-6 122.252 iq -101.5 54.0 0.9937 50730 51 ЊО; msc Et OH, et h 
3434 МОТ et ћу! dodecanami de 169510 3352-87-2 255.439 1662 0.84725 45459 sch 
3435 Di et hyl ene gl yco Di gl ycol 48,0; 11-46-6 106.120 iq -10.4 245.8 1.119% .447220 H,0, Et OH, et h, chl = 
3436 Di et hylene glycol, bi schl orof ormate —— Oxydi -2,1-et hanedi yl C H,CLO; 06-75-2 231.031 iq 26 1.3920 4542? < 
carbonochl ori dat e Л 
3437 Di et hylene gl ycol di acet at e 81146, 628-68-2 190.194 18 200 1.106815 43480 vs Et OH о 
3438 Di et hylene glycol di benzoat e 4160, 20-55-8 314.333 335 2802, 2501 1.169075 vs Н,0, Et OH E 
3439 Di et hylene gl ycol di but yl et her Bi s(2-but oxyet ћу!) et her ЊЕ C 12-73-2 218.332 iq -60 256 0.885 42352 
3440 Di et hylene glycol di et hyl et her Bi s(2-et hoxyet hyl ) et her о C 12-36-1 162.227 14 -45 88 0.9063 41159 — vs HO, Et OH; s et h 5 
3441 Di et hylene glycol di met hacryl at e Oxydi et hyl ene met hacrylate LH, 0, С 2358-84-1 242.268 >200; 1508 1.082120 457125 7, 
3442 Di et hylene glycol di met ћу! et her Di gl yme HOC 11-96-6 134.173 iq -68 62 0.9434 4097 msc H,0, Et OH, et h 5 
3443 Di et hylene gl ycol di ni t rate 2,2-Oxybi set hanol, di ni trate НО, C 693-21-0 196.116 44001 > 
3444 Di et hylene glycol monobut yl et her aH, 12-34-5 162.227 ig -68 231 0.9553 .4306? msc ЊО; vs Et OH, et h, ace; s bz = 
3445 Di et hylene glycol monobut yl et her 2-(2-But oxyet hoxy)et ћу! acet at e 1550, 24-17-4 204.264 14 -32 245 0.989 426229 ^ vs ace, et h, Et OH Un 
acet at e 
3446 Di ethylene glycol monododecanoat e — 2-(2-Hydroxyet ћохује ћу! laurat e 16H32% 41-20-8 288.423 t уе 17.5 >270 0.96 msc Et OH, et h, ace; s bz, t ol = 
3447 Di et hylene glycol monoet hyl et her Carbi t ol gH OL 11-90-0 134.173 hyg li q 196 0.9885 .4300? msc Н,0, Et OH, ace, bz; vs et h o 
3448 Пі ethylene glycol топове ћу! et her Саб! t ol acet at e 8160, 12-15-2 176.211 iq -25 218.5 1.0098 4213 vs Н,0, ace, et h, Et OH 5 
acet at e 
3449 Di et hylene glycol monohexyl et her 2-[2-(Hexyl oxy)et hoxylet hanol — 51520, 12-59-4 90.280 col lig -28 258; 19% = 
3450 Di et hylene glycol monomet ћу! et her — 2-(2-Met hoxyet hoxy)et hanol 8120:0 11-77-3 20.147 93 1.03520 .4264? msc Н,0, ace; vs Et OH, et h 5 
3451 Di ethylene glycol monopropyl et her 80; 6881-94-3 148.200 iq -53.3 213; 124 ^ 
3452 N,N-Di et hyl -1,2-et hanedi ami пе N.N-Di et hyl et hyl enedi ami ne ве 00-36-7 16.204 44 0.82802 43402 msc Н,0; s Et OH, et h, ct c, t ol © 
3453 N,N-Di et hyl -1,2-et hanedi ami пе eH AN, 11-74-0 16.204 46 0.82802 43402 vs H,0, et h, Et OH, t ol < 
3454 Di ethyl et her Et hyl et her 480 60-29-7 74121 iq -1162 345 0.7138 35260 sl ЊО; msc Et OH, bz, et h; vs ace "J 
3455 Di et hyl (et hoxymet hyl ene)mal onat e 2-Et hoxy-1,1-bi s(et hoxycarbonyC),,H,,0; 87-13-8 216.231 dec 280; .4600? 1 НО; s Et OH, et h; sl chl 2 
et hene 165" > 
3456 Di et hyl et hyli denemal опа! e 48,0, 462-12-0 86.205 167,865 1.040420 43087 vs et h, ОН - 
3457 Di et hyl et hyl mal onat e 4140, 33-13-1 188.221 208; 9812 1.00620 .4166? sl HO; vs Et OH, et h, ace, chl Ф 
3458 Di et hyl et hyl phenyl mal onat e 1500, 76-67-5 264.318 70% 1.07120 „48965 1 НО; s Et OH, et h; sl chl © 
3459 Di et hyl et hyl phosphonat e НОР 78-38-6 66.155 98; 9016 1.025920 41630 sl HO; s Et OH, et h z 
3460 МЛ-Пі et hylf ormami de sHENO 617-84-5 101.147 75 0.90807 43212 тс Н,0, ace, bz; vs Et OH, et h 5 
3461 Di ethyl f umarat e 8160, 623-91-6 172479 0.8 214 1.045220 441291 НО; s ace, chl Е 
3462 Di ethyl glut arat е 4160, 818-38-2 88.221 syrliq -24.1 236.5 1.0220 42412 увей = 
3463 3,4-Пі et hyl hexane НЧ» 19398-77-7 142.282 63.9 0.747225 „41902 
3464 Di -2-et hyl hexyl mal eat e 0, 142-16-5 340.498 567 0.9420 
3465 1,2-Пі et ћу! hydrazi пе GN; 1615-80-1 88.151 85.5 0.797% 42042 vs bz, et h, Et OH 
3466 Пі ethyl 1,2-hydrazi nedi carboxyl at e Di et hyl bi carbamat e вН.2№06 4114-28-7 176.170 па (chl), рг (w) 135 dec 250 1.324 vs et h, Et OH 
3467 Пі et һу! hydrogen phosphat e Di et hyl phosphat e aH,,@,P 598-02-7 154.101 Syr dec 203; 1.180020 41709 — vseth 
8700001 
3468 ММ-01 et ћу! -4-hydroxy-3- Et hami van ОН А0; 304-84-7 223.268 95 sch 


met hoxybenzami de 


6816 


4. 
ЖУ м 


Di et hyl di met hyl ваа Di et hy,6-di met ћу! -3,5-pyri di nedi carboxyl at e 


о 
N и 


| 
H O 


Di et hy8,5-di met hyl pyrrol e-2,4-di carboxyl at e 


“ұз 
Di et hyli sulf i de 


pP 


" no ^on 


11-01 et ћу! dodecanami de Di et hyl erg! ycol 


O о 
о О О О О 
ЕК МО PN wie —. DO ™, А ыда О. (0) 

а“ ^O oO га O О О Tg Жөе УМ Со 

Di et hyl erg! ycol bi schl orof ormat e Di et hyl engl ycoldi acet at e Di et hyl engl ycoldi benzoat e Di et ћу! епа ycoldi but yit her Di et ћу! erg! ycoldi et пуй her 

О. О. О 
0 0 VOS үү SPI RS оё ОУ 050 О СУ Он О СУ а 
Di et hyl engl ycoldi met hacryl at e Di et hyl епа ycoldi met hyét her Di et hyl engl ycoldi ni t rat e Di et ћу! еп ycolmonobut ylet her Di et hyl епа ycolmonobut ylet heracet at e 
О О 

— — — — у а —— gg жалы — А И И V О у 9H 


Di et ћу! erg! ycolmonododecanoat e 


pras и NER 
—. O. —. о ОН 2: 
МАЛОЇ et hyl -1,2-et hanedi ami ne 


O O 
о о Ш, О o ^ 


Di et hét ћу! mal onat е Di et hyét hyl phenyl mal onat e 


Di et ћу! erg! ycolmonopropyl et her 


l ] 3 
ЕТ H 2 
dus i. i dod д SN <> Со N 
H 


Di et hyl,2-hydrazi nedi carboxyl at e 


3,4-Di et hyl hexane Di -2-et ћу! hexyhal eat e 


Di et ћу! erg! ycolmonoet hylet her 


H 
жаа Ту 
Н 
ММ-і et hyl -1,2-et hanedi ami ne 


Di et hét hyl phosphonat e 


1,2-Di et hyl hydrazi ne 


Di et ћу 


Од о 


A 


Di et hyl engl ycolmonoet hylet heracet at e 


her 


N,N-Di et hyl f ormami de 


Di et hyl eng! ycolmonohexyl et her Di et hyl erg ycolmonomet hylet her 


o 


Di et hét hyl i denemal onat e 


се Хол 


Di et hyl umarat е Di et hyll ut arat e 


OH OH 
Di et ћућудгодеп phosphat e N,N-Di et hyl -4-hydroxy-3-met hoxybenzami de 


(рәпшҙиоо) SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


981-6 


Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3469 Di et hyl i mi nodi acet at e oH, NO, 6290-05-7 189.210 ort h cry 247 dec 
3470 Di et hyl i sobut yl mal onat е "Н, 10203-58-4 216.275 0.980420 42360 1 НО; vs Et OH, et h; s chl 
3471 Di et hyl i sopht halat e 2000, 636-53-3 222.237 115 302 1.12397 508% i go 
3472 Di et hyl i sopropyl i denemal onat e 1090, 6802-75-1 200.232 176.5; 116% 1.028218 .4486" vs ace, Et OH 
3473 Di et hyl i sopropyl mal onat e Et hyl i зоргору! mal onat e пој! на С 759-36-4 202.248 215 0.996120 41887 sl HO, ct c; vs Et OH, et h; $ chl 
3474 Di et hyl ket omal onat е Et hyl mesoxal at e 1800 609-09-6 174151 pa уе grn oi | -30 210; 109 114195 4310? и Н,0; 5 Et OH, et h, chl; i CS 
3475 Di ethyl malat e Di et hyl hydroxybut anedi oate 1,050 7554-12-3 190.194 253; 1243 1.129020 
3476 Di et hyl maleat e 8160, 141-05-9 172.179 iq -8.8 223 1.0662 4416? i НО; s Et OH, et h; sl chl 
3477 Di et һу! mal onat e #50, 105-53-3 160.168 iq -50 200 1.055? 41392 s| ЊО; msc Et OH, et h; vs ace, bz 
3478 Di et hyl mercury B4 Hg 627-44-1 258.71 159; 5716 2.4320 seth; sl Et OH 
3479 Di et ћу! met ћу! ami ne N-Et hyl A-met hyl et hanami ne ОМ 616-39-7 87.164 iq -196 66 0.703 38709 м H,0, Et OH, et h 
3480 N,N-Di et hyl -2-met hylani 11 ne NUN 606-46-2 163.260 iq -60 209 0.9288 51532 sl НО; msc Et OH, et h; $ сіс 
3481  N,N-Di et ћу! -4-met hyl ani 11 ne АНЫМ 613-48-9 163.260 229 0.924218 sl HO; msc Et OH, et h 
3482  N,N-Di et ћу! -3-met ћу! benzami de DEET НЕМО 134-62-3 191.269 1609, 111! 0.99620 52120 vs HO, bz, et h, Et OH 
3483 1,3-Di et hyl -5-met hyl benzene NM 2050-24-0 148.245 iq -74.1 205 0.8748 .5027 i НО; msc Et OH, et h, ace, bz, li 0, 
їс 
3484 ММ-01 et ћу! -2-met ћу! -1,4- 4-N,N-Di et hyl -1,4-di ami no-2- СНС 2051-79-8 214.735 cry 250 dec 
benzenedi ami ne, met hyl benzene, hydrochl ori de 
monohydrochl ori de 
3485  N,N-Di et ћу! -3-met ћу! but anami de Isoval егуі di et hyl ami de gH, NO C 533-32-4 157.253 211 0.876420 1.44222 vs et h, Et OH 
3486 Di ethyl met hyl епевисс! nat e 44,0, 2409-52-1 186.205 58.5 228 1.046720 1.437722 msc Et ОН, s et h, bz; vs ace 
3487 Di et hyl met hyl mal onat e 8140, 609-08-5 174,195 201 1.022520 1.41262 sl HO; vs Et OH, et h, ace, chl 
3488 Di et hyl met hyl phosphonat e НОР 683-08-9 152.129 194 1.040630 141019 s H,O, Et OH, et h; i bz 
3489  N,N-Di et hyl -4-met hyl -1- Di et hyl carbamazi ne зоб МО 90-89-1 199.293 48 1109 
р! регагі necarboxami de 
3490 3,3-Пі et hyl -5-met hyl -2,4- Сын М0; 125-64-4 183.248 75.5 S НО, bz, chl, Et OH 
pi peri di nedi one 
3491 МОТ et ћу! -1-napht hal enami ne «НОМ 84-95-7 199.292 285 0132 1.59612 s Et OH, et h, bz sl ctc 
3492 N,N-Di et hyl -4-ni t roani li ne по Hu 8,0; 2216-15-1 194.230 » | 110) 775 ‚225% s EtOH; sl lig 
a 
3493 МОЕ et hyl -4-ni t rosoani i ne (8490 120-22-9 178.230 grn то! i ОШ 87.5 245 51 Ң0; s Et ОН, et h, ace, chl 
grn If (ace 
3494 Di et hyl nonanedi oat e Di et hyl azelat e 131400 624-17-9 244.328 iq -18.5 291.5 0.9729 43519? | НО; s Et OH, et h 
3495 Di ethyl oxalat e «160, 95-92-1 146141 iq -40.6 85.7 1.0785 .401? sl ЊО; msc Et OH, et h, ace; s ct c 
3496 Di et hyl oxobut anedi oat e Di et ћу! oxalacet at e a H,,0; C 108-56-5 188.178 13124 13120 „45617 1 НО; msc Et OH, et В, bz; vs ace 
3497 Пі et hyl 3-oxo-1,5-pent anedi oat e Di et ћу! 1,3-acet onedi carboxyl at gH,,0; C 105-50-0 202.204 250 113 sl ЊО; msc Et OH 
3498 3,3-Пі et hyl pent ane Те! гав! hyl met hane H, C 1067-20-5 128.255 iq -33.1 46.3 0.7538 4206? i НО; seth, bz 
3499 М,М-Пі et hyl -1,4-pent anedi ami ne ovol di ami пе oH NC 140-80-7 158.284 201 0.81420 .442920 
3500 2,2-Пі et hyl -4-pent enami de Novonal 4160 512-48-1 155.237 wh pow 75.5 vs et h, Et OH 
3501 Di et hyl 2-pent enedi oat e Di et hyl glut aconat e 4140, С 2049-67-4 186.205 237 1.04967 441192 vs et h, Et OH 
3502 Di et hyl peroxi de 4000 628-37-5 90.121 iq -70 65 0.8240 137157 51 ЊО; msc Et OH, et h 
3503  N,N-Di et ћу! -füphenot hi azi ne-10- Di et hazi ne iff; NS 60-91-3 298.446 oi | 6% i HO;s dil НСІ 
et hanami ne 
3504 МЛЕРЇ et hyb- N,N-Di et hyl benzhydryl ami ne М 519-72-2 239.356 56.5 1707 
phenyl benzenemet hanami ne 
3505 Пі et һу! phenyl mal onat e NONO 83-13-6 236.264 16.5 dec 205; 1.09502 14977? vs ace, Et OH 
1687 
3506 Пі et hyl phenyl phosphoni t e I HG0;P 1638-86-4 198.199 235; 621 1.03216 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3507 5,5-0 et ћу! -1-phenyl - Phenet harbi t al 48,50, 357-67-5 260.288 178 vs Et OH 

2,4,6(1H,3H,5H)-pyri mi di net ri one 
3508 Di et hyl phosphi ne AP 627-49-6 90.104 85 0.78620 
3509 Пі et hyl phosphonat e КАОР 762-04-9 38.102 546 sctc 
3510 0,0-01 et ћу! phosphorodi t hi onat e 4H,,0,PS, 298-06-6 186.233 580 
3511 Di ethyl рһ hal at e 29,0, 84-66-2 222.237 liq -40.5 295 1.232 50002 i НО; msc Et OH, et h; s ace, bz, 

їс 
3512 3,3-01 et hyl -2,4-pi peri di nedi one Pi peri di one gH, NOC 77-03-2 69.221 nd (w) 104 vs ЊО, Et OH, chl, MeOH = 
3513 N,N-Di et hyl propanami de МО 1114-51-8 129.200 191 0.897220 .4425? vs EtOH ме 
3514 N,N-Di et ћу! -1,3-propanedi ami пе НМ, 104-78-9 130.231 168.5 0.822% 443% n 
3515 Di et hyl propanedi oi c aci d Di et hyl mal oni c aci d о, C 510-20-3 60.168 pr (w,bz) 127 dec vs ЊО, Et OH, et h; sl bz, chl a 
3516 2,2-Пі et hyl -1,3-propanedi ol #60; 115-76-4 132.201 61.5 240.5 1.05020 45745 vs H5O, Et OH, et h; $ chl > 
3517 Di et hyl 2-propyl mal onat e 109004 2163-48-6 202.248 221; 11422 0.98920 41972 51 ЊО; vs Et OH, et h с 
3518 МАЛО et ћу! -3-pyri di necarboxami de Мі ket hami de по а МО 59-26-7 78.230 уе soli d or vi sc 25 dec 280; 1.060% 5257 sl DMSO 5 
liq 1755 

3519 МАО et hyl -4-pyri di necarboxami de Isoni cot i ni c aci d di et hylami 46,Н,М,0 C 530-40-5 178.230 119 5257 vs ЊО, ace, et h, Et OH 4 
3520 3,3-Di et hyl -2,48,3H)-pyri di nedi one Pyri t hyl di one «1130, 71-04-3 167.205 90.7 > 
3521 Di et hy! sebacat e 18,0, 110-40-7 258.354 2.5 305; 188 0.964620 43060 51 ЊО, ct c; s Et OH, ace; i bz = 
3522 Di et hyl seleni de 456 627-53-2 137.08 ра уе 55 108 1.230020 476820 un 
3523 Di et hyl si lane (осі 542-91-6 88.224 liq -1343 57 0.6843 39219 i HO © 
3524 t ransDi et hyl st i | best rol 1g o; 56-53-1 268.351 р! (02) 170.5 vs et h, Et OH, ch = 
3525 transDi et hyl st i | best rol di propanoate Cli nest го! лао, С 130-80-3 380.477 pr (MeOH) 104 vs bz, et h, Et OH © 
3526 n et hyl st i | best rol monomet hMest i | bol 15,0, 18839-90-2 282.377 nd (bz-pet h) 1175 1903 vs ace, et h, Et OH 5 

et her 
3527 Di et hyl succi nat e Et hyl succi nat e 81400 123-25-1 174.195 iq -21 2177 1.0402 4201202 | НО; msc Et OH, et h; s ace, chl > 
3528 Di ethyl sulf ate 4810,5 64-67-5 154,185 oi | -24 208 1172 .3989 1 НО; msc Et OH, et h 5 
3529 Di et hyl sul fide 4605 352-93-2 90.187 iq -103.91 921 0.8362 44302 51 ЊО, ctc; s Et OH, et h с 
3530 Di et hyl sul 6 Et hyl sul fit e 4Н 90,5 623-81-4 138.185 58,519 1% 4310? s Et OH, et h © 
3531 Di et hyl sulf one Et hyl sul f one AH, (S 597-35-3 122.186 ort р! 735 248 1.357 s Н,0, et h; vs bz; i pet h < 
3532 Di et hyl sulf oxi de 48005 70-29-1 106.186 Syr 14 045905 1.009222 vs Н,0, et h, Et OH 5 
3533 Di et hyDL-t art rat e Виде 57968-71-5 206.193 18.7 281; 158“ 204670 .4438 sl ЊО; msc Et OH, et h; s ace, ct c е 
3534 Di ethyl t elluri de nn 627-54-3 85.72 red-ye 375 59915 51825 — vs Et OH 2, 
3535 Di et hyl t erepht hal at e НО, 636-09-9 222.237 mcl pr(al,peth) 44 302 1.0989 i НО; vs Et OH, et h > 
3536 Di ethyl t hi odi propi onat e (10,5 673-79-0 234.313 745.121? 140342 „46552 т 
3537 ММ-01 et ћу hi ourea 505,5 105-55-5 32.227 78 dec S H,0, Et OH; vs et h; sl ctc e 
3538 МНО! et hyl -1,1,1- (Di et hy ami поје ri met hylsi lane — 7H, N$ 996-50-9 145.319 126.3 0.7627 411220 z 

t ri met hylsi | anami пе = 
3539 Di et hylt ri sul fide ШЕ 3600-24-6 54317 -72.6 85/5 108220 56899 5 
3540 | N,N-Di et ћу! urea 8,5,0 634-95-7 116.161 pl, nd (et h) 75 9502 vs Н,0, Et OH, bz, li g; s et h = 
3541 ММ-ОГ et hyl urea ВО 623-76-7 116.161 1 i g),hygnd 112.5 263 04155 46169 48Н,0, Et OH, et h 

al 

3542 Di et hyl vi nyl phosphonat e НР 682-30-4 64.139 1102 .06825 42902 
3543 Di ethyl zi nc Zi nc di et hyl 41020 557-20-0 123.531 col liq -28 118; 80 .206520 „49369 _ dec ЊО; msc et h, pet h, bz 
3544 Di f enoconazole JCLN,O, 119446-68-3 406262 76 220003 
3545 Di f enzoquat met hyl sul f at e H-Pyfazol i um, 1,2-di met ВУ -3,5- C, H,N,0,S 43222-48-6 360.428 157 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3546 Di flubenzuron N-[[(4-Chl orophenyl ) C.H CIENO, 35367-38-5 310.683 239 
ami no]carbonyl 1-2,6- 
di fluorobenzami de 
3547 Di fluoroacet i c aci d 26,0, 381-73-7 96.033 iq -1 133 1.528 1.347020 
3548 24-Di fluoroani 11 ne НЕМ 367-25-9 129.108 iq -7.5 170 1.268 1.50632 
3549 о-Пі fluorobenzene 1,2-Di fluorobenzene qu, 367-11-3 114.093 iq -47.1 94 1.1599 1.44518 1 НО; $ ace, bz, chl 
3550 mrDi fluorobenzene 1,3-Di fluorobenzene ФЕ, 372-18-9 114.093 iq -69.12 82.6 1.1572 14374? | НО; $ ace, bz 
3551 p-Di fluorobenzene 1,4-Di fluorobenzene GF, 540-36-3 114.093 iq -23.55 89 11709 1.44220 | НО; $ ace, bz; sl ctc = 
3552 4,4-Пі fluoro-1,1'-bi phenyl 4,4'-Di fluorodi phenyl PU 398-23-2 190.189 те! pr(al)lf (м) 94.5 254.5 iH vs Et OH, bz, chl ; s et h, ace ме 
3553 1,1-Di fluorocycl ohexane (НР, 371-90-4 120.140 iq 99.5 n 
3554 3,3-Di fluorocycl opropene ЊЕ 56830-75-2 76.045 14 34 a 
3555 Di fluorodi met ћу! si lane НЕБУ 353-66-2 96.152 col gas -87.5 25 E 
3556 1,5-Di fluoro-2,4-di ni t robenzene «16:10, 327-92-4 204.088 75.5 1322 sl Et OH с 
3557 Di fluorodi phenyl si | ane ТІЛЕ 312-40-3 220.290 246; 1570 1.145" 1.52215 о 
3558 1,1-Di fluoroet hane Et hyl i dene di fluori de ЊЕ 15-37-6 66.050 col gas -117 -24.05 0.8965 (р>1 1.301172 2 
at m) 

3559 1,2-Пі fluoroet hane Et hyl ene di fluori de 2115, 624-12-6 66.050 vol liq 26 vs bz, et В, chl = 
3560 1,1-Di fluoroet hene Vi nyli dene fluori de 2155 75-38-7 64.034 col gas -144 -85.7 vs et h, Et OH = 
3561 ci 51,2-Di fluoroet hene сі 51,2-Di fluoroet hyl ene JF, 1630-77-9 64.034 col gas -26 un 
3562 t rans1,2-Di fluoroet hene t rans1,2-Di fluoroet hyl ene 20Р, 1630-78-0 64.034 col gas -53.1 © 
3563 Di fluoromet hane Met hyl ene fluori de ;EH 75-10-5 52.024 col gas -1368tp -516 1.21392 i НО; s Et OH = 
3564 2-(Пі fluoromet hoxy)-1,1,1- Di fluoromet ћу! 2,2,2- гі fluoroet ћу! C.H.F,0 1885-48-9 150.047 col liq 29 ° 

tri fluoroet hane et her я 
3565 Di fluoromet ћу! borane CBF, 373-64-8 63.843 gas -78.5287 reac Н,0 2 
3566 2,4-Пі fluoro-1-ni t robenzene «ЮзЕ,№О 446-35-5 159.091 98 207 1.4571" 1.5149 sl chl 2 
3567 2,2-01 fluoropropane ОН, 420-45-1 80.077 col gas -104.8 -04 Pod (р>1 1.290420 5 

atm 

3568 1,3-Di fluoro-2-propanol (H ÍF,0 453-13-4 96.076 127; 55% 1245 1.372520 8 
3569 Di -2-f uranyl et hanedi one 10804 492-94-4 190.153 15 (al) cry 166.3 51 HO; s Et OH, et h, bz, chl = 
3570 Di -2-f uranyl et hanedi one di oxi me o-Furi | di oxi me NA 522-27-0 220.182 167 sl Et OH, et h, bz, li g © 
3571 1,5-Di -2-f uranyl -1,4-pent adi en-3- C, JH, 0; 886-77-1 214.216 hygpr(pet h)ye 60.5 1814 vs et h, Et OH, chl 5 

one pr (Li g) = 
3572 Di f urf шу! di sul fide Furf uryl di sul fide 1090065 4437-20-1 226.315 10 167", 11205 vs Et OH un 
3573 Di f urf uryl et her Furf uryl et her 1041005 4437-22-3 178.184 1012 1.140520 15088? 110 ~ 
3574 Di gi t oni n 02 11024-24-1 1229.312 237.5 S 
3575 Digitoxi geni n 2160, 143-62-4 374514 253 S Et OH; vs MeOH E 
3576 Digitoxin HUM 71-63-6 764,939 pr (di | al) 255.5 518; vs Et OH; $ et h, chl , MeOH, E 

ру с. 
3577 Di gi t oxose 4620, 527-52-6 148157 cry 112 vs Н,0, ace; s py, AcOEt 15) 
(МеОН-е! h) 

3578 Пі gl yci ау! et her Bi s(2,3-epoxypropyl ) et her РАЈА 2238-07-5 130.141 260 1.11952 
3579 Di glycoli c aci d 2,2'-Oxydi acet i c aci d 40,6 110-99-6 134.088 mcl pr(w+1) 148 dec vs HO, et h, Et OH 
3580 Di goxi geni n 28,05 1672-46-4 390.513 pr (AcOEt ) 222 vs Et OH, MeOH; $1 chi 
3581 Di goxi n НО 20830-75-5 780.939 ітері (di | al, ру) 249 dec vs Et OH 
3582 Di hept yl ami ne N-Hept у! -1-hept anami пе 1483 2470-68-0 213.403 па 31.5 271; 1359 0.7956?! sl ЊО; s Et OH; vs et h 
3583 Di hept yl et her Hept yl et her 14180 629-64-1 214.387 258.5 0.800820 1.42750 vs et h, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3584 Di hept yl pht hal at e „Раоа 3648-21-3 362.503 360 
3585 Di hept yl sul fide Hept yl sul fide мН 629-65-2 230.453 70 298 0.841620 14606? | HO;seth 
3586 Пі hexyl ami ne N-Hexyl -1-hexanami ne оны 143-16-8 185.349 liq -13.1 236; 75 0.788920 14339? s Et OH, et h 
3587 Di hexyl et her Hexyl et her 280 112-58-3 186.333 226 0.793620 14204? 1 НО; seth; sl ctc 
3588 Di hexyl hexanedi oat e 1880, 110-33-8 314.461 liq -9 348; 182.5 0.9412 
3589 Di hexyl pht halat e 20182004 84-75-3 334.450 2105 
3590 Di hexyl sul fide Hexyl sul fide NNI 6294-31-1 202.399 230; 13622 0.841120 1.458620 - 
3591 15,16-Пі hydroaflat oxi n, G Aflat oxi n G Сана; 7241-98-7 330.289 239.3 = 
3592 9,10-Di hydroant hracene СН, 613-31-0 180.245 ab ог pr 111 305 1.2130 i HO; s Et OH, et h, bz, chl = 
3593 6,15-Di hydro-5,9,14,18- Indant hrene (51,060, 81-77-6 442.422 bl nd 485 dec i 9, Et OH, et h, асе, bz; s РАМО = 
ant hrazi net et rone di | alk > 
3594 1,2-рі hydrobenz[j Jaceant hryl ene Chol ant hrene Е 479-23-2 254.325 ра ув |! (07-21) 174 it s Et OH, bz, НОАс, li g, t ol m 
3595 9,10-Di hydro-9,10[1’,2’]- Tri pt ycene ТН, 477-75-8 254.325 cry (cyhex) 256 б 
benzenoant hracene о 
3596 1,3-Di hydro-2+benzi ті dazole-2- ^ 2-Benzi ті 020161 hi ol 799,5 583-39-1 50.201 р (dil al or 298 vs Et OH 2 
thi one МН.) = 
3597 1,3-Di hydro-Zi-benzi mi dazol -2-one 18,М,0 615-16-7 134.135 f (мога!) 318 dec 81,8, et h, bz; s ace; vs Et OH » 
3598 2,3-01 hydro-1,4-benzodi oxi n 8660, 493-09-4 36.149 212: 1039 „1802 548520 = 
3599 2,3-Пі hydrobenzof шап Coumaran 20) 496-16-2 120,149 14 -215 188.5 1.058 54970 vs et h, Et OH, chl Un 
3600 3,4-Пі hydro--2-benzopyran Isochroman Сон. 0 493-05-0 134.174 4 11025, 9012 .067> 54442 о 
3601 3,4-Пі hydro-2+1-benzopyran С.Н 0 493-08-3 34174 48 215; 9818 072% 54449 s H,0; msc os = 
3602 3,4-Пі hydro-#-1-benzopyran-2-one СО; 119-84-6 48.159 Ї 25 272 1.169 55630 1 HO; sl Et OH, et h, ct c; s chl © 
3603 2,3-Пі hydro-47-1-benzopyran-4A-one 4-Сһготапопе СНО, 491-37-2 148.159 36.5 16050, 12713 1429110 5750 S Et OH; vs et В, ace, bz, chl; sl ct c 5 
3604 6,7-Di hydrobenzo[b]t hi ophen-4t§- — 4,5,6,7-Tet rahydro-4- C,H,0S 13414-95-4 52.214 sl chl » 
one benzot hi ophenone ” 
3605 2,3-0і hydro-41-1-benzot hi opyran-4- C,H40S 3528-17-4 164.224 29 154? 24874 539520 5 
one 
3606 4,5-01 hydro-2-benzyl-#-i mi dazole ^ Tolazoli ne М» 59-98-3 60.215 cry (pet h) 67 8 
3607 7,8-Di hydrobi opt eri n Но МО 6779-87-9 239.23 hyg nd (w) 580 = 
3608 Di hydrocodei пе 0,0, 125-28-0 301.38 cry (ag, МеОН) 112.5 2487 ч 
3609 16,17-Пі hydro-157- 1,2-Cycl opent enophenant hrene На 482-66-6 218.293 па (al , pet r) 135.5 i 9; s Et OH, pet h = 
сус! opent a[a]phenant hrene > 
3610 10,11-Di пудг0-91-01 benz[b,f Jazepi пе NM 494-19-9 195.260 s chl 5 
3611 10,11-Пі hydro-57- бьН;0 1210-35-1 208.255 30 2037 1.163520 1.632420 Ф 
di benzo[a,d]cycl ohept en-5-one T 
3612 2,5-Di hydro-2,5-di met hoxyf uran 81660, 332-77-4 130.141 161 1.073% 1.433920 S 
3613 3,4-01 hydro-6,7-di met поху-1(0- Corydal di ne СН, 0, 493-49-2 207.226 mel рг (м, аі) 175 vs HO, bz, et h, Et OH E 
i soqui nol i none = 
3614 1,2-Di hydro-1,5-di met hyl -2-phenyl - Ant i pyri ne «№0 60-80-0 188.225 If orsc(eth,bz) 114 319 vs. B, Et OH s 
3H-pyrazol -3-one = 
3615 2,3-Пі hydro-1,4-di oxi n 460, 543-75-9 86.090 94.1 1.083620 1437229  sctc 
3616 9,10-Пі hydro-9,10-di oxo-2- Сао, 117-78-2 252.223 уе па (НОАс) 291 sub sl Et OH, НОАс; ї et h, bz; s ace 
ant hracenecarboxyl i c aci d 
3617 9,10-Пі hydro-9,10-di oxo-1,5- Ca H&04S; 117-14-6 368.339 ye nd (HCI 310 dec vs Н,0, Et OH, НОАс 
ant hracenedi sul f oni c aci d +4w) pl (di | 
НОАс) 
3618 9,10-01 hydro-9,10-di oxo-2,6- С.4Н;0,5; 84-50-4 368.339 vs Н,0: s Et OH; i. et h, bz 
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Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9,10-Di hydro-9,10-di oxo-1- C H,0;S 82-49-5 288.276 If (HOAC) ye If 216.0 vs H,O, HOAc; s Et OH 
ant hracenesul f oni c aci d (conc НСІ, 
+3w) 
9,10-Di hydro-9,10-di oxo-2- С,„Н055 84-48-0 288.276 ye lf (+3w) vs ED; s Et OH; i eth 
ant hracenesul f oni c aci d 
9,10-Di hydro-9,10-di oxo-1- Sodi um ant hraqui none-1-sul f onat e, HflNa0;S 128-56-3 310.258 yelf (w) si 40 
ant hracenesul f oni c aci d, sodi um salt 
9,10-Di hydro-9,10-di oxo-2- C, H;Na0,S 131-08-8 310.258 sl DMSO "2 
ant hracenesul f oni c aci d, sodi um salt = 
7,8-Di hydrof ol i c aci d qo Ho NO, 4033-27-6 443.413 ye cry = 
2,3-Di hydrof шап 50 1191-99-7 70.090 545 0.92725 1.423920 = 
2,5-Di hydrof шап 50 1708-29-68 70.090 1.43112 » 
2,3-Di hydro-3-hydroxy-1-met пу!-Н-.. Адгепосћгогле СН, МО, 54-06-8 179172 125 dec vs НО, Et OH; i. et h, bz ie 
i ndol e-5,6-di one б 
2,3-Di hydro-H-i nden-5-ami ne Г 24425-40-9 133.190 nd (pet h) 37.5 248; 1319 sl НО, chl; s et h, ace, bz о 
2,3-Di hydro-H-i nden-1-ol (Н,0 6351-10-6 134.174 pl (pet h) 548 220; 128 vs bz, Et OH, chl 2 
2,3-Di hydro-H-i nden-5-ol (9,0 1470-94-6 134.174 58 253 sl HO, pet h; vs EL OH, eth; s suit | = 
2,3-Di hydro-H-i nden-1-one GH,O 83-33-0 132.159 ta,nd(w+3) 42 243; 1292 1.09430 1.561% sl HO; vs Et OH, et h, ace, chl > 
1,3-Di hydro-#-i nden-2-one 2-Indanone GH,0 615-13-4 132.159 nd (al, et h) 59 dec 218 1.0718 1.53887 i НО; vs Et OH, et h, асе, chl = 
1a,6a-Di hydro-6+i ndeno[1,2- C,H,0 768-22-9 132.159 245 11323, 988 112554 sch n 
b]oxi rene ° 
2,3-Di hydro-#-i ndol e (НМ 496-15-1 119.164 229 1.06920 1.5923? 5 НО; s et h, ace, bz = 
1,3-Di hydro-#-i ndol -2-one HNO 59-48-3 133.148 nd (w) 128 22723, 19517 s H,0, Et OH, et h = 
2,3-Di hydro-#-i soi ndol -1-one «8,30 480-91-1 133.148 па (w) 151 338; 10318 vs et h, Et OH, chl б 
Di hydroe-li poi c aci d 6,8-Di mercapt оос! anoi c aci d .Н,0,6; 462-20-4 208.342 yeliq 149 > 
3,4-Di hydro-6-met hoxy-1(B)- 6-Met hoxye--t et ral one 0; 1078-19-9 176.212 cry (MeOH, lig) 78 171 2 
napht hal епопе б 
3,4-Di hydro-2-met поху-Й-ругап СЕН 4454-05-1 114.142 liq 128 1.006 1.4420 б 
1,2-Di hydro-3- 3-Met hyl chol ant hrene 201, 56-49-5 268.352 уе па (02) 180 280% 28% i HO ° 
met hyl benz[j Jaceant hryl ene = 
2,3-Di hydro-2-met ћу! benzof uran 600 1746-11-8 134.174 197.5 0612 1.5308 5 
Di hydro-3-met hyl ene-2,5-f urandi one 510, 2170-03-8 112.084 orth bi pym pr 69 139%, 11418 sl et h; vs chl е 
(et h, chl ) Z 
Пі hydro-3-met hyl ene-2(3-f uranone о-Ме hyl ene but yrol act one 40, 547-65-9 98.10 857) .12062) 1.4650? s H,O, et h, ace, bz; sl ct c; vs Et OH > 
Di hydro-3-met hyl -2,5-f urandi one 510, 4100-80-5 114.100 34 239 20% 222 
Di hydro-3-met ћу! -2(3-f uranone 2-Met hyy-but yrol act one 4,0, 1679-47-06 100.117 liq 200; 79 05702 1.432520 8 
Di hydro-4-met ћу! -2(3-f uranone 3-Met hyy-but yrol act one 48,0; 1679-49-8 100.117 liq 78 05820 1.433920 z 
=. 
Di hydro-5-met hyl-2(3-f uranone, — (s)-y-Valerol act one 0, 57129-69-8 100.117 114 -31 206 1.055? 1.4320? пс ЊО; s Et OH, ace; sl сіс z 
(+ © 
4,5-Di hydro-2-met hyl #+i mi dazole Lysi di ne nn 534-26-9 84.120 hyg 107 196.5 vs ЊО, Et OH; i. et h; s chl = 
1,3-Di hydro-1-met ћу! #2i mi 082016- Met hi mazol e ANS 60-56-0 114.169 И (al) 146 dec 280 vs д; s Et OH, chl; sl et h, bz, li g 
2-t hi one 
2,3-Di hydro-1-met ћу! #1 ndene ОН» 767-58-8 132.202 190.6 0.93825 15266? i H0 
3,4-Di hydro-2-met ћу! -1f2- C,,H,20 1590-08-5 160.212 15 13619 1.0572 1.553520 
napht hal enone 
4-(4,5-Di hydro-3-met ћу! -5-oxoft- Со NOS — 89-36-1 254.262 nd (w+1) =300 dec 
pyrazol -1-yl )benzenesul f oni c aci d 
1,2-Di hydro-5-met ћу! -2-phenyl 48 —— 5-Hydroxy-3-met hyl -1- Со N,O 19735-89-8 174.198 128 287105. 1.260020 1.637 S Н,0, Et OH; sl bz i pet h 


pyrazol -3-one phenyl pyrazol e 191" 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3653 2,4-Пі hydro-5-met ћу! -2-phenyl #8 C, H, N,0 89-25-8 74.198 mcl pr (w) 127 28705. 1.637 
pyrazol -3-one 1917 
3654 3,6-Пі hydro-4-met ћу! 42-ругап СНО 16302-35-5 98.142 1175 0.91225 1.449520 
3655 4,5-Di hydro-2-met ћу! t hi azole HOS 2346-00-1 01.171 liq -101 145 1.062 1.520020 
3656 1,2-рі hydronapht hal ene Ho 447-53-0 30.186 liq -8 206.5 0.9974 1.581420 
3657 1,4-Пі hydronapht hal ene A 2-Di alin "m 612-17-9 130.186 pl 25 2115 0.99283 1.557720 
3658 3,4-Пі hydro-2(Tj)-napht hal enone QH,.0 530-93-8 46.185 18 237 1.105527 1.55980 i НО; seth, bz 
3659 1,2-рі hydro-5-ni t roacenapht ћу! ene „МО; 602-87-9 99.205 103 S H,O, Et OH, et h, li g 
3660 1,6-Пі hydro-6-0xo-3- СМО, 5006-66-6 139.109 nd(w) 310 dec sub 51 ЊО, tf a; Г Et OH, et h, bz, chl 
pyri di necarboxyl i c aci d 
3661 Di hydro-5-pent yl -2f3-f uranone 4-Hydroxynonanoi c aci d lactone НСО, 104-61-0 56.222 oi | 134 
3662 9,10-Пі hydrophenant hrene СН» 776-35-2 180.245 nd (MeOH) 345 1685 1.0757” 1.64415? 861 
3663 2,3-Пі hydro-2-phenyl -A-1- Саб 487-26-3 224.255 nd (li g) 76 i Ei s ace, bz; sl ctc 
benzopyran-4-one 
3664 4,2-Пі hydro-2-(phenyl met hyl )Ht СНС N 59-97-2 96.676 174 
i mi dazol e, monohydrochl ori de 
3665 4,5-Пі hydro-5-phenyl-2-oxazolami ne Ami norex 416М0 2207-50-3 162.187 cry (bz) 137 
3666 1,4-Di hydro-1-phenyl -&-t et razole-  1-Phenyl -5-mercapt 0-Н- et razole f8,N,S 86-93-1 78.215 145 
5-t hi one 
3667 Di hydro-5-propyl -2(8/)-f uranone ү-Ргору! -y-but yrol act опе 8,0, 05-21-5 128.169 845 „43855 
3668 2,3-Пі hydro-6-propyl -2-t hi ох0-401  Propylt hi ouraci | 79605 51-52-5 170.231 W pow (м) 219 sl HO, chl, DMSO, Et OH; | et h, bz 
-pyri mi di none 
3669 1,7-Di hydro-87-puri ne-6-t hi one 6-Mercapt opuri ne 5166,5 50-44-2 52.178 ye pr (w, +1 w) 313 dec ГБ; за! 
3670 3,4-Di hydro-27-pyran C.H;0 10-87-2 84.117 86 0.921? .44029 — s H,0, Et OH; sl chl 
3671 3,6-Di һудго-2+ругап C;H,0 3174-74-1 84.117 liq 95 0.99 
3672 Di hydro-Zi-pyran-2,6(3H)-di one GH,0; 08-55-4 4.100 56.3 15815 1.411020 
3673 4,5-Di hydro-#-pyrazol e 2-Руга2011 пе HN, 09-98-8 70.093 144 1.02007 4796" м ЊО, et h, Et OH 
3674 1,2-Di hydro-3,6-pyri dazi nedi one Mal ei с hydrazi de aH NOD; 23-33-1 112.087 cry (w) 307 sl HO, Et OH, tf a 
3675 Di hydro-2,4(H,3H)-pyri mi di nedi опе — 5,6-Di hydrouraci | AH NOD; 504-07-4 4.103 nd (w) 275.5 vs ЊО; s Et OH, chl, MeOH 
3676 2,5-Di hydro-H-pyrrole 3-Pyrrol i ne Ри 09-96-6 69.106 90.5 0.909720 .4664? vs Н,0, ace, et h, Et OH 
3677 3,4-01 hydro-2(H)-qui noli none Hydrocarbost yri 1 480 553-03-7 147473 pr (al, et h) 163.5 20% vs et h, Et OH 
3678 1,4-Di hydro-2,3-qui noxali nedi one 2,3-Qui noxal i nedi ol H N,G; 5804-19-0 62.146 nd (w) 410 vs ae Et OH, et h; s bz, DMSO, 
HOAc 
3679 Di hydrot achyst erol жВ,0 67-96-9 398.664 cry (MeOH) 131 i HO; $ os 
3680 Пі hydrot hebai ne „МО; 561-25-1 313.391 162.5 i НО; s Et OH, bz, AcOEt 
3681 4,5-Di hydro-2-t hi azol ami пе 3Ң(М,5 779-81-3 02.158 nd or If (bz) 85.3 dec vs ED, Et OH, bz, chl 
3682 2,3-Di hydrot hi ophene 45 120-59-8 86.156 1124 
3683 2,5-Di hydrot hi ophene 45 708-32-3 86.156 1224 
3684 2,5-Di hydrot hi ophene 1,1-di oxi de 3-Sulf ol ene 405 77-19-2 18.155 645 sch 
3685 Di hydro-2(31)-t hi ophenone POS 003-10-7 02.155 11152, 39! 1.182 1.523020 
3686 Di hydro-2-t hi охо-4,65А)- 2-Thi obarbi t uri c aci d 41,6,0,5 504-17-6 144152 р! (w) 235 авс 51 HO; s ОН, di | alk, di | НО 
pyri mi di nedi one 
3687 2,3-Di hydro-2-t hi охо-46)- 2-Thi ouraci 1 48,М,05 41-90-2 28.152 рг (w, al) 2340 dec 51 HO, Et OH, DMSO; s anh HF 
pyri mi di none 
3688 1,2-Пі hydro-37-1,2,4-t ri azol e-3- CHNS 3179-31-5 101.130 222.5 s DMSO 
thi one 
3689 (1,3-Di hydro-1,3,3-t ri met hyH-2 СН NO 84-83-3 201.264 sch 


i ndol -2-yl i dene)acet al dehyde 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3690 2,3-Пі hydro-1,1,3-t ri met hyl -3- Сан, 3910-35-8 236.352 ісі pr (al) 525 308.5 1.0009 1.56812 i НО; $ ОН, bz, MeOH 
phenyl -1H-i ndene 
3691 1,2-Пі hydro-2,2,4-t ri met hyl qui nol i ne NN 147-47-7 173.254 265 260; 13213 
3692 1,4-Пі hydroxy-9,10-ant hracenedi one Qui ni zari n 4160, 81-64-1 240.212 уе red If (eth) 200 S HO, Et OH, et h, bz, KOH, sul f 
dk red nd 
3693 1,5-Di hydroxy-9,10-ant hracenedi опе Ant hrarufin 1460, 117-12-4 240.212 ра ye B (gl 280 sub Г ВО; sl Et OH, et h, ace, CSs bz 
НОАс 
3694 1,8-Di hydroxy-9,10-ant hracenedi опе Dant hron 440; 117-10-2 240.212 red ог red-ye 193 sub i НО; sl Et OH, et h; s ace, НОАс, 
nd ог If. (al) alk 
3695 2,6-Di hydroxy-9,10-ant hracenedi one 40, 84-60-6 240.212 ye nd (а!) 360 dec 51 HO, Et OH; i. eth, bz, chl; s alk 
3696 2,7-Пі hydroxy-9,10-ant hracenedi one 148,0, 572-93-0 240.212 ye nd (+1w, dil 353.8 sub i HO; s Et OH; sl et h, bz, chl 
al) nd (sub) 
3697 2,2-Пі hydroxyazobenzene GH, N,0; 2050-14-8 214.219 1. (bz), 173 140000 i НО; sl. Et OH, bz; vs et h; s con 
nd (al а 
3698 2,3-Di hydroxybenzal dehyde (90, 24677-78-9 138.121 ye nd 108 235; 12019 vs ace, Et OH, НОАс 
3699 2,4-Пі hydroxybenzal dehyde В-Невогсу! al dehyde 0Н,0, 95-01-2 138.121 nd (et h-li g) 135 226 S Н,0, HOAc; vs Et OH, et h, chl ; 
sl bz 
3700 2,5-0і hydroxybenzal dehyde (1,0, 1194-98-5 138.121 ye nd (bz) 100.0 vs ЊО, Et OH, chl 
3701 3,4-Di hydroxybenzal dehyde Prot ocat echual dehyde 10; 139-85-5 138.121 If (м, to) 153 dec 5,0: vs Et OH, et h 
3702 N2-Di hydroxybenzami de Sali cyl hydroxami c aci d МО, 89-73-6 153.136 па (НОАс) 168 sub $1 йг DMSO; vs Et OH, et h; s 
HOAc 
3703 2,5-Di hydroxybenzeneacet i c aci d Homogent i si c aci d 40,6 451-13-8 168.148 рг mo If (al- 153 vs ЊО, Et OH, et h; і bz, chl 
chl 
3704 2,3-Di hydroxybenzoi c aci d 10, 303-38-8 154.121 pr ог па (041) 2055 1.54220 5,0, СОН, et h; sl асе 
3705 2,4-Пі hydroxybenzoi c aci d В-Везогсу i c aci d 180, 89-86-1 154.121 cry (+w) 226 dec S H,O, Et OH, et h, bz; i GS 
3706 2,5-01 hydroxybenzoi c aci d Gent i si c aci d 106 490-79-9 154.121 nd or pr (w) 199.5 o Et OH, et h; sace; | bz, chl, 
2 
3707 2,6-Пі hydroxybenzoi c aci d 150, 303-07-1 154121 nd (+w) 167 dec S H,0, Et OH, eth; i chl; sl tfa 
3708 3,4-Пі hydroxybenzoi c ас! d Prot ocat echui c aci d 106 99-50-3 154121 mel nd (1441) 201 dec 1.524 sl ЊО; vs Et OH; s et h; i bz 
3709 3,2-Пі hydroxybenzoi c ас! d 10, 99-10-5 154121 pr or nd 239 sl НО, ace; vs Et OH, et h 
3710 2,2-Пі hydroxybenzophenone Bi s(2-hydroxyphenyl ) ket one 80; 835-11-0 214.216 59.5 333 i НО; s Et OH, et h, chl 
3711 4,4-Пі hydroxybenzophenone Bi s(4-hydroxyphenyl ) ket one 18,003 611-99-4 214.216 nd (li g), cry (м) 210 1.138! sl НО; s Et OH, et h, ace; i. bz, GS 
3712 6,7-Di hydroxy-2-1-benzopyran-2- ^ Esculeti n 48,0, 305-01-1 178.142 nd (W), pr 276 sub sl HO, et h; s Et OH, ace, chl, 
one (НОАс) 11 AcOEt 
(sub) 
3713 7,8-Di hydroxy-2+1-benzopyran-2-  Daphnet i п 050, 486-35-1 178.142 ye nd (di | al) 262 sub s40, Et OH; sl et h, bz, chl, GS 
one 
3714 2,4-Пі hydroxybut anoi c aci d 480, 1518-62-3 120.105 liq 96 
3715 3,6-Пі hydroxychol an-24-oi c aci d, — Hyodeoxychol i с aci d 20040, 83-49-8 392.573 cry (AcOEt ) 198.5 SI ED, et В, ace, bz; s Et OH, HOAc 
(30,5B,60)) 
3716 3,7-Di ћудгохусћо! ап-24-0! c aci d, — Ursodi ol GH yO, 128-13-2 392.573 pl (al) 203 vs Et OH; sl et h 
(30.,5B,7B) 
3717 3,7-Пі hydroxychol an-24-0i с aci d,  Chenodi ol GH 404 474-25-9 392.573 nd 119 Г BO, bz; vs Et OH, ace; s et h, 
(30,5B,70)) (Et OAc+hep) HOAc 
3718 1,25-Di hydroxychol ecal ci f его! Calci t ri ol „НОС 32222-06-3 416.636 wh cry pow 115 sl Et OH, MeOH, t hf , AcOEt 
3719 2,5-Di ћудгоху-2,5-сус! ohexadi ene- C H,0, 615-94-1 140.094 dk ye nd 211 51 HO, ace, DMSO; s Et OH, 
1,4-di one HOAc; i eth 
3720 2,3-Di hydroxy-2-cyclopent en-1-one Ведисі і c aci d 8160, 80-72-8 114100 212 S HO, Et OH; sl et h, ace, AcOEt ; i 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3721 2,6-Di hydroxy-2,6-di met hyl -4- Di (2-hydroxy-2-met hyl propyl) ket one ‚НО, 3682-91-5 174237 pale ye cry 
hept anone 
3722 2,2-Пі hydroxydi phenyl met hane 2,2'-Met ћу! enebi sphenol а 2467-02-9 200.233 118.3 363 1.28025 
3723 4,4-Пі hydroxydi phenyl sul fide 4,4-Тһі obi sphenol 12065 2664-63-3 218.271 mcl prorlf (al) 151 810 Et OH, et h, CS 
3724 1,8-Пі hydroxy-3-(hydroxymet hyl)- _ Al oe-emodol (1,0, 481-72-1 270.237 oran уе nd (to, 223.5 sub vs bz, et h, Et OH 
9,10-ant hracenedi one 41) 
3725 2,3-Пі hydroxymalei c aci d Di hydroxymal ei c aci d 4806 526-84-1 148.071 pl (842) 155 dec 51 ВО, et h, MeOH; s Et OH 
3726 о,4-Пі hydroxy-3- Vani | mandeli c aci d 4160, 55-10-7 198.172 Sc (07-61 h) 132 dec vs HO, ace, et h = 
met hoxybenzeneacet | c ас! d < 
3727 7,8-Пі hydroxy-6-met hoxy-B-1- Fraxet i n 0905 574-84-5 208.168 pl (di | al) 231 vs Et OH n 
benzopyran-2-one б 
3728 5,7-Пі hydroxy-3-(4-met hoxyphenyl )- Са! 0, 491-80-5 284.263 2148 > 
4H-1-benzopyran-4-one E 
3729 (2,6-Di hydroxy-4-met hoxyphenyl) Cot oi n 60, 479-21-0 244.243 ye pr (chl) |f. or 130.5 vs ace, bz, et h, Et OH о 
рћелу! те! ћапопе nd (w) о 
3730 1,7-Di hydroxy-3-met hoxy-8- Gent i si n 140,005 437-50-3 258.226 ye ort h 266.5 i Ю; vs Et OH; Г ace; s py 2 
xant hen-9-one - 
3731 1,8-Di hydroxy-3-met hyl -9,10- Chrysophani c aci d £H40, 481-74-3 254,238 yehexormcl 196 sub 0.9225 vs bz, НОАс > 
ant hracenedi one nd (sub = 
3732 2,4-Пі hydroxy-6-met hyl benzoi с aci do-Orsel li ni c aci d НО, 480-64-8 168.148 nd (di | НОАс, 176 dec s Et OH, et h Un 
418) ° 
3733 5,7-01 hydroxy-4-met ћу! #21- С, H,0, 2107-76-8 192.169 nd (al), | 283 51 НО, et h, bz, chl; vs Et OH, al k > 
benzopyran-2-one (HOAc) © 
3734 6,7-Di hydroxy-4-met ћу! /2-1- C. H,0, 529-84-0 192.169 ye nd (911 al) 275 $, Et OH, HOAc ж 
benzopyran-2-one [p] 
3735 5,8-Пі hydroxy-1,4-napht hal enedi one 10860; 475-38-7 190.153 dk red те! pr 232 sub sl HO, Et OH, et h; s HOAc » 
(bz) red-br nd 2 
(al) б 
3736 4,5-Пі hydroxy-2,7- Chromot гор! c ас! d 1401089 148-25-4 320.296 nd or If (w+2) s bD, alk; i Et OH, eth б 
napht hal enedi sulf oni c aci d o 
3737 5,6-Пі hydroxynapht ho[2,3- Ali zari n Bl ue О, 568-02-5 291.258 br-vi ol nd (bz) 269 vs bz, gl HOAc < 
f ]qui nol i ne-7,12-di one ч 
3738 1,2-Пі hydroxy-3-ni t ro-9,10- Ali zari n Orange 101,30, 568-93-4 285.209 огап nd or pl 244 dec sub SI HO; s Et OH, bz, chl , sul f , HOAc © 
ant hracenedi one (HOAc) 5 
3739 9,10-01 hydroxyoct adecanedi oi c ас! ФП oi oni c aci d 1883406 23843-52-9 346.459 cry (al ) 126 т 
(88909) Ф 
3740 9,10-Di hydroxyoct adecanoi c ас! d 9,10-Di hydroxyst вай c aci d 18H36% 120-87-6 316.477 90 i HO; 51 Et OH, et h = 
3741 5,7-Di hydroxy-2-phenyl -#-1- Chrysi n (5160, 480-40-0 254.238 It ye pr (MeOH) 285.5 i 9; s Et OH, ace; sl et h, bz, CS s 
benzopyran-4-one =. 
3742 1-(2,4-0і hydroxyphenyl )et hanone Resacet ophenone 8160, 89-84-9 152.148 nd or || 146 1.18" i BO, chl; s Et OH, py; sl et h, bz = 
3743 (2,4-01 hydroxyphenyl ) Benzoresorci nol QH, 0; 131-56-6 214.216 nd (w) 144 i HO; s Et OH; vs et h; sl bz, chl s 
phenyl met hanone nd 
3744 3-(3,4-Пі hydroxyphenyl )-2- Caf f ei c aci d ЭН, 331-39-5 180.158 ye pr, pl (w) 225 dec vs Et OH 
propenoi c aci d 
3/45 Di hydroxyphenyl st i bi ne oxi de Benzenest i boni c aci d 90356 535-46-6 248.878 па (НОАс) 139 
3746 17,21-Пі hydroxypregna-1,4-di ene- Predni sone Gi H0; 53-03-2 358.428 234 dec 
3,11,20- ri one 
3747 17,21-Пі hydroxypregn-4-ene-3,20- — 11-Deoxy-17-hydrocort i cost erone 200, 152-58-9 346.461 215 vs ace, Et OH, chl 


di one 


10С-6 


ОН ОН 
5 
dot d i 
HO OH HO OH 
2,6-Di hydroxy-2,6-di met hyl -4-hept апопе 2,2'-Di hydroxydi phenyl met hane 4,4-Di hydroxydi phenylul f i de 
OH 
OH 20 > 
о 
НО НО 07 ^O 
о ОН 
о,4-Пі hydroxy-3-met hoxybenzeneacet 4010 7,8-Di hydroxy-6-met hoxy-4-1-benzopyran-2-one 
HO O 
OH O 
о ОН ОН 
ыг e @ es 
о o он 
1,7-Di hydroxy-3-met поху-9-хал! hen-9-one 1,8-Di ЖЕСЕ hyl -9,10-ant hracenedi one 2,4-Di hydroxy-6-met ћу! benzoaci d 
OH O 
HO. © Q он 


ра 5, 
d © 


он о НО ОН 


5,8-Di hydroxy-1,4-napht hal enedi one 4,5-Di hydroxy-2,7-napht hal enedi sul f ani d 


О ОН ОН O 
OH 
uo n nl NO 
OH O OH 


9,10-Di hydroxyoct adecanedi свог d(A*,R*)-(+) 


О 
x OH 
oO, = 
ОН ОН 


(2,4-Di hydroxyphenyl )phenyl met hanone 3-(3,4-Di hydroxyphenyl )-2-propenoiaci d 


9,10-Di hydroxyoct адесапојас! d 


| 
HO-Sb-OH 


Di hydroxyphenyl st i біояё de 


1,8-Di hydroxy-3-(hydroxymet ћу! )-9,10-ant hracenedi one 


оо 
2,3-Di hydroxymal еіасі d 


(2,6-Di hydroxy-4-met hoxyphenyl )phenyl met hanone 


OH 
у 66 
НО (0) 0) НО (0) O 
5,7-Di hydroxy-4-met ћу! 42-1-benzopyran-2-one 6,7-Di hydroxy-4-met ћу! #2-1-Бепторугап-2-опе 


O OH 


O 
17,21-Di hydroxypregna-1,4-di ene-3,11,20-t ri one 


Ц 
о о 


1,2-Di hydroxy-3-ni t ro-9,10-ant hracenedi one 


OH 


-4-опе 1-(2,4-Di ћудгохурћепу! је! hanone 


О. 
ОН 


О 
17,21-Di hydroxypregn-4-ene-3,20-di one 


(рәпшҙиоо) SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


СОЕ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3748 17,21-Di hydroxypregn-4-ene- Cort i sone ЇЇ, 0, 53-06-5 360.444 222 sl HO, et h, bz, chl; s Et OH, ace 
3,11,20- ri one 
3749 2,3-Пі hydroxypropanal , (+) 90 56-82-6 90.078 nd or pr (40% 145 14508 1.45318 s H,0; 51 Et OH, eth; i bz, pet h, li g 
MeOH) 
3750 2,3-Пі hydroxypropanoi c aci 08 Gl yceri c aci d К 6000-40-4 106.078 t hi ck gum dec 
3751 1,3-Di hydroxy-2-propanone Di hydroxyacet one 3803 96-26-4 90.078 90 S Н,0, Et OH, et h, ace; i lig 
3752 2,3-0! hydroxypropyl decanoat e Decanoi c aci d glycerol monoest ег 4H, D, 2271-23-08 246.343 pr (pet h) 53 
3753 2,3-Di hydroxypropyl oct anoat e Oct anoi c aci d glycerol monoest er H; Ç; 26402-26-6 218.291 cry (pet h) 40 = 
3754 1. hydroxy-2-qui nol i necarboxyl i Kant hureni c aci d „МО, 59-00-7 205.168 шэн сту су 289 i НО; s Et OH, di | НСІ; sl et h, bz 5° 
3755 Di hydroxyt art ari c aci d 410, 76-30-2 182.086 1145 б 
3756 3,4-01 hydroxy-5-[(3,4,5- Di galli c aci d NOR 536-08-3 322.224 nf (dil al + 1м) 269 дес vs ace, Et OH E 
t ri hydroxybenzoyl )oxy]benzoi c aci d 
3757 2-(3,6-0і hydroxy-9-xant hen-9-yl) — Fluoresci n GH, 0; 518-44-5 334.322 col or ye nd 126 i HO; s Et OH, et h, ace, bz, HOAc e 
benzoi c aci d (et h), pl (bz) > 
3758 Di i odoacet yl ene 20 624-74-8 277.830 ort h nd (li g) 81.5 exp vs ace, bz, et h, Et OH а 
3759 2,4-Di i odoani || ne ЛД 533-70-0 344.920 brndororth 95.5 2.7482 vs ace, bz, et h, Et OH < 
сгу (al) ? 
3760 о-Пі i odobenzene 1,2-Di i odobenzene eH, 615-42-9 329.905 pl or pr (li g) 27 287; 100 2.542 17991105 Et OH = 
3761 m-Di i odobenzene 1,3-Di i odobenzene 450 626-00-6 329.905 orth pl orpr 404 285 2.47% i HO; vs et h, Et OH, chl 5 
(et h-al ) 
3762 p-Di i odobenzene 1,4-Di i odobenzene HQ, 624-38-4 329.905 orth If (al) 1315 285 1015 Et ОН, vs et h; sl chl = 
3763 1,4-Di i odobut ane 4; 628-21-7 309.916 58 1255 dec 2.349425 .6184% 1 НО; sl ctc; s os = 
3764 1,2-Пі i odoet hane 264, 624-73-7 281.862 уе тс! pror 83 200 3.32520 871% SI HO; s Et OH, et h, ace, chl б 
ort h (et h) » 
3765 сі 51,2-ПІ i 00064 hene сі $1,2-Di i 0406! hyl ene Ж), 590-26-1 279.846 -14 12,55 3.062520 i ВО; s et h, chl 2 
3766 4,4-Пі i odofluorescei n 280; 38577-07-8 584.099 oran-red pow 51 HO; s alk, Et OH б 
3767 1,6-Пі i odohexane Hexamet hyl ene di i odi de «126 629-09-4 337.968 па 95 1637, 1410 2.034225 58378 1 HO; vs Et OH, et h СУ 
3768 Di i odomet hane Met hylene i odi de aly CH 75-11-6 267.836 ye nd or If 6.1 182 3.3217 14119: sl HO, ct c; s Et OH, et h, bz, chl © 
3769 2,6-Пі i odo-4-ni t rophenol Di sophenol ИКО, 305-85-1 390.902 | уе | (gl 157 vs Et OH = 
НОАс 
3770 1,2-Пі i odopent ane Pent amet hyl ene di i odi de 5150 628-77-3 323.942 9 14920, 1013 2.1692? 59875 i BO;seth, chl = 
3771 1,2-Di i odopropane Hcl. 598-29-8 295.889 2.49016 vs et h, EL OH ” 
3772 1,3-Di i odopropane Tri met hyl ene di i odi de 3; С 627-31-6 295.889 -20 шоо 2.561225 .63915 — i НО; seth, ctc, chl > 
3773 5,7-Пі i odo-8-qui nol i nol lodoqui nol 41520 83-73-8 396.95 уе шэг 210 SI HO, bz, chl , et h; vs Et OH; s al k © 
ху! = 
3774 3,5-Di i odd-t yrosi ne Ghal NO; 300-39-0 432.98 ye " (м, 70% 213 51 HO; i Et OH, et h, bz E 
al 
3775 Di i sobut yl adi pat e 44180, 141-04-8 258.354 293; 1878 ^ 0.954319 1.430120 š 
3776 Di i sobut yl al umi num chl ori de ШІН 1719-25-5 176.664 hyg col li q -40 182 0.905 1.45062 seth, hx 
3777 Di i 5004 ylal umi num Вуди de Hbl 1191-15-7 142.219 liq 1408505 s cyhex, et h, bz, t ol 
3778 Di i sobut yl ami пе 2-MetMy2-met ћу! propyl )-1- C H, N 110-96-3 129.244 liq -73.5 139.6 1.4099 51 HO, ct c; s Et OH, et h, ace, bz 
propanami ne 
3779 Di i sobut yl carbonat e 4160, 539-92-4 174237 190 0.913820 1.40722 i НО; msc Et OH, et h 
3780 Di i sobut yl et her 1,1-Oxybi s[2-met ћу! propane] aHa D 628-55-7 130.228 122.6 0.76115 i НО; msc Et OH, et h 
3781 Di i sobut yl pht hal at e ҰН, 84-69-5 278.344 296.5; 159% 1.0490" sctc 
3782 Di i sobut yl sul fide n 592-65-4 146.294 liq -105.5 171 0.8369 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3783 1,3-Di i socyanat obenzene МО, 123-61-5 160.130 Cry 51 103% 
3704 1,4-01 i socyanat obenzene „МО; 104-49-4 160.130 Cry 95 1174 
3785 Di i sodecyl pht hal at e Bi s(8-met ћу! nonyl )pht halate — 44H40, С 26761-40-0 446.663 liq -50 253 0.96620 i HO; $ os 
3786 Di i sononyl рїї hal at e Bi s(7-met ћу! oct yl )pht halate 51150, С 28553-12-0 418.609 col liq it s ace, MeOH; bz, et h 
3787 Di i sooct yl adi pat e 2180, 1330-86-5 370.566 210 
3788 Di i sooct yl pht hal at e 2140, 21554-26-3 390.557 370 
3789 Di i sopent yl ami ne 3-MetMylsopent yl -1-but anami ne 1003 544-00-3 57.297 iq -44 188 0.7672 .4235? | НО; s Et OH; msc et h 
3790 Di i sopent yl et her Di i soamyl et her qo Ho; 544-01-4 158.201 1725 0.777720 .4085? i НО; vs ace, Et OH, chl 
3791 Di i sopent yl pht hal at e Di i soamyl pht halat e 104 С 605-50-5 306.397 dec 334 1.020916 48712 vs EtOH 
3792 Di i sopent yl sul fide 4%5 544-02-5 74.347 iq -74.6 211 0.8323 „45209 1 НО; msc Et OH; vs et h 
3793 Di i sopropanol ami ne 1,1-Imi nobi s-2-propanol 611500, 110-97-4 133.189 cry 445 250; 1513 0.98920 S H,0, Et OH; sl et h 
3794 Di i sopropyl adi pat e 120, 6938-94-9 230.301 -0.6 12065 0.956920 424720 уз ace, et h, Et OH 
3795 Di i sopropyl ami ne N-Isopropyl -2-propanami ne (нм 108-18-9 01.190 iq -61 83.9 0.7159 .3924? ^ vs ace, bz, et h, Et OH 
3796 2,6-Di i sopropylani li ne НО 24544-04-5 77.286 iq -45 257 0.9% 53322 
3797 1,2-Пі i sopropyl benzene Wig 577-55-9 162.271 iq -57 204 0.8707 .4960? 1 НО; msc Et OH, et h, ace, bz, ct с 
3798 1,3-Di i sopropyl benzene в 99-62-7 62.271 iq -63.1 203.2 0.8559 .4883 i НО; msc Et OH, et h, ace, bz, ct с 
3799 1,4-Пі i зоргору! benzene Ив 100-18-5 62.271 iq -17 2103 0.8568 48980 1 НО; msc Et OH, et h, ace, bz, ct c 
3800  p-Di i sopropyl benzene hydroperoxi de 128480; 98-49-7 194.270 waxy cry 30.1 123! 0.993220 i 0 
3801 N,N-Di i sopropyl -2- C, H, М5; 95-29-4 266.425 59.0 
benzot hi 420168 f enami de 
3802 N,N-Di i sopropyl carbodi i mi de 18,48; 693-13-0 126.199 147 0.806% 43209 
3803 Di i sopropyl di sulfide o HOS, 4253-89-8 150.305 liq -69 177 0.9438 49162 
3804 N,N-Di i sopropyl et hanol ami ne N,N-Di i зоргору! -2-ami noet hanol — ,H.(NO 96-80-0 145.243 190 0.826% 4417? 
3805 Di i sopropyl et her Isopropyl! et her n 108-20-3 102.174 liq -85.4 68.4 0.7192 .36585 51 НО; msc Et OH, et h; s ace, ct с 
3806 Di i sopropyl met hyl phosphonat е НОР 1445-75-6 180.182 663 „41206 
3807 2,6-01 i зоргору! napht hal ene mo 24157-81-1 212.330 cry (MeOH) 70 
3808 Di i sopropyl oxalate 8160, 615-81-6 174,195 190 1.00220 41000 vs et h, ОН 
3809 Di i sopropyl phosphonat e gH G0; P 1809-20-7 166.155 97%, 760 ^ 0.997076 
3810 0,0-Пі i sopropyl phosphorodi t hi oat 6 s H, PS; 107-56-2 214.286 iq n 1.09? S Et OH, bz, ace, ct c, chl 
3811 Di i sopropyl рї hal at e 1,2-Benzenedi carboxylic aci d, C.H, 0, 605-45-8 250.291 130? 1.0615" 49002 
di i sopropyl est er 
3812 Di i sopropyl sul fide E 625-80-9 118.240 iq -78.1 120.0 0.8142 44390 i НО; s Et OH, et h 
3813 Di i воргору! t art rat e, (+) «160, 58167-01-4 234.246 34 275; 1542 1.116620 vs ace, et h, Et OH 
3814 Di i sopropyl t hi operoxydi carbonat e Di i sopropyl di xant hogen 811460,5,0 105-65-7 270.456 52 s chl 
3815 1,4-Di i sot hi ocyanat obenzene Bi t oscanat e eH N 6; 4044-65-9 192.261 nd (ace, HOAc) 132 
3816 Di ket ene 18,0; 674-82-8 84.074 iq -6.5 126.1 1.0877 4379? 
3817 Di lactic acid 2,2-0 хуһі spropanoi c ас! d NS 19201-34-4 162.140 ort h 1125 vs HO, et h 
3818 Di mefli ne LHNO; 1165-48-6 323.386 109.5 s chl 
3819 Di mef ох Tet ramet hyl phosphorodi ami dic C,H,,.FN,OP 115-26-4 154.122 iq 86 1.115120 42679 vs Н,0, bz, eth 
fluori de 
3820 Di memorf an 3,17-Di met ћу! morphi пало. (68 C, HN 36309-01-0 255.399 ye oi | 92 138 
0,14 он 
3821 2,3-Di mercapt obut anedi oi с aci d H (S; 2418-14-6 182.219 wh cry (MeOH) 193 
3822 1,4-Di mercapt 0-2,3-but anedi ol 4860,5; 7634-42-6 154251 425 S chl 
3823 2,2-Пі mercapt odi et ћу! et her 2-Mercapt oet hyl et her 41,608, 2150-02-9 138.251 liq -80 217; 64 111420 
3824 2,3-Пі mercapt о-1-ргорапо! Di mercaprol 3105, 59-52-9 124.225 8308 1.246320 1.5749? s Et OH, et h, oi Is; sl chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3825 Di met dh С.Н, Х0; 122-15-6 211.258 cry 46 175" S H,0, cyhex; vs Et OH, et h, ace 
3826 Di met hi pi n 2,3-Di hydro-5,6-di met ћу! -1,4- CH,,0,S, 55290-64-7 210.271 165 
di thi i n, 1,1,4,4-t et raoxi de 
3827 Di met hi ri mol 5-But yl -2-(di met hyl ami по)-6- С.Н, МО 5221-53-4 209.288 nd 102 sl ЊО; vs chl , ху!; $ Et OH, ace 
met hyl pyri mi di п+)-0пе 
3828 Di met hi soqui n 2-[(3-But yl -1-i soqui nol i nyl )охуб-/Н,,М0 86-80-6 272.385 146 1563 1.5486? — s ЊО, Et OH 
N,N-di met hyl et hanami ne 
3829 Di met hoxane 2,6-Di met hyl -1,3-di oxan-4-ol acet 21%,06 828-00-2 174.195 liq 86 1.065520 14310? msc H,0; s os = 
3830 2,5-Пі met hoxyacet ophenone 1043,0; 1201-38-3 180.200 cry 21 156" 1.139 1.544120 = 
3831 1,2-Пі met hoxy-4-al | yl benzene 119440, 93-15-2 178.228 lig -2.0 254.7 1.0398 1.53400 i НО; $ Et OH, eth n 
3832 4,7-Пі met hoxy-5-al l yl -1,3- Api ole GH, 40, 523-80-8 222.237 nd 29.5 294; 179% 1.01520 1.5360? vs асе, bz, Et OH, li g о 
benzodi oxol e > 
3833 2,4-Пі met hoxyani 11 ne ШЕШ 2735-04-8 153.179 pl (li g) 33.5 262.0 81,8, chl; s Et OH, et h, bz, li g a 
3834 2,5-Di met hoxyani li ne eH GNO, 02-56-7 153.179 82.5 270 S H,0, Et OH, chl, li g 5 
3835 3,4-Пі met hoxyani 11 ne eH GNO, 6315-89-5 153.179 If (eth) 87.5 159 seth, chl 2 
3836 2,4-Пі met hoxybenzal dehyde (8,0; 613-45-6 166.173 nd (al orli g) 72 290; 168 i HO; s Et OH, et h, bz; sl chl 9 
3837 2,5-Di met hoxybenzal dehyde 481003 93-02-7 166.173 52 270; 14679 51 ЊО; s Et OH, et h < 
3838 3,4-01 met hoxybenzal dehyde Verat ral dehyde 4150, 20-14-9 166.173 nd(eth,lig, to) 43 281; 155 sl HO, chl ; vs Et OH, et h 2 
3839 3,5-01 met hoxybenzal dehyde 40,05 7311-34-4 166.173 463 15116 51 ЊО, pet h; s Et OH, bz 2 
3840 1,2-Di met hoxybenzene Verat rol e 81660, 91-16-7 138.164 225 206 1.081025 1.58277 sl НО; s Et OH, et h, сіс ° 
3841 1,3-Di met hoxybenzene 0,0 51-10-0 138.164 liq -52 217.5 1.0527 1.5231? 51 НО; s Et OH, et h, bz, ct c, sulf т 
3842 1,4-Di met hoxybenzene (80; 50-78-7 138.164 | (м) 59 212.6 1.0375 SI HO; s Et OH, chl ; vs et h, bz o 
3843 3,4-Пі met hoxybenzeneacet i c aci d «160, 93-40-3 196.200 cry a h 98 5,0, chl ; vs Et OH, et h Е 
nd (w+1 
3844 3,4-01 met hoxybenzeneet hanami пе по МО; 20-20-7 181.232 164% 15464? 0 2) 
3845 3,4-Di met hoxybenzenemet hanami ne aHa NO, 5763-61-1 167.205 1567, 1208 1.1435 sch 5 
3846 3,4-Пі met hoxybenzenemet hanol 460; 93-03-8 168.189 vi sc oi | 298; 172 1.17817 1.5557 s НО, Et OH ^ 
3847 3,3-Di met hoxybenzi di ne Di ani si di ne а N90; 19-90-4 244.289 If ог nd (w) 137 i 9B; s Et OH, et h, ace, bz, chl © 
3848 3,3-01 met hoxybenzi di ne-4,4- CigH О, 91-93-0 296.277 cry 112 < 
di i socyanat e = 
3849 2,4-Пі met hoxybenzoi c aci d 4160, 91-52-1 182.173 108.5 51 HO; $ Et OH, et h, chl, НОАс © 
3850 2,6-Di met hoxybenzoi c ас! d 4860, 466-76-8 182.173 186 dec 5 
3851 3,4-01 met hoxybenzoi c aci d Verat ri c aci d H, 93-07-2 182.173 nd(worHOAc) 181 sub i HO; vs Et OH, et h; 51 chl 5 
ort h (sub) 9 
3852 3,5-Di met hoxybenzoi c ас! d 2850, 132-21-4 182.173 па (м), pr(al) 1855 sub vs et h, Et OH ~ 
3853 4,4-Пі met hoxybenzoi n p-Ani soi n 50, 19-52-8 272.296 pr (di | al) 1140 SI; B, chl, Et OH, et В; s ace S 
3854 5,7-Di met hoxy-B-1-benzopyran-2- Ш metti n 180, 487-06-9 206.195 pr or nd (al) 149 dec 200 sl НО; vs Et OH, асе, chl; i eth, li g E 
one = 
3855 4,4-Пі met hoxy-1,1’-bi phenyl 1484403 2132-80-1 214.260 И (bz) 175 sub i В, pet h; vs Et OH, bz, chl ; sl et h 8, 
3856 Пі met hoxyborane {H,B0, 4542-61-4 73.887 vol li qor gas -130.6 25.9 dec 4 i 
3857 4,4-Пі met hoxy-2-but anone 68.205 5436-21-5 132.157 505 sctc 
3858 2,6-Пі met hoxy-2,5-cycl ohexadi ene- 2,6-Di met hoxyqui none GH,0, 530-55-2 168.148 ye mcl рг 256 sub 51 HO, Et OH, et h; s t f a; vs alk, 
1,4-di one (HOAc) НОАс 
3859 Di met hoxydi met ћу! si | ane 42051 1112-39-6 120.223 82 0.8646 1.3708? (ес Н,0 
3860 Di met hoxydi phenyl si | ane 486051 6843-66-9 244.362 286; 1615 1.077120 1.544720 
3861 1,1-Di met hoxydodecane Laural dehyde, di met hyl acet al 4140, 14620-52-1 230.387 1335 143105 vs et h, ОН 
3862 2,2-Пі met hoxyet hanami пе «180, 22483-09-6 105.136 -78 137% 0.96625 1.417020 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
3863 1,2-Пі met hoxyet hane Et hylene glycol di met hyl ether 4H490;C 110-71-4 90.121 liq -69.20 84.50 0.863% 1.37705 $H,0, Et OH, et В, ace, bz, chl, ct c 
3864 (2,2-01 met hoxyet ћу! )benzene (8,0; 101-48-4 166.217 193.5 
3865 4,8-01 met hoxyf uro[2,3-b]qui noli ne Fagari ne 4160, 524-15-2 229.231 pr (al) 142 51 HO, pet h; s Et OH, et h, bz, chl 
3866 1,1-Di met hoxyhexadecane Pal mi t aldehyde, di met ћу! acetal Нос 2791-29-9 286.494 10 1442 0.854220 1.4382 ^ vs ace, et h, Et OH 
3867 2,4-Di met hoxy-6- Xant hoxyl i n 169,0, 90-24-4 196.200 cry (al) 82 185° vs et h, Et OH 
hydroxyacet ophenone 
3868 5,6-Пі met hoxy-1-i ndanone 9,03 2107-69-9 92211 119.5 sl ctc = 
3869 6,7-Пі met hoxy-1(8)- Meconi n 6:0, 569-31-3 94.184 wh nd (м) 102.5 SI HO; s Et OH, et h, ace, bz, аз 
i sobenzof uranone НОАс, ch ” 
3870 Пі met hoxymet hane Met hyl al 380, 109-87-5 76.095 liq -105.1 42 0.8593 1.35130 s H,0; vs ace, bz, et h, Et OH М 
3871 1,2-рі met hoxy-4-met ћу! benzene 460, 494-99-65 52.190 pr (et h) 24 220 1.05095 1.52575 | НО; sl ctc; vs os a 
3872 1,3-Di met hoxy-5-met ћу! benzene 460; 4179-19-5 152.190 244 1.04785 1.5234 vs bz, et h, Et OH E 
3873 1,4-Пі met hoxy-2-met hyl benzene 460, 24599-58-4 152.190 21 2140 б 
3874 Мі met hoxymet hyl)di met hylami ne Di met hylf огтат de di met ћу! абв, С 4637-24-5 19.163 104 0,8972 1.397220 © 
3875 2,2-Пі met похуу-те! ћу! et hanami ne 56510, 122-07-6 19.163 140 0.928% 1.41157 2 
3876 Пі met hoxymet ћу! phenyl si | ane «41100551 3027-21-2 182.292 129) 1.479520 - 
3877 1,2-Di met hoxy-4-ni t robenzene АМО, 709-09-1 83.162 уе nd (41-4) 98 2305 1.1888133 i ВО; vs Et OH, et h; s chl; sl lig » 
3878 1,4-01 met hoxy-2-ni t robenzene 4 NO, 89-39-4 83.162 E nd (di | 72.5 1.166612 i ВО; $ ОН, bz, chl, sul f 2 
а un 
3879 2,6-Di met hoxypheno 8,0; 91-10-1 154,163 mcl pr (w) 56.5 261 vs et h, Et OH © 
3880 3,2-Пі met hoxypheno 8,0; 500-99-2 54163 37 199%, 17010 seth, bz; sl lig = 
3881 1-(3,4-Di met hoxyphenyl је! hanone 108,03 1131-62-0 80.200 pr (di | al) 51 287 vs Ю, bz, Et OH, сїї! ° 
3882 1,1-Di met hoxypropane 0,0; 4744-10-9 104.148 86 0.864820 5 
3883 2,2-Пі met hoxypropane (1,0, 71-16-9 04.148 liq -47 83 0.84% 37802 > 
3884 3,3-01 met hoxy-1-propene G40, 6044-68-4 02.132 88 0.86225 39542 2 
3885 1,2-Пі met hoxy-4-(1-propenyl ) САНА 93-16-3 178.228 18 2705 1.052120 56162 о 
benzene б 
3886 4,5-Пі met hoxy-6-(2-propenyl)-1,3- Арі ole (0111) 2840; 484-31-1 222.237 oi | 29.5 285 1598 530517 о 
benzodi oxol e = 
3887 1,2-01 met hoxy-4-vi nyl benzene 108420; 6380-23-0 164.201 57119 81 ч 
3888 Di met hyl acet al 4160, 534-15-6 90.121 liq -1132 645 0.8507 .3668 ^ s H,0, Et OH, et h, ct c, chl ; vs ace = 
3889 N,N-Di met hyl acet ami de N,N-Di met hyl et hanami de ШЕЙ 127-19-5 87.120 114 -18.59 165 0.9372 43415 msc H;O, Et OH, et h, ace, bz, chl 2 
3890 2,7-01 met ћу! -3,6-acri di nedi ami ne,Acri di ne Yel ом КК 135-49-9 273.761 гей cry pow s hot HO, Et OH = 
monohydrochl ori de n 
3891 Di met hyl adi pat e 8160, 627-93-0 174.195 cry 10.3 11513 1.060020 4282 1 НО; s Et OH, et h, ct c, НОАс © 
3892 3,3-Di met hylallyl di phosphat e 3-Met ћу! -2-but епу! pyrophosphat;bl,; 0; Rz 358-72-5 246.092 cry (MeOH) z 
3893 Di met hyl ami ne N-Met hyl met hanami ne ЖМ 124-40-3 45.084 col gas -92.18 6.88 0.6807 50 vs ЊО; s Et OH, et h 5 
3894 Di met hylami ne hydrochl ori de N-Met hyl met hanami пе hydrochl ori de; H4CI N 506-59-2 81.545 ort h nd (а!) 171 vs Ю, Et ОН, chl E 
3895 (Di met hyl ami no)acet oni t ri le AH N,C 926-64-7 84.120 137.5 0.864920 .4095? vs ЊО, Et OH = 
3896 4-(Пі met hyl ami no)acet ophenone 4-AceNW-di met hylani 11 ne о HGNO 2124-31-4 163.216 nd (w, pet h) 105.5 vs HO, et h, 110; sl. chl 
3897 10-(Пі met hylami noJacet у H40 — Ahi st an GH44N,0S 518-61-6 284,375 Cry 1445 
phenot hi azi пе 
3898 р-(01 met hyl ami no)azobenzene ЕМ 60-11-7 225.289 ye lf (al) 117 dec 1,0| vs Et OH, py; set h; sl chl,li g 
3899 2,3-Пі met hyl -4-ami noazobenzene ATol yl azoe-t ol ui di ne 48% 97-56-3 225.289 yelf (al) 102 vs et h, Et OH 
3900 4-(Пі met hyl ami no)benzal dehyde Ehrl i ch's reagent о О 100-10-7 149.189 И (w) 74.5 176 1.02541 sl ЊО, chl ; s Et OH, et h, ace, bz 
3901 р-(Пі met hyl ami no)benzal rhodani ne 1Н6№05, 536-17-4 264.365 dp red па (xyl) 270 dec i ID; sl Et OH, bz; vs et h, ct c; s 


ace 


оќ 
ж НО о о > 
NS N 0) 27 0) о 
о м^ “о o `o 20. [5 
Sg rs о. 0 О О 
12-01 met hoxyet hane (2,2-Di met hoxyet ћу! )benzene. 4,8-Di met hoxyf uro[2,3-b]qui noli ne 1,1-Di met hoxyhexadecane 2,4-Di met hoxy-6-hydroxyacet ophenone 5,6-Di met hoxy-1-i ndanone 6,7-Di met hoxy-1(B)-i sobenzof uranone 
2 o 
O | оќ 
O 27 
Зол ` O 
E S Ot 
N. | 
ío o о“ о. “о оќ ` ~ о 
Di met hoxymet hane 1,2-Di met hoxy-4-met hyl benzene 1,3-Di met hoxy-5-met ћу! benzene 1,4-Di met hoxy-2-met hyl benzene N-(Di met hoxymet hyl ја! met hylami ne 2,2-Пі met hoxyW-met hyl et hanami ne Di met hoxymet ћу! phenyl si | ane 
22273 
О 5 оќ 9 о 
So OH ОН 
Эн Or “о o о о — 
Ka 1,2-Di met hoxy-4-ni t robenzene 1,4-Di met hoxy-2-ni t robenzene 2,6-Di met hoxyphenol 3,5-Di met hoxyphenol 1-(3,4-01 met hoxyphenyl је! hanone 1,1-Di met hoxypropane 2,2-Di met hoxypropane 
о 
© 
lis о 
S 
22 2 * Ly ay 999€. 
ж 
20 2) `o o | нм N NH; 
3,3-Di met hoxy-1-propene 1,2-Di met E 4-(1-ргорепу! )benzene 4,5-Di met hoxy-6-(2-propenyl)-1,3-benzodi oxole —— 1,2-Di met hoxy-4-vi nyl benzene Di met hyl acet ; N,N-Di met hylacet ami de 2,7-Пі met hyl -3,6-acri di nedi anmoreghydrochl ori де 
~ 


Di met hyddi pat e 


bi || 
= О-Р-О-Р-ОН 
ОН ОН 


3,3-Di met ћу! al djl phosphat e 


C OX 


p-(Di met hyl ami no)azobenzene 


H H 
N „на 


Di met ћу! ami ne Di met ћу! ami hgdrochl ori de 


` 


Нм М 
S 2 


2,3-01 met hyl -4-ami noazobenzene 


о 29 
М 
Е; М 
N =N | S 


(Di met hyl ami no)acet oni t ri le 4-(Пі met hyl ami no)acet ophenone 10-[(Di met ћу! ami по)асе! yl H4íhenot hi azi 


20 
о 
ЗҮ ~NH 
~ 5 
М 
УМ | 5 
4-(Di met hyl ami no)benzal dehyde p-(Di met hyl ami no)benzal rhodani ne 


(рәпшҙиоо) SqNQOdIWOO ОМУОМО AO SLNV.LSNOD 'IVOISAHd 


ОТСЕ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

3902 2-(Пі met hyl ami no)benzoi c ас! d 41:00, 610-16-2 165.189 pr, nd (et h) T2 sub vs HO, et h, Et OH 

3903 3-(Пі met hyl ami no)benzoi c aci d 4100, 99-64-9 165.189 nd (w) 1525 sl HO, chl ; $ ОН, et h 

3904 4-(Di met hyl ami no)benzoi c aci d gH, O10, 619-84-1 165.189 nd (81) 242.5 S Et OH; sl eth 

3905 44- Bri lli ant Oi | Yellow NON 492-80-8 267.369 уе ог col pl (al) 136 i ,H; s Et OH; sl et h 
Di met hyl ami nobenzophenoni mi de 

3906 (Пі met hyl ami no)di met hyl borane n 1113-30-0 84.956 liq -92 65 vs et h, ace 

3907 6-(Пі met hyl ami no)-4,4-di phenyl -3- СНО 76-99-3 309.445 99.5 vs Et OH = 
hept anone = 

3908 6-(Di met hylami no)-4,4-di phenyl -3-Normet hadone GH, МО 467-85-6 295.419 oilyliq 165 ме 
hexanone 2 

3909 2-(01 met hyl ami поје! ћу! acrylat е 11500, 2439-35-2 143.184 «-60 9550 0.93820 о 

3910 БШ па hyl ami по)е! hyH-1 Buf ot eni ne dil NO 487-93-4 204.267 pr (Et OAc) 146.5 320^ vs et h, Et OH > 
i ndol -5-0 

3911 2-(Di met hyl ami поје! hyl met hacrylat e Ha ND, 2867-47-2 157.211 639 ж 

3912 4-[2-(Di met һу! ami поје! hyl Ірһелоі Hordeni ne «1430 539-15-1 165.232 " г pr (al), па 117.5 173" vs et h, Et OH, chl Z 

w un 

3913 N-[2-(Di met һу ami по)ві hM A£, N= СН № 3030-47-5 173.299 8472 144135 < 
t ri met hyl -1,2-et hanedi ami ne 7 

3914 5-(01 met hyl ami no)-1- Dansyl chlori de ФН СИМО 605-65-2 269.747 70 - 
napht hal enesul f onyl chl ori de un 

3915 3-(Пі met hyl ami по)рїїепо| НЕМО 99-07-0 137.179 nd (li g) 86 266.5 1.5895 1 НО; 5 Е OH, eth, ace, bz, C$ о 

3916 4-(Di met hyl ami no)pheno вн NO 619-60-3 137.179 17 16530 51 ЊО; s Et OH, et h = 

3917 [4-(01 met hyl ami no) 4-(Di met hyl ami no)benzophenone qs B3 NO 530-44-9 225.286 уе! (al) nd 92.5 i HO; 51 Et OH; vs et h; s chl, pet h = 
phenyl ]рһепу! те! hanone (реї һ) A 

3918 3-(Di met hylami no)-1-phenyl -1- C.H, CI NO 879-72-1 213.704 153.5 > 
propanone, hydrochl ori de ” 

3919 3-14-(01 те! їу! ami no)phenyl]-2- 4-(01 met hyl ami no)ci ппата! dehyde ,,HGNO 6203-18-5 75.227 139.5 5 
ргорепа 

3920 3-(01 met һу ami no)propaneni t ri le 5006 1738-25-6 98.146 173 0.870520 S 

3921 2-(Di met hyl ami no)-1-propanol БНОМО 15521-18-3 103.163 150.3 0.882025 580 = 

3922 3-(Di met hyl ami no)-1-propanol 5160 3179-63-3 03.163 163.5 0.872% 4360?  sctc ч 

3923 1-(Пі met hyl ami no)-2-propanol ДЕМДІ 108-16-7 03.163 1245 0.83725 41939  sctc 2 

3924 3-(Di met hyl ami no)-1-propyne N,N-Di met ћу! -2-propargyl ami ne HON 7223-38-3 83.132 80 0.779220 .419520 Z 

3925 2-Di met hylami nopuri ne N,N-Di met hyl Њрџп n-6-ami ne Ns 938-55-6 63.180 263 = 

3926 2-(p-Di те! hyl ami nost угу!) С,/Н,,М,5 1628-58-6 280.387 уе па (MeOH) 207 дес 54 
benzot hi azole S 

3927 2,3-Di met hylani 11 ne 2,3-Xyli di пе aH NC 87-59-2 121.180 «-15 221.5 0.993120 568420 sl HO; vs Et OH, et h; s ct c = 

3928 2,4-Di met hylani li ne 2,4-Xyli di ne aH NC 95-68-1 21.180 liq -143 214 0.9723 .5569? sl HO, ct c; s Et OH, et h, bz 5 

3929 2,5-Di met hylani 11 ne 2,5-Xyli di ne и NC 95-78-3 21.180 yelf (li g) 15.5 214 0.9790 55917 51 ЊО; s eth, сіс Е 

3930 2,6-Di met hylani 11 ne 2,6-Xyli di ne oH NC 87-62-7 121.180 112 215 0.984220 56102 vs et h, Et OH = 

3931 3,4-01 met hylani || пе 3,4-Xyl i di пе aH NC 95-64-7 21.180 pl or pr (li g) 51 228 1.076 sl НО, chl; s et h; vs li g 

3932 3,5-Di met hylani li ne 3,5-Xyli di ne HNC 108-69-0 21.180 9.8 220.5 0.97062 558122 51 HO; s et h, сіс 

3933 М2-Пі met hylani li ne aH (N 611-21-2 121.180 207.5 0.97092 56499 i НО; msc Et OH, et h; s ace 

3934 М23-Пі met hyl ani 11 ne HN 696-44-6 121.180 206.5 0.966020 .5557% | НО; msc Et OH, et В; s ace 

3935 N4-Di met hylani 11 ne aH (N 623-08-5 121.180 210 0.934855 .5568? i НО; msc Et OH, et h; s ace 

3936 МЛ-Пі met hylani 11 ne m 121-69-7 121.180 pa ye 2.42 194.15 0.955720 .5582? 51 ЊО; s Et OH, et h, ace, bz; vs chl 

3937 ММО met hyl ani li ne hydrochl ori de 8120 М 5882-44-0 157.641 hyg pl (м, bz) 90 1.1156 vs Н,0, Et OH, chl 

3938 2,6-0і met hylani sole 20 1004-66-6 136.190 182.5 0.961914 5053 1 НО; s Et OH, et h, bz, сіс 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? np Solubility 
3939 3,5-01 met hyl ani sole «4160 874-63-5 136.190 194; 8059 ^ 0.96275 1.511022 i HO; s ОН, et h, bz, C$ sl ct c 
3940 9,10-01 met hyl ant hracene nm 781-43-1 206.282 183.6 360.0 i go 
3941 1,4-Di met ћу! -9,10-ant hracenedi one 10; 1519-36-4 236.265 уе па (al, sub) 140.5 84) i EO; sl Et ОН, s bz, xyl , НОАс 
3942 Di met hylarsi ne 21638 593-57-7 105.999 ligigninair -136.1 36 12208 vs ace, bz, et h, Et OH 
3943 Di met hylarsi ni c aci d Cacodyli c aci d 21:480, 15-60-5 137.998 195 »200 vs H0; s Et OH; | eth 
3944 2,4-Пі met ћу! benzal dehyde 48:60 15764-16-6 134174 liq -9 218 S Et OH; s et h, ace, bz; sl chl 
3945 2,5-Di met hyl benzal dehyde Isoxyl al dehyde 4150 5779-94-2 134.174 220 0.950020 vs Et OH; s et h, ace, bz, ct c == 
3946 3,5-01 met ћу! benzal dehyde 48,0 5779-05-3 134.174 9 221 vs асе, bz, et h, Et OH = 
3947 NNDi met ћу! benzami de МО 611-74-5 149,189 44.8 212.0 = 
3948 7,12-Di met hyl benz[a]ant hracene 9,10-Di met ћу! -1,2-benzant hracene „НС 57-07-6 256.34 рауері (al, 1225 vs ace, bz = 
3949 4,5-01 met ћу! -1,2-benzenedi ami пе s HN; 3171-45-7 136.194 128 m 
3950 МЛ-Пі met ћу! -1,2-benzenedi ami ne ШЕЙ 2836-03-5 136.194 oi | 218; 9 0.995? sl HO; vs Et OH, et h, ace, bz ГЭ 
3951 N,N-Di met ћу! -1,3-benzenedi ami ne sHGN; 2836-04-6 136.194 <-20 270; 138 0.99525 51 HO; vs Et OH, et h ° 
3952 N,N-Di met ћу! -1,4-benzenedi ami пе Di mgb-pylenyl enedi ami ne 80,.М, 99-98-9 136.194 па (02) 53 263 1.03620 $ Н,0, chl ; vs Et OH, et h, bz; sl li g 2 
3953 2,5-Di met hyl -1,3-benzenedi ol 8160, 488-87-9 138.164 nd (bz), рг (w) 163 278.5 S HO, Et OH, et h = 
3954 2,6-Di met hyl -1,4-benzenedi ol 81860, 654-42-2 138.164 па (ху! ), cry (м) 152.3 vs et h, Et OH > 
3955 NB-Di met ћу! benzeneet hanami ne Phenyl propyl те! hyl ami ne qo Hs N 93-88-9 149.233 207.5 0.915% vs bz, et h, Et OH = 
3956 о,о-Пі met hyl benzeneet hanami ne Phent ermi ne по 122-09-8 149.233 oilyliq 205; 100 М 
3957 о,о-Пі met hyl benzenemet hanami ne HGN 585-32-0 135.206 196.5 0.94232 1.518125 ° 
3958 о,4-Пі met ћу! benzenemet hanol 1-(4-Met ћу! phenyl је! hanol gH, 00 536-50-5 136.190 219 0.9668% 1.5246 1 HO; vs Et OH, et h © 
3959 о,о-Пі met hyl benzenemet hanol a-Cumyl al cohol (Н,0 617-94-7 136.190 рг 36 202 0.973520 1.5325? 1 НО; s Et OH, et h, bz, HOAc ж 
3960 о,о-Пі met ћу! benzenepropanol Benzylertbut anol GH40 103-05-9 164.244 nd 24.5 12113 0.9626?! 1.50777 1 НО; vs Et OH, et В, ace, bz © 
3961 М4-Пі met ћу! benzenesul f опат! de 41:010,5 640-61-9 185.244 pl (di | al) 78.5 1.340 vs et h, Et OH > 
3962 5,6-Пі met ћу! #-benzi ті 08201 e Di medazol e «НЕМ 582-60-5 146.188 cry (et h) 205.5 sub S HO, Et OH, et h, chl, DMSO - 
3963 2,4-Di met hyl benzoi c aci d 4160, 611-01-8 150.174 те! ог Ес! па 90 268 sl HO; s Et OH, ace, bz, chl, Q 
(w) HOAs, t ol Q 
3964 2,5-рі met hyl benzoi c aci d 4100, 610-72-0 150.174 па (81) 132 sub 1.069" i НО; s Et OH, et h, асе, bz 2 
3965 2,6-Пі met hyl benzoi c aci d 4160, 632-46-2 150.174 nd (li g) 116 214.5; 158 51 ЊО, li g; s Et OH, et h = 
3966 3,4-Di met hylbenzoi c aci d 4160, 619-04-5 150.174 pr (al) 167.3 i EO; s Et OH, et h, bz © 
3967 3,5-01 met ћу! benzoi c aci d Mesi t yleni c aci d ШЙ 499-06-9 150.174 nd (w, al) 1714 sub 51 НО; vs Et OH, et h с 
3968 4,4-Пі met ћу! benzophenone Bi s(4-met ћу! phenyl ) ket one NN] 611-97-2 210.27 ort h (а!) 96.5 334 vs ace, bz, et h, Et OH 2 
3969 7,8-Di met hyl benzo[g]pt егі di ne- Ішті chrome GH, N,0; 1086-80-2 242.233 уе cry (chl) 300 sl ВО, Et OH, chl 2 
24(1H,3H)-di one т 
3970 2,5-Di met hyl benzoxazol e МО 5676-58-4 147173 218.5 1.088018 54120  sctc S 
3971 N,N-Di met ћу! benzyl ami ne Di met hyl benzyl ami ne ШУ 103-83-3 135.206 181 0.9159 501122 51 ЊО; msc Et OH, et h =. 
3972 N,N-Di met hyN-benzyl-1,2- N-Benzyl -V,N-di met hyl -1,2- C.H, N; 103-55-9 178.274 14530, 123! 0.934320 5089 Е 
et hanedi ami ne et hanedi ami ne s 
3973 ММО met hyIV-benzyl -N-2- Tri pel ennami ne (М; 91-81-6 255.358 ye oi | 140 576 mi sc HO = 
pyri di nyl -1,2-et hanedi ami ne 
3974 6,6-Di s hyl bi cycl o[3.1.1]hept an-2- CoH,,0 38651-65-9 138.206 lig -1 209 0.9807 47872 vs et h, Et OH 
one, (1 
3975 2,3-Di met hyl bi cycl o[2.2.1]hept -2-епе  2,3-Di met ћу! -2-norbornene Ни È 529-16-8 122.207 140.5 0.86987 46887 s eth, ace, bz 
3976 6,6-Пі met hyl bi бус! o[3.1.1]hept -2- CrH, 0 128-50-7 166.260 235; 1100 0.97325 49309 schl 
ene-2-et hanol 
3977 22-і met hyl bi phenyl NM 605-39-0 182.261 cry (81) 19.5 256 0.9906? 57520 | HO; vs Et OH, et h, bz; s ace 
3978 3,3-Di met hyl bi phenyl 612-75-9 182.261 9 280 0.999520 594609 1 HO; vs Et OH, et h, bz; s ace 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
3979 4,4’-Di met hyl bi phenyl d» 613-33-2 182.261 mcl pr (et h) 125 295 0.917 i НО; sl Et OH; s et h, ace, bz, CS 
3980 4,4-Пі met hyl -2,2’-bi pyri di ne oH QN; 1134-35-6 184.236 171.5 sch 
3981 2,3-Di met hyl -1,3-but adi ene Di i sopropenyl вЊо С 513-81-5 82.143 14 -76 68.8 0.7222 43949?  sctc 
3982  N,N-Di met hyl but anami de eH GNO 760-79-2 115.173 iq -40 186; 128? 0.906425 „43915 vs ace, bz, et h, Et OH 
3983 3,3-Пі met ћу! -2-but anami ne ШЕ 3850-30-4 101.190 14 -20 102 0.7668 41055 48Н,0 
3984 2,2-01 met hyl but ane Neohexane К 75-83-2 86.175 iq -98.8 49.73 0.644% .3688 1 НО; s Et OH, et h; vs ace, bz, 
pet h, ct c = 
3985 2,3-Di met hyl but ane oth, 79-29-8 86.175 iq -128.10 57.93 0.6618 .3750% 1 НО; s Et OH, et h; vs ace, bz, las 
pet h, ct c ме 
3986 2,3-Пі met hyl -2,3-but anedi ol Pi nacol «8,0; 76-09-5 118.174 nd (al ,et h) 43.32 1744 51 $0, CS; vs Et OH, et h М 
3987 2,3-Пі met hyl -2-but anet hi ol 48,6 1639-01-6 118.240 14 126.1 a 
3988 2,2-Пі met hyl but anoi c aci d 48,0, 595-37-9 116.158 iq -14 186 0.9276 41455 51 ЊО; s Et OH, et h Ё 
3989 2,2-Пі met hyl -1-but anol 4,0 1185-33-/ 102.174 <15 136.5 0.828320 42082 51 ЊО; s Et OH, et h с 
3990 3,3-Di met ћу! -1-but anol 0 624-95-3 102.174 iq -60 143 0.84% 43235 51 ЊО; s Et OH, et h, ace о 
3991 2,3-Пі met ћу! -2-but anol «360 594-60-5 102.174 iq -14 118.4 0.8236 41769 5 Н,0; msc Et OH, et h 2 
3992 3,3-Di met hyl -2-but anol, (+) 4,0 20281-91-8 102.174 56 1204 0.81222 .4148 51 НО; vs Et OH, et h - 
3993 3,3-Di met ћу! -2-but anone Pi nacol one 400 75-97-8 100.158 iq -52.5 106.1 0.7229 39520 51 ЊО; s Et OH, et h, ace, ct c » 
3994 3,3-Di met hyl but апоу! chl ori de oH, C10 7065-46-5 134.603 130; 68° 0.96920 42109 86! = 
3995 2,3-Di met hyl -1-but ene "Р 563-78-0 84.159 iq -1573 55.6 0.6802 .3995? | НО; s Et OH, et h, ace, ct c, GS un 
3996 3,3-Пі met hyl -1-but ene 46; 558-37-2 84.159 iq -1152 412 0.6529 37639 1 НО; s Et OH, et h, ct c, chl ° 
3997 2,3-Di met hyl -2-but ene 46; 563-79-1 84.159 iq -74.19 73.3 0.7089 412291 НО; s Et OH, et h, ace, chl = 
3998 М-(1,3-01 met hyl but phenyl -1,4- С.Н, 793-24-8 268.397 46 164! = 
benzenedi ami ne а 
3999 3,3-01 met ћу! -1-but yne t ertBut yl acet yl ene Bio 917-92-0 82.143 14 -18.2 377 0.6623 37362 > 
4000 Di met hy! 2-but ynedi oat e 480, 162-42-5 142.110 dec 197; 1.156420 44340 s Et OH, et h, ct c 2 
9820 
4001 Di met hyl cadmi um 21604 506-82-1 142.480 -45 b 1.984678 .5488 s pet h x 
4002 Di met hyl carbami c chl ori de Di met hylcarbamoyl chlori de СІМ 79-44-Т 107.539 liq -33 167 .168 .454020 8 
4003 Di met ћу! саграто hi oi c chl ori de 3H,CONS 16420-13-6 123.605 pr 42.5 980 vs et h; s chl, pet h ч 
4004 Di met hyl carbat e 1840, 39589-98-5 210.227 cry 38 137125 1.1642! 4822 i HO ы 
4005 Di met hyl carbonat e Met hyl carbonat e 310, 616-38-6 90.078 0.5 90.5 1.063625 3602 | НО; s Et OH, et h; sl сіс 2 
4006 Di met ћу! cyanami de ЕМ 1467-79-4 70.093 163.5 40899 ^ vs ace, et h, ОН Я 
4007 2,3-Пі met ћу! -2,5-cycl ohexadi ene- C,H,0, 526-86-3 136.149 ye nd 55 sub 51 HO; s Et OH, et h, chl ps 
1,4-di one 8 
4008 2,5-Пі met hyl -2,5-cycl ohexadi ene- С,Н,0, 137-18-8 136.149 уе nd (al) 126.0 51 HO, Et OH; s et h, bz, chl z 
1,4-di one E 
4009 2,6-Di met hyl -2,5-cycl ohexadi ene- С,Н,0, 527-61-7 136.149 ye nd 72.5 sub 1.047928 sch Е 
1,4-di one s 
4010 1,1-Di met ћу! сус! ohexane alis 590-66-9 112.213 iq -33.3 196 0.7809 42900 | НО; s Et OH, et h, ace, bz; msc 74 
їс 
4011 ci 51,2-Di met ћу! сус! ohexane бе 2207-01-4 112.213 iq -49.8 29.8 0.7963 .4360? 1 НО; s Et OH, bz, ct c; msc et h, 
ace 
4012 t rans1,2-Di met ћу! сус! ohexane nm 6876-23-9 112.213 iq -88.15 23.5 0.7760 4270 1 НО; s Et OH, et h; msc ace, bz; 
vs lig 
4013 сі s1,3-Di met ћу! сус! ohexane 486 638-04-0 112213 iq -75.53 201 0.7669 .4229? | НО; msc Et OH, et h, ace, bz, li g, 
їс 
4014 t rans1,3-Di met ћу! сус! ohexane 866 2207-03-6 112.213 iq -90.07 245 0.79 42845 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4015 сі s1,4-Di met hyl бус! ohexane Em 624-29-3 112.213 liq -87.39 1244 0.7829 14230? 1 НО; msc Et OH, et h, ace, bz, | i g, 
їс 
4016 (гал81,4-01 met hyl сус! ohexane Em 2207-04-7 112.213 liq -36.93 119.4 0.78 141855 i HO 
4017 Di met hyt rans1,4- Сон, 3399-22-2 200.232 па! (et h) 71 seth 
сус! ohexanedi carboxyl at e 
4018 5,5-01 met ћу! -1,3-cyclohexanedi one 5,5-рі met ћу! di hydroresorci nol ,H,0, C 26-81-8 140.180 nd (w) 150 dec sl Ae et h; s ace, ct c; vs chl, 
Ac 
4019 Мо-01 met hyl сус! ohexaneet hanami ne — Propyl hexedri пе «НЫМ 01-40-6 155.281 205; 8210 0.850120 4600 ^ vs Et OH = 
4020 3,3-Пі met hyl сус! ohexanol 81860 767-12-4 128.212 115 185; 99.5% — 0.9128 460615 = 
4021 2,2-Di met hyl бус! ohexanone 48,0 193-47-1 126.196 14 -20.5 72 0.9145 .448620 n 
4022 2,6-Di met hyl cycl ohexanone 48,0 2816-57-1 126.196 175 0.92525 4460? о 
4023 3,3-Di met ћу! бус! оћехапопе 48,0 2979-19-3 126.196 180, 7225 0.9095 „44827 Ё 
4024 4,4-Пі met ћу! сус! ohexanone 48,0 4255-62-3 126.196 39 73" 0.93220 45372 
4025 1,2-рі met ћу! сус ohexene E 674-10-8 110.197 iq -84.1 38 0.8220 „46202 5 
4026 1,3-Пі met ћу! cycl ohexene Fom 2808-76-6 110.197 127 0.79925 .44920 Z 
4027 3,5-01 met hyl -2-cycl ohexen-1-one 86,0 123-09-7 124.180 208.5 0.940020 48129 5 ОН, eth а 
4028 1,1-Di met ћу! cycl opent апе n 638-26-2 98.186 iq -69.8 87.5 0.7499 „41362 > 
4029 ci 51,2-Di met ћу! бус! opent ane ІҢ, 192-18-3 98.186 14 -54 99.5 0.7680 .422220 = 
4030 t rans1,2-Di met ћу! cycl opent ane "Ни 822-50-4 98.186 iq -117.6 91.9 0.7468 41209 un 
4031 ci 51,3-Di met hyl cycl opent ane n 2532-58-3 98.186 iq -133.7 908 0.7402 „40892 © 
4032 t rans1,3-Di met ћу! cycl opent ane ІҢ, 759-58-6 98.186 iq -134 917 0.7443 4107? = 
4033 Ма- Cycl opent ami ne Во 02-45-4 141.254 171 „45002 ° 
Di met пу! cycl opent aneet hanami ne 2 
4034 1,2-Пі met ћу! сусі opent ene 1 165-47-9 96.170 iq -90.4 105.8 0.7928 444820 Q 
4035 1,5-Di met hyl cycl opent ene ІҢ; 6491-15-9 96.170 iq -118 99 0,780 43312 ” 
4036 1,1-Di met ћу! сус! opropane E 630-94-0 70.133 volliqorgas -109 20.6 0.6604 .3668 1 НО; s Et OH; vs et В, sul f 5 
4037 ci 51,2-Пі met ћу! бус! opropane E 930-18-7 70.133 iq -140.9 37.0 0.6885 38920 | НО; s Et OH; vs et В; sl ctc б 
4038 t rans1,2-Di те! ћу! сус! opropane E 2402-06-4 70.133 volliqorgas -149.6 28.2 0.6648 3713 vs et h, ОН ° 
4039 Di met hyl decyl ami ne N.N-Di met hyl -1-decanami ne qo B5; N 120-24-7 185.349 234.5 < 
4040 Di met hyl di acet oxysi | ane Bi s(acet yl oxy)di met 1у! si lane. ,H,0,Si C 2182-66-3 176.243 liq -12.5 165 1.0540 40302 5 
4041 transDi met hyl di azene Azomet hane HN, 4143-41-3 58.082 gas -78 15 0.7430 „41998 vs ace, Et OH, et h; s ct c, hp c 
4042 2,2-01 met ћу! -1,3-di oxane-4,6-di one Mel drum’s aci d nn 2033-24-1 144.126 94 2, 
4043 сі 53,6-Di met hyl -1,4-di oxane-2,5- C;H;0, 4511-42-6 144.126 ort h (et h) 96.8 150 > 
di one ло 
4044 2,2-Пі met hyl -1,3-di oxol ane-4- Isopropyl i dene gl ycerol «8.05 100-79-8 132.157 8210 1.06420 438320 8 
met hanol z 
4045 Di met hyl di phenoxysi | ane 44160,51 3440-02-6 244.362 -23 131 1.05995 533020 E 
4046 2,3-Пі met ћу! -2,3-di phenyl but ane Di cumene NIIS 1889-67-4 238.368 cry (MeOH) 119.5 E 
4047 3,3-Di met hyl di phenyl met hane 4,4- Сана NO; 139-25-3 278.305 schl = 
di i socyanat e 
4048 2,9-Пі met ћу! -4,7-di phenyl -1,10- СНМ 4733-39-5 360.450 280 dec 
phenant hrol i ne 
4049 Di met hyl di phenyl si Lane «НУ 718-24-5 212.363 277, 17% 0.986720 1.564420 
4050 ММ-01 met hyMA-di phenyl urea GH, №0 611-92-7 240.300 pl (а!) 122 350 vs НО, Et OH, ace; $1 et h, bz, CS 
4051 Di met hyl di sul fide Met hyl di sul fide 50 624-92-0 94.199 liq -84.67 109.74 1.0625 1.5289? i НО; msc Et OH, et h 
4052 0,0-01 met ћу! di thi ophosphate 0,0-Пі met ћу! phosphorodi t hi onat e ;H; (GPS; 756-80-9 158.180 liq 56 1.2920 
4053  N,N-Di met ћу! dodecyl ami ne oxi de “НОМ 1643-20-5 229.402 hyg nd (t ol) 130.5 
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т 


сі 51,4-Di met һу! сус! ohexane 


9) 


2,2-Di met ћу! сус! ohexanone 


2 


11-01 met hyl cycl opent ane сі 81,2-01 met ћу! бус! opent ane t rans 2-0) 


F: 


SS 
| О ОН 
| “оо [e CY X 9 N 
t rans1,4-Di met ћу! сус! ohexane Di met ВУ rans1,4-cycl ohexanedi carboxyl at e 5,5-Di met ћу! -1,3-cycl ohexanedi one Мо-01 met ћу! сус! ohexaneet hanami n 3,3-Di met hyl бус! ohexanol 
о 
2,6-Di met hyl cycl ohexanone 3,3-Di met hyl cycl ohexanone 4,4-Di met hyl cycl ohexanone 1,2-Di met hyl cycl ohexene 1,3-Di met hyl cycl ohexene 3,5-Di met ћу! -2-cycl ohexen-1-one 
H 
i met hyl сус! opent ane сі 81,3-01 met ћу! сус! opent ane ітап81,3-Пі met ћу! сус! opent ane Мо-Пі met ћу! сус! opent aneet hanami п 1,2-Di met ћу! бус! opent ene 
о 
| о о 0 / 
ГАД Si N=N 
Pd NS ZN / 
t hyl cycl оргорапе t rans1,2-Di met hyl сус! opropa Di met hyl decyl ami ne Di met hyl di acet oxysi | ane t ransDi met hyl di azene 


1,5-Di met hyl cycl opent ene 11-01 met hyl сус! оргора! ci 51,2-Di те 


2,2-Di met hyl-1,3-di oxane-4,6-di one 


сі 53,6-Di met hyl -1,4-di oxane-2,5-di one 


2,9-Di met hyl -4,7-di phenyl -1,10-phenant hrol i ne Di met hyl di 


2,2-Di met hyl -1,3-di охо! ane-4-met hanol Di 


phenyl si | ane N,N-Di met hyM.N-di phenyl urea 


met ћу! di phenoxysi | ane 


Зх 


Di те! hydi sulf i de 


2,3-Di met ћу! -2,3-di phenyl but ane 3,3-Di met hyl di phenyl met hág-di i socyanat e 


SH N N 


0,0-Di met hyli t hi ophosphat e N,N-Di met ћу! dodecyl ami a de 


“° [9] 
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Physical 


SITE 


Name Synonym Mol. Form. CAS RN Mol. Wt. = Form тр/ bp/'C den/g cm? n, Solubility 
— 4054 i2Dimehyencydoheane _ = _Ч6_"  "|п6 в 24580 1081801 — 127609 083619 147185 | HO; SEtOH, eth, bz, chl; vs ace 

N,N-Di met hyl -1,2-et hanedi ami ne HAN; 108-00-9 88.151 104 0.8032 1.426020 

N,N-Di met ћу! -1,2-et hanedi ami ne HN; 110-70-3 88.151 120 0.8285 S Et OH, et h, di | НСІ 

N,N-Di met hyl et hanol ami ne Deanol aH {NO 108-01-0 89.136 ig -59 134 0.8868 1.4300? msc H,0, Et OH, et h; s chl 

Di met hyl et her Met hyl et her 6 115-10-6 46.068 col gas -1415 -24.8 S НО, Et OH, et h, ace, chl; $1 bz 

(1,1-Di met hyl et hoxy)benzene 1840 6669-13-2 150.217 iq -24 185.5 0.9219 

(1,1-Di met hyl et hoxy)met hyl Joxi rane 18,0, 7665-72-7 130.185 14 -70 152 0.898 - 

N,N-Di met hyl f ormami de DMF ЗНО 68-12-2 73.094 iq -60.48 153 0.9445 1.43052 msc H,0, Et OH, et h, асе, bz; sl li g = 

Di met ћу! f umarat e HD, 624-49-7 144.126 103.5 193 1.3720 1.406217 i НО; $ ace, chl = 

2,5-Di met hyl f шап ot QO 625-86-5 96.127 iq -62.8 9 0.8883 1.43632 | AN OH, et h, ace, bz, НОАс, = 
ch 

3,4-Di met hyl -2,5-f urandi one 450, 766-39-2 126.110 pl orlf (dil al) 96 223 1.407 sl HO; vs Et OH, et h, bz, chl Ё 

Di met hyl germani um sul fide 210865 16090-49-6 34.77 col cry 545 302 б 

Di met ћу! glut arat e 1800, 1119-40-0 60.168 iq -42.5 214; 109 1.087620 1.42420 vs Et OH, et h; s chl ° 

N,N-Di met hyl gl ус! ne “300, 1118-68-9 103.120 hyg nd (РГОН) 185.5 vs НО, MeOH; s Et OH, et h, ace 2 

Di met ћу! gl yoxi me AHN, 0, 95-45-4 116.119 nd (to ordi I al) 2455 sub 234 iOklvs Et OH, et h; sl bz, t ol - 

2,6-Di met hyl -1,5-hept adi ene oHG 6709-39-3 24.223 iq -70 143 0.7648 27 

2,2-Di met ћу! hept ane о 1071-26-7 128.255 iq -113 132.7 0.7108 .4016 i НО; s et h, ct c; vs ace, chl ; msc 2 
bz 

2,3-Di met hyl hept ane © 3074-71-3 28.255 iq -116 1405 0.7260 4082 1 НО; msc Et OH, et В, ace, bz, ° 
pet h, chl ті 

2,4-Di met ћу! hept ane 4% 2213-23-2 28.255 32.9 0.711525 .4034? i НО; msc Et OH, et h, ace, bz, chl , > 
pet h 

2,5-Di met hyl hept ane 4% 2216-30-0 128.255 36 0.719820 40330 vs асе, bz, et h, Et OH ° 

2,6-Di met hyl hept ane оо 1072-05-5 28.255 liq -102.9 1352 0.7089 4011? 51 chi ” 

3,3-Di met ћу! hept ane © 4032-86-4 128.255 37.3 0.725420 408722 1 НО; msc Et OH; s et h; vs ace, bz 5 

3,4-Di met ћу! hept ane © 922-28-1 128.255 40.6 0.731420 4108 i ie S et h, ct c; vs ace, chl ; msc б 
7 

3,5-Di met ћу! hept ane оо 926-82-9 128.255 36 0.722520 44083299 | m S et h, ct c; vs ace, chl ; msc 2 
5 "5 

74078 A4Dimethyheptan Др 16-55 12825 1352 0212 14069 1 НО, Seth, сіс, vs ace, chl; msc 2 

bz 

Di met hyl hept anedi oat e Di met hyl pi melat e 4160, С 1732-08-7 88.221 -21 2070 80! 1.06252 43092 51 ЊО; s Et OH, et h, bz 2 

2,6-Di met ВУ -2-hept anol 950 13254-34-7 144,254 73 0.8186? 424220 un 

2,6-Di met hyl -4-hept anol Di i sobut yl саг! nol 4150 C 108-82-7 144.254 745 0.811420 42420 | НО; s Et OH, et h; sl сіс ~ 

3,5-Di met ћу! -4-hept anol 250 19549-79-2 44,254 86 0.8367% 42839510 S 

2,6-Di met hyl -4-hept anone Di i sobut yl ket one 411400 108-83-8 142.238 iq -41.5 69.4 0.8062 A2? i НО; msc Et OH, et h; s ctc E 

2,6-Di met hyl -5-hept enal 4150 106-72-09 140.222 oi | 20° Е 

М6-01 met ћу! -5-hept en-2-ami ne Isomet һері ene oH, Ñ 503-01-5 41.254 77 vs et h, Et OH = 

2,5-Di met ћу! -1,5-hexadi ene att, 627-58-7 110.197 ig -75.6 14.3 0.743 439952 | НО; $ ace, ch 

2,5-Di met hyl -2,4-hexadi ene ott, 764-13-6 110.197 14 34.5 0.7577% 4785 1 НО; s Et OH, et h, bz, chl 

2,2-Di met hyl hexane 48 590-73-8 4.229 iq -121.1 06.86 0.6953 39350 vs ace, bz, et h, Et OH 

2,3-Di met hyl hexane ГР 584-04-1 4,229 5.62 0.691225 .40112 _ vs ace, bz, Et OH, li g 

2,4-Di met ћу! hexane 48 589-43-5 114.229 09.5 0.69625 39295 

2,5-Di met ћу! hexane В, 592-13-2 4,229 iq -91 09.12 0.690% 392520 | НО; msc Et OH, ace, bz; set h 

3,3-Di met hyl hexane nm 563-16-6 114.229 iq -126.1 11.97 0.7100 .40012 i НО; msc Et OH; vs et h, ace, bz 

3,4-Di met hyl hexane 48 583-48-2 114.229 17.73 0.715125 404122 1 HO; s et h; msc Et OH, ace, bz 


ох 
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Нм м p АИ" | 
N N NUA 
| H di OH „Ох. 
12-01 met ћу! епесус! ohexane 11-01 met ћу! -1,2-et hanedi ami пе N,N-Di met ћу! -1,2-et hanedi ami ne N,N-Di met hylet hanol ami ne Di met hét her (1,1-Di met hyl et hoxy)benzene 
О 
Ses о -- 
о ы О 2 ix / Ñ 5 
N ^O о O 
o | О о о Ое, 
[(1,1-Di met hyl et hoxy)met ћу! Joxi rane N,N-Di met hyl f ormami de Di met hyl umarat e 2,5-Di met hyl f uran 3,4-Di met ћу! -2,5-f urandi one Di met hyjermani umsul f i de 
HO. 
N 
о о | 9 2 
puc N N. 
^о o d OH OH "ud КУЫ: № TW TR 
Di met hyjl ut arat e N,N-Di met hyl gl yci ne Di met hyl gl yoxi me 2,6-Di met ћу! -1,5-hept adi ene 2,2-01 met ћу! hept ane 2,3-Di met hyl hept ane 2,4-Di met hyl hept ane 


2,5-Di met hyl hept ane 2,6-Di met hyl hept ane 3,3-Di met hyl hept ane 3,4-Di met hyl hept ane 3,5-Di met hyl hept ane 4,4-Di met hyl hept ane Di met ћућерг anedi oat e 


2,6-Di met ћу! -2-hept апо! 2,6-Di met hyl -4-hept ar 3,5-Di met hyl -4-hept anol 2,6-Di met hyl -4-hept ano 2,6-Di met hyl -5-hept enal N6-Di met ћу! -5-hept en-2-ami ne 


дл, Ay ex сұ сү 220 у qv 


2,5-Di met ћу! -1,5-hexadi ene 2,5-Di met ћу! -2,4-hexadi ene 2,2-Di met hyl hexane 2,3-Di met hyl hexane 2,4-Di met ћу! hexane 2,5-Di met hyl hexane 3,3-Di met hyl hexane 3,4-Di met hyl hexane 
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0cc-€ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4094 2,5-Di met hyl -2,5-hexanedi ami ne n 23578-35-0 44.258 84; 638 0.84855 445920 
4095 2,5-Di met ћу! -2,5-hexanedi ol 1,1,4,4-Tet ramet ћу! -1,4-but anedi o|H,,0,C 110-03-2 146.228 шэн ) 8850 214 0.89820 5,0; vs Et OH, bz, chl 
pet h 
4096 2,2-рі met ћу! -1-hexanol 88150 2370-13-0 30.228 9529 
4097 2,3-Di met hyl -1-hexene dig 16746-86-4 112.213 10.5 0.71725 41132) 
4098 5,5-01 met hyl -1-hexene Big 7116-86-1 112.213 04 0.7052 404920 
4099 2,3-Di met hyl -2-hexene 0,5 7145-20-2 2213 liq -115.1 21.8 0.7366 4268? = 
4100 2,5-Di met ћу! -2-hexene ЕЙ 3404-78-2 2.213 22 0.718220 414020 T 
4101 ci 52,2-Пі met ћу! -3-hexene 0,6 690-92-6 112.213 liq -137.4 05.5 0.7088 409920 >° 
4102 t rans2,2-Di met ћу! -3-hexene 0,5 690-93-7 2213 00.8 0.699525 „40632 = 
4103 3,5-Di met ћу! -1-hexen-3-ol 48,0 3329-48-4 28.212 46.5 0.838220 „43422 o 
4104 1-(1,5-Di met ћу! -4-hexenyl )-4- о-Сигситепе Cis Ho; 644-30-4 202.336 40% 0.88052 4989? 1 ВО; s bz m 
met hyl benzene б 
4105 2,5-Пі met ћу! -3-hexyne-2,5-di ol 8160, 142-30-3 42.196 95 205 0.94720 5,0, chl ; vs Et OH, et h, ace, bz © 
4106 1,1-01 met hyl hydrazi ne Ж.М, 57-14-7 60.098 lig, fumesinair -57.20 63.9 0791 40752 vs НО, Et OH, et h, MeOH 2 
4107 1,2-Di met ћу! hydrazi ne М, 540-73-8 60.098 f umes (ai r) -8.9 81 0.8274 42092 msc H,0, Et OH, et h - 
4108 1,2-Di met hyl hydrazi ne CoH 01, 306-37-6 33.019 pr (w) 170 dec vs HO, Et OH » 
di hydrochl ori de 2 
4109 Di met hyl hydrogen phosphat e Di met ћу! phosphat e HOP 813-78-5 126.048 dec 174 1.322520 408% vs НО, ace, Et OH Un 
4110 Di met hyl hydrogen phosphi t e НОР 868-85-9 110.049 170.5 1.200220 40360 s Et OH, ру; sl сіс © 
4111 1,2-Di met hyl #+i mi 082016 saN; 1739-84-0 96.13 206 1.0051" vs ЊО, et h, Et OH = 
4112 2,4-Di met hyl #+i mi 082016 8% 930-62-1 96.13 92 267 о 
4113 5,5-0і met ћу! -2,4-i ті 082011 di nedi one АМО 77-71-4 128.130 pr (di | al) 178 sub сэн OH, et h, ace, bz, chl ; s 5 
4114 1,1-Di met hyli ndan mm 4912-92-9 146.229 191 0.91920 1.513525 > 
4115 1,3-Di met hyl АН ndol e QHN 875-30-9 145.201 nd 142 258.5 seth A 
4116 2,3-Di met hyl АН ndol e QHN 91-55-4 145.201 107.5 287 с 
4117 N,N-Di met hyl #i ndol e-3- N,N-Di met hyl t rypt ami ne НО 61-50-7 188.268 46 о 
et hanami ne < 
4118 N,N-Di met ћу! АН ndol e-3- Grami ne (ІН, М; 87-52-5 174,242 nd or pl (ace) 138.5 i ID; s Et OH, eth, chl; i peth ч 
met hanami ne ° 
4119 Di met hyl i sopht hal at e 4140, 459-93-4 94.184 nd(di | al) 67.5 282 1.194 5168% sl HO 5 
4120 1,4-01 met hyl -7-i sopropyl azul ene Guai azul ene NUM 489-84-9 98.304 bl-vi ol pl (al) 315 187 0.97320 S Et OH, et h, AcOEt с 
4121 1,6-Di met ћу! -4-i зоргору! napht һа! еле Cadal ene өн 483-78-3 198.304 294; 14910 0.966725 57855 №3 oi [$ Ф 
4122 2,4-Di met hyl -3-i зоргору! pent ane NM 3475-79-1 42.282 iq -81.7 574 0.7545 42462 © 
4123 3,5-Di met hyli soxazol e 00 300-87-8 97.116 143 0.99% 442120 z 
4124 Di met hyl magnesi um Magnesi um di met hyl М8 2999-74-8 54.374 soli d 220 dec subl 5 
4125 Di met hyl mal eat e Met hysbut enedi oat e 460, 624-48-6 144.126 iq -19 202 1.1606 44162 51 HO, li g; seth, сіс Е 
4126 Di met hy! та! onat e Met hyl mal onat e 51:06 08-59-8 32.116 iq -61.9 814 1.528 .4135? sl ЊО; msc Et OH; vs ace, bz; s chl = 
4127 Di met ћу! mal oni c aci d Di met hyl propanedi oc aci d 5160, С 595-46-0 132.116 pr (bz/pet h) 192.5 subl s hot 49 
4128 Di met һу! mercury 2090 593-74-8 230.66 93 3.1725 54529 | HO; vs Et OH, et h 
4129 Di met һуг/ s2-met hyl -2- Di met hyl ci t raconat e 1810, 617-54-9 58.152 2105 1.115320 44732 уз ace, et h, Et OH 
but enedi oat e 
4130 Di met ћу! met ћу! enesucci nat e 4, 617-52-7 58.152 ү ын 38 208 1124115 4457? s Et OH, et h, MeOH; vs ace 
MeOH 
4131 Di met hyl met ћу! mal onat e 40, 609-02-9 46141 174 1.097720 .4128? ^ vs ace, et h, Et OH, chl 
4132 Di met hyl met ћу! phosphonat e зН®:Р 756-79-6 24.075 181; 79.52 1.168420 40992 5Н,0, Et OH, et h 
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2,5-Di met hyl -2,5-hexanedi ami ne 2,5-Di met hyl -2,5-hexanedi ol 2,2-Di met hyl -1-hexanol 2,3-Di met hyl -1-hexene 5,5-Di met hyl -1-hexene 2,3-Di met hyl -2-hexene 2,5-Di met hyl -2-hexene сі 52,2-01 met hyl -3-hexene 


gue 


t rans2,2-Di met ћу! -3-hexene 


Di met hytydrogen phosphat e 


A. 
(157 
N 
H 


H H 
E o NH; за. ws 2на 
NY H H 


3,5-Di met hyl -1-hexen-3-ol -(1,5-Di met hyl -4-hexenyl )-4-met hyl benzene 2,5-Di met i -3-hexyne-2,5-di ol 1,1-Di met hyl hydrazi ne 1,2-Di met hyl hydrazi ne 1,2-Di met hyl hydrazi de hydrochl ori de 
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Di met hytydrogen phosphi t e 1,2-Di met ћу! АН mi dazole 2,4-Di met ћу! АН mi dazole 5,5-Di met ћу! -2,4-i mi dazol i di nedi опе 1,1-Di met hyli ndan 1,3-Di met ћу! Hi ndole 2,3-Di met hyl АН ndole 


N.N-Di met ћу! НІ ndol e-3-et hanami пе N,N-Di met ћу! Ati ndol e-3-met hanami Di met hyl sopht hal at e 1,4-Di met ћу! -7-i зоргору! azul 1,6-Di met ћу! -4-i зоргору! napht halene — 2,4-Di met hyl -3-i sopropyl pent 3,5-Di met hyl i soxazt 


O 
о о о O 
= о о = жДА E о 
O N / 
o 959 < мин "P io^ x “он а 0 524 0-Р-0 


„Ме /^ bo 


Hg. 


Di met hyl magnesi um Di met ћупа! eat e Di met ћупа! onat e Di met ћу! mal огасе d Di met hyhercury Di met hy s2-met ћу! -2-but enedi oat e Пі met hyhet ћу! enesucci па! Di met пупе! ћу! malonate Пі met hyhet ћу! phosphonat e 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4133 f rans2,2-Di met hyl -3-(2-met hyl -1- C.H, 0; 4638-92-0 168.233 pr 20.0 245 vs et h, Et ОН, chl 
propenyl )cycl opropanecarboxyl i c 
aci d 
4134 Di met һу! 2-met hyl succi nat e 79,0, 1604-11-1 160.168 196 1.076% 42002 
4135 Di met hyb-(met пу! hi o)phenyl C H,,0,PS 3254-63-5 248.235 iq 1.273 51 HO; s асе, Et OH, di ox, ct с, ху! 
phosphat e 
4136 2,6-Di met hyl morphol i ne ТҮЗІК 141-01-3 115.173 iq -88 146.6 0,9329 .4460? msc H,0, Et OH, bz, li g; s ace; sl 
ch "d 
4137 Пі met hy Di met ћу! 4-morphol i nyl phosphonat e;H,(NO,P 597-25-1 195.153 iq 96 = 
morphol i nophosphorami dat e >: 
4138 1,2-Di met hyl napht hal ene 12,2 573-98-8 156.223 0.8 266.5 1.017920 61660 1 HO; seth, bz = 
4139 1,3-01 met ћу! napht hal ene 128, 575-41-7 156.223 ig -6 263 1.0144 614091 НО; s et h, bz > 
4140 1,4-Di met ћу! napht hal ene 1280 571-58-4 156.223 7.6 268 1.016620 612791 HO; vs Et OH; msc et h, ace, bz, = 
cc б 
4141 1,5-Пі met ћу! napht hal ene К 571-61-9 156.223 82 265 i 0: vs bz, eth о 
4142 1,6-Di met ћу! napht hal ene 18,2 575-43-9 156.223 ig -16.9 264 0027 61660 1 НО; seth, bz 2 
4143 1,7-Di met ћу! napht hal ene WAN 575-37-1 156.223 iq -13.9 263 0119 60820 i HO; seth, bz - 
4144 1,8-Di met ћу! napht hal ene 1282 569-41-5 156.223 65 270 1.00320 i ВО; s et h, bz = 
4145 2,3-01 met ћу! napht hal ene Guaj en PM 581-40-8 56.223 f (al 105 268 1.003 5060? 1 НО; vs bz, eth = 
4146 2,6-Di met ћу! napht hal ene 120 581-42-0 56.223 112 262 1.00320 i go n 
4147 2,7-Di met ћу! napht hal ene об» 582-16-1 156.223 97 265 1.00320 ° 
4148 N,N-Di met ћу! -1-napht hyl ami ne ТІНІ 86-56-6 171.238 vi ol flr cry 250; 140 1.042320 6245 i HO; s Et OH, et h, сіс ° 
4149 N,N-Di met ћу! -2-napht hyl ami пе Ноћ 2436-85-3 71.238 ОК гед па 52.5 305 1.027980 64439 1 НО; s Et OH, et h = 
4150 N,N-Di met ћу! -2-пі t roani || ne 8000; 610-17-3 166.177 ye-oran -20 146” 1.179420 61022 ^ 560, et h; vs Et OH, chl б 
4151 N,N-Di met ћу! -3-ni t roani 11 ne sH, NGO, 619-31-8 166.177 red mcl pr(eth) 60.5 282.5 1313 i HO; s Et OH, et h > 
4152 N,N-Di met ћу! -4-ni t roani 11 ne 000; 100-23-2 66.177 ye nd (al) 1645 i EO; s Et OH, et h, НОАс 2 
4153 1,2-Di met ћу! -3-ni t robenzene 8100, 83-41-0 151.163 nd (al 15 240 1.14020 54410 | НО; s Et OH, сіс o 
4154 1,2-Di met ћу! -4-ni t robenzene 4-NiotxgFene GH;NO; 99-51-4 151.163 ye pr (al) 30.5 251; 1431 1.1125 520229) | НО; msc Et OH 5 
4155 1,3-Пі met ћу! -2-ni t robenzene 8100, 81-20-9 51.163 15 226 11125 5202 | НО; vs Et OH; s ct c = 
4156 1,3-Пі met hyl -5-ni t robenzene 400, 99-12-7 51.163 nd (al 15 214 i ED; vs Et OH, et h = 
4157 1,4-Di met ћу! -2-ni t robenzene 81000, 89-58-7 151.163 pa ye li q -25 2405 1.138 54139 | НО; s Et OH ° 
4158 2,4-Пі met hyl -1-ni t robenzene 8100, 89-87-2 51.163 9 247; 1228 11359 54735 — i НО; seth, ace, bz, chl 5 
4159 1,2-01 met hyl -5-пі t rei ті dazole Di met ri 082016 51300, 551-92-8 41.129 nd (w 138.5 vs et h, Et OH 5 
4160  N-Di met hyl -4-[2-(4-ni t rophenyl ) 61,600, 4584-57-0 268.310 258.3 Ф 
et henyl Jani 1i ne ~ 
4161 М4-Пі met hyh- D-Tol yl sul f опу! те! hyl ni t гоѕаті де ,H, NO.S 80-11-5 214241 cry 60 i НО; vs Et OH, et h S 
ni t rosobenzenesul f onami de =. 
4162 Di met hyl nonanedi oat 6 Met hyl azelat e "Нб, 732-10-1 216.275 -0.8 15620 1.008220 4367? 1 НО; s Et OH, ace, bz, ct c Е 
4163 6,6-Пі met hyl -2-norpi nene-2- Myrt enal Н,0 564-94-3 150.217 unst ab oi | 99 8, 
сагроха! dehyde = 
4164 сі s3,7-Di met ћу! -2,6-oct adi епа! 850 06-26-3 152.233 12020 0.886920 486991 НО; msc Et OH, et h 
4165 t rans3,7-Di met ћу! -2,6-oct adi епа! 850 41-27-5 152.233 229 0.888820 „48980 1 НО; msc Et OH, et h 
4166 3,7-Di met ћу! -1,6-oct adi ene Ci t ronel lene 10H18 2436-90-0 138.250 0.760120 „43627 
4167 3,7-Di met ћу! -2,6-oct adi enoi c aci d Gerani c aci d по! 606 459-80-3 168.233 oi | 
4168 сі 53,7-Di met ћу! -2,6-oct adi en-1-ol Nerol 4160 06-25-2 154.249 <15 225; 125% 0.875620 474609 vs EtOH 
4169 сі 53,7-Di met ћу! -2,6-oct adi en-1-ol C.H, 0; 41-12-8 196.286 13425, 933 09055 „45220 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4170 t rans3,7-Di met hyl -2,6-oct adi en-1-ol C. H, 0; 05-86-2 82.260 dec 229; 0.90862 46592 1 HO; vs Et OH; s et h, ace 

f ormat e 113% 
4171 2,2-Пі met ћу! oct ane Nm 5869-87-1 142.282 55 0.720825 „40822 
4172 2,3-Пі met ћу! oct ane 1082 7146-60-3 42.282 64.3 0.737720 41462 
4173 2,4-Di met ћу! oct ane 1082 4032-94-4 142.282 56 0.722625 40917 
4174 2,5-Пі met ћу! oct ane Nm 5869-89-3 142.282 58.5 0.726455 41122 
4175 2,6-Пі met ћу! oct ane 1082 2051-30-1 42.282 60.4 0.731320 40977 = 
4176 2,7-Пі met ћу! oct ane 108 072-16-8 42.282 iq -54.9 159.9 0.7202 40862 s et h, НОАс T 
4177 3,4-Пі met hyl oct ane 1082 5869-92-8 142.282 63.4 0.741025 41822 >° 
4178 3,6-Di met ћу! oct ane 1082 5869-94-0 42.282 60.8 0.732425 413920 = 
4179 Di met hyl oct anedi oat e Di met hyl suberat e NNUS 732-09-8 202.248 iq -16 268 0217 43419 | НО; s Et OH, et h, ace; sl ctc £ 
4180 3,7-Пі met ћу! -1,7-oct anedi ol 10960, 07-74-4 174.28 265 0.93720 459920 sl bz tol m 
4181 2,2-Di met hyl oct anoi c ас! d 4150, 29662-90-6 72.265 403 б 
4182 2,2-Пі met ћу! -1-oct anol 1060 2370-14-1 58.28 iq 97 0.89 ° 
4183 3,7-Di met hyl -1-oct anol 1060 06-21-8 158.28 2125 0.832% 438% seth 2 
4184 2,6-Di met hyl -2-oct anol Tet rahydromyrcenol HGO 8479-57-7 158.28 80.510 0.80235 42205 - 
4185 3,6-Пі met ћу! -3-oct anol 1060 51-19-9 58.28 iq -67.5 202.2 0.8342 43702 > 
4186 3,7-Di met hyl -3-oct anol 1060 78-69-3 158.28 2051 0.826% 433% - 
4187 ci s3,7-Di met hyl -1,3,6-oct at ri ene cí sB-Oci mene Goths 3338-55-4 36.234 0.79920 % 
4188 t rans3,7-Di met ћу! -1,3,6-oct at ri enet ransB-Oci mene Goths 3779-61-1 36.234 0.79920 ° 
4189 3,7-Пі met ћу! -1,3,7-oct at ri ene о-0сі mene GoHis 502-99-8 136.234 dec 177 0.80002 4022 i НО; s Et OH, et h, chl, HOAc © 
41% сі sci 52,6-Di met ћу! -2,4,6-oct at ri eng за//е0с! mene Goths 7202-20-9 136.234 liq ж 
4191 t ranst rans2,6-Di met hyl -2,4,6- t ransal | е0с! mene Cathe 3016-19-1 36.234 liq -35.4 188; 9? 0.811820 54460 б 

oct at ri ene » 
4192 3,7-Di met ћу! -6-oct епа! Ci t ronel lal qo а 06-23-0 154.249 nd or ort h cry 207.5 0.8530 4473 51 НО; s Et OH 2 
4193 3,7-Пі met ћу! -1-oct ene Nm 4984-01-4 140.266 col liq 154 0.7396 42122 a 
4194 3,7-Di met hyl -6-oct enoi c aci d Ci t ronelli c aci d 10; С 502-47-6 70.249 257; 1573 . 0.9234? С 
41% 3,7-Di met ћу! -6-oct еп-1-оћ) ( Ci t ronellol , (+) 108290 117-61-9 156.265 oi | 224; 108 ^ 0.85502 45652 sl НО; msc Et OH, et h 2 
4196 3,7-Пі met ћу! -6-oct еп-1-06) ( Ci t ronel lol, (-) NU 7540-51-4 156.265 oi | 224; 108 0.859" 45/69 vs et h, Et OH = 
4197 3,7-Di met ћу! -7-oct еп-1-06) ( Rhodi nol СН 0 6812-78-8 56.265 1142 0.854920 44556? vs et h, Et OH o 
4198 3,7-01 met ћу! -6-oct en-3-ol 1060 8479-51-1 56.265 944 0.869515 „45695 c 
4199 3,7-Di met ћу! -6-octen-1-ol, acetate Ci t ronel lol acetate 121520, С 50-84-5 198.302 11510 2 
4200 Di met hyl ol di hydroxyet ћу! eneurea 4,5-Di hydroxy-1,3- С.Н 0М,0; 854-26-8 78.143 hyg cry 22 

bi S(hydroxymet hyl )-2- т 
i mi 082011 di none e 

4201 Di met hyl oxalat e 40, 553-90-2 118.089 mcl t ab 548 163.5 14718 379% 51 HO; s Et OH, et h, ace, chl z 
4202 5,5-Di met ћу! -2,4-oxazoli di nedi one Di met hadi one sHN0£ 695-53-4 29.115 76.5 = 
4203 3,3-Пі met ћу! oxet ane 5000 6921-35-3 86.132 80.6 0.83425 396520 s 
4204 3,3-Di met hyl -2-oxet апопе 880, 1955-45-9 100.117 589 = 
4205 2,2-Di met ћу! oxi rane 2-Met hyl -1,2-epoxypropane 410 558-30-5 72.106 52 0,811220 37122 s Et OH, et h 
4206 ci 52,3-Пі met hyl oxi rane 480 1758-33-4 72106 liq -80 60 0.8228 .3802? ^ vs et h, асе, bz 
4207 t rans2,3-Di met ћу! oxi rane 460 6189-41-9 72106 liq -85 56.5 0.8016 37360 vs et h, ace, bz 
4208 3,3-01 met hyl -2-oxobut anoi c aci d 4,00; 815-17-8 130.141 90.5 189; 8015 51 HO; s et h, bz, chl, CS 
4209 М-1,1-01 met hyl -3-oxobut yl)-2- Di acet one acryl ami de 4510, 2873-97-4 169.221 s chl 

propenami de 
4210 Di met hyl 3-oxo-1,5-pent anedi oat e Di met ћу! 1,3-acet onedi carboxyl аїв,0, С 1830-54-2 174151 15025, 7706 1,85% 443420 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
4211 2,4-Di met ћу! -1,3-pent adi ene 180 1000-86-8 96.170 iq -114 932 0.7343 4390 
4212 N,N-Di met ћу! pent anami de 7HGNO 6225-06-5 129.200 -51 14119 0.896225 44195 48Н,0, et h, Et OH 
4213 2,2-Di met hyl pent ane ІН; 590-35-2 100.202 iq -123.7 79.2 0.6739 30822 | НО; s Et OH, et h; msc ace, bz, 
hp, chl 
4214 2,3-Di met hyl pent ane 156 565-59-3 100.202 89.78 0.690825 .38945 i НО; s Et OH, et h; msc ace, bz, 
chl 
4215 2,4-Di met hyl pent ane 76, 108-08-7 100.202 iq -1192 80.49 0.6727 .3815 1 НО; s Et OH, et h; msc ace, bz, = 
chl, hp 
4216 3,3-01 met hyl pent ane 76, 562-49-2 00.202 iq -134.4 86.06 0.6938 .3909? | (5; НЕ OH, et h; msc ace, bz, = 
р, с un 
4217 3,3-Di met hyl pent anedi oi c acid Пі hydro-4,4-di met ћу фугап- СН (0; 4160-82-1 142.152 125.8 18125, 15620 = 
anhydri de 2,6(3H)-di one » 
4218 3,3-Пі met hyl pent anedi oi c aci d 7H,.0, 4839-46-7 60.168 mel pl, nd (bz) 103.5 1265,89? 1.427820 vs ЊО, Et OH, eth; sl bz; i lig E 
4219  2,2-Di met hyl pent anoi c aci d 18,0, 1185-39-3 130.185 liq 98 0.91897 Q 
4220 2,2-Di met hyl -1-pent anol 150 2370-12-09 116.201 sch 5 
4221 2,3-Di met hyl -2-pent anol 150 4911-70-0 6.201 0.80420 si ЊО un 
4222 2,4-Пі met hyl -2-pent anol 150 625-06-9 116.201 <-20 133.1 0.8103? 41720 51 ЊО; s Et OH, et h, ct c < 
4223 2,2-Di met hyl -3-pent anol 790 3970-62-5 116.201 iq -25 135 0.8253 42239 | ВО, s Et OH, eth 7 
4224 23-01 met hyl -3-pent anol 150 595-41-5 6.201 <-30 139.7 0.83320 „42870 51 ЊО, bz $ Et OH, et h 2 
4225 2,4-Пі met hyl -3-pent anol 150 600-36-2 116.201 <70 138.7 0.8288 „42509 51 ЊО; s Et ОН, et h 
4226 4,4-Пі met ћу! -2-pent апопе 7640 590-50-1 114.185 iq -64 126 0.808 „40362 ° 
4227 2,2-Di met ћу! -3-pent anone 15,0 564-04-5 4.185 iq -45 125.6 0.8128 .4065? 51 НО; s Et OH, et h, ace, chl © 
4228 2,4-Пі met ћу! -3-pent anone Di i sopropyl ket one Aye 565-80-0 4.185 iq -69 1254 0.8108 .3999? 51 HO; msc Et OH, et h; $ 67; 51 сіс | Ж 
4229 2,3-Di met hyl -1-pent ene ET 3404-72-6 98.186 iq -1343 843 0.7057 40332 1 НО; msc Et OH, et h; vs di | sulf б 
4230 2,4-Di met ћу! -1-pent ene а 2213-32-3 98.186 iq -124.1 81.6 0.6948 .3986? 1 НО; msc Et OH, et h; s bz, ct c, chl = 
4231 3,3-Di met ћу! -1-pent ene E 3404-73-7 98.186 iq -1343 77.5 0.6974 .3984 — j НО; msc Et OH, et h; s bz, chl 5 
4232 3,4-01 met ћу! -1-pent ene Ln 7385-78-6 98.186 80.8 0.693425 39922 ^ 
4233 4,4-Пі met ћу! -1-pent ene а 762-62-9 98.186 iq -136.6 72.5 0.6827 .3818 i НО; msc Et OH, et h; s bz, ct c, chl © 
4234 2,3-Di met ћу! -2-pent ene ET 10574-37-5 98.186 iq -118.3 97.5 0.7277 „42080 1 НО; s Et OH, et h, bz, chl = 
4235 2,4-Di met ћу! -2-pent ene а 625-65-0 98.186 iq -127.7 83.4 0.695% .4040 i НО; s Et OH, et h, bz, сіс ч 
4236 сі 53,4-Di met hyl -2-pent ene E 4914-91-4 98.186 iq -1134 893 0.7092 41042 Z 
4237 t rans3,4-Di met hyl -2-pent ene ET 4914-92-5 98.186 iq -1242 915 0.712% 41282 Z 
4238 сі 54,4-Di met hyl -2-pent ene а 762-63-0 98.186 iq -1354 804 0.695» 4026 > 
4239 t rans4,4-Di met hyl -2-pent ene E 690-08-4 98.186 iq -1152 76.7 0.6889 .3982 1 ВО; s Et OH, et h, bz, chl pae. 
4240 4,4-Пі met hyl -1-pent yne 76, 13361-63-2 96.170 iq -75.7 76.1 0.7142 .3983? ^ vs bz, et h, chl 8 
4241 4,4-Пі met ћу! -2-pent yne 18; 999-78-0 96.170 iq -824 83 0.7178 4071? 1 HO; seth, bz, chl; sl ctc z 
4242 Di met hyl peroxi de 2160, 690-02-8 62.068 vol 11 401088 -100 14 0.8677 .3503° sl Et OH, et h; s t ol, НОАс = 
4243 2,9-Di met ћу! -1,10-phenant hroli ne Neocuproi ne HN; 484-11-7 208.258 cry, 1/2 (w, 1595 = 
lig = 
4244 3,4-Пі met hyl phenol phosphat e (3:1) ФОР 3862-11-1 410.442 72 2617 i НО; 51 Et OH, chl , hx; s bz 
4245 5-(2,5-Di met ћу! phenoxy)-2,2- Gemfibrozi | СНО, 25812-30-0 250.334 cry 62 159002 
di met hyl pent anoi c aci d 
4246 М-0,4-Пі met hyl phenyl Jacet ami de БМО 2050-43-3 163.216 па (81) 129.3 170° vs Et OH, chl 
4247 1-[(2,4-Di met ћу! phenyl )azo]-2- 1-(2,4-Xyl yl azo)-2-napht hol fH, NO 3118-97-6 276.332 red nd (81) 166 vs et h, Et OH 
napht hol 
4248 1-[(2,5-Di met ћу! phenyl )azo]-2- 1-(2,5-Xyl yl azo)-2-napht hol UNO 85-82-5 276.332 nd (81) 153 


napht hol 


LTTE 


2,4-Di met hyl -1,3-pent adi ene N,N-Di met hyl pent anami de 2,2-Di met hyl pent ane 2,3-Di met hyl pent ane 2,4-Di met hyl pent ane 3,3-Di met hyl pent ane 3,3-Di met ћу! pent anedi agi ccanhydri de 3,3-Di met ћу! pent anedi axi d 
HO 
OH HO > Y 
Ó ~ М он дк OH OH OH O 
2,2-Di met ћу! pent anaict d 2,2-Di met hyl -1-pent anol 2,3-Di met ћу! -2-pent anol 2,4-Di met hyl -2-pent anol 2,2-Di met hyl -3-pent anol 2,3-Di met hyl -3-pent anol 2,4-Di met ћу! -3-pent anol 4,4-Di met ћу! -2-pent anone 


о А ДА эз 0 x y^ 


2,2-Di met hyl -3-pent anone 2,4-Di met ћу! -3-pent anone 2,3-Di met ћу! -1-pent ene 2,4-Di met ћу! -1-pent ene 3,3-Di met hyl -1-pent ene 3,4-Di met hyl -1-pent ene 4,4-Di met ћу! -1-pent ene 2,3-Di met hyl -2-pent ene 


Ie = з ш АА do № м 


2,4-Di met hyl -2-pent ene сі 53,4-Di met hyl -2-pent ene t rans3,4-Di met ћу! -2-pent ene ci 54,4-Пі met ћу! -2-pent ene t rans4,4-Di met hyl -2-pent ene 4,4-Di met ћу! -1-pent yne 4,4-Di met ћу! -2-pent yne Di met hyl peroxi 


2 
N^ N 


FR gu xwv со" 


2,9-Di met hyl-1,10-phenant hroli ne — 3,4-Di met ћу! phenghosphat e(3:1) 5-(2,5-Di met ћу! phenoxy)-2,2-di met ћу! pent аш) 4: A-(2,4-Di met hyl phenyl )acet ami de — 1-[(2,4-Di met ћу! phenyl Jazo]-2-napht hol 1-[(2,5-Di met ћу! phenyl azo]-2-napht hol 


(penuguo») SGN 1IOdINOO OINVO2?IO AO S.LNV.LSNOD 'IVOISAHd 


STETE 


Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Ғот mp/'C bp/'C den/g cm? т, Solubility 
4249 1-(2,4-Di met hyl phenyl је! hanone 2,4-Di met hyl acet ophenone 40120 89-74-7 148.201 228 1.012115 53400 vs et h, Et OH 
4250 1-(2,5-Di met hyl phenyl )et hanone 2,5-Di met hyl acet ophenone 4120 2142-13-6 148.201 liq -18.1 232.5 0.9968 529120 | НО; vs Et OH, et h, bz, CS 
4251 1-(3,4-Di met hyl phenyl је! hanone 3,4-Di met hyl acet ophenone 10H20 3637-01-2 148.201 liq -1.5 246.5 1.0090 5435 | Но vs Et OH, et h, bz; $ ct C, 
HOAc 
4252 4,4-Di met ћу! -1-phenyl -1-pent en-3- C. H, 0 538-44-3 188.265 43 1545 0.950846 552355 
one 
4253 2,2-Пі met ћу! -1-phenyl -1-propanone 0,0 938-16-9 162.228 220 0.9632 50869 засе 
4254 3,5-Di met ћу! -1-phenyl Е руга2016 C. HN; 1131-16-4 172.226 272; 145125 1.056620 57389 vs et h, Et OH, chl 
4055 4,4-Пі met hyl -1-phenyl -3- 4,4-Di met hyl pheni done 18,\0 2654-58-2 190.241 176 
руга2011 01 попе 
4256 ММ-01 met hyy-phenyl -2- Pheni rami ne о 86-21-5 240.343 1819, 13505 1.008125 55195 vs bz, et h, Et OH, chl 
pyri di nepropanami ne 
4057 1,3-Di met ћу! -3-phenyl -2,5- Met hsuxi mi de амо; 77-41-8 203.237 52.5 1210 
pyrrol i di nedi one 
4258 Di met hyl phenylsi lane nnm 766-77-8 136.267 156.5 0.8891? 4995? 180 
4259  N,N-Di met ћуМ-рћепу! urea Fenuron GH,N,0 101-42-8 64.203 cry (hx) 132 
4260 Пі met hyl phosphi ne ЖР 676-59-5 62.051 vol li q or gas 25 it s Et OH, et h 
4261 Di met hyl phosphi ni c aci d 20Р 3283-12-3 94.050 cry (bz) 92 377 vs Н,0, Et OH, et h; s bz 
4262 0,0-Пі met ћу! Di met hyl chl orot hi ophosphat e 0 QPS 2524-03-0 60.560 hyg li q 68 1.322 „48202 
phosphorochl ori dot hi oat e 
4263 Di met hyl рї hal at e 1090, 131-11-3 194.184 ра ув 5.5 283.7 1.190520 51382 i НО; msc Et OH, et h; s bz; sl ctc 
4264 1,4-Di met hyl pi perazi ne ШЕ 106-58-1 114188 liq -0.59 131 0.8600 447420 vs HO, Et OH, et h 
4265 сі 52,5-Пі met hyl pi perazi ne e HN; 6284-84-0 4.188 orth МШ nd 114 162 .4720 vs Н,0, Et OH, chl; 51 et h, bz 
or pr (chl 
4266 1,2-Di met hyl pi peri di ne, (+) 7H, 2512-81-4 113.201 1275 0.82415 43959 vs Н,0, et h, Et OH 
4267 2,6-Di met hyl pi peri di ne ШТІ 504-03-0 3201 127 0.815825 43770 msc H,0, Et OH, et h; sl ct с; $ aci d 
4268 3,2-Пі met hyl pi peri di пе 3,5-Lupet i di ne 11530 35794-11-7 113.201 144 0.85325 445420 
4269 2,2-Di met ћу! ргорапа! Pi val dehyde 5180 630-19-3 86.132 6 77.5 0.79237 .3791 s Et OH, et h 
4270 2,2-Di met hyl propanami de АМО 754-10-9 01.147 8114 
4271  N,N-Di met ћу! propanami de АМО 758-96-3 01.147 liq -45 175 0.9269 
4272  N,N-Di met ћу! -1-propanami ne Di met hyl propyl ami ne sH NC 926-63-6 87.164 66 0.715220 38600 vs bz, et h, Et OH 
4273 N,N-Di met ћу! -1,3-propanedi ami ne sHQN, 109-55-7 102.178 32 0.827220 
4274 2,2-Di met ћу! -1,3-propanedi ol Neopent yl glyco 81120, 126-30-7 04.148 nd (bz) 129.13 208 S Н,0, bz, chl ; vs Et OH, et h 
4275 2,2-Di met hyl propaneni t ri le t ertBut y| cyani de 48, 630-18-2 83.132 15 06.1 0.758625 .377420 
4276 2,2-Пі met ћу! -1-propanet hi ol Neopent yl mercapt an 50 1679-08-9 104.214 114 103.7 
4277 2,2-Di met hyl propanoi c aci d Tri met hyl acet i c aci d sH, 0, C 15-98-9 102.132 па 35 64 0.905% 39319: 51 ЊО; vs Et OH, et h 
4278 2,2-Di met ћу! -1-propanol Neopent yl al coho 5140 15-84-3 88.148 52.5 13.5 0.81220 sl ЊО; vs Et OH, et h; s ct c 
4279 2,2-Di met ћу! ргорапоу! chl ori de Pi vali c aci d chl ori de 58160100 3282-30-2 120.577 107 1.0039 41390 vseth 
4280  N,N-Di met ћу! -2-propenami de N,N-Di met ћу! acryl ami de sHQNO 2680-03-7 99.131 liq 8p 0.96225 47302 
4281 2,2-Di met ћу! propyl ami ne 2,2-Пі met hyl -1-propanami ne ШІН 5813-64-9 87.164 82 0.745520 400230 vs eth 
4282 (1,1-Di met hyl propyl )benzene Pls 2049-95-8 148.245 92.4 0.87482 495820 
4283 (2,2-Di met ћу! propyl )benzene в 1007-26-7 148.245 85 0.858176 488418 
4284 4-(1,1-Di met hyl propyl ) Сао 16587-71-6 168.276 96 2515, 1097 0.92025 467720 
сус! ohexanone 
4285 1,1-Di met hyl propyl 3- t erfPent yl i sopent anoat e NONO! 542-37-0 172.265 73.5 0.87290 vs Et OH 
met hyl but anoat e 
4286 2-(1,1-Di met ћу! propyl )phenol 118.0 3279-27-4 164.244 sl ctc 


(penuguo») ѕампоаио? ОМУОМО AO SLNVLSNOD 'IVOISAHd 


OTTE 


1-(2,4-Di met hyl phenyl је! hanone 1-(2,5-Пі met hyl phenyl et hanone 


/N 


= 
sÑ i 


N,N-Di met hyy-phenyl -2-pyri di nepropanami пе 1,3-Di met ћу! -3- 


іт 10111206 


Di met hyiht hal at е 14-01 met hyl pi perazi пе ci 52,5-01 met h 


| хм 
NNN. | 
N,N-Di met ћу! -1-propanami ne N,N-Di met ћу! -1,3-propanedi ami ne 


d NS эг NH) 


О 
N,N-Di met ћу! -2-propenami de 2,2-Di met hyl propyl ami ne 


1-(3,4-Di met hyl phenyl )et hanone 4,4-Пі met ћу! -1-phenyl -1-pent en-3-one 2,2-Пі met ћу! -1-phenyl -1-propanone 


H 
= 
д 
~ 
NO ô СТ Y H 
| 9 ~ 
phenyl -2,5-pyrroli di nedi опе Di met ћу! phenyl si | ane N,N-Di met ћуМ-рћепу! urea Di met hyl phosphi ne 


yl pi perazi ne — 1,2-Di met hyl pi peri diae, 2,6-Di met hyl pi peri di ne — 3,5-Di met hyl pi peri di ne 2,2-Пі met ћу! propanal 


> >A N 


Tu 
iz 


3,5-Di met ћу! -1-рћелу  руга2016 


9 
ағы 


Di met ћу! phosphi гасе d 0, 


Ó 


но“ on x^ Р зн “он 2y on 


2,2-Di met hyl-1,3-propanedi ol 2,2-01 met hyl propaneni t ri le 2,2-Di met ћу! -1-propanet hi ol 2,2-01 met hyl ргорапова c 2,2-Di met ћу! -1-propai 


~ oe Ч 


(1,1-Di met hyl propyl )benzene (2,2-Di met hyl propyl )benzene 4-(1,1-Di met ћу! propyl )cycl ohexanc 


2122. 


11-01 met ћу! propgl-met ћу! but anoat e 


4,4-Di met ћу! -1-phenyl -3-pyrazol i di none 


СІ 
0-01 met ћудћозрћогосћ ori dot hi oat e 


СҮ 


о 


2,2-Di met ћу! ргорапаті de N,N-Di met ћу! propanami de 


O 
she 


nol 2,2-Пі met ћу! ргорапор ori de 


OH 


2-(1,1-Di met ћу! propyl )phenol 


(penuguo») SqN1OdIWOO ЭМУЭМО AO S.LNV.LSNOD 'IVOISAHd 


O0£c*€ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4287 4-(1,1-Di met hyl propyl )phenol p-t енРепі yl phenol СН, 50 80-46-6 164.244 95 262.5 
4288 4,6-01 met ћу! #2pyran-2-one СНО, 675-09-2 124,138 If (eth) 51.5 245 vs, et h, Et OH 
4289 2,6-Di met ћу! Њругап-4-опе СНО, 004-36-0 124,138 pl, nd (sub) 132 251; 1405 0.995313% S H;0, Et OH, et h, ace 
4290 2,3-Di met hyl pyrazi ne ot GN, 5910-89-4 108.14 156 1.0281° S H,0, Et OH, et h 
4291 2,5-Di met hyl pyrazi ne ot GN, 23-32-0 108.14 15 155 0.988720 1.4980? msc ЊО, Et OH, et h; s ace, chl 
4292 2,6-Di met hyl pyrazi ne ot GN, 08-50-9 108.14 pr 47.5 155.6 0.964750 S H,O, Et OH, et h; sl сіс 
4293 1,3-Di met ћу! #+pyrazol e GHN, 694-48-4 96.131 137 0.95617 1.47345 vs H,0 - 
4294 3,5-Di met ћу! #-pyrazol e СНМ; 67-51-6 96.131 cry (peth, al) 1075 218 0.8839 S шке vs Et OH, et h, bz, = 
е 

4295 2,7-Di met пу! pyrene iu 5679-24-0 230.304 230 2 
4296 4,6-Пі met ћу! -2-pyri di nami пе EN 5407-87-4 22.167 61 235 £ 
4297 ММ-01 met hyl -2-pyri di nami ne 1804; 5683-33-0 122167 182 196 1.014914 56639 s Et OH, et h, bz m 
4298 N,N-Di met ћу! -4-pyri di nami пе 18104; 122-58-3 22.167 pl (et h) 114 vs ED, Et OH, bz, chl; set h б 
4299 2,3-Di met hyl pyri di ne 2,3-Lut i di ne НАС 583-61-9 07.153 161.12 0.931925 50579 H,0, Et OH, et h ° 
4300 2,4-Пі met hyl pyri di ne 2,4-Lut i di ne НАС 08-47-4 107.153 lig -64 158.38 0.9309 50100 vs 0, Et OH, et h; s ace 2 
4301 2,5-Пі met hyl pyri di ne 2,5-Lut i di ne HN C 589-93-5 107.153 liq -16 156.98 0.9297 5006 sl HO; vs Et OH; msc et h; s ace - 
4302 2,6-Di met hyl pyri di ne 2,6-Lut i di ne НАС 08-48-5 07.153 114 -6.1 144.01 0.9228 49530: msc H,0; sl Et OH; s et h, ace, chl 27 
4303 3,4-Di met hyl pyri di пе 3,4-Lut i di ne НАС 583-58-4 107.153 114 -11 179.10 0.9287 .5096? sl HO, ct c; s Et OH, et h, асе, chl = 
4304 3,5-Di met hyl pyri di ne 3,5-Lut i di ne НАС 591-22-0 107.153 liq -6.6 171.84 0.9419 50619 s H,0, Et OH, et h, ace; sl сіс wn 
4305 2,6-Di met hyl pyri di пе-1-охі de 79500 073-23-0 23152 hyg 35 1332 1.073% 570629 © 
4306 4,6-Пі met ћу! -2-pyri mi di nami ne 459% 767-15-7 123.155 1525 S Н.О, Et OH, ace, bz; i. et h; vs chl ° 
4307 2,6-Di met ћу! -4-pyri mi di nami пе Kyanmet hi n Ho Ns С 461-98-3 123.155 па (al), pl (bz) 183 Sub 51 ED, Et OH, bz, chl ж 
4308 4,6-Пі met hyl pyri mi di пе 8156, 558-17-4 08.141 25 159 48800  vsH,0 б 
4309 1,3-Di met ћу! -2,4434)- СМО, 874-14-6 40.140 123.5 5| Et OH; s et h, ch > 

ругі mi di nedi one = 
4310 2,4-Пі met hyl pyrrole 66 625-82-1 95.142 pa bl flr cry 168 0.9236? 50480 51 HO; vs Et OH, et h, bz; s chl a 
4311 2,5-Di met hyl pyrrole 66 625-84-3 95.142 6.5 171; 518 0.935320 50360 1 НО; vs Et OH, et h Q 
4312 1,2-Di met hyl pyrrol i di ne eH QN 765-48-0 99.174 oi | 99 0.799 580 2 
4313 2,4-Пі met hyl qui nol i ne 4-Met hyl qui nal di ne «НЫС 1198-37-4 157.212 ort h pr (et h) 265 1.0617 50790 sl HO, chl; vs Et OH, et h = 
4314 2,6-Di met ћу! qui nol i ne «НОМ 877-43-0 57.212 ort h pr (et h) 60 266.5 sl 20, Et OH, et h, chl ; vs bz ° 
4315 2,7-Di met hyl qui nol ne m-Tol uqui nal di ne NM 93-37-8 57.212 61 264.5 51 HO; s Et OH, et h, chl = 
4316 2,3-Di met hyl qui noxali ne Л» 2379-55-7 158.199 nd (w+3, ace) 106 S Et OH, et h, ace, bz, chl , aci d 2 
4317 Di met hyl sebacat e 1282204 106-79-6 230.301 10 рг 38 1755, 1445 0.988228 14355? 1 НО; $ Et OH, et h, ace, сіс un 
4318 Di met hyl seleni de Met hyl sel eni de 21696 593-79-3 09.03 57 407715 vs et h, Et OH, chl = 
4319 Di met hylsi lane 2-Si | аргорапе Ы 1111-74-6 60.171 col gas -150 -20 0.680 S 
4320 Di met hyl st earyl ami ne Dymant hi ne >H, Ñ 124-28-7 297.562 22.9 Б 
4321 Di met hyl succi nat e 8160, 106-65-0 46141 19 196.4 119820 419720 51 HO, ct c; s ОН, ace; vs et h E 
4322 Di met hyl sul атоу! chl ori de Di met hyl ami nosulf ony! chlori 98С1 NOSC 13360-57-1 143.593 806 = 
4323 Di met ћу! sulf ate 20,5 77-78-1 126.132 -27 dec 188; 332220 387452 s H,O, et h, bz, ct c; msc Et OH; i 

7615 CS, 

4324 Di met hyl sulfide EN 15-18-3 62.134 liq -98.24 37.33 0.8483 44389 51 HO; s Et OH, et h 
4325 Di met hyl sulfite 260,5 616-42-2 110.132 126 2129 40839 H,0, Et OH, et h 
4326 2,4-Пі met hylsulf ol ane 4800,5 1003-78-7 148.223 liq -15 281 1362 4732? 45110 
4327 Di met hyl sulf one 2960,5 67-71-0 94.133 рг 108.9 238 170010 „4226 5,0, Et OH, bz 
4328 Di met hyl sulf oxi de DMSO 205 67-68-5 78.133 17.89 189 1101025 .4793 s H,O, Et OH, et h, ace, ct c, AcOEt 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4329 Di met hyL-t art rat e Di met ћу! 2,3-di hydroxybut anedi 048,0; 608-68-4 18.139 (i ) cry (bz) (11) 50( orm а); 280 1.30645 vs H,0, асе, et h, Et OH 
[R-(R*, R*)]- cry (w) 61(f orm b) 
4330 Di met һу! t el uri de n 593-80-6 157.67 pa ye 94 vs Et OH 
4331 Di met ћу! t erepht hal at e 10H G0, 120-61-6 94.184 141 288 1.0754 51 HO, Et OH, MeOH; s et h, chl 
4332 Di met hyl t et rachl orot erepht halat e 600, 1861-32-1 331.965 155 
4333 2,7-Di met hylt hi achromi ne-8-et hanol 2Н,48,05 92-25-23 262.330 ye pr (chl ) 228.8 sub S НО, MeOH; sl Et OH, et h, ace, 
ch 
4334 2,5-Di met hyl -1,3,4-t hi adi azole 4%5 27464-82-0 4.169 65 202.5 sl HO, Et OH, et h = 
4335 2,7-Di met hylt hi ant hrene Mesul phen 4-5; 135-58-0 244.375 па (HOAc,al) 123 184 vs ace, et h, pet h, chl ме 
4336 2,4-01 met hylt hi azole nn 541-58-2 113.182 46; 719 ^ 1.05625 50912 51 HO; s Et OH, et h, chl Л 
4337 455-Di met hylt hi azole 5145 3581-91-7 3182 83.5 58 1.06992 vs et h, Et OH a 
4338  N,N-Di met hylt hi oacet ami de H NS 631-67-4 103.186 745 > 
4339 Di met hyl t hi odi propi onat e IH, (XS 4131-74-2 206.260 6218, 14818 1.155920 47402 с 
4340 2,3-Di met hylt hi ophene 65 632-16-6 2193 liq -49 141.6 1.0027 51920 1 HO; vs Et OH, et h; s bz о 
4341 2,4-Пі met hylt hi ophene 45 638-00-6 2193 407 0.993820 51042 1 НО; s Et OH, et h, bz 2 
4342 25-01 met hylt hi ophene n 638-02-8 112.193 liq -62.6 136.5 0.9850 .5129? | НО; s Et OH, et h, bz - 
4343 34-Di met hylt hi ophene 65 632-15-5 2193 45 0.993% 52060 1 НО; s Et OH; vs et h > 
4344 N,N-Di met hylt hi ourea 3101,5 6972-05-0 04174 cry (w) 161.5 = 
4345 ММ-і met hylt hi ourea HONS 534-13-4 104.174 hyg pl 62 vs HO, Et OH, ace; sl et h,bz;i 65 Nn 
4346 2,6-Пі met hyl -4-t ri decyl morphol i ne Tri demorph пој ID 24602-86-6 297.519 4113 0.86 ° 
4347 N,N-Di met hyIV-[3-(t ri fluoromet ћу!) Fl uomet uron НА М0 2164-17-2 232.201 164 vs ace, Et OH = 
phenyl Jurea ° 
4348 Di met hyl t ri sulfide 216, 3658-80-8 126.264 415 Е 
4349 6,10-Пі met ћу! -3,5,9-undecat гі еп-2- Pseudoi onone (5150 141-10-6 192297 pa ye oi | 144 0.898420 1.53350 s Et OH, et h, chl, MeOH > 
опе 2 
4350 МНО! met ћу! urea F4NO 598-94-7 88.108 mcl pr(al,chl) 182.1 1.2555 s Н,0,5| EtOH, tfa; i eth 5 
4351 N,N-Di met hyl urea ЗВ: №0 96-31-1 88.108 orth bi pym 106.6 269 1.14225 vs Н,0, Et OH; i. et h; sl chl с 
(chl -et h) © 
4352 Di met hyl zi nc n 544-97-8 95.478 lig igninair -43.0 46 11386 S et h; msc pet h = 
4353 Di тегі lan «8540; 644-64-4 240.259 со! soli d 69 208 S ЊО, chl , Et OH, ace, ху! "5 
4354 Di morphol ami ne ЭН МО, 119-48-2 398.541 cry (pet h) 415 2294 vs HO = 
4355 N,N-Di -2-napht hyl -1,4- Cos H, N; 93-46-9 360.450 235 i Et 0H, et h, bz Z 
benzenedi ami ne с 
4356 Di -2-napht hyl di sul fide 26,5; 5586-15-2 318.455 па 139.5 1.14415 14555? 1 НО; vs Et OH, eth; i lig Ф 
4357 N,N-Di -1-napht ћу! urea ХН, №0 607-56-7 312.364 nd (ру, HOAc) 296 Sub vs ру © 
4358 Di ni conazole ИСО 83657-24-3 326.221 cry 149 S H,0, ace, MeOH, ху! z 
4359 Di ni t rami ne 4 ГМ, 29091-05-2 322.241 98 5 
4360 2,3-Пі ni t roani li пе 40, 602-03-9 183.122 128 1.64650 i HO; s Et OH; sl eth E 
4361 2,4-Пі ni t roani li ne 4:00, 97-02-09 183.122 уе nd (асе) от 180.0 56.7 1.615" i НО; sl Et OH, асе, НС! = 
ye t ab (al) 
4362 2,5-01 ni t roani li ne 4:0, 619-18-1 183.122 oran nd (al) 138.0 vs Et OH 
4363 2,6-Пі ni t roani li пе 4150, 606-22-4 183.122 gol d faye 141.5 i ВО, 110; 51 Et OH; s et h, bz 
ye nd (al 
4364 3,5-Di ni t roani 11 ne 4:0, 618-87-1 183.122 ye nd (911 al) 163 1.601 i НО; s Et OH, et h; sl ace, bz 
4365 1,5-Пі ni t ro-9,10-ant hracenedi one 14,0; 82-35-9 298.207 ра уе па (ху!) 385 sub i ED; sl Et OH, et h, bz; vs PhNO 
4366 1,8-Пі ni t ro-9,10-ant hracenedi one НО 129-39-5 298.207 312 
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Мо. Мате Synonym CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4367 2,4-Пі ni t robenzal dehyde 528-75-6 196.117 payepr(al),pl 72 20015 51 HO, chl, li g; s Et OH, et h, bz 
(bz) 
4368 3,5-01 ni t robenzami de Ni t romi de 121-81-3 211.132 If (w) 184 vs ED 
4369 1,2-Di ni t robenzene 0-Di ni t robenzene 528-29-0 168.107 nd (bz), pl (al) 116.5 318; 194° 1.311970 1.5657 i Hos Et OH, bz, chl , AcOEt ; sl 
DM 
4370 1,3-Di ni t robenzene m-Di ni t robenzene 99-65-0 168.107 ort h pl (al) 90.3 291; 167 157515 sl HO; vs Et OH, ace, ру; s et h, t ol 
4371 1,4-Пі ni t robenzene D-Di ni t robenzene 100-25-4 168.107 nd (81) 173.5 297; 183^ 1.62518 i HO; sl Et OH, chl ; s ace, bz, t ol 
4372 2,4-Пі ni t ro-1,3-benzenedi ol 2,4-Di ni | roresorci по! 519-44-8 200.105 ye ЇЇ (al) 147.5 51.8, Et OH = 
4373 2,4-Пі ni t robenzenesul f епу! chl ori de 528-76-7 234.617 уе pr (bz-peth) 99 vs bz, chl, HOAc; sl pet h ме 
4374 2,4-Пі ni t robenzenesulf oni c aci d 89-02-1 248.170 nd (043) 108 vs HO, Et OH; sl eth; | bz, pet h М 
4375 2,4-Пі пі t robenzoi c aci d 610-30-0 212.116 nd (w) 183 1.67220 sl HO, Et OH, bz a 
4376 3,4-Di ni t robenzoi c aci d 528-45-0 212.116 cry (di | al) 166 $19; vs Et OH, et h > 
4377 3,5-Di ni t robenzoi c aci d 99-34-3 212.116 mcl pr (al) 205 sl ED; vs Et OH, HOAc б 
4378 3,5-01 ni t robenzoyl chl ori de 99-33-2 230.562 ye nd (bz) 74 1967 S et h, chl о 
4379 2,2'-Di ni t ro-1,1’-bi phenyl 2436-96-6 244.203 yemcl prornd 126 305 1,455 i HO; vs Et OH; s et h, bz; $1 ace, 2 
(81) lig 
4380 4,4-Пі ni t ro-1,1-bi phenyl 1528-74-1 244.203 nd (al) 2423 i EO; sl Et OH; s bz, НОАС > 
4381 1,4-Пі ni t robut ane 4286-49-1 148118 pl (al) 33.5 176 i НО; sl Et OH; s et h, bz, MeOH 3 
4382 4,4-Пі ni t rodi phenyl ami ne 4-Ni-(4eni t rophenyl Jani 11 ne 1821-27-8 259.217 ye nd(al ) 217.5 i D tol; 51 Et OH, bz; $ асе, un 
HOAc 
4303 4,4-Пі ni t rodi phenyl et her Bi 5(4-пі t rophenyl ) et her 101-63-3 260.202 146.0 i НО; sl. Et OH, et h; s bz, НОАс 2 
4384 4,4-Пі ni t rodi phenyl sul fide Bi 5(4-пі t rophenyl ) sul fide 1223-31-0 216.268 oran pl (HOAc) 160.5 i ID; sl Et OH; s con sulf o 
4385 1,1-Di ni t roet hane 600-40-8 120.064 ye 3 15 185.5 349% 51 HO; s Et OH, et h 5 
MeOH 
4386 1,2-Пі ni t roet hane 7570-26-5 120.064 39.5 95° 459720 1.4460? vs et h, Et ОН = 
4387 Di ni t romet hane 625-76-3 106.038 ye nd <-15 ехр 100 i HO; s Et OH, et h 5 
4388 1,3-Di ni t ronapht hal ene 606-37-1 218.166 ин (bz, py- 148 Sub i НО; s Et OH, ace ^ 
4389 1,5-Di ni t ronapht hal ene 605-71-0 218.166 hex nd (ace, 219 sub 58602 i HO; 51 Et OH, ace; s bz, py; vs et h 2 
НОАс) = 
4390 1,8-Пі ni t ronapht hal ene 602-38-0 218.166 yeorth pl (chl) 173 dec 445 18 51 Et OH, bz; s ace, chl , py ° 
4391 2,4-Пі ni t ro-1-napht hol 605-69-6 234.165 yend(al,chl) 138.8 c 
4392 2,3-Di ni t ropheno 66-56-8 184.106 ye nd (w) 1445 68120 sl ЊО, DMSO; vs Et OH, et h; s bz 2 
4393 2,4-Пі ni t ropheno 51-28-5 184.106 payepl orlf (м) 1148 sub 1.683 sl HO; s Et OH, et h, ace, bz, t ol, 9 
chl, py т 
4394 2,5-Di пі t ropheno 329-71-5 184.106 yemcl prornd 108 vs bz, et h S 
(w.li g) БА 
4395 2,6-Пі пі t ropheno 573-56-8 184.106 payeort ћпдог 63.5 i HO; vs Et OH, et h; s bz, chl; sl z 
If. (di | al) їс б 
4396 3,4-01 ni t ropheno 577-71-9 184.106 ісі па (м) 134 1672 vs bz, et h, Et OH & 
4397 2,4-01 ni t rophenol , acet at e 4232-27-3 226.143 cry (MeOH) 72.5 
4398 4-[(2,4-Di ni t rophenyl јат! no]phenol 119-15-3 215.216 red If 195.5 зак 
4399 2,4-Пі ni t rf-phenylani li ne 961-68-2 259.217 ye red nd (al) 1578 i ID; s Et OH, ace; sl et h, bz, 
DMSO 
4400 2,4-Пі ni t ropheny 89-37-2 287.315 152.5 1.5420 i НО; s Et OH, ace, bz 
di met hyl carbamodi t hi oat e 
4401 (2,4-Di ni t rophenyl )hydrazi ne 119-26-6 198.137 bl sh-red (al) 194 i 4; s Et OH; sl et h, bz, chl, 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
1-Di ni t ropropane 3,0, 601-76-3 134.091 liq -42 184 1.2619 143399 salk 
3-Di ni t горгорапе 3, N,0, 6125-21-9 134.091 -21.4 1031 1.353% 14654? | HO;seth 

2,2-Di ni t ropropane МО, 595-49-3 134.091 53 185.5 1.30% si ЊО 

2,2-Di ni t ro-1,3-propanedi ol НО; 2736-80-3 166.089 wh pl (bz) 142 
:6-01 ni t ropyrene 11550, 42397-64-8 292.246 >300 
,8-Di ni t ropyrene ifl NO, 42397-65-9 292.246 300 
Di ni t rosopent amet hyl enet et rami ne ТОД 101-25-7 186.172 cry (MeOH) 207 
4-Di ni t rosopi perazi ne 48,0, 140-79-4 144,133 ра ye р! (м) 159.0 vs Et OH 

4,4-Di ni t ro-2,2'-st i | benedi sulf oni с С.Н NO, S, 128-42-7 430.366 cry (AcOH) 266 
aci d 
Di nobut on Dessi n №0, 973-21-7 326.302 уе cry (Et OH) 60 

Пі посар 05154М,0, 6119-92-2 364.393 13600 

Di nonyl adi pat e „80, 151-32-6 398.620 205! 

Di nonyl et her 1090 2456-27-1 270.494 liq 318 0.81 1.4356 

Di nonyl pht halat e 21604 84-76-4 418.609 413 

Пі повер Phenol , 2-(1-met hyl ргору!)-46-.. Сон 0, 88-85-7 240.212 40 1.2654 

di ni t ro- 

Di oct адесу! ami ne Di st earyl ami ne К 112-99-2 521.988 72.9 268? vs chl 

Di oct yl ami ne N-Oct yl -1-oct anami ne (бы 1120-48-5 241.456 па 355 297.5 0.796325 441595 vs et h, Et OH 

Di oct yl et her «8,0 629-82-3 242.440 114 -7.6 283 0.8063 4327? 51 ЊО; s Et OH, et h, ct c 

Di oct yl hexanedi oat e 21660, 123-79-5 370.566 9.6 1912 0.9225 

Di oct yl mal eat e 20182604 2915-53-9 340.498 liq 24207 0.9470 453920 

Di oct yl pht halat e 24150, 117-84-0 390.557 25 2204 

Di oct yl sebacat e Di oct yl decanedi oat e 281540 2432-87-3 426.673 18 21805 0.907425 560 

Di oct yl sul fide Oct yl sul fide 1855 2690-08-6 258.506 2022, 1800 0.84225 461020 

Di oct yl t erepht hal at e NIU 4654-26-6 390.557 cry 425 21% 

Di oscori ne На МО; 3329-91-7 221.296 grn-ye pr(eth) 34 S ВО, ace, chl, Et OH; sl et h, bz 
,3-Di oxane 1,3-Di oxacycl ohexane 480; 505-22-6 88.106 liq -45 106.1 1.0286 .4165 msc H,0, Et OH, et h, ace, bz 
4-Di oxane 1,4-Di oxacycl ohexane 480; 123-91-1 88.106 11.85 101.5 .0337? „42240 msc H,0, Et OH, et h, ace, bz; s ct c 
‚4-01 oxane-2,5-di one 60, 502-97-6 116.073 If (al, al -chl) 854 VS ace 
‚4-01 oxane-2,6-di one Di gl ycolli c anhydri de 4806 4480-83-5 116.073 cry (bz) 92.5 240.5; 12012 

Пі oxat hi on Я» ОР. 78-34-2 456.538 -20 257% 

,3-Di oxepane СН, 05 505-65-7 102.132 S chl 
,3-Di oxol ane 1,3-Di охасус! opent ane 4100, 646-06-0 74.079 iq -97.22 78 1.060 1.39740 msc ЊО; s Et OH, et h, ace 
3-Di oxol -2-опе 050, 872-36-6 86.046 iq 22 162; 78 355 
Di oxybenzone (2-Hydroxy-4-met hoxyphenyl (2-  C,4H,.0, 31-53-3 244.243 172! 
hydroxyphenyl ) те! hanone 

Di oxypyrami don НО 519-65-3 263.292 рг 105.5 1972 s H,0, ОН 

Di pent aeryt hri t ol «150, 26-58-9 254.278 cry (м) 221 366" s hot HO 

Di pent ene p-Ment hadi ene fig 7705-14-8 136.234 iq -95.5 178 0.8402 1.472720 

Di pent yl ami ne Di amyl ami ne NU 2050-92-2 157.297 202.5 0.777120 1.42720 sl НО; vs Et OH; msc et h; s ace 

Di pent yti 52-01 enedi oat e Di pent yl mal eat e М0, 0099-71-5 256.339 14 167 0.97420 

Di pent yl et her Amyl et her 850 693-65-2 158.281 iq -69 190 0.7839 14119? 1 НО; msc Et OH, et h; s chl 

2,6-Di  енреги yl -4-met hyl phenol 2,6-Bi s(1,1-di met hyl propyl )-4- СНО 56103-67-4 248.403 283 0.9312 1.495020 

met hyl phenol 
Di #ейрепї yl peroxi de 10; 0508-09-5 174281 -55 5814, 38° 0.80820 1.409520 
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Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
Di pent yl рїї hal at e 18950, 131-18-0 306.397 205" 5610, CS 
Di pent yl sul fide КО 872-10-6 174.347 -51.3 8637 0.840720 1.45612 1 HO; seth 
Di pent yl sulf oxi де 44HG0S 1986-90-9 190.346 58 120! 
Di phenami d Benzeneacet ami déA-di met hybe — C4 H,;;NO 957-51-7 239.312 135 1.17253 
phenyl - 
Di pheni dol 1,1-Di phenyl -4-pi peri di nyl -1-but anb, NQ 972-02-1 309.445 nd (pet h) 104.5 
Di phenol i c aci d 180, 126-00-1 286.323 cry (w) 171.5 vs Н,0, ace, Et ОН = 
1,2-Di phenoxyet hane Et hyl ene glycol di phenyl ether — „НО; 104-66-5 214.260 If (al) 98 182 i HO; 51 Et OH; s et h, chl аз 
N,N-Di phenyl acet ami de ба МО 519-87-9 211.259 wh cry pow 103 sub 51 HO, et h, chl ; s Et OH >° 
Di phenyl acet yl ene "m 501-65-5 178.229 mcl prorpl (al) 62.5 300 0.96570 i НО; sl Et OH, chl; vs et h = 
2-(Di phenyl acet yl )Hti ndene- Di phenadi one 5,0; 82-66-6 340.371 ра уе те! (al) 146.5 1.670 vs ace, HOAc £ 
1,3(2H)-di one = 
Di phenyl ami ne N-Phenyl benzenami ne CH; 122-39-4 169.222 те! 11 (di | al) 532 302 1358 i HO; vs Et OH, ace; s et h; 51 chl б 
Di phenyl ami ne-2,2’-di carboxyli c aci d aH (NO, 579-92-0 257.242 ye cry (al) 296 dec o 
Di phenyl ami ne-4-sulf oni c aci d, Sodi um di phenyl ami ne-4-sulf onat e ¿H (NNa0,S 6152-67-6 211.267 ye cry 2 
sodi um salt = 
9,10-Di phenyl ant hracene АҢ, 1499-10-1 330.421 246.5 » 
Di phenylarsi nous chl ori de Chl orodi phenylarsi ne 12H, CI 712-48-1 264.582 orth pl (peth) 44 337 1.4820 1.633255 — vs ace, bz, et h, Et OH 2 
N,N-Di phenyl -1,4-benzenedi ami пе М,М-Пі phenylp-phenylenedi ami пе (НМ; 74-31-7 260.333 150 22205 sl Et OH, et h, bz, chl; і aci d un 
о,о-Пі phenyl benzeneet hanol 201150 4428-13-1 214.356 nd(bz-li 0) рг 895 222"! i НО; vs Et OH; sl et h, chl, pet h © 
(pet h) = 
о,о-Пі phenyl benzenemet hanet hi ol Tri phenyl met ћу! mercapt an 49.690 3695-77-0 276.395 105.8 о 
N,N-Di phenyl -[1,1-bi phenyl ]-4,4- N.N-Di phenyl benzi di ne мо 531-91-9 336.429 If or pl 247 i ®t sl Et OH, et h, bz; vs t ol, 2 
di ami пе HOAc б 
t ranst rans1,4-Di phenyl -1,3- Сыни 538-81-8 206.282 If (al, HOAC) 1543 352 vs bz, et h, Et OH, pet h > 
but adi ene == 
1,4-Di phenyl -1,3-but adi yne Di phenyl di acet yl ene 46760 886-66-8 202.250 86.5 a 
1,1-Di phenyl but ane mm 719-79-9 210.314 27 287 0.99282 1.5664? | НО; s Et OH, et h, bz, chl ° 
1,2-Di phenyl but ane а 5223-59-6 210.314 291; 152"! 0.967320 1.5554? i НО; $ Et OH, et h, bz, chl 2 
1,4-Di phenyl but ane (На 1083-56-3 210.314 525 317 0.988020 i НО; s Et OH, et h, chl = 
1,3-Di phenyl -1-but ene no 7614-93-9 208.298 47.5 311 0.999620 1.59015 е) 
7 phenyl -2-but ene-1,4- Са 05 959-28-4 236.265 уе па (al, 02) — 111 sl Et OH; s bz, НОАс; vs chl; i 110 = 
| опе 
1,3-Di phenyl -2-but en-1-one Dypnone 440 495-45-4 222.28 342.5 1.1080" 1.6343 vs eth, Et OH Я 
Di phenyl carbami c chl ori de ql e, МО 83-01-2 231.677 If (al) 84.5 ~ 
Di phenyl carbazone САМО 538-62-5 240.260 огап огап па 157 dec i. НО; vs Et OH, bz, chl S 
(bz) pr (al) E 
N,N-Di phenyl carbodi | mi de PM 622-16-2 194.23 169 331; 175” $! HO, Et OH, et h; s bz = 
Di phenyl carbonat e Phenyl carbonat e 131800; 102-09-0 214.216 nd (al , bz) 83 306 1.12157 i H0; s Et OH, et h, ct c, НОАс s 
2,2'-Di phenyl carboni c di hydrazi de 5ут-Пі phenyl carbazi de NO 140-22-7 242.276 d @ +1)cry 170 dec sl HO, et h; s Et OH, ace, bz iy 
НОАс) 
Di phenyl chl orophosphonat e dil Cl OP 2524-64-3 268.632 3147? 1.296% 155009  stfa 
Di phenyl di seleni de Phenyl di sel eni de P 1666-13-3 312.13 ye nd 63.5 202" 1.55780 1.74320 S Et OH, et h, xyl, MeOH 
Di phenyl di sul fide Phenyl di sul fide HGS. 882-33-7 218.337 nd(al) or orth 62 310 1.359 i НО; s Et OH, et h, bz, CS 
1,1-Di phenyl et hane Ни 612-00-0 182.261 liq -17.9 272.6 0.9992 1.5756? 1 НО; msc Et OH, et h; s bz 
1,2-Di phenyl et hane Di benzyl „а 103-29-7 182.261 mcl pr (MeOH) 52.5 284 0.97805 154769 | НО; $ Et OH, eth, CS 
N,N-Di phenyl et hanedi ami de 44150, 620-81-5 240.257 И (bz) 254 >360 vs bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4482 N,N-Di phenyl -1,2-et hanedi ami пе 1,2-Di ani li noet hane HNC 50-61-8 212.290 cry (di | al) 14 229, 178? i HO; s Et OH, eth; sl {Ра 
4483 En. phenyl -1,2-et hanedi of (R*)- Сл 655-48-1 214.260 i ү )tab 1225 >300 i НО, li g; vs Et OH, et h; $ ace 
Ё eth 
4484 1,1-Di phenyl et hene ІН; 530-48-3 180.245 82 217 1.023220 1.60852 1 HO; seth, chl 
4485 Di phenyl et her 18,0 01-84-8 170.206 26.87 258.0 1.066130 157875 1 НО; s Et OH, et h, bz, НОАс; sl 
chl 
4486 Di phenyl 2-et hyl hexyl phosphat e жЮ04Р 241-94-7 362.399 2325 1.09025 1.51025 
4487 N,N-Di phenyl f оптат! de 138 NO 607-00-1 197.232 ort h (di | al) 73.5 337.5; 189 i НО; s Et OH, et h, bz; sl ctc = 
4488 2,5-Пі phenyl f uran 101,0 955-83-9 220.265 ndorlf (dilal) 91 344 ОН Et OH, et h; s асе, bz ме 
4489 ММ-01 phenyl guani di ne 1,3-Di phenyl guani di ne NONU 02-06-7 211.262 те! nd(al,to) 150 dec 170 1.9 sl НО; s Et OH, ct c chl , t ol; vs et h Л 
4490 1,6-Пі phenyl -1,3,5-hexat ri ene pm 720-32-7 232.320 f (ace) 202.3 i В, Et OH, et h, НОАс; s ace; sl < 
bz, chl 
4491 1,1-Di phenyl hydrazi ne «№ 530-50-7 184.236 ab (li 0) 50.5 220 1.19016 vs bz, et h, Et OH, chl С 
4492 1,2-Пі phenyl hydrazi ne Hydrazobenzene HN, 22-66-7 184.236 ab (al -et h) 131 1.158 vs Et OH; sl bz, DMSO; i HOAc e 
4493 5,5-Пі phenyl -4-i ті 02011 di none Doxeni t oi n NON 3254-93-1 238.284 pl (MeOH) 183 Z 
4494 Di phenyl i sopht halat e 2,0, 744-45-6 318.323 138 s chl 4 
4495 Пі phenyl ket ene Di phenyl et henone 4850 525-06-4 194.228 red-ye li q 267.5 1.1107 1.615“ > 
4496 Di phenyl та! eat e 148.0, 7242-17-3 268.264 pl (119) 73 226 vs ace, bz, et h, Et OH 2 
4497 Пі phenyl mercury Mercuri odi benzene АЈ 587-85-9 354.80 20470 2.318% i НО; sl Et OH, et h; s bz, chl un 
4498 Di phenyl met hane mm 101-81-5 168.234 pr nd 254 265.0 1.00125 1.57530 1 НО; s Et OH, et h, chl © 
4499 4,4-Пі phenyl met hane di i socyanat е Met hyl ene di phenyl di i socyanat ен, №06 101-68-8 250.252 37 1965 1.1977 1.59069? ^ sace, bz, PhNO, = 
4500 Di phenyl met hanet hi one NR 1450-31-3 198.283 53.5 1744 sl Et OH, et h, pet h; vs bz, chl ° 
4501 ММ-01 phenyl met hani mi dami de НО, 622-15-1 196.247 nd (al) 142 >250 sl %. pet h; s Et OH, ace, bz; vs Е 
е 
4502 Di phenyl met hanol Benzohydrol p 91-01-0 184.233 nd (li g) 69 298; 180 51 HO; vs Et OH, et h, ct c, chl; s > 
НОАс 5 
4503 2-(Пі phenyl те! hoxy)4 N- Di phenhydrami ne КРЕ 58-73-1 255.355 oi | 165 
di met hyl et hanami ne e 
4504 Di phenyl met hyl phosphonat e „а ОР 7526-26-3 248.214 35 20512 1.2051% i HO 2 
4505 2-(Пі phenyl met hyl )-1- Di phemet hoxi di ne a); NO 13862-07-2 295.419 106.5 18001 = 
pi peri di neet hanol о 
4506 2,5-01 phenyl oxazol e ТЕРДІ 92-71-7 221.254 nd (li g) 74 360 1.09400 62310 | HO; vs Et OH, et h; sl chl c 
4507 1,5-Di phenyl -1,4-pent adi en-3-one Di benzal acet one НЮ 538-58-9 234.292 pl ог || (ace, 113 dec dec i HO; sl Et OH, et h; s ace, chl 2 
AcOEt ) n 
4508 4,7-Пі phenyl -1,10-phenant hrol i ne ЮМ; 1662-01-7 332.397 220 dec т 
4509 Di phenyl phosphi nous chl ori de Chl orodi phenyl phosphi ne H, P 1079-66-9 220.634 hyg ye li q 320; 174 1.229 63602 S 
4510 Di phenyl phosphonat e From) 4112-55-4 234.187 12 21829 12235 55752 =. 
4511 Di phenyl рт hal at e Phenyl pht halat e 210, 84-62-8 318.323 pr (al, Li g) T3 253 i НО; sl Et OH, et h, сіс = 
4512 о,о-Пі phenyl -2-pi peri di nemet hanol Рі pradrol NONIUS 467-60-7 267.366 cry (hx) 97.5 8, 
4513 1,3-Пі phenyl propane БН 1081-75-0 196.288 6 300; 1237 1.00720 576020 ksi 
4514 2,2-Di phenyl propane GHig 718-22-3 196.288 29 282.5 0.998020 
4515 1,3-01 phenyl -1,3-propanedi one Di benzoyl met hane 1900, 120-46-7 224,255 70.5 S Et OH, et h, chl, di | NaOH 
4516 1,3-Пі phenyl -1-propanone Phenet ћу! phenyl ket one 4160 1083-30-3 210.271 f (Et OH) 72.5 360 
4517 1,1-Di phenyl -2-propanone 1,1-Di phenyl acet one 146,0 781-35-1 210.271 46 307; 17410 153615. s Et OH, et h, bz, chl, lig 
4518 1,3-Пі phenyl -2-propanone Di benzyl ket one 146,0 102-04-5 210.271 cry (al, peth) 35 331 1.195 i HO; s Et OH, et h, pet h 
4519 3,3-Di phenyl -2-propenal В-Рїепу! с! nnamal dehyde 0,0 1210-39-5 208.255 payepr(lig) 448 208 
4520 1,1-Di phenyl -1-propene CH 778-66-5 194.272 52 280; 149" 1.025020 1.588022 | НО; $ Et OH, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4521 1гал81,3-0! phenyl -2-propen-1-one Chal сопе 69,0 614-47-1 208.255 ра ye If , pr, nd 59 дес 346 1.071282 i НО; sl Et OH; s et h, bz, chl, GS 
(pet h) 
4522 1-(3,3-Di phenyl propyl їр! peri di пе Fenpi prane НАМ 3540-95-2 279.420 41.5 2158 
4523 3,5-Di phenyl -#-pyrazol e КАРАП 1145-01-3 220.269 cry (al) 200 
4524 1,4-Пі phenyl -3,5-pyrazoli di nedi one Рһепоругагопе qu HONO; 3426-01-5 252.260 cry (Et "m 233.5 
Di ox 
4525 Di phenyl sel еп! de 1201098 1132-39-4 233.17 уе па (02) 13 301.5 1.35120 1.55002 1 НО; msc Et OH, et h; s bz, ху! 
4526 Di phenylsi lane NNI 715-12-2 184.309 1346, 9613 0.996920 1.58002  sctc, CS 
4527 Di phenylsi | anedi ol 129091 947-42-2 216.308 51 0М50 
4528 Di phenyl succi nat e 1840, 621-14-7 270.280 f (al) 121 330; 22215 i HO; s Et OH, et h, ace, bz 
4529 Di phenyl sulfide Phenyl sul fide 1201,55 39-66-2 186.272 iq -25.9 296 1.1138 1.6334 1 2 S Et OH, ct c; msc et h, bz, 
а 
4530 Di phenyl sulf one (80,5 27-63-9 218271 mc Ын 128.5 379 1.25220 i ВО; s Et OH, et h, bz 
pl (al 
4531 Di phenyl sulf oxi de 120005 945-51-7 202.271 pr( i g) 712 340 vs Et OH, et h, bz, HOAc; sl chl; i 
pet h 
4532 N,N-Di phenylt hi ourea sym-Di phenyl t hi ourea 1382 65 02-08-9 228.312 154.5 1325 sl HO; vs Et OH, et h, chl , oi Is 
4533 1,3-Di phenyl -1-t ri azene Di azoami nobenzene HON, 36-35-6 197.235 yelf orpr(al) 98 i Ot vs Et OH, et h, bz, py 
4534 N,N-Di phenyl urea СНО 603-54-3 212.246 ар (а!) 189 дес 1276 sl HO; s Et OH, et h, chl 
4535 ММ-01 phenyl urea Carbani 11 де МО 02-07-8 212.246 ort h pr (al) 239 260 dec 1239 sl HO, Et OH; s et h, ру, НОАс; i bz 
4536 Di phosgene Carbonochl ori di c асі d, C,C1,0, 503-38-8 197.832 ig -57 128 1.6528 1.45662 vs et h, Et OH 
tri chl oromet hyl est er 
4537 1,2-Пі pi peri di noet hane HON, 932-04-3 196.332 iq -05 265 0.9160 1.48535 
4538 1,1-Di pi peri di nomet hane 1,1’-Met ћу! епей pi peri di ne — 4H5N; C 880-09-1 182.306 230; 122% 0.926920 1.482020 
4539 1,3-01 -4-pi регі ду! propane 4,4-Tri met hylenedi pi peri di пе „зН\№ С 6898-52-5 210.358 67.1 329 vs HO 
4540 Di ploi cin 16861,0; 521-93-5 424.059 232 
4541 Di -2-propenoyl di et ћу! enegl ycol «160, 4074-88-8 214.215 200 1.11105 1.459525 
4542 Di -2-propenoyl -2,2-di met hyl -1,3- — 2-Propenoi с aci d, 2,2-di met hyl -1,3-C;,H, 0, 2223-82-7 212.243 1.454225 
propanedi ol propanedi yl est er 
4543 Di -2-propenoyl -1,6-hexanedi ol 2-Propenoi c aci d, 1,6-hexanedi yl 0-5Н,:0, 3048-33-4 226.269 1.0105 
est er 
4544 Di propet ryn 6-(Et hyl t hiVay-di i sopropyl -1,3,5- CH, ,N,S 4147-51-7 255.304 105 
t ri azi ne-2,4-di ami ne 
4545 1,2-Пі propoxyet hane 0:0, 8854-56-3 46.228 liq 163.2 dec 0.8312 40135 
4546 Di propoxymet hane Formal dehyde, di propyl acet al 18,0, 505-84-0 32.201 liq -97.3 140.5 0.8345 39399 — vs ace, bz, et h, Et OH 
4547 N,N-Di propyl acet ami de ШИЙ 116-24-1 143.227 209.5 0.899217 44197 — vs EtOH 
4548 Di propyl adi pat e 12420, 06-19-4 230.301 -15.7 151" 0.9790 4314? — vseth, Et OH, chl 
4549 Di propyl ami ne М-Ргору! -1-propanami пе (НЕМ 42-84-7 01.190 114 -63 109.3 0.7400 .4050? 560, Et OH; msc et h; vs ace, bz 
4550 4-[(Di propyl ami no)sulf опу! Jbenzoi cProbeneci d Н.М, 57-66-9 285.360 195 
aci d 
4551 МАЛОЇ propylani 11 ne о ҚЫМ 2217-07-4 11.286 ye If 242 0.9104 52710 | НО; s Et OH, et h, ace, bz; sl ctc 
4552 Di propyl carbamot hi oi c ac$-dt ћу! ЕРТС C H N0S 759-94-4 189.318 127% 0.954630 
est er 
4553 Di propyl carbonat e 18,40; 623-96-1 46.184 168 0.943520 .4008? sl ЊО; msc Et OH, et h 
4554 Di propyl di sul fide 46,45» 629-19-6 50.305 liq -85.6 195.8 0.9599 49812 
4555 Di propylene glycol 48,40; 25265-71-8 134173 230.5 1.020620 msc Н,0:5 Et OH 
4556 Di propylene gl ycol di benzoat e НО 27138-31-4 342.386 197 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4557 Di propylene glycol monomet ћу! et her 1-(2-Met hoxyi sopropoxy)-2- CH, 0, 34590-94-8 148.200 iq -80 188.3 0.95 141% 
ргорапо! 
4558 Di propyl et her Propyl et her 8160 111-43-3 102.174 iq -114.8 90.08 0.7468 .3809? 51 ЊО; vs et h, Et OH 
4559 Di propyl f umarat 6 (80; 14595-35-8 200.232 1105 1.012920 44350: s Et OH, et h 
4560 Di propyl mal eat e 140.04 2432-63-5 200.232 12672 1.024520 4434 i НО; s Et OH, et h, асе, bz 
4561 Di propyl oxalat e 88840, 615-98-5 174.195 iq -443 21 1.0188 .4158? sl НО; msc Et OH; set h 
4562 5,5-Di propyl -2,4-0xazol i di nedi one 400, 512-12-9 185.220 425 1493 = 
4563 Di propyl succi nat e 108,04 925-15-5 202.248 iq -5.9 250.8 0020 .4250? vs асе, bz eth аз 
4564 Di propyl sulf ate 4,0,5 598-05-0 182.238 12020 1.106420 413522 vs pet h >° 
4565 Di propyl sulfide flus 111-47-7 118.240 iq -102.5 142.9 0.814 44872 | НО; s Et OH, et h = 
4566 Di propyl sulf one 4640,5 598-03-8 150.239 cry 29.5 1.027850 .44569 51 ЊО; s Et OH, et h o 
4567 Di propyl sulf oxi de 4505 4253-91-2 134.239 nd 225 80? 0.965420 46632 vs et h, Et OH m 
4568 Di pyri damole 4031 М0, 58-32-2 504.627 163 С 
4569 Di -2-pyri di nyl di sul fMA/-di oxi de Di pyri t hi one 10809, 3696-28-4 252.313 cry (MeOH) 205 о 
4570 2,2-Пі pyrrol yl met hane «№ 21211-65-4 146.188 If or nd (al) 73 164 vs bz, et h, Et OH 2 
4571 Di quat СН № 2764-72-9 184.236 бай! оп - 
4572 Di quat di bromi de „Во 85-00-7 344.044 337 1.2420 > 
4573 Di sodi um cal ci um EDTA Edet at e cal ci um di sodi um iH; 04N,Na, 62-33-9 374.268 pow 580 > 
8 
4574 Пі sodi um hydrogen ci t rat e Sodi um aci d ci t rat e cg Na; 144-332 236.088 wh pow (w) 149 dec vs HO о 
4575 Di sperse Bl ив No. 1 1,4,5,8-Tet raami no-9,10- Ca H, О 2415-45-8 268.271 red-br nd 331 = 
ant hracenedi one ° 
45/6 Di st earyl t hi odi propi onat e Di oct adecyl t hi obi spropanoat 6.Н,:0,5 C 693-36-7 683.163 Cry 61 5 
4577 Di sulfiram СН, М55, 97-77-8 296.539 715 1177 i HO; s Et OH; sl et h; vs chl » 
4578 Di sulf ot on Со О PS, 298-04-4 274.405 -25 10809), 1281 1.14420 2 
4579 1,2-Di t hi ane 465; 505-20-4 120.237 па 32.5 80", 605 159815 s et h, bz, chl A 
4580 1,3-Di t hi ane 465; 505-23-7 120.237 54 89" 1.5981? ^ vs bz, et h, chl б 
4581 14-Di t hi ane 495; 505-29-3 120.237 mcl pr 1123 199.5 51 HO; s Et OH, et h, ct c, GS ° 
НОАс = 
4582 Di t hi anone 1,0,5, 3347-22-6 296.324 nd (ace) 220 5 
4583 Di t hi azani ne i odi de 2310М,5, 514-73-8 518.476 grn nd (MeOH) 248 dec i go е 
4584 22-Di t hi obi sbenzoi c aci d Di phenyl di sul fide-2,2’-di carboByJH,¢0,S, 119-80-2 306.357 289.5 i HO; s Et OH, et h 2 
ас! 0 
4585 3,3-Di t hi obi spropanoi с aci d 4840,5; 1119-62-6 210.271 158 ји. 
4586 3,3-Di t hi obDsvali ne СН М0,85, 20902-45-8 296.407 204.5 8 
4587 2,5-Di t hi obi urea 1,2-Hydrazi nedi carbot hi oami de H ,N,S; 142-46-1 150.226 nd (w) 214 z 
4588 4,4-Di t hi odi morphol пе 81:050,5, 103-34-4 236.355 1245 s chl = 
4589 1,2-Di t hi olane 365; 557-22-2 106.210 77 907 б 
4590 1,3-Di t hi ol ane 1,3-Di t hi асус! opent ane 356 4829-04-3 106.210 liq -50 175 1.259 1.59755 5 Et OH, et h, ху = 
4591 1,3-Di t hi oL ane-2-t hi one 3148, 822-38-8 136.259 35 307 
4592 Di t hi opyr Я Р5М№ 0,5, 97886-45-8 401.416 65 
4593 Di t hi zone NS 60-10-6 256.326 bl-blk (chl-al) 167 dec i ®t sl Et OH, et h; s chl, alk 
4594 Di Pt ol yl)carbodi i mi de НОМ; 726-42-1 222.285 56.5 221% 1.150020 
4595 1,2-01 f-t ol yl et hane 1,2-Bp(ol yl Jet hane в 538-39-6 210.314 И (al) 85 178 i НО; sl Et OH; s bz, pet h 
4596 ММ-01 0-1 ol yl )guani di ne NOM 97-39-2 239.316 cry (di | al) 179 1.70 $1 HO, tf a, Et OH; vs et h; s chl 
4597 Ditri decyl pht halat e 3140, 119-06-2 530.823 liq 285 0.952% 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

4598 Di undecyl pht hal at e 300560: 3648-20-2 474.716 cry (Et OH) 355 

4599 Di uron GH,CLN;O —— 330-54-1 233.093 158 

4600 о-Пі vi nyl benzene 1,2-Di vi nyl benzene „Не 91-14-5 30.186 82" 0.93252 57679 засе, bz 

4601 m-Di vi nyl benzene 1,3-Di vi nyl benzene 1016 108-57-6 30.186 -52.3 12178, 523 0.929420 57609 ^ sace bz 

4602 p-Di vi nyl benzene 1,4-Di vi nyl benzene 1016 105-06-6 130.186 31 95% 3402 ^ (9139 58359 засе, bz 

4603 ci 51,2-Пі vi пу! сус! obut ane nn 16177-46-1 108.181 3838 0.801020 „45632 

4604 t rans1,2-Di vi nyl сус! obut ane ТІМ 6553-48-6 08.181 1125 0.781720 445120 - 

4605 Di vi nyl et her 460 109-93-3 70.090 vol И а 07045: -100.6 283 0.773 .3989 j НО; msc Et OH, et h, асе, chl = 

4606 Di vi nyl sulfide Vi nyl sulfide 46 627-51-0 86.156 20 84 0.917415 SI НО; s ace; msc Et OH, et h >° 

4607 Di vi пу! sulf one Vi nyl sulf one 406 77-77-0 18.155 liq -26 234.5 1472 „47652 ^5 

4608 1,3-Di vi nyl -1,1,3,3- C H, 0Si, 2627-95-4 186.399 liq -99.7 39 0,817 4123? » 
t et ramet ћу! di si | oxane rm 

4609 Dj enkoli c aci d ;HuN,0,S, 498-59-9 254.327 nd(w) =325 dec б 

4610 DMPA Uy NOR 299-85-4 314.169 soli d 514 150 sl HO; vs bz, ct с, ace 5 

4611 Docosane Coo Has 629-97-0 310.600 pl (to), cry (eth) 43.6 368.6 0.7944 44550 | НО; s Et OH, chl ; vs et h M 

4612 Docosanoi c aci d Beheni c aci d „а 12-85-6 340.583 па 81.5 306% 0.8223% .4270'  s| HO, Et OH, et h > 

4613 1-Оосозапо! C; H40 661-19-8 326.599 cry (асе, chl) 72.5 18022 SI HO, et h; vs Et OH, MeOH; $ chl = 

4614 13-Docosenami de Erucami de БН, NO 12-84-5 337.582 cry 94 22 

4615 1-Посозепе СН 599-67-3 308.584 38 367 0.79425 о 

4616 сі 513-Docosenoi c aci d Eruci c aci d 216,05 12-86-7 338.567 nd (al) 347 2655 0.86055 4758 i HO; s Et OH, ct c; vs et h, MeOH = 

4617 t rans13-Docosenoi c ас! d Brassi di c aci d 21160, 506-33-2 338.567 pl (al) 61.9 2820, 25610 0.858557 434710 = 

4618 5,7-Dodecadi yne Di but yl but adi yne НВ 120-29-2 162.271 1038 б 

4619 Dodecamet ћу! сус! ohexasi | oxane обе eS 540-97-6 444.923 liq -15 245 0.9672 4015? | HO > 

4620 Dodecamet ћу! pent asi | охапе 10302915 41-63-9 384.840 lig -80 232; 108 0.8755% 39255 = sctc, CS 2 

4621  Dodecanal Laural dehyde GH,0 12-54-9 184.318 If 445 1880, 0.835215 „4352 i HO; 51 Et OH; s et h a 

10025 © 

4622 Dodecanami de ҰЛТ 120-16-7 199.333 па 110 19972 4287110 | НО; s Et OH, ace, ct c; sl et h, bz ° 

4623 Dodecane Со 12-40-3 170.334 liq -9.57 216.32 0.7498 .4210? 1 HO; vs Et OH, et h, ace, ct c, chl < 

4624 1,12-Dodecanedi ami ne На 2783-17-7 200.363 67.38 1353 5 

4625 Dodecanedi oi c aci d 1200, 693-23-2 230.301 128 22225 1.1525 8114 (= 

4626 1,12-Dodecanedi ol СО Но; 5675-51-4 202.333 cry (bz, dil al) 813 189 stfa 2 

4627 Dodecaneni t ri le Lauroni t ri Те оН» 2437-25-4 181.318 4 277; 19810 0.824020 „43610 1 НО; msc Et OH, et h, ace, bz, chl 5 

4628 1-Оодесапе hi ol 1,5 12-55-0 202.399 iq -6.7 277; 148 0.84420 .4589? 1 НО; s Et OH, et h, chl т 

4629 Dodecanoi c aci d Lauri c aci d 2/0; 43-07-7 200.318 па (al) 438 91.4 0.8679? 41838 1 HO; vs Et OH, et h; s ace; msc bz е 

4630 Оодесапо! с anhydri de ДНО 645-66-9 382.620 f (al, eth) 418 0.8533 4299 ^ vs EtOH =. 

4631 1-Dodecanol Lauryl alcohol £H40 12-53-8 186.333 f (di | al) 23.9 260 0.8309 i НО; s Et OH, et h; sl bz Е 

4632 2-Оодесапо! C H, 0 0203-28-8 186.333 19 252 0.828620 44002 s 

4633 2-Dodecanone Decyl met hyl ket one 18,0 6175-49-1 184,318 21 246.5 0.819820 43300: i НО; s Et OH, et h, ace; sl ctc ЕА 

4634 Dodecanoyl chl ori de £H, CI 0 112-16-3 218.763 -17 1458 0.916925 44580  vwseth 

4635 1-Оодесепе СН 12-41-4 168.319 iq -35.2 213.8 0.7584 43002 1 НО; s Et OH, et h, асе, ct c, pet h 

4636 t rans2-Dodecenedi oi c aci d Traumat i c aci d ЖЮ, 6402-36-4 228.285 cry (1,406) 165.5 vs et h, Et OH, ch 

4637 2-Dodecenyl succi ni с anhydri de 1803 9780-11-1 266.375 hyg cry 42 1815 

4638  Dodecyl acet at e (H, 0; 12-66-3 228.371 07 265; 180 0.865222 44392 

4639 Dodecyl acrylat e Lauryl 2-propenoat e 40 0, 2156-97-0 240.382 4 12098 0.872720 

4640 Dodecyl ami пе 1-Dodecanami ne jl 24-22-1 185.349 28.3 259 0.801520 44212 s| ЊО; msc Et OH, et h, bz, chl 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
Dodecyl ami ne, acet at e 1-Dodecanami ne, acet at e НО, 2016-56-0 245.402 69.5 vs Н,0, Et OH 
Dodecyl ami ne hydrochl ori de Ташу! ami ne hydrochl ori de НЫ М 929-73-7 221.810 186 vs HO, Et OH 
4-Dodecyl ani 11 ne 1081 104-42-7 261.446 415 21179 
Dodecyl benzene Lauryl benzene G Hy 123-01-3 246.43 3 328 0.855120 1.48240 1 HO 
4-Dodecyl benzenesul f oni c aci d 10,5 121-65-3 326.494 >205 
Dodecyl сус! ohexane G Hs 1795-17-1 252.479 12.5 331 0.822320 1.455920 
Dodecyl mercapt oacet at e 14005 3746-39-2 260.436 15 1713 - 
Dodecyl met hacryl at e 1040; 142-90-5 254.408 1424 0.86620 = 
Dodecyl ох! rane 1,2-Epoxyt et radecane 4В,0 3234-28-4 212.37 oi | 95! 0.845 1.440820 >° 
2-(Dodecyl oxy)et hanol 90, 4536-30-5 230.387 14308 = 
4-Dodeoyl oxy-2- СНз 2985-59-3 382.536 43.5 > 
hydroxybenzophenone m 
4-Dodecyl pheno (5110 104-43-8 262.430 па (02) 66 1752 б 
1-Dodecyl pi peri di ne 11855 5917-47-5 253.467 ра уе 1615, 11506 0.837920 1.458820 ° 
Dodecyl sulf at e Lauryl sulf at e 250,5 151-41-7 266.397 cry 580 2 
Поаесу! t et гав! hyl ene gl ycol 3,6,9,12-Tet raoxat et racosan-1-ol 2005 5274-68-0 362.544 2479 - 
monoet her » 
Dodecyl 3,4,5-t ri hydroxybenzoat e 4,0, 1166-52-5 338.438 96.5 S ace = 
Dodecyl t ri met hyl ammoni um chl ori de КЛ 112-00-5 263.891 246 авс vs HO, ace, Ft ОН, chl т 
1-Dodecyne есу! acet yl ene fH»; 765-03-7 166.303 liq -19 215 0.7788 1.434020 о 
6-Dodecyne СН» 6975-99-1 166.303 210; 100% 0.78520 1.44420 vs ace, et h, Et OH = 
Dodi ne Dodecyl guani di ne, monoacet ate Н0М,0, 2439-10-3 287.442 136 = 
Dopami ne 4(2-Ami noet hyl )-1,2-benzenedi ol — ,H.(NO; 51-61-6 153.179 pr б 
Dot hi epi n «$l NS 113-53-1 295.442 56 172005 » 
Dot ri acont ane Bi cet yl 216 544-85-4 450.866 pl 69.4 467 0.812420 14550? 1 НО; sl Et OH, chl; s et h, ct c; vs 2 
(bz,chl ,HOAc, bz б 
в һ) б 
Похер! п СМО 1668-19-5 279.376 oi ly lig 158, о 
26502 < 
Doxorubi ci n Adri amyci n оО: 23214-92-8 543.519 cry 230 "5 
Doxorubi ci п hydrochl ori de Adri amyci n hydrochl ori de 4H C NO, 25316-40-9 579.980 oran-red nd 204 dec S Ho MeOH; i. ace, bz, chl , et h, = 
ре 
Doxyl ami ne CH NO 469-21-6 210.369 liq 13% 2 
Dri meni n 69,0, 2326-89-8 234.335 cry 133 1100 i 0 Ф 
Dromost апо! one propanoat e 2-Met hyl -17-(1-oxopropoxy) СН 05 521-12-0 360.530 128 © 
androst an-3-one, (4,50, 178) 5 
Droperi dol Dehydrobenzperi dol „ЕМ 548-73-2 379.427 сту (м) 146 (һуа) i HO; sl Et OH, et h, bz; s chl , DMF Б 
Dydrogest erone G H. 0; 152-62-5 312.446 cry (ace/hx) 170 Е 
Dyphyl li ne 83.10, 479-18-5 254.243 161.5 = 
Есдоп di ne G,,NO, 484-93-5 167.205 cry (MeOH) 228 dec vs HO 
(MeOH-et h) 
Ecgoni ne GH,;NO, 481-37-8 185.220 mcl pr 205 vs Ң0, Et OH 
Echi mi di ne „АМО, 520-68-3 397.463 gl ass 
Echi nochrome A 2-Et hyl -3,5,6,7,8-pent ahydroxy-1,4- С.Н 40; 517-82-8 266.203 гед па (Пі ox-w) 220 dec sub 120 51 ED; s Et OH, ace; vs et h, bz 
napht hal enedi one 
Echi t ami ne „И №05 6871-44-9 402.483 206 S Н,0, Et OH, et h, chl , con sulf ; i 
pet h 
Edrophoni um chl ori de 1011 МО 116-38-1 201.693 cry 162 vs ЊО; s Et OH; i. et h, chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4679 Efloxat e Et hyl [(4-охо-2-рћепу! НИ- C, H, 0; 119-41-5 324.327 123.7 sch 
benzopyran-7-yl oxy]acet at e 
4680 Ei cosamet ћу! nonasi | охапе 209008915 2652-13-3 681.455 307.5; 19816 0.917320 39800. vs bz 
4681 Ei cosane Icosane (Ho 112-95-8 282.547 If (al) 36.6 343 0.7886 4425 | НО; set h, pet h, bz; 51 chl ; vs ace 
4682 Ei cosanedi oi c aci d 1,18-Oct adecanedi carboxyl с aci do Ha ОС 2424-92-2 342.514 cry (07,81) 1255 233 seth 
4683 Ei cosanoi c aci d Arachi di c aci d 40, 506-30-9 312.531 pl (al) 16.5 dec 328; — 0.824010 425101 НО; $! Et OH; vs et h; s bz, chl 
2041 
4684 1-Е! cosanol Arachi c al cohol 218620 629-96-9 298.546 k: Ч ) су 65.4 356; 2223 084052 .4350? | НО; sl Et OH, chl ; vs ace; s bz, 
chl pet h 
4685 pios сова! et raenoi c ас! d, (al Arachi doni c aci d 28205 506-32-1 304.467 -49.5 163! 0.908220 „48240 1 НО; vs ace, et h, Et OH, pet h 
сі 
4686 1-Ei cosene "mm 3452-07-1 280.532 28.5 341; 1512 0.788230 4440? 1 HO; s bz, pet h 
4687 сі 59-Е! cosenoi c aci d 29305 29204-02-2 310.515 24.5 2209 0.88822 
4688 f rans9-Ei cosenoi c ас! d 20:50, 506-31-0 310.515 54 
4689 11-Ei cosenoi c aci d 29305 2462-94-4 310.515 24 2675 0.882625 vs Et OH, MeOH 
4690 Elai di c aci d t rans9-Oct адесепо! c aci d 18,0, 112-79-8 282.462 pl (al) 45 28800, 0.8734% 1.44995 | ВО; $ Et OH, et h, bz, chl 
23415 
4691 Elai omyci n 143,50, 23315-05-1 258.356 уе oi | 14798 sl ЊО; s os 
4692 1,3-Е! emadi еп-11-01 El emol (8,0 639-99-6 222.366 cry (al) 52.5 1422 0.934515 1.498016 
4693 В-Еетепе бын 33880-83-0 204.352 12015, 1041 0.874920 1.493520 
4694 Embeli n 2,5-Di hydroxy-3-undecyl -2,5- СО, 550-24-3 294.386 огап р! (81) 142.5 vs bz, et h, Et OH 
сус! ohexadi ene-1,4-di one 
4695 Етегі ne 6,7,10,11-Tet ramet hoxyemet an БҮРІ 483-18-1 480.539 amor pow 74 i НО; s Et OH, et h, ace; 51 bz, chl 
4696 Ету! сата e 3-Met ћу! -3-pent anol, carbamate — ;H.(NO; 78-28-4 145.200 па ЫН 35! sl НО: vs bz, et h, Et OH 
4697 Enallyl propymal 8,0, 1861-21-8 224.256 cry (м, dil al) 565 177 vs bz, et h, Et OH, chl 
4698 Endosul f an 6901035 115-29-7 406.925 106 10607 1.74520 
4699 Endosulf ап sulf at e 41601,0,5 1031-07-8 422.925 cry (cyhex) 181 
4700 Endot hal | di sodi um aH Na;0; 145-73-3 232.142 144 1.43120 
4701 Endri n (51,010 72-20-8 380.909 cry dec 245 vs ace, bz, ху; s ct c, hx 
4702 Enflurane C.H,CI EO 13838-16-9 184.492 liq 56.5 1.5129 1.30252 у5 os 
4703 Ерїеа ne, (+) о-11-(Меї hyl ami по) C4 МО 90-81-3 165.232 па (eth, peth) 765 138 1.122020 5,0, Et OH, et h, bz, chl 
et ћу! Jbenzenemet hanol (,5%- 
8) 
4704 а-Ерһейгі ne a-[1-(Met hyl ami по) C, H, МО 321-98-2 165.232 pl (w) 40 225 S HO, Et OH, et h, bz, chl 
et ћу! |benzenemet hanol St 
(R*,S*)]- 
4705  LEphedri пе о-[1-(МеЕ hyl ami по) Со МО 299-42-3 165.232 pl (w 1) 40 225 1.0085? S HO, Et OH, et h, bz, chl 
et ћу! Їрепгепете! hanol В 
qms) 
4706  Ephedri ne hydrochl ori de 2-(Met hyl ami no)-1-phenyl -1- Сао С NO 50-98-6 201.693 ort h nd 219 1.0208 
propanol , hydrochl ori de 
4707 Epi chl orohydri n (Chl oromet ћу! )охі rane а 00 13403-37-7 92,524 liq -26 118; 609 1.181220 1.4350? 51 ЊО; msc Et OH, et h; s bz, сіс 
4708 Epi nephri ne D-Adrenal i ne GH,,NO, 51-43-4 183.204 br (i nai r) 2115 9129; i. Et OH; s НОАС, aci d 
4709 Epi qui ni di ne АМО; 572-59-8 324.417 Ч ШІ УН 113 vs Et OH; s et h 
eth 
4710 1,2-Ерохурц ane Et hyl oxi rane 480 106-88-7 72.106 liq -150 634 0.8297 1.385122 vs Et OH, ace; msc et h 
4711 1,2-Epoxy-4-(epoxyet ћу! )cycl ohexane  4-Vi nyl -1-cycl ohexene di oxi de 8120, 106-87-6 140.180 <-55 227 1.096620 147879 vs H,0 
4712 1,2-Epoxyhexadecane Tet radecyl oxi rane 16950 7320-37-8 240.424 hyg сгуог1! 24.1 178 0,846 1.2240 


(рәпшҙиоо) SaN1OdIWOO ЭМУЭМНО AO SINV.IISNOO 'IVOISAHd 


1606 


\ O. [o 


| o 
Bu de du dU d 
ГАЛЛ 1 - o 
Ó 
" МО он он 
XL 1 1 1 

yard ^o^ `o” ~ Ó 


° 
о 


Ef Loxat e Ei cosamet ћу! nonasi | oxane Ei cosane Ei cosanedi oiaci d Ei cosanoi aci d 


1-Ei cosanol 5,8,11,14-Ei cosat et raenoàai 0811 6/ $ 1-Ei cosene сі 59-Е cosenoi aci d t rans9-Ei cosenoi aci d 


9 "T ut 2 A 
5 re "d a B 
ёс 27 он ань 4 он | 
11-Ei cosenoi aci d Elai diari d Elai omyci n 1,3-El emadi en-11-ol B-El emene 


9 о 
ОН 0 25 
a Ne TH 
2 
НО о Ao 
о | 
Embel i n Emet i ne Emyl camat e Епа! | yl ргорута! Endosul f an Endosul f arul f at e 
СІ Cl 
о н, СУ д Е OH | OH | OH | OH | 
N. N. N. N. 
coo № o 3 a ey ` ОС 7 ` : 
6009 ма н HC C É F F | на £N a 
Endot hal tii sodi um Endri n Enf | urane Ephedri ne(+) d-Ephedri ne -Ephedri ne Ephedri nehydrochl ori де Epi chl orohydri 
0) 
ОН H 
HO. NS 
о о 


уе 0 DOAN NN NO 


Epi nephri ne Epi qui ni di ne 1,2-Epoxybut ane 1,2-Epoxy-4-(epoxyet ћу! )cycl ohexane 1,2-Epoxyhexadecane 


(penuguo») SqaN1OdIWOO OINVO2?IO AO SLNVLSNOD 'IVOISAHd 


Physical 


CSTE 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4713 1,2-Epoxyoct adecane Hexadecyl oxi rane fH, 0 7390-81-0 268.478 hyg cry 26.1 13705 
4714 2,3-Ероху-о-рі nane GH, 0 1686-14-2 152.233 8524 
4715  2,3-Epoxypropyl acryl at e біусі ду! acryl at e 4:0; 106-90-1 128.126 52! 1.110920 14490? vs bz 
4716 2,3-Ерохургору! met hacrylat e Gl yci dol met hacrylat e EN 106-91-2 142.152 189; 7510 1.04220 1.448% vs bz, et h, Et OH 
4117 Equol Gat 03 531-95-3 230.259 cry (aq, а!) 189.5 
4718 Ergocorni ne G H4 №05 564-36-3 561.673 cry (MeOH) 183 dec i НО; s Et OH, ace, bz, chl , AcOEt 
4719 Ergocorni ni ne о О, 564-37-4 561.673 о pr (al) 228 dec vs ace, bz, Et OH, chl “= 
4720 Ergocri st i ne abl NO; 511-08-0 609.716 ort h (bz) 175 dec i $0; s Et OH, ace, chl = 
4721 Ergocri st i ni пе 690; 511-07-9 609.716 pr (al) 237 dec i ED; sl Et OH, ace, chl 2 
4722 Ergocrypt i ne GH,:N505 511-09-1 575.699 pr (al) 213 dec i EO; s Et OH, chl = 
4723 Ergocrypt i ni пе afl NO; 511-10-4 587.710 0 pr (al 245 dec vs ace, chl » 
4724 Ergomet ri ni ne „МО; 479-00-5 325.405 рг (асе) 196 дес vs chl со 
4725 Ergonovi ne Ergomet ri ne 14930 60-79-7 325.405 pl or nd 162 dec S HO, ace; vs Et OH; sl chl С) 
4726 Ergosi ne 690, 561-94-4 547.646 pr (MeOH, 228 dec S ace, chl; 51 MeOH 5 
AcOEt ) 9 
4727 Ergost ane, (зх) CH; 511-20-6 386.697 огр! (ace, 85 vs асе, et h, сїї! - 
et h- MeOH) > 
4728 Ergost ane, (B) Coproergost ane G Ho 511-21-7 386.697 nd (ace) 64 vs et h, chl = 
4729 Ergost an-3-ol , (8,50) Ergost anol СНО 6538-02-9 402.696 па (MeOH-et h) 144.5 i ЖЮ; s et h, chl 22 
4730 Ergost а-5,7,9(11),22- et raen-3-ol, — Dehydroergost его! СНО 516-85-8 394.632 (al) nd (et h) 146 23005 vs ace, bz, et h, Et OH © 
(38,225) pl (al) = 
4731 Ergost a-5,7,22-t ri en-3-ol ,§22F) — Ergost его! GH,,0 57-87-4 396.648 pl (юм, al) nd 170 250001 i НО; sl Et OH, et h, pet h; s bz, chl = 
et h) 
4732 Ergost a-5,7,22-t ri en-3-ol , Pyrocal ci f erol NW 128-27-8 396.648 nd (MeOH) 94 i HO; s Et OH, chl, MeOH ° 
(3,100,225) Z 
4733 Ergost a-5,7,22-t ri en-3-ol , Lumi st erol АН,0 474-69-1 396.648 nd (ace-MeOH) 118 i НО; s Et OH, HOAc; vs et h, ace, 5 
(30,9р,100,228) chl 
4734 Ergost -5-en-3-ol , (B,24A) Campest erol @H, 0 414-62-4 400.680 cry (ace) 157.5 8 
4735 Ergost -7-еп-3-01, (8,50) y-Ergost enol @H, 0 516-/8-9 400.680 nd (Meor) cry 146 seth 2 
r 
4736 Ergost -8(14)-en-3-ol , (8,50) a-Ergost enol 6,0 632-32-6 400.680 If ornd(MeOH) 131 sl Et OH; s et h, bz, chl 5 
4737 Ergot ami пе СНО, 113-15-5 601.821 nd (al), рг (bz) 213 dec vs bz, et h, chl = 
р! (асе) 
4738 Ergot ami ne t art rat e (2:1) Gynergen as Hag 50, 379-79-3 656.706 192 dec 5 
4739 Ergot ami ni ne „а МО 639-81-6 581.662 ШП нан 252 dec i HO; 51 Et OH, ace, bz; s chl ; vs py т 
р! (а e 
4740 Ergot hi onei ne 96.025 497-30-3 229.299 па ЫН (dil 290 дес vs H,0; sl Et OH, ace; і et h, bz, chl 8 
Et OH Б 
4741 Eri ochrome Bl ack T ОН, М-Ма0,5 1787-61-7 461.380 11-01 k pow S HO, Et OH, MeOH 5 
4742 Eri odi ct yol 3,4',5,7-ТеЕ rahydroxyflavanon$) ( С,Н,05 552-50-9 288.252 pl or nd (Et OH) 267 dec vs Et OH, HOAc & 
4743 Eryt horbi c aci d Isoascorbi c aci d 40; 89-65-6 176.124 gran cry 168 S Н,0, py; sl ace 
4744 B-Eryt hroi di ne „а NO, 466-81-9 273.327 cry (al) 99.5 S НО, et h, chl; vs Et OH, bz 
4745 Eryt hromyci n Propi oci ne зы NO; 114-07-8 733.927 cry (w) 191 vs ace, et h, Et OH, chl 
4746 Eryt hromyci n et hyl succi nat e НЕМО: в 1264-62-6 862.053 cry (ace aq) 222 
4747 Eryt hromyci n st earat e се Ва NO s 643-22-1 1018.405 cry 92 i HO; sl Et OH, et h, chl 
4748 Eryt hrophl ei пе Norcassami di ne iHa NO 36150-73-9 421.571 01255 115 s HO, Et OH 
4749  D-Eryt hrose CH;O, 583-50-6 120.105 Syr S H0; vs Et OH 
4750 L-Eryt hrose GH,0, 533-49-3 120.105 Syr vs Н,0, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4751 D-Eryt hrose 4-phosphat е 2,3-Di hydroxy-4-(phosphonooxy) ` C,H,O;P 585-18-2 200.084 st ab i пад soln s H,0 
but anal only 
4752 Eryt hrosi пе НО 15905-32-5 835.893 br pow (Ма salt ) S H vs et h, Et OH 
4753 L-Eryt hrul ose 090, 533-50-6 120.105 Syr dec dec vs HO, Et OH 
4754 Esaprazole N-Cycl ohexyl -1-pi perazi neacet ami de „НЕМО 64204-55-3 225.330 112 19005 
4755 Esculin 6§-D-Gl ucopyranosyl oxy)-7- Cis Hag, 531-75-9 340.283 pr (w+2) 205 sl НО, Et OH, et h; s chl , py, HOAc 
hydroxy-2H-1-benzopyran-2-one (pent ahydrat e) 
4756 Eseri ne sulf ate Physost i gmi ne sulf at e aH NOS  64-47-1 648.770 hyg ШІ (асе- 141 vs ace, Et OH = 
eth 
4757 Estra-1,3,5(10)-t ri ene-3,17-di ol, — oc-Est radi ol 14,0; 57-91-0 272.383 nd (41/2 w) 221.5 i НО; s Et OH, ace; sl et h, bz 2 
(170) (80% al) = 
4758 Ч по 0)-t ri ene-3,17-di ol -Est radi ol 1240; 50-28-2 272.383 pr (80% al), 178.5 vs ace, Et OH, Di ox > 
17р 
4759 Est ra-1,3,5(10)-t гі ene-3,17-di ol, — Isoest radi ol 4,0; 517-04-4 272.383 cry (di | MeOH- 181 S Et OH, di ox Q 
(80,178) chl о 
4760 Est ra-1,3,5(10)-t ri ene-3,17-di ol 3- Est radi ol benzoat e 250803 50-50-0 376.488 196 2 
benzoat е, (178) - 
4761 Est ra-1,3,5(10)-t ri ene-3,16,17-t ri ol ,Est ri ol 45,0; 50-27-1 288.382 If (al), та! (di 1288 dec 1.2725 S Et OH; sl et h, bz, t f a; vs py > 
(166,173) al) 2 
4762 Est ra-1,3,5(10)-t ri ene-3,16,17-t ri 01,16-Ері est ri ol 1882403 547-81-9 288.382 cry (MeOH-bz) 290 9 
(16,17 ° 
4763 Est rone G H;0, 53-16-7 270.367 mcl,orth(al) 2602 1.238 i ВО; sl Et OH, eth, bz; s ace, di ox | = 
4764 Et hacryni c aci d „01,0, 58-54-68 303.138 1225 © 
4765 Ethalflurali n 11, М0, 55283-68-6 333.263 57 dec 256 ж 
4766 Et hambut ol На О; 74-55-5 204.310 cry 89 SI HO; s bz, chl Q 
4767 Et hane GH, 74-84-0 30.069 col gas -182.79 -88.6 0.5446% i HO; vs bz 7 
4768 Et hanearsoni c aci d 28,480, 507-32-4 153.997 y Г )orthnd 99.5 2107 vs Н,0, Et OH 5 
W 
4769 Et hanedi al di oxi me 2Н00, 557-30-2 88.065 ort h pl (м) 178 dec sub vs ED, Et OH, et h 5 
4770 1,2-Е hanedi ami пе Et hyl enedi ami ne 216 107-15-3 60.098 1114 117 0.897920 1.456522 у8Н,0, msc Et OH; i et h, bz; s ct c = 
4771 1,2-Et hanedi ami пе, di пудгос ori де Et hyl enedi ami ne di hydrochl ori dé Cl NC 333-18-6 133.019 1.633 vs HO ч 
4772 1,2-Ң hanedi о Et hyl ene gl ycol 210, 107-21-1 62.068 liq -12.69 197.3 11139 1.43182 msc H,0, Et OH, ace; s et h, chl ; sl = 
bz 
4773 1,2-Ң hanedi ol, bi s(4- C, H,,0,S; 6315-52-2 370.440 cry (bz) 128 2 
met ћу! benzenesul f onat e) un 
4774  1,1-Et hanedi ol, di acet at e Et hyl i dene di acet at e об, С 542-10-9 46.141 18.9 169 1.0705 1.39855 vs et h, ОН ~ 
4775 1,2-Н hanedi ol, di acet at e Et hyl ene glycol di acet at е об, С 111-55-7 146.141 iq -31 190 11049 1.415920 Ee msc Et OH, et h, ace, bz, S 
= 
2 іше 
4776 1,2-Ң hanedi ol, di acryl at e Et hyl ene gl ycol di acrylat e Higa С 2274-11-5 70.163 iq 55 1.093526 = 
4777 1,2-Ң hanedi ol, di benzoat e Et hyl ene gl ycol di benzoat e NNUS 94-49-5 210.280 ort h pr (et h) 73.5 dec 360 i 9; s et h, chl s 
4778 1,2-Et hanedi ol, di dodecanoat е Et hyl ene glycol di dodecanoate „№06 624-04-4 426.673 pl (al) 56.6 188 vs et h, Et OH s 
4779 1,2-Ң hanedi ol, di f ormat e Et hylene glycol di f ormat e 40, 0 629-15-2 18.089 174 1.1930 1.3580 51 ЊО; s Et OH, et h 
4780 1,2-Н hanedi ol, di hexadecanoat e Ethylene glycol di palmitate „НО, C 624-03-3 538.886 f ornd(al-chl) 72 0.8594 i HO, Et OH; s et h; vs ace 
4701 1,2-Et hanedi ol, di met hacrylat e Et һу! ene glycol di met hacrylat e „НО, C 97-90-5 198.216 iq -40 260 1.053 1.45325 vs bz, Et OH, li g 
4782 1,2-Et hanedi ol, di ni t rate Et hyl ene glycol di ni t rat e ЖАО; С 628-96-6 52.062 yeliq -22.3 198.5 1.4918 vs et h, Et OH 
4783 1,2-Et hanedi ol, di st earat e Et hylene glycol di st earat e 38H7404 С 627-83-8 594.993 Ї 19 24p 0.858178 i HO, Et OH; vs et h, ace 
4784 1,2-Е hanedi ol, di t et radecanoat е Et һу! ene glycol di t et гайвсалоа!-8Нь,0, С 627-84-9 482.780 cry (eth, ace) 65 208° 0.860080 i НО, Et OH; s et h; vs ace, bz, ct c 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4/85 1,2-Н hanedi ol, di t hi ocyanat е Et hyl ene glycol di thi ocyanat e ,H.N,S, C 629-17-4 144.218 orthpl ornd 90 dec 1.4200? 51 HO, bz; s Et OH, et h; vs ace 
(w) 
4786 1,2-Н hanedi ol, monoacet at e Et һу! ene glycol monoacet at e 40,6 542-59-6 104.105 188 1.10815 msc H,0, Et OH, et h 
4787 1,2-Н hanedi ol, monobenzoat e Et hylene glycol monobenzoate Но 94-33-7 166.173 45 150" 1.110130 vs Et OH 
4788 1,2-Ң hanedi ol, monost earat e Et hylene glycol monostearate — 44H40G 11-60-4 328.530 cry (pet h) 60.5 190 0.878080 143109 s| Et OH; s et h 
4789 1,2-Ң hanedi 01, monosul fit 6 Et hyl ene glycol monosul fit e 20:6 3741-38-6 108.116 liq -11 173 1.4402 1.44639 vsH,0, Et OH, et h, ace, bz, AcOEt ; 
sl chl 
4790 1,2-Et hanedi phosphoni c aci d 1,2-Di phosphonoet hane HGP, 6145-31-9 190.029 nd (Et OH/et h) 223 = 
4791 1,2-Et hanedi sul f oni c aci d Et hyl ene di sulf oni c aci d 2Ң;05, С 10-04-3 190.195 173 vs di ox ме 
4792 Et hanedi t hi oami de Rubeani c aci d НАМ, 79-40-3 120.196 red cry 170 dec 51 HO, Et OH; s con sul f Л 
4793 1,2-Et hanedi t hi ol Et hyl ene di mercapt an 299,6 540-63-6 94.199 iq -41.2 146.1 123% .5590? i НО; s Et OH, et h, ace, bz; vs al k a 
4794 1,2-Е! hanedi yl mercapt oacet at e 400,5; 23-81-9 210.271 13815 > 
4795 Et hanesulf oni c ас! d Et hyl sul f oni c aci d 2H60;SC 594-45-6 110.132 hyg -17 123! 1.334125 43390 vs H,0, Et OH с 
4796 Et hanesulf опу! chl ori de ЦИ 05 594-44-5 128.578 ра ye 174 1.3572 45319 vs eth; s CS о 
4797 Е hanet hi ol Et hyl mercapt an КУ 75-08-1 62.134 iq -147.88 35.0 0.8315 4310? 51 HO; s Et OH, et h, ace, di | alk 2 
4798 Et hani mi dami de HN, 43-37-3 58.082 -35 51 HO; s Et OH, aci d = 
4799 Et ћап mi дат! de monohydrochl ori de Acet ami di ne hydrochl ori de СМО 24-42-5 94.543 пд ог рг Ri | 1775 vs ЊО, Et OH > 
hyg Го pr (al 
4800 Et hano! Et hyl al cohol 250 64-17-5 46.068 iq -114.14 78.29 0.7893 .36112 msc ЊО, Et OH, et h, ace, chl ; s bz 2 
4801 Et hanol ami ne Gl yci по! HNO 41-43-5 61.083 10.5 171 1.01802 45419 — msc H,0, Et OH; sl et h, li g, bz; $ © 
ch = 
4802 Et hanol ami ne hydrochl ori de 2-Ami noet hanol hydrochlori de — ;H,CIGO 2002-24-6 97.544 hyg cry (EtOH) 85 o 
4803 Et hanol ami n&-sulf at e 2-Ami noet ћу! sulf at e ;H;NO,S 926-39-6 141147 230 dec S H0; i Et OH я 
4804 Et haveri пе 1-[(3,4-Di et hoxyphenyl )met ћу! ]-6,7,,H,,NO, 486-47-5 395.492 100 i HO; s Et OH; sl et h, chl Q 
di et hoxyi soqui noli ne ” 
4805 Et hchl orvynol 1-Chl oro-3-et ћу! -1-pent en-4-yn-ol :Ң010 113-18-8 144.598 liq 181; 30 0725 14745 i ВО; 5 05 5 
4806 Et hephon Phosphoni c aci d, (2-chl oroet hyl)- ›НСТОР 16672-87-0 144,494 74 2 ^ 
4807 Et hi nylest radi ol 19-Norpregna-1,3,5(10)-t ri еп-20-СН,,0; 51-63-6 296.404 5| chl © 
yne-3,17-di 01, (16)- 2 
4808 Et hi on (H,0,P,S, ^ 563-122 384.476 -13 16503 ‚22% "= 
4809 D-Et hi oni пе 3-Et hyl homocyst ее, ( С,Н,М0,5 535-32-0 163.238 cry (Њ0) 278 dec е) 
4810 L-Et hi oni пе 3-Et ћу! homocyst ei Se, ( C H, 0,5 3073-35-3 163.238 cry (H,0) 273 dec 5 
4811 Ethi ri mol ҖРуп mi di none, 5-but yl-2- — C HN, 23947-60-6 209.288 160 215 5 
(et hyl ami no)-6-met hyl - 9 
4812 Et hi st erone 25305 434-03-7 312.446 272 ~ 
4813 Et hoat e-met ћу! o NO.PS; 16-01-8 243.204 cry (t ol /hp) 67 S 
4814 Et hof umesat e 104055 26225-79-6 286.344 71 14 E 
4815 Et hohept azi ne 4-Carbet hoxymet hyl -4- C, H, NO; 71-15-6 261.360 liq 134 038% 1.521026 = 
phenyl агасус! ohept ane s 
4816 Et hoprop Phosphorodi t hi oi c 0-6, hylS,S- C,H, 0,PS; 3194-48-4 242.340 8802 00420 ij 
di propyl est er 
4817 Ethotoi n (МО; 86-35-1 204.225 рг (w) 94 s hot HO; vs Et OH, bz, et h 
4818 Et hoxyacet i c aci d 40; 627-03-2 104.105 206.5 110212 14194? vs H50, Et OH, et h; s chl 
4819 4-Е hoxyacet ophenone RH20; 676-63-7 164.201 pl (et h) 39 268 vs et h, Et OH 
4820 Et hoxyacet yl ene 40 927-80-0 70.090 50 0.80002 1.379620 
4821 7-Et hoxy-3,9-acri di nedi ami пе Et hacri di ne 151580 442-16-0 253.299 ye nd 226 
4822 2-Et hoxyani li ne 0-Phenet i di ne ВМО 94-70-2 137.179 «n 232.5 1.5560? sl HO, ctc; $ ОН, eth 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
4823 3-Et hoxyani li ne m-Phenet i di ne ба NO 621-33-0 137.179 248 vs et h, Et OH 
4824 4-Et hoxyani li ne p-Phenet i di пе o NO 56-43-4 137.179 12 254 1.065216 1.5528? 51 НО; s Et OH, et h, chl 
4825 2-Et hoxybenzal dehyde 6,0, 613-69-4 150.174 21 248 msc Et OH, et h; sl chl 
4826 4-Et hoxybenzal dehyde 6,0, 0031-82-0 150.174 13.5 249 1.08? vs Et OH, et h, bz 
4827 2-Et hoxybenzami de Et henzami de а NO; 938-73-8 165.189 nd (w, 21) 133 51 HO, chl; vs Et OH, et h 
4828 Et hoxybenzene Phenet ol e 48,0 03-73-1 122.164 liq -29.43 169.81 0.965? 1.50762 1 НО; $ Et OH, eth, ctc 
4829 4-Et hoxy-1,2-benzenedi ami ne NOR 197-37-1 152.193 715 295 vs ЊО; s Et OH, et h, chl - 
4830 2-Et hoxybenzoi c aci d 480; 34-11-2 166.173 207 211% 51 ЊО, Et OH, ct c = 
4831 4-Et hoxybenzoi c aci d 46,0; 619-86-3 166.173 nd (w) 198.5 sl HO, tf a; s Et OH, et h, bz = 
4832 6-Et hoxy-2-benzot hi azol esulf onami de Et hoxzol ami de IH, N.S; 452-35-7 258.316 189 = 
4833 3-Е! hoxyN,N-di et hylani li ne Немо 864-92-2 193.285 286; 9708 53255 — s Et OH, bz, НОАс » 
4834 2-Е! hoxy-3,4-di hydro-@-pyran СА 0; 03-75-3 128.169 132; 426 0.965825 „43942 С 
4835 6-Е! hoxy-1,2-di hydro-2,2,4- Et hoxyqui n HNO 91-53-2 217.307 124 1.026% 569% Q 
tri met hyl qui nol i ne о 
4836 Et hoxydi met ћу! si | ane Di met hyl et hoxysi | ane 412050 14857-34-2 104.223 114 54 0.76 2 
4837 2-Е hoxy-1,2-di phenyl et hanone 18,0 574-09-4 240.297 nd (110) 62 199 110167 5727 үзім, eth, Et OH, li g - 
4838 2-Е! hoxyet hanami ne 4840 10-76-9 89.136 107 0.851220 41019 ТЕ) Et OH, et h; s ace, bz; sl > 
C 
4839 2-Et hoxyet hanol Е hyl ene glycol топове ћу! et her (Н.С, 10-80-5 90.121 liq -70 135 0.9253 40545 vs H,0, ace, et h, Et OH 2 
4840 2-(2-Et hoxyet hoxy)et ћу! 2-propenoat е Di et hylene glycol et hyl et her асгун 8, C 7328-17-8 188.221 1.135 ° 
4841 2-Et hoxyet hyl acet at e Et hyl ene glycol топове ћу! et herC,H,.0, 11-15-9 132.157 liq -61.7 156.4 0.9740 .4054 vs H,0, ace, et h, Et OH = 
acet at e © 
4042 2-Е hoxyet ћу! acryl at e E ш ene glycol топове ћу! et her C;H,,0, 06-74-1 144.168 liq -47 174 0.989 427420 5 
acrylat e 
4843 3-Et hoxy-2-hydroxybenzal dehyde 69,0; 492-88-6 166.173 65.3 264 > 
4844  3-Et hoxy-4-hydroxybenzal dehyde Et hyl vani lli n 4140, 21-32-4 166.173 71.5 285 51 HO; s Et OH, et h, bz, chl 5 
4845  4-Et hoxy-3-met hoxybenzal dehyde 69,03 20-25-2 180.200 то! рг 64.5 1683 sl ЊО; s Et OH, et h, bz, спі, HOAc б 
4846 1-Et hoxy-2-met hoxyet hane 580 5137-45-1 104.148 liq 103.5 0.8460 38435 Ө 
4847 1-Е hoxy-3-met ћу! benzene 48,0 621-32-9 136.190 192 0.94920 5139) i НО; s Et OH, et h < 
4848 1-Et hoxy-4-met ћу! benzene 48,0 622-60-6 136.190 188.5 0.95098 .50588 — i НО; s Et OH, et h; sl сіс 5 
4849 2-Е hoxy-2-met hyl but ane Et вАнрепЕ у! et her 8,0 919-94-8 116.201 102 0.75118 vs et h, Et OH c 
4850 (Et hoxymet ћу! ene)propanedi ni t ri le 40 123-06-8 22.124 66 16012 S Et OH, et h; sl chl z 
4851 (Et hoxymet ћу! )oxi rane 2,3-Epoxypropyl et hyl et her 500 4016-11-9 102.132 128 0.970020 4320? 5 Н,0, Et OH, et h; sl сіс > 
4852 1-Et hoxynapht hal ene 4£H,,0 5328-01-8 72.222 па 85 280.5 0602 59532 i НО; vs Et OH, et h 2 
4853 2-Et hoxynapht hal ene 0:0 93-18-5 72.222 pl (al) 37.5 282 1.0640 59756 | HO; s Et OH, eth, tol, li go CS e 
4854 2-Et hoxy-5-ni t roani li ne 5-Ni-phenet i di ne 48101560, 136-79-8 182.176 ye nd (011 al) 9.5 205 vs et h, Et OH 8 
4855 1-Et hoxy-2-ni t robenzene BNO; 610-67-3 67.162 br ye 14 267 1190315 54255 vs et h, Et OH = 
4856 1-Е: hoxy-4-ni t robenzene BNO; 100-29-8 67.162 pr (di | al, eth) 60 283 11176 Я НО, Н ОН: vs et h; msc ace, bz; 8, 
S pe м 
4857 М-4-Н hoxy-3-ni t rophenyl Jacet ami de о HONO, 1717-84-0 224.213 nd (di | al) 124.0 vs ace, bz, Et OH 
4858 2-Et hoxypheno Cat echol monoet ћу! et her 40, 94-11-3 38.164 29 217 09035 sl HO, ct c; msc Et OH, et h 
4859 3-Et hoxypheno Resorci по! monoet hyl et her 48100, 621-34-1 138.164 246, 13170 105% i HO; s Et OH, et h, bz; sl chl 
4860 4-Е hoxypheno Hydroqui none monoet hyl et her 8160, 622-62-8 138.164 prorlf (w) 66.5 246.5 sl 4; vs Et OH, et h; s chl 
4861  A-(2-Et hoxyphenyl Jacet ami de по Ва МО; 581-08-8 79.216 If (di | al) 79 >240 О-Н OH, et h, chl 
4862 N-(4-Et hoxyphenyl Jacet ami de Phenacet i n оНСМО, 62-44-2 79.216 mcl pr 137.5 1571 51 ВО, et h, bz; s Et OH, ace; vs ру 
4863 М-4-Е hoxyphenyl )-2- p-Lact ophenet i de МО; 539-08-2 209.242 118 S HO; vs Et OH; sl et h, bz, chl, 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4864 (4-Е hoxyphenyl )urea Dulci n 401060, 150-69-6 180.203 If (dil al), pl (м) 173.5 dec 5015 Et OH; vs AcOEt 
4865 3-Е hoxypropanal 09,0, 2806-85-1 102.132 135.2 0.916520 
4866 3-Е hoxypropaneni t ri le НО 2141-62-0 99.131 171 0.9285" 4068 vs et h, Et OH 
4867 8-Е! hoxy-5-qui nol i nesul f oni c aci d Act i noqui nol qi Hu NOS 15301-40-3 253.275 br nd (w) 286 dec salk 
4868 Et hoxyt ri met hyl si lane 51,051 1825-62-3 118.250 76 0.75732 .3741 | HO; s Et OH, et h, ace 
4869 Et hoxyt ri phenyl si Iane жЮ05і 1516-80-9 304.458 65 344 s chl 
4870 ЛЕ hyl acet ami de HNO 625-50-3 87.120 205; 1048 09424 43380 msc Н,0, Et OH; $ chl, НОАС - 
4871 Ethyl acetate 450, 41-78-6 88.106 liq -83.8 7711 0.9003 .3723° — s H0; msc Et OH, et h; vs ace, bz = 
4872 Ethyl acet oacet at 6 40; 41-97-9 130.141 liq -45 80.8 1.0368 41712 $ H,0; msc Et OH, et h; s bz, chl = 
4873 4-Е hyl acet ophenone 450 937-30-4 148.201 1141 = 
4874 Et hyl 2-acet yl hexanoat e 180; 540-29-0 186.248 2215 0.952320 4301? vs асе, et h > 
4875 Ethyl 2-acet yl -3-met hyl but anoat e 4110, 522-46-9 172.221 201; 972 0.964818 425681 НО; msc Et OH, et h С 
4876 Ethyl 2-acet yl реп anoat e 4160, 540-28-9 172221 224; 9059 0.9661? 4255 vs et h, Et OH Q 
4077 Ethyl 2-acet yl -4-pent enoat e Et hyl 2-а угасе! oacet at e 4140, С 610-89-9 170.205 208 0.989820 43888 — msc Et OH, et h, bz 5 
4878 Ethyl acrylate Et hyl propenoat е 50, 40-88-5 100.117 114 -712 994 0.9239 40680: sl HO, DMSO; msc Et OH, et h; s % 
ch 
4079 Et hyl ami ne Et hanami ne НА 75-04-7 45.084 vol 11 4 0085 -805 16.5 У .36632 msc H,0, Et OH, et h > 
atm 
4880 Et hyl ami ne hydrochl ori de Et hanami ne hydrochl ori de АС 557-66-4 81.545 mcl pl (al) 109.5 1.2160 vs ЊО, Et OH a 
4881 Ethyl 2-ami noacet at e Сус! ne, et ћу! est er AH М0; 459-73-4 103.120 149, 5818 1.0275" 42420 mscH,0, Et OH, et h, ace, bz; vs li 0 о 
4882 Ethyl 2-ami nobenzoat e 46:10, 87-25-2 165.189 13 268 1.117420 56462 vs et h, Et OH = 
4883 Ethyl 3-ami nobenzoat e 46:10, 582-33-2 165.189 294; 16058 1.17120 56002 51 ЊО; vs Et OH, et h; s сіс > 
4884 Et hyl 4-ami nobenzoat e Et hyl ami nobenzoat e КО, 94-09-7 165.189 j^ a oth 92 310 i. HO; vs Et OH, et h; s chl, aci d @ 
4885 Ethyl (ami nocarbonyl )carbamat e 4,0, 626-36-8 132.118 nd (w, bz) 196.5 dec i ВО, eth; sl Et OH, bz, tf a 2 
4886 2-(Н hyl ami поје! hanol КМО 110-73-6 89.136 169.5 0.91420 4442 vs H,0, Et OH, et h; s chl о 
4887 2-Ethylani li ne ҒА” 578-54-1 121.180 liq -43 2095 0.983 55842 51 HO, chl; vs Et OH, et h б 
4888 3-Ethylani li ne а 587-02-0 121.180 liq -64 214; 94 0.989625 vs et h, Et OH ° 
4889 4-Ethylani || пе а 589-16-2 121.180 liq -2.4 217.5 0.9679 5554? 51 HO, ctc; vs Et OH, et h < 
4890 N-Ethylani li ne а 103-69-5 121.180 liq -63.5 203.0 0.9625 55599 | Wo; msc Et OH, et h; vs ace, bz; 5 
scc 
4891 2-Et hyl -9,10-ant hracenedi one 18,0; 84-51-5 236.265 108.8 5 
4892 4-Е ћу! benzal dehyde (8,0 4748-18-1 134.174 221 0.979020 Я 
4893 МЕН hyl benzami de JB4NO 614-17-5 149.189 nd (w) 70.5 т 
4894 Et hyl benzene Phenyl et hane К 100-41-4 106.165 liq -94.96 136.19 0.8626 14959? | HO; msc Et OH, et h; 51 chl © 
4895 о-Н hyl benzeneacet ami de oc-Phenyl but угат! de fH, N0 90-26-6 163.216 cry 86 18515 S Н,0, ct c; 51 ace z 
4896 o-Ethylbenzeneacet i c ас! d 00, 90-27-7 64.201 pl (et h) 41.5 211 seth, bz, ctc = 
4897 о-Н hyl benzeneacet oni t ri le ТТІ 769-68-6 45.201 241 0.9774 i HO; s Et OH, et h, bz s 
4898 4-Ethyl-1,3-benzenedi ol 88405 2896-60-8 138.164 pr (chl , bz) 98.5 160“, 13179 sl HO, Et OH, et h Bad 
4899 о-Еї ћу! benzenemet hanol Et hyl benzyl al cohol 460 93-54-9 136.190 219 0.99152 1.51699 vs bz, et h, Et OH, MeOH 
4900 Et hyl benzenesul f onat e 4Ң%05 515-46-8 86.228 15615 1.216720 1.5081? sl ЊО, s Et OH; vs et h, chl 
4901 4-Е ћу! benzenesul f oni c aci d IH D.S 98-69-1 186.228 1.23 
4902 2-Ethyl-H-benzi ті 082016 B, N; 1848-84-6 146.188 1765 sl chl 
4903 Et hyl benzoat e 480, 93-89-0 50.174 liq -34 212 1.0415 1.500722 | НО; $ Et OH, ace, bz; msc et h; 
8| ctc 
4904 Ethyl 1,3-benzodi охо! e-5-carboxyl at e 40, 6951-08-2 194.184 pr 18.5 285.5, 1356 vs et h, Et OH, pet h 


19С-< 


А он 1 
HN NH О-5-О 0 
b OX 
О 
N^ pos 
| 
моч. —si— N ``“ 
(4-Et hoxyphenyl urea 3-Et hoxypropanal 3-Et hoxypropaneni t ri le 8-Et hoxy-5-qui nol i nesul f ani d Et hoxyt ri met hyl si | ane Et hoxyt ri phenyl si lane N-Et hyl acet ami de 
о о 
о о о о 
о о ~ оо 
o о“ 


o о 
A 


Et hylacet at e 


P sgh. 


Et hylacet oacet at e 


о 
Aon “Сын, 
Et hylacryl at е Et hyl ami ne 
АД 
p 30 H 
HN N (0) N 
H ИУ oH 


Et hyl(ami nocarbonyl )carbamat e 


20 


4-Et hyl benzal dehyd 


OH 


oc-Et ћу! benzenemet hanol 


2-(Et hyl ami no)et hanol 


(0) 
м 
Н 
N-Et hyl benzami de 


Et hylbenzenesul f onat e 


4'-Et hyl acet ophenone 


“Сын, на 
Et hylami пвуйгос ori де 


o 7 


Et hyl2-acet yl hexanoat e 


о 
о o 

HN. 
N LÀ 9р0 — 


Et һу/2-аті noacet at e Et hyl2-ami nobenzoat e 


МН; 
МН; МН; 
2-Et hylani 11 ne 3-Et hyl ani li ne 4-Et hylani li ne 
МН: ОН 
O о 


Et hyl benzene о-Е hyl benzeneacet ami de о-Е hyl benzeneacet acid 


4-Et ћу! benzenesul f огасе d 2-Et hyl -H-benzi mi 082016 


Et hyl2-acet yl -3-met ћу! but anoat е 


Et hyl2-acet yl pent anoat e Et hyl2-acet yl -4-pent enoat e 


О 
o ~ О 
~ o ~ 


NH; им ~~ 


Et hyl8-ami nobenzoat e 


Et hyM-ami nobenzoat e 


о 
2” Әр 
O 
N-Et hylani || ne 2-Et hyl -9,10-ant hracenedi one 
OH 
= ОН 


М 


о-Е ћу! benzeneacet oni ё ri | 4-Et hyl -1,3-benzenedi ol 


бал 


Et hyl1,3-benzodi охо! e-5-carboxyl at е 


о 
o 


Et hylbenzoat e 


(penuguo») SqaN1OdIWOO ОМУОМО AO SLNVLSNOD TVOISAHd 


coc-t 


Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
4905 Et hyl benzoyl acet at e 1805 94-02-0 192.211 EU dec 267; 12025 53175 51 ЊО; s ОН, et h 
16720 

4906 Et hyIA-benzyl gl yci nat e 40 NO; 6436-90-4 193.243 779 50419 vs Et OH, et h, bz 
4907 Et hyl 2-benzyl i deneacet oacet at e 8100, 620-80-4 218.248 orth pl (dil al) 605 296; 180 i НО; sl. Et OH, et h, bz; vs chl 
4908 Et hyl bromoacet at e 46810, 105-36-2 167.002 68.5 50320 4489 i НО; msc Et OH, et h; s ace; sl ct c 
4909 Et hyl 4-bromoacet oacet at e 61810, 13176-46-0 209.037 151, 1100 1.527818 52819 vs et h, Et OH 
4910 Et hyl 4-bromobenzoat e 455810; 5798-75-4 229.070 liq -18 263; 125 43327 54387 51 HO; s ОН, et h, ace, bz = 
4911 Et hyl 2-bromobut anoat e 6:810, 533-68-6 95.054 77; 435 an 44750 i НО; msc Et OH, et h; s chl нэ 
4912 Ethyl 4-bromobut anoat е «4810, 2969-81-5 195.054 92; 8210 35402 45592 = 
4913 Et hylt rans4-bromo-2-but enoat e 05810; 37746-78-4 93.038 00“ 402% 49259 vs Et OH - 
4914 Et hyl 6-bromohexanoat e Et hyl 6-bromocaproat e ТШЕ Л 25542-62-5 223.108 cry (pet h) 33 126 .23823 .4566?! o 
4915 Et hyl 2-bromo-3-met ћу! but anoat е 718810, 609-12-1 209.08 86 276070 449602 us et h, Et OH m 
4916 Et hyl 2-bromo-2-met hyl propanoat e «14810, 600-00-0 95.054 63 32639 4446® 1 НО; s Et OH; msc et h A 
4917 Et hyl 3-bromo-2-oxopropanoat e Et ћу! 3-bromopyruvat e 511810, 70-23-5 95.012 879 о 
4918 Е hyl 2-bromopent anoat e 1580, 615-83-8 209.08 91 226" .4496 1 НО; s Et OH, eth 2 
4919 Et hyl 5-bromopent anoat e 16810, 14660-52-7 209.08 2935 10720 1.308520 45430 sl сіс - 
4920 Et hyl 2-bromopropanoat e Et hyl-bromopropi onat e Вг, 535-11-5 81.028 y 413520 44900 i НО; msc Et OH, et h; s chl > 
4921 Et hyl 3-bromopropanoat e «4,800, 539-74-2 181.028 79; 6515 412318 4516? 5 Et OH, et h, ace; sl сіс 2 
4922 2-Et hyl but anal Di et hyl acet al dehyde ану 97-96-1 00.158 18760 0.8110? „40259 51 HO, ct c; msc Et OH, et h © 
4923 Ethyl but anoat e 4620; 105-54-4 6.158 liq -98 1213 0.8735 38985 51 ЊО, ct c; s Et OH, et h = 
4924 2-Е hyl but anoi c ас! d Di et hyl acet i c aci d «об; C 88-09-5 116.158 liq -31.8 194 0.9239 „41329 51 ЊО, ct c; msc Et OH, et h = 
4925 2-Е hyl but апо! caci d,t ri et hyl enegl ycol Саб 95-08-9 346.459 8133 б 

di est er » 
4926 2-Et hyl -1-but anol 48,40 97-95-0 02.174 <-15 47 0.832620 42202 51 ЊО; s Et OH, et h, chl 2 
4927 2-Et hyl but апоу! chl ori de «10010 2736-40-5 134.603 140 0.9825? „42340  vwseth о 
4928 2-Et hyl -1-but ene do 760-21-4 84.159 liq -131.5 64.7 0.6899 .3969? i HO; seth, ace, bz, chl б 
4929 Et hylci s2-but enoat e Et hyl i socrot onat e ШИ 6776-19-8 4142 36 0.918220 424229) vs ace, et В, Et OH ° 
4930 Et hylt rans2-but enoat e Et hyl crot onat e 8160, 623-70-1 11442 38 0.9175? 42439? | НО; s Et OH, et h 2 
4931 Et hyl 3-but enoat е 4640; 1617-18-1 114142 19 0.912220 410502 s EtOH 5 
4932 2-Et hyl but yl acet at e 8160, 10031-87-5 44.212 «-100 62.5 0.879020 41090 i HO; s Et OH, et h, сіс с 
4933 2-Et hyl but yl acrylat e 4160, 3953-10-4 156.222 14 80 2 
4934 2-Et hyl but yl ami ne 2-Et hyl -1-but anami ne ІШТІҢ 617-79-8 101.190 14 125 Я 
4935 Et hylA-but yl carbamat e МО; 591-62-8 45.200 14 -22 202; 100 0.943426 427825 т 
4936 Et hyl 2-but ynoat е №0, 4341-76-8 112.127 63 0.964120 437220 е 
4937 Et hyl carbamat e Uret hane 36,0, 51-79-6 89.094 pr (bz, t o) 49 185 0.9862! 41447 vs ЊО, Et OH, et h, bz, chl , py; 51 Б 

lig 
4938 9-Et ћу! -8-carbazol -3-ami ne СНА 132-32-1 210.274 99 5 
4939  9-Et hyl -8i-carbazol e СНз 86-28-2 195.260 nd (al) 68 190? 1.0598 63940 i HO; vs Et OH, et h Bad 
4940 Et hyl chl oroacet at e 41010, 105-39-5 122.551 iq -21 144.3 1.1588 42159 1 НО; msc Et OH, et h, ace; s bz 
4941 Et hyl 4-chl oroacet oacet at e HEIO 638-07-3 164.586 -8 dec 220; 1.2185 .452020 
1154 

4942 Et hyl 4-chl orobenzoat e 484010, 7335-27-5 184.619 237.5 118734 vs Et OH 
4943 Et hyl 4-chl orobut anoat e «14010, 3153-36-4 150.603 184 1.075620 4311? уз ace, et h, Et OH 
4944 Ethyl chl orofluoroacet at e aHQCl FO 401-56-9 140.541 129 1.22520 392720 
4945 Ethyl chl ого? ormat e 318010, 541-41-3 108.524 liq -80.6 95 1.1352 .3974? vs bz, et h, chl 
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4946 Ethyl 2-chl oro-2-oxoacet at e Et hyl oxal yl chl ori de 415010, 4755-77-5 36.534 hyg 137 1.2226? vs bz, et h 

4947 Et hyl 2-chl oropropanoat e Et ТУЕП oropropi onat e 48,010, 535-13-7 136.577 147 1.079320 .4178 | НО; msc Et OH, et h; sl ctc 

4948 Ethyl 3-chl oropropanoat e 585010, 623-71-2 36.577 162 1.108620 .4254? sl ЊО; msc Et OH, et h 

4949 Et hyl chl orosul finat е 260105 6378-11-6 28.578 52.54, 3216 1.283720 45505 vs eth 

4950 Et hyl chl огози f onat e HEIQS 625-01-4 144.577 152.5; 9310 1.35022 416% vs eth, chl, li g 

4951 S-Et hyl chl orot hi of ormat e 315005 2941-64-2 124.589 liq 136 1.183 48202 

4952 Et hylt ransci nnamat e Et hylrans3-phenyl -2-propenoat e ОН 4192-77-2 76.212 10 271.5 1.04912 55980 | НО; vs Et OH, et h, ace; s bz, сіс - 

4953 Е hyl суапа e 22110) 627-48-5 71.078 dec 162; 0.8920 37885 ^ vs eth, ОН = 

3072 

4954 Ethyl cyanoacet at e 500, 105-56-6 13.116 liq -22.5 205 1.0659 41759 s H;0; vs et h, Et OH 2 

4955 Ethyl 2-cyanoacryl at e Et hyl 2-cyano-2-propenoat e 4/80, 7085-85-0 25.126 114 55 £ 

4956 Et hyl 2-cyano-3,3-di phenyl -2- Et осп | ene 16Н.5№О, 5232-99-5 277.318 110.5 1953 m 
propenoat e с 

4957 Et hyl 2-cyano-3-et hoxyacryl at e aHa NO, 94-05-3 69.178 52 190.5 о 

4958 Ethyl суапо ormat е 460, 623-49-4 99.089 115.5 1.003% 38202 i НО; s Et OH, et h, сіс 2 

4959 Et hyl 2-cyano-2-phenyl acet at e yu B. NO; 4553-07-5 189.211 011 dec 275; 1.09120 50129 vs ace, bz, et h, Et OH ч 

16520 
4960 Et hyl 2-суапо-3-рћепу! -2-propenoat e Et hyl 2-benzyl i dene-2-cyanoacet at е›Н.. 0, 2025-40-3 201.221 (i)nd(al)(ii)oil 51 1388 1.107625 5033 vs ace, chl 2 
4961 Et hyl cycl obut ane «р 4806-61-5 84159 iq -142.9 70.8 0.7284 4020 i НО; msc Et OH, et h; s ace, bz, 9 
pet h 
4962 Et ћу! cycl ohexane Gi, 678-91-7 112.213 ig -111.3 31.9 0.7889 4330? 1 НО; $ Et OH, асе, bz; vs Li g; msc = 
їс 

4963 Et hyl cycl ohexanecarboxyl at е 4660, 3289-28-9 156.222 196 0.936220 .45015 vs асе, et h, Et OH, chl © 

4964  1-Et hyl cycl ohexene ва 453-24-3 110.197 iq -109.9 37 0.8176 „45672 б 

4965 Et hyl 3-cycl ohexene-1-carboxyl at e 90,0; 5111-56-5 154.206 194.5 0.968820 457820 27 

4966 Et hyl cycl ohexyl acet at e 45,0; 5452-15-5 170.249 211 0.9537" 451" 5 

4967 Et hyl сус opent ane а 640-89-7 98.186 iq -138.4 03.5 0.7669 .4198? | НО; msc Et OH, et h, асе; s bz, t ol ^ 

4968 Et hyl 2-cycl opent anone-1-carboxyl at e 8160, 611-10-9 156.179 221; 11018 1.0781?! 45199 seth, bz © 

4969 1-Et ћу! cycl opent ene ІҢ» 2146-38-5 96.170 14 -118.5 06.3 0.7936 44122 < 

4970 Ethylcyclopropane Hio 191-96-4 70.133 14 -149.2 35.9 0.6790 .378620 ч 

4971 Et hyl cycl opropanecarboxyl at e 4540; 4606-07-9 114.142 34 0.96085 41902 о 

4972 Е hyl decanoat e Е hyl caprat e 240; 10-38-3 200.318 iq -20 241.5 0.8650 42562 1 НО; vs et h, Et OH, chl 2 

4973 Et hyl di azoacet at e Di azoacet i c est er 40, 623-73-4 114103 ye ort h cry -22 dec 140 1.08528 .4605? 51 ЊО; msc Et OH, et h, bz, li g Я 

4974 Ethyl di bromoacet at e 4,0, 617-33-4 245.898 94 89912 50173 — i НО; msc Et OH, et h px 

4975 Ethyl 2,3-di bromobut anoat e 816810, 609-11-0 273.950 па 58.5 1330 68002 sl HO, ct c; s Et OH, et h 8 

4976 Ethyl 2,4-di bromobut anoat e вНеВг,0, 36847-51-5 273.950 4952 608720 4960? 1 НО; s Et ОН, et h z 

4977 Et hyl 2,3-di bromopropanoat e 888810, 3674-13-3 259.925 2145 „19662 50079 s Et OH, et h = 

4978 Et hyl 3,6-dit ёш yl )-1- Et hyl di bunat e 20855035 5560-69-0 348.499 $ chl б 
napht hal enesul f onat e = 

4979 Ethyl di chl oroacet at e 41010, 535-15-9 156.996 55; 561 28272 .4386? sl ЊО; msc Et OH, et h; s ace, chl 

4980 Et hyl di chl oroarsi ne Di chl oroet hyl arsi ne ИТИЙ 598-14-1 174.889 55.3; 749 1.6620 S H,O; mi sc Et OH, bz 

4981 Ethyl di chl orocarbamat e 350150; 13698-16-3 157.984 6618, 5515 30450 ‚45952 

4982 Et hyl 2,3-di chl oropropanoat e 886010, 6628-21-3 171.022 83.5 24012 4482 vs et h, Et OH 

4983 Et hyl di et hoxyacet at e Ши 6065-82-3 176.211 99 0.98525 41002 

4984 Ethyl di et ћу! mal onat e 4150, 77-25-8 216.275 230 0.9643% 424020 | НО; msc Et OH, et h; s сіс 

4985 Ethyl di fluoroacet at e «НР.» 454-31-9 124.087 00 176520 i ВО 

4986 Et hyl di fluoroarsi ne АР, 430-40-0 141.980 liq, fumesinair -38.7 943 1708 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
4987 5-Et hyl di hydro-Sec-but yl -2-t hi oxo-Thi obut abarbi t al «HG N,O,S 2095-57-0 228.311 169 
4,6(1H,5H)-pyri mi di nedi опе 
4988 5-Е hyl di hydro-2(3-f uranone (Н (0; 695-06-7 114142 iq -18 215.5 1.0262 1.44952 vs НО, Et OH 
4989 Et hyl di hydrogen phosphat e ҖОР 1623-14-9 126.048 пуд сгу dec 1.4305 1427 vs ЊО, асе, et h, Et OH 
4990 5-Et hyl di hydro-5-phenyl-4,6(154)- Pri mi done GH,,N,0, 125-33-7 218.251 281.5 
pyri mi di nedi one 
4991 Et hyl 2,4-di hydroxy-6- Сао, 2524-37-0 196.200 f (HOAc), рг 132 sub vs et h, Et OH 
met hyl benzoat e (al) = 
4992 O-EthylS-[2-(di i sopropylami no) УХ Nerve agent GH NOJS 50782-69-9 267.369 very t oxi c li q „а 
et hyl ] met hyl phosphonot hi oat e un 
4993 Et hyl di met hyl ami ne N,N-Di met hyl et hanami ne «НОМ 598-56-1 73.137 iq -140 36.5 0.675 .370525 = 
4994 Et hyl 4-(di met hyl ami no)benzoat e 4 ЊОМО; 10287-53-3 193.243 66.5 190" 1.009910 » 
4995 1-Et hyl -2,4-di met hyl benzene nm 874-41-9 134.218 iq -62.9 188.4 0.8763 50389 vs ace, bz, et h, Et OH c 
4996 1-Е: ћу! -3,5-di met ћу! benzene 1064 934-74-7 134.218 iq -84.3 183.6 0.8608 „49818 i HO; msc Et OH, et h, ace, bz; s ж 
pet h, ct c 
4997 2-Et hyl -1,3-di met ћу! benzene NM 2870-04-4 134.218 iq -162 190 0.886% 51072 2 
4998  2-Et hyl -1,4-di met ћу! benzene 06и 1758-88-9 134.218 iq -53.7 186.9 0.8732 „50430 1 НО; msc Et OH, et h, ace, bz; 5 < 
pet h, ct c 7 
4999 3-Et hyl -1,2-di met ћу! benzene 1064 933-98-2 134.218 iq -49.5 194 0.888% 51179 = 
5000 4-Et hyl -1,2-di met ћу! benzene NM 934-80-5 134218 iq -66.9 189.5 0.8706 5031202 | НО; msc Et OH, et В, ace, bz; s n 
pet h, ct c о 
5001 — V-Et hyl A, N-di met ћу! -1,2- БЕЛІП 123-83-1 116.204 34.5 0.73825 422220 = 
et hanedi ami ne ° 
5002 Ethyl 4,4-di met hyl-3-oxopent anoate Et hyl pi val oyl acet at e 4160, С 17094-34-7 172.221 iq 83 0,9718 Е 
5003 3-Е: hyl -2,2-di met hyl pent ane 418 16747-32-3 128.255 iq -99.3 133.8 0.7438 41230 > 
5004  3-Et hyl -2,3-di met hyl pent ane 418 16747-33-4 128.255 447 0.750825 422120 2 
5005  3-Et hyl -2,4-di met hyl pent ane 418 1068-87-7 28.255 iq -1224 136.7 0.7369 413120 б 
5006 Ethyl 2,2-di met hyl propanoat e Et hyl 2,2-di met hyl propi onate :Ң,0, С 3938-95-2 130.185 iq -89.5 1184 0.856 .9906? s Et OH, eth б 
5007 3-Ethyl-2,5-di met hyl pyrazi ne o HN; 13360-65-1 136.194 80.5 0.965724 50144 sl HO, Et OH, et h ° 
5008 3-Ethyl-2,4-di met hyF-pyrrol e оным 517-22-6 23.196 pr 0 99,969 0.91320 49612 51 ЊО; s Et OH, et h, bz, chl = 
5009 Ethyl 3,5-di met hyl pyrrol e-2- САМО, 2199-44-2 67.205 cry (al) 125 13505 S Et OH, ace б 
carboxyl at e е 
5010 Et hyl 2,4-di met hyl pyrrol e-3- САМО, 2199-51-1 167.205 cry (eth-lig, 785 291 vs et h, Et OH Z 
carboxyl at e pet h) Я 
5011 Ethyl 2,5-di met hyl pyrrol e-3- СН. NO; 2199-52-2 67.205 ort h (al) 1175 291, 130 vs Et OH 222 
carboxyl at e S 
5012 Et hyl 4,5-di met hyl pyrrol e-3- С.Н. NO; 2199-53-3 167.205 cry (di | al) 111.3 vs et h, Et OH, chl z 
carboxyl at e E 
5013 Ethyl 2,4-di oxopent anoat e 1160, 615-79-2 58.152 18 214 1.125120 14757" vs et h, ОН Е 
5014  O-Et hyl di t hi ocarbonat e Xant hogeni c aci d 31,056 151-01-9 122.209 unst ab li q -53 25 = 
5015 Et hyl ene Et hene 8, 74-85-1 28.053 col gas -169.15 -103.77 0.56781% 1.36310 | НО; sl Et OH, bz, ace; set h 
5016 Et hylenebi sdi t hi ocarbami c aci d AH NG, 111-54-6 212.380 unst ab li q 
5017 Et hyl ene carbonat e Vi nyl ene carbonat e 310, 96-49-1 88.062 mcl pl (al) 36.4 248 1.3214 1.41409 msc H,0, Et OH, et h, bz, СЇ, 
AcOEt 
5018 Et hyl enedi ami net et гаасе i c ас! d EDTA по ће О 60-00-4 292.242 cry (w) 245 dec 
5019 Е hyl enedi ami net et raacet i c aci d, EDTA di sodi um АМО, 6381-92-6 372.237 242 dec 
di sodi um salt , di hydrat e 
5020  N,V-Et hyl ene di st earyl ami de N,N-Di oct adecanoyl et hanedi ami пе „Н „0, 110-30-5 593.022 cry (Et OH) 149 


LOC-E 


NH 
O N `S 
H 


5-Et hyl di hydro-Sec-but yl -2-t hi охо-4,0{5А)-ругі mi di nedi one 


/ 
N 
ЖА 


-Et hylS-[2-(di i sopropyl ат! поје! Ië ћу! phosphonot hi oat e 


я 


2-Ң hyl -1,4-di met ћу! benzene 3-Et hyl -1,2-di met hyl benzene 4-Et hyl -1,2-di met h 


x СС 


3-Et hyl -2,4-di met hyl pent ane Et hyl2,2-di met ћу! propanoat e 3-Et hyl 


20 
N N 
H 


Et hyl2,5-di met hyl pyrrol e-3-carboxyl at e Et hyl4,5-di met hyl pyrrol e-3-carboxyl at e 


заа 


5-Et hyl di hydro-2(3-f игапопе 


Et hyl di met hyl ami ne 


| 
НО-Р-ОН 


> O 
Et hyldi hydrogerphosphat е 


O 


о 
O S 


Et hyM-(di met hyl ami no)benzoat e 


Sy УМ 


5-Et hyl di hydro-5-phenyl -4,605Н)-ругі mi di nedi опе 


о 
NH O РЕЧ 
о М 
Н НО ОН 
Et hyl2,4-di hydroxy-6-met ћу! benzoat е 


: XY ^ 4 d 


1-Et hyl -2,4-di met hyl benzene 


1-Et hyl -3,5-di met hyl benzene 2-Et hyl -1,3-di met hyl benzene 


БАР uu 5 


yl benzene МЕН hyl A, N-di met ћу! -1,2-et hanedi ami ne 


аа 
N 
H 


-2,5-di met hyl pyrazi ne 3-Et ћу! -2,4-di met hyF-pyrrol e 


Et hyl2,4-di oxopent anoat є O-Et hyldi t hi ocarbonat e 


HOOC goes HOOC T та, 

М — 2Н,О 
E c2 Х-соон N—/ Х-соон 
ноос-” Ni? SOC 


Et hyl enedi ami net et raacati idc 


Et hyl enedi ami net et raaceti iddi sodi ursal t di hydrat e 


Et hyl4,4-di met ћу! -3-oxopent anoat e 


Et hyl -2,2-di met hyl pent ane 3-Et hyl -2,3-di met hyl pent ane 


о 
А. | \ ши 
N N 
но Н 


Et hyl3,5-di met hyl pyrrol e-2-carboxyl at e Et hyl2,4-di met hyl pyrrol e-3-carboxyl at e 


H 
H H 
= ата“ ee 
H H S о“ 0 
Et hylene Et hyl enebi sdi t hi ocarbamii d Et hyl enearbonat e 


М.М-Е hyl endli st earyl ami de 


(penuguo») SqaNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


89c*€ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5021 Et hylenei mi ne Azi ri di ne ЕС 151-56-4 43.068 liq -77.9 56 0.832 msc НО; s Et OH; vs et h; sl chl 
5022 Et hylest renol 8,0 965-90-2 288.467 Cry TT 
5023  N-Et hyl -1,2-et hanedi ami ne ШЕЙ 110-72-5 88.151 129 0.8372 43859 
5024 Et hyl et hoxyacet at e 80; 817-95-8 132.157 158 0.970220 „40390 ^ s Et OH, et h, ace 
5025 Ethyl 3-et hoxypropanoat e 16,0; 763-69-9 146.184 166; 48 0.949020 4065? 
5026 Et hyl 2-et hoxy-1(2- EEDQ С, 0, 16357-59-8 247.290 56.5 1260 sch 

qui nol i necarboxyl at e = 
5027 Et hyl 2-et hyl acet oacet at e 48,0, 607-97-6 158.195 198.0; 800 — 0.984716 42145. msc Et OH, et h аз 
5028 Et hyl et hyl carbamat e st, NO, 623-78-9 117.147 176 0.981320 42159 48Н,0, et h, Et OH >° 
5029 Et hyl 2-et hyl hexanoat e Et hyl 2-et ћу! caproat e 10H20, 2983-37-1 172.265 9028 0.858625 41235 - 
5030 2-Е: hyl A (2-et hyl phenyl Jani 11 ne NI 64653-59-4 225.329 29 d 55505 i НО; vs Et OH, et h; 51 chl; s aci d 2 
5031  O-Et hyl et hylt hi ophosphonyl chl ori де AH, OPS 1497-68-3 172.613 liq 39 11520 A 
5032 Ethyl fluoroacet at e AK FO, 459-72-3 106.096 120 1.091220 9755? vs H,0 о 
5033 Et hyl 4-fluorobenzoat e 440, 451-46-7 168.164 mcl рг (w) 26 210 1.1465 486402 vs et h, Et OH 2 
5034 A-Et hyl f оптат! de ЗН МО 627-45-2 73.094 198 0.955220 „43209 msc H,0, Et OH, et h - 
5035 Ethyl f ormat e 30; 09-94-4 74.079 iq -79.6 54.4 0.9208 36099 $ H,0; msc Et OH, et h; vs ace; sl > 

їс 
5036 2-Et hyl f шап 480 3208-16-0 96.127 92.5 0.9018 .4403 5 Et OH, et h, ace, bz ú 
5037 Et hyl 2-f urancarboxyl at e Et hyl 2-f uranoat e 106 614-99-3 140137 f or pr 345 196.8 1174 4797? | НО; msc Et OH, et В, ace; s bz © 
5038  y-Et hylL-gl ut amat e МО, 119-33-1 175.183 191 51 ЊО = 
5039 Et hyl hept afluorobut anoat e НО, 356-27-4 242.09 95 1.39420 .30112 51 ЊО; s et h, ace ° 
5040 3-Ethylhept ane rm 5869-80-4 128.255 iq -114.9 143.0 0.7225 40932 5 
5041 4-Et ћу! hept ane Ф, 2216-32-2 128.255 141.2 0.724125 4062 1 НО; s et h; msc Et OH, ace, bz > 
5042 Et hyl hept anoat e Et ВУ! oenant hat e 48,0, 06-30-9 158.238 iq -66.1 187 0.8817 4100® sl HO, ctc; s Et OH, et h 2 
5043  2-Et ћу! hept anoi с aci d 4160, 3274-29-1 158.238 14 153 425527 о 
5044  4-Et ћу! -4-hept anol 48,0 597-90-0 144,254 182 0.8350? 43322 vs et h, Et OH б 
5045 Et hylt ranst rans2,4-hexadi enoat e Et hyl sorbat e 8160, 2396-84-1 140.180 195.5 0.950620 49519 vs et h, Et OH, ch ° 
5046 2-Ethylhexanal (H0 123-05-7 128.212 «-100 163 0.8540? 41420 | НО; s Et OH, et h; sl ctc < 
5047 3-Ethylhexane (Hi 619-99-8 114.229 118.6 0.713620 40189 | 5 msc Et OH, et h, ace, bz, chl ; 5 
scc 

5048  2-Et hyl -1,3-hexanedi ol Et hohexadi ol 48,0, 94-96-2 146.228 liq -40 244 0.9328 44972 51 ЊО; s Et OH, et h E 
5049 Et hyl hexanoat e 48,0, 123-66-0 144,212 114 -67 167 0.873 40732 51 ЊО; vs et h, Et OH > 
5050 2-Ё ћу! hexanoi c ас! d 40, 149-57-5 144.212 228; 120? 090315 4241? $ H,O, et h, ct c; sl Et OH т 
5051  2-Et hyl -1-hexanol (8,0 104-76-7 130.228 liq -70 184.6 0.8319 „43000 i НО; s Et OH, et h, ace, bz, chl © 
5052 2-Ё ћу! hexanoyl chl ori de 41 65010 160-67-8 162.657 101%, 67 0.9395 43359 z 
5053 2-Ethyl-2-hexenal (8,40 645-62-5 126.196 75 0.855420 = 
5054 Et hyl 3-hexenoat e Et hyl hydrosorbat e ШЕ 2396-83-0 142.196 66.5 0.895720 42552 s 
5055 2-Ethylhexyl acetate 148,0; 03-09-3 172.265 liq -80 199 0.8718 „42049  j HO; s Et OH, et h Bad 
5056 2-Et hyl hexyl acryl at e 18,0; 03-11-7 184.276 -90 259 0.8802 43322 
5057 2-Ethylhexylami пе 2-Et hyl -1-hexanami ne вн. 04-75-6 129.244 69.2 51 ЊО 
5058 2-Е! ћу! hexyl but yl рї hal at e But yl 2-et ћу! hexyl phthalate НО, C 85-69-08 334.450 col lig 518 
5059 2-Et hyl hexyl di hydrogen phosphate Мопо(2-еї hylhexyl) phosphate нр 070-03-7 210.208 liq s ID, bz 
5060 2-Ethylhexyl di phenyl phosphi t e Forst ab о {OP 5647-08-2 346.400 52015 1.05420 1.520727 
5061 Et hy! hexyl et her 1-Et hoxyhexane 8150 5756-43-4 130.228 43 0.772220 1.4008? vs eth, ОН 
5062 2-Е ћу! hexyl 2-hydroxybenzoat е Oct i salate ЇЇ)» 18-60-5 250.334 114 190 101 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5063 2-Et hyl hexyl met hacryl at e 200, 688-84-6 198.302 2078, 1107 0.88025 1.436% 
5064 — 2-[(2-Et ћу! hexyl )oxyJet hanol Et hyl ene glycol mono(2-et ћу! hexy[),H;0; 1559-35-9 174.281 221.1 
et her 
5065 Et ћу! hydrazi ne AN, 624-80-6 60.098 01 vs ЊО, асе, et h, Et OH 
5066 Ethyl hydrazi necarboxyl at e Et һу! carbazat e 31460, 4114-31-2 104.108 Cry 46 dec 198; 93? S Et OH, et h; sl chl 
5067 Ethyl hydrogen adi pat e 44,0; 626-86-8 174195 hyg cry (eth, 29 285 0.97962 4311? — s Et OH, et h, pet h 
pet h) 
5068 Ethyl hydrogen f umarat e 450, 2459-05-4 144.126 70 476 1099 S Et OH, ace; sl chl = 
5069 Ethyl hydrogen succi nat e But anedi oi c ас! d, monoet ћу! est esH,,0, C 1070-34-4 146.141 pr or nd 8 726, 1192 1.146620 4327? vs HO, et h, Et OH ме 
5070 Ethyl hydroperoxi de Et ћу! hydrogen peroxi de 210, 3031-74-1 62.068 liq -100 95 0.9332 .3800? vs ЊО, bz, et h, Et OH 2 
5071 Ethyl hydroxyacet at e 450, 623-50-7 104.105 60 08262 41802 vs et h, ОН a 
5072 Et hyl 3-hydroxybenzoat e 430, 7781-98-8 166.173 р! (02) 74 1.0680! sl HO, chl; s Et OH, et h > 
5073 Et hyl 4-hydroxybenzoat e Et hyl paraben «105 120-47-8 166.173 cry (di | al) 117 297.5 51,В, chl ,t f a; vs Et OH, et h; i CS б 
5074 Et hyl 3-hydroxybut anoat e, (+) 460; 35608-64-1 132.157 85; 7655 017% 41820  sH,O, Et OH; sl сіс © 
5075 Ethyl 2-hydroxy-3-but enoat e 46,0; 91890-87-8 130.141 dec 173; 04705 4365 vs H,0, et h, Et OH 2 
6875 

5076 a-Et hyl -1-hydroxycycl ohexaneacet i с Сус! obut уго! (1,0 512-16-3 186.248 cry (et h-pet h) 81.5 164 001079 46808 ^ vs ace, et h, Et OH, chl > 

aci d 
5077 МЕН hyl A-hydroxyet hanami ne N.N-Di et hyl hydroxyl ami ne «НЕМО 3710-84-7 89.136 10 33 0.866920 419520 2 
5078 2-Ethyl-3-hydroxyhexanal #50, 496-03-7 144.212 387), 1019 ° 
5079 Ethyl 4-hydroxy-3-met hoxybenzoat e 10:0, 617-05-0 196.200 nd (di | al) 44 292 i Ot vs Et OH, et h; s chl = 
5080 Et hylci 512-пудгоху-9- Et hyl ri ci noleat e Оз 55066-53-0 326.514 25813 0.918020 461822 © 

oct adecenoat e, f) x 
5081 Et hyli denecycl ohexane а 1003-64-1 110.197 36 0.82225 46182 б 
5082 5-Et hyli dene-2-norbornene 5-Et ВУ! denebi сус! o[2.2.1]hept -2-еде С 16219-75-3 120.191 liq 46 0.893 1.4900 27 
5083 1-Et hyl-#+i mi dazole 8% 7098-07-9 96.131 208 0.99925 msc Н,0 5 
5084 Ethyl i odoacet at e 4100, 623-48-3 214.002 oi | 79 1.8178 50798 s Et OH, et h с 
5085 Ethyl i sobut yl carbamat e Isobut y| uret hane zH, ND; 539-89-9 145.200 <-65 0% 0.943220 42880 vs et h, Et OH © 
5086 Ethyl i socyanat e C МО 109-90-0 71.078 60 0.903120 .3808 1 НО; msc Et OH, et h < 
5087 Ethyl i socyani de 46 624-19-3 55.079 «-66 19 0.7402% 36220. vs ЊО; msc Et OH, et h; s ace "5 
5088 A-Et hyl -Hi soi ndol e-1,3(9-di one СМО; 5022-29-7 175.184 па (а!) 79 285.5 s Et OH, et h = 
5089 Et hyl i sopent yl et her E) 628-04-6 116.201 112.5 0.7688?! vs et h, Et OH 2 
5090 Et hyli sopropyl ami ne N-Et hyl -2-propanami ne Als 19961-27-4 87.164 69.6 .387225 > 
5091 1-Et hyl -2-i sopropyl benzene nom 18970-44-0 148.245 193 0.88820 50829 vs ace, bz, et h, Et OH p, 
5092 Et hyl i sopropyl et her 5160 625-54-7 88.148 54.1 0.72025 .36985 5 Н,0, ace, chl; msc Et OH, et h 8 
5093 МЕН hylA-i sopropyl -2-propanami пе В 7087-68-5 129.244 126.5 0.74225 41389  sctc z 
5094 Et hyl i sopropyl sul fide 51029 5145-99-3 104.214 liq -1222 107.5 0.8248 = 
5095 Ethyl i sot hi ocyanat e 3115 542-85-8 87.144 liq -5.9 131.5 0.9999 .5130? i НО; msc Et OH, et h б 
5096 Ethyl lactate Et hyl 2-hydroxypropi onat e КО] 2676-33-7 118.131 liq -26 1545 1.0328 41242 vs ЊО, et h, Et OH = 
5097 Ethyl laurat e 105,0; 106-33-2 228.371 liq -10 271; 158 0.861820 43119 1 HO; vs Et OH; msc et h; sl сіс 
5098 Ethyl levuli nat e 1800; 539-88-8 144.168 205.8 1.01112 .4229? vs ЊО, Et OH 
5099 Et hyl mercapt oacet at e 40,5 623-51-8 120171 157 1.096415 458020 5 Et OH, et h; sl ctc 
5100 Ethyl met hacrylat e вНю0> 97-63-2 114.142 117 0.913520 41472 sl НО, chl; msc Et OH, et h 
5101 Et һу met hanesul f onat e 380,5 62-50-0 124.159 867) 
5102 1-Et hyl -4-met hoxybenzene 0 15152953 136.190 198 0.962415 51200 vs bz, et h 
5103 о-Е hyl -4-met hoxybenzenemet hanol 18,0; 5349-60-0 166.217 143% 52770 8016 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

5104 Ethyl 2-met hoxybenzoat e (00, 7335-26-4 180.200 261 1.112420 1.5224? vs et h, EL OH 

5105 Et hyl 4-met hoxybenzoat e 11505 94-30-4 180.200 75 269.5 1.103820 15254? 1 НО; $ Et OH, eth 

5106 — 4-Et ћу! -2-met hoxyphenol 4820; 2785-89-9 152.190 liq -1 236.5 1.093% 

5107 Et hyl (4-те! hoxyphenyl )acet at e „Низ 14062-18-1 194.227 13970 1.09725 1.507520 

5108 Et hyl 2-met ћу! acet oacet at e 180; 609-14-3 144168 187 0.994120 14185? sl ЊО; s ОН, et h; vs ace 

5109 ЛЕГ hyl -2-met hyl al | yl ami пе N-Et hyl -2-met ћу! -2-propen-1-ami ne „НУ 18328-90-0 99.174 liq 104.7 0.753 1.422? msc H,0 

5110 5-Ethyl-5-(2-met hylallyl)-2- Methallat al 108 „№05 115-56-0 226.295 160.5 - 
t hi obarbi t uri c aci d нэ 

5111 Et hyl met hyl ami ne N-Met hyl et hanami ne 36 624-78-2 59.110 36.7 vs ЊО, асе, et h, Et OH >° 

5112 Et hyl met hyl ami пе hydrochl ori de — V-Met hyl et hanami ne hydrochl ori де Н ОМ 624-60-2 95.571 pl (al -et h) 128 1.0874 vs ЊО, Et OH; i. et h; s chl = 

5113 2-Et hyl -6-met hyl ani 11 ne oH 24549-06-2 35.206 liq -33 231 0.968 552520 o 

5114 N-Ethyl-2-met hylani li ne oH iN 94-68-8 135.206 «15 216 0.948% 54560 s Et OH, et h m 

5115 N-Et hyl -3-met hylani li ne oH iN 102-27-2 35.206 221 0.92635 54510 s Et OH, et h б 

5116 ЛЕ hyl -4-met hylani li ne МЕХ hyl -4-t ol ui di ne ом 622-57-1 35.206 217 0.939116 s Et OH, et h ° 

5117 МЕ hyl A-met hylani 11 ne oH 613-97-8 135.206 204 0.925 i НО; msc Et OH, et h; s ctc 2 

5118 ЛЕ hyle-met hyl benzeneet hanami пе -Et hyl amphet ami пе КГ 457-87-4 163.260 105" 49862 - 

5119 A-Et hyl -4-met ћу! benzenesul f опат! de 0,5 80-39-7 99.270 64 s Et OH > 

5120 1-Ethyl-2-met hyl #benzi ті 082016 (HN; 5805-76-5 160.215 51 296 1.0735 = 

5121 Et hyl 2-met ћу! benzoat e 108120, 87-24-1 64.201 <10 227; 1138 1.03252 507% i НО; msc Et OH, et h % 

5122 Et hyl 4-met ћу! benzoat e (8:0; 94-08-6 64.201 232 1.026919 50808 — i НО; msc Et OH, et h ° 

5123 Et hyl 3-met hyl but anoat e Et hyl i soval erat e 1400 108-64-5 130.185 liq -99.3 135.0 0.8656 .3962 51 ЊО; vs Et OH, et h © 

5124  2-Et hyl -2-met hyl but anoi c ас! d 18,0; 19889-37-3 130.185 <-20 207 42500 vs ОН ж 

5125 2-Et hyl -3-met hyl -1-but ene ІҢ, 7357-93-9 98.186 89 0.715020 4102 i НО; s et h, ace, bz, chl ° 

5126 Et hylt rans2-met ћу! -2-but enoat e 160, 5837-78-5 128.169 156 0.920020 43402 > 

5127 Et hyl 3-met ћу! -2-but enoat e 1860; 638-10-8 128.169 153.5 0.9199?! 43452 = 

5128 5-Ethyl-5-(1-met hyl but yl )- СНО 76-74-4 226.272 130 51 ЊО; s Et OH, et h Q 
2,4,6(1H,3H,5H)-pyri mi di net ri one С) 

5129 Е hyIW-met ћу! carbamat e NO, 105-40-8 103.120 170 1.011520 41832 vs H,0, Et OH 2 

5130 Et hyl met hyl carbonat е 40, 623-53-0 104.105 iq -14 07.5 1.012 37780 vs et h, Et OH = 

5131 £ rans1-Et hyl -4-met ћу! сус! ohexane Юз 6236-88-0 26.239 iq -80.8 49 0.7798 „43042 © 

5132 1-Et hyl -1-met һу! сус! opent ane 816 16747-50-5 12.213 iq -143.8 21.6 0.7767 427220 ^ vs асе, bz, et h, Et OH c 

5133 ci 51-Е ћу! -2-met ћу! сус! opent ane 816 930-89-2 112.213 iq -106 28 0,7852 429320 2 

5134 1гал81-Е hyl -2-met ћу! сус! opent ane 816 930-90-5 12213 14 -105.9 212 0.7649 421920 un 

5135 ci 51-Е hyl -3-met ћу! cycl opent ane 816 2613-66-3 12.213 21 0.772420 „42038 vs асе, bz, et h, Et OH ~ 

5136 t rans1-Et ћу! -3-met hyl сус! opent ane 816 2613-65-2 112.213 iq -108 21 0.7619 418620 S 

5137 1-Et hyl -1-met ћу! сус! opropane 4; 53778-43-1 84,159 14 -130.2 56.8 0.6968 38872 Б 

5138  2-Et hyl -2-met hyl -1,3-di oxol ane 8160, 126-39-6 16.158 8 0.936020 Е 

5139 Et hyl met ћу! et her 30 540-67-0 60.095 col gas -113 74 0.7257 342040 sH;O, ace, chl ; msc Et OH, et h = 

5140 3-Et hyl -2-met ћу! hexane об 16789-46-1 128.255 38 0.731020 41062 

5141 3-Et hyl -3-met ћу! hexane об 3074-76-8 28.255 40.6 0.737125 41402 

5142 3-Et hyl -4-met ћу! hexane 2,3-Di et hyl pent ane «НС 3074-77-9 128.255 40 0.742020 413420 

5143  4-Et hyl -2-met ћу! hexane о 3074-75-7 128.255 33.8 0.71952 „40632 

5144 Et hyl 4-met ћу! hexanoat e Et һу! 4-met ћу! caproat е 41:06 1561-10-0 58.238 80 0.870820 .405120 

5145 Et hyl 4-met hyl -3-oxopent anoat e 8100, 7152-15-0 158.195 liq -9 173 0.98 25020 

5146 3-Et hyl -2-met ћу! pent ane as 609-26-7 114.229 liq -114.9 115.66 0.7193 40402 i НО; s et h; msc Et OH, ace, bz 

5147 3-Et hyl -3-met ћу! pent ane als 1067-08-9 14.229 liq -90.9 118.27 0.7274 4078 1 НО; s et h; msc Et OH, ace, bz 
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Et hyl 4-met hyl pent anoat е 25415-67-2 144.212 163; 5210 0.870520 1.40502 
3-Et hyl -2-met hyl -1-pent ene 19780-66-6 112.213 liq 109.5 0.7262 1.414020 
2-[Et ћу! (3-met ћу! phenyl ) 91-88-3 179.259 11815 15540?  sctc 
ami поје! hanol 
Et hyl 3-met ћу! -3- Et hyl 3-met ћу! -3-phenyl gl ус! dat 6 71-83-8 206.237 273.5 1.044% 1.518220 
phenyl oxi ranecarboxyl at e 
4-Et ћу! -4-met hyl -2,6-pi peri di nedi one Bemegri de 64-65-3 155.195 р! (w, ace-et h) sub 100 S chl 
Et һу! 2-met ћу! propanoat е Et hyl i sobut anoat e 97-62-1 116.158 liq 110.1 0.868 1.38698 5 HO, ct c; msc Et OH, et h; s ace = 
2-Et hyl -5-met hyl pyrazi ne 13360-64-0 122.167 liq 79 ме 
3-Et ћу! -4-met hyl pyri di ne 3-Et hyl -4-pi col i ne 529-21-5 121.180 198 0.928617 51 HO; s Et OH, et h, chl ; vs ace Л 
4-Et ћу! -2-met hyl pyri di ne 4-Et ћу! -2-pi col ne 536-88-9 121.180 179 0.913025 vs асе, bz, et h, Et OH a 
3-Et hyl -3-met hyl -2,5- Et hosuxi mi de 77-67-8 141.168 cry (ace-et h) vs НО E 
pyrrol i di nedi one 
Et hyl met hyl sul fide 624-89-5 76.161 iq 66.7 0.8422 „44040 1 НО; msc Et OH; s et h, chl 5 
МЕН hyl morphol пе 100-74-3 115.173 138.5 0.89962 .4400 msc H,0, Et OH, et h; s ace, bz Z 
Et hyl myri st at e 124-06-1 256.424 295 0.85735 4362 | НО; s Et OH, ctc, li g; sl eth 5 
N-Et hyl -1-napht hal enami ne 118-44-5 171.238 305; 19116 1.065275 64779 vs et h, ОН > 
1-Н ћу! napht hal ene 1127-76-0 156.223 iq 258.6 1.0082 60622 i НО; msc Et OH, et h = 
2-Et ћу! napht hal ene 939-27-5 156.223 iq 258 0.9922 .5999? i НО; msc Et OH, et h; 51 chl un 
Et hyl 1-napht hyl acet at е 2122-70-5 214.260 oi | 229, 11813 S Et OH, eth o 
Et hyl ni t rat e 625-58-1 91.066 iq 872 108% 38529 5 Н,0; msc Et OH, et h ті 
Е hyl nitrite 109-95-5 75.067 ye vol 11 q or gas 18 0.899 34180. msc Et OH, et h о 
Et hyl ni t roacet at e 626-35-7 133.104 106%, 838 1.195320 425022 sl НО; msc Et OH; vs et h; s di | alk Е 
1-Et ћу! -2-ni t robenzene 612-22-6 51.163 iq 2325 1.1207 53569 1 НО; vs Et OH, et h; s ace; sl сіс > 
1-Et hyl -4-ni t robenzene 100-12-9 51.163 iq 245.5 .1192 54550 i HO; vs Et OH, et h; s ace; sl сіс 2 
Et hyl 3-0 t robenzoat e 618-98-4 195.172 297 i НО; vs Et OH, et h б 
Et hyl 4-пі t robenzoat e 99-77-4 95.172 186.3; 1538 i НО; s Et OH, et h Су 
Et hylp-ni t rophenyl 2104-64-5 323.304 1.2725 50780 vs bz, et h, Et OH ° 
benzenet hi ophosphat e < 
2-Н hyl -2-ni t ro-1,3-propanedi ol 597-09-1 149.146 nd (w) dec vs ЊО, et h, Et OH 5 
Et hyl 2-ni t ropropanoat e 2531-80-8 47.130 190.5 4210? ^ vs bz, et h, Et OH c 
N-Et hyl A-ni t rosourea ЛЕМІ t roso¥-et ћу! urea 759-73-9 117.107 sch z 
Et hyl nonanoat e 23-29-5 186.292 liq 227.0 0.865? 422000 1 НО; s Et OH, et h, ace, ct с > 
5-Et hyl -2-norbornene 5403-89-1 22.207 liq 143.6 0.86 1.4630 т 
Et hylci sci s9,12-oct adecadi enoat e Et hyl li noleat e 544-35-4 308.499 ye or col 272%, 0.886520 vs et h, Et OH 8 
2125 = 
Et hylci <i sci 59,12,15- Et hyl li nol enat e 191-41-9 306.483 2185 0.891920 46942 vs et h, Et OH 5 
осі adecat ri enoat e E 
Et ћу! rans9-oct adecenoat e 6114-18-7 310.515 2185 0.866425 448005: vs eth, ОН = 
3-Et hyl oct ane 5881-17-4 142.282 166.5 0.735925 :41562) 
4-Et hyl oct ane 5869-86-0 142.282 163.7 0.734325 41512 
Et hyl oct anoat e 06-32-1 172.265 liq 208.5 0.866 41782 i НО; vs Et OH, et h; sl ctc 
Et hyl 1-oct yl sul fide 1-(Et hylt hi o)oct ane 3698-94-0 174.347 lig 109 
Et hyl ol eat e Et Iul s9-oct adecenoat e 11-62-6 310.515 21615, 20713 0.872020 45152 vs et h, Et OH 
Et hyl 5-oxohexanoat е 3984-57-1 158.195 2215 0.98925 42772 
Et hyl 3-охорел anoat е 4949-44-4 144.168 191 1.012020 42302 vs bz, et h, Et OH 
Et hyl 2-0xo-2-phenyl acet at e Et hyl phenyl gl yoxyl at e 603-79-8 178.184 256.5 1.12225 519025 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

— 5189 Ethyl 2-oxopropanoate Ethyl pyruvate 5 017-356 11616 п oO 15 10598 140579 si НО; sace; пе НН. _ 
5190 Ethyl palmi tate 481850» 628-97-7 284.478 па 24 19170 0.857725 .4347 i НО; s Et OH, et h, ace, bz, chl 
5191 3-Et hyl pent ane 10,5 617-78-7 100.202 iq -118.55 935 0.6982 .3934? | НО; s Et OH, et h; msc ace, bz, 

hp, chl 
5192 3-Et hyl -2,4-pent anedi one 1,0, 1540-34-7 128.169 178.5 0.95317 44089 vs et h, Et OH, chl 
5193 Ethyl pent anoat e Et Пу! val erat e 18,40; 539-82-2 130.185 iq -912 46.1 0.8770 „41200 1 НО; msc Et OH, et h; sl сіс 
5194 3-Е hyl -3-pent anol 18,0 597-49-9 116.20 iq -12.5 42 0.8407 .4294? sl HO; s Et OH, et h = 
5195 2-Et hyl -1-pent ene fe, 3404-71-5 98.186 94 0.707920 40520 vs bz, et h, Et OH T 
5196 3-Et hyl -1-pent ene f 4038-04-4 98.186 iq -127.5 841 0.6917 398220 >° 
5197 3-Et hyl -2-pent ene f, 816-79-5 98.186 96 0.720420 41480 i НО; s Et OH, et h, bz, chl = 
5198 Ethyl pent yl et her 1150 1952-11-3 116.20 117.6 0.762220 39270 vs et h, Et OH o 
5199 Et hyl 2-pent ynoat e 150; 55314-57-3 126.153 67% 0.962 m 
5200 2-Et hyl phenol 05,0 90-00-6 122.164 18 204.5 01462 5367 vs ace, bz, et h, Et OH б 
5201 3-Et hyl phenol 05,0 620-17-7 122.164 liq -4 218.4 1.0289 sl НО, chl ; vs Et OH, et h ° 
5202 4-Е hyl phenol (8,0 23-07-9 122.164 па 45.0 217.9 52395 51 НО, chl ; vs Et OH, et h, bz; s ace 2 
5203 Et hyl phenoxyacet at e 101,03 2555-49-9 180.200 247; 1103 005830 50802 - 
5204 МЕН hyl A-phenyl асе! ami de АМО 529-65-7 163.216 55 260 0.993860 S Н,0, et h, сіс > 
5205 Ethyl phenyl acet at e Benzeneacet i c aci d, et hyl ester ,Н,00 01-97-3 164.20 liq -294 227 1.0333 .4980? vs et h, Et OH - 
5206 2-(Н hyl phenyl ami no)et hanol по МО 92-50-2 165.232 sch n 
5207 Et hyl phenyl carbamat e Phenyl uret hane Немо, 01-99-5 165.189 АЙ Ч! pl 53 dec 237 „10643 53769 1 НО; vs Et OH, et h; s bz; sl ctc ° 
ila 

5208 Et hyIA-phenyl f ormi mi dat е ШЕ) 6780-49-0 149.189 214; 871° 00512 5279? seth, bz = 
5209 Et hyIN-phenyl gl ус! nat e „МО, 2216-92-4 179.216 If (di | al) 58 2135 vs et h, Et OH A 
5210 1-(4-Н hyl phenyl )-2-phenyl et hane "m 7439-15-8 210.314 Cry 294 .02850 > 
5211 Et hyl 3-phenyl propanoat e 115,40; 2021-28-5 178.228 247.2 (14720 495422 vs et h, Et OH 2 
5212 Et hyl 3-phenyl propynoat e Et hyl phenyl acet yl enecarboxylate „НФ 2216-94-6 174.196 265; 12816 0552 55209 seth a 
5213 Ethyl phenyl sulf one 480,5 599-70-2 70.229 If (di | al) 42 160 141020 vs bz, et h, Et OH, chl б 
5214 Et hyl phosphoni c aci d ОР 6779-09-5 110.049 hyg pl or nd 61.5 339 vs ЊО, et h, Et OH ° 
5215 Et hyl phosphorodi chl ori dat e Et hyl phosphori c aci d di chl ori de; H;CI;O;£ 498-51-7 162.940 6210 433820 = 
5216 5-Et hyl-2-pi coli ne o HON 04-90-5 21.180 178.3 0.920220 4971? 51 ЊО; s Et OH, et h, bz; vs ace о 
5217 Ethyl 1-рі perazi necarboxyl at e 1-Carbet hoxypi perazi ne АМО, 20-43-4 58.198 237 47609 vs ЊО, et h, Et OH c 
5218 1-Et hyl pi peri di ne КТЕ 766-09-6 113.201 130.8 0.823720 448020 2 
5219 Et hyl 4-pi peri di necarboxylat e «1500, 126-09-6 57211 со! oi | 100 4591 vs HO, bz, et h, Et OH 2 
5220 Ethyl 1-рі peri di nepropanoat e «100, 9653-33-9 85.264 217; 13950 0962/5 45255 vs Н,0 ~ 
5221 1-Et hyl -3-pi peri di по! 7H,QNO 3444-24-1 29.200 945 47774 S 
5222 МЕН hyl -1-propanami пе BN 20193-20-8 87.164 81 0.72047 .3858% sl HO; vs ace, Et OH Б 
5223 Et hyl propanedi oi c ас! d 510, 601-75-2 32.116 рг (1141) 114 80005 vs ЊО; s Et OH, et h, 62; 1 асе; 51 tf a E 
5224 Ethyl propanoat e Et hyl propi onat e sH, 0, 05-37-3 102.132 iq -73.9 991 0.8843 .3839 51 ЊО, ct c; msc Et OH, et h; s ace = 
5225 Et hyl propyl et her 581.0 628-32-0 88.148 ig -127.5 63.21 0.7388 .9695? vs et h, Et OH, HOAc 
5226 2-(1-Et hyl propyl )pyri di ne NON 7399-50-0 49233 95.4 0.898120 48502 
5227 4-(1-Et hyl propyl )pyri di ne чом 35182-51-5 149.233 125.5 217; 802 0.9085? 409052 
5228 Ethyl propyl sulfide 89 4110-50-3 104.214 iq -117 118.6 0.8370 44629 s Et OH 
5229 Et hyl 2-propynoat e (Et hoxycarbonyl Jacet yl ene 50, 623-47-2 98.101 20 0.964516 410520 i НО; vs Et OH, et h, chl 
5230  2-Et hyl pyrazi ne ЕМ 13925-00-3 108.141 1229 
5231 2-Et hyl pyri di ne GN 100-71-0 107.153 iq -63.1 148.6 0.9502 .4964 5 Н,0; msc Et OH; vs et h, ace; sl 
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5232 3-Et hyl pyri di пе БІН 536-78-7 07.153 liq -76.9 165 0.9538 50010 s H,O, Et OH, et h; vs ace; sl ct c 
5233  4-Et hyl pyri di ne т 536-75-4 107.153 liq -90.5 168.3 0.9417 50099 s H,0, Et OH, et h; vs ace; sl ct c 
5234 2-Et hyl -4-pyri di necarbot hi oami de Et hi onami de IH N.C 536-33-4 66.243 163 
5235 Et hyl 2-ругі di necarboxyl at e Et hyl 2-pi coli nat e МОС 2524-52-9 51.163 ye cry i nai r 1 243 11194 51049 vs H;0, et h, Et OH 
5236 Et hyl 3-pyri di necarboxyl at e Et hyl ni cot i nate HNO, C 614-18-6 151.163 8.5 224 1.107020 50040 vs Н,0, Et OH, et h, bz; sl сіс 
5237 Ethyl 4-pyri di necarboxylat e ШУ 570-45-2 151.163 23 219.5 1.009115 50170 51 ЊО; s Et OH, bz; vs et h, chl 
5238 МЕН hyl pyri di ni um bromi de zH@BrN 906-79-2 88.065 cry (81) 111.5 s НО, Et OH; | eth - 
5239 1-Et hyl --pyrrol e СН 617-92-5 95.142 129.5 0.9009? 4841 vs EtOH = 
5240 1-Ethyl-H-pyrrol e-2,5-di one МЕН ћу! mal ei mi de «1010, 28-53-0 125.126 cry (bz) 45.5 51 HO; vs Et OH, et h; s chl = 
5241 1-Et hyl -2-pyrrol i di nemet hanami пе 188, 26116-12-1 28.215 598400 0.88725 :466520 = 
5242 Ethyl Red 2-(4-Di et hyl ami nophenyl azo)benzoiCg,H, №0, 76058-33-8 297.352 135 » 
aci d m 
5243 Ethyl sali cylat e 4160, 18-61-6 66.173 45 150" 1.132620 5296 i НО; msc Et OH; vs et h; s сіс б 
5244 Ethyl si li cate 50491 78-10-4 208.329 liq -82.5 168.8 0.9320 39280 дес Н,0 ° 
5245 Ethyl st earat e Et hyl oct adecanoat e 4,0; 11-61-5 312.531 33 19910 1.05720 43499: | НО; s Et OH, et h, chl ; vs ace 2 
5246  2-Et hyl st yrene Hi 7564-63-8 132.202 lig -75.5 187.3; 68 0.901725 53802 - 
5247  3-Et ћу! st yrene 69, 7525-62-4 132.202 114 -101 190.0 0.8945 535120 > 
5248  4-Et ћу! st yrene Im 3454-07-7 132.202 114 -49.7 192.3; 88 0.888425 53762 - 
5249 Ethyl sulf at e 20,5 540-82-9 126.132 dec 280 1.365720 410502 48Н,0 % 
5250 2-(Н hyl sul f onyl et hanol Et hyl sul f onyl et hyl al cohol 4Нц0,50 513-12-2 138.185 sl chl ° 
5251 2-Et hy -5-(3-su f ophenyl Ji soxazol i (Npodward's Reagent К CHa МО, 4156-16-5 253.275 dec 207 © 
hydroxi de, i nner salt x 
5252 Ethyl tart rate Et hyl t art rat e, aci d ШЙ 608-89-9 178.139 90 vs Н,0, Et OH б 
5253 2-Е hylt et rahydrof uran 6160 1003-30-1 100.158 109 0.857019 147% vs ace, bz, et h, Et OH » 
5254 5-Et hyl -1,3,4-t hi adi azol -2-ami ne 418665 14068-53-2 129,184 200.8 2 
5255 5-Е hyl t hi oacet at e 405 625-60-5 104.171 116.4 0.979220 458327 1 HO; vs Et OH, et h a 
5256 (Et hyl t hi ојасе i c aci d 405 627-04-3 120.171 -8.5 16483, 1095 1.149720 vs Н,0, Et OH, et h Q 
5257 (Et hylt hi o)benzene Thi ophenet ole 8149 622-38-8 138.230 205 1.021120 56709 s Et OH ° 
5258 Ethyl t hi ocyanat e 3HINS 542-90-5 87.144 liq -85.5 46 1.002 46845 | НО; msc Et OH, et h; $ chl = 
5259 2-(Е hylt hi o)et hanol ША 110-77-0 06.186 liq -100 84 1.0166 .4867 51 ЊО; s Et OH; vs асе ° 
5260 1-(Et hylt hi o)-4-met ћу! benzene SHES 622-63-9 52.256 220 0.999620 555% c 
5261 2-Et hylt hi ophene 465 872-55-9 12.193 134 0.993020 51220 | HO; vs Е OH, et h 2 
5262 Ethyl t hi ophene-2-carboxyl at e 180,5 2810-04-0 56.203 218 1.162316 52489 — s Et OH, ace; sl сіс un 
5263  3-Et hyl -2-t hi oxo-4-t hi azoli di none 3-Et ћу! rhodani ne 54/4056 7648-01-3 61.246 35.5 ~ 
5264  2-Et hyl t ol uene о» 611-14-3 120.191 liq -19.83 65.2 0.8807 .5046? 1 НО; msc Et OH, et h, ace, bz, S 
pet h, ct c =. 
5265 3-Ё hylt ol uene > 620-14-4 20.191 liq -95.6 61.3 0.8649 .4966? 1 НО; vs Et OH, et h; msc ace, bz Е 
5266 4-Et ћу! ol uene о» 622-96-8 20.191 liq -62.35 62 0.8614 .4959? | НО; vs Et OH, et h; msc ace, bz s 
5267 Е hylp-t ol uenesul f onat e 99035 80-40-0 200.254 345 1735 1.1668 i НО; s Et OH, et h, AcOEt; $1 сіс i5 
5268 Ethyl t ri chl oroacet at e 40,0, 515-84-4 91.441 167.5 1.383620 .4505? | НО; s Et OH, et h, bz; sl chl 
5269 Ethyl t ri fluoroacet at e 486,0, 383-63-1 142.077 6 1.19420 3082 
5270 Ethyl 4,4,4-t ri fluoroacet oacet at e 61:80, 372-31-6 184,113 114 -39.1 32 1.2586 37825 s Et OH, et h 
5271 Ethyl tri fluoromet hanesul f onat e 3105 425-15-2 78.130 115 1.37400 seth 
5272 Ethyl 3,4,5-t ri hydroxybenzoat e 4160, 831-61-8 98.172 mel pr (w+2 1/ 163.0 sl НО, chl ; s Et OH, et h, AcOEt 
2) nd (chl ) 
5273 Ethylt ri met hoxysi | ane ШК 5314-55-6 150.249 1243 0.94880 38380 vs ОН 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 

5274 1-Е hyl -2,4,5-t ri met hyl benzene nity 17851-27-3 148.245 iq -13.5 213 0.883 1.5075? ^ vs ace, bz, et h, Et OH 

5275 2-Е hyl -1,3,5-t ri met hyl benzene 1H 3982-67-0 148.245 iq -15.5 212.4 0.883 1.5074? vs асе, bz, et h, Et OH 

5276 Et hylt ri met ћу! | ead Et hyl t ri met ћу! pl umbane 5НиРЬ С 1762-26-1 281.4 col 114 275 1.8820 

5277 3-Et hyl -2,4,5-t ri met hyl pyrrole ШШ 520-69-4 137.222 f (eth) 66.5 214; 110 

5278 4-Et hyl -2,6,7-t ri oxa-1- Tri met hyl ol propane phosphi t e «10-Р 824-11-3 162.123 53.7 s chl 

phosphabi cycl o[2.2.2]oct ane 

5279 Ethyl undecanoat e Et hyl undecyl at e 43160, 627-90-7 214,344 -15 131" 0.863320 .4285? | НО; s Et OH, et В, асе, bz = 

5280 Ethyl 10-undecenoat e 69,0, 692-86-4 212.329 iq -38 264.5 0.8827 „44495 | ВО; s Et OH, et h, НОАс; sl сіс T 

5281 МЕН hyl urea НО 625-52-5 88.108 nd (bz al-eth) 92.5 дес 1.2138 vs ЊО, Et OH, bz s eth; i GS = 

5282 Ethyl vi nyl et her 450 109-92-2 72106 iq -1158 35.5 0.7589 37670 sl HO, ct c; s Et OH; msc et h = 

5283 Ethyl Vi olet ail; CI Ny 2390-59-2 492.138 gray-vi ol cry S ED, Et OH С 

5284 о-Еї hynyl benzenemet hanol 1-Phenyl propargyl al cohol 40 4187-87-5 132,159 рг 22 1142 1.065520 55082 m 

5285 о-Н hynyl benzenemet hanol Carfimat e Со МО; 3567-38-2 175.184 сту (81) 86.5 б 

carbamat e о 

5286 1-Е hynyl cycl ohexanami пе в М 30389-18-5 123196 65% 0.913% 4817? 2 

5287 1-Е hynyl сус! ohexanol 8,0 78-27-3 124.180 cry (pet h) 315 174 0.98730 40220 | НО; s Et OH, bz, pet h; sl chl - 

5288 1-Е hynyl сус! ohexanol , carbamat е Et hi namat e 9Н 310; 126-52-3 167.205 па 87 1203 МАЛА s| ЊО; vs Et OH; s hx » 

5289 1-Е: hynyl cycl opent anol 15,0 17356-19-3 110.153 27 157.5 0.9622 475120 = 

5290 o-Et hynyle-met ћу! benzenemet hanol 40160 127-66-2 146.185 52.3 217.5; 1022 1.031420 22 

5291 Et hynylsi lane Si yl acet yl ene 24,50 1066-27-9 56.139 col gas -225 о 

5292 Eti oporphyri п МА 448-71-5 478.671 362 = 

5293 Etof ylli ne Но МО, 519-37-9 224.216 158 vs Н,0; s Et OH; $1 et h, bz > 

5294 Et ogl uci d Oxi rane, 2,2-(2,5,8,11- Срб 1954-28-5 262.299 col liq -13 196 1.131220 1.462220 б 
t et raoxadodecane-1,12-di yl)bi s- » 

5295 Е oposi de 590,3 33419-42-0 588.556 cry (MeOH) 2243 s MeOH 2 

5296 Etri mf os (f; N,O,PS 38260-54-7 292.291 -1.7 1.19520 о 

5297  Eucal ypt ol Ci neole 108,0 470-82-6 154.249 0.8 176.4 0.926720 14586? | НО; $ Et OH, eth, chl; sl ctc б 

5298 Eupari n 1-[6-Hydroxy-2-(1-met hyl vi nyl )-5- C,3H,,0, 532-48-9 216.232 1215 S et h, bz, chl ; 51 NaOH ° 
benzof uranyl ]et hanone < 

5299 Evans Blue Сн 6Ма,0,, 314-13-6 960.806 s H,0, Et OH, aci d 5 

4 
5300 Evodi ami ne НО 518-17-2 303.357 уе lf (al) 28 = 
5301 Famoti di ne аб N;0,S, 76824-35-6 337.446 cry 163 i Et on, chl; vs DMF; s НОАс; sl > 
е 

5302 Ғатрһш CigHigNO3PS, 52-85-7 325.342 53 © 

5303 о-Ғагпезепе байж 502-61-4 204.352 13012 0.841020 1.48362 1 HO; seth, ace; msc pet h, li 0 z 

5304 В-Ғагпеѕепе СН 8794-84-8 204.352 1219 0.836320 1.4899? ^ vs ace, et h, chl 5 

5305 Farnesi с aci d 9,0, 7548-13-2 236.351 oi | 204 Е 

5306 2-сі $-t ransFarnesol G: H, 0 3790-71-4 222.366 0i | 158, 12003 0.890820 1.48772 vs ace, et h, Et OH = 

5307 2-t rans6-t ransFarnesol Сао 06-28-5 222.366 oi | 160, 1373 0.88820 148772 1 НО; vs Et OH; s et h, ace 

5308 Farnesol acet at e £H50; 29548-30-9 264.403 16810 

5309 Fenadi azole 2-(1,2,4-Oxadi azol -2-yl )phenol НО, 008-65-7 194,145 Cry 112 18001 

5310 Ғепаті phos GH,NO,PS ^ 22224-92-6 303.358 49 1.15? 

5311 Fenari mol GH,CIN;O 60168-88-9 331.195 118 

5312 Fenbuconazole СН СИ 14369-43-6 350.845 125 

5313 Fenbutat i n oxi de Di st annoxane, hexaki s(2-met ћу! -@xH,,0Sn; 3356-08-6 1052.680 138 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5314 a-Fenchol, (+) 1,3,3-Tri met hyl bi бус! o[2.2.1]hept агб, H,,0 36386-49-9 154.249 39 199.5 0.9420 vs et h, Et OH 
2-01, endo-(+) 
5315 (+)-Fenchone CIH, 0 18492-37-0 152.233 oilyliq 6.1 193.5 0.9492 1.47022 i НО; vs Et OH; s et h, ace 
5316 Fenflurami ne GH, F.N 458-24-2 231.257 cry (AcOEt ) 110° 
5317 Feni t rot hi on oHzNO,PS ` 122-14-5 277.234 1180», 1641 1.322725 
5318 Еепохаргор-е! ћу! НС МО — 82110-72-3 361.777 85 2000001 51 НО, hx; s et h; vs ace, t ol 
5319  Fenoxycarb Et hyl 2-(4-phenoxyphenoxy) СМО, 79127-80-3 301.338 53 
et hyl carbamat e 
5320 Репргора hri n £H, N0; 64257-04-7 349.423 47 15% 
5321 Fensulf ot hi on 114470,PS, 115-90-2 308.354 140001 202% 
5322 Fent апу! ©Н» №0 437-38-7 336.469 87.5 
5323 Fent hi оп СН. 0,Р5, ^ 55-38-9 278.328 7.5 8700 246% 
5324 Fenvalerat e GH5CINO, 51630-58-1 419.90 dec 152 
5325 Ferbam Iron, t ri s(di met ћу! carbamodi t hi oat0gH,,FeN.S, 14484-64-1 416.494 180 dec 
5,5)-, (0C-6-11)- 
5326 Ferrocene Di cycl opent adi enyl i ron o HGFe 102-54-5 186.03 172.5 249 i go 
5327 Ferrous gl uconat e GH;;Fe0,, 299-29-6 446.140 ye-gray pow s ЊО i EL OH 
(w) 
5328 Ferrous lactate „е0; 5905-52-2 233.984 grn-wh pow S НО; i Et OH 
(hyd) 
5329 Fichtelite 18-Norabi et ane 196 2221-95-6 262.473 Cry 46 236% 0.938022 1.505220 
5330 Fi nast егі de Proscar „И №50, 98319-26-7 372.544 wh cry 252 si нэ chl , Et OH, MeOH, 
DM 
5331 Fisetin 1806 528-48-3 286.236 It ye : (di | al 330 i НО; s Et OH, ace; sl et h, bz, pet h 
+1 w 
5332 Flavi пе adeni ne di nucl eot i de FAD АМОР; 146-14-5 785.550 ye cry (w) 
5333 Florant yrone ОН, „03 519-95-9 302.323 уе сгу (НОАс) 208 s Et OH, MeOH 
5334 Fluazi pop-but yl „МО, 79241-46-6 383.362 pale уе li q 5 
5335 Flubenzi mi ne fH, F N.S 37893-02-0 416.343 ye cry 119 51 Н0 
5336 Fluchlorali n (H.G CIENO, 33245-39-5 355.697 42 
5337 Flucyt hri nat e Cyt hri n æHGF;NO, — 70124-77-5 451.463 108035 1.1892 
5338 FI udrocort i sone AH F0; 127-311 380.450 cry (Et OH) 261 dec 
5339 Fl umet hi azi de Tri fluoromet hylt hi azi de aH F :М0,5, 148-56-1 329.277 cry 306 51 HO; i bz, t ol; s MeOH, Et OH, 
DMF 
5340 Fl uoci nol one acet oni de 46-0; 67-73-2 452.488 cry (ace/hx) 266 dec 
5341 Fluorant hene 1,2-(1,8-Napht hyl ene)benzene nm 206-44-0 202.250 ү | ndorpl 110.19 384 1.2520 i НО; s Et OH, et h, bz, chl, CS 
al 
5342 9H-Fl uoren-2-ami пе CH; 153-78-6 181.233 pl or nd (di | al) 130.3 i (H s Et OH, et h, ct c, GS 
5343 9H-Fl uorene 2,2'-Met hyl enebi phenyl "m 86-73-7 166.218 If (al) 11477 295 1.203 i HO; 51 Et OH; s et h, ace, bz, CS 
5344 9Н-Н uorene-9-carboxyl i c aci d 1481,00, 1989-33-9 210.228 226 
5345 УН-А uorene-2,7-di ami пе 2,7-Di ami nofluorene qo Ho, 525-64-4 196.247 nd (w), рг (bz), 166 i HO; s Et OH, ch 
pl (et h) 
5346 9H-Fluorene-9-met hanol [К 24324-11-2 196.244 105.0 
5347 УН-А uoren-9-ol 22171) 1689-64-1 182.217 hex nd (w, 156.0 51 НО, pet h, Et OH; s et h, ace; vs 
pet h) bz 
5348 9Н-Н uoren-9-one C3H0 486-25-9 180.202 ye orth bi pym 84 341.5 1.1300% 1.6809? 1 HO; s Et OH, ace, bz; vst ol ; sl ct c 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? np Solubility 
5349 Fluorescei n QH 0; 2321-07-5 332.306 red ort h pr 315 dec SI ED, Et OH, et h; vs ace; $ py, 
MeOH 
5350 Fluorescein sodi um CI Aci d Yellow 73 брома» 05 518-47-8 376.270 уе ром 5,0, Et OH, glycerol, di | aci d 
5351 2-Fluoroacet ami de Н uoroacet i c aci d ami de H,FKO 640-19-7 71.057 108 sub S H,0, ace; sl chl 
5352 Fluoroacet i c aci d Fl uoroet hanoi c aci d ЊО, 144-49-0 78.042 nd 352 168 369336 s НО, Et OH 
5353 Fluoroacet yl chl ori de GCI FO 359-06-8 96.487 liq 72,2% 
5354 Fl uoroacet yl ene Fl uoroet hyne 2 2713-09-9 44.027 gas -196 -105 exp = 
5355  2-Fluoroani 11 ne ФЕ 348-54-9 111117 ра ye li q -34.6 175; 58 15132 54210 1 НО; s Et OH, et h; sl ctc T 
5356 3-Fluoroani 11 ne hF 372-19-0 111.117 188 156119 54360 51 ЊО, chl; s Et OH, et h >° 
5357 4-Fluoroani 11 ne d 371-40-4 111417 payeliq -0.8 182; 85 172520 51959 sl HO, ctc; s Et OH, et h = 
5358  2-Fl uorobenzal dehyde СЊЕО 446-52-6 124112 liq -445 175 1178 52342 o 
5359 3-FI uorobenzal dehyde НРО 456-48-4 124.112 173 175 :520620 m 
5360  4-Fl uorobenzal dehyde НРО 459-57-4 124.112 liq -10 181.5 1.1810 б 
5361 Fluorobenzene СНЕ 462-06-6 96.102 liq -42.18 84.73 1.0229 „46840 s| HO; vs bz, et h, Et OH, li g ° 
5362 4-Fluorobenzeneacet i c aci d БЕО; 405-50-5 154.139 cry (011) 86 164 2 
5363 2-Fluorobenzeneacet oni t ri le nr 326-62-5 135.139 232; 10279 059% 500929 - 
5364  4-Fl uorobenzeneacet oni t ri 16 НЕ 459-22-3 135.139 86.0 228; 119'8 1.139020 50022 > 
5365 4-Fluorobenzenemet hanami ne TF 140-75-0 125.144 183 51392 - 
5366 4-Н uorobenzenemet hanol ЊЕО 459-56-3 126.128 23 210 508020 а 
5367 4-Fl uorobenzenesul f опу! chl ori de ӘСІ FOS 349-88-2 194.611 pl or nd 30 106 vs bz, et В, chl ° 
5368 2-Fluorobenzoi c aci d 1-0; 445-29-4 140.112 nd (a) 126.5 460% 51 ЊО; vs Et OH, et h; i bz; $ chl с 
5369 3-Н uorobenzoi c ас! d 1-0; 455-38-9 140.112 И (м) 124 1478 51 HO; s eth ж 
5370 4-Fluorobenzoi c ас! d РО; 456-22-4 140.112 py mcl pr 185 479% 51 ЊО, ace; s Et OH, et h Q 
w 

5371 2-Fluorobenzoni t ri le НЕ 394-47-8 121.112 9322 2 
5372 4-Н uorobenzoni t ri le НЕ 1194-02-1 121.112 nd (pet h) 34.8 188.8 1.10765 49255 8| chl; s peth Q 
5373  2-Fluorobenzoyl chl ori de zZB,CIF0 393-52-2 158.557 20 915 328% 53652 Q 
5374 3-Fluorobenzoyl chl ori де 78,C| FO 1711-07-5 158.557 liq -30 189 1.304 528520 2 
5375 4-Fluorobenzoyl chl ori de 18,01Е0 403-43-0 158.557 9 820 3425 52962 = 
5376  2-Fluoro-1,1'-bi phenyl НЕ 321-60-8 72.197 73.5 248 .24525 S Et OH, et h, chl, pet h; sl li g o 
5377  4-Fluoro-1,1'-bi phenyl СНЕ 324-74-3 72.197 pr 74.2 253 24725 sl Et OH; s et h, gl HOAc c 
5378  1-Fluorobut ane But yl fluori de АНЕ 2366-52-1 76.112 114 -134 32.5 0.7789 33960 vs ОН 2 
5379 2-Fluorobut ane sec-But yl fluori de ДЕ 359-01-3 76.112 vol 11 а 07085 -121.4 25.1 0.7559 un 
5380 Fl uorocycl ohexane Cycl ohexyl fluori de «ЮР 372-46-3 02.149 13 101 0.927920 414691 ВО; ѕру ~ 
5381 1-Fl џогосус! ohexene НЕ 694-51-9 100.133 96.5 444125 S 
5382 5-Fluorocyt osi ne 4-Ami no-5-fluoro-2- C,H,FN4O 2022-85-7 29.092 wh cry 296 dec Б 

hydroxypyri mi di ne = 
5383 1-Fluorodecane Deoyl fluori де ЊЕ 334-56-5 60.272 liq -35 186.2 0.8199 .4085 vseth 8, 
5384 Fluorodi f en 2-Ni t ro-1-(4-ni t горһепоху)-4- — C44H;F;N,0; 15457-05-3 328.200 94 15) 

(t ri fluoromet hyl )benzene 
5385 1-Fl uoro-2,4-di ni t robenzene 2,4-Di ni t rophenyl fluori de ЛЕМ, 70-34-8 86.097 25.8 296 1.47185 56909 — s Et OH; sl chl 
5386 Fl uoroet hane Et hyl fluori de ЖЕ 353-36-6 48.059 со! 088 -143.2 -37.7 0.71820 (р>1 1.2656? 51 ЊО; vs Et OH, et h 

atm 

5387 2-Fluoroet hanol Et hyl ene fluorohydri n 2180 371-62-0 64.058 liq -264 103.5 1.1040 36478 тас H,0, Et OH, et h; vs ace; sl chl 
5388 Fluoroet hene Vi nyl fluori de ЖЕ 15-02-5 46.043 col gas -160.5 -72 i ID; s Et OH, ace 
5389 1-Fluorohept ane OH, F 661-11-0 118.192 liq -73 117.9 0.8062 .3854? | НО; seth, асе, bz; vs pet h 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5390 1-Н uorohexane Hexyl fluori de Я 373-14-8 04.165 liq -103 915 0.7999 37380 seth, bz 
5391 1-Fluoro-2-i odobenzene (ЊЕ 348-52-7 221.998 liq -415 188.6 1.5918 засе, bz, chl 
5392 1-Fluoro-4-i odobenzene (ЊЕ 352-34-1 221.998 liq -27 183 1.9528 52708 i НО; s Et OH, et h, ace 
5393 1-Fluoro-3-i sot hi ocyanat obenzene "НЕМ 404-72-8 53.177 227 27% 618620 
5394 1-Fluoro-4-i sot hi ocyanat obenzene "НЕМ 1544-68-9 153.177 27 228 
5395 Fl uoromet hane Met hyl fluori de БН 593-53-3 34.033 col gas -141.8 -78.4 0.5575 (р>1 11674% — s| HO, bz, chl ; vs Et OH, et h 
at m) 
5396 1-Fluoro-2-met hoxybenzene СНЕ 321-28-8 26.128 iq -39 54.5 1.5489 4969” i НО; seth, сіс = 
5397 1-Fluoro-3-met hoxybenzene СНЕ 456-49-5 26.128 14 -35 59, 51 1045 48762 
5398 1-Fl uoro-4-met hoxybenzene GH,FO 459-60-9 126.128 ig -45 57 1.1788 48868 seth - 
5399 4-Н uoro-2-met hyl ani 11 ne ІНЕ 452-71-1 25.144 142 9418 126378 .53638 s et h, ace, bz ctc o 
5400 (Е uoromet ћу! )benzene НЕ 350-50-5 110.129 14 -35 40; 40 022829 48925  sctc m 
5401 2-Fl uoro-4-met ћу! -1-ni t robenzene З-Н uoro-4-ni t rot ol uene zH ,FND; 446-34-4 55.127 nd (al) 532 9? 43805 A 
5402 2-Fluoro-2-met hyl propane ЕеявВи yl fluori de ДЕ 353-61-7 76.112 col gas 12.1 о 
5403 1-Н џогопарће hal ene СНЕ 321-38-0 146.161 iq -9 215; 80 132220 .5939? | НО; s Et OH, et h, bz, chl, НОАС 2 
5404 2-Е uoronapht hal ene СНЕ 323-09-1 146.161 nd (81) 61 212: 906 i ВО, s Et OH, et h, bz, chl, HOAc - 
5405 1-Fl uoro-2-ni t robenzene o-Fluoroni t robenzene FNO, 1493-27-2 41.100 yeli q -6 dec 215 1.3288 .5489" vs et h, Et OH > 
5406 1-Fluoro-3-ni t robenzene m-Fluoroni t robenzene dB,FN0; 402-67-5 141.100 уе сгу 4 199, 8679 325419 52625 i НО; s Et OH, et h; sl bz - 
5407 1-Е uoro-4-ni t robenzene p-Fluoroni t robenzene «8, МО, 350-46-9 141100 ye nd 21 205 33002 53160 — i НО; s Et OH, et h; sl сіс % 
5408  1-Fl uorooct ane Oct yl fluori de НЫЕ 463-11-6 32.219 liq -64 423 0.8118 3946 ° 
5409 1-Fluoropent ane Pent yl fluori de sH;F 592-50-7 90.139 liq -120 62.8 0.7907 35917 vs et h, Et OH © 
5410  2-Fluoropheno НЕО 367-12-4 112.101 16.1 151.5 120% 51449-50 ж 
5411 3-Fluoropheno GHsFO 372-20-3 2101 13.7 178 2385 514020 ° 
5412 4-Fluoropheno НЕО 371-41-5 112101 48 185.5 .188956 51 HO; $ ace, pet h > 
5413 2-Fl uoro-1-phenyl et hanone (FO 450-95-3 138.139 р 29 902 1522 52002 = 
5414 1-(4-Fluorophenyl)et hanone (FO 403-42-9 38.139 liq -45 196 1.1382 50819 — i НО; $ bz, chl o 
5415  1-Fluoropropane Propyl fluori de ЊЕ 460-13-9 62.086 col gas -159 -25 0.75969 (0>1 1.31150 5 ЊО; vs Et OH, et h 2 
atm 
5416 2-Fl uoropropane Isopropyl fluori de ЊЕ 420-26-8 62.086 085 -94 51 HO = 
5417 1-Fluoro-2-propanone Fluoroacet one РО 430-51-3 76.069 77 028820 37002 © 
5418 ci 51-ҒІ uoropropene СНЕ 19184-10-2 60.070 col gas =-20 c 
5419 t rans1-Fl uoropropene СОЊЕ 20327-65-5 60.070 col gas 2-20 2 
5420 2-Fluoropropene СОЊЕ 1184-60-7 60.070 со! 088 -24 un 
5421 3-Fluoropropene СНЕ 818-92-8 60.070 col gas -3 51 НО; vs Et OH, et h; $ chl = 
5422 2-Fluoropyri di ne sB,FN 372-48-5 97.091 125 1.128020 45742 S 
5423 3-Fluoropyri di ne sB,FN 372-47-4 97.091 iq 07 1.130 14720 E 
5424 2-Fluorot ol uene ЊЕ 95-52-3 110.129 iq -62 15 1.0048 47040 1 HO; vs Et OH, et h Е 
5425  3-Fluorot ol uene ЊЕ 352-70-5 110.129 iq -87 15 0.9974 4691 1 HO; vs Et OH, et h = 
5426 4-Fluorot ol uene ЊЕ 352-32-9 110.129 iq -56 16.6 0.9978 .4699? i HO; vs Et OH, et h 
5427 1-Fluoro-2-(t ri chl oromet ћу! benzene НЕ 488-98-2 213.464 9572, 755 1.4535 54322 
5428 1-Е иого-2-( ri fluoromet ћу! )benzene НЕ, 392-85-8 164.101 1145 1.293% 40405 
5429 1-Fl uoro-3-(t ri fluoromet ћу! )benzene ІҢҒ, 401-80-9 164.101 iq -815 015 1.3027 
5430  1-Fl uoro-4-(t гі fluoromet ћу! )benzene НЕ 402-44-8 164.101 14 -41.7 03.5 1.293 40252 
5431 Fluorot ri met hyl si | ane 3H,ESI 420-56-4 92.187 vol li q or gas 16.4 
5432 5-Fluorouraci | 5-Н иого-2,483А)- C H,FN,0; 51-21-8 130.077 cry (м, MeOH- 283 sub 190 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5433 Fluoxet i ne «СН. FINO 54910-89-3 309.326 011 
5434 Fl uoxymest erone ОНРО 76-43-7 336.440 270 
5435 Fluphenazi ne GHFJN,0S 69-23-8 437.520 25103 
5436 Flupredni sol one ТН, ЕО, 53-34-9 378.434 210 
5437 Flurandrenoli de Fl udroxycort i de „НЕО 1524-88-5 436.513 cry (ace/hx) 251 
5438 Flurazepam C.H ACIFNO — 17617-23-1 387.878 wh rods (et h/ 80 
pet h) 
5439 Нигі done ЄН, „РМО 59756-60-4 329.315 155 
5440 Fl uroxypyr (4-Аті no-3,5-di chl oro-6-fluoro-2- 0,Н,05ЕМ,0,  69377-81-7 255.030 232 
pyri dyl)oxylacet i c aci d 
5441 Fluvali nat e ИО NO; 102851-06-9 502.912 >450 1295 
5442 Foli c aci d Vi t ami n Bc МО; 59-30-3 441.397 ye-oran nd (w) 250 dec vs py, Et OH, HOAc 
5443 Foli ni c aci d 5-Formyl -5,6,7,8-t et rahydrof ol i c agH¢,N,0, 58-05-9 473.440 cry (w + 3) 245 dec 51 HO 
5444 Folpet #4501 ndol e-1,3(2)-di one, 2- C aH CANO, 133-07-3 296.558 177 
[(t ri chl oromet hyl )t hi o]- 
5445 Fomesaf en бн БМ,0, 72178-02-0 438.762 220 28% 
5446 Ротоса! ne 4-[3-[4-(Phenoxymet hyl ) Ср МО; 17692-39-6 311.419 col cry 53 239! 
phenyl Јргору ]morphol i ne 
5447 Ғопо os Phosphonodi t hi oi c aci d, et@yl-, C,9H,;OPS, 944-22-9 246.329 130% 16% 
et hylS-phenyl est er 
5448 Formal dehyde Met hanal СИ 50-00-0 30.026 col gas -92 -19.1 0.81520 5,0, Et OH, chl ; msc et h, ace, bz 
5449 Formal dehyde oxi me CENO 75-17-2 45.041 13 10915 133% s ЊО; vs Et OH, et h 
5450 Formami de Met hanami de GNO 75-12-7 45.041 2.49 220 133420 14472? тѕсН,О, Et OH; sl et h; s асе; і bz, 
chl 
5451 Formami di nesul fini c ас! d Ami noi mi поте! hanesul fini с aci dyN,0,SCH 1758-73-2 08.120 nd (al) 44 dec vs HO; i eth, bz 
5452 Formet anat e hydrochl ori de AB CI NO, 23422-53-9 257.717 pow 201 dec vs ЊО; 8 MeOH; sl ace, hx, chl 
5453 Formi c aci d Met hanoi c aci d oH 64-18-6 46.026 8.3 101 220% 1.3714 msc H,0, Et OH, et h; vs ace; s bz, 
t ol 
5454  N-Formi mi doyL-gl ut ami c aci d N-(Imi nomet hyl)-gl ut ami c aci d «1 6:М0, 816-90-0 74,154 90 
5455 Formononet i n T-Hydroxy-3-(4-met hoxyphenyl 4 C,,H,.0, 485-72-3 268.264 256.5 
1-benzopyran-4-one 
5456 Formot hi on (H NO PS, 2540-82-1 257.267 vi sc ye oi | 255 dec 1.361 15541? sl ЊО; mi sc os 
5457 2-Formyl benzoi c aci d 480; 119-67-5 50.132 98 1.4045 S ЊО; vs Et OH, et h 
5458 3-Formyl benzoi c aci d 880, 619-21-6 150.132 nd (w) 175 vs ЊО, et h, Et OH 
5459 4-Formyl benzoi c aci d 480; 619-66-9 150.132 247 51 HO; vs Et OH; s et h, chl 
5460 3-Рогту benzoni t ri le ЧО 24964-64-5 31132 76.5 210 vs ЊО, Et OH, et h, chl 
5461 4-Гогту! benzoni t ri le НО 105-07-7 31.132 100.5 1337 S Н,0: vs Et OH, et h, chl 
5462 6-Formyl -2,3-di met hoxybenzoi c aci d Opi ani c aci 0 qo so 519-05-1 210.183 nd (w) 150 s Et OH, et h 
5463 Formylf errocene МЕНЕ 12093-10-6 214.041 118.5 70% 
5464 Formyl fluori de Е uorof ormal dehyde CHFO 1493-02-3 48.016 col gas -142.2 -26.5 1.1980 
5465 М-4-Ғоптуі phenyl Jacet ami de МО; 122-85-0 163.173 рг (w) 158.0 vs ЊО, bz 
5466  Foset yl -Al Alumi num t&kei(hyl phosphonat e) — £l, AL QP, 39148-24-8 354.105 2300 
5467 Fost hi et an cB NO,PS, 21548-32-3 241.268 ye oi | 13 1.53485 s ace, chl, MeOH, t ol 
5468 Fraxin (5150: 524-30-1 370.308 ye nd (al) 205 
5469  DL-Fruct ose о-Асгоѕе СН, 0; 6035-50-3 180.155 па 130 1.66516 
5470  L-Fruct ose СН,05 7116-48-9 180.155 wh cry 102 580 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
5471 B-D-Fruct ose B-Levul ose С.Н, 53188-23-1 180.155 pr or nd (w) 103 dec 1.6020 vs H,0, ace; s Et OH, MeOH, py 

ort h pr (al) 
5472  D-Fruct ose 6-phosphat e Hexose monophosphat e «805? 643-13-0 260.135 vs HO 
5473 Fucoxant hi n £Ha0; 3351-86-8 658.905 red | (et h) " 168 vs et h, Et OH 

pl (di | al 
5474 Fulmi ni c aci d Carbyl oxi me CHNO 506-85-4 43.025 unst able i n seth 

pure f orm 

5475 Ful vene GH; 497-20-1 78.112 756 0.8241? 14920? i НО; s bz, chl = 
5476 Fumari c aci d t rans2-But enedi oi c aci d 410, 110-17-8 116.073 "| Ы prorlf 287 дес sub 165 1.63520 sl ЊО, et h, ace; s Et OH, con sul f = 

W un 
5477 Fumi gati n 3-Hydroxy-2-met hoxy-5-met ћу! -2,56,H,0, 404-89-9 168.148 br nd or pl 116 vs ace, bz, et h, Et OH = 

сус! ohexadi ene-1,4-di опе (pet h) > 

5478 Furan Охасус! opent adi ene 80 110-00-9 68.074 liq -85.61 315 0.9514 42142 51 ЊО, chl ; vs Et OH, et h; s ace, bz =. 
5479 2-Furanacet i c aci d 460; 2745-26-8 126.110 И (pet h) 68.5 102 S Н,0, bz, MeOH, pet h С) 
5480  2-Furancarboni t ri le GNO 617-90-3 93.084 47 082220 „47980 s Et OH, et h 5 
5481 2-Furancarbonyl chl ori de (5,610, 527-69-5 30.530 liq -1.0 173 1.32% 53100 1 HO; seth, chl; sl ctc un 
5482 3-Furancarboxal dehyde GH,0, 498-60-2 96.085 45; 718 1109 494570 < 
5483 2-Furancarboxyli c ас! 0 2-Furoi с aci d 510, 88-14-2 112.084 те! ndorlf (м) 1335 231 8), Et OH; vs et h; sl асе z 
5484 3-Furancarboxyli c aci d 58405 488-93-7 12.084 nd (w) 122.5 sub 105 sl HO; s Et OH, AcOEt ; vs et h 2 
5485 2,5-Furandi carboxyl i c aci d Dehydromuci c aci d 4,6; 3238-40-2 156.093 па (м), |f (al) 342 sub 7400 s| HO, Et OH 
5486 2-Furanmet hanami ne Furf uryl ami ne НО 617-89-0 97.116 45.5 09952 .49082 msc H,0, Et OH; s et h, chl ° 
5487 2-Furanmet hanedi ol di acet at e 4,0; 613-75-2 98.172 па йн (eth- 533 220 vs bz, et h, Et OH © 

ре 
5488 2-Furanmet hanet hi ol 408 98-02-2 114.166 5t 13190 53290 | НО; sl ch 5 
5489 2-Furanmet hanol acet at e 10, 623-17-6 140.137 79 11752 4327? ij НО; s Et OH, et h > 
5490  4-(2-Furanyl )-2-but anone 69,0, 699-17-2 38.164 oi | 203 1.0367 „46967 2 
5491 4-(2-Furanyl )-3-but en-2-one (H,0; 623-15-4 136.149 395 dec 229, .0496° 57886 — i НО; vs Et OH, et h, chl; s pet h 2 

113 
5492 1-(2-Furanyl је! hanone 6,0, 1192-62-7 10.111 cry (li g) 33 175 1.098 5017? 1 НО; s Et OH, et h ° 
5493 2-Furanyl met hyl pent anoat e Furf uryl val erat e 10440; 36701-01-6 182.216 228; 821 008420 vs et h, Et OH = 
5494  3-(2-Furanyl )-1-phenyl -2-propen-1- C. H, 0; 717-21-5 198.217 47 317 „11402 s Et OH, et h = 
опе 
5495 1-(2-Furanyl )-1-propanone 090, 3194-15-8 24.138 Cry 28 88" .062628 49225 зе ћ sl ctc 2 
5496 1-(2-Еџгапу! )-2-propanone 2-Furf uryl met hyl ket one 180, 6975-60-6 24138 29 179.5 „1042 50352 > 
5497  3-(2-Furanyl )-2-propenal $90, 623-30-3 122.122 54 135" i НО; msc Et OH; s et h; sl chl = 
5498 3-(2-Furanyl )-2-propeneni t ri le 2-Furanacryl oni t ri le "НМ 7187-01-1 19.121 38 96 58245 у810| S 
5499 3-(2-Furanyl )-2-propenoi c aci d 2-Furanacryl i c aci d 180; 539-47-9 38.121 nd (w) 141 286 vs et h, Et OH =. 
5500 Furazoli done 3-[[(5-Ni t ro-2-f uranyl ) СНО. 67-45-8 225.159 255 = 
met hyl епејаті no]-2-oxazol i di none s 
5501 Furethi di ne „МО, 2385-81-1 361.476 28 21005 521920 = 
5502 Furf ural 2-Fural dehyde 1,0, 98-01-1 96.085 liq -38.1 161.7 1.1599 52610 ЅН,0, bz, chl ; vs Et OH, ace; msc 
eth 

5503 Furf uryl alcohol 2-Furanmet hanol 50, 98-00-0 98.101 col -ye li q -14.6 171 1.1298 .48692 msc H,0; vs Et OH, et h; $ chl 
5504 Furf шу! propanoat e 2-Furanmet hanol , propanoat e 8160, 623-19-8 154.163 195 1.108520 51 HO; s Et OH, ace; msc et h 
5505 Furoi n 1,2-Di -2-f uranyl -2-hydroxyet hanone (050, 552-06-3 192.169 nd (al) 138.5 51 HO, Et OH, chl; s et h, MeOH 
5506 Ригопай de GH,,N,0; 3460-67-1 229.234 202.3 
5507 Furosemi de GH4CINO;S 54-31-9 330.743 204 dec 
5508 Fursult i ami ne 178035, 804-30-8 398.543 col pr 132 dec 129 51 НО 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? np Solubility 
Furyl f шат de£y 2-(2-Furanyl )-3-(5-ni t ro-2-f uranyl )- C,,H,N,O; 18819-45-9 248.192 Cry 154 
2-propenami de 
Fusarenon X C.H, 23255-69-8 354.352 cry 182 
Gal act ari c aci d Muci c aci d sHs 526-99-8 210.138 pr (w) 255 dec 
Galact i t ol Dul cose 6100, 608-66-2 182.171 cry (di | MeOH) 189.5 277 1.4720 $ H,0; sl Et OH, py; | eth, bz 
D-Gal act oni c ас! lact one 69,05 2782-07-2 178.139 Т no nd 112 vs ЊО 
al 
a-D-Gal act opyranose 01:50, 3646-73-9 180.155 16/ 
4-0-B-D-Gal act оругапозу! - Lact obi oni с aci d 1200,2 96-82-2 358.296 Syr vs H,0; sl Et OH, MeOH, НОАс; i 
gl uconi c aci d eth 
D-Gal act ose 6,0; 59-23-4 180.155 pl orpr(al)pror 170 vs H0; sl Et OH; i eth, bz; s py 
nd (w+1) 
D-Galact uroni c aci d m 685-73-4 194.139 nd (w 166 (B) S HO, Et OH; i eth 
Gal ant hami ne Lycoremi ne 1780. NO; 357-70-0 287.354 cry (bz) 126.5 vs ace, Et OH, chl 
Gal i pi ne 2-[2-(3,4-Di met hoxyphenyl Jet ћу! d; Hj NO; 525-68-8 323.306 pr(al,eth)nd 115.5 vs ace, bz, et h, Et OH 
met hoxyqui nol i ne (pet h) 
Gall ami ne t ri et hi odi de goHeoBNs0; 65-29-2 891.528 1475 vs Н,0, Et OH; sl et h, ace, bz, chl 
Gallei n #80, 2103-64-2 332.306 br-red pow >300 vs ace, Et OH 
(+1.5w) red 
(anh 
Ganci cl ovi r а О, 82410-32-0 255.231 cry (MeOH) 250 dec 
Gardol СН» NNaO0, 137-16-6 293.378 51 HO 
Gel semi ne БН МО; 509-15-9 322.401 cry (ace) 178 vs ace, bz, et h, Et OH 
Gel semi ne, monohydrochl ori de 2 ËL C! NO, 35306-33-3 358.862 326 S H,O; sl Et OH 
Geni st ei n 5,7-Di hydroxy-3-(4-hydroxyphenyl )C4:H.,0; 446-72-0 270.237 nd(et h), pr(di 1 301 dec 
4H-1-benzopyran-4-one al) 
p-Gent i obi ose 6-B-D-Gl ucopyranosyl D-glucose — C; H50, 554-91-6 342.296 cry (Et OH) 192 s hot $0, hot MeOH 
t ransGerani ol QH,,0 106-24-1 154.249 «-15 230 0.889420 14766? 1 НО; $ Et OH, et h, ace, chl 
Geranyl 2-met hyl propanoat e 108,40, 2345-26-8 224.340 13613 0.899715 1.457620 
Geranyl acet at e 08,0; 16409-44-2 196.286 115? 0.91635 1.462420 
Germi ne ЕРТІП 508-65-6 509.632 рг ог сту 220 5 bz, MeOH, al k, ас! d 
(MeOH) 
Gi bberelli c aci d 1005 77-06-5 346.374 cry (Et OAc) 234 vs ace, Et OH, MeOH 
Gi t oxi geni n 246,0; 545-26-6 390.513 pr(AcOEt)pr 234 i HO; sl eth; s chl 
(+w, di | al) 
Gitoxi n 48.0, 4562-36-1 780.939 рг (chl-MeOH) 285 dec 
a-Gl auci ne GH,sNO, 475-81-0 355.429 pl, pr (et h, 120 vs ace, Et OH, chl 
AcOEt ) 
D-Gl ucari c aci d D-Tet rahydroxyadi pi c aci d 81660, 87-73-0 210.138 nd (4596 а!) 125.5 vs HO, Et OH; sl et h, chl 
D-Gl uci t ol Sorbi t ol 48,0; 50-70-4 182.171 nd (w 111 29535 1.48920 1.33302 vs H,0, ace 
D-Gluci t ol , hexaacet at e Sorbi t ol hexaacet at e PM 7208-47-1 434.392 pr (w) 100.8 1.30? sl НО, et h; vs Et OH; s chl , AcOEt 
D-Gluconi c aci d 691207 526-95-4 196.155 nd (al -et h) 131 S ED; 51 EL OH; i. eth, bz 
B-D-GI ucopyranose СН,0; 492-61-5 180.155 cry (hot EtOH) 149 
6-0-a-D-Gl исоругапозу! D-f ruct ose — Palat i nose 1290: 13718-94-0 342.296 580 
2-(B-D-GI ucopyranosyl oxy) Heli сіп 10.0; 618-65-5 284.262 па (м) 175 vs ЊО, Et OH 
benzal dehyde 
7-(B-D-Gl ucopyranosyl оху)-41-1- Ski mmi n 0,0, 93-39-0 324.283 cry (w + 1) 220 S Н,0, Et OH; i. et h, chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5544  2-(B-D-GI ucopyranosyl oxy)-2- Li namari n МО 554-35-8 247.245 nd (w, 21) 145 vs асе 
met ћу! propaneni t ri le 
5545 1-[4-(B-D-GI ucopyranosyl oxy) Pi cei n 1,0, 530-14-3 298.289 па (41), nd 195.5 51 HO; s Et OH, et h, НОАс; i. chl 
phenyl Jet hanone (MeOH) 
5546 a-D-Gl ucose СНО 26655-34-5 180.155 146 дес 1.562018 vs H,0; 51 Et OH; i. ace, AcOEt ; s py 
5547 a-D-Gl ucose pent aacet at е 480, 604-68-2 390.339 pl or nd (al) 113.3 sub 8| p Et OH, CS; s et h, chl, 
HOAc 
5548 + B-D-Gl ucose pent aacet at e 100. 604-69-3 390.339 па (а! 134 sub 1.27409 i НО; sl Et OH, pet h, et h; s bz; = 
msc chl 
5549 a- D-Gl ucose 1-phosphat e (НОР 59-56-3 260.135 vs ЊО > 
5550 D-Glucuroni c aci d К 6556-12-3 194.139 nd (al 165 vs НО, Et OH = 
5551  D-Gl ucuroni c aci lact one D-Gl ucuronol act one 05 32449-92-6 176.124 j^ | (м) cry 1775 1.7620 ш s| Et ОН, DMSO, МеОН: i Е 
а 2 
5552 DI-Glutami c aci d stQNO, 617-65-2 147.130 ort h (al ,w 199 dec 1.4607 51 HO, eth; і Et OH, 6919 Q 
5553 D-Glutami c aci d «0, 6893-26-1 147.130 И (w) 213 dec 1.538 si it Et OH, et h, ace, bz, HOAc, = 
е 
5554 1-01Ш ami c aci d 5)2-Аті nopent anedi oi c aci d «10, 56-86-0 147.130 ort h (di | al) 160 dec sub 175 1.538 si HO 2 
5555 L-Gl ut ami c aci d, hydrochl ori de 58410, 138-15-8 183.59 ort h pl (м 214 dec vs ED, Et OH 27 
5556 1-01 ami ne 2-Ami nogl ut arami c aci d 5000; 56-85-9 146.144 nd (w, di I al) 185 дес s40; i. Et OH, et h, bz, MeOH - 
5557 Glut ari c aci d Pent anedi oi c aci d 51800 110-94-1 132.116 nd (bz) 978 dec 303 1.4095 1.41881 у8Н,0, Et OH, eth; i bz; s chl, lig n 
5558 Glut at hi one L-y-Gl ut amyli-cyst ei nyl gl ус! ne 106,065 70-18-8 307.323 cry (50% al ) 195 vs НО; i. Et OH, et h; s DMF ° 
5559 Glut at hi one di sul fide L-y-Gl ut amyli-cyst ei nylglyci ne C,H.N,0,S, 27025-41-8 612.63 cry (EtOH aq) 179 o 
di sul fide 
5560 Glut et hi mi de а МО, 77-01-4 217.264 cry (et h) 84 i 0; s ОН; vs et h, ace Е 
5561 Glycero 1,2,3-Propanet ri ol 360; 56-81-5 92.094 Syr, ort h p 18.1 290 1.2619 14746? msc ЊО, Et OH; sl eth; i bz, ct с, > 
ch 
5562 Glycerol 1-acet at eDL) 1,2,3-Propanet ri ol 1-acet at е, (+) 8860, 93713-40-7 134.13 15816, 1303 1.206020 141579  sHj, Et OH; sl eth; i bz 5 
5563 Glycerol 1-but anoat e 18,40; 557-25-5 162.184 280, 117? 1,29% 1.45312 vs ЊО, Et OH б 
5564 Glycerol 1,3-di ni t rate 1,2,3-Propanet ri ol, 1,3-di ni t rat eH МО; C 623-87-0 182.089 рг (м), cry (eth) 26 1485, 11606 1.52320 147159 vs HO, et h, Et OH о 
5565 Glycerol 1,3-di -9-oct adecenoat e, Сан 0; 2465-32-9 620.986 cry (et h/Et OH) 501 = 
сі 5,01 8 
5566 Glycerol 1-oleat e 1-Monoolei n „оба 111-03-5 356.54 pl (al) 35 239 0.942020 1.4626? 1 НО; $ Et OH, et h, chl 2 
5567 L-Glycerol 1-phosphat е a-Gl ycerophosphori c aci d 4B,0;P 5746-57-6 172.073 Syr dec dec Н,0 z 
5568 Glycerol t ri decanoat e Decanoi c aci d glycerol t ri ester. 44Hz04C 621-71-6 554.84 cry (pet h) 32 Я 
5569 Glycerol t ri elai dat e Tri elai di n aho 537-39-3 885.432 vs bz, et В, ch ~ 
5570 Glycerol t ri | аша! e ri lauri n 39H7406 538-24-9 639.00 nd (al ) 0.89865 144049 | НО; s Et OH, et h, pet h; vs ace, bz S 
5571 Glycerol t ri -3-met hyl but anoat e Tri i sovaleri n 142050 620-63-3 344.443 332.5 0.998420 1.4354? vs et h, ОН z 
5572 Glycerol tri oleat e ri olei n NNUS 122-32-7 885.432 col -ye oi 1 -4 237 0.9155 146765 1 НО; sl Et OH; vs et h; s chl, pet h = 
5573 Glycerol t ri pal mi t at e Tri pal mi t i n 506 С 555-44-2 807.320 nd (et h) 66.5 315 0.87520 143819 | НО; 51 Et OH; vs et h; s bz, chl s 
5574 Glycerol t ri st earat e ri st eari n 511 0, 555-43-1 891.479 0.8559% 143959 | HO, Et OH; sl bz, ct с; $ асе, chl | ~ 
5575 Glycerol t ri t et radecanoat e Tri myri sti n 515060 555-45-3 723.161 wh-ye sol i d 58.5 311 0.8848 1.44288 | НО; 51 Et OH, li а; s et h, ace, bz 
5576 Glycerone phosphat e 1-Hydroxy-3-(phosphonooxy)-2- C3H,0,P 57-04-5 170.058 dec H,0 
propanone 
5577 Glycine Ami noacet i c aci d 2950, 56-40-6 75.067 T ort | pr 290 дес 1.16120 vs НО; i. Et OH, et h; sl асе, py 
di | al 
5578 Gl yci ne, et ћу! est er, hydrochl ori de Et hyl ami noacet at e hydrochl ori 48, CI NG 623-33-6 139.501 144 vs ЊО, Et OH 
5579 Gl yci ne, hydrochl ori de 266010, 6000-43-7 111.528 hyg orth па (м) 200.5 vs HO 
5580 Gl ycochol i c aci d X ËL NO; 475-31-0 465.622 nd (w) 166.5 51 HO, et h; vs Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
5581 Glycocyami ne НО, 352-97-6 117107 pl or nd (м) 282 51 ВО, Et OH, et h 
5582 Glycogen (С.Н 406), 9005-79-2 162.140 wh pow vs HO; Г Et OH, et h 
5583 Glycol al dehyde (9,0, 141-46-8 60.052 р 97 1.3660 14772? 801 
5584 Glycoli c aci d 0; 79-14-1 76.051 orth nd (м) lf 795 100 $ H,O, Et OH, et h 
(et h) 
5585  N-GI ycol yl neurami ni c aci d N-(Hydroxyacet yl )neurami ni c aci d — 4Н МО, 1113-83-3 325.270 186 
5586 Gl ycopyrrol at e GH,BrNO, 596-51-0 398.334 192.5 = 
5587 Glyoylalani ne А-А! апу! gl ус! ne 48,50, 1188-01-8 146.144 237 dec s H,0; i Et OH, eth T 
5588  L-Gl yoyl asparagi пе №0, 1999-33-3 189.169 па (EtOH aq) 216 S ВО; sl Et OH >° 
5589  N-Gl yoyl gl yci ne 2-(Ami noacet ami do)acet | c acid ,Н,М,С, 556-50-3 132.118 215 dec 580 = 
5590 N-(N-Glycyl glycyl )gl ус! ne АМО, 556-33-2 189.169 nd (di | al) 246 dec s 40; i Et OH, eth o 
5591 N-Gl ycyl 4-leuci пе СН, N.O, 869-19-2 188.224 pl (di | al) pl (di 256 dec vs НО; i. Et OH г 
41) 
5592 МЕСіусуі1-рһепуі al ani ne (HUN, 3321-03-7 222.240 266 580 5 
5593  N-Gl yoyl seri пе ДІ) СНО, 687-38-7 162.144 198 дес 2 
5594 Glycyrrhi zi c aci d 121852046 1405-86-3 822.931 pl or pr(HOAc) 220 dec vs HO, Et OH; i eth = 
5595 Glyodi n H-Imi dazole, 2-hept adecyl -4,5- 0,Н,М,0, 556-22-9 368.596 1.03520 > 
di hydro-, monoacet at e 2 
5596 Glyoxal CH,0; 107-22-2 58.036 ye pr 15 50.4 11420 1.38269 vs ЊО $ Et OH, et h 92 
5597 Glyoxal bi s(2-hydroxyani 1) 2,2'-Benzoxazol i ne 44 HONO; 1149-16-2 240.257 202 s 0М50 © 
5598 Glyoxyli c aci d 8,0, 298-12-4 74.035 orth pr (w+1/2) 98 vs HO; $1 Et OH, et h, bz = 
5599 Glyphosat e GI yci n&-(phosphonomet hyl )- QH,NO,P 1071-83-6 169.074 230 dec ° 
5600 Glyphosat e i sopropyl ami ne salt eH ФОР 38641-94-0 228.183 cry vs ЊО 5 
5601 Glyphosi ne GI yci nM, N-bi s(phosphonomet пу!)-. ,0,,МО,Р, 2439-99-8 263.080 wh cry 580 » 
5602  Grayanot oxi n | ВН», 4720-09-6 412.517 cry (ACOEt/ 268 2 
С.Н») б 
5603 Gri seof ulvi n, (+) Nem 126-07-8 352.766 КУ ort h cry 220 i n Et OH, et h, ace, bz, AcOEt , б 
5604 Guai ol CHO 489-86-1 222.366 t rg pr (al) 91 Ш 0.907410 14716! | HO; $ Et OH, et h S 
= 
5605 Guanabenz C H,CLN, 5051-62-7 231.083 wh soli d 228 dec е) 
5606 Guanadrel sulf at e (2:1) „№089 22195-34-2 524.632 cry (MeOH/ 214 = 
Et OH) с 
5607 Guanet hi di ne (БМ, 55-65-2 198.309 wh cry (MeOH) 226 un 
5608 Guani di ne Ami nomet hanami di ne «МСН 113-00-8 59.071 cry 50 vs ЊО, Et OH ~ 
5609 Guani di ne monohydrochl ori de CHIN, 50-01-1 95.532 orth bi рут (al) 182.3 1.384 vs ЊО, Et OH S 
5610 Guani di ne mononi t rat e 4548, 506-93-4 122.084 И (w) 217 dec vs ED, Et OH Б 
5611 Guani di ne, sulf at e (2:1) 650,5 594-14-9 216.219 292 dec Е 
5612 2-аџап! di noet hanesulf oni c aci d Taurocyami ne 340,5 543-18-0 167.186 cry (Et OH, асе) 227 = 
5613 3-Guani di nopropanoi c ас! d N-Ami di n@-al ani пе (H,N.O, 353-09-3 131.133 cry (Et OH) 210 
5614 Guani ne СНО 73-40-5 151.127 па огр! (84 360 dec sub i ВО, HOAc; 51 Et OH, et h; s alk, 
NH.) aci d 
5615 Guanosi ne 2-Ami no-1,9-di hydro48-D- C, JH, О; 118-00-3 283.241 nd (w) 239 dec 51 ЊО; i Et OH, et h; vs НОАС 
ri bof uranosyl Њрип n-6-one 
5616 Guanosi ne 5'-di phosphat e Guanosi ne 5'-(Е ri hydrogen Со ОР 146-91-8 443.201 amorp sol i d 
di phosphat e) 
5617 Guanosi ne 5-monophosphat e 5'-Guanyl i c aci d «МЫР 85-32-5 363.221 hyg cry 190 dec 51 HO 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5618 Guanosi ne 5'-monophosphat e, 5-01апу!! с aci d, di sodi um salt  „оН.б\Ма0, 5550-12-9 407.185 195 dec 51 HO 
di sodi um salt h 
5619 Gui nea Green B C.l. Aci d Green 3 £H, № Мабь 4680-78-8 690.803 dk grn pow S H,0; sl Et OH 
5; 
5620 D-Gul ose СН,0; 4205-23-6 180.155 Syr dec vs ЊО 
5621 L-Gul ose СН. 20 6027-89-0 180.155 Syr dec vs ЊО 
5622 Hal operi dol [HSCIFNO, —52-86-8 375.865 151.5 
5623 Harmali ne 4,9-Di hydro-7-met hoxy-1-met hyl - Сана ЉО 304-21-2 214.262 t ab (MeOH) 230 sl HO, Et OH, et h; s chl, ру 
3H-pyri do[3,4-b]i ndol e ort h pr (al) 
5624 Harman 1-Met hyl -8-pyri do[3,4-b]i ndol e duo, 486-84-0 182.220 E ne hory 236.5 
hp 
5625 Harmi ne 7-Met hoxy-1-met hylA9pyri do[3,4- СНО 442-51-3 212.246 orth (al), pr 273 sub sl ЊО, chi, Et OH, et h; s py 
bli ndol e (MeOH) 
5626 HC Blue No. 1 НО, 2784-94-3 255.271 bl k cry 100 
5627 HC Blue No. 2 C; H44N.0; 33229-34-4 285.296 dk bl-blk cry 110 
5628 Несі ane (юхр 6703-98-6 1404.67 117 
5629 Hederageni n GH, 0, 465-99-6 472.700 pr (al) 333 
5630 Helenali n £H40, 6754-13-8 262.302 cry (Et OH) 226 sl ED; s Et OH, chl 
5631 Helmi nt hosporal 18-0; 723-61-5 234.335 58 1170015 
5632 Helvoli c aci d 39.0, 29400-42-8 568.697 nd (dil HOAc) 212 dec sl Ю, Et OH; s et h, ace, bz, di ox 
5633 Hemat ei n 60; 415-25-2 300.262 red-br cry 250 dec i HO, et h, bz, chl ; 51 Et OH, HOAc 
5634 Hemat i n fH. FeN,O;, 15489-90-4 633.495 br pow (py) >200 i w et h; s Et OH, alk; sl py, 
HOAc 
5635 Hemat oporphyri n Она №40, 14459-29-1 598.689 deep red cry 172.5 i HO; s Et OH; sl et h, chl 
5636 Hemat oxyli n 109,40; 517-28-2 302.278 уе cry 140 SI ЊО, et h; s alk, Et OH 
5637 Hemi n GaHazCIFeN, — 16009-13-5 651.941 long blades (gl >300 
0, HOAc) 
5638 Henei cosane Gi Ha 629-94-7 296.574 cry (w) 40.01 356.5 0.791920 1.44412 1 НО; 51 Et OH; s pet h 
5639 Hent ri acont ane Unt ri acont ane ai 630-04-6 436.840 If (AcOEt ) 67.9 458 0.784 1.4278% sl Et OH, et h, bz, chl ; s pet h 
5640 Нері achl or 61501, 76-44-8 373.318 wh cry 955 1.579 vs bz, et h, Et OH, li g 
5641 Hept achl or epoxi de 1010 1024-57-3 389.317 160 
5642 2,2,3,3,4,7,6-Нері achl orobi phenyl 4501, 52663-71-5 395.323 cry 117.5 i go 
5643  1,1,1,2,3,3,3-Hept ас! oropropane (HCl; 3849-33-0 285.21 11 249 1.79219 54271 vs chl 
5644 Нері acont ane Н, 7719-93-9 983.876 107 647 
5645 Нері acosane СН 593-49-7 380.734 cry (al, bz) № 5923 442 0.77969 43455 | HO, Et OH; sl eth 
(AcOEt ) 
5646 Нері adecanal Margari c al dehyde (8,40 629-90-3 25445 i ts В), cry 36 204% vs bz, et h 
al 
5647 1-Нері adecanami ne GHz 4200-95-7 255.483 49 336 0.851020 45109 1 НО; s Et OH, et h 
5648 Нері adecane C; Ha; 629-78-7 240.468 hex If 22.0 302.0 0.7780 4369? 1 HO; sl EtOH, ct c; s et h 
5649 Нері adecaneni t ri le NN 5399-02-0 25145 cry (а!) 34 349 0.83159 44670 | HO; si Et OH, chl; vs et h 
5650 Нері adecanoi c aci d Margari c aci d 1160, 506-12-7 270.45 pl (pet h) 61.3 2210 0.8532% 43420 | HO; sl Et OH; s et В, ace, bz, chl 
5651 1-Hept adecanol Магдагу! al cohol del, 0 1454-85-9 256.467 || (al), cry (асе) 53.9 324 0.0478 i НО; s Et OH, et h 
5652 2-Нері adecanone Pent adecyl met hyl ket one M 2922-51-2 254.45 pl (di | al) 48 320 0.8049 i HO; sl Et OH; s ace, pet h; vs bz, 
eth 
5653 9-Нері adecanone C; H40 540-08-9 254.45 pl (MeOH) 53 251.5; 0.81404 sl Et OH; s MeOH 
14215 
5654 1-Нері adecene Hexahydroapl ot axene num 6765-39-5 238.452 115 300 0.785220 14432? 1 НО; vs et h; s bz msc li g 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5655  Hept adecyl benzene 1-Phenyl hept adecane EM 14752-15-1 316.564 32 397 0.854620 .481020 
5656 (гала! rans2,4-Hept adi епа! 18,0 4313-03-5 110.153 84.5 0.88125 531520 
5657 1,6-Нері adi ene її, 3070-53-9 96.170 liq 90 
5658  1,6-Hept adi yne її, 2396-63-6 92.139 liq -85 112 0.8164 4517 i HO; s bz, HOAc 
5659 Нері afluorobut anoi с aci d «НЕО» 375-22-4 214.039 liq -17.5 121 1.65% 295% s Н,0, eth, tol; i peth 
5660 Нері afluorobut anoi с anhydri de 8160, 336-59-4 410.062 liq -43 106.5 1.669 285% 
5661 2,2,3,3,4,4,4-Нерї afluoro-1-but anol ВО 375-01-9 200.055 95 1.6002 294% S Et OH, асе - 
5662 Нері afluorobut апоу! chl ori de 40050 375-16-6 232.484 385 1.5520 288% = 
5663 6,6,7,7,8,8,8-НерЕ afluoro-2,2- C, H,F,0, 7587-22-3 296.182 38 465 12735 37662 = 
di met ћу! -3,5-oct anedi one == 
5664 Нері afluoro-2-i odopropane Perfluoroi sopropyl i odi de КГУ 677-69-0 295.925 38 1.329820 £ 
5665 1,11,2,3,3,3-Нер! afluoropropane Ref ri gerant. 227ea 3HE; 431-89-0 170.029 col gas -131 -16.4 m 
5666 2,2,4,4,6,8,8-Hept amet ћу! nonane На 4390-04-9 226.441 246.3 б 
5667 1,1,1,3,5,5,5-Нері amet hyl t ri si | oxane 19,0515 873-88-7 222.506 42 0.819420 38182 ° 
5668 Нері anal Hept al dehyde 18,0 11-71-7 114.185 liq -43.4 152.8 0.8132 4113? 51 ЊО, ct c; msc Et OH, et h 2 
5669 Нері апа! oxi me Enant hal doxi me 7H,QNO 629-31-2 129.200 pl (al) 57.5 195 0.85835 4210 51 ЊО; s ОН, et h - 
5670 2-Нері anami ne Tuami nohept ane JN 23-82-0 15.217 42 0.766519 41999 sl HO, chl; s Et OH, et h, pet h > 
5671 4-Нер! апат! ne ИМ 6751-59-0 115.217 39.5 0.767% 417220 = 
5672 Нері ane GHis 42-82-5 100.202 liq -90.55 984 0.6795 .3855% 1 НО; vs Et OH; msc et h, bz, chl ; wn 
scc ° 
5673 1,7-Нері anedi ami ne EA 646-19-5 30.231 25.32 224 S Et OH, et h, ace т 
5674 Нері anedi ni t ri le 18,0, 646-20-8 122.167 -31.4 55^ 0.949" 4472? | НО; msc Et OH, et h, chl = 
5675 Нері anedi oi c aci d Pi meli c aci d 18,06 11-16-0 160.168 pr (w) 106 1 1.32975 S Н.О, Et OH, eth; і bz e 
5676 1,7-Нері апей ol 10.0, 629-30-1 32.201 225 262 0.956955 „45205 vs et h, Et OH 2 
5677 2,3-Нері anedi one Acet yl val егуі 1800; 96-04-8 128.169 44,469 0.9198 41508 о 
5678 3,2-Нері anedi one Di propi onyl met hane 1,0, 7424-54-6 128.169 75,799 0.94520 (~ 
5679 Нері anedi оу! di chl ori de 11,0; 142-79-0 97.059 375 ° 
5680 Нері aneni t ri le ;HGN 629-08-3 111.185 iq -64 83; 77 0.810620 41049: i НО; seth, ace, bz, НОАс = 
5681 1-Hept anet hi ol Hept yl mercapt an EN 1639-09-4 132.267 iq -43 76.9 0.8427 4521? 1 НО; msc Et OH, et h; s chl 5 
5682 2,4,6-Нері anet ri one 18:05 626-53-9 42.152 f 49 20 1.0599 49300 vs HO, et h, Et OH (= 
5683 Нері anoi с aci d Enant hi c aci d 18,40; 111-14-8 130.185 iq -7.17 222.2 0.912% 41709 sl HO, ct c; s Et OH, et h, ace 2 
5684 Нері anoi c anhydri de 18,0; 626-27-7 242.354 iq -124 269.5 0.9327 43355 1 HO; s Et OH, et h 5 
5685 1-Нері anol Hept yl al cohol ;Ha0 111-70-6 6.20 iq -33.2 76.45 0.8219 „42490 sl HO, ct c; msc Et OH, et h т 
5686 2-Нері anol, (+) (3,0 52390-72-4 116.20 159 0.816720 42100 51 ЊО, ctc; s Et OH, et h S 
5687 3-Нері anol, $) CH, 0 26549-25-7 116.20 iq -70 57,68 0.822720 42010 51 ЊО, ct c; s Et OH, et h =. 
5688 4-Нері апо! Di propyl сага! nol #60 589-55-9 6.20 14 -412 56 0.8183 .4205? 51 HO; s Et OH, et h z 
5689 2-Нері anone Met hyl pent yl ket one ;HG0 110-43-0 4.185 iq -35 51.05 0.8112 .4088? vs Н,0; s Et OH, et h s 
5690 3-Heptanone Et hyl but yl ket one ШТЕЙ 106-35-4 114.185 iq -39 47 0.8182 .4057 sl HO, ct c; msc Et OH, et h zd 
5691 4-Нері anone Di propyl ket one 15,40 123-19-3 4.185 iq -83 44 0.8174 .4069 1 НО; msc Et OH, et h; s ct c 
5692  Hept апоу! chl ori de 184010 2528-61-2 148.630 liq -83.8 125.2 0.9590 43458  seth;sl сіс; vs lig 
5693 2-Нері епа! But ylacrol ei n 1850 2463-63-0 112.169 166 0.86417 44687 
5694 1-Нері ene ОН, 592-76-7 98.186 iq -118.9 93.64 0.6970 .3998 1 HO; s Et OH, et h; sl ctc 
5695 сі 52-Нері ene ОН, 6443-92-1 98.186 98.4 0.70820 4062 i НО; s Et OH, et h, ace, bz, chl ; sl 
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Мо. Мате Synonym CAS RN Mol. Wt. Form mp/'C bp/'C п; Solubility 
5696 t rans2-Hept ene 4686-13-6 98.186 iq -109.5 98 „40459 1 НО; $ Et OH, et h, ace, bz, pet h, 
chl 
5697 сі 53-Нері ene 7642-10-6 98.186 iq -136.6 95.8 .4059? | НО; $ Et OH, et h, ace, bz, pet h, 
chl 
5698 t rans3-Hept ene 4686-14-7 98.186 iq -136.6 95.7 40432 i ВО, s Et OH, et h, ace, bz, chl ; $1 
сіс 
5699 6-Нері enoi c асі d 119-60-4 128.169 iq -6.5 226 44044 
5700 1-Нері en-4-ol 3521-91-3 114.185 1524 4347? = 
5701 t rans2-Hept en-1-ol 33467-76-4 114.185 178; 7510 44600 5 Et OH, ace = 
5702 Неріуі acet at e 12-06-1 158.238 iq -50.2 193 21500 i НО; s Et OH, et h, ct c n 
5703 Hept yl ami ne 1-Hept anami ne 11-68-2 115.217 iq -18 156 42512 — s| HO, chl; msc Et OH, et h б 
5704 Нері yl benzene 078-71-3 176.298 iq -48 240; 109 48652 i НО; $ bz, chl E 
5705 Hept yl but anoat e 5870-93-9 186.292 iq -57.5 225.8 .4231? vs ОН 
5706  Hept yl cycl ohexane 5617-41-4 182.345 iq -30 244 448420 5 
5707 Нері уі cycl opent ane 5617-42-5 168.319 14 -53 224 442120 vs ace, bz, et h, Et OH Z 
5708 5-Hept yl di hydro-2(3-f uranone 4-Hydroxyundecanoi c aci d | act one 104-67-6 184276 286 45122 vs Et OH а 
5709 Неріуі f ormat e 112-232 144.212 1784 414091 НО; msc Et OH, et h » 
5710 Hept yl pent anoat e 5451-80-9 200.318 iq -46.4 245.2 .42545 vs ace, et h, Et OH 2 
5711 6-Hept ylit et rahydrok2pyran-2-one 5-Dodecanoli de 713-95-1 198.302 iq -12 10403 Un 
5712 1-Hept yne 628-71-7 96.170 iq -81 997 40872020 sl ЊО; msc Et OH, et h; s bz, chl, 2 
pet h > 
5713 2-Нері yne 1-Met hyl -2-but yl acet yl ene 1119-65-9 96.170 112 42302 1 HO; msc Et OH, et h; s bz, chl, > 
pet h 
5714 3-Hept yne 1-Et hyl -2-propyl acet yl ene 2586-89-2 96.170 14 -130.5 107.2 .4189? i НО; msc Et OH, et h; s bz, chl, Q 
pet h 
5715 Hesperet i n 520-33-2 302.278 pl (di | al + 1/2 227.5 sub 205 vs et h, Et OH 2 
м 
5716 Незрей di n 520-26-3 610.561 wh nd (di | 262 vs py, Et ОН, HOAc С) 
е0Н, © 
HOAc) = 
5717 Нехарготобепгепе 87-82-1 551.488 mcl nd (bz) 327 i ID; sl Et OH, et h; s bz, chl 5 
5718 2,2,4,4'5,5-Hexabromobi phenyl 59080-40-9 627.504 cry (ct c) 160 е 
5719 1,2,5,6,9,10- 3194-55-6 641.695 cry 167 2 
Hexabromocycl ododecane = 
5720 Hexabromoet hane 594-73-0 503.445 ort h pr (bz) dec 200 1.863 5| Et OH, et h, CS ји. 
5721 Hexabut yl di st аппохапе Bi s(t ri but ylt i n) oxi de 56-35-9 596.105 45 180? 8 
5722 Нехасепе 258-31-1 328.405 dk bl-grn cry 380 sub i НО, Et OH z 
(sub) 5 
5723 Hexachl oroacet one 116-16-5 264.749 liq -1.0 203 1.51120 5І НО; s ace E 
5724  Hexachl orobenzene Perchl orobenzene 118-74-1 204.782 nd (sub) 228.83 325 1.56913 i НО; sl Et OH; s et h, chl; vs bz = 
5725 2,2,3,3,4,4 -Нехасћ! orobi phenyl 38380-07-3 360.878 сту 151 i go 
5726 2,2,4,7,6,6-Нехасһі orobi phenyl 33979-03-2 360.878 cry 112.5 i go 
5727 2,,3,3,6,6-Нехас orobi phenyl 38411-22-2 360.878 cry (hx) 1142 i go 
5728  2,2,4,45,5'-Hexachl orobi phenyl 35065-27-1 360.878 су 103.5 
5729 Hexachl oro-1,3-but adi ene 87-68-3 260.761 liq -21 215 1.554220 1 НО; s Et OH, eth 
5730 1,2,3,4,5,6-Нехасћ! огосус! ohexane, Li ndane 58-89-9 290.830 nd (81) 112.5 323.4 vs асе, bz 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
5731 1,2,3,4,5,6-Нехасћ! orocycl ohexane, о-Нехасһі orocycl ohexane GH,Cl, 319-84-6 290.830 cry 158 
(10,20,3,4о,20,6 
5732 1,2,3,4,5,6-Hexachl огосус! ohexane, В-Нехасһі orocycl ohexane GH,Cl, 319-85-7 290.830 cry (bz, al, ху!) 6050 1.8919 i НО; sl Et OH, bz, chl, HOAc 
(10,2B,301,4B,50,68, 
5733 1,2,3,4,5,6-Hexachl orocycl ohexane,  8-Li ndane GH,Cl, 319-86-8 290.830 pl 141.5 6036 
(10,20,30,4p,50,6p. 
5734 Hexachl oro-1,3-cycl opent adi ene Perchl orocycl opent adi ene 50160 17-47-4 272.772 ye gm li q -9 239; 48 1.701925 1.565820 
5735 1,2,3,6,7,8-Hexachl огой benzop- C44 H;CISO; 57653-85-7 390.861 cry 285 = 
di oxi n 
5736 1,2,3,7,8,9-Hexachl огой benzop- C,2H,CI,0, 19408-74-3 390.861 cry 243 = 
di oxi n = 
5737 Нехас гое! hane Perchl oroet hane 2616 67-72-1 236.739 ort h (al -et h) 1868tp 184.7 sp 2.091 i BO; vs Et OH, et h; 562; 5 liqHF | > 
5738 НехасШ orophene CH, Cl, 0; 70-30-4 406.904 nd (02) 166.5 i НО; s Et OH, eth, ace, chi, dilalk | У" 
5739 Hexachl oropropene CCl, 1888-71-7 248.750 lig -72.9 209.5 1.7632 50919 i НО; s ctc, chl Q 
5740 Hexacont ane СН» 7667-80-3 843.611 99.3 5 
5741 Нехасозапе Сана 630-01-3 366.707 mel, t cl or ort h 56.1 412.2 0.778360 43579 vs bz, li g, chl DN 
bz) cry (et h) - 
5742 Нехасозапо! c aci d Cerot i c aci d жН00; 506-46-7 396.690 88.5 0.819810 43019 | HO; vs Et OH, et h 27 
5743 1-Нехасозапо! СНО 506-52-5 382.706 orth pl (dil al) 80 30:16с i НО; s Et OH, et h = 
5744 Нехаавсате! ћу! hept asi | oxane 160591, 541-01-5 533.147 iq -78 270 0.9012 .3965 vs bz, li g М 
5745 Нехайесапа! C,H40 629-80-1 240.424 pl (e ПІ па 35 2002 i HO; s Et OH, et h, асе, bz ° 
pet h 
5746 Нехадесапат! de СМО 629-54-9 255.439 Џ 107 238 1.000020 i НО; sl Е OH, bz, ace, et h = 
5747  Нехадесапе Cet ane G H;, 544-/6-3 226.441 f (НОАс) 18.12 286.86 0.770% 43299 1 НО; sl Et OH; msc eth; $ сіс б 
5748 Hexadecanedi oi c aci d 115004 505-54-4 286.407 pl (al) 126.6 vs ace, Et OH » 
5749 Hexadecaneni t ri le 16831 629-79-8 237.424 hex 31 333 0.830320 4450 i НО; vs Et OH, et h, ace, bz, chl 2 
5750  1-Hexadecanet hi ol Cet yl mercapt an 1695 2917-26-2 258.506 cry (Li g) 19 125 i НО; sl Et OH, ctc; s eth б 
5751 Hexadecanoi c ас! d Pal mi t i c aci d 16H30; 57-10-3 256.424 nd (al ) 62.5 351.5 0.8527? 433459 | НО; s Et OH, ace, bz; msc et h; e 
vs chl 
5752 Нехадесапо! c anhydri де 59,0; 623-65-4 494.832 (pet h) 64 0.8388 43649 vs eth 2 
5753 1-Нехадесапо! Cet yl al cohol (8,0 36653-82-4 242.440 | (AcOEt ) 49.2 312 0.8187° 42839 1 НО; 51 Et OH; vs et h, bz, chl; s 5 
асе 
5754 3-Нехайесапопе СН» 0 18787-64-9 240.424 (pet h) 43 184 140? s chl 2 
5755 Hexadecanoyl chlori de 8010 112-67-4 274.869 12 1999 0.90162 4514?  vseth Я 
5756 1-Нехадесепе 1-Cet ene G Ho 629-73-2 224.425 2.1 284.9 0.7812 4412? — j НО; s Et OH, et h, ct c, pet h ~ 
5757 сі s9-Hexadecenoi c ас! d Pal mi t olei c aci d 16100: 373-49-9 254.408 0.5 182! 8 
5758  Нехадесу! acet at e 100, 629-70-9 284.478 -18.5 222905 0.857425 4438 | НО; sl Et OH; $ ct c z 
5759 Нехадесу ami ne 1-Hexadecanami ne 10 143-27-1 241.456 46.8 322.5 0.8129 „44960 1 НО; vs Et OH, et h, bz; $ ace = 
5760 Нехадесу! benzene ОН 1459-09-2 302.537 27 385 0.854720 481320 1 НО; $! Et OH; vs et h, bz, CS s 
5761 Нехадесу! di met hyl ami пе N,N-Di met hyl-1-hexadecanami пе Ву 112-69-6 269.510 330.0 = 
5762 Hexadecy! hexadecanoat e Cet yl pal mi t at e к 540-10-3 480.849 mel If 54 0.989 44398? vs et h, Et OH 
5763  Hexadecyl 3-hydroxy-2- Нехаавсу! 3-hydroxy-2-napht hoat e 8,0; 531-84-0 412.605 grn-wh fl 72.5 vs bz, НОАс 
napht hal enecarboxyl at e 
5764  Hexadecyl 2-hydroxypropanoat е Cet yl lact at e 44160, 35274-05-6 314.503 Wax 4 2197, 170! 441090 
5765 Hexadecyl 2-met hyl -2-propenoat e 201550, 2495-27-4 310.515 24 1832 0.8720 
5766 А oxy)-1,2-propanedi ol, Chi туі alcohol 1450; 506-03-6 316.519 ЈЕ (hx) 64 1205 vs ace, pet h, chl 
5767  1-Нехадесу! pyri di ni um bromi de о Hg BIN 140-72-7 384.438 61 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
5768 1-Нехайесуі pyri di ni um chl ori de Cet yl pyri di ni um chl ori de 21130110 123-03-5 339.987 wh pow 80 vs НО, chl 
5769  Нехадесу! st earat e Cet yl st earat e HO, 1190-63-2 508.903 If " P (eth, 57 44109 vs ace, et В, chl 
HOAc 
5770 Hexadeoylt ri chl orosi | ane 1695301891 5894-60-0 359.878 269 
5771 Нехадесу! vi nyl et her 1-(Et henyl oxy)hexadecane 0 822-28-6 268.478 16 160? 0.82127 444425 
5772 1-Hexadecyne СН» 629-74-3 222.409 15 284 0.796520 44402 vs bz 
5773 t ranst rans2,4-Hexadi епа! Sorbi nal dehyde 450 142-83-6 96.127 iq -16.5 174: 78 0.89820 538420 
5774 1,2-Hexadi ene Propyl al | ene бо 592-44-9 82143 76 0.714920 408020 vs et h, chl 
5775 сі 51,3-Hexadi ene СН, 14596-92-0 82.143 734 0.703355 43792 
5776 t rans1,3-Hexadi ene СН, 20237-34-7 82.143 iq -102.4 73.2 0.6999 440620 
5777 сі 51,4-Hexadi ene GHo 7318-67-4 82.143 66.3 0.69525 40490 vs eth 
5778 t rans1,4-Hexadi ene GHio 7319-00-8 82.143 iq -138.7 65.0 0.695 4104 
5779 1,5-Hexadi ene Bi allyl n 592-42-7 82.143 iq -140.7 59.4 0.6878 4042  j НО; $ Et OH, et h, bz, chl; 51 сіс 
5780 сі s,ci-8,4-Hexadi ene GHio 6108-61-8 82.143 iq 85 0.7298 46060 1 НО; s Et OH, et h, chl 
5781 trans,ci-8,4-Hexadi ene GH.) 5194-50-3 82.143 ig -96.1 83.5 0.7185 .4560? 1 НО; s Et OH, et h, chl 
5782 trans,t ran2,4-Hexadi ene ЄН 5194-51-4 82143 iq -44.9 82.2 0.710% 4510? 1 ВО; $ Et OH, et h, chl 
5783 2,4-Hexadi enoi c aci d Sorbi c aci d 480; 110-44-1 112127 Ç | | al) па 1345 дес 228; 1.2049 S Н,0, Et OH, chl ; vs et h 
W 15350 

5784 2,4-Нехаді еп-1-01 Sorbi c al cohol «1560 111-28-4 98.142 па 30.5 7672 0.896723 498122 1 HO; s Et OH, et h 
5785 t ranşt rans2,4-Hexadi enoyl chl ori de 45010 2614-88-2 130.572 822 1.066619 .5545? vs ace 
5786 1,5-Нехаа! en-3-yne Di vi nyl acet yl ene ПШ 821-08-9 78.112 liq -88 85 0.785? 503529 i НО; s bz 
5787 1,5-Нехаа! yne Bi propargyl 48 628-16-0 78.112 liq -6 86 0.8049 „43803 i НО; s Et OH, et h, ace, bz 
5788 2,4-Нехад! yne Di met ћу! di acet yl ene sHs C 2809-69-0 78.112 pr (sub) 67.8 129.5 vs Et OH, et h 
5789 Hexaet hyl benzene ОН» 604-88-6 246.431 mcl pr (al orbz) 129 298 0.830530 47369 | НО; s Et OH, sulf ; vs et h, bz 
5790 Нехаві hyl di si Гохапе 120051 994-49-0 246.536 233; 129% 0.845720 434020 
5791 Hexaet ћу! t et raphosphat e Et hyl t et raphosphat e aHa P, 757-58-4 506.253 hyg -40 dec 150 1.29177 „42737 vs ace, bz, Et OH 
5792 Hexafluoreni um bromi de 83,681, 317-52-2 662.539 cry (PrOH) 188 
5793 Hexafluoroacet yl acet one БЕО; 1522-22-1 208.059 54.15 1.48520 333329 
5794 Hexafluorobenzene Perfluorobenzene Сб 392-56-3 186.054 5.03 80.26 1.618420 377720 
5/95 1,1,2,3,4,4-Нехаћџого-1,3-би adi ene Fs 685-63-2 162.033 col gas -132 6 1.553% 37820 
5796 1,1,1,4,4,4-Hexafluoro-2-but yne CF, 692-50-2 162.033 col gas -117.4 -24.6 S Et OH, et h, ace, ct c, НОАс 
5797 Hexafluorocycl obut ene (Fs 697-11-0 162.033 col gas -60 55 1.60220 298-20 
5798 Hexafluoroet hane Perfluoroet hane F, 76-16-4 138.011 col gas -100.05 -78.1 1.59078 i НО; sl Et OH, et h 
5799 1,1,1,2,3,3-Hexafluoropropane Ref ri gerant 236ea EA 431-63-0 152.038 col gas 6.1 1.5020 
5800 1,1,1,3,3,3-НехаНиогоргорапе Ref ri gerant 236f a HE, 690-39-1 152.038 col gas -93.6 -10 1.4349 
5801 1,1,1,3,3,3-Hexafluoro-2-propanol GH;F,O 920-66-1 168.037 liq -20 59 1.4600 
5802  Hexahydro-1 H-azepi пе Hexamet hyl eni mi ne e HN 111-49-9 99.174 138 0.864322 146319 $ НО; vs Et OH, et h 
5803 Hexahydro-1H-1,4-di azepi ne 12917 505-66-8 100.162 hyg 40.5 169 
5804 — 1,52,6,9,9a,9b-Hexahydro-4a(4 H)- С. H, 0» 126-15-8 204.265 liq -80 307 1.19 1.52540 i HO 

di benzof urancarboxal dehyde 
5805 сі 51,2,3,5,6,8a-Hexahydro-4,7- С.Н; 483-76-1 204.352 12572 0.916015 1.508975 

di met hyl -1-i sopropyl napht hal ene, 

(15) 
5806 —1,2,42,5,8,8a-Hexahydro-4,7- С На 523-47-7 204.352 274; 136" 0.923020 15059?  vwseth,lig 

di met hyl -1-i sopropyl napht hal ene, 

[15-(10,4aB,8ac)] 
5807 Hexahydro-1,3-i sobenzof urandi one Hexahydropht hal i с anhydri de aH% 85-42-7 154.163 32 14578 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5808  Hexahydro-1-met hyl -Н-1,4- CoH № 4318-37-0 114.188 154 0.911120 1.47692 
di azepi ne 
5809 2,3,4,6,7,8-Hexahydropyrrol o[1,2- СМ 3001-72-7 124.183 967, 81? 1.005% 1.519020 
alpyri mi di ne 
5810 Hexahydro-1,3,5-t ri ni t ro-1,3,5- Cycloni te 4806 121-82-4 222.116 ort h cry (ace) 205.5 1820 i ВО, ОН, bz; $1 et h, MeOH; s 
tri azi ne ace, HOAc 
5811 Hexahydro-1,3,5-t ri phenyl -1,3,5- С.Н; 91-78-1 315.412 144 185; 6029 i НО; sl Et OH; s et В, ace, bz, t ol 
tri azi ne "d 
5812 1,2,3,5,6,7-Нехапуагоху-9,10- Rufigal ol СНО 82-12-2 304.209 red rhom, red- sub i НО; sl Et OH, et h; s ace, alk = 
ant hracenedi one ye nd (sub) < 
5813 Нехатві ћу! benzene Ма!!! t ene PM 87-85-4 162.271 шу ornd 165.5 263.4 1.063025 i w S Et OH, et h, ace, bz, НОАс, = 
5814 2,2,4,4,6,6- СН, №915 009-93-4 219.508 liq -10 188 0.9198 448? E 
Hexamet hyl cycl ot ri si | azane с 
5815 Hexamet ћу! cycl ot ri si | охапе Di met ћу! si Г охапв cyclic t ri тесН, 0,9 C 541-05-9 222.462 64.5 134 1.120020 i go о 
5816 Нехате hyl di si Iane «бі, 450-14-2 146.378 13.5 113.5 0.724722 .4229? | НО; s eth, ace, bz; dec alk 2 
5817 Hexamet hyl di si lat hi ane 61:69), 3385-94-2 178.443 162.5 0.85120 - 
5818  Hexamet hyl di si | агапе «65, 999-97-3 161.393 125 0.774125 409029 > 
5819 Нехате! hyl di si | oxane «1605, 07-46-0 162.377 liq -66 99 0.7638 37742 | HO = 
5820 Hexamet ћу! enedi ami пе carbamat е (6-Ami nohexyl)carbami c aci d НЕМО; 43-06-6 160.214 Cry 150 nM 
5821 Нехате! hylene di i socyanat e ШЕЙ 822-06-0 168.193 1227. 94! 1.052820 45852 ° 
5822 Hexamet ћу! enet et rami пе Met henami ne ШІ) 00-97-0 140.186 ort h (al) »250 sub 1.337 vs H,0; s Et OH, ace, chl ; sl et h, bz т 
5823 Hexamet ћу! ol mel ami пе 280; 531-18-0 306.275 137 vs ЊО > 
5824 Hexamet ћу! phosphori c t ri ami de Tri s(di met hylami no)phosphi ne а, №0ОРС 680-31-9 179.200 232.5 1.0320 45799 s Et OH, et h A 
5825  Hexamet hyl phosphorous t ri ami de Tri s(di met һу! ami no)phosphi пе ,H,,N.PC 608-26-0 163.201 $ chl » 
5826 2,6,10,15,19,23- Squal ane СН» 11-01-3 422.813 liq -38 350 0.8115 45305 180581 Et OH, асе; s et h, chl ; msc 2 
Hexamet hyl t et racosane bz б 
5827 Нехапа! Caproal dehyde GH,.0 66-25-1 100.158 lig -56 131 0.8335 .4039 s| HO; vs Et OH, et h; s ace, bz (~ 
5828 Нехапаті де GH,,NO 628-02-4 115.173 cry (ace) 101 255 0.9992 4200" — vs bz, et h, Et OH, chl ° 
5829 Hexane CH. 10-54-3 86.175 liq -95.35 68.73 0.6606 37275 | НО; vs Et OH; s et h, chl 2 
5830 Hexanedi а (9,0, 072-21-5 4142 -8 939 1.0039 43502 vs bz, et h, Et OH 5 
5831 Hexanedi ami de Я №0» 628-94-4 144.171 р! 220 vs Et OH = 
5832 1,6-Нехапеа! ami пе Нехате! ћу! enedi ami пе eH, Ol, 24-09-4 6.204 ort h bi рут pl 39.13 205 vs; s Et OH, bz 2 
5833 Hexanedi oi c aci d, di hydrazi de ШЕТЕЛ 071-93-8 14201 181.8 Я 
5834 1,2-Нехапейі ol (9.0 6920-22-5 118.174 45 224; 8715 443120 = 
5835 1,6-Hexanedi ol Hexamet hyl ene gl ycol «160, 629-11-8 8.174 415 208 45795 — $ H,O, Et OH, асе; sl eth; i bz S 
5836 2,5-Нехапед! ol Di i sopropanol 8160, 2935-44-6 8.174 cry (et h) 43 218; 86 0.961020 44759 вз H,O, Et OH, et h; sl сіс =. 
5837 1,6-Hexanedi ol di met hacrylat e Hexamet hyl ene met hacrylate „НОВ 6606-59-3 254.323 0.99825 = 
5838 2,3-Нехапейі one Acet yl but yryl 8160, 3848-24-6 114142 128 0.93419 8, 
5839 2,4-Нехапейі one Ргорі onyl acet one 81060: 3002-24-2 4142 oi | 60 0.959 .4516? 15; 
5840 2,5-Нехапед! one Acet onyl асе! one 4600; 110-13-4 114142 liq -5.5 94 0.7370 .4232? уз HO, bz, et h, Et OH 
5841 3,4-Hexanedi one Bi propi onyl 0, 4437-51-8 114.142 liq -10 30 0.941 „41307 
5842  Hexanedi оу! di chl ori de «10150, 111-60-2 83.033 1267 Sl chl 
5843 1,6-Hexanedi t hi ol ПЯ 1191-43-1 150.305 114 -21 237, 118 — 0.98862 511020 
5844 Нехапепі t ri le Caproni t ri le ЕТІН 628-73-9 97.158 liq -80.3 63.65 0.805? .4068? 1 НО; s Et OH, et h; sl chl 
5845 1-Hexanet hi ol Hexyl mercapt an HyS 111-31-9 118.240 liq -81 52.7 0.8424 .4496? | НО; vs Et OH, et h 
5846 2-Нехапе hi ol (8,5 1679-06-/ 8.240 liq -147 42 0.8349 „44510 1 НО; s Et OH, et h, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5847 1,2,6-Hexanet ri ol 1,2,6-Tri hydroxyhexane 46,0; 106-69-4 134173 1703,1611 140492 5820 
5848 Hexanoi c aci d Caproi c aci d 8160, 142-62-1 116.158 iq -3 205.2 0.9212 „41630 51 ЊО; s Et OH, et h, chl 
5849 Нехапоі c anhydri de £H, 0, 2051-49-2 214.301 -41 dec 255 0.9240% 42979 vs et h, ОН 
5850 1-Нехапо! Caproyl al cohol (8,0 111-27-3 102.174 iq -47.4 157.6 0.8138 41789 sl НО; s Et OH, ace, chl ; msc et h, 

bz 
5851 2-Нехало! GH,0 20281-86-1 102.174 140 0.815920 41440 У HO, ctc; $ Et OH, et h 
5852 3-Hexanol GH,0 17015-11-1 102.174 135 0.818220 416720 sl ЊО; s Et OH, ace; msc et h = 
5853 2-Нехапопе But yl met ћу! ket one 4,0 591-78-6 100.158 iq -55.5 127.6 0.8113 4007 sl ЊО; s ace; msc Et OH, et h нэ 
5854 3-Hexanone Et hyl propyl ket one 681.0 589-38-8 100.158 ig -55.4 123.5 0.8118 40042 51 ЊО; s ace; msc Et OH, et h = 
5855 Нехапоу! chl ori de Саргоу! chlori de 616010 142-61-0 134.603 liq -87 153 0.9784 42642  seth, ace = 
5856  Hexat ri acont ane "m 630-06-8 506.973 75.8 298.43 0.78039 43978 ° 
5857 сі 51,3,5-Неха ri ene Hs 2612-46-6 80.128 iq -12 78 0.7175 4577? | НО; s Et OH, ace, chl, pet h m 
5858 t rans1,3,5-Hexat ri ene H 821-07-8 80.128 iq -12 785 0.7369 .5135? i НО; s Et OH, асе, chl, pet h б 
5859 Нехагі none (515 О; 51235-04-2 252.313 99 dec 1.25 ° 
5860 t rans2-Hexenal GH440 6728-26-3 98.142 146.5; 50% 084912 448070 2 
5861 сі s3-Hexenal GH, 0 6789-80-6 98.142 121 0.853322 43002 - 
5862 1-Нехепе СН 592-41-6 84.159 14 -139.76 63.48 0.6685 .38525 1 НО; vs bz, et h, Et OH, pet h > 
5863 ci s2-Hexene C Ho 7688-21-3 84.159 14 -141.11 68.8 0.682% .3979 i НО; s Et OH, eth, bz, chl, li g = 
5864 rans2-Hexene СН 4050-45-7 84.159 14 -133 67.9 0.6738 .3936 i НО; $ Et OH, et h, bz, chl, li g % 
5865 сі 53-Нехепе С.Н, 7642-09-3 84.159 14 -137.8 66.4 0.6778 39479 | НО; s Et OH, et h, bz, chl, li g ° 
5866 1 rans3-Hexene C Ho 13269-52-8 84.159 14 -1154 67.1 0.6772 .3943 1 НО; $ Et OH, et h, bz, chl, li g © 
5867 t rans3-Hexenedi ni t ri le t rans1,4-Di cyano-2-but ene 5% 1119-85-3 106.125 Cry 76 ж 
5868 2-Hexenoi c aci d (1,0; 1191-04-4 4142 nd (w, al) 365 216.5 0.9659 .M609 — vseth [epi 
5869 3-Hexenoi c aci d Hydrosorbi c aci d «160, 4219-24-3 4142 12 208 0.964023 493520 > 
5870 5-Hexenoi c aci d (1,0; 1577-22-6 114.142 iq -37 203 0.9619 43439 vs et h, Et OH = 
5871 1-Нехеп-3-01 GH,,0 4798-44-1 00.158 34 0.8342 429718 51 HO; vs ace, et h, Et OH с 
5872 сі 52-Нехеп-1-01 GH,.0 928-94-9 00.158 57 0.84722 4397? H,0; vs Et OH; s et h, ace; sl ctc а 
5873 t rans2-Hexen-1-ol (51,560 928-95-0 100.158 57 0.849016 43402 2 
5874 сі 53-Нехеп-1-01 GH,.0 928-96-1 00.158 56.5 0.847822 4380? — sH,0; vs Et OH, et h | 
5875 t rans3-Hexen-1-ol GH,.0 928-97-2 00.158 54.5 437420 © 
5876 t rans4-Hexen-1-ol GH;,0 928-92-7 100.158 59 0.85132 440220 5 
5877 4-Нехеп-2-01 GH,,0 52387-50-5 100.158 37.5 0.840518 43922 sl HO 5 
5878 5-Нехеп-2-01 GH;,0 626-94-8 00.158 39 0.84216 51 HO € 
5879 сі 53-Нехеп-1-01, acet at e 4,0, 3681-71-8 142.196 liq 68 8 
5880 f rans2-Hexen-1-ol , acet at e 4,0, 2497-18-9 142.196 liq 166; 68 0.898 „42702 z 
5881 5-Hexen-2-one C H, 0 109-49-9 98.142 29.5 0.83327 41782 т 
5882 4-Нехеп-3-0пе СНО 2497-21-4 98.142 38.5 0.855920 43880 5 Et OH, et h; vs ace E 
5883 Нехезі rol ОНО; 84-16-2 270.367 па (02) 186.5 vs ace, et h, Et OH = 
5884 Hexobarbi t al 1,5,0; 56-29-1 236.266 146.5 
5885  Hexocycl i um met hyl sul f at e жАН0М,05: 115-63-9 428.586 cry 205 5| chl;i eth 
5886 Неууі acet at e 8,0; 142-92-7 144.212 liq -80.9 1715 0.8779 14092? | НО; vs et h, Et OH 
5887  sec-Hexyl acet at e 48,0, 108-84-9 144.212 147.5 0.88052 1.39807 sl HO; vs et h, Et OH 
5888  Hexyl acryl at e (8,0, 2499-95-8 156.222 -45 40 0.8782 
5889 Неху!ат! ne 1-Hexanami ne «8, 111-26-2 101.190 liq -22.9 132.8 0.7660 1.41807 51 ЊО; msc Et OH, et h; s chl 
5890 Hexyl benzene б 1077-16-3 162.271 liq -61 226.1 0.8573 14864? 1 НО; msc et h; s bz, pet h 
5891 4-Hexyl -1,3-benzenedi ol 4-Неху! resorci nol NONO! 136-77-6 194.270 па (02) 68 334 vs ace, et h, Et OH, chl 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
5892 Hexyl benzoat e GH, 0, 6789-88-4 206.28 272; 139 0.979320 i HO; s Et OH, ace 
5893  Hexyl but anoat e 0 2639-63-6 172.265 14 -78 208 0.8652 416051 НО; $ Et OH; sl chl 
5894  Hexyl cycl ohexane GH, 4292-75-5 168.319 iq -43 224 0.8078 446220 
5895 Hexyl cycl opent ane ЕН» 4457-00-5 154.293 iq -73 203 0.7969 43929: vs ace, bz, et h, Et OH 
5896 2-Неууі decanoi c ас! d 10920, 25354-97-6 256.424 vi sc oi | 149 443224 
5897  Hexyl f ormat e 18,40, 629-33-4 130.185 iq -62.6 155.5 0.8812 407191 НО; msc Et OH, et h 
5898 Неху! hexanoat e Hexyl caproat e 103,0; 6378-65-0 200.318 iq -55 246 0.868 42645 vs ace, bz, et h, Et OH 
5899 Hexyl i socyanat e B NO 2525-62-4 127.184 447 
5900 Неху! met hacryl at е 104,0, 142-09-6 170.249 162; 867 0805 4295 vs ace, bz, et h, Et 0H 
5901 Hexyl met ћу! et her 18,0 4747-07-3 116.20 126.1 
5902 1-Неху! napht hal ene Но 2876-53-1 212.330 iq -18 322 0.9566 564720 
5903 Неху! oct anoat e 1030, 1117-55-1 228.37 iq -30.6 2774 0.8602 43235 | НО; s Et OH, et h, ace 
5904  4-(Hexyl oxy)benzoi c aci d 180, 1142-39-8 222.280 cry 106 
5905 2-(Неху!оху)е! hanol Et hyl ene glycol monohexyl et her „Н, 112-25-4 146.228 iq -45.1 208 0.8878 „42910 51 НО; vs Et OH, et h 
5906 Неху! pent anoat е 19,0, 1117-59-5 186.292 iq -63.1 226.3 0.8638 42285 үѕасе, et h, Et OH 
5907 — 4-Hexyl phenol (51, 0 2446-69-7 178.270 148 
5908 1-НехуГ propanoat e 0,0, 2445-76-3 158.238 iq -575 190 0.8698 416251 НО; s Et OH, et h, ace, AcOEt 
5909 1-Нәууі-1,2,3,4- С На 66325-11-9 216.362 iq 305 0.9176 51275 
t et rahydronapht hal ene 

5910 1-Нехупе But yl acet yl ene iar 693-02-7 82.143 iq -131.9 713 0.7155 .3989? i НО; s Et OH, et h, bz, chl; sl сіс 
5911 2-Нехупе 1-Met ћу! -2-propyl acet yl ene 45% 764-35-2 82.143 14 -89.6 84.5 0.7319 .4138? i НО; msc Et OH, et h; s bz, chl, 

pet h 
5912 3-Hexyne Di et hyl acet yl ene в 928-49-4 82.143 iq -103 81 0.7232 41159 1 НО; s Et OH, et h, bz, chl, pet h 
5913  3-Hexyne-2,5-di ol (Н 0; 3031-66-1 114142 12115 1.018020 46912 
5914 3-Hexyn-1-ol 3-Hexynol GH, 0 1002-28-4 98.142 162; 652 0.898220 453020 
5915 1-Нехуп-3-0| СНО 105-31-7 98.142 iq -80 142 0.8709 43405  sctc 
5916 5-Нехуп-2-опе C,H;0 2550-28-9 96.127 149 0.906520 43662 
5917 Hi st ami ne 5% 51-45-6 111.145 wh nd (chl) 83 2095 S H30, Et OH, chl; sl et h 
5918  L-Hi st i di ne Gl yoxal | ne-5-al ani ne 440, 71-00-1 155.154 nd or pl (di | al) 287 dec 5,0, 51 Et OH; i. et h, ace, bz, chl 
5919 L-Hi st i di ne, monohydrochl ori de HINO, 645-35-2 191.615 245 dec 580 
5920 Нота! ropi ne СН, №; 87-00-3 275.343 pr (al, et h) 995 SI 10, bz; s Et OH, et h, ace, chl 
5921 Homat ropi ne hydrobromi de Tropanol mandelat e НОВО 51-56-9 356.255 Ш | рут or pl 217 dec vs ЊО, Et OH 

(2) 
5922 Homochl orocycli zi ne „ФС 848-53-3 314.852 oi | 1798 
5923  DL-Homocyst ei пе DL-2-Ami no-4-mercapt obut anoi с aci 0,Н(30,5 454-29-5 135.185 272 dec s ЊО i eth, bz 
5924  L-Homocyst ei ne 1-2-Аті no-4-mercapt obut anoi c aci d ,H40,S 6027-13-0 135.185 plat elet s 232 
5925 Нотосуѕі i ne fH NOS 870-93-9 268.354 264 51 HO; i eth, bz 
5926  L-Homoseri ne 2-Ami no-4-hydroxybut anoi с асі9), (С,Н.МО, 672-15-1 119.119 pr (90% а!) 203 dec vs HO; 51 EL OH; i. et h, bz 
5927 Нитшепе бын, 6753-98-6 204.352 12370 0.890520 1.503820 
5928 Нити! on бН%05 26472-41-3 362.460 ye cry (et h) 66.5 51 ED; s Et OH, et h, ace, bz, al k 
5929 Hydralazi ne 1-Hydrazi nopht hal azi ne n 86-54-4 160.177 ye cry (MeOH) 172 S aci d 
5930  Hydramet ћу! non НЕ 67485-29-4 494.476 190 
5931 Hydrast i ne СН, NO; 118-08-1 383.395 ye pr (al) 132 i ID; s ace, bz 
5932 Hydrast i ni пе «Б; NO, 6592-85-4 207.226 па (li 0), cry 1165 S HO; vs Et OH, et h, chl 
(et h) 

5933 Hydrazi necarbot hi oami de Thi osemi carbazi de 5М,8Н 19-19-6 91.136 lo nd (w) 183 vs HO, Et ОН 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5934 Hydrazi necarboxal dehyde СО 624-84-0 60.055 yelf ornd(al) 54 vs bz, et h, Et OH, chl 
5935  Hydrazi necarboxami de CHO 57-56-7 75.070 pr (а!) 96 1.488 vs ЊО; s Et OH; i. et h, bz, chl 
5936  Hydrazi necarboxi mi даті de Ami noguani di ne 6М,СН 79-17-4 74.086 cry dec vs ЊО, Et OH 
5937 1,2-Hydrazi nedi carboxal dehyde 28,М,0, 628-36-4 88.065 pr (al) 161.0 vs HO; 51 Et OH, DMSO; i eth 
5938  1,2-Hydrazi nedi carboxami de 2 5М,0, 110-21-4 118.095 р! (w) 258 1.6047 
5939 4-Нуйга2 nobenzenesul f oni c aci d Phenyl hydrazi ne-4-sul f oni c aci d;H,N;O.S 98-71-5 188.204 nd, If. (w) 286 51 0, Et OH 
5940 4-Hydrazi nobenzoi c aci d EU 619-67-0 152.151 ye nd or pl (w) 221 dec 51 НО; i eth - 
5941 2-Hydrazi noet hanol М0 109-84-2 76.097 14 -70 219; 1205 1.11925 vs Н,0, Et OH, MeOH = 
5942 Hydri ndant i n 148,0; 5103-42-4 322.268 рг (асе) 250 авс >° 
5943  Hydrochl orot hi azi de ІКСІМ0,5 58-93-5 297.740 274 = 
5944 Hydroci nchoni di ne 48,М0 485-64-3 296.406 f (al) 229 vs Et OH » 
5945  Hydroci nchoni ne gH, NO 485-65-4 296.406 рг 268.5 S Н,0:5| Et OH; i eth С 
5946 Hydrocodone Сани М0; 125-29-1 299.365 198 i НО; s Et OH Q 
5947  Hydrocort i sone £H, 0; 50-23-7 362.460 pl (al ori- 220 SI НО; s Et ОН, di ox, HOAc 5 
PrOH) 9 
5948 Hydrocort i sone 21-acet at e Cort i sol acet at e „Нз, 50-03-3 404.496 223 dec 1.28920 - 
5949  Hydrocot arni ne МО; 550-10-7 221.252 56 i НО; s Et OH, et h, ace, bz, chl > 
5950 Hydroflumel hi azi de eK, F4N,0,S, 135-09-1 331.293 210.5 - 
5951  Hydrof urami de НО; 494-47-3 268.267 nd (al 117 i ID; vs Et OH, et h % 
5952 Hydrogen cyani de Hydrocyani c aci d CH 74-90-8 21.026 volliqorgas -13.29 26 0.6876 1.2614? msc НО, Et OH, et h ° 
5953  Hydrohydrast i ni пе fil 0, 494-55-3 191.227 ү | a cry 66 303 vs ace, bz, et h, Et OH © 
ре 
5954  Hydromorphone 7,8-Di hydromorphi n-6-one НО, 466-99-9 285.338 сту (Et OH) 266.5 Е 
5955 Нудгоргепе СН 41096-46-2 266.419 174% 0.895520 > 
5956 Hydroqui ni di ne „8\0, 1435-55-8 326.432 nd (al 168.5 S Et OH, et h, ace, chl 2 
5957 Hydroqui ni ne £H, О; 522-66-7 326.432 nd (et h, chl ) 172.5 vs ace, et h, Et OH, chl a 
5958  p-Hydroqui none 1,4-Benzenedi ol 80; 123-31-9 110.111 mcl рг (sub) 1724 285 1.3302 1.632% S H,0, et h; vs Et OH, ace; i bz а 
nd(w) рг 
Мо! < 
5959  Hydroxocobal ami n Vi t ami n B-12a ea Єб0М,0, 13422-51-0 1346.355 red cry (асе ад) 200 dec S H,0, Et OH; i. ace, et h, bz 5 
ІР 
5960 Hydroxyacet oni t ri le Gl yconi t ri le МОС 107-16-4 57.051 <-72 Ке 1.411779 48Н,0, Et OH, eth; і bz, chl = 
2 
5961 (Hydroxyacet yl )benzene 690, 582-24-1 136.149 hex р! (al), pl 90 12512, 561 . 1.09639 5,0, СОН, et h, chl; sl li g Ф 
(м or di | al) T 
5962 17-Hydroxyandrost an-3-one, St anol one 500, 521-18-6 290.440 181 Sub 135 S 
(5o,17B) = 
5963 3-Hydroxyandrost an-17-one, Androst erone 0,8,0; 53-41-8 290.440 If ornd(al,ace) 185 51 ,В, chl ; s Et OH, et h, ace, bz z 
(30,50) 8, 
5964 3-Hydroxyandrost an-17-one, (9),50) Ері androst erone СН. 0, 481-29-8 290.440 Cry я ћ 178 id 
ace 
5965 пр -4-en-3-one, Test ost erone GH, 0; 58-22-0 288.424 nd (di | ace) 155 i 9; s Et OH, et h, ace 
17р 
5966 1-Нудгоху-9,10-апе hracenedi one (H0; 129-43-1 224.212 red-orannd(al) 193.8 sub i ID; s Et OH, et h, bz; sl 11 а NH 
5967 2-Hydroxy-9,10-ant hracenedi опе CH0; 605-32-3 224.212 ye pl ГІ Д (al 306 sub i НО; s Et OH, et h, aq NH KOH 
or НОАс 
5968 3-Hydroxybenzal dehyde 3-Formyl phenol (950, 100-83-4 122.122 па (м) 108 240 1.117919% sl HO; s Et OH, eth, асе, bz i lig 
5969  4-Hydroxybenzal dehyde 4-Formyl phenol (950, 123-08-0 122.122 nd (w) 117 1.12910 1.57059 41 HO, ace; vs Et OH, et h; s bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
5970  2-Hydroxybenzal dehyde, [(2- C. H, N,0, 959-36-4 240.257 214 i ВО; s Et OH, chl; vs bz, al k 
hydroxyphenyl ) 
met hyl ene]hydrazone 
5971 2-Hydroxybenzami de Sali cyl ami de 7HONO, 65-45-2 137.137 142 181.5" 1:1751% 51 ЊО, et h, DMSO; s Et OH 
5972  N-Hydroxybenzami de GH,NO, 495-18-1 137.137 ой һа, If (eth) 131 exp ӨНЕ OH; sl et h, bz 
5973 o-Hydroxybenzeneacet | c aci d, (+) — DL-Mandeli c aci d 39803 611-72-3 152.148 ort h pl 119 1.2890 S Н,0, et h, Et OH, i -PrOH 
5974  2-Hydroxybenzeneacet i c aci d 46,0; 614-75-5 152.148 148 240 51 HO, chl; s et h 
5975 3-Hydroxybenzeneacet i c aci d 8880, 621-37-4 152.148 nd (62-11 0) 132 190 vs H,0, Et OH, et h; s bz; sl li g = 
5976 4-Hydroxybenzeneacet i c aci d 460; 156-38-7 152.148 nd (w) 152 sub sl ЊО; vs Et OH, et h ме 
5977  a-Hydroxybenzeneacet oni t ri 1e Mandel oni t ri le aH; NOC 532-28-5 133.148 ye oi ly lig -10 1.12 OHVs chl , et h, Et OH (2 
5978 2-Hydroxybenzenecarbodi t hi oi c aci d — Di t hi osali су! c aci d 33,085, C 527-89-9 170.252 oran-ye nd 49 vs bz, et h, Et OH a 
5979 UND HENDRER carboxylic 4-Hydroxyi sopht hal i c aci d 810, 636-46-4 182131 nd(w),|f (dil al) 310 jJOHhl; vs Et OH, et h; s НОАс > 
aci 
5980 5-Hydroxy-1,3-benzenedi carboxyl i с СНО, 618-83-7 182.131 nd(w«2) cr(aq- sub vs bz, et h, Et OH m 
aci d al) Z 
5981 4-Hydroxy-1,3-benzenedi sulf oni c Phenol di sulf oni c aci d 480,5; 96-77-5 254.238 nd (w) »100 dec vs H,0, Et OH M 
aci d 
5982 4-Hydroxybenzeneet hanol 09,0, 501-94-0 138.164 91.8 310.0 > 
5983 2-Нуйгохурептепете! hanol Sali cyl alcohol #00; 90-01-7 124,138 ^ m. orpl 87 sub 1.161325 S H;0, Et OH, et h, bz; vs chl 2 
W, el 
5984 3-Нуйгохурептепете! hanol 3-Hydroxybenzyl al cohol 160, 620-24-6 124,138 не Cry T3 dec 300 1.16125 vs ЊО, Et OH, et h; sl chl ° 
l 
5985  4-Hydroxybenzenemet hanol 4-Hydroxybenzyl al cohol 160, 623-05-2 124,138 pr or nd (w) 124.5 252 SAUE OH, bz, chl; s et h; sl = 
5986 4-Нуйгохурептепергорапо! c aci 0. p-Hydroxyhydroci nnami c aci d 48,0; 501-97-3 166.173 130.8 20914 S Н,0, Et OH, et h, bz; | 65 Q 
5987  o-Hydroxybenzenepropanoi caci d, (+) (+)-3-Рһепу lact i c ас! d «10: 828-01-3 166.173 cry (chl , bz), pr 98 1495 vs Н,0, ace, et h, Et OH 2 
(w) 
5988 3-Hydroxybenzenesulf oni c aci d m-Phenol sul f oni c aci d 4800,5 585-38-6 174,175 nd (1142) A 
5989  4-Hydroxybenzenesul f oni c aci d p-Phenol sul f oni c aci d 40,5 98-67-9 174475 nd vs ЊО, Et OH о 
5990 2-Hydroxybenzoi с aci d Sali су! c aci d 106 69-72-1 138.12 па (w), те! pr 159.0 21120 .44320 1.565 SI HO, bz, chl , ct c; vs Et OH, et h, = 
(81) ace 
5991 3-Hydroxybenzoi c aci d 150, 99-06-9 138.12 nd(w)pl,pr 2025 485% 51 ЊО; s Et OH, et h, ace; | bz 2 
(al) 
5992  4-Hydroxybenzoi c aci d 15,0, 99-96-7 138.12 pror pl (м, аі) 2145 46% SI HO, bz; vs Et OH; s et h, ace 2 
Cry (ace) 9 
5993 2-Hydroxybenzoi c aci d, hydrazi de 1 NO; 936-02-7 52.15 148 vs bz, Et OH = 
5994 2-Hydroxybenzoni t ri le ;HGNO 611-20-1 119.12 98 1494 .1052100 1.537200 — s| HO; vs Et OH, et h, bz, chl S 
5995  .3-Hydroxybenzoni t ri le GNO 873-62-1 119.12 pr(al,eth)If (м) 82.8 у58, Et OH, et h, bz, chl Б 
5996  4-Hydroxybenzoni t ri le 7HGNO 767-00-0 19.12 ШЕГІ 113 148 sl HO, DMSO; vs Et OH, et h, chl E 
5997  4-Hydroxybenzophenone 4-Нудгохурћепу! phenyl ket one СН. 0, 1137-42-4 198.217 Pd pr (di | 135 13372 sl HO; vs Et OH, et h, НОАс = 
5998 4-Нудгоху-2Н-1-бепгоругап-2-опе СНО» 1076-38-6 62.142 па (м) 213.5 S Н,0, Et OH, et h; sl DMSO. 
5999 7-Hydroxy-2H-1-benzopyran-2-one ^ Umbelli f erone 460, 93-35-6 62.142 nd (w) 230.5 sub vs Et OH, НОАс, chl 
6000 1-Нудгоху-1 H-benzot ri azole 484,0 2592-95-2 135.123 157.8 
6001 2-Hydroxybenzoyl chl ori de 0010, 1441-87-8 56.567 19 905 131129) 158129 vs eth 
6002 4-(2-Hydroxybenzoyl)morpholi ne 4-Sal i су! oyl morphol i ne "Н.О 3202-84-4 204.202 5 0М50 
6003 2-Нудгохуб! phenyl [1,1-Bi phenyl ]-2-01 1280 90-43-7 170.206 575 286 12135 i НО; s Et OH, ace, bz; vs et h, ру 
6004 3-Hydroxybi phenyl [1,1-Bi phenyl ]-3-01 120 60 580-51-8 170.206 78 >300 sl HO; vs Et OH, et h, bz, ру; s chl 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
6005 4-Hydroxybi phenyl [1,1-Bi phenyl 1-4-01 1284.0 92-69-3 170.206 166 305 sl ЊО, DMSO; vs Et OH, et h, chl , 
ру 
6006 3-Hydroxybut anal Aldol 48,0, 107-89-1 88.106 8320 103% 42380 msc ЊО, Et OH; s et h; vs ace 
6007 2-Hydroxybut anoi c aci d, (+) 460; 600-15-7 104.105 442 dec 260; 125° S НО, Et OH, et h 
1404 
6008 3-Hydroxybut anoi с ас! d, (+) 480, 625-71-8 104.105 49 13072, 9401 4424 — vs HO, Et OH, et h; i bz 
6009  4-Hydroxybut anoi c aci d 460; 591-81-1 104.105 «17 dec 180 
6010 1-Hydroxy-2-but anone CHO; 5077-67-8 88.106 160; 789 02722 41892 48Н,0, Et OH, et h = 
6011 3-Hydroxy-2-but anone, (+) Acet oi n 1880, 52217-02-4 88.106 15 148 .00442 4171? тас ЊО; sl Et OH, et h; $ ace, chl ; = 
i lig 
6012  4-Hydroxy-2-but anone СО, 590-90-9 88.106 182; 90" 02332 .4585" msc H,0, Et OH, et h; vs ace A 
6013 2-Hydroxy-3-but eneni t ri le «НОЧО 5809-59-6 83.089 114 94 Ё 
6014 4-Hydroxybut угат! de HNO, 927-60-6 103.120 52 
6015 3-Hydroxycamphor 3-Нудгоху-1,7,7- ІШТІ 10373-81-6 168.233 nd (bz-pet h) 205.5 vs et h, Et OH, chl e 
t ri met hyl bi cycl o[2.2.1]hept an-2- 2 
опе 9 
6016 3-Нуфохусһо! ап-24-01 c асі d, Li t hochol i c aci d 241460: 434-13-9 376.573 hexlf (al) pr(di 1186 i НО, li g; s Et OH, chl, НОАс; sl < 
(301,58) al) eth ? 
6017 Hydroxycodei none он, NO, 508-54-3 313.349 275 dec = 
6018 2-Нудгохусус! odecanone Sebacoi n (His; 96-00-4 170.249 cry (pet h) 38.5 1364 n 
6019 2-Hydroxy-2,4,6-cycl ohept at ri en-1- СО, 533-75-5 122.122 nd 50.8 sub 40 S Н,0, et h, ace ° 
one 
6020 1-Нудгохусус! ohexanecarboni t ri 1e ;HaNO 931-97-5 125.168 35 13220 1.017270 1.4693 уз ЊО, et h = 
6021 2-Нуйгохусус! ohexanone ІНЕЛТІЙ 533-60-8 114,142 nd (81) 14785! — vs Н,0, EL OH; i. eth, bz, pet h A 
6022 1-(1-Hydroxycycl оћеху! Jet hanone 4,0, 1123-27-09 142.196 125.5; 91" 1.024825 146709 vs et h, Et OH » 
6023 4-Hydroxydecanoi c aci ф-1 act one 5-Hexyl di hydro-2K8-f uranone 69502 706-14-9 170.249 liq 281 2 
6024 2-Hydroxy-3,5-di i odobenzoi c ас! d 3,5-Di i odosali oyli c aci d 1406 133-81-5 389.914 nd (al) 235.5 SI HO; vs Et OH, et h; і bz, chl a 
6025  4-Hydroxy-3,5-di i odobenzoi c aci d 150,0; 618-76-8 389.914 237 dec 260 i НО; vs Et OH, et h; sl bz, chl, lig | О 
6026 4-Hydroxy-3,5-di i odobenzoni t ri le 793630 1689-83-4 370.914 201 dec ° 
6027 4-Hydroxy-3,5-di i od@x- lodoal phi oni c aci d 16852005 577-91-3 494.063 164 i НО; s Et OH, et h; sl bz, ch = 
phenyl benzenepropanoi c ас! d б 
6028 2-Нудгоху-4,6- СН. 708-76-9 182.173 70 1932, 16510 i НО; vs Et OH, et h, bz, chl , НОАс е 
di met hoxybenzal dehyde 2 
6029  4-Hydroxy-3,5- Syri ngal dehyde (Н,0, 134-96-3 182.173 br nd (li g) 113 199 51 HO, li g; vs Et OH, et h, bz, chl > 
di met hoxybenzal dehyde 223 
6030 — 4-Hydroxy-3,5-di met hoxybenzoi с СН 05 530-57-4 198.172 nd (w) 204.5 sl ЊО; vs Et OH 8 
aci d 5 
6031  7-Hydroxy-3,7-di met ћу! oct anal 180; 107-75-5 172.265 1033 0.92202 1.4494 51 НО; s Et OH, ace E 
6032 3-Hydroxy-2,2-di met hyl propanal Hydroxypi val dehyde 8160, 597-31-9 102.132 nd (w) 89.5 173; 6814 Е 
6033 2-Hydroxy-3,5-di ni t robenzoi c ас! d 11 0, 609-99-4 228.116 т! nd Ч pl 182 S H0, Et OH, et h, bz = 
жм 
6034 11-Нудгоху-9,15-01 oxoprost a-5,13- 15-0хо-ргоѕі agl andi n E2 48,0; 26441-05-4 350.449 Cry 
di en-1-oi c aci 0,491 10,139) 
6035  1-Hydroxy-1,1-di phosphonoet hane Et i droni c aci d Ж.Р, 2809-21-4 206.028 cry (w) 105 s Н,0, Et OH, MeOH 
6036 3-Нудгохуез! ra-1,3,5,7,9-pent aen- — Equi leni n 110; 517-09-9 266.335 258.5 sub 170 sl Et OH, ace, chl 
17-one 
6037 3-Hydroxyest ra-1,3,5(10),7-t et raen- Equi li n 113,0; 474-86-2 268.351 pl (AcOEt ) 239 sub 170 SI 40; s Et OH, ace, di ox, AcOEt 
17-one 
6038  2-Hydroxyet ћу! acryl at е 2-Hydroxyet hyl 2-propenoat e 40; 818-61-1 116.116 114 191, 9? 1.01123 
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6039 — V-(2-Hydroxyet ћу! )dodecanami de (МО, 142-78-9 243.386 88.5 
6040 N-(2-Hydroxyet ћу!) C, H, N50; 150-39-0 278.259 cry 165 dec 
et hyl enedi ami net ri acet i c aci d 
6041 2-Нудгохуе! ћу! 2-hydroxybenzoat e Glycol sal i cylat e gH, 6, 87-28-5 182.173 37 1735 1.2526" sl HO; vs Et OH, et h, bz, chl 
6042 2-Hydroxyet ћу! met hacryl at e Et hyl ene glycol monomet hacryl at &Н 0С 868-77-9 130.141 103% 673 1.07920 1.451520 
6043 A-(2-Hydroxyet hyl )pht hal i mi de чо NO, 3891-07-4 191.183 па (al), If (м) 130.3 sl; B 
6044  1-(2-Hydroxyet hyl )-2-pyrrol i di none e HONO; 3445-11-2 129157 20 2% 1.143520 
6045  4-Hydroxy-441-f uro[3,2-c]pyran- Pat uli n 180, 149-29-1 154.121 pl or pr (eth, 111 s H,O, Et OH, et h, асе, bz; і pet h 
2(6H)-one chl) 
6046 16-Hydroxyhexadecanoi c aci d 16-Hydroxypal mi t i c aci d 161500, 506-13-8 272.423 96.5 i H0; s Et OH, ace; sl et h, bz 
6047  2-Hydroxyhexanoi c aci d (10, 6064-63-7 132457 pr (et h) 60 vs HO 
6048  6-Hydroxyhexanoi c aci d 64,0; 1191-25-9 132.157 liq 
6049  3-Hydroxy-2-(hydroxymet hyl )-2- Di met hyl ol propi oni c aci d EN 4167-03-7 134.131 190 
met hyl propanoi c aci d 
6050 5-Hydroxy-2-(hydroxymet hyl)-#- Koj i c aci d 40, 501-30-4 142.110 pr nd (ace) 153.5 sl ЊО, bz; s Et OH, et h, ace, 
pyran-4-one DMSO 
6051 8-Hydroxy-7-i odo-5- Ferron C H;IN0,S 547-91-1 351.118 ye рг, If (al) 260 dec 51,8, Et OH; i. et h, bz, chl ; s con 
qui nol i nesul f oni c aci d sulf 
6052 2-Hydroxy-1H-i soi ndol e-1,3(8- сын 0; 524-38-9 163.131 232 s 0М50 
di one 
6053 2-Нудгоху-4-1 sopropyl -2,4,6- Съ 499-44-5 164.201 ра уе (pet h) 51.5 1370 1.06068 sl ЊО, bz, li g; $ ctc 
сус ohept at гі еп-1-опе 
6054  Hydroxyl upani ne СНО; 15358-48-2 264.364 сту (асе) 169.5 vs НО, Et OH, chl 
6055 — A-Hydroxymet hanami ne N-Met hyl hydroxyl ami ne GNO 593-77-1 47.057 hyg nd 87.5 62.5% 1.000320 1.416420 vs H,0, Et OH 
6056 2-Hydroxy-3-met hoxybenzal dehyde 6,0; 148-53-8 152.148 y ye If ae nd 44.5 265.5 sl HO, li g; vs Et OH, et h, ct c 
w, lig 
6057  2-Hydroxy-4-met hoxybenzal dehyde 690, 673-22-3 152.148 па (м), cry (al) 42.0 s Et OH, eth, bz, li g 
6058 2-Hydroxy-5-met hoxybenzal dehyde 690, 672-13-9 152.148 ye li q (м) 4 2475 vs et h, Et OH 
6059 3-Нуйгоху-4-те! hoxybenzal dehyde 690; 621-59-0 152.148 114 1795 1.196% SI HO; s Et OH, et h, bz, HOAc; vs 
chl 
6060 4-Hydroxy-3-met hoxybenzal dehyde Мапі lli n 810, 121-33-5 152.148 tetr(w, li g) 81.5 285 1.056 51 HO; vs Et OH, et h, асе; $ bz li g 
6061 4-Нудгоху-3-те! hoxybenzeneacet і с Homovani 111 c aci d 4160, 306-08-1 182.173 143.5 
aci d 
6062 4-Нудгоху-3- СН (0; 498-00-0 154.163 рг (м), па (bz) 115 dec S H;0, Et OH, et h, bz 
met hoxybenzenemet hano 
6063 4-Нуйгоху-3- Са ћи 2305-13-7 182.216 65 19715 1.55455 vs eth, Et OH 
met hoxybenzenepropano 
6064  2-Hydroxy-5-met hoxybenzoi c aci d 40, 2612-02-4 168.148 142 
6065  4-Hydroxy-3-met hoxybenzoi c aci d Vani Ili c aci d 406 121-34-6 168.148 wh nd 2115 sub 51 ЊО; vs Et OH; s et h, DMSO 
6066 7-Hydroxy-6-met hoxy-27-1- Scopolet i n 1:0, 92-61-5 192.169 nd or pr (41) 204 51 НО, Et OH; s chl; i. bz, GS 
benzopyran-2-one 
6067 4-(4-Нуйгоху-3-те! hoxyphenyl)-2- Zi ngerone G H0; 122-48-5 194,227 cry (асе, eth) 405 1874 vs et h 
but anone 
6068 1-(2-Нуйоху-4-те! hoxyphenyl ) СН 0; 552-41-0 166.173 nd (81) 52.5 1589 1.31028 1.54521 vs bz, et h, Et OH, chl 
et hanone 
6069 1-(4-Hydroxy-3-met hoxyphenyl ) Apocyni n (1,0, 498-02-2 166.173 рг (w) 115 297; 23415 sl HO; s ОН, ace, bz; vs et h, chl 
et hanone 
6070  (2-Hydroxy-4-met hoxyphenyl ) Oxybenzone C H,0,; 131-57-7 228.243 65.5 sctc 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6071 3-(4-Нудгоху-3-тег hoxyphenyl )-2- СН, Оз 458-36-6 178.184 cry (bz) 84 1.15621? vs bz, et h, Et OH 
propenal 
6072 М-Нуйгохуте! hyl ami ne hydrochl ori déV-Met ћу! hydroxyl ami ne CH,CI NO 4229-44-1 83.518 83.5 
hydrochl ori de 
6073 4-Hydroxy-o-[(met hyl ami no) Synephri ne GH, №0, 94-07-5 67.205 184.5 
met ћу! ]benzenemet hanol 
6074 17-Hydroxy-17-met ћу! androst an-3- Mest anol one 60, 521-11-9 304.467 192.5 sl AcOEt 
one, (50,170) 
6075  N-Hydroxy-4-met hyl ani 11 ne 7HQNO 623-10-9 23.152 If (bz) 96 dec 117 vs et h, Et OH, chl 
6076 2-Нудгоху-5-те ћу! benzal dehyde 05,0, 613-84-3 136.149 pl (aq, al) 56 217.5 1.09133 1.5479 vs et h, Et OH, chl 
6077 о-(Нудгохуте! hyl)benzeneacet i c Торі c aci d (1,0; 552-63-6 166.173 nd, pl (al, бо, м) 118 dec vs HO, et h, Et OH 
aci d, (+) 
6078  o-Hydroxy-oc-met ћу! benzeneacet i с At rolact i c aci d 4160, 4607-38-9 66.173 nd, pl (110) 94 vs ace, bz 
ас! d, (+) 
6079 2-Hydroxy-5-met hyl -1,3- C, H;0, 91-04-3 168.189 130.5 
benzenedi met hanol 
6080 2-(Нуагохутві ћу! )-1,4-benzenedi ol Gent i syl al cohol 10 495-08-9 140.137 nd (chl) 100 sub 75 vs НО, Et OH, chl 
6081 2-Hydroxy-5-met hyl benzoic acid — p-Cresot i c aci d 460; 89-56-5 152.148 151 sl НО; s Et OH, et h, bz, chl; i 05 
6082 2-Hydroxy-3-met ћу benzoi с aci d — o-Cresot i c aci d 460; 83-40-9 152.148 165.5 51 HO; s Et OH, et h, bz, chl 
6083 2-Hydroxy-4-met ћу! benzoi c acid — m-Cresot i c aci d 460; 50-85-1 152.148 cry, | 177 sl 4; s Et OH, bz, chl; vs et h 
6084  7-Hydroxy-4-met ћу! -2/-1- Hymecromone CigH,05 90-33-5 176.169 nd (81) 194.5 SI HO, et h, chl ; s Et OH, al k, HOAc 
benzopyran-2-one 
6085  3-Hydroxy-3-met ћу! but anoi c aci d 5160, 625-08-1 118.131 <-32 162? 0.938420 1.508122 ^ vs HO, et h, ОН 
6086 3-Нуагоху-3-те! hyl -2-but anone EN 115-22-0 102432 140 0.952620 schl 
6087 2-Hydroxy-3-met hyl -2-cycl opent en- С,Н,0, 80-71-7 112.127 104.8 
1-one 
6088 5-(Hydroxymet hyl )-2- 5-(Hydroxymet hyl )-2-f ural dehyde 6603 67-47-0 126.110 nd(eth-peth) 31.5 115 1.2062% 1.56278 s H,0, Et OH, bz, chl; sl et h, ctc 
f urancarboxal dehyde 
6089 2-Hydroxy-6-met hyl -3- o-Thymot i c aci d 48,40; 548-51-6 194.227 nd (w, 02,110) 127 sub vs bz, et h, Et OH 
i sopropyl benzoi c ас! d 
6090 2-Hydroxy-3-met ћу! -6-i sopropyl-2- Di osphenol ШИ 490-03-9 168.233 83 10919 
сус! ohexen-1-one 
6091 2-(Нуйгохуте! hyl )-2-met hyl -1,3- C;H,,0, 77-85-0 120.147 wh ром ог па 204 1365 msc H,0, Et OH; i. et h, bz; vs НОАС 
propanedi ol (al) 
6092 2-Hydroxy-3-met hyl -1,4- Pht hi ocol 140; 483-55-6 188.180 yepr(eth-peth) 173.5 sub vs ace, et h 
napht hal enedi one 
6093  5-Hydroxy-2-met hyl -1,4- Pl umbagi n СН,0, 481-42-5 88.180 goldprororan- 78.5 sub vs ace, bz, et h, Et OH 
napht hal enedi one ye nd (di | al) 
6094  2-(Hydroxymet hyl )-2-ni t ro-1,3- Tri s(hydroxymet ћу! )пі t romet hane „Н,М0, 26-11-4 151.118 nd or pr 165 dec vs HO, et h, Et OH 
propanedi ol 
6095 2-Нудгоху-4-те hyl pent anoi c aci d, L-Leuci c aci d 64,0; 3748-90-8 32.157 ort h (et h) 81.5 vs Ю, et h, Et OH 
(S) 
6096 — 1-(2-Hydroxy-4-met hyl phenyl ) CoH, 6921-64-8 150.174 21 245 1.101210 1.552755 
et hanone 
6097  1-(2-Hydroxy-5-met ћу! phenyl ) C,H40; 450-72-2 50.174 pr (li g) 50 210; 120 1.079753 vs bz, et h, Et OH, chl 
et hanone 
6098 2-(Hydroxymet ћу! )phenylB-D- Sali ci n 4,0, 38-52-3 286.278 orthndorlf (w) 207 dec 240 1.434 vs ЊО, Et OH, HOAc 
gl ucopyranosi de 
6099  1-(2-Hydroxy-5-met hyl phenyl )-1- Са 05 938-45-4 64.201 1.0 129165 1.084114 1.5493 $ chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6100 A-(Hydroxymet hyl )pht hal i mi de 4100, 118-29-6 171.157 If, pr (t o) 141.5 i44 et h, ct c; 51 Et OH, bz; st ol 
6101 3-Hydroxy-2-met hyl propanal 0, 38433-80-6 88.106 oi 
6102 2-Hydroxy-2-met hyl propanoi c aci d 460; 594-61-6 104.105 hyg pr(eth)nd 82.5 212 vs ЊО, Et OH, et h; sl bz 
(bz) 
6103 3-Hydroxy-2-met ћу! propanoi c aci d 4&0; 2068-83-9 104.105 0i 
6104 A-(Hydroxymet hyl )-2-propenami de — -(Hydroxymet ћу! Jacryl ami de АМО; 924-42-5 101.105 Cry 76 
6105  4-Hydroxy-6-met hyl-2+pyran-2-one Tri acet с aci d lact one 4:0; 675-10-5 126.110 189 dec қ 
6106 3-Hydroxy-2-met ћу! -&-pyran-4-one Malt ol (5,0, 118-71-8 126.110 mcl pr (chl) 161.5 sub 93 SI ED, et h, bz; vs chl ; s alk; pet h = 
6107 5-Hydroxy-6-met hyl -3,4- Pyri doxi n Н, NO, 65-23-6 169.178 nd (НОАс) 160 14000001 < 
pyri di nedi met hanol n 
6108  4-Hydroxy-1-met hyl -2-qui noli none 4-HydroMymet ћу! carbost yri | 109530, 1677-46-9 175.184 265 sl DMSO o 
6109 2-Hydroxy-4-(met hyl t hi o)but anoi c Met hi oni ne hydroxy anal og 510035 583-91-5 150.196 0i г 
aci d 
6110 3-Hydroxy-c-met hyl Ł-t yrosi ne et hyl dopa (8:0, 555-30-6 211.215 cry (MeOH) 300 dec m 
6111 (Hydroxymet hyl )urea GH,N,0, 1000-82-4 90.081 pr (al) 111 vs НО: s Et OH, MeOH, НОАс; i Z 
eth nN 
6112 2-Hydroxy-1- САН 708-06-5 172.181 pr (al), nd 83 19227 i НО; s Et OH, et h, aq alk, sulf , < 
napht па! enecarboxal dehyde (AcOEt ) pet h 7 
6113  2-Hydroxy-1-napht hal enecarboxyl i с 2-Hydroxy-1-napht hoi с aci d 450; 2283-08-1 188.180 1573 sl HO; vs Et OH; s et h, ace, bz, 2 
aci d li 0, chl 
6114  1-Hydroxy-2-napht hal enecarboxyli с 1-Hydroxy-2-napht hoi c aci d 40; 86-48-6 188.180 cry (al) nd (al, 195 sl HO; vs Et OH, et h; $ bz ° 
aci d et h, bz) 
6115 3-Hydroxy-2-naphi hal епесагроху!! с 3-Hydroxy-2-napht hoi c aci d 450; 92-70-6 188.180 nd (di | al) ye If 222.5 51 ЊО; vs Et OH, et h; s bz, СА, t ol > 
aci d (di | al) 
6116  2-Hydroxy-1,4-napht па! enedi опе Lawsone 140; 83-72-1 174,153 ye pr (HOAc) 195 дес vs Et OH; Г et h, bz, 001: s НОАс 5; 
6117 5-Нудгоху-1,4-парће hal enedi one Jugl one 150, 481-39-0 174.153 yend(bz)peth) 155 sub i $0;s Et OH, et h, bz vs chl; sl li g 2 
6118 7-Hydroxy-1,3-napht һа! enedi sulf oni 2-Napht hol -6,8-di sulf oni 64014. ,,H40;S; 118-32-1 304.297 580 б 
әсі 0 с 
6119 3-Нудгоху-2,7-парће hal enedi sulf oni 2-Napht hol -3,6-di sulf oni с асі й (0,5; 148-75-4 304.297 hyg nd dec vs HO, Et OH © 
aci d < 
6120 6-Hydroxy-2-napht һа! епергорапо! с Al lenol i c aci d 1381203 553-39-9 216.232 cry (di | MeOH) 180.5 vs py, Et OH, MeOH 5 
әсі 0 
6121 4-Hydroxy-1-napht hal enesulf oni c 1-Napht hol -4-sulf oni c aci d 49 H604S 84-87-7 224.234 ab or pl (w) 170 dec vs ED; i eth = 
әсі 0 
с 
6122 7-Hydroxy-1-napht hal enesulf oni c Crocei c aci d 690,5 132-57-0 224,234 580 un 
aci d = 
6123 1-Нудгоху-2-парће hal enesulf oni c 1-Napht hol -2-sulf oni с aci d «00,5 567-18-0 224,234 р! (w) >250 51 ВО, di | HCl; s Et OH; i eth S 
aci d = 
=. 
6124 6-Нуйгху-2-парїї hal enesulf oni c 2-Марће hol -6-sul f oni c aci d 0,5 93-01-6 224.234 f, cry (841) 125 vs ED, Et OH; i. et h; s НОАс = 
әсі 0 б 
6125 Hydroxynapht hol bl ue, t ri sodi um salt a s Na,0,, 63451-35-4 623.495 dk red cry & 
5; 
6126 N-(2-Hydroxy-1-napht hyl Jacet ami de АМО; 117-93-1 201.22 f (w, di | al) 235 dec sub vs ace, bz, et h, Et OH 
6127  1-(1-Hydroxy-2-napht ћу! је! hanone 08,0, 711-79-5 186.206 pr (bz, 11 g) grn- 101 dec 325 vs bz, НОАс 
ye nd (81) 
6128 2-Hydroxy-3-ni t robenzal dehyde 180, 5274-70-4 167.120 nd (НОАс) 109.5 vs bz, Et OH 
6129 2-Hydroxy-5-ni t robenzal dehyde 70.0, 97-51-8 167.120 cry (di | НОАс) 127.0 S ace 
6130 2-Hydroxy-3-ni t robenzoi c aci d 3-М t rosal i суп c aci d МО, С 85-38-1 183.119 уе па (HOAc, 148 51 HO; vs Et OH, et h; s ace, bz, chl 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6131 2-Hydroxy-5-ni t robenzoi c aci d 5-Ni t rosal i суп c aci d 11510, С 96-97-9 183.119 nd (w) 229.5 1.6502 sl HO; vs Et OH, et h, ace, bz; s chl 
6132 2-Hydroxy-1,2,3- Agari ci c aci d 2000; 666-99-9 416.549 cry pow 142 dec S H,0; sl Et OH, et h; Г bz, chl 
nonadecanet ri carboxyl i c aci d 
6133 12-Нудгохуос! adecanoi c aci d 12-Hydroxyst eri c aci d а, 06-14-9 300.477 cry (al) 82 i ID; s Et OH, et h, chl 
6134 я adecenoi c aci d, Ri ci nolei с aci d 441860: 41-22-0 298.461 vi scli q 5.5 227 0.9450?! 147167 1 HO; vs et h, Et OH 
6135  2-Hydroxyoct anoi c aci d 88160, 617-73-2 160.211 pl 70 1629 51 HO, chl; vs Et OH, et h 
6136 5-Нуагоху-4-ос! anone But уго! n 480; 496-77-5 44212 liq -10 185 0.9107 1.434516 = 
6137  [2-Hydroxy-4-(oct yl oxy) Oct abenzone (411550, 843-05-6 326.429 48.5 ме 
phenyl ]phenyl met hanone Л 
6138 3-Hydroxy-2-oxopropanoi с асі d Hydroxypyruvi c aci d ЗН, 113-60-6 04.062 81 dec б 
6139 3-Нудгоху-4-охо-4Н-ругап-2,6- Meconi c aci d 15,0; 497-59-6 200.103 orth pl (м, di |. 120 dec 51 ЊО, MeOH, ace, et h; s Et OH, E 
di carboxyl i c aci d НСІ) (38) bz 
6140 2-Hydroxypent anoi c aci d 480; 617-31-2 118.131 hyg pl 34 sub S HO, Et OH, et h ж 
6141 5-Нуйгоху-2-репі апопе GH440; 071-73-4 02432 209; 1179 1.007120 1.439022 msc H,0; s Et OH, et h 7 
6142 7-Hydroxy-3H-phenoxazi n-3-one Resorufine G;H;NO, 635-78-9 213.189 br nd (PhNO,) i HO; 51 Et OH; Г eth; vs alk M 
pr (НСІ) 
6143 N-(2-Hydroxyphenyl Jacet ami de BNO, 614-80-2 151.163 pl (di | al) 209 5,4 vs Et OH, et h, bz; s DMSO > 
6144 М-(3-Нудгохурћепу! Jacet ami de 0,30, 621-42-1 51.163 па (м) 148.5 bod OH; sl et h, bz, chl, 2 
6145 N-(4-Hydroxyphenyl )acet ami de Acet ami nophen 8100, 103-90-2 151.163 mcl рг (w) 170 1.293" i НО; vs Et OH ° 
6146 2- (4-Hydroxyphenyl Jazo]benzoi c С.Н (М0, 1634-82-8 242.229 206 sl DMSO o 
aci d 
6147  2-Hydroxy-N-phenyl benzami de Sali oylani 11 de 31400, 87-17-2 213.232 pr (w, 21) 136.5 S HO; sl Et OH, et h, bz, chl 5 
6148 М-Нуагоху-М-рһепуі benzami de GH,,NO, 304-88-1 213.232 120.3 > 
6149  o-Hydroxy-o-phenylbenzeneacet i c Benzi li c aci d 1481205 76-93-7 228.243 mcl nd (w) 150 dec 180 51 HO, ace; vs Et OH, et h; s con 2 
ас! 0 sulf б 
6150 3-Hydroxy-2-phenyl -4H-1- (5510, 511-85-5 238.230 payend(al) 169.5 s Et OH б 
benzopyran-4-one о 
6151 М(4-Нудгохурћепу! )but anami de 4-Нуагохурш угай 11 de по МО, 101-91-7 179.216 nd (w) 139.5 vs Н,0, Et OH < 
6152 4-(4-Hydroxyphenyl )-2-but anone 6,0; 5471-51-2 164.201 82.5 5 
6153  1-(2-Hydroxyphenyl )et hanone (H,0; 118-93-4 136.149 25 218 1.130720 1.558402 vs et h, Et OH, НОАс е 
6154  1-(3-Hydroxyphenyl )et hanone (3,0, 121-11-1 136.149 nd or If 96 296; 153 1.099210 1.5348 51 HO; vs Et OH, et h, bz, chl; i lig | 2 
6155 1-(4-Hydroxyphenyl )et hanone 690, 99-93-4 136.149 па (eth, dil al) 109.5 147 1.109010? 1.557719 s| ЊО, DMSO; vs Et OH, et h Я 
6156 4-Нуйгохурїїепу!-0-0- Arbutin 50; 497-76-7 272.251 nd (w+1) 199.5 vs H0; s Et OH; sl eth; i bz chl, |ж 
gl ucopyranosi de cs, 8 
6157 2-(4-Hydroxyphenyl )-D-gl ус! ne Oxf eni ci пе 810, 22818-40-2 167.162 Cry 240 dec z 
6158 N-(4-Hydroxyphenyl )gl ус! ne NO, 22-87-2 167.162 If (м) pl (w) 246 dec 51 ,В, Et OH; i et h; s AcOEt , chl E 
6159 2(2-Hydroxyphenyl )-2(4- 2,4-Isopropy! i denedi phenol 10, 837-08-1 228.287 cry (bz) 111 u 
hydroxyphenyl )propane = 
6160 2-[[(2-Hydroxyphenyl ) N-Sal i cyl i deneami nophenol GH,,NO, 761-56-4 213.232 185 
i mi no]met hyl phenol 
6161 М-Нудгоху-М-(рһепуі met ћу!) Cu H, ;N0 621-07-8 213.275 122.5 s chl 
benzenemet hanami ne 
6162 М-(4-Нудгохурћепу! oct adecanami de GH,,NO, 03-99-1 375.589 133.8 239.510 i НО; sl et h, bz, chl; s ace 
6163 3-(4-Нудгохурћепу! )-2-oxopropanoi с 4-Hydroxy-c-oxobenzenepropanoi с C,H,O, 56-39-8 180.158 cry (м) 220 dec 5,0; dec al k 
aci d aci d 
6164  (2-Hydroxyphenyl )phenyl met hanone СН. 0, 17-99-7 198.217 pl (di | al) 40 280 i НО; vs Et OH, et h, bz; sl chl , pet h 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
6165  1-(2-Hydroxyphenyl )-3-phenyl -2- 2'-Hydroxychal cone СНО, 1214-47-7 224,255 90 
propen-1-one 
6166 2-Нудгоху-1-рћепу! -1-propanone СН0; 5650-40-8 150.174 ye oi 1 251 1.1088 1.53623 
6167 1-(2-Нудгохурћепу! )-1-propanone СН,» 610-99-1 150.174 1508, 11515 1.5501? 5 ЊО; s ОН, et h, ct c, alk 
6168 1-(4-Нудгохурћепу! )-1-propanone ^ —Paroxypropi one (9.0; 70-70-2 150.174 wh nd or pl (м) 149 51 ВО, ace; s Et OH, et h, alk 
6169 3-(4-Нуагохурїїепу! )-2-ргорепо c p-Coumari c aci d ФО, 7400-08-0 164.158 nd 211.5 vs et h, Et OH 
aci d 
6170 3-Нудгоху-2-рћепу! -4- Oxyci nchophen Ни МО, 485-89-2 265.263 ye pr (al) 206 dec vs bz, Et OH, НОАс = 
qui noli necarboxyli c aci d we 
6171 N-Hydroxypi peri di ne 1-Pi peri di nol sH NO 4801-58-5 101.147 hyg 39.3 1105 n 
6172 3-Hydroxypregnan-20-one, (30,50) ^ Allopregnan-àx-ol -20-one itas 516-54-1 318.494 cry (al) 177 о 
6173 3-Hydroxypregnan-20-one, (38,50) АІ оргеопап-ф-01-20-0пе Cía; 516-55-2 318.494 189.5 E 
6174 17-Hydroxypregn-4-ene-3,20-di one — 1%-Hydroxyprogest erone 6.950 68-96-2 330.461 sl chl 
6175 21-Hydroxypregn-4-ene-3,20-di one Deoxycort i cost erone 210305 64-85-7 330.461 pl (et h) 1415 SI 10, et h; vs Et OH, ace; s chl ж 
6176 21-Hydroxypregn-4-ene-3, 11,20- 11-Dehydrocort i cost erone 28,0, 72-23-1 344,445 pr(ace-w,al, 183.5 i НО; s Et OH, ace, bz ” 
іті опе ace-et h) л 
6177 сі s4-Hydroxy-L-prol i ne (МО 618-27-9 131.130 nd (8141) 239.5 vs ЊО < 
6178 t rans4-Hydroxy-L-prol i ne МО 51-35-4 131.130 f (dil al) pr(w) 274 48015! Et OH 2, 
6179 3-Нудгохургорапа! Hydracrol ei n 0, 2134-29-4 74.079 9018, 3802 vs ace, et h, Et OH 2 
6180 Hydroxypropanedi oi c aci d Tart roni с aci d HG 80-69-3 120.061 рг (w+1) 157 sub S HO, Et OH; sl et h © 
6181 2-Hydroxypropaneni t ri le Acet al dehyde cyanohydri n 3H 78-97-7 71.078 iq -40 183 0.9877 14058 тѕсН,0, Et OH; set h, chl; i CS "m 
pet h 
6182  3-Hydroxypropaneni t ri le Hydracryl oni t ri le зНЫМ@ 109-78-4 71.078 14 -46 221 1.0404 142489 mscH,0, Et OH; sl et h; s chl; i 25 = 
6183 3-Нудгохургорапо! c aci d Hydracryl i c aci d 310, 503-66-2 90.078 Syr dec 1.4489? vs Н,0; s Et OH; msc et h ° 
6184 1-Нудгоху-2-ргорапопе Acet one alcohol 0, 116-09-6 74.079 hygli q -17 145.5 1.0809 14295? vs Н,0, Et OH, et h 27 
6185  4-(3-Hydroxy-1-propenyl )-2- Coni f егуі al cohol (8:0; 458-35-5 180.200 pr (et h-li g) 74 164 i НО; s Et OH, alk; vs et h 5 
те! похурїїепо! 
6186 2-Нудгохургору! acrylat e 1003 999-61-1 130.141 iq 70 S 
6187 (2-Нудгохургору!) C H, CI NO 2382-43-6 153.650 pr (Bu OH) 165 dec vs HO, Et OH 2 
t ri met hylammoni um chl ori de = 
6188 3-Hydroxy-1H-pyri di n-2-one МО, 16867-04-2 111.100 245 dec о 
6189  1-Hydroxy-2,5-pyrrol i di nedi one N-Hydroxysucci ni mi de 460, 6066-82-6 115.088 hyg 96.3 sl DMSO с 
6190 4-Hydroxy-2-qui noli necarboxyli caci d Kynureni c ас! d о. NO; 492-27-3 189.168 уе » (+w, di | 2825 sl HO; s Et OH; | eth; vs alk 2 
а Un 
6191 8-Hydroxy-5-qui nol i nesul f oni c aci d sH,ND,S 84-88-8 225.222 d^ | ирс 3225 51 HO т 
| © 
6192 4-Hydroxy-2-qui nol i none 2,4-Qui nol i nedi ol oH; NO; 86-95-3 161.158 360 dec sl Et OH, РАМО gl HOAc z 
6193 3-Hydroxyspi rost ап-12-опе, Hecogeni n ÇH,0, 467-55-0 430.620 pl (et h) 266.5 vs ace, et h, Et OH z 
(3B,50,255) б 
6194  4-Hydroxyst yrene 4-Vi nyl phenol 860 2628-17-3 120.149 73.5 & 
6195  2-Hydroxy-5-sul f obenzoi c aci d 5-Sul f osal i суі c ас! d 10656 97-05-2 218.184 hyg nd 120 vs ЊО; vs Et OH, et h 
6196  2-Hydroxy-5-sul f obenzoi c aci d 5-Sulf osali суі c aci d di hydrate — 7H, O¢S 5965-83-3 254,214 wh cry (w) vs ЊО; vs Et OH, et h 
di hydrat e 
6197  4-Hydroxy-2,2,6,6- 2,2,6,6-Tet ramet ћу! -4-pi peri di nol — H, 00 2403-88-5 157.253 130 213.5 
t et ramet hyl pi peri di ne 
6198 5-Нудгоху rypt ami ne 3-(2-Ami noet ћу! )i ndol -5-ol 8:50 50-67-9 176.214 580 
6199  5-Hydroxy-DL-t түрі ophan СН, №0: 114-03-4 220.224 rod ог nd (al) 300 dec 
6200 Hydroxyurea СН,М0, 127-07-1 76.055 nd (al) 141 dec vs НО 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6201 Hydroxyzi ne GH,CINO, 68-88-2 374.904 oi | 220 
6202 Hymecromone 0,0-di et ћу! C, Hí0;PS 299-45-6 328.321 nd 38 2100 dec 1.26038 1.56857 vs H30; sl pet h 
phosphorot hi oat e 
6203 Нутепохопе Cis Ho;0; 57377-32-9 282.333 cry 
6204 Нуозсуат! пе GÇH,N0,; 101-31-5 289.370 tetrnd(dilal) 1085 SIOHet h, bz; vs Et OH, chl 
6205 Hypoglyci n A 6H,,NO, 156-56-9 141.168 уе рі (Ме ад) 282 
6206 Hypoxant hi ne (INO 68-94-0 136.112 oct nd (w) 150 dec 51 ED; s alk, di | aci d = 
6207 Ibuprof en 2-(4-Isobut yl phenyl )propanoi c aci d 5460, 15687-27-1 206.281 col cry 76 51 HO; s os T 
6208 Icosylami ne 1-Ei cosanami ne ба 10525-37-8 297.562 372.4 >° 
6209 D-Idose СН :0; 5978-95-0 180.155 Syr vs HO = 
6210 1-10056 СН :0; 5934-56-5 180.155 Syr vs HO o 
6211 Imazali | GH,CINO 35554-44-0 297.179 50 dec 1.24323 m 
6212 |тагаруг СН, №03 81334-34-1 261.276 171 б 
6213 Imazaqui n НО 81335-37-7 311.335 221 ° 
6214 Imazet hapyr СН №03 81335-77-5 289.330 173 2 
6215 mi 082016 1,3-Di azole № 288-32-4 68.077 mcl pr (bz) 89.5 257 1.030301 1.480110! 48Н,0, Et OH; s et h, ace, py; sl bz - 
6216 1H-Imi dazol e-4,5-di carboxyl i c aci d sH,8,0, 570-22-9 156.097 pr 290 dec 1.74%5 SI HO, py; i. EL OH, et h, bz 27 
6217 1H-Imi dazol e-4-et hanami ne, СНС 56-92-8 184.066 pl (et h-HOAc), 251.3 1.4320 vs НО, MeOH - 
di hydrochl ori de pr (w) л 
6218 2,4-Imi 042011 di nedi one Hydant oi n 31,М0, 461-72-3 100.076 A Чи If 220 5,0, Et OH, alk; sl eth; i peth ° 
(2) 
6219 2-1ті dazol i di net hi one Et hyl ene t hi ourea JH NSC 96-45-7 102.158 nd (81), pr(al) 203 vs НО; s Et OH; i. et h, bz, chl; sl z 
DMSO 
6220 Imi dazoli di net ri one Parabani c aci d 31260, 20-89-8 114.059 mcl nd (w) 244 dec sub 100 S ЊО; vs Et OH Q 
6221 2-Imi 082011 di none Et hyl ene urea 36,0 20-93-4 86.092 131 vs Н,0, Е OH; sl et h, chl ” 
6222 Imi dodi carboni c di ami de Bi uret 0, 08-19-0 103.080 í Б nd 190 dec sl ЊО; vs Et OH; i eth 5 
W+ 
6223 3,3-Imi nobi spropaneni t ri le Bi s(2-cyanoet ћу! Jami ne 45% С 11-94-4 123.155 -6 1625 1.016520 ° 
6224 Imi nodi acet i c aci d 4,80, 42-73-4 133.104 ort h pr 241.5 si b0; i Et OH, et h = 
6225 Imi nodi aceti c aci d, di ni t ri le 2,2-Іті nobi sacet oni t ri le НАМ 628-87-5 95.103 78 5,0, Et OH; sl et h, bz, chl "J 
6226 Imi prami ne 1,4, 50-49-7 280.407 1600 2 
6227 Imi prami ne hydrochl ori de Tof rani | КӨШ 13-52-0 316.868 1745 vs ЊО; s Et OH; sl асе Z 
6228 Imperat ori n GH, .0, 482-44-0 270.280 cry (al) 102 51 HO; s Et OH, et h, bz, pet h; vs > 
ch 
6229 |пдасоп! t i ne о МО 4491-19-4 629.738 Cry 202 dec vs et h, Et OH, chl © 
6230 Indal one But opyronoxyl СН. 0, 532-34-3 226.269 ye-red li q 263 1.057 14755 i BO; vs Et OH, et h, chl z 
6231 Indan CH; 496-11-7 118.175 liq -51.38 177.97 0.9639 1.5378? i НО, msc Et OH, et h; sl chl 5 
6232 1-Indanami пе 1-Ami noi ndane Ю.М 34698-41-4 133.190 221; 968 1.03815 1.56132 sl НО; s et h, ace, bz E 
6233 1H-Indazole 1H-Benzopyrazol e CHN, 271-44-3 118.136 nd (al, w) 148 269 s HO, Et OH, et h = 
6234  1H-Indazol -3-ol 1,2-Di һуйго-8-1 ndazol -3-one (H N,0 7364-25-2 134.135 ndorlf pn 252.5 51 НО, et h; s MeOH, Et OH 
pl or nd (al 
6235 Indene Indonapht hene GH, 95-13-6 116.160 liq -15 182 0.9966 1.5760? 1 НО; msc Et OH, et h; s ace, bz, 
ру; 51 ch 
6236 1H-Indene-1,3(2H)-di one 690, 606-23-5 146.143 nd (et h, Li g) 131 dec 1.37 sl HO, ct c; vs Et OH; s et h, bz, al k 
6237 1H-Indene-1,2,3-t ri one monohydrate Ni nhydri n 410, 485-47-2 178.142 pa ye pr (м, al) 242 dec vs HO; s Et OH, alk; sl et h 
6238  Indeno[1,2,3-cd]pyrene 1,10-(1,2-Phenyl ene)pyrene бай. 193-39-5 216.330 ye cry (су) 162 
6239 Indi go G H, №0, 482-89-3 262.262 dk bl pow 390 dec sub 300 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6240 5,5’-Indi godi sul f oni c aci d, di sodi imdi go Carmi ne RHN Na O, 860-22-0 466.353 dk-bl pow 51 HO, Et OH; | os 
salt S, 
6241 Іпдосуапі ne green G aH №№ 05 3599-32-4 774,962 grn pow 244 dec 
5; 
6242 1H-Indol -5-ami пе QN, 5192-03-0 32.163 132 
6243 1H-Indole 2,3-Benzopyrrol e GH, 120-72-9 117.149 d m h) cry 52.5 253.6 1.22% $ H,0, bz; vs Et OH, et h, t ol; sl ctc 
et h 
6244 1H-Indol e-3-acet i c aci d Indol eacet i c aci d «1400, 87-51-4 75.184 If (bz), pl (chl) 168.5 09 vs Et OH; s et h, ace, bz; sl = 
chl 
6245 1H-Indol e-3-acet oni t ri le М 771-51-7 156.184 36 16002 2 
6246 1Н-Іті! e-3-but anoi c ас! d Indol ebut yri c aci d 121400, 133-32-4 203.237 1245 vs bz; s DMSO; i peth = 
6247  1H-Indol e-3-carboxal dehyde GH;NO 487-89-8 45.158 197.8 » 
6248 1H-Indol e-2,3-di one Isat i n «60, 91-56-5 147132 oran mcl pr 203 dec S НО, ace, bz; vs Et OH; sl et h cC 
6249  1H-Indol e-2,3-di опе, 3- Isat i n, 3-t hi osemi carbazone 101,05 487-16-1 220.251 283 а 
t hi osemi carbazone > 
6250 1H-Indol e-3-et hanami ne, Trypt ami ne hydrochl ori de КК 343-94-2 96.676 nd(al-bzorli 0) 255 vs ace, Et OH 9 
monohydrochl ori de = 
6251 1H-Indol e-3-et hanol Trypt opho AB NO 526-55-6 161.200 pr (bz-pet h) 59 174 vs ace, et h, Et OH, chl 27 
6252  1Н-п016-3-1ас i c ас! ó) ( o-Hydroxy-1H-i ndol е-3-ргорапої с CH; NO; 7417-65-4 205.210 cry (pet h) 100 > 
ас! 0 
6253 1H-Indol e-3-propanoi c ас! d 403,М0, 830-96-6 189211 134.5 sl НО, DMSO; vs Et OH, et h, ace, ° 
bz 
6254 Indoli zi ne #8; 274-40-8 117.149 р! 75 205 i EO; s EL OH ° 
6255 1Н-ї001-3-01, acet at e „МО; 608-08-2 175.184 129 5 
6256 1-(1H-Indol -3-yl Jet hanone GH NO 703-80-0 159.184 nd (bz) 192.3 144” vs Et OH > 
6257 1-(1H-Indol -3-yl )-2-propanone 3-Indol yl acet one (АМО 1201-26-9 173211 br ort h (bz), па 116 2 
(aq MeOH) 5 
6258 3-(1H-Indol -3-yl )-2-propenoi с aci d — 3-Indol yl acryl i c aci d HIN! 1204-06-4 187.195 185 dec с 
6259 Indomet haci n QH,,CINQ, — 53-86-1 357.788 155 (f orm a); © 
162 (Гогт 0 = 
6260 Inosi ne Hypoxant hi ne ri bosi de (HON 0s 58-63-9 268.226 pl (и + 2), nd 218 dec sl ЊО; vs Et OH ч 
(80% al) 9 
6261 Inosi ne 5-monophosphat e 5--Inosi ni c aci d зоне МОР 131-99-7 348.206 vi scli qor glass vs Gt 51 Et OH, et h 5 
6262 туо-1поѕі t ol 6.20,3о,40,5о,6)- СН, 0; 87-89-8 180.155 cry (w) 225 1.752 580 гт 
Сус! ohexanehexol 9 
6263 locet ami c aci d а О 16034-77-8 613.955 wh-ye pow 225 i HO; sl Et OH, bz, et h, ace ~ 
6264 lodi pami de fH N.O. 606-17-7 1139.761 307 dec i НО, bz; sl Et OH, et h, ace S 
6265  2-lodoacet ami de МО 144-48-9 184.963 93.0 $ Н,0; 51 tfa Б 
^ 6266 ldoxeicadd 10, 6469-7 185948 «825 dc sho O, peth; sl eth, chl - £ 
6267 lodoacet one СНО 3019-04-3 183.975 6212 21758 s Et OH = 
6268 lodoacet oni t ri le 210) 624-15-9 166.948 185 2.307% 1.574420 
6269 100086! yl ene GHI 14545-08-5 151.933 32 
6270 2-lodoani || ne 45; 615-43-0 219.023 па (di | al) 60.5 sl B; vs Et OH, et h, ace 
6271 3-lodoani 11 ne 45; 626-01-7 219.023 If 33 145 16811? i НО; s Et OH, chl 
6272 4-lodoani || ne iB 540-37-4 219.023 nd (w) 67.5 sl ЊО, pet h; s Et OH, et h 
6273  2-lodobenzal dehyde CHO 26260-02-6 232.018 37 1294 SI HO; s ace 
6274  4-lodobenzal dehyde CHO 15164-44-0 232.018 77.5 265 sl ЊО; $ Et OH, bz 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? т, Solubility 
6275 lodobenzene C,H, 591-50-4 204.008 lig -31.3 188.4 1.8308 1.6200? i НО; $ Et OH; msc et h, ace, bz, 

їс 
6276 2-lodobenzenemet hanol (10 5159-41-1 234.034 92 14832 1.634920 
6277 4-lodobenzenesul f опу! chl ori de Pi psyl chl ori де 40010,5 98-61-3 302.517 85 
6278  2-lodobenzoi с aci d 10, 88-67-5 248.018 па (м) 163 ехр 233 2255 sl ЊО, ace; vs Et OH, et h 
6279 3-lodobenzoi с aci d 10, 618-51-9 248.018 mcl pr (ace) 188.3 sub 51 HO, et h; vs Et OH 
6280 4-lodobenzoi c aci d 10, 619-58-9 248.018 ja Эн | al) 11270 sub 2.18420 i HO; 51 Et OH; s et h, DMSO = 

su 
6281 4-lodobenzoni t ri le қ 3058-39-7 229.018 127.5 = 
6282 2-lodobenzoyl chl ori de Н,С110 609-67-6 266.463 38.3 1597, 13519 n 
6283  4-lodobenzoyl chl ori de Н,С110 1711-02-0 266.463 65.5 1642 a 
6284  2-lodo-1,1'-bi phenyl Су 2113-51-1 280.103 1909, 1697 1.55112 .6620? 1 НО; s Et OH, et h, bz, HOAc E 
6285  3-lodo-1,1'-bi phenyl еН 20442-79-9 280.103 26.5 18876 1.596725 с 
6286 — 4-lodo-1,1'-bi phenyl ІМЛ 1591-31-7 280.103 па (al, НОАс) 113.5 320; 183! i НО; s ОН, et h, bz, НОАс o 
6287  1-lodobut ane But yl i odi de 410 542-69-8 184.018 liq -103 130.5 1.6159 .50012 j НО; msc Et OH, et h; vs chl 2 
6288  2-lodobut ane, (+) (+)sec-But yl i odi de 461 52152-71-3 184.018 liq -104.2 120.1 1.5920 .4991? i НО; msc Et OH, et h; vs chl - 
6289  |одосус! ohexane Cycl ohexyl i odi de PP 626-62-0 210.055 dec 180; 624420 5477 i HO; s Et OH, et h, ace, bz > 
8 20 
6290 |одосус! opent ane Сус! opent у! i odi de ЊЕ 1556-18-9 196.029 166.5 „70962 54470 | НО; seth, bz sl ctc 2 
6291 1-lododecane Соњи 2050-77-3 268.178 liq -16.3 263.7; 132 1.254620 485820 1 НО; s Et OH, et h, сіс © 
6292  1-lodo-2,4-di met ћу! benzene Бы 4214-28-2 232.061 dec 231; 628219 60086 — i НО; s ace, bz 2 
1114 

6293  2-lodo-1,3-di met ћу! benzene ГУ) 608-28-6 232.061 oi | 11.2 229.5 1.6158 .6035? i НО; $ ace, bz я 
6294  2-lodo-1,4-di met ћу! benzene ІЗ 1122-42-5 232.061 dec 227 616877 59927 | НО; $ ace, bz Q 
6295 1-lodo-2,2-di met hyl propane B4 15501-33-4 198.045 dec 128 :494020 4890? 1 HO; s Et OH, eth ” 
6296 1-одододесапе Lauryl i odi de Dum 4292-19-7 296.231 0.3 298.2 1999? 4840" 1 HO; d OH, MeOH; msc et h, 5 

ace, ct c 
6297 lodoet hane Et hyl i odi de 210 15-03-6 155.965 iq -111.1 72.3 1.9357 51339 51 ЊО; msc Et OH; s et h, chl 2 
6298 2-lodoet hanol 0140 624-16-0 171.964 dec 176 2.19672 57130 vs ЊО, et h, Et OH < 
6299 10006! hene Vi nyl i odi de 210 593-66-8 153.949 56 2.0372) 53855 vs et h, Et OH "5 
6300 (2-10доеї ћу! )benzene ЕҢ 17376-04-4 232.061 iq 122 1.603 501020 = 
6301 2-(1-lodoet hyl)-1,3-di oxolane-4- ^ lodi nat ed glycerol 68:10, 5634-39-9 258.053 pale уе li q 1.797 1.547 seth, chl, t hf , AcOEt 2 

met ћапо! с 

6302 10001 enphos GH,CLIO4PS — 18181-70-9 412.997 wh cry 76 i HO; s ace, ху! 51 Et OH Ф 
6303 1-lodohept ane СН, 4282-40-0 226.098 iq -48.2 204.0 1.379% 4942 ji НО; s Et OH, et h, ace, chl ; sl сіс © 
6304  3-lodohept ane GHisl 31294-92-5 226.098 89% 1.367620 z 
6305 1-lodohexadecane Ci H; 544-77-4 352.337 pa ye li q 24.7 357210 1.12132 47972 | НО; sl Et OH; s et В, ace; msc bz; = 

vs chl 
6306 — 1-lodohexane Hexyl i odi de «Ва 638-45-9 212.071 iq -742 181.3 1.4397 4928? 110 š 
6307 lodomet hane Met hyl i odi de ЗОН 74-88-4 141.939 iq -66.4 42.43 2.2789 53080 51 ЊО; s ace, bz, chl ; msc Et OH, 

eth 
6308 — 1-lodo-2-met hoxybenzene 0-lodoani sole (4,0 529-28-2 234.034 241; 91? 1.820 vs Et OH, et h, ace, bz, chl, li g 
6309  1-lodo-3-met hoxybenzene m-lodoani sol e (4,0 766-85-8 234.034 244.5 1.965020 vs Et OH, et h 
6310  1-lodo-4-met hoxybenzene p-lodoani sol e (4,0 696-62-8 234.034 | a) Ч 53 238; 1382 S Et OH, et h, chl 

MeOH 

6311 1-lodo-2-met ћу! benzene ОН 615-37-2 218.035 211.5 1.71320 1.6079? | НО; msc Et OH, et h 
6312  1-lodo-3-met hyl benzene [uH] 625-95-6 218.035 iq -212 213 1.708 1.6053? | НО; msc Et OH, et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
6313  (lodomet hyl )benzene Н, 620-05-3 218.035 col oryend 245 9310 13355 633459 vs bz, et h, Et OH 

(MeOH) 
6314  1-lodo-3-met ћу! but ane Isopent у! i odi de EN 541-28-6 198.045 147 511820 „49390 sl НО, ct c; msc Et OH, et h 
6315  2-lodo-2-met ћу! but ane 49,11 594-38-7 198.045 1245 4937? 4982 1 НО; msc Et OH, et h 
6316 — 1-lodo-2-met ћу! propane Isobut yl i odi de Н 513-38-2 184.018 121.1 6035270 .495920 
6317 2-lodo-2-met ћу! propane t ertBut yl i odi de n 558-17-8 184.018 liq -38.2 100.1 1.57% 4918202 msc Et OH, et h 
6318 lodomet ћу! si lane GBI 18089-64-0 172.041 col liq -109.5 71.8 
6319 1-lodonapht hal ene QH; 90-14-2 254.067 2.1 302 ‚739920 700607. 1 НО; msc Et OH, et h, bz, C$ 
6320 2-lodonapht hal ene GH, 612-55-5 254.067 If (di | al) 545 308 1.6319 .66629 i НО; vs ОН, et h, НОАс 
6321 1-lodo-2-ni t robenzene GH,INO, 609-73-4 249.006 уе orth nd (al) 54 290; 162 191867 i НО; s Et OH, et h 
6322 1-lodo-3-ni t robenzene GH,INO, 645-00-1 249.006 mel рг 38.5 280 1.94770 i НО; s Et OH, et h 
6323 1-1000-4-пі t robenzene МО, 636-98-6 249.006 уе па (а!) 1747 288 1.809055 i НО; s Et OH, HOAc; sl DMSO 
6324  1-lodononane C; Hag 4282-42-2 254.151 col liq -20 245.0 1.2836 1.484825 
6325  1-lodooct adecane Са 629-93-6 380.391 If (Li g), nd (асе, 34.0 383 009470 14810? 1 HO; 51 EtOH, eth 

al -ace) 
6326 1-lodooct ane СНА 629-27-6 240.125 liq -45.7 225.1 1.3298 1.48852  sEtOH,eth 
6327  2-lodooct апе, (+) 2-Oct yl i odi de, (+) НС 36049-78-2 240.125 210; 9516 22517 14896? 1 ВО, $ EtOH, eth, lig 
6328  1-lodopent ane Pent yl i odi de ШУ 628-17-1 198.045 liq -85.6 51.0 1.5162 14959? sch 
6329 3-lodopent ane СН; 1809-05-8 198.045 145.5 517620 1.4974? vs асе, bz, eth 
6330 2-lodophenol СНО 533-58-4 220.007 па 43 1861, 912 1.8757% S H,0; vs Et OH, et h, C$ 
6331 3-lodophenol СНО 626-02-8 220.007 nd (li g) 118 860 51 ЊО; s Et OH, et h 
6332  4-lodophenol (5,0 540-38-5 220.007 nd(worsub) 935 1395 dec 8573172 sl ЊО; vs Et OH, et h 
6333 1-(3-Јодорћепу! је! hanone 3-lodoacet ophenone E10 14452-30-3 246.045 1298, 1174 622% s 7 
6334  1-(4-lodophenyl et hanone 4-lodoacet ophenone NT) 13329-40-3 246.045 86 15318 S Et OH, bz, CS, НОАс; sl li g, et h 
6335  1-lodopropane Propyl i odi de B; 107-08-4 169.992 liq -101.3 02.5 1.7489 .5058? sl HO, ct c; msc Et OH, et h 
6336  2-lodopropane Isopropyl i odi de 48, 75-30-9 169.992 114 -90 89.5 1.7042 50080 51 ЊО; msc Et OH, et h, bz, chl 
6337  3-lodopropanoi c aci d 10, 141-76-4 199.975 И (м) 85 sl Ю, chl; vs Et OH; s et h, асе 
6338 3-1090-1-ргорапо! ОНО 627-32-7 185.991 vi sc oi | 226; 195 1.9976? 558570 
6339  3-lodopropene Allyl i odi de зїй 556-56-9 167.976 yeliq -99.3 103 1.848 55407 1 НО; s Et OH, et h, chl 
6340  2-lodopyri di пе НАМ 5029-67-4 204.997 10015, 938 1.9285 63669 s Et OH, et h, ace, bz 
6341 5-lodo-2,4(1H,3H)-pyri mi di nedi one — 5-lodouraci | 41460, 696-07-1 237.983 275 dec 
6342  1-lodo-2,5-pyrrol i di nedi one N-lodosucci пі mi de АМО; 516-12-1 224,985 cry (ace) 200.5 2.245% vs H;0; s Et OH, ace; sl et h, DMSO 
6343 lodosyl benzene НУО 536-80-1 220.007 уе ром 210 ехр S Н,0, Et OH; i. et h, ace, bz, pet h 
6344  2-lodot hi ophene 15 3437-05-4 210.036 liq -40 181 2.0595 .64655 vs Et OH, et h; sl chl 
6345  4-lodot ol uene GH, 624-31-7 218.035 If (al) 36.5 21 1.678 i НО; s Et OH, et h, CS sl chl 
6346  L-3-lodot yrosi ne (H. lNO; 70-78-0 307.084 cry (w) 205 dec 
6347 t ransa-lonone, (+) C H, 0 30685-95-1 192.297 14628 0.9298?! 5041202 vs ace, et h, Et OH 
6348 t ransB-lonone Саро 79-77-6 192.297 1247, 739! 0.94520 .5198? 51 НО; msc Et OH, et h; s chl 
6349 lopanoi c aci d fH NO, 96-83-3 510.932 wh soli d 156 i 9; s di | alk, Et OH 
6350 lophendylat e Et hyl 10-(4-i odophenyl )undecanoat е „НОО, 99-79-6 416.336 vi sc lig 197 1.2520 525% sl HO; s Et OH, bz, chl 
6351 lopodi с aci d Ipodat e AH. NO, 5587-89-3 597.956 cry 168 i НО; vs Et OH, MeOH, chl , ace 
6352 Iprodi one С.Н. СЬ№0. 36734-19-7 330.166 136 
6353 Iri domyrmeci n Hexahydro-4,7- C, H, 0; 485-43-8 168.233 pr 61 10615 46075 51 HO; s eth 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6354 a-lrone 4-(2,5,6,6-Tet ramet hyl -2- C, H,0 79-69-6 206.324 9004 0.936220 1.500220 
сус! ohexen-1-yl )-3-but en-2-one 
6355 В-Гопе 4-(2,5,6,6-Tet ramet hyl -1- СыН»0 79-70-9 206.324 125" 0.9434?! 1.51625 | HO; vs Et OH, et h, bz, chl 
сус! ohexen-1-yl )-3-but en-2-one 
6356 Iron hydrocarbonyl Hydrogen t et racarbonyl f errat e(Il) 41860, 17440-90-3 169.902 col li q; unstab -70 dec salk 
6357 Iron nonacarbonyl Di i ron nonacarbonyl 9,05 15321-51-4 363.781 огап-уе сгу 100 dec 2.85 
6358 1гоп() NTA Ni t ri lot ri acet at ої гоп() Ре О 16448-54-7 243.960 soli d 510 
6359 Iron pent acarbonyl GeO, 13463-40-6 195.896 coltoyeoilyliq -20 103 24.5 1.4532 i HO; sl Et OH; $ bz, ace, ct c = 
6360 Iron(IH) 2,4-pent anedi oat e Ferri c acet yl acet onat e Ны бе0; 14024-18-1 353.169 179 5.24 ме 
6361 Isani c aci d 17-0сі adecene-9,11-di ynoi c aci d „Н, 506-25-2 274.398 cry 39.5 0.9309% 1491489 s ace, Et OH, i -PrOH; sl pet h (2 
6362 sat i di пе Ret rorsiMexi de са Њ МО; 15503-86-3 367.395 Cry 145 a 
6363 Isaxoni ne N-Isopropyl -2-pyri mi di neami ne ДЇ» 4214-72-6 137.182 28 9312 E 
6364 Isazophos СНУ CI NO,PS 67329-04-8 313.741 170; 1000007 1.2220 с 
6365  Isobenzan C,H,CI,O 297-78-9 411.751 cry (hp) 121 seth, bz, xyl, to о 
6366 1(3H)-Isobenzof uranone GH,0, 87-41-2 134,133 nd or pl (w) 75 290 1.16369 53699 S H,0; vs Et OH, et h; 51 chl 2 
6367 |5обогтео! 1,7,7-Tri met hyl bi сус! o[2.2.1]hept апе он 0 24393-70-2 154.249 t ab (pet h) 212 sub 1.9 i HO; vs Et OH, et h, chl; s| bz = 
2-01, exo-(*) > 
6368 18000ту! t hi ocyanoacet at e 13th NOS 15-31-1 253.361 ye oi ly liq 95 1.146525 5125 i НО; vs Et OH, bz, chl, pet h 2 
6369  6-Isobornyl -3,4-xyl enol Xi bornol 48, 0 3741-18-9 258.398 cry 95 1673 1.024020 538229 un 
6370 |зоби! anal 2-Met hyl -1-propanal 460 78-84-2 72.106 114 -65.9 645 0.7892 37302 5 Н,0, et h, асе, chl ; sl сіс о 
6371 15004 ane 2-Met hyl propane m 75-28-5 58.122 col gas -1594 -11.73 0.55165 (р>1 1.35182 sl ЊО; s Et OH, et h, chl 2 
atm 
6372 18004 ene СН, 15-11-7 56.107 со! gas -140.7 -6.9 pou (p»1 .3926 i НО; vs Et OH, et h; s bz, sulf 5 
atm 
6373 15004 yl acet at e 460; 10-19-0 116.158 iq -98.8 1165 0.8712 .3902? sl НО, ct c; msc Et OH, et В; s ace 27 
6374 15001 yl acryl at e 18;0, 06-63-8 128.169 iq -61 132 0.8896 41502 sl HO; s ОН, et h, MeOH 5 
6375 5-Isobut yl -3-al | yl -2-t hi oxo-4- Al but oi n 1105 830-89-7 212311 2105 
i mi 082011 di none e 
6376 Isobut yl ami ne 2-Met hyl -1-propanami ne «НМ 78-81-9 73.137 і4 -86.7 67.75 0.72% 398819 2 
6377 Isobut yl 4-ami nobenzoat e Isobutpy&mi nobenzoat e fH, N0, 94-14-4 93.243 645 = 
6378 |500Ш yl benzene ОН, 538-93-2 134.218 14 -514 172.79 0.8532 „48660 1 НО; msc Et OH, et h, ace, bz, = 
pet h, ct c 
6379 18004 yl benzoat e НА; 120-50-3 78.228 242 0.999020 i 0: msc Et OH, et h; s ace, chl 2 
6380 18004 yl but anoat e 3850, 539-90-2 144.212 156.9 0.836416 .4032? sl ЊО; msc Et OH, et h un 
6381 15001 yl carbamat e ЯМ, 543-28-2 117147 Ї 67 207 1.4098 vs et h, EtOH ~ 
6382 Isobut yl chl orocarbonat e 585010, 543-27-1 36.577 128.8 1.042618 4071 5 Et OH, bz, chl; msc et h S 
6383 15001 yl 2-chl oropropanoat e 185010, 114489-96-2 164.630 176 1.031220 42472 Б 
6384 15001 yl 3-chl oropropanoat e 18 5010, 62108-68-3 164.630 191.3 1.032320 .4295? vs et h, Et OH E 
6385 Isobut yl cycl ohexane ОН» 1678-98-4 40.266 liq -95 ас: 0.7952 4386? i НО; 5 ОН, ace, chl;vseth, 2 | & 
6386  Isobut yl cycl opent ane Вв 3788-32-7 26.239 114 -1152 48 0.7769 429820 
6387 15001 yl di met hyl ami пе N,N,2-Tri met hyl -1-propanami пе ШИ 7239-24-9 101.190 80.5 0.709720 39079 vs H,0 
6388 Isobut yl f ormat e 5000 542-55-02 02.132 liq -95.8 98.2 0.8776 .3857 51 HO, chl ; msc Et OH, et h; vs асе 
6389  Isobut yl hept anoat e Isobut yl enant hat e 40; 7779-80-8 86.292 208 0.85932 vs асе, bz, et h, Et OH 
6390 18000 yl 2-hydroxybenzoat e Isobut yl sali cylat e 410, 87-19-4 194.227 58 261 1.063920 50872 1 НО; s Et OH, et h, сіс 
6391 Isobut yl i sobut апоа е 40, 97-85-8 44212 liq -80.7 48.6 0.8542 .3999? 51 HO, ct c; s Et OH, ace; msc et h 
6392 Isobut yl i socyanat e GNO 1873-29-6 99.131 106 
6393 Isobut yl i sot hi ocyanat e 1-Isot hi ocyanat o-2-met ћу! propangH,NS C 591-82-2 115.197 160 0.963114 .500514 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. — Form mp/'C bp/'C den/g cm? n, Solubility 
6394 15001 yl met hacryl at e 81840, 97-86-9 142.196 155 0.885820 .4199? | НО; msc Et OH, et h 
6395 Isobut yl 3-met hyl but anoat e Isobut yl i soval erat e #02 589-59-3 158.238 168.5 0.85320 4057? i НО; msc Et OH, et h; vs асе; $ chl 
6396 18004 yl methyl et her 50 625-44-5 88.148 58.6 0.731120 vs et h, Et OH 
6397 lsobut yl ni t rate „НО, 543-29-3 119.119 123.4 1.015220 „40282 
6398 15004 yl ni trite 480, 542-56-3 103.120 col liq 67 0.8699 137152 — sl HO; s Et OH, eth 
6399 186001 yl pent anoat e 940; 10588-10-0 158.238 179 0.862575 404691 HO; msc Et ОН; s et h, ace 
6400 Isobut yl phenyl acet at e 18.0 102-13-6 92.254 247 0.99918 i BO; s Et OH, et h - 
6401 15004 yl propanoat e Isobut yl propi onat e 18,0, 540-42-1 130,185 і4 -71.4 137 0.898 .3973 sl ЊО; vs Et OH, et h; s ace, bz, = 
chl, ctc 

6402 Isobut yl st earat e 2010 646-13-9 340.583 Wax 28.9 22355 0.849820 vseth A 
6403 Isobut yl t hi ocyanat e 59615 591-84-4 5.197 14 -59 1754 vs et h, Et OH С 
6404 1001 yl t ri chl oroacet at e 46,0; 33560-15-5 219.493 188 1.263620 „44839 vs bz, et h, Et OH m 
6405  Isobut yl vi пу! et her 6160 109-53-5 00.158 14 -112 83 0.7649 39660 sl HO; vs Et OH, ace, bz; msc et h б 
6406 150611 c aci d 40, 320-77-4 92.124 ye syr 105 ° 
6407 Isocorybul bi ne Hj NO, 22672-74-8 355.429 f (al) 187.5 1.045 i НО; s Et OH, chl, aci d 2 
6408  Isocorydi пе ОН NO, 475-67-2 341.402 pl 185 vs chl - 
6409  2-Isocyanat o-1,3-di met ћу! benzene 2,6-Di met ћу! phenyl i socyanate М0 28556-81-2 47.173 14 100 > 
6410 1-Isocyanat o-2-mel hoxybenzene (МО, 700-87-8 149.148 94" - 
6411  1-Isocyanat o-3-met hoxybenzene (H;NO, 18908-07-1 149.148 10215 % 
6412  1-Isocyanat o-2-met ћу! benzene 2-Tol yl i socyanat e 81:30 614-68-6 33.148 185 15282? 1 ВО; seth ° 
6413  1-Isocyanat o-3-met hyl benzene 3-Tol yl i socyanat e 8180 621-29-4 133.148 196.5 1.033020 vs bz, et h © 
6414 1-Isocyanat o-4-met ћу! benzene 4-Tol yl i socyanat e 81:80 622-58-2 133.148 187 vs bz, eth ж 
6415 2-80суала! o-2-met ћу! propane t ertBut yl i socyanat e МО 1609-86-5 99.131 85.5 0.86707 1.406120 ° 
6416 1-Isocyanat onapht hal ene 1-Napht hyl i socyanat e „HANO 86-84-0 69.180 269 1.17742 s et h, bz > 
6417 1-Isocyanat o-2-ni t robenzene 2-Ni t rophenyl i socyanat e НАМ 3320-86-3 164.118 wh nd (pet h) 41 1378 vs bz, et h, chl E 
6418 1-Isocyanat o-3-ni t robenzene 3-Ni t rophenyl i socyanat e НАМ 3320-87-4 64.118 wh If (li g) 51 190 vs bz, et h, chl o 
6419 1-Isocyanat o-4-ni t robenzene 4-Ni t rophenyl i socyanat e НАМ 100-28-7 64.118 pa ye nd 57 1622, 1371 vs bz, et h, chl 2 
6420 2-І5осуапа! оргорапе Isopropyl i socyanat e 46,30 1795-48-8 85.105 74.5 0.866% 38252 2 
6421 1-80суала! 0-3-( ri fluoromet hyl) — 3-(Tri fluoromet ћу! )phenyl i socyanat e „НЕ МО 329-01-1 87.119 54" 1.345520 .469020 "5 

benzene СУ 
6422  Isocyanobenzene Рїїепу! 1 50суап! 06 18, 931-54-4 03.122 unst ab li а 80 0,9815 c 
6423 Isocyanomet hane Met hyl i socyani de HN 593-75-9 41.052 -45 exp 59.6 0,7564 2 
6424  (Isocyanomet ћу! )benzene Benzyl i socyani de BHON 10340-91-7 17.149 dec 199; 0.97275 51932 un 

9355 PTS 
6425 2-1ѕосуапоргорапе Isopropyl i socyani de B; 598-45-8 69.106 87 0.759625 i НО; msc Et OH, et h 8 
6426 Isodecyl acryl at е GH,,0> 1330-61-6 212.329 -100 5850 0.88520 441620 =. 
6427 Isodecyl di phenyl phosphat e „ВАР 29761-21-5 390.452 2497 (ес Е 
6428 Isodecyl met hacrylat e 18,0, 29964-84-9 226.355 2610 0.87620 8, 
6429  8-Isoest rone 051150» 517-06-6 270.367 рг (MeOH) 254 vs et h, Di ox kai 
6430 Isoeugenol Сон 97-54-1 164.201 266 1.0802 57399 vs et h, Et OH 
6431 Isof enphos GH,NO,PS  25311-71-1 345.395 «-12 20001 1.13420 
6432 soflurophat e СН, БОР 55-91-4 184.145 629 1.05525 30802 sl НО, lig s eth; vs oi Is 
6433 1H-lsoi ndol e-1,3(2))-di one Pht hal i mi de НО, 85-41-6 147.132 nd (w), pr 238 vs bz 
(HOAc) If 
(sub) 

6434 Isolan C, Hi; №0, 119-38-0 211.261 col liq 178 1.0720 msc Н,0; s Et ОН, ху! 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

6435 — DL-lsol вис! ne (Н. М0, 443-79-8 131.173 292 dec 

6436  L-Isol вис! пе 2-Ami no-3-met ћу! pent anoi с aci Я Hi ND; 73-32-5 131.173 284 dec S H0; i Et OH 

6437 16010001 f ol ene ilo, 1135-66-6 204.352 liq 8p 

6438  Isol ysergi c aci d а NO; 418-95-5 268.310 cry (w+2) 218 dec sl HO, Et OH; $ py 

6439 o-Isomalt ose 60-о-0-61 исоругапозу! D-gl 1086: G;H50 499-40-1 342.296 120 

6440 Isoni azi d 4-Pyri di necarboxyl i c aci d hydrazi ден МО 54-85-3 137.139 cry (al) 1714 vs НО, Et OH 

6441 lsopent ane 2-Met hyl but ane EU 78-78-4 12.149 vol li 01088 -159.77 21.88 0.6201 353791 НО; msc Et OH, et h - 
6442 Іѕорепі yl acet at e 18,0; 23-92-2 130.185 liq -18.5 1425 0.876 4000” 51 ЊО; msc Et OH, et h; $ ace, chl = 
6443 Isopent yl benzene Ç H, 2049-94-7 148.245 195 0.85620 486709 1 НО; $ Et OH, et h; vs bz = 
6444 Isopent yl but anoat e 940; 06-27-4 158.238 179 0.86519 411091 HO; vs Et OH, et h = 
6445 Isopent yl f ormat e 450; 10-45-2 116.158 liq -93.5 123.5 0.877 .3967 sl HO, ct c; s Et OH; msc et h » 
6446 Isopent yl hexanoat e Isopent у! caproat e 1100, 2198-61-0 186.292 225.5 0.8612 i BO; s Et OH, et h С 
6447 Isopent ylo-hydroxybenzeneacet at e |5орепі yl mandel at e 13160: 5421-04-5 222.280 oilyliq 172 С) 
6448 Іѕорепі yl i sopent anoat е Isoamyl i soval erat e 10H20; 659-70-1 172.265 190.4 0.858319 41309 5 
6449 Ізорепіуі lactate EU 9329-89-6 160.211 202.4 0.958925 42405 vs et h, Et OH 9 
6450  Isopent yl 2-met hyl propanoat e Isopent yl i sobut yrat e #06 2050-01-3 158.238 168.5 0.862720 51 HO; s Et OH, et h, ace < 
6451 Isopentyl nitrite lsoamyl ni t ri te sH МОС 10-46-3 117147 99.2 0.882820 .3918? 51 ЊО; msc Et OH, et h z 
6452 Isopent yl pent anoat e 10, 2050-09-1 172.265 193 2 
6453 Isopent yl propanoat e 48,0, 05-68-0 144.212 160.2 0.869720 .4069? vs et h, Et OH o 
6454 Іѕорепі yl sali cylat e NOR 87-20-7 208.253 278; 1515 1.053520 90800 i НО; vs Et OH; seth, chl; sl (іс | ың 
6455 Isopent yl t ri chl oroacet at e 18010, 57392-55-9 233.520 217 1.231420 45210 vs et h, Et OH © 
6456  Isophorone 3,5,5-Tri met hyl -2-cycl оһехеп-1-опе „8,0 78-59-1 138.206 liq -8.1 2152 0.9258 476618 x 
6457  Isophorone di i socyanat e fH, МО; 4098-71-9 222.283 60 217100 1.06220 б 
6458  Isopht hal i c aci d 1,3-Benzenedi carboxyl i c aci d 406 121-01-5 166.132 nd (w, 21) 347 sub 51 НО; s Et OH, HOAc; i et h, bz, li g = 
6459 |5ор! 1051 пе «ВН. №0: 491-88-3 286.325 pl oe | 187 vs Et OH 5 

al 
6460 |5оргора! i n Benzenami ne, 4-(1-met hyl et Пу!)-2,65:5Н5 0, 33820-53-0 309.362 red-oran li q i B; 5 os e 
di ni Ма propyl - 
6461 Іѕоргораті de | odi de NNI 71-81-8 480.424 Cry or pow 190 s ЊО, Et OH, MeOH; i. chl = 
6462 Isopropenyl acet at e 400, 08-22-5 00.117 liq -92.9 94 0.9090 „40339 51 ЊО; s Et OH, chl, ace; vs et h o 
6463  Isopropenyl benzene о-Меї ћу! st yrene о 98-83-9 118175 114 -23.2 165.4 0.9106 53860 1 НО; s Et OH, et h; msc ace, bz, = 
cc 
6464  p-Isopropenyl i sopropyl benzene Он, 2380-14-9 160.255 liq -30.6 220.8 0.8938 523829 vs ace, bz, et h, Et OH Я 
6465  p-Isopropenyl st yrene ОН, 6262-48-9 44.213 114 242 0.93 1.5604 СЗ 
6466 4-Ізоргорохуді phenyl ami пе 4-lsopropoxj- phenyl ani li пе ТЕЛДЕ 01-73-5 227.302 83 S 
6467  2-Isopropoxyet hanol 68,0, 09-59-1 104.148 145 0.903020 40952 msc ЊО, Et OH, et h; s ace =. 
6468 3-Ізоргорохургорапелі t ri le 1-Cyano-2-i sopropoxyet hane 4440 10-47-4 3157 657) s chl Е 
6469 Isopropyl acet at e (8,0, 08-21-4 02.132 liq -73.4 88.6 0.8718 3/739 860, Et OH, ace, chl ; msc et h s 
6470 Isopropyl acrylat e Isopropyl! 2-propenoat e 450; 689-12-3 114.142 liq 53 19) 
6471 Isopropyl ami пе 2-Рторапаті пе BN 75-31-0 59.110 liq -95.13 31.76 0.6897 37400. msc H,0, Et OH, et h; vs ace; s bz, 
chl 

6472  Isopropyl ami ne hydrochl ori de 2-Propanami ne hydrochl ori de (CIN 15572-56-2 95.571 164 s DMSO 

6473  2-(Isopropyl ami no)et hanol 501310 109-56-8 103.163 1285 173 0.897020 43952 msc H,0, Et OH, et h 

6474 2-Isopropyl ani || пе ағым 643-28-7 135.206 221; 9513 0.976012 i НО; s eth, bz ctc 

6475  4-Isopropyl ani || ne Cumi di ne HN 99-88-7 135.206 225 0.95320 

6476 N-lsopropyl ani li ne 6, 768-52-5 135.206 203 0.952625 53805 — s Et OH, et h, ace, bz 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6477 4-50ргору! benzal dehyde Cumi nal dehyde 18,0 122-03-2 148.201 235.5 0.975520 53017 1 HO; s Et OH, et h; sl ctc 
6478 Isopropyl benzene Cumene СН» 98-82-8 120.191 liq -96.02 152.41 0.8640 „49159 1 НО; msc Et OH, et h, ace, bz, 
pet h, ct c 
6479 Isopropyl benzene hydroperoxi de Cumene hydroperoxi de 48,0; 80-15-9 152.190 114 153; 84 03% 
6480  4-Isopropyl benzenemet hanol Cumi c al cohol 10040 536-60-7 150.217 28 249 0.981820 52100 1 НО; msc Et OH, et h; vs bz 
6481 a-Isopropyl benzenemet hanol 1-Phenyl -2-met hyl propyl alcohol — 5100 611-69-8 150.217 223 0.986914 51934 — i НО; s Et OH, ace 
6482 Isopropyl benzoat e GH,.0, 939-48-0 164.201 216 01637 .4890 i НО; s Et OH, et h, ace = 
6483  4-Isopropyl benzoi c aci d Cumi c aci d 1090, 536-66-3 164.201 ісі pl (al) 1175 sub 1.162 sl HO; vs Et OH, et h; s pet h нэ 
6484 Isopropyl but апоа e 8,0; 638-11-9 130.185 130.5 0.858820 .3936? 1 НО; s Et OH = 
6485 Isopropyl carbamat e (0; 1746-77-6 103.120 па 93 183 0.995156 - 
6486 Isopropyl chl oroacet at e 58010, 105-48-6 136.577 150.5 088870 43820  wseth £ 
6487 Isopropyl chl ого? ormat e 48,010, 108-23-6 122.551 105 40139 vseth m 
6488 Isopropyl 2-chl oropropanoat e (8,610 40058-87-5 150.603 151.5 031520 414909 1 НО; s Et OH, et h A 
6489 Isopropyl сус! ohexane СН 696-29-7 126.239 114 -89.4 154.8 0.8023 44102991 НО; vs Et OH, et h; msc ace, bz ° 
6490  4-Isopropyl сус! ohexanone GH, 0 5432-85-9 140.222 214; 139"? (,909030 45525 2 
6491 Isopropyl сус! opent ane [am 3875-51-2 112.213 114 -111.4 126.5 0.7768 .4258? 1 НО; msc Et OH, ace, ct c; s et h, < 
bz 
6492 Isopropyl сус! opropane СН, 3638-35-5 84.159 114 -112.9 50.3 0.6938 386520 = 
6493 Isopropyl (2,4-di chl orophenoxy) Са 00; 94-11-1 263.117 5 40 1.265 .520955 22 
acet at e o 
6494 Mlsopropyl -4,4- Prami veri n ОНЫМ 14334-40-8 293.446 70 65005 - 
di phenyl cycl ohexanami ne o 
6495 Isopropyl dodecanoat e Isopropyl | аша! e 40.0, 10233-13-3 242.398 969, 10508 0.853620 4280 vs eth, Et OH 2 
6496 Isopropyl f ormat e 8,0, 625-55-8 88.106 68.2 0.87282 36780: sl HO, msc Et OH, et h; vs ace; s 2 
C 
6497 Isopropyl 2-І urancarboxyl at e Isopropyl 2-f uranoat e НО, 6270-34-4 154.163 98.5 1.06552 „46828 1 НО; s Et OH, et h, ace, bz 2 
6498 Isopropyl gl yci ау! et her (1-Met hyl et hoxy)met hyl ох! rane (H0 4016-14-2 116.158 37 0.918620 S Н,0, ace, Et OH с 
6499  4-Isopropyl hept ane Но 52896-87-4 142.282 58.9 0.735425 4153? © 
6500 Isopropyl hydrazi ne HN; 2257-52-5 74,124 liq 107 S ED, bz, Et OH; sl et h < 
6501 Isopropyl 2-hydroxybenzoat e Isopropyl sali cylat e 0; 607-85-2 180.200 238 1.072920 50652 i НО; msc Et OH, et h ч 
6502 Isopropyl i sobut anoat e Isopropyl i sobut yrat e EN 617-50-5 130.185 20.7 0.8471?! i НО; s Et OH, et h, ace = 
6503 Isopropyl lact at e К 617-51-6 132457 67 0.998020 „40825 ^ vs ЊО, bz, et h, Et OH 2 
6504 Isopropyl met hacryl at e Isopropyl 2-met hyl-2-propenoate H, 4655-34-9 128.169 25 0.884720 .4122? ^ vs ace, bz, et h, Et OH > 
6505 Isopropyl met hanesul f onat e «Ню0з5 926-06-7 138.185 825 pe: 
6506 Isopropyl met hyl ami ne Met hyl i sopropyl ami ne и 4741-21-1 73.137 50.4 8 
6507  1-Isopropyl -2-met ћу! benzene 0-Cymene С.Н 527-84-4 134.218 liq -71.5 178.1 0.8766 .5006 i НО; msc Et OH, et h, ace, bz, z 
pet h, ct c =. 
6508 1-Isopropyl-3-met ћу! benzene m-Cymene СН 535-77-3 134.218 liq -63.7 175.1 0.8610 49300 1 HO; msc Et OH, et h, ace, bz, E 
pet h, ct c = 
6509  1-Isopropyl -4-met ћу! benzene р-Сутепе СН 99-87-6 134.218 114 -67.94 1774 0.8579 .4909 1 НО; msc Et OH, et h, ace, bz, 1% 
pet h, ct c 
6510 Isopropyl 3-met ћу! but anoat e 8160, 32665-23-9 144212 142; 705 085387 .3960? ^ vs ace, et h, Et OH 
6511 5-Isopropyl -2-met hyl -1,3- Соны 4221-08-1 136.234 173 0.842120 4772 
сус! ohexadi ene, 4) 
6512 pro ад hyl -2-cycl оһехел- Homocamfin C4 H440 535-86-4 152.233 pa ye 2441215 0.93402 48657 vs ace, Et OH 
1-one, (« 
6513 DUM ћу! -2-cycl оһехел- (+)-Pi peri t one (5,0 6091-52-7 152.233 liq -19 232.5 0.9337 48450 vs ace, Et OH 
1-one, (« 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 

6514 Isopropyl methyl et her 2-Met hoxypropane 4150 598-53-8 14121 30.77 0.72375 35760 51 ЊО; msc Et OH, et h 

6515 5-Isopropyl -2-met hyl phenol Carvacrol «1.0 499-75-2 150.217 па 1 237.7 0.977220 52300 51 ЊО; s Et OH, et h, ct c; vs ace 

6516  2-Isopropyl -6-met hyl -4-pyri mi di nol aH, {01,0 2814-20-2 152.193 cry 173 

6517 Isopropyl met ћу! sul fide 445 551-21-9 90.187 iq -1015 84.8 0.8292 49325 s Et OH, et h, ace 

6518  1-Isopropyl napht hal ene ОН, 6158-45-8 170,250 і4 -16 268 0.9958 59522 

6519 2-Isopropyl napht hal ene СНА 2027-17-0 170.250 145 268.2 0.975320 58489 i HO; vs Et OH, et h; s bz 

6520 Isopropyl ni t rat e GNO, 712-64-7 105.093 100 1.03419 39126 s Et OH, eth - 

6521 Isopropyl nitrite 3100, 541-42-4 89.094 pa ye oi | 40 0.8684 i HO; s Et OH, et h = 

6522 1-Isopropyl-4-ni t robenzene «80, 817-47-6 165.189 pa ye oi | 122 1.08420 53672 i НО; sace, bz lig = 

6523 № sopropyl -V-ni 1080-2- С,Н,М0 601-77-4 130,187 cry (et hw) 48 194.5 0.94220 51 HO; s Et OH, et h, bz = 
ргорапат! пе > 

6524 Isopropyl 3-oxobut anoat e Isopropyl acet oacet at e 180; 542-08-5 144,168 і4 -213 186 0.9835 4173 vs eth, Et OH, li g г" 

6525 Isopropyl pal mi t at e Isopropyl hexadecanoat e 44160, 42-91-6 298.504 13.5 1602 0.84043% 4364 vs ace, bz, et h, Et OH б 

6526 Isopropyl pent anoat e 4,0, 8362-97-5 144.212 0.857920 .40612 | НО; s Et OH, et h, асе ° 

6527 2-Isopropylphenol GH4,0 88-69-7 136.190 155 2138 1.0122 53155 51 ЊО; s Et OH, et h, bz, сіс 2 

6528 3-Isopropyl phenol CH,,0 618-45-1 136.190 26 228 52610 ү$еһ - 

6529  4-Isopropyl phenol GH,,0 99-89-8 36.190 nd (pet h) 62.3 230; 110° 0.99020 52280 sl HO; s Et OH, chl > 

6530 Mlsopropyl -V-phenyl -1,4- CH, № 101-72-4 226.317 725 487 - 
benzenedi ami ne 22 

6531 Isopropyl phenyl carbamat e Propham АМО; 122-42-9 79.216 wh nd (а!) 90 1.09? „49897 vs bz, Et OH ° 

6532 1-(4-Isopropyl phenyl et hanone GH, 0 645-13-6 62.228 254 0.97535 523520 = 

6533 Isopropyl propanoat e 6,0; 637-78-5 116.158 09.5 0.866020 38720 51 ЊО; msc Et OH, et h = 

6534  N-Isopropyl -2-propenami de GH NO 2210-25-5 113.157 64.5 1055 б 

6535 Isopropyl propyl ami ne N-Propyl -2-propanami ne [ШЕ 21968-17-2 01.190 96.9 > 

6536 Isopropyl propyl sul fide (Hus 5008-73-1 118.240 32.1 0.826920 2 

6537  4-Isopropyl pyri di ne К 696-30-0 121.180 liq -54.9 78 0.9382 „49629 51 ЊО; msc Et OH, et h; vs ace a 

6538  Isopropyl 3-pyri di necarboxyl at e Isopropyl ni cot i nat e oH, NO, 553-60-6 65.189 2630, 92,55 1.062420 „49262 б 

6539 Isopropyl si li cate Tet ra(i sopropoxy)si | ane i Hog Si 1992-48-9 264.434 184 0.8770? 5010, CS 2 

6540 Isopropyl st earat e 58,0, 112-10-7 326.557 28 2078 0.840338 vs ace, et h, Et OH, ch = 

6541 4-Isopropylst yrene G Hu 2055-40-5 46.229 liq -447 2041 0.8850 52890. vs ace, bz, et h, Et OH ° 

6542 Isopropyl t et radecanoat e Isopropyl тугі st at e 1150, 110-27-0 270.451 9320, 140? 0.853220 4325 1 НО; $ Et OH, et h, chl ; vs ace, bz = 

6543 (Isopropylt hi o)benzene ЈЕ 3019-20-3 152.256 208 0.985220 546420 2 

6544 Isopropyl t ri chl oroacet at e 51040, 3974-99-0 205.468 75; 6615 1.291125 .4428? vs bz, et h, Et OH un 

6545 Isopropyl urea БЕЛІНЕ) 691-60-1 102.134 nd 0391 S Н,0, Et OH, chl , ace; 51 et h ~ 

6546 Isopropyl vi пу! et her 2-(Et henyl oxy)propane 5160 926-65-8 86.132 liq -140 555 0.7539 38400 vs ace, bz, et h, Et OH е 

6547  |5орго erenol 4-[1-Hydroxy-2- САМО; 7683-59-2 211.258 170.5 Б 

[i sopropyl ami поје ћу! ]-1,2- = 
benzenedi ol 8, 

6548  Isopsoral en СНО 523-50-2 186.164 139 = 

6549  1-Isoqui nol i nami ne of GN, 1532-84-9 144.173 pl (w) 123 164 51 HO, et h; vs Et OH 

6550 3-Isoqui nol i nami ne ot GN, 25475-67-6 144.173 178.5 

6551 Isoqui noli ne Benzo[c]pyri di ne HO 119-65-3 129,159 hyg pl 26.47 243.22 1.0910? 1.60149? 1 НО; vs Et OH, chl ; msc et h, bz 

6552 7-Isoqui nol i nol «№0 7651-83-4 145.158 230 sl ЊО, et h; s Et OH 

6553 18086010! de GH440, 652-67-5 146.141 63 170? 

6554 Isosorbi de di ni t rat e 1,4:3,6-Пі anhydrogl uci t ol СЕЗІМІМ 87-33-2 236.136 col cry 52 vs Et OH, et h, ace 

6555 Isosyst ox Demet оп-5 GH,,05PS, 126-75-0 258.339 liq 133 11827 580 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 6556 lohan — _ _6__0 _"о_060_060 Н, 5082948 31135 othoy) 205 тс EtOH, chi; si eth; s 
MeOH 
6557 sot hi ocyani c ас! d CHNS 3129-90-6 59.091 unst ab gas 
6558  L-Isoval i ne 2-Ami no-2-met hyl but уп с асі 0510, 595-40-4 117447 nd (w) “300 s Et OH; sl eth 
6559 Іѕохареп С.,1,М0, 82558-50-7 332.395 wh cry 173 S Et OAc, MeCN, MeOH 
6560 Isoxazole 1-0xa-2-azacycl opent adi ene МО 288-14-2 69.062 95 1.07820 1.4298" 5 ЊО 
6561 Isoxsupri пе Са а МО 395-28-8 301.381 сту 103.0 = 
6562 Jacobi пе (5150, 6870-67-3 351.395 pl (Et ОН) 228 T 
6563 Javani ci n 0,406 476-45-9 290.268 red cry (al) 208 dec salk = 
6564 Jervi ne БАСТ 469-59-0 425.604 243 dec i НО; s Et OH, ace, chl; sl eth = 
6565 Kaempf его! 6Н,05 520-18-3 286.236 yend(al,+1w) 277 51 НО, chl ; vs Et OH, et h, ace; і bz 2 
6566 Kai ni c aci d „МО, 487-79-6 213.231 cry (EtOH aq) 253 dec s НО; i EtOH m 
6567 Капатусі n A КЕРІЛІП 59-01-8 484.499 cry (Et OH) A 
6568 Керопе Chl ordecone 0,160 143-50-0 490.636 350 dec 1.61% 9 
6569 Ket ami ne 2-(2-Chl orophenyl )-2-(met hyl ami n@);H,,CI NO 6740-88-1 237.725 cry (et h- 92.5 2 
сус! ohexanone, (+) pent ane) - 
6570 Ket ene GH,0 463-51-4 42.036 col gas -151 -49.8 S| et h, ace » 
6571 Khellin 4,9-Di met hoxy-7-met 1-5 C. H,0; 82-02-0 260.242 et h, al 154 dec 19005 i НО; s Et OH, асе; sl et h, chl 2 
f uro[3,2-g][1]benzopyran-5-one Ф 
6572 1-Купшелі пе Benzenebut anoi c ас1442-01 ат! no- СНА МО 343-65-7 208.213 If (+1/2w) 191 dec si; B © 
Ү-0Х0- ті 
6573 Labet al ol На МО 36894-69-6 328.405 cry (MeOH) 164 o 
6574 DL-Lact i c aci d 2-Hydroxypropanoi c aci d, (+) 30, 598-82-3 90.078 уе сгу 16.8 12215 1.206021 1.4392 vs Н,0, Et OH; sl et h 2 
6575  D-Lact i c aci d D-2-Hydroxypropanoi c aci d 4,0, 10326-41-7 90.078 "Ж ) 53 102 vs H,0, Et OH Q 
6576 L-Lacti c aci d L-2-Hydroxypropanoi c aci d 45,0, 79-33-4 90.078 hyg pr (et h) 25.5 vs HO, Et OH ” 
6577 Lact of en СН.5СІ БМО; 77501-63-4 461.773 уе ром (02) 93 5 
6578 6-1ас oneD-gl uconi с aci d 5-0-01 uconol act one (8,40; 90-80-2 178.139 nd (al б 
6579 о-Гасї ose C; H504 14641-93-1 342.296 wh pow 222.8 vs НО; sl Et OH; i. et h, chl © 
6580 ß-D-Lact ose СоНрби 5965-66-2 342.296 254 1.5920 vs H,0; sl Et OH; i. et h, chl = 
6581 o-Lact ose monohydrat e НО» 5989-81-1 360.312 mcl (w) 201 авс 1.5472 vs HO; i Et OH, et h, chl, MeOH 5 
6582 Lact ul ose 40-B-D-Gal act opyranosylD- Сун; 0, 4618-18-2 342.296 hx pl (MeOH) 169 vs НО с 
f ruct ose 2 
6583 Lami nari bi ose G-B-D-Gl ucopyranosyl D-glucose — G;H50, 34980-39-7 342.296 205 = 
6584  Lanost a-8,24-di en-3-ol , [9 Lanost erol 61560 79-63-0 426.717 nd(eth) cry 1405 vs et h, Et OH, chl € 
(MeOH-ace) S 
6585 Lant adene А Rehmanni c aci d 30150, 467-81-2 552.785 cry (MeOH) 297 z 
6586 Lant adene В 051550, 467-82-3 552.785 cry (Et OH) 302 5 
6587 L-Lant hi oni ne L-Cyst ei neS-(2-ami no-2- С,1,М,0,5 922-55-4 208.235 hex p 294 dec 51 HO Е 
carboxyet Пу! )-, £)- = 
6588  Lapachol 2-Hydroxy-3-(3-met hyl -2-but enyl )- СНО, 84-79-7 242.270 уе pr (et h, bz) 139.5 i HO; s Et OH, et h, bz, chl ; vs 
1,4-napht hal enedi one pl (al) HOAc 
6589  Lappaconi t i ne alb, N, 0s 32854-75-4 584.699 hex р! (al) 2175 i Ю; sl Et OH, et h; s bz, chl 
6590 Lasi ocarpi ne ДАМО, 303-34-4 411.490 col pl (pet h) 95.5 sl B; s Et OH, bz, et h 
6591 Laudani di ne £H, N0, 301-21-3 343.418 hex pr (al) 1845 vs HO, bz 
6592 Laudani ne Gy Ho; NO, 85-64-3 343.418 ye а | al, 167 1.2620 51 HO, Et OH, et h; s bz, chl 
al -chl 
6593  Laudanosi пе GH;NO, 2688-77-9 357.444 па (pet h), pr 89 vs ace, et h, Et OH, chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6594 laureli ne СН, МО. 81-38-9 309.359 ab (al) cubes 114 i HO; s Et OH, et h, di | aci d, con 
(pet h) sulf 
6595  Laurocapram 1-Оодесу! hexahydro-2H-azepi п-2- — Са NO 59227-89-3 281.477 col liq -7 160 0.91 1.4701 i go 
one 
6596 Lead bi s(di met hyl di t hi ocarbamat e) eH NSPbS, 19010-66-3 441.6 pal e ye nd 258 
6597  Ledol C H0 577-27-5 222.366 nd (al) 105 292 0.9078 1.46677? үѕасе, et h, Et OH 
6598 Lenaci | QH №0, 2164-08-1 234.294 290 1.322 VS ру 
6599 Leptophos rud 21609-90-5 412.066 ап waxy solid 71 1.88 i BO; vs bz; s ace, 2-PrOH, ху! = 
6600 DI-Leuci ne СА 410; 328-39-2 131.173 f (м) 293 sub 1.293 S Н,0,5| Et OH; i eth 2 
6601  D-Leuci ne в1,0, 328-38-1 131.173 р! (al) 293 Sub sl 50 б 
6602 I-Leuci ne 2-Ami no-4-met hyl pent anoi c aci d H.4KO;, 61-90-5 131.173 hex pl (di | al) 293 sub 1.298 sl HO; i Et OH, et h > 
6603 MLeucyl gl yci ne Gy №0: 686-50-0 188.224 248 dec S Њ0; sl Et OH, et h; i ace, bz, chl 
6604  Leuprol i de CH N, O, 53714-56-0 1209.398 luf f y soli d e 
6605 Leurosi ne (515610 23360-92-1 808.959 cry 203 2. 
6606 ема! | orphan 17-Allyl morphi nan-3-ol ч e NO 152-02-3 283.408 cry (EtOH ag) 181 а 
6607 Levodopa L-3,4-Di hydroxyphenyl al ani пе МО, 59-92-7 197.188 pl (di | al) pr or 277 дес s H,0; i Et OH, et h, ace, 02; заік, | > 
nd (w4S0,) вон 2, 
6608 Levopi mari с aci d 201560, 79-54-9 302.451 ort h cry 150 2 
6609 Levorphanol 17-Met hyl morphi nan-3-ol Ва NO 77-07-6 257.371 cry 198 © 
6610 0-1 monene p-Ment ha-1,8-di ene,R) Саны 5989-27-5 136.234 oi | -74.0 178 0.8417 1.4730% i НО; msc Et OH, et h; s ctc т 
6611 НІ monene p-Ment ha-1,8-di ene, 4) СН 5989-54-8 136.234 oi | 178; 6407 0.84320 147469 1 НО; vs eth, Et OH o 
6612 Li nalol 3,7-Di met hyl -1,6-oct adi en-3-ol , (z)5 H0 22564-99-4 154.249 198; 863 ^ 0.8707 1.4627 я 
6613 Li nal yl acetate 3,7-Di met hyl -1,6-oct adi en-3-y| С,,Нь,0, 115-95-7 196.286 liq 220; р 0.89520 14460? i НО; mi sc Et OH, et h Q 
acet at e Z 
6614 Li ncomyci n BHN OS 154-21-2 406.537 amor soli d sl 30; s Et OH, ace, chl 5 
6615 Li nolei c aci d сі ѕ,сі-9,12-0сї adecadi enoi c aci d |6,0, 60-33-3 280.446 -7 22916 0.902220 1.4699? ^ vs ace, bz, et h, Et OH т 
6616 Li noleni c aci d сі Ер $,C#9512,15-Oct adecat ri enoi с С.,Нь 0» 463-40-1 278.430 -11 “ив 0.916420 14800? 1 ВО, $ Et OH, et h; sl bz © 
әсі 
6617 Li nuron N-(3,4-Di chlorophenyl J¥-met hoxy- C,H4,CL,N,O, 330-55-2 249.093 93 = 
N-met hyl urea о 
6618 Li ot hyroni ne ФМО, 6893-02-3 650.974 cry 236 dec i HO, Et OH; s di | alk c 
6619 Li poami de 1,2-Di t hi olane-3-pent anami de Hi; NOS, 940-69-2 205.341 cry 128 2 
6620 o-Li poi c aci d 1,2-Di t hi ol ane-3-pent anoi с ас! d 5Н,,0580 1077-28-7 206.326 ye pl (cy) 60 875 i go un 
6621 Li si nopri 2B,;N.0; 83915-83-7 441.519 wh cry pow 159 i Et OH, chl, ace; 51 MeOH ~ 
6622 Li t hi um oxalat e 20, 30903-87-8 101.901 dec 21217 s H30; i Et OH, eth S 
6623 Lobel ani di ne NO, 552-72-7 339.471 Sc (al, et h) 150 i B; s Et OH; sl et h; vs ace, bz, py E 
6624 Lobel ani ne GHNO; 579-21-5 335.440 па (eth, peth) 99 vs ace, bz, Et ОН, chl E 
6625 Lobeli ne ОНО; 90-69-7 337.455 nd (al, bz) 130.5 $1 HO; $ Et OH, et h, bz chl;vsace | & 
6626 — Loflucarban C. HCLFNS 790-69-2 315.192 163.5 
6627 Longi f ol ene Kuromat suene sa 415-20-7 204.352 258; 126% 0.931918 1.504002 1 HO; s bz 
6628 Lorat adi ne Clari tin wHGCINO, — 79794-75-5 382.883 cry (MeCN) 132 
6629 Lovast ati n Mevacor 20105 75330-75-5 404.540 wh cry (асе ад) 174 i ВО; vs chl ; s DMF; sl ace, Et OH 
6630 — Lovozal сЊО О 14255-88-0 375.130 уе сгу 103 S ace, di ox 
6631 Loxapi ne ас NO 1977-10-2 327.808 уе cry (peth) 1095 
6632  Loxoprof en а-Ме ћу! -4-[(2-охосус! opent yl) — C,H, 0, 68767-14-6 246.302 col oi | 110 192 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6633 Luci culi ne Napel li ne 2\0; 5008-52-6 361.518 cry (Тм, ace) 149 16500 vs Et OH 
6634 Lunacri ne G H, NO. 82-40-6 273.327 s chl 
6635 — Lup-20(29)-ene-3,28-di ol, (B) Bet uli n 50; 473-98-3 442.717 па (а! +1) 250 sub 240 i bD; sl Et OH, bz; s et h, AcOEt , 
lig 
6636 Ішр-20(29)-еп-3-01, (38) Lupeol CoH; 0 545-47-1 426.717 nd (al , ace) 216 0.945718 1.491078 | НО; vs Et OH, et h, ace, bz, chl 
6637 Lupulon КҮТ! 468-28-0 414.578 pr (MeOH) 93 i НО; s Et OH, pet h, hx 
6638 Luteolin 10806 491-70-3 286.236 Лас | al, + 329 dec sl HO; s Et OH, et h, alk, con sulf = 
w 
6639 ІШ eoskyri n 8,8-Di hydroxyrugul osi n FUP 21884-44-6 574,489 ye nd (Et OH) 278 dec = 
6640 Іусоді ne ЕРІН 20316-18-1 242.359 ort рг 99 1909 S Н,0, chl, et h, Et OH; i. pet h % 
6641 Гусотагавт! ne СН. №0) 7611-43-0 277.231 228 dec a 
6642  Lycori ne G ,H;N0, 476-28-8 287.311 pr (al , py) 280 sub i ID; sl Et OH, et h, chl > 
6643 Lysergami de СН NO 478-94-4 267.325 cry (MeOH), рг 137.5 sl Et OH, ace, os с 
(aq, ace) © 
6644 Lysergi c aci d На О, 82-58-6 268.310 If or hex sc (w) 240 дес SI Ю, et h, bz; s Et OH, py Z 
6645 Lysergi de Со МО 50-37-3 323.432 82 4 
6646  DL-Lysi ne 2,6-Di ami nohexanoi c aci d, (+) ШЕТЕЛ 70-54-2 146.187 224 si HO » 
6647 D-Lysi ne 2,6-Di ami nohexanoi c ас), ( С,Н,М0, 923-27-3 146.187 218 dec 580 = 
6648  L-Lysi ne 2,6-Di ami nohexanoi c аси, ( С,Н,М0, 56-87-1 146.187 nd (w, dil al) 224 ес s40; i Et OH, eth, ace, bz un 
6649  [-Lysi ne, hydrochl ori de ВС NO, 10098-89-2 182.648 263 дес © 
6650 D-Lyxose СН. 05 1114-34-7 150.130 108 1.54520 = 
6651 L-Lyxose С.Н,,0, 1949-78-6 150.130 110 ° 
6652 Macluri n (3,4-Di hydroxyphenyl )(2,4,6- 0,410, 519-34-6 262.214 ye nd (al) 222.5 vs et h, Et OH Е 
t ri hydroxyphenyl )met hanone > 
6653 Magenta base Rosani |i ne 899 3248-93-9 301.385 br-red cry 186 dec ” 
6654 Magenta I Rosani 11 ne hydrochl ori де АСИМ 632-99-5 337.846 grn cry 200 dec sl HO, Et OH; Г eth 5 
6655 Magnesi um st earat e Magnesi um oct adecanoat e as HMgO, 557-04-0 591.244 wh pow 132 i НО; reac aci d б 
6656 Malachi t e Green ЖАО 569-64-2 364.911 grn cry vs Н,0, Et OH, MeOH © 
6657 Ма! аохоп (Di met hoxyphosphi nylt hi о) C.H, ОРЗ 1634-78-2 314.293 liq 137 < 
but anedi oi c aci d "5 
6658 Malathi on fH OPS, — 121-75-5 330.358 ye-br li q 14 1587 dec 1.207620 14960? sl ЊО, s Et OH, et h, bz 2 
6659 Malei caci d сі 52-ВШ enedi oi c aci d 480, 110-16-7 116.073 mcl рг (w) 139 1.5909 vs Н,0, Et OH, ace; s et h; i. bz, chl Z 
6660 Маје! c anhydri de 48,0; 108-31-6 98.057 nd (chl, et h) 52.56 202 1319 50; s et h, ace, chl; sl li g > 
6661 Ма!еопі t ri le сі sBut enedi ni t ri le 488, 928-53-0 78.072 pr (Et OH) 315 119 222 
6662 Mali c aci d Hydroxybut anedi oi c aci d 406 617-48-1 134.088 132 1.60120 $ H,0; vs et h, Et OH, MeOH 8 
6663 Mal onal dehyde 1,3-Propanedi al 38,0, 542-78-9 72.063 hyg nd T3 z 
6664 Maloni c aci d 380; 141-82-2 104.062 ісі (81) 135 dec sub 1.619 vs Н,0, py; s Et OH, et h; i. bz = 
6665 Malononi t ri le HON, 109-77-3 66.061 32 218.5 1.191020 1.4146% 5 Н0, ace, bz, chl; vs Et OH, et h б 
6666 Malt opent aose 8-0, 34620-76-3 828.718 cry (w) 78 (һуа) = 
6667 o-Malt ose ОНО 4482-75-1 342.296 nd (al 162.5 1.5460 vs HO 
6668 6-0-о-Ма!1 osylB-cycl odext ri n 590,5 104723-60-6 1459.266 cry (MeOH) 
6669 Malt ot et raose 20 34612-38-9 666.577 amorp sol i d 170 dec 
6670 Malvi di n chlori de 10010, 643-84-5 366.750 >300 sl ЊО; s Et OH, MeOH 
6671 Mandeli c aci d oc-Hydroxybenzeneacet i c aci d 460; 90-64-2 152.148 orth p 119 1.2890 S ЊО, et h, Et OH, i -PrOH 
6672 Mandel oni t ri Ге gl ucosi de 44 HONO, 138-53-4 295.288 wh nd or pl (al) 122 vs HO, Et OH 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
66/3 Мапер Manganese, [[1,2- С,Н,МпМ,5, 2427-38-2 265.302 dec 200 
E e yl bi s[carbamodi t hi oat 010 
8) 1 
6674 Мапдапезе(!) acet at e (Ң;0/Мп 638-38-0 173.027 red cry (w) 210 S Н,0, MeOH, НОАс; 1 ace 
6675 Manganese carbonyl Di manganese decacarbonyl 1,0, 0170-69-1 389.977 уе mcl cry 154 1.75 i ID; s os 
6676 Manganese сус! opent adi епу! С,Н,Мп0, 2079-65-1 204.062 pal e уе cry 77.0 subl 505 
t ri carbonyl 
6677 Manganese 2-met ћу! сус! opent adi епу! C H,Mn0; 2108-13-3 218.088 уе li q 5 233; 109 1.38820 i НО; mi sc bz = 
t ri carbonyl 
6678 D-Manni t ol Cordycepi c aci d 8100, 69-65-8 182.171 or i orpr 168 29535 1.48920 1.3330 vs Н,0;51 Et OH, ру; i eth 2 
(2) 
6679 D-Manni t ol hexani t rat e Ра Og 5825-70-4 452.157 nd (al) 107 exp 1.80 vs bz, et h, Et OH £ 
6680 D-Mannose Semi nose 610; 3458-28-4 180.155 nd | orth pr 132 дес 1.5392 vs H,0; sl Et OH, MeOH; i eth, bz | С 
a Q 
6681 1-Маппо5е СН: 20% 0030-80-5 180.155 cry (al) 132 vs HO ° 
6682 Matri di n-15-one Mat ri ne „УНЕО 519-02-8 248.364 ond or pl; B- 2239 1.52865 s H,0, et h, ace; vs Et ОН, bz; sl 2 
ort h pr, pet h - 
6683 Mazi ndol GH CINO 22232-71-9 284.739 cry (ace/hx) 198 i HO; s Et OH » 
6684 Mebendazol e Са а Ма Оз 31431-39-7 295.292 cry (HOAc/ 288.5 i НО, Et OH, et h, chl = 
MeOH) un 
6685 Mebhydroli ne CH; 524-81-2 276.375 cry 95 2111 i HO; sl et h; vs Et OH, асе, MeOH © 
6686 Меса ат C.H, NO;,PS, 2595-54-2 329.374 уе oi | 14p? 1.22320 51 0 = 
6687 Месіі zi ne Ар о N 569-65-3 390.948 230 $ CS, ° 
6688 Medroxyprogest erone 09,05 520-85-4 344.487 2145 vs chl Е 
6689 Ме? enami c aci d 2-[(2,3-Di met hyl phenyl ) Ci Hi NO; 61-68-7 241.286 hyg cry 230 dec salk; sl et h, chl > 
ami no]benzoi c aci d 7 
6690 Mefloqui ne GH, F NO 53230-10-7 378.311 cry (MeOH ад) 1782 5 
6691 Мећи! di de СН Р№0.5 53780-34-0 310.292 184 с 
6692 Melezi t ose 190,6 597-12-6 504.437 cry (042) 153 1.556525 vs ЊО © 
6693  o-D-Meli bi ose 6-oc- D-Gal act opyranosylB- Срб 585-99-9 342.296 vs Н,0; sl Et OH; dec ас! d < 
gl ucose ч 
6694 Meli nami de N-(1-Phenyl et hyl )-9,12- C; 4H, NO 14417-88-0 383.610 oi | <4 2007 1.505023 = 
oct adecadi eneami deZ(- > 
6695 Mel phal ап L-Phenylal ani пе, 4-[bi s(2- Ca H, CN, 148-82-3 305.200 nd 183 dec i H0; s Et OH 5 
chl oroet hyl Jami no]- 9 
6696 Menaqui попе 7 Vi t ami 436) Сва 2124-57-4 648.999 cry 54 ~ 
6697 Menazon CIH МО Р5, 78-57-9 281.296 cry (MeOH) 160 sl НО; st hf S 
6698  p-Ment hane hydroperoxi de 1-Met ћу! -1-(4-met hyl сус! ohexyl) C,,H,,0, 80-47-7 172.265 259 0.92 E 
et hyl hydroperoxi de е 
6699 р-Мепі h-8-en-2-one 2-Met ћу! -5-(1-met hyl et henyl ) МІ! 7764-50-3 152.233 223.0 s 
сус! ohexanone қай 
6700 Ment hol 3-met ћу! but anoat e Ment hol , i soval erat e NNUS 16409-46-4 240.382 129? 0.9085 14486? | НО; $ Et OH, ace 
6701 Meperi di ne Pet hi di ne 551610, 57-42-1 247.334 30 1555 
6702 Mephenyt oi n £H NO; 50-12-4 218.251 136 
6703 Mephobarbi t al GH N05 115-38-8 246.261 wh cry (w) 176 sl HO, et h, chl ; vs Et OH 
6704 Mephosf ol an (H&NO,PS, 950-10-7 269.322 yeliq 1200 1.53545 s ace, Et OH, bz 
6705 Мері quat chl ori de Pi peri di ni um, 1,1-di met hyl -, chl Mi O4 N С 24307-26-4 149.662 223 
6706 Мері маса! пе N-(2,6-Di met hyl phenyl )-1-met ћу! -2-C,;H,.N,O 96-88-8 246.348 cry (et h) 150.5 sCS 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6707 Мері маса! ne monohydrochl ori de Carbocai ne hydrochl ori de tH (CINO  1722-62-9 282.809 cry 263 s H,0 
6708 Mercapt oacet i c aci d, 2-et ћу! hexyl С 05 7659-86-1 204.330 133.5 0.9720 
est er 
6709 2-Mercapt obenzoi c aci d 0-Thi osal cyli c aci d 10,5 147-93-3 54187 | y A (al, w, 168.5 sub S H,0, Et OH, et h; sl DMSO, li g 
HOAc 
6710 Mercapt obenzt hi azyl et her 2,2--Di t hi obi s[benzot hi azole] (,Н,М550 120-78-5 332.487 ye nd 180 50 i НО; sl Et OH, bz, ct c, ace 
6711 2-Мегсарі oet hanol 805 60-24-2 78.133 158; 5513 11432 1.49962 H,0, Et OH, et h, bz 
6712 2-Mercapt o-2-met ћу! propanoi c aci d 4405 4695-31-2 20171 47 1015 vs ЊО = 
6713 2-Mercapt o/V-2-napht hyl acet ami de Thi onali de IH (NOS 93-42-5 217.286 111.5 i НО; vs Et OH, os ме 
6714 2-Мегсарі ophenol 09,05 121-24-0 126.176 oi | 5.5 217; 89 23710 vs bz, et h, Et OH Л 
6715 4-Мегсар! ophenol 0905 637-89-8 26.176 cry 29.5 167%, 135" 1.12852 151015 5 H,0, Et OH, alk, con sul f a 
6716 3-Мегсар! o-1,2-propanedi ol Thi ogl ycerol 3HO,S 96-27-5 108.160 vi sc 100 245520 1.5268 sl HO, et h, bz, chl ; msc Et OH; vs > 
ace 
6717 3-Mercapt opropanoi c aci d 460,5 07-96-0 106.144 атог 18 1115, 863 2187 1.4940 8Н,0,Е ОН, eth, ctc e 
6718 3-Mercapt oD-val i ne Peni ci Ilami пе 5Н,.@0,5 52-67-5 49.212 198.5 Z 
6719  Mercury(Il) benzoat e ercuri с benzoat e 4,100, 583-15-3 442.81 cry pow (w) 2125 i EtOH 4 
6720 Mercury(Il) ol eat e ercuri c ol eat e ag HO, 191-80-6 763.35 ye-br soli d | B; 51 Et OH, et h > 
6721 Mercury(I) phenyl acet at e Phenyl mercuri c acet at e 815800, 62-38-4 336.74 153 i HO; s ch = 
6722 Мегрһоѕ Phosphorot ri t hi ous acc, S- СНР; 50-50-5 298.511 100 13797, 1765 1,029 un 
ri but yl est er © 
6723 Mesi t yl oxi de sobut епу! met hyl ket one о 41-79-7 98.142 liq -59 130 0.8659 14440? H,0, ace; msc Et OH, et h т 
6724 Мезоп dazi ne GHN OS, 5588-33-0 386.573 oi | o 
6725 Mest ranol 690, 72-33-3 310.430 су 151 i НО; s di ox, et h, Et OH, chl 2 
6726 [2.2]Меї асус! ophane ri cycl o[9.3.1.1]hexadeca-1(15) (M 2319-97-3 208.298 ort h pr 132.5 290 sl Et OH; s bz, et h ° 
,4,6,8(16),11,13-hexaene Z 
6727 Met al axyl GH,,NO, 57837-19-1 219.333 n 5 
6728 Met al dehyde et acet al dehyde (pol ymer) 2), 37273-91-9 tetrndorpr(al) 246 Sub 115 iQ} ace; 51 Et OH, et h, bz, chl ^ 
6729 Melani | Yellow B. N4Na0,S 587-98-4 375377 br-ye pow vs ЊО, Et OH; s bz, et В; 51 асе © 
6730 Met arami по! 2-Ami no-1-(3-hydroxyphenyl )-1- 05Ң;М0; 54-49-9 167.205 hyg cry (НСІ) s HO < 
propanol , (18,25) == 
6731 Met axal one QHs NO; 1665-48-1 221.252 cry (AcOEt ) 122 2235 е) 
6732 Met hachol i ne chlori de aH&CI NO, 62-51-1 195.688 hyg cry 172 vs НО, Et OH, chl 5 
6733 Met hacryl i c ас! d 2-Met hyl propenoi c aci d 406 79-41-4 86.090 рг 16 162.5 1.01532 143149? 5 Н,0, chl; msc Et OH, et h с 
6734 Met hacycl i ne Ар О 914-00-1 442.418 су 205 dec Ф 
6735 Met hadone hydrochl ori de 6-(Di met һу! ami no)-4,4-di phenyl -8;,H, CI NO 1095-90-5 345.906 pl (al -et h) 235 vs. B, Et OH © 
hept anone hydrochl ori de 5 
6736 Met hal lenest ri | 1:0; 517-18-0 286.366 cry (MeOH ад) 139 seth E 
6737 Met hami dophos Phosphorami dot hi oi с 40158, С,Н,М0,Р5 10265-92-6 141.130 46 1319 Е 
di met hyl est er s 
6738 Met hamphet ami ne num 537-462 149.233 212 iu 
6739 Met hamphet ami ne hydrochl ori de — Мо-01 met ћу! benzeneet hanami ne, C.H, CIN 51-57-0 185.694 173.8 vs HO, Et OH, chl 
hydrochl ori de, §)- 
6740 Met handrost enol one 21,0: 72-63-9 300.435 166 
6741 et hane CH 74-82-8 16.043 col gas -182.47 -161.48 0.4228162 sl ЊО, ace; s Et OH, et h, bz, t ol, 
MeOH 
6742 Met hanearsoni c aci d 0850, 124-58-3 139.971 160.5 s НО, Et OH 
6743 Met hanedi sul f oni c aci d Met hi oni c aci d 40,5, CH 503-40-2 176.169 98 i ВО; s HNO; 
6744 Met hanesulf oni c aci d Met hyl sul f oni c aci d 4049 CH 15-15-2 96.106 20 16710 1.481218 143178 5,0 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6745 Met hanesulf опу! chl ori de 30135 124-63-0 114.552 162; 55" 1.480518 1.45730 | НО; $ Et OH, et h 
6746 Met hanesul f опу! fluori de 8,5 558-25-8 98.097 123.5 
6747 Met hanet hi ol Met ћу! mercapt an 4ScH 74-93-1 48.108 col gas -123 5.9 0.8665? sl HO, chl ; vs Et OH, et h 
6748 Met hani mi dami de Formami di ne “МОН 463-52-5 44.056 рг 8 dec vs ЊО, Et OH 
6749 Met hani ті даті de, monoacet at e Formami di ne acet at e МОС 3473-63-0 104.108 161.5 vs ЊО 
6750 Methanol Met hyl al cohol KH 67-56-1 32.042 liq -97.53 64.6 0.7919 1.3288? ^ msc H,O, Et OH, et h, ace; vs bz; s 
chl 
6751 Met hant heli ne bromi de 26,81М0, 53-46-3 420.340 cry (i -PrOH) 74.5 s HO, Et OH, chl; i eth = 
6752 Met hapyri | ene (H, N.S 91-80-5 261.386 1743 1.591520 >° 
6753 Met harbi t al 5,5-Di et hyl -1-met ћу! - САМО 50-11-3 198.218 па 150.5 S Њ0; sl chl = 
2,4,6(1H,3H,5A)-pyri mi di net ri one a 
6754 Met hazol ami de 48,М,0.5, 554-57-4 236.273 cry (w) 213 dec E 
6755 Met hazole QH,CLN,O, 20354-26-1 261.061 123 1.245 с 
6756 Met henami ne а yl i odi de Allyl hexamet hyl enet et rami ne i gtd, С 36895-62-2 308.162 cry 148 dec vs HO; i chl, eth о 
6757 Met hest rol 8,0; 130-73-4 298.419 cry (di | НОАс) 145 2 
6758 Met hi dat hi on eHaN,O,PS, 950-37-8 302.330 39 - 
6759 Met hi ocarb Phenol , 3,5-di met ћу! -4-(met hyl сој „МО; 5 2032-65-7 225.308 120 » 
, met ћу! carbamat e 2 
6760 L-Met hi oni ne 5 N0;S 63-68-3 149.212 hex pl (di | al) 281 dec 5,0,1 Et OH, eth, асе, bz, peth; | 90 
sl HOAc ° 
6761 Melhocarbamol Guai f enesi n-1-carbamat e НЕМО, 532-03-6 241.241 cry (bz) 93 s Et OH = 
6762 Met homyl 6H,4N0;S 16752-77-5 162.210 78 1.294624 ° 
6763 Met hoprene 0510, 40596-69-8 310471 100005 0.92620 я 
6764 Met hoprot гупе GH4N.0S 841-06-5 271.383 cry 69 si НО; s os Q 
6765 Met hot rexat e 28-250; 59-05-2 454.440 ye cry (w) 190 dec ” 
6766 Met hoxami ne hydrochl ori de AB. CINO 61-16-5 247.719 cry 214 vs НО; i et h, bz, chl 5 
6767 Met hoxsal en 9-Met ћоху АН! uro[3,2- со, 298-81-7 216.190 pr(dilal)nd 148 sl ЊО, et h, ace, pet h; vs Et OH с 
g][1]benzopyran-7-one (pet h) © 
6768 Met hoxyacet al dehyde 480; 10312-83-1 74.079 92 1.00555 .3950? vs ЊО, ace, et h, Et OH < 
6769 Met hoxyacet i c aci d 30; 625-45-6 90.078 hyg 203.5 1.176820 41682 s H,O, Et OH, et h "5 
6770 Met hoxyacet oni t ri le 31530 1738-36-9 71.078 119 0.949220 3812 5 80; S Et OH, et h, ace, chl , al k, = 
ас! 
6771 Met hoxyacet yl chlori de 316010, 38870-89-2 108.524 1125 1.187120 4199 seth, ace, ct с; уз chl 2 
6772 2-Ме! hoxyani li ne 0-А si di ne М0 90-04-0 123.152 6.2 224 1.092320 57150 sl HO; s Et OH, et h, ace, bz Ф 
6773 3-Меі hoxyani li ne m-Ani si di ne М0 536-90-3 123.152 liq 4 251 1.096 57940 51 HO, ct c; s Et OH, et h, ace, bz © 
6774 4-Ме! hoxyani li ne p-Ani si di ne М0 104-94-9 123.152 ort h pl 572 243 1.077 55599 5 H,0, ace, bz; vs Et OH, et h z 
6775 2-Met hoxyani li ne hydrochlori de 0-Апі si di ne hydrochl ori de 7HGCI NO 134-29-2 159.613 nd 225 5 
6776 1-Met hoxy-9,10-ant hracenedi one NONO 82-39-3 238.238 170.3 sl Et OH; vs bz, chl E 
6777 2-Ме! hoxybenzal dehyde 090, 135-02-4 136.149 рг 37.5 243.5 1.132620 56002 i НО; $ Et OH, bz, ct с; vs et h, ace, = 
ch 
6778 3-Met hoxybenzal dehyde 60, 591-31-1 136.149 231 1.118720 55309 1 НО; $ Et OH, bz; vs et h, ace, chl 
6779  4-Met hoxybenzal dehyde p-Ani sal dehyde (90, 123-11-5 136.149 0 248; 13412 — 1.1195 57309 i НО; msc ОН, et h; vs ace, chl ; 
sbz 
6780 4-Ме! hoxybenzami de МО, 3424-93-9 151.163 ndortab(w) 1665 2% vs HO, Et OH 
6781 4-Met hoxybenzeneacet al dehyde 0, 5703-26-4 150.174 255.5 1.09620 53592 
6782 2-Ме! hoxybenzeneacet i c aci d 4150, 93-25-4 166.173 nd (w) 124 1002 5,0; vs Et OH, et В, ace, bz, chl 
6783  4-Met hoxybenzeneacet i c aci d 4160: 104-01-8 166.173 pl (w) 87 138 i HO; vs Et OH; s et h, bz; sl chl,li g 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6784 4-Met hoxybenzeneacet oni t ri le 240 104-47-2 147.173 286.5 1.084520 1.5309? s Et OH, et h, chl 
6785  4-Met hoxy-1,2-benzenedi ami ne 4-Met hoayphenyl enedi ami ne 18990 102-51-2 138.166 grn pl 51 200", 1681! vs et h 
6786 4-Met hoxy-1,3-benzenedi ami ne 4-Met пояррїепу! enedi ami ne 18,90 615-05-4 138.166 nd (et h) 67.5 S Et OH, et h; sl DMSO 
6787  2-Met hoxy-1,4-benzenedi ami ne 2,5-Di ami noani sole 18,950 5307-02-8 138.166 cry 107 
6788 3-Ме! hoxy-1,2-benzenedi ol 180, 934-00-9 140.137 nd 428 163%, 12910 S chl 
6789  4-Met hoxybenzeneet hanami ne овамо 55-81-2 151.205 13920 53792) 
6790 4-Ме! hoxybenzeneet hanol 48,0; 702-23-8 152.190 29 335 - 
6791 2-Met hoxybenzenemet hanami ne 8840 6850-57-3 137.179 228 0515 547159 = 
6792 4-Met hoxybenzenemet hanami ne «Bu NO 2393-23-9 137.179 236.5 05015 54609 sl HO, Et OH, et h >° 
6793 2-Met hoxybenzenemet hanol 0100 612-16-8 138.164 249 103862 54550 1 НО; s Et OH; msc et h = 
6794 3-Ме! hoxybenzenemet hanol 4540; 6971-51-3 138.164 30 252 112% 54409 > 
6795 4-Ме! hoxybenzenemet hanol Ani se al cohol 8160, 105-13-5 138.164 па 25 259.1 1092 .54205 — sH,O, ctc; vs Et OH, et h со 
6796 4-Ме! hoxybenzenesul f ony! chl ori de #2105 98-68-0 206.647 nd or pr (bz) 425 103025 S Et OH, et h, bz Q 
6797 3-Ме! hoxybenzenet hi ol 15,05 15570-12-4 40.203 224.5; 11420 58742 51 5 
6798 4-МеЕ hoxybenzenet hi ol 15,05 696-63-9 140.203 228 13135 580159 s Et OH, et h, bz; 51 chl un 
6799 2-Ме! hoxybenzoi c aci d 8603 579-75-9 52.148 р! (w) 101 200 sl НО; vs Et OH, et h, chl ; s bz, ct c < 
6800 3-Меі hoxybenzoi c aci d 46,0; 586-38-9 52.148 nd (w) 107 17019 SI HO, ct c; s Et OH, et h, bz; vs chl 2 
6801 4-Met hoxybenzoi c ас! d p-Ani si c aci d 460; 00-09-4 152.148 185 216.5 i НО; vs Et OH, MeOH, et h; s chl 2 
6802 2-Met hoxybenzoni t ri le НО 6609-56-9 33.148 245 255.5 1.106320 s Et OH; vs et h o 
6803 3-Ме! hoxybenzoni t ri le HONO 521-89-5 33.148 1408, 11178 1.0892 1.540220 = 
6804  4-Met hoxybenzoni t ri le НО 874-90-8 133.148 па (м) If (al) 61.5 256.5 i Ot vs Et OH, et h; s bz o 
6805  7-Met hoxy-27-1-benzopyran-2-one C. H,0, 531-59-9 176.169 If (w, MeOH) 1183 51/8; s Et OH, et h, con sulf , alk | Ж 
6806 6-Ме! hoxy-2-benzot hi azol ami ne 30,05 747-60-0 80.227 166 б 
6807 2-(4-Ме! hoxybenzoyl )benzoi c aci 4. o-(p-Ani soyl )benzoi c aci d 18:04 151-15-1 256.254 | ^d cry (al, 146 vs et h, Et OH, t ol > 

0 = 
6808 2-Met hoxybenzoyl chl ori de 88,010, 21615-34-9 70.594 254 Q 
6809 4-Met hoxybenzoyl chl ori de p-Ani soyl chl ori de 885010, 00-07-2 70.594 nd 24.5 262.5 1.26120 5802 S et h, ace; vs bz; sl ct c о 
6810 4-Ме! hoxybenzyl acet at e 1001203 04-21-2 180.200 84 270; 1503 1.1055 sctc 2 
6811 2-Met hoxy-1,1'-bi phenyl 1,0 86-26-0 84.233 pr (pet h) 29 274 1.02339 56419 i НО; s Et OH, pet h; sl сіс "5 
6812 4-Меї hoxy-1,1’-bi phenyl 109.0 613-37-6 84.233 pl (al) 90 1570 1.027810 574410 | НО; s Et OH, et h © 
6813  1-Met hoxy-1,3-but adi ene 580 3036-66-6 84.117 915 0.8296 45945 — s H,0, Et OH 5 
6814 2-Met hoxy-1,3-but adi ene 58,0 3588-30-5 84117 75 0.8272? 44420 vs асе, bz, et h, EL OH = 
6815 3-Met hoxy-1-but anol 480, 2517-43-3 04.148 157 0.92323 .41485 уз Et OH, ace; s et h; sl chl be 
6816 1-Met hoxy-1-but en-3-yne 00 2798-73-4 82.101 Mor 0.9062 4018? 1 НО; sch 8 
6817 Met hoxychl or 61,010, 72-43-5 345.648 cry (di | al) 87 141 i НО; s Et OH, ct c; vs et h, bz E 
6818 Met ћохусус! ohexane (8,0 931-56-6 14.185 liq -144 133 0.8758 43559 vs et h, Et OH Е 
6819  1-Met hoxy-2,4-di ni t robenzene НО 119-27-7 198.133 nd (al or w) 94.5 206? 1.336483! 54615 sl ЊО; s Et OH, et h, ace, bz; vs py = 
6820 1-Met hoxy-3,5-di ni t robenzene 3,5-Di ni t roani sole НАМ 5327-44-6 198.133 па (а!) 105.3 1.5582 vs ace, bz, MeOH 
6821 2-Ме! hoxy-1,2-di phenyl et hanone 18.0 3524-62-7 226.271 nd (li g) 49.5 188 1.127814 vs bz, et h, Et OH 
6822 2-Met hoxyet hanol Е hyl ene glycol monomet ћу! et her 06 109-86-4 76.095 liq -85.1 124.1 0.9647 .4024? msc H,O, et h, bz; vs Et OH; s ace; 

5| chl 

6823  (2-Met hoxyet hoxy)et hene 58,00, 1663-35-0 102.132 107 
6824  2-[2-(2-Met hoxyet hoxy) Tri et ћу! enegl усо! monomet ћу! et her 7H,.0, 112-35-6 164.200 246 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6825 2-Met hoxyet ћу! acet at e Et hyl ene glycol monomet hyl et 16Н,,0, 110-49-6 118.131 liq -70 143 1.0070 14002? 5 Н,0, Et OH, et h; sl сіс 
acet at e 
6826 2-Met hoxyet ћу! acryl at e 2-Met hoxyet hyl 2-propenoat e РМ 3121-61-7 130.141 67%, 5612 1.01220 
6827 2-Ме! hoxyet hyl ami пе 1-Ami no-2-met hoxyet hane 30 109-85-3 75.109 95 vs HO, Et OH; sl chl 
6828 Met hoxyet hyl mercuri c acet at e 56048100, 151-38-2 318.72 nd (pet h) 42 
6829 2-(2-Ме! hoxyet ћу! )pyri di ne et уп di ne ви NO 114-91-0 137.179 203; 967 0.98820 149759 vs H,0, Et OH 
6830 2-Met hoxyf uran 80; 25414-22-6 98.101 110.5 1.064625 1.446825 = 
6831 4-Met hoxyf uro[2,3-b]qui nol i ne Di ct amni ne «НМ, 484-29-7 199.205 pr (al) 133.5 51 HO; vs Et OH; s et h, chl , AcOEt нэ 
6832 12-Met hoxyi bogami ne Ibogai пе 26550 83-74-9 310.432 148 s chl >° 
6833 5-Met hoxy-T-i ndole-3-et hanami пе 5-Met hoxyt турі ami пе +H, 650 608-07-1 190.241 cry (al) 121.5 = 
6834 N-[2-(5-Met hoxy-Tr-i ndol -3-yl ) Melat oni n Hi №0, 73-31-4 232.278 pa ye If (bz) 117 £ 
et hyl Jacet ami de m 
6835 3-Met hoxyi sopropyl ami ne 1-Met hoxy-2-propanami ne aH {NO 37143-54-7 89.136 97 1.403125 б 
6836 4-Met hoxyA-(4-met hoxyphenyl ) 4,401 met hoxydi phenyl ami пе uH NO, 01-70-2 229215 f (Et OH) 103 5 
ani li ne 
6837 N-Met hoxymet hyl ami ne N-Met hoxymet hanami ne МО 117-97-1 61.083 iq 424 а 
6838 2-Met hoxy-5-met hylani |i ne 5-Мейн йн si di ne tl NO 20-71-8 137.179 53 235 sl HO, chl; s Et OH, et h, bz, peth | > 
6839 4-Met hoxy-2-met hyl ani li ne НО 02-50-1 137.179 cry (li g) 29.5 248.5 1.065 5647? vs Et OH = 
6840 4-Меї hoxye- КЕЙ 3319-15-1 152.190 dec 310; 1.079420 53105 866 un 
met hyl benzenemet hanol 1407 Ф 
6841 2-Ме! hoxy-2-met ћу! but ane Met ltylripent yl et her 48,0 994-05-8 02.174 86.1 0.766025 30622 51 HO; vs et h, Et OH = 
6842 2-(Met hoxymet ћу! ЈЕ шап 600, 3679-46-4 12.127 132 1.016320 45709 1 НО; s Et OH; vs et h o 
6843 2-(Ме! hoxymet hyl )-5-ni t rof uran eH; RO, 586-84-5 157.125 1043 1.2812 53252 vs Et OH 2 
6844 (Met hoxymet ћу! )охі rane 460, 930-37-0 88.106 113 0.989020 „43200 vs Н,0, ace, et h, Et OH Q 
6845 3-Met hoxy-5-met hyl -4-0x0-2,5- Peni ci Ili c aci d 4810, 90-65-3 70.163 ort horhexpl (+ 83 S Н,0, ace; vs Et OH, et h, bz; sl ” 
hexadi enoi c aci d 1w) pet h 5 
6846 4-Меї hoxy-4-met ћу! -2-pent anone Pent oxone 180, 107-70-0 130.185 160 0.89802 418% ^ 
6847  2-Met hoxy-4-met ћу! phenol Creosol 45,0; 93-51-6 38.164 рг 55 221 1.0982 53535 vs et h, Et OH © 
6848 1-Met hoxynapht hal ene (8,0 2216-69-5 58.196 «10 269 1.096314 69405 1 НО; s Et OH, et h, bz, chl ; vs CS < 
6849  2-Met hoxynapht hal ene 1,0 93-04-9 158.196 | ын pl 73.5 274 vs bz, et h, chl 5 
pe 
6850 2-Ме! hoxy-1,4-napht hal enedi one 180; 2348-82-5 88.180 183.0 5 
6851 4-Мє! hoxy-1-napht hol 69,0, 84-85-5 74196 129.8 5 
6852 2-Met hoxy-4-ni t roani 11 ne 18,0; 97-52-9 168.150 141.0 s ВМ50 n 
6853  2-Met hoxy-5-ni t roani || ne 5-Ni-ànü-si di ne 1%М,0; 99-59-2 68.150 118 1.2068" s Н,0, et h; vs Et OH, ace, bz; sl li g A 
6854 4-Met hoxy-2-ni t roani 11 ne 188,0, 96-96-8 68.150 A pr(wor 129 vs Н,0, ace, et h, Et OH z 
6855 2-Methoxypheno Guai acol 180, 90-05-1 124.138 hex pr 32 205 1.1287? 1.5429? 5 HO; s Et OH, et h, ct c, chl Е 
6856 3-Ме! hoxypheno (3,0, 150-19-6 24.138 «17 1145 1.1315 1.5510? sl HO, chl; msc Et OH, et h = 
6857  4-Met ћохурћепо! 00, 150-76-5 24.138 р! 57 243 S HO, bz, ct c; vs Et OH, et h 
6858 2-Met hoxyphenol benzoat e Guai acol benzoat e 40; 531-37-3 228.243 575 vs et h, chl 
6859 2-Met hoxyphenol carbonat e (2:1) Guai acol carbonat e 4160, 553-17-3 274.269 cry (al) 89 i ID; sl Et OH; s et h; vs chl 
6860 2-Met hoxyphenol phosphat e (3:1) Guai acol phosphat e zi Ha O;P 563-03-1 416.362 91 2773 vs ace, t ol , chl 
6861 5-[(2-Met hoxyphenoxy)met hyl ]-2- Мерһепоха! one Но, 70-07-5 223.226 144 
oxazol i di none 
6862 3-(2-Met hoxyphenoxy)-1,2- Guai f enesi n 1,0, 93-14-1 198.216 orth pr (eth, 785 21519, 12702 S Н,0, bz, chl ; vs Et OH; Г pet h 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6863 N-(2-Met hoxyphenyl )acet ami de o-Acet ani si di ne о NO, 93-26-5 65.189 nd (w) 87.5 304 vs Н,0, Et OH; s et h, ace, HOAc 
6864 М-3-Ме! ћохурћепу! )acet ami de m-Acet ani si di пе Немо, 588-16-9 165.189 nd or pl (w) 81 vs HO, Et OH; s et h, ace 
6865 N-(4-Met ћохурћепу! )асе! ami de р-Асе ani si di ne «60, 51-66-1 65.189 р! (w) 131 vs ace, Et OH, chl 
6866 2-Меї hoxyphenyl acet at e 2-Acet oxyani 5016 98,0; 613-70-7 66.173 31.5 1238 12855 51015 1 HO; s Et OH, et h 
6867 4-(4-Met hoxyphenyl )-3-but en-2-one 08,0, 943-88-4 176.212 If (al,eth, 740 187.519 i HO; vs Et OH, et h; s bz, НОАС, 
HOAc) sulf 
6868 2-Met hoxy-1-phenyl et hanone 410, 4079-52-1 50.174 уе 114 8 245; 129 1.089720 5393? s| ЊО; s EL OH, ace = 
6869 1-(3-Met hoxyphenyl et hanone (8,0; 586-37-8 150.174 95.5 240 034315 54100 5Н,0, Et OH, ace, сіс T 
6870 2-(4-Met hoxyphenyl )-#+i ndene- Апі si ndi one «010, 117-37-3 252.264 ра уе сгу 156.5 < 
1,3(2H)-di one (HOAc, al) Л 
6871 4-Met hoxyphenyl i socyanat е 80, 5416-93-3 49.148 11079 a 
6872 2-Ме! hoxyphenyl i sot hi ocyanat е 1-Isot hi ocyanat o-2-met hoxybenzeyté, NOS 3288-04-8 165.213 264; 131" 187820 645870 Ё 
6873 М-4-Ме hoxyphenyl )-3- C,,H, NO, 5437-98-9 207.226 117.3 S Et OH, chl; sl et h с 
oxobut anami de © 
6874 2-Met похурпепу! pent anoat e Guai acol val erat e 12149, 531-39-5 208.253 265 0525 vs bz, et h, Et OH Z 
6875 (4-Met hoxyphenyl )phenyl di azene de NO 2396-60-3 212.246 oran-red pl, If 56 340 12% i НО; s Et OH, et h, ace а 
(al, pet h) » 
6876 N-(p-Met hoxyphenyl )р- N-(4-Met hoxyphenyl )-1,4- C. H, N,0 101-64-4 214.262 nd 102 23872 sl ЊО, pet h; vs bz, et h, Et OH 2 
phenyl еледі ami ne benzenedi ami ne 2 
6877  N-(4-Met hoxyphenyl )p- | CaH CINO 3566-44-7 250.723 cry 245 dec o 
phenyl enedi ami ne hydrochl ori de = 
6878 (4-Met hoxyphenyl)phenyl те! hanone 10,0, 611-94-9 212.244 pr (et h) 61.5 355; 168? i. HO; vs Et OH, et h; s ace, bz, © 
НОАс 
6879 3-(4-Ме! hoxyphenyl )-1-phenyl -2- C, H,,0; 959-33-1 238.28 ye nd (81) T9 1879 i HO; vs Et OH; s et h, ct c, chl, Е 
ргореп-1-опе НОАс > 
6880 1-(4-Ме! hoxyphenyl )-1-propanone Et ћу! 4-met hoxyphenyl ket one 10900, 21-97-1 164.20 25.5 266 1.079816 sctc 2 
6881 1-(4-Меї hoxyphenyl )-2-propanone Ani syl met hyl ket one 4160, 22-84-9 164.20 <-15 268 1.069417 1.52539 vs et h, Et OH б 
6882 t rans3-(4-Met hoxyphenyl )-2- t rans4-Met hoxyci ппаті c aci d 60; 943-89-5 178.184 173.5 sl HO, Et OH, bz, DMSO; s ct с, e 
propenoi c aci d HOAc о 
6883 t rans1-Met hoxy-4-(2-phenyl vi nyl ) C, H40 694-19-5 210.27 136.5 42.515 i HO; vs Et OH, et h, ace, bz; s pet h < 
benzene ч 
6884  1-Met hoxy-1,2-propadi ene Met hoxyal | ene 480 3169-00-1 70.090 oi | 515 = 
6885 3-Меї hoxy-1-propanami ne ИМО 5332-73-0 89.136 175 0.872720 43919 560, асе, bz, ct c, chl, MeOH 2 
6886 3-Met hoxy-1,2-propanedi ol Glycerol 3-met ћу! et her 4H, 03 623-39-2 106.120 hyg li q 220 1118 442% vs ЊО, Et OH, ace; 5 et h = 
6887 3-Met hoxypropaneni t ri le ШИ] 10-67-8 85105 63 093799 40439 s Et OH, et h, ch € 
6888 2-Меї hoxy-1-propanol (3,0, 589-47-5 90.121 30 0.93820 4070? 8 
6889 1-Ме! hoxy-2-propanone Met hoxyacet one 48,0; 5878-19-3 88.106 16 0.957% :397020 z 
6890 2-Ме! hoxy-1-propene CHO 16-11-0 72.106 38 0.737220 5 
6891 3-Met hoxy-1-propene CHO 627-40-7 72106 44 0.77! 377851 НО; msc Et OH, et h; s ace 5 
6892 t rans1-Met hoxy-4-(1-propenyl ) Anet hol e &Н.20 4180-23-8 148.201 col oi lyli q 22.5 235281 0.988220 56152 51 ЊО; msc Et OH, et h; s ace; vs bz & 
benzene 
6893 1-Меі hoxy-4-(2-propenyl )benzene Est ragol e NN 40-67-0 148.201 215.5 0.96525 51959 vs Et OH, chl 
6894 ci s2-Met hoxy-4-(1-propenyl )phenol 0; 5912-86-7 164.201 343 1.083720 57260 sl HO; s Et OH, et h 
6895 t rans2-Met hoxy-4-(1-propenyl ) Сон 0; 5932-68-3 164.201 33.5 413 1.085220 57840 51 ЊО; s Et OH, et h, chl 
phenol 
6896 1-Меі hoxy-4-propyl benzene ТИЙ 04-45-0 150.217 2115 0.947220 50450 51 HO; s Et OH, ace, bz, chl ; vs et h 
6897  2-Met ћоху-4-ргору! phenol 40; 2785-87-7 166.217 219 
6898 3-Меї ћоху-1-ргорупе СНО 627-41-8 70.090 63 0.8312 503529 vs et h, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
6899 5-Ме! hoxypsoral en Bergapt ene 690, 484-20-8 216.190 nd (Et OH) 188 i $0; sl Et OH, bz, chl 
6900 6-Меї hoxy-3-pyri di nami ne НО 6628-77-9 124.140 30 12510, 87! 1.574520 
6901 2-Меї hoxypyri di пе o; NO 1628-89-3 109.126 142.5 1.045720 1.504270 
6902 3-Меї hoxypyri di пе o; NO 7295-76-3 109.126 liq 178.5; 65 1.083 1.518020 
6903 4-Met hoxypyri di ne МО 620-08-6 109.126 192; 955 msc ЊО 
6904 6-Меї hoxyqui nol i ne «80 5263-87-6 159,184 hyg If 26.5 306;158 1.15220 S Et OH, et h, chl, di | НСІ 
6905 УУ АВА ДОДАО IAS „КОМО 86-68-0 203.194 pa ye pr (di | al) 285 dec sub 51,8, eth, bz tf a;i chl; 5 ОН | = 
aci 
6906 2-Ме! hoxy-1,3,5-t ri ni t robenzene Met hyl pi crat e 18540; 606-35-9 243.131 па (di | MeOH) 69 1.4947 i НО; vs Et OH, chl, bz s et h = 
6907 (2-Met hoxyvi nyl )benzene 40 4747-15-3 134.174 211.5 0.989423 56202 = 
6908 Met hscopol ami ne bromi de Scopol ami ne met hobromi de па авг МО, 55-41-9 398.293 cry (Et OH) 215 dec S НО; sl Et OH o 
6909 Met hyl abi etate 21850, 21-25-3 316.478 ра ув lf (liq) 285 1.04920 5344 i НО; s Et OH, HOAc T 
6910 -Met hyl acet ami de GNO 79-16-3 73.094 28 205 0.937125 43017 vs ace, bz, et h, Et OH A 
6911 4-Met hyl acet ani li de «1030 03-89-9 149.189 y cryornd 152 307 1.21205 vs et h, Et OH 5 
di | al 
6912 Met hyl acet at e 360; 79-20-9 74.079 iq -98.25 56.87 0.9342 .36140 vs HO, et h, Et OH a 
6913 Met hyl acet oacet at e 50; 05-45-3 116.116 275 1717 1.076220 41849 уз ЊО; msc Et OH, et h; s ct c » 
6914 4-Met hyl acet ophenone 8,0 22-00-9 134.174 nd 28 226; 93.57 1.00512 5335 vs bz, et h, Et OH, ch 2 
6915 Met hyl 2-(acet yl oxy)benzoat е Met bydcet у! sal i cyl at е 0, 580-02-9 194,184 р! (pet h) 515 135 vs et h, Et OH, chl л 
6916 Met hyl acrylat e Met ћу! propenoat е 40, 96-33-3 86.090 14 «-15 80.7 0.9539 .4040? 51 HO; s ОН, et h, ace, bz, chl ° 
6917 2-Methylacryloni t ri le 2-Met ћу! propeneni t ri le HN C 26-98-7 67.090 14 -35.8 903 0.8007 40032 sl НО, chl; msc Et OH, et h, ace, 2 
to 
6918 2-Met hylalani ne о-Аті noi sobut уп c aci d 41500, 62-57-7 103.120 mel рг 335 sub 280 vs НО: 51 Et OH; Г eth 5 
6919  5-Met hyl -3-al у! -2,4- Aloxi done HNO; 526-35-2 155.151 13835, 8605 „46885 > 
oxazoli di nedi one ” 
6920 Met hyl ami ne Met hanami ne ÑH 74-89-5 31.058 col gas -93.5 -6.32 bon (p»1 vs HO; 8 Et OH, ace, bz; msc et h 5 
atm 
6921 Met hyl ami ne hydrochl ori de Met hanami ne hydrochl ori de «CI MH 593-51-1 67.519 hygtetrtab(al) 227.5 297 S Н,0, Et OH; i. chl, ace ° 
6922 1-( et hyl ami no)-9,10- С.Н NO, 82-38-2 237.254 ye-red nd 171.0 S Et OH, bz, chl, HOAc < 
ant hracenedi one - 
6923 Met hyl 2-ami nobenzoat e Met ћу! ant hrani lat е aHa МО; 34-20-3 151.163 245 256 1.168210 1.5810 51 ЊО; vs Et OH, et h © 
6924 Met hyl 3-ami nobenzoat e a GNO, 4518-10-9 151.163 39 152" 1.23220 vs Et OH, et h, bz, chl ; sli g; 51 pet h 5 
6925 Met hyl 4-ami nobenzoat e МО; 619-45-4 151.163 If ог па (aq 113.0 S ch = 
MeOH) un 
6926 2-(Met hyl ami no)benzoi c aci d 8100, 19-68-6 151.163 pl (al or li g) 180.5 80 51 HO; vs Et OH, et h, bz, chl ~ 
6927 3-(Met hyl ami no)benzoi c aci d НО, 51524-84-6 151.163 pl (pet h) 127 vs ace, bz, Et OH, chl S 
6928  4-(Met hyl ami no)benzoi c aci d 810, 0541-83-0 151.163 па (bz, м, dil al) 168 820, bz, AcOEt ; vs Et OH, et h; sl Б 
tfa = 
6929 Met hyl 3-ami no-2-but enoat e sHQNO, 4205-39-1 115.131 sch s 
6930 N-[(Met hyl ami no)carbonyl Jacet ami de 46,0, 623-59-6 116.119 {ШШШ 180.5 dec $ Н,0, chl ; 51 Et OH, et h D 
w 
6931 2-(Met hyl ami no)-2-deoxge-L- N-Met hylec-L-gl ucosami ne (350, 42852-95-9 193.198 gl ass S MeOH 
gl ucopyranose 
6932  2-(Met hyl ami поје! hanesulf oni c aci Met hyl t auri ne 3 GNO,S 107-68-6 139173 2415 vs HO; Г Et OH, et h 
6933 4-[2-(Met hyl ami поје! hyl ]-1,2- Deoxyepi nephri ne М0, 501-15-5 167.205 188.5 
benzenedi 0 
6934 Met hyl 3-ami no-4-hydroxybenzoate О hocai ne #00; 536-25-4 167.162 nd (bz or 143 i HO; vs Et OH; s et h, alk; 51 bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n Solubility 
6935 4-(Ме! hyl ami no)phenol sulf at e HGN OS  1936-57-8 344.383 cry 260 dec sl Et OH; i eth 
6936 3-(Met hylami по)ргорапелі t ri 1e 4% 693-05-0 84.120 10249, 746 0.899220 43200: $ Н,0, ace, bz, chl, MeOH 
6937  4-[2-(Met hyl ami по)ргору! ]phenol Phol edri ne о HGNO 370-14-9 165.232 cry (MeOH) 161 vs et h, Et OH 
6938  2-Met hylani li ne 0-Tol ui di ne 78N 95-53-4 107.153 14 -14.41 200.3 0.9984 57250 sl НО; msc Et OH, et h, ct c 
6939 3-Met hylani li ne m-Tol ui di ne М 108-44-1 107.153 iq -31.3 203.3 0.9889 568129 vs ace, bz, et h, Et OH 
6940 4-Methylani 11 ne D-Tol ui di ne ІМ 106-49-0 107.153 f (wH) 43.6 200.4 0.9619 55345 51 HO; vs Et OH, ру; s et h, ace, ct с 
6941  N-Met hylani li ne 7HEN 100-61-8 107.153 iq -57 196.2 0.9897 56820 i НО; s Et OH, et h, ct c, chl - 
6942 2-Met hylani li пе, hydrochlori de — o-Tol ui di ne, hydrochl ori де 7HQCIN 636-21-5 143.614 mcl pr (w) 215 vs HO, Et OH = 
6943  4-Met hylani li ne, hydrochl ori de HIN 540-23-8 143.614 mel nd (eth- 2445 258 1.1930" vs Н,0, Et OH, HOAc э: 
НОАс) = 
6944 2-Met hylani sole 8600 578-58-5 122.164 iq -34.1 171 0.985 516191 НО; s Et OH, et h, ace, ct c © 
6945 3-Met hylani sole 88:60 100-84-5 122.164 iq -47 1758 0.969 51309 i HO; s Et OH, eth, ace, bz; 51 ctc. | = 
6946 4-Ме! hylani sole 88:60 104-93-8 122.164 iq -32 175.5 0.969 511291 НО; s Et OH, et h, chl A 
6947 1-Met hyl ant hracene Hi 610-48-0 192.256 bl па (MeOH) If 85.5 199.5 1.04719 .68029 | НО; s Et OH, et h, bz, chl , sul f 5 
(al) 
DM 
6948 2-Met hyl ant hracene 4H; 613-12-7 192.256 grn bl flr If 209 sub 1.80? i HO, ace; sl Et OH, et h; s bz, CS - 
(sub) > 
6949 9-Met hyl ant hracene 81, 719-02-2 192.256 уе по (di | al) рг 81.5 19672 1.065% 69599 ^ s Et OH, et h, ace, bz, chl 2 
(bz, а!) ш 
6950  2-Met hyl -9,10-ant hracenedi опе 2-Met hyl ant hraqui none 14,0; 84-54-8 222.239 ye nd (al , 177 sub vs bz, Et OH, HOAc © 
НОАс) = 
6951 Met hylarsi ne CAs 593-52-2 91.973 col gas -143 2 vs ace, et h, Et OH © 
6952 9-Ме! hyl -9-azabi сус! o[3.3.1]nonan- Pseudopel | et i eri ne «НЕМО 552-70-5 53.221 ort h pr (peth) 54 246 1.0070 4760 vs Н,О, et h, Et OH x 
3-one б 
6953 8-Met hyl -8-azabi cyclo[3.2.1]oct але Tropane ТЕ 529-17-9 25.212 166 0.9251% > 
6954 8-Met ћу! -8-azabi cycl o[3.2.1]oct an-3- C,H,,NO 532-24-1 39.195 43 227; 113% — 1.987210 45989 s Et OH, et h, ace, bz, pet h; sl chl = 
опе 
6955 Methyl azi де CN. 624-90-8 51.055 exp 20.5 0.8695 Q 
6956 Met ћу! azoxymet hanol acet at e ‚А10, 592-62-1 32118 191; 49045 8 
6957  2-Met ћу! benzal dehyde 0-То! ual dehyde GH,O 529-20-4 120.149 200; 9410 1.03282 54620 sl HO, ct c; s Et OH, et h, bz; vs асе = 
6958 3-Меі ћу! benzal dehyde m-Tol ual dehyde GH,0 620-23-5 120.149 199 1.0189?! 54137 sl ЊО; msc Et OH, et h; vs асе; s ° 
bz, chl = 
6959  4-Met hyl benzal dehyde р-То! ual dehyde GH,O 104-87-0 20.149 204; 106 — 1.0194" .5454? sl НО; msc Et OH, et В, ace; vs chl 2 
6960 2-Меї ћу! benzami de 0-Tol uami de (АМО 527-85-5 35.163 147 SI HO, et h, tf a, bz; vs Et OH n 
6961 4-Меі ћу! benzami de p-Tol uami de (HNO 619-55-6 135.163 162.5 51 HO, bz, chl ; vs Et OH, et h; st f a = 
6962 М-Ме! hyl benzami de BONO 613-93-4 35.163 82 291; 167? S Et OH, ace S 
6963  7-Met hyl benz[aJant hracene На 2541-69-7 242.314 ye pl (al) 11 i Ю; s Et OH, et h, ace, ct c, НОАС, Б 
CS, 
= 
6964 8-Ме! ћу benz[aJant hracene eiu 2381-31-9 242.314 pl (bz-al), nd 1565 2723, 1609! 1.2310 i НО; s Et OH, et h, bz, ху! s 
(bz-li g) `= 
6965 9-Met hyl benz[alant hracene На 2381-16-0 242.314 nd (al) 152.5 i bD; s Et OH, et h, ct c, chl, GS 
xyl 
6966 — 10-Met ћу! benz[a]ant hracene giu 2381-15-9 242.314 184 i НО; s Et OH, HOAc 
6967 12-Ме ћу! benz[a]ant hracene 4H, 2422-19-9 242.314 pl (al) 150.5 i 4; s Et OH, CS, НОАс 
6968 2-Met hyl benzeneacet al dehyde 98100 10166-08-2 134.174 221; 9210 1.024110 vs et h, Et ОН, chl 
6969 4-Met hyl benzeneacet al dehyde 48:60 104-09-6 134174 40 2215 1.005220 1.52550 vs et h, Et OH, chl 
6970 c-Met ћу! benzeneacet al dehyde 98100 93-53-8 134.174 203.5 1.00892 1.517622 vs ОН 
6971 2-Ме! hyl benzeneacet i c aci d 4160, 644-36-0 150.174 nd (w) 89 s Н,0, ch 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

6972 3-Met ћу! benzeneacet i c aci d 4160, 621-36-3 150.174 nd (w) 62 12125 S Н,0, chl 

6973 4-Меі hyl benzeneacet i c aci d 4160, 622-47-9 150.174 nd or pl (al, w) 93 265 vs bz, et h, Et OH 

6974 c-Met ћу! benzeneacet i c aci d, (+) 4160, 2328-24-7 150.174 <-20 263 4:18 1.523720 

6975 4-Ме! ћу! benzeneacet oni t ri le НФ 2947-61-7 131.174 18 242.5 0.99225 15190? | НО; s Et OH, et h, bz, сіс 

6976 o-Met hyl benzeneacet oni t ri le 2% 1823-91-2 131.174 231 0.985420 1.50955 ^ vs eth, EL OH 

6977 3-Met hyl -1,2-benzenedi ami ne Tol uene-2,3-di ami ne EN 2687-25-4 122.167 63.5 255 vs ace, bz, Et OH 

6978  4-Met hyl -1,2-benzenedi ami ne Tol uene-3,4-di ami ne zH, Ñ; 496-72-0 22167 pl (lig) 89.5 265 vs 40; slig - 

6979 2-Met hyl -1,3-benzenedi ami пе Tol uene-2,6-di ami ne Но 823-40-5 122.167 рг (67, м) 106 S HO, Et OH, bz = 

8980 2-Меї hyl -1,4-benzenedi ami пе Toluene-2,5-di ami ne EN 95-70-5 122.167 pl (bz) 64 213.5 S HO, Et OH, et h; 51 bz, HOAc = 

6981 3-Met hyl -1,2-benzenedi ol 160, 488-17-5 24138 f (bz) 68 248 S ED, Et OH, bz, chl = 

6982  4-Met ћу! -1,2-benzenedi ol 160, 452-86-8 124,138 Цоо 0), pr 65 258 1.12877 1.5425" ЅН,0, Et OH, et h, ace, chl; sl lig Р 

6983 2-Ме! hyl -1,3-benzenedi ol 180, 608-25-3 24.138 pr (bz) 120 265 vs Н,0, bz, et h, Et OH A 

6984  4-Met hyl -1,3-benzenedi ol 160; 496-73-1 24.138 cry (bz-peth) 105 270 S HO, Et OH, et h; sl bz, pet h о 

6985 5-Меі hyl -1,3-benzenedi ol Orci nol 10, 504-15-4 124,138 pr(w+1), If (chl) 107 287 1.2% 5,0, Et OH, et h, bz; sl li g, pet h 2 

6986 2-Methyl-1,4-benzenedi ol 180, 95-71-6 124.138 125 283; 1631 vs HO, Et OH, et h; sace; sl bz 110 | "3 

6987  4-Met hyl -1,2-benzenedi t hi ol Tol uene-3,4-di t hi ol 15 С 496-74-2 56.269 29 S chl 8 

6988 В-Меї ћу benzeneet hanami ne 46: 582-22-9 135.206 210 0.94334 5255 vs bz, et h, Et OH - 

6989 Met ћу! benzeneet hanami ne ©з 589-08-2 135.206 206 0.9325 516220 % 

6990 2-Меї hyl benzeneet hanol 98.0 19819-98-8 36.190 1.0 243.5 1.016% 535520 ° 

6991 4-Met ћу! benzeneet hanol 98.0 699-02-5 136.190 244.5; 94° 1.002820 526720 © 

6992  2-Met hyl benzenemet hanami ne "n 89-93-0 121.180 liq -30 206; 87 0.976619 543619 ж 

6993 3-Мє| ћу benzenemet hanami пе n 100-81-2 21.180 203.5 0.96625 5360 б 

6994 4-Met hyl benzenemet hanami пе al, 104-84-7 21.180 12.5 195 0.95220 534029 > 

6995 N-Met hyl benzenemet hanami пе n 103-67-3 121.180 180.5 0.944218 vs H,0 == 

6996 о-Меї hyl benzenemet hanol 1-Phenyl et hanol 8160 98-85-1 22164 20 205 1.0135 .5265? i НО; vs Et OH, et h с 

6997  2-Met hyl benzenemet hanol 0-Tol yl alcohol 0] 89-95-2 122.164 па (peth-eth) 38 224; 118 1.0239 vs et h, Et OH, chl S 

6998 3-Met hyl benzenemet hanol m-Tol yl al cohol Н. 0 587-03-1 122.164 <20 215.5 0.91577 sl HO; vs Et OH, et h; s chl 2 

6999  4-Met ћу! benzenemet hanol D-Tol yl alcohol „0 589-18-4 22.164 nd (li g) 61.5 217 0.978 vs et h, Et OH - 

7000 c-Met hyl benzenemet hanol , acet at e PH 93-92-5 64.20 oi | 09 © 

7001 4-Ме! hyl benzenepropanal QH,,0 5406-12-2 148.20 223 0.9994 1525" 5 

7002 c-Met ћу! benzenepropanami пе -Met ћу! -3-phenyl propyl ami пе NIU 22374-89-6 149.233 143 223; 1014 0.92895 1.51520 vs Et OH = 

7003 В-Меї ћу benzenepropanoi с aci d, (+) 108,0 712-17-8 164.20 46.5 168" 1.070120 1.51550 51 ЊО; s pet h € 

7004  o--Met hyl benzenepropanol GH,,0 2344-70-9 150.217 239; 1235  0.9899!6 151716 8 

7005 4-Меї ћу benzenesul fini c aci d D-Tol uenesul fini c aci d 160,5 536-57-2 156.203 S plornd 86.5 S H,0; vs Et OH, et h; 51 bz z 

7006 4-Methylbenzenesulfinyl chl ori de 11601085 10439-23-3 174.648 nd 57 1135 vs chl Е 

7007 2-Ме hyl benzenesul f onami de 7950,5 88-19-7 171.217 A Ч (al), рг 158.7 21410 51 ЊО, већ, DMSO; s Et OH = 
w 

7008 4-Met hyl benzenesul f onami de p-Tol uenesul f onami de 730,5 70-55-3 171.217 mcl pl (w+2) 138 210 sl ЊО, et h; s Et OH 

7009 Methyl benzenesul f onat e 10,5 80-18-2 172.202 45 150% 1.27307 1.515120 51 НО; vs Et OH, et h, ch 

7010 2-Met hyl benzenesul f oni c aci d 180,5 88-20-0 172.202 hyg pl (142) 67.5 128.85 vs Н,0; s Et OH; i. eth 

7011 2-Met ћу benzenesulf опу! chl ori де o-Tol uenesul f опу! chlori de 790105 133-59-5 190.648 10.2 15496 1.338320 1.5565? i НО; $ Et OH, eth, bz, сіс 

7012 2-Меї hyl benzenet hi ol 1Ң5 137-06-4 124.204 15 195 1.04120 1.57020 i HO; s Et OH; vs et h 

7013 3-Ме! ћу benzenet hi ol HS 108-40-7 124.204 liq -20 195 1.044 1.57220 i НО; s Et OH; msc et h 

7014 4-Меї hyl benzenet hi ol 1Ң5 106-45-6 124.204 43 195 1.02205! i HO; s Et OH, chl; vs et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7015 1-Met hyl-#-benzi mi 082016 aN, 1632-83-3 32.163 па (pet h), pl 66 286 1.125470 0013 8рєїї 
(al) 
7016 2-Ме! hyl-#+benzi mi 082016 «88, 615-15-6 132.163 pr or nd (w) 177.8 S H0; 51 Et OH, eth; i bz 
7017 Met hyl benzoat e 48,0; 93-58-43 36.149 liq -124 199 1.0837 51640 1 HO; s Et OH, ct c, MeOH; msc et h 
7018 Met hyl 1,3-benzodi oxol e-5- C,H40, 326-56-7 180.158 па ог || (peth) 53 dec 273 vs et h, Et OH 
carboxyl at e 
7019 2-Met hyl benzof uran 48,0 4265-25-2 132.159 197.5 1.054020 54952 vs et h, Et OH 
7020 2-Met hyl benzoni t ri le o-Tol uni t ri le НОМ 529-19-1 17.149 114 -13.5 205 0.9958 52790 | НО; msc Et OH, et h; sl сіс = 
7021 3-Met hyl benzoni t ri le m-Tol uni t ri le HN 620-22-4 117.149 liq -23 213 1.0318 .5252? | НО; msc Et OH, et h; sl сіс ме 
7022 4-Ме! ћу benzoni t ri 1e p-Tol uni t ri le HGN 104-85-8 117.149 29.5 217.0 0.976230 i ВО; vs Et OH, et h; sl сіс М 
7023 6-Met hyl -2+1-benzopyran-2-one Слобо; 92-48-8 60.170 76.5 304, 1744 vs Et OH, et h, bz; sl chl, pet h a 
7024 7-Met hyl -2+1-benzopyran-2-one 7-Ме hyl coumari n 1:0; 2445-83-2 160.170 nd, (pl) (aqal) 128 1715 51 HO; vs Et OH, HOAc; s et h E 
7025 3-Меі hyl -4+1-benzopyran-4-one Tri cromyl GH40; 85-90-5 160.170 s chl с 
7026 6-Ме hyl -2-benzot hi 4201 ami пе 346,5 2536-91-6 64,228 nd (w) рг (dil 142 sl HO; s Et OH 5 
41) 
7027 2-Меї ћу! benzot hi azole aHGNS 120-75-2 149.214 14 238 1.17639 1.6092? | НО; $ ОН, ch а 
7028 3-Ме hyl -2(8/)-benzot hi azol et hi one 41045, 2254-94-6 181.279 nd (al), pr 90 335 i HO; 51 Et OH, et h; vs bz, chl > 
(НОАс) 
1029 4-(6-Ме ћу! -2-benzot hi azol yl Jani 11 ne qu Ho 8,5 92-36-4 240.323 194.8 434 sl Et OH, et h, bz, НОАС 2 
7030 1-Met hyl -H-benzot ri azole БМ, 13351-73-0 133.15 pl (82-11 g) 64.5 270.5 vs bz, Et OH, HOAc © 
7031 1-Met ћу! -2-3,1-benzoxazi ne- C H,N0; 10328-92-4 177157 180 = 
2,4(1H)-di one © 
7032 2-Меї hyl benzoxazol e HNO 95-21-6 133.148 9.5 200.5 1.121120 1.54972 | НО; vs Et OH; msc et h ж 
7033 Met hyl benzoyl acet at e 108100; 614-27-7 178.184 pa ye dec 265; 1.15829 1.53720 vs ace, et h, Et OH Q 
15172 
7034 Met hyl 2-benzoyl benzoat e 180, 606-28-0 240,254 pl or mcl pr (di | 52 351 1.190319 1.59120 i НО; vs Et OH, et h; $ sulf 2 
41) 
7035 2-(4-Ме! ћу! benzoyl )benzoi c aci d 401 uoyl )benzoi c aci d 101,03 85-55-2 240.254 146 sl ЊО, DMSO; vs Et OH, еї В, ace, 8 
bz 
7036 2-Ме! hyl benzoyl chl ori де 816010 933-88-0 154.594 213.5 1.55499? vs et h, Et OH 2 
7037 3-Ме! hyl benzoyl chl ori de 810010 1711-06-4 154.594 liq -23 219.5 1.0265 1.5052 vs et h, Et OH 5 
7038 4-Met hyl benzoyl chl ori де 810010 874-60-2 154.594 liq -15 226 1.1688 15547? 8010 = 
7039 Met hyl benzoyl sal i cylat e 2-(Benzoyl oxy)benzoi c aci d, met бу!Н,,0, 610-60-6 256.254 Cry 85 385 i НО; s bz, chl, et h, Et OH 2 
est er 
7040 о-Меї hyl benzyl ami пе, (+) 1-Ami no-1-phenyl et hane gH. 618-36-0 121.180 32 187 0.939515 1.5230? s ЊО, chl ; msc Et OH, et h < 
7041 1-Met hyl -2-benzyl benzene [n 713-36-0 182.26 6.6 280.5 1.002020 1.576320 5 
7042 1-Met hyl -4-benzyl benzene СН, 620-83-7 182.26 iq -30 286 0.9978 1.5712 vs et h, bz, Et OH, chl z 
7043 o-Met hylbenzyl f ormat e «160, 1115-38-4 150.174 iq z 
7044 1- et ћу -2-benzy -A(R)- Gl ycosi ne САМО 6873-15-0 250.294 161.5 8, 
qui nazol i none ~ 
7045 1-Met hyl bi бус! o[3.1.0]hexane > 4625-24-5 96.170 93.1 
7046 2-Met hyl bi рћепу Ёст 643-58-3 168.234 iq -02 255.3 1.0113 15914? 1 НО; s Et OH, eth 
7047 3-МеЕ hyl bi pheny NM 643-93-6 168.234 23 212.7 1.01827 1.59722 1 НО; $ Et OH, et h, сіс 
7048 4-Met hyl bi рћепу Я» 644-08-6 168.234 pl (lig, MeOH) 49.5 267.5 1.015 | HO; s Et OH, et h; sl ctc 
7049 4-Меі hyl A, V-bi s(4-met ћу! phenyl ) C4 HN 1159-53-1 287.399 cry (НОАс) 117 vs ace, bz, et h, chl 
ani li ne 
7050 Methyl bromoacet at e 36810, 96-32-2 152.975 132 1.63502 1.452020 | НО; s Et OH, et h, ace, bz 
7051 Met hyl 2-bromobenzoat e 44,810, 610-94-6 215.045 244 i НО; s EL OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
7052 Met hyl 3-bromobenzoat e (810, 618-89-3 215.045 р! 32 1255 SI HO; s Et OH, et h 
7053 Met hyl 4-bromobenzoat e (4800, 619-42-1 215.045 ^ Шү al), па 81 1.6895 S Et OH, et h, ace, pet h; vs bz, chl 
et h 

7054 Met hyl 2-bromobut anoat e 55810, 3196-15-4 181.028 168 1.452820 40299 vs Et OH 
7055 Met hyl 4-bromobut anoat e 85810, 4897-84-1 181.028 186.5 145 45679 vs Et OH 
7056 Met hyl 4-bromo-2-but enoat e 50Вг0, 1117-71-1 179.013 8472 1.49019 „4989 
7057 Met hyl 5-bromopent anoat e 804810, 5454-83-1 195.054 iq 10% 1.363 4630? = 
7058 Met hyl 3-bromopropanoat e 48,810, 3395-91-3 167.002 1059, 6212 1,4123% „45420 5 Et OH, et h, ace аз 
7059 3-Меї hyl -1,2-but adi ene 5% 598-25-4 68.118 iq -113.6 40.83 0.6806 42030. vs асе, bz, et h, Et OH >° 
7060 2-Methyl-1,3-but adi ene Isoprene Ы 78-79-5 68.118 iq -145.9 34.0 0.679 .4219? | НО; msc Et OH, et h, ace, bz = 
7061 3-Met hyl but anal Isoval eral dehyde 5900 590-86-3 86.132 iq -51 925 0.7977 .3902? 51 ЊО; s Et OH, et h o 
7062 3-Methylbut anami de Isoval erami de 5110 541-46-8 101.147 те! If (al) 137 226 5,8, Et ОН, et h; vs pet h m 
7063 3-Met hyl -1-but anami пе Isopent yl ami ne 5H, 107-85-7 87.164 96 0.7505? .4083? msc ЊО, Et OH, et h; s ace, chl A 
7064 2-Met hyl -2-but anami ne sN 594-39-8 87.164 iq -105 77 0.73% 39545 vs ЊО, ace, et h, Et OH о 
7065 3-Меї hyl -2-but anami пе ШИ 598-74-3 87164 iq -50 855 0.7574 .4096 vs ЊО; s Et OH 2 
7066 3-Met hyl -1,3-but anedi ol 8160, 2568-33-4 104.148 202.5 0.944820 445207 50, Et OH - 
7067 2-Ме hyl but aneni t ri le 5% 18936-17-9 83.132 125 0.79135 39390 vs et h, Et OH P 
7068 3-Met hyl but aneni t ri le Isobut yl cyani de sH,N C 625-28-5 83.132 iq -101 275 0.7914 39270 51 ЊО; msc Et OH, et h; vs ace = 
7069 2-МеЕ пу! -1-but anet hi ol, (+) 5169 20089-07-0 104.214 iq 19.1 0.8420 44402 % 
7070 3-Met hyl -1-but anet hi ol Isopent yl mercapt an 5428 541-31-1 104.214 iq 16 0.8359 441291 НО; msc Et OH, et h; s ct c ° 
7071 2-Меї hyl -2-but anet hi ol 8169 1679-09-0 104.214 iq 99.1 0.8120 438520 © 
7072 3-Меї hyl -2-but anet hi ol ШЕ 2084-18-6 104.214 iq -127.1 09.8 ж 
7073 Met hyl but anoat e 500 623-42-7 102.132 iq -85.8 02.8 0.8982 .3878? sl HO, ct c; msc Et OH, et h ° 
7074 2-Met hyl but anoi c aci d (+)-2-Met hyl but уп c aci d 516050 600-07-7 102.132 «-80 77 0.93420 „40518 sl ЊО; msc Et OH, et h; $ chl 2 
7075 3-Ме! hyl but anoi c aci d Isoval eri c aci d Но 503-74-2 102.132 iq -29.3 76.5 0.937 40332 50; msc Et OH, et h, chl == 
7076 3-Met hyl but anoi c anhydri de (00; 1468-39-9 186.248 215 0.932720 40439  vseth с 
7077 2-Ме hyl -1-but anol, (+) 80 34713-94-5 88.148 275 0.815225 .4092 s| ЊО; msc Et OH, et h; vs ace e 
7078 3-Methyl-1-but anol Isopent yl al cohol 50 123-51-3 88.148 iq -117.2 31.1 0.8104 .4053 51 HO; vs ace, et h, Et OH 2 
7079  2-Met hyl -2-but anol t ePent yl al cohol 500 75-85-4 88.148 iq -9.1 02.4 0.8096 40529 50, bz, chl ; msc Et OH, et h; vs 2 

асв 
7080 3-Met ћу! -2-but anol , (+) 5060 70116-68-6 88.148 12.9 0.818020 .4089? 51 НО; msc Et OH, et h; vs ace; s = 

bz, ctc 
7081 2-Met hyl -1-but anol acet at e #00; 624-41-9 130.185 40 0.874020 40402 уз ace, et h, Et OH 5 
7082 3-Met ћу! -2-but апопе Met hyl i sopropyl ket one 51:40 563-80-4 86.132 iq -93.1 94.33 0.8057 98809 5 Ho; msc Et OH, et h; vs ace; s = 

їс © 
7083 2-Меї hyl but апоу! chl ori de, (+) 0 57526-28-0 120.577 116 0.9917? 41709 8 
7084 3-Met hyl but апоу! chl ori de Isoval егу! chl ori de 8000 108-12-3 120.577 114 0.98449 4149?  seth = 
7085 t rans2-Met ћу! -2-but епа! Ti gli c al dehyde En 497-03-0 84.117 iq 117; 64° 0.871020 44750 s| НО; vs Et OH s 
7086 3-Methyl-2-but епа! Seneci al dehyde 50 107-86-8 84117 134 0.872220 4528?  sH,O, Et OH, et h = 
7087 2-МеЕ hyl -1-but ene Ёо 563-46-2 70.133 iq -137.53 312 0.6504 3/789 | НО; s Et OH, et h, bz, ctc 
7088 3-Met hyl -1-but ene "m 563-45-1 70.133 volliqorgas -168.43 20.1 0.6273 36439 i НО; msc Et OH, et h; s bz 
7089 2-Met hyl -2-but ene Em 513-35-9 70.133 iq -133.72 38.56 0.6623 3874?  j НО; s Et OH, et h, bz, ct c; vs li g 
7090 ci s2-Met ћу! -2-but enedi oi c aci d Ci t raconi c aci d 5160, С 498-23-7 130.100 nd (et h-li g) t c193.5 1.617% vs Н,0; sl eth, chl; i bz, 65 

pr (et h-bz) 

7091 3-Met hyl -2-but eneni t ri 1e НИ. 4786-24-7 81.117 iq 141 
7092 Met hylci 52-04 enoat e Met hyl i socrot onat e 5148, 4358-59-2 100.117 118 4175? 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7093 Met ПУ! rans2-but enoat e Met hyl crot onat e 40, 623-43-8 100.117 liq -42 121 0.9444 424291 HO; vs Et OH, et h 
7094 ci 52-Ме hyl -2-but enoi c aci d Angel i c aci d 500 565-63-9 100.117 mel prornd 45.5 185 0.98349 44347 51 ЊО; s Et OH; vs et h 
7095 t rans2-Met ћу! -2-but enoi c aci d Ti gli c aci d 506 80-59-1 100.117 tab (м) 645 198.5 0.96415 43305 5 Н0; vs Et OH, et h 
7096 3-МеЕ hyl -2-but enoi c aci d 810, 541-47-9 100.117 69.5 197 1.006224 
7097 3-Met ћу! -2-but еп-1-0 50:60 556-82-1 86.132 140 0.8482 441220 
7098 3-МеЕ ћу! -3-but еп-1-0 50:60 163-32-6 86.132 129.9 
7099 2-МеЕ ћу! -3-but еп-2-0 50160 115-18-4 86.132 liq -28 97 0.82 - 
7100 3-Ме ћу! -3-but еп-2-0 50:60 10473-14-0 86.132 114 0.853117 42887 = 
7101 3-Met hyl -3-but en-2-one |зоргорепу! met ћу! ket one 50 814-78-8 84.117 liq -54 98 0.8522 42200 vs Et OH >° 
7102 3-Methyl-2-but enoyl chl ori de 510310 3350-78-5 118.562 146 1.0655 47702 = 
7103 (3-Met ћу! -2-but епу! )guani di ne Gal egi ne 8116, 543-83-9 127.187 hyg 62.5 dec vs ЊО, Et OH » 
7104 2-Met hyl -1-but en-3-yne Isopropenyl acet yl ene sHç 78-80-8 66.102 liq -113 32 0.6801 41409 sch с 
7105 [(3-Met hyl but oxy)met ћу! ]benzene 28,0 122-73-6 178.270 236; 11819 0.9097 4792? vs et h, Et OH Q 
7106 1-[2-(3-Met hyl but oxy)-2- Ami xet ri ne «Я» МО 24622-72-8 261.402 1212 497822 5 

phenyl et hyl ]pyrrol i di ne “ 
7107 2-МеЕ hyl but yl acryl at e 4500; 44914-03-6 142.196 160; 450 0.893620 42400 vs et h, Et OH - 
7108 3-Ме! hyl but yl benzoat e Іѕорепі у! benzoat е 265 94-46-2 192.254 261 0.99315 vs Et OH > 
7109 3-Met hyl but yl 2-chl oropropanoat e 816010, 62108-69-4 178.657 208 1.005020 428920 = 
7110 3-Met hyl but y| 3-chl oropropanoat e 816010, 62108-70-7 178.657 208; 8712 1.017120 434309: vs et h, Et OH n 
7111 Met hylt eribut yl et her t ertBut yl met ћу! et her 590 1634-04-4 88.148 114 -108.6 55.0 0.7352 366459 5 Н,0; vs Et OH, et h ° 
7112 3-Met hyl but yl ni t rat e Іѕорепі у! nitrate ;H4NOC 543-87-3 133.146 148 0.99622 41220 © 
7113  2-Met hyl -3-but yn-2-ami пе SIGN 2978-58-7 83.132 18 79.5 0.7925 „42352 ж 
7114 3-Ме hyl -1-but yne As 598-23-2 68.118 vol li а ог даз -89.7 26.3 0.6660 37230 | НО; msc Et OH, et h ° 
7115 2-Methyl-3-but yn-2-ol 1,1-Di met hyl propargyl al cohol 406 115-19-5 84.117 15 104 0.861820 42072 > 
7116 Met hyl carbamat e ДЕМО; 598-55-0 75.067 па 54 177 1.136156 41258 — vs H,0; vs Et OH, et h - 
7117 3-Met hyl -8+carbazol e С.Н: 4630-20-0 181.233 р! (НОАс) 208.5 365 vs bz, et h с 
7118 9-Ме! hyl -8+carbazol e баны 1484-12-4 81.233 nd, If (al) 89.34 343.64; vseth 2 

1957 
7119 Met hyl chl oroacet at e 318010, 96-34-4 108.524 liq -32.1 129.5 1.238 42182 vs ace, bz, et h, Et OH = 
7120 Met hyl 2-chloroacrylat e 46010, 80-63-7 20.535 525! 1.18920 4420?  vwseth ° 
7121 Met hyl 2-chl orobenzoat e 800 610-96-8 70.594 234 s EL OH с 
7122 Met hyl 3-chl orobenzoat e г8/10, 2905-65-9 70.594 21 229 2 
7123 Met hyl 4-chl orobenzoat e 88,010, 1126-46-1 70.594 па ог те! pr 435 1.3820 vs Et OH un 
7124 Met hyl 4-chl orobut anoat e 514010, 3153-37-5 36.577 174; 554 1.129320 1.43212 | НО; уз Et OH, et h; s ace ~ 
7125 Met hyl chl orocarbonat e СТО 79-22-1 94.497 70.5 1.22312 1.3868? ^ msc Et OH, et h; s bz, ct c, chl е 
7126 Met hyl 5-chl oro-2-hydroxybenzoat e 88,010, 4068-78-4 86.593 nd (81) 50 dec 245; vs Et OH Б 
120 = 
7127 Methyl 5-chl oro-2-ni t robenzoat e HCI NO, 51282-49-6 215.592 pl (MeOH) 48.5 1.4538 vs MeOH s 
7128 Met hyl chlorooxoacet at e 318010, 5781-53-3 122.507 119 1.331620 1.418920 Nd 
7129 Met hyl 2-chl oropropanoat e 48,010, 17639-93-9 22.551 132.5 1.0750% 
7130 3-Met hyl chrysene GH, 3351-31-3 242.314 If (bz-pet h) 173.3 vs Et OH 
7131 5-Met ћу! chrysene GH, 3697-24-3 242.314 118.3 i go 
7132 6-Met hyl chrysene ЫН, 1705-85-7 242.314 161 
7133 Met hylt ransci nnamat e Met hylrans3-phenyl-2-propenoat e 0,440; 1754-62-7 162.185 cry (pet h, di | al) 36.5 261.9 1.040 1.5766? 1 НО; vs Et OH, et h; s ace, bz; sl 
chl 

7134 t rans-eMet ћу! с! nnami c ас! d 1000 2373-76-4 162.185 cry (Et OH) 175 


LLE-€ 


о 
why “ү “он 


Met ћу! rans2-but enoat e 


3-Met ћу! -3-but en-2-ol 3-Met ћу! -3-but en-2-one 


2-Met ћу! but ylcryl at е 


OH 
2 ~ 


3-Met ћу! -1-but yne 2-Met hyl -3-but yn-2-ol 


хо 


let hyl3-chl orobenzoat e 


| бө 
и 
СІ 


3-Met hyl chrysene 


Met hyl2-chl oropropanoat e 


сі s2-Met ћу! -2-but enoaci d 


3-Met hyl -2-but enoyhl ori de 


3-Met hyl but ylenzoat e 


Met к chl orobenzoat е 


pu 


t rans2-Met ћу! -2-but епойсі d 3-Met ћу! -2-but епойсі d 3-Met ћу! -2-but en-1-ol 


о NH. 
- N EN 
СІ Н 27 


2-Met ћу! -1-but en-3-yne 


Ce 


(3-Met hyl -2-but епу! )guani di ne 


3-Met hyl but -chl oropropanoat e 


9-Met hyl -Bi-carbazol e 


Pun 


3-Met hyl but ў-сћІ oropropanoat e Met hyl¢ елші ylet her 


3-Met ћу! -8i-carbazol e 


O O 
xo^ сы A 


Met hylcarbamat e 


о о 
А доог cl 


Met hyM-chl orobut anoat e Met hylchl orocarbonat e Met hyl5-chl oro-2-hydroxybenzoat e 


6-Met hyl chrysene 


5-Met hyl chrysene 


Met hylchl oroacet at e 


шовх 


3-Met ћу! -3-but en-1-ol 


* 
2 тай! 


{(3-Met hyl but oxy)met hyl ]Jbenzene 


pie 1 
07 `o 


3-Met hyl but yli t rat e 


О 
хүл о“ 
СІ 


Met hyl2-chl oroacryl at e 


CI 
Met hyl5-chl oro-2-ni t robenzoat e 


[9] 
> “оќ 


Met hylt ransci nnamat e 


OH 
XL 


2-Met ћу! -3-but en-2-ol 


1-[2-(3-Met hyl but oxy)-2-phenyl et hyl ]pyrrol i di ne 


NH; 


at 


2-Met hyl -3-but yn-2-ami ne 


CI 


Met hyl2-chl orobenzoat e 


Met hylchl orooxoacet at 


о 
< СОН 


t rans-aMet hyl ci ппатва d 


(рәпшҙиоо) SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


SLETE 


Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

7135 t rans-mMet hyl ci nnami c aci d NIS 3029-79-6 162.185 cry (w) 115 

7136 t rans-pMet hyl ci nnami c aci d 41560 866-39-3 162.185 198.5 

7137 Мей hycl ot hi azi де НССІ,М,0,5, 135-07-9 360.237 cry (Et ОН aq) 225 i $0, bz, chl ; sl MeOH; vs ace, py 

7138 Met hyl cyanat 6 NO 768-34-9 57.051 unst ab gas -30 ехр 

7139 Met hyl cyanoacet at e 460, 05-34-0 99.089 liq -225 200.5 1.1225 41769 us et h, Et OH 

7140 Methyl 2-cyanoacryl at e Mecryl at e 51010, 37-05-3 111.100 412 1.101220 4430 

7141 Met hyl сус! obut ane 580 598-61-8 70.133 liq -161.5 36.3 0.6884 38662 | ae Et OH, et h; s ace, bz, - 
ре 

7142 Met hyl cycl obut anecarboxyl at e 8160, 765-85-5 114142 35.5 2 

7143 2-Met hyl -1,3-cycl ohexadi ene 4,5-Di hydrot ol uene 1,6 489-57-2 94154 07.5 0.8260" A662" - 

7144 Фү hyl -2,5-cycl ohexadi ene-1,4- СНО 553-97-9 22.122 ye pl or nd 69 sub 1.085 51 HO; s Et OH, et h £ 

| one 

7145 Met hyl cycl ohexane т 09-87-2 98.186 114 -126.6 100.93 0.7694 423120 | HO; s Et OH, et h; msc ace, bz, li g a 

7146 Met hyl сус! ohexanecarboxyl at e 46,0; 4630-82-4 42.196 83 0.995415 44330 1 НО; s Et OH, et h, асе, chl о 

7147 о-Меї hyl сус ohexanemet hanol 81660 193-81-3 128.212 89 0.928% 4656 vs Et OH, et h; sl ctc 2 

7148 4-Met ћу! сус ohexanemet hanol 48,0 34885-03-5 128.212 7525 0.907420 46172 - 

7149 1-Меї hyl бус! ohexanol 18,0 590-67-0 4185 25 55; 705 0.919420 .4595? i НО; $ Et OH, bz, chl » 

7150 сі s2-Met ћу! сус! ohexano 18,0 615-38-3 4185 7 65 0.936020 46402 vs Et OH = 

7151 t rans2-Met һу! cycl ohexanol , (+) 1840 615-39-4 114,185 iq -2.0 67.5 0.9247 461629 vs et h, ОН л 

7152 сі s3-Met ћу! сус! ohexanol , (+) 18,0 5454-79-5 4.185 iq -55 68; 94 0.915520 4752 vs et h, Et OH ° 

7153 t rans3-Met hyl сус! ohexanol , (+) 1840 7443-55-2 4.185 iq -0.5 67; 84 0.921430 45800 vseth, Et OH = 

7154 сі s4-Met ћу! cycl оћехапо 1840 7731-28-4 114.185 ig -92 73 0.9179 4614 vs et h, ОН = 

7155 t rans4-Met ћу! сус! ohexanol 18,0 7731-09-5 114.185 174 0.9118?! 45619 51 ЊО; msc Et OH; s et h б 

7156 2-Меі һу! сус! ohexanone, (+) И, 24965-84-2 2.169 iq -13.9 65 0.9250 44835 i ВО, s Et OH, et h > 

7157 3-Ме! һу! сус! ohexanone, (+) 20 625-96-7 112.169 iq -73.5 69; 65 0.913620 4456 | НО; s Et OH, et h 2 

7158 4-Met hyl cycl ohexanone 120 589-92-4 112.169 iq -40.6 70 0.9139 44519 1 НО; s Et OH, et h; sl ctc a 

7159 1-Met ћу! cycl ohexene m” 591-49-1 96.170 iq -120.4 10.3 0.8102 45039 i НО; seth, bz ctc б 

7160 3-Ме! ћу! сус! ohexene, (+ lis 56688-75-6 96.170 iq -115.5 04 0.7990 44149 vs bz, et h, chl , pet h ° 

7161 4-Methylcycl ohexene o 591-47-9 96.170 iq -115.5 02.7 0.799% 441? 1 НО; s Et OH, et h = 

7162 Met hyl 3-сус! ohexene-1-carboxyl at e 360 6493-77-2 140.180 182; 8020 1.013020 4610 © 

7163 2-Met hyl -2-cycl ohexen-1-one H. 0 1121-18-2 110.153 178.5 0.96620 48339 52 c 

7164 3-Met hyl -2-cycl ohexen-1-one H, 0 1193-18-6 110.153 iq -21 201 0.9693 49475? msc Н,0; $ bz 2 

7165 3-Ме! ћу! cycl opent adecanone Muscone 1040 541-91-3 238.408 oilyliq 329; 180 0.92217 48007 vs асе, et h, Et OH un 

7166 1-Met hyl -1,3-cycl opent adi ene 65 96-39-9 80.128 iq 73 0.89 .451220 ~ 

7167 Met ћу! сус! opent ane nM 96-37-7 84.159 iq -142.42 718 0.7488 „40979 | НО; msc Et OH, et h, ace, bz, li g, š 
їс =. 

7168 1-Met hyl cycl opent anol 460 462-03-9 100.158 nd 36 136; 539 0.904425 44293 Е 

7169 сі 52-Меі ћу! сус! opent anol 450 25144-05-2 100.158 148.5 0.93795 450416 8, 

7170 2-Met hyl сус! opent anone 48,0 120-72-5 98.142 iq -15 139.5 0.9139 4364? 5 Н,0; vs Et OH, et h, ace kai 

7171 3-Ме ћу! cycl opent anone, (+) 60:60 6195-92-2 98.142 iq -584 144 0.913 432902. H,0; vs Et OH, et h, ace, НОАС 

7172 1-МеЕ ћу! cycl opent ene Kam 693-89-0 82.143 iq -126.5 75.5 0.7748 432220 

7173 3-Methylcyclopent ene nm 120-62-3 82.143 64.9 0.757225 4216? 

7174 4-Met hyl cycl opent ene ЮМ 759-81-5 82143 iq -160.8 65.7 0.7634 „42092 

7175 2-Met hyl -2-cycl opent еп-1-опе 8:0 120-73-6 96.127 157 0.980816 476215 

7176 3-Ме! hyl -2-cycl opent en-1-one 8:0 2758-18-1 96.127 157.5 0.971220 47142 
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086: 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

7177 Met hyl сус opropane [un 594-11-6 56.107 col gas -177.6 0.7 0.691220 vs et h, Et OH 

7178 Methyl cycl opropanecarboxyl at е 50, 2868-37-3 100.117 114,9 0.984820 .4144?? — sace, chl 

7179 о-Ме{ hyl cycl opropanemet hanol 55,0 765-42-4 86.132 114 -32.1 123.5 0.8809 4316? 

7180 Met hylZ-cyst ei ne hydrochl ori де JFGCINOS 18598-63-5 171.646 cry (MeOH) 140.5 

7181 Met ПУ! rans2,ci s4-decadi enoat e GH, 0, 4493-42-9 182.260 71035 0.912822 4874? 

7182 Met ПУ! rans2,t rans4-decadi enoat е На, 7328-33-8 182.260 8713, 7002 0.908222 „49182 

7183 2-Ме! ћу! decane ОН, 6975-98-0 156.309 liq -48.9 189.3 0.7368 41542 

7184 3-Met ћу! decane ОН, 3151-34-3 156.309 liq -92.9 188.1 0.7422 41779 

7185 4-Меі ћу! decane GH, 2847-72-5 156.309 liq -71.5 187 1.4352 

7186 Met hyl decanoat e 1,0, 10-42-9 186.292 liq -18 224 0.8730 .4259? | НО; vs Et OH, et h;sl ct c; msc chl 
7187 Met hyl demet on 0Р5, 8022-00-2 230.285 yeliq 895 118! 1.2020 5063? 1 HO; $05 

7188 Ме hyl di borane(6) СВ, 23777-55-1 41.697 unst ab gas seth 

7189 Met hyl 2,3-di bromopropanoat e 4810, 729-67-5 245.898 206 1.933320 51275 5 Et OH 

7190 Met hyl di chl oroacet at 6 391,0, 16-54-1 142.969 liq -51.9 142.9 13774 44299 | НО; s Et OH, ct c 

7191 Met hyl 2,5-di chl orobenzoat e 4501,0; 2905-69-3 205.039 cry 38 

7192 Methyl (2,4-di chl orophenoxy)acet ate 2,4-0 met ћу! est er 414000, 928-38-7 235.064 119 14118 

7193 Met hyl (3,4-di chl orophenyl ) Swep C H,CLN0 918-18-9 220.054 nd 114 

carbamat e 

7194 Met hyl 2,3-di chloropropanoat e 4010; 3674-09-7 156.996 92% 6310 132829 vs ace, et h, Et OH 

7195 Met hyl di fluoroarsi ne (АЗЕ, 420-24-6 127.954 lig,fumesinair -29.7 76.5 11924 

7196 Met hyl di fluorophosphi ne (Di fluoro)met hyl phosphi ne oF RH 753-59-3 84.006 085 -110 -28 

7197 Methyl 2,4-di hydroxybenzoat e 8160, 2150-47-2 168.148 1165 sl Et OH, ace 

7198 Met hyl 3,5-di hydroxybenzoat e «60, 2150-44-9 168.148 165 

7199 Methyl 3,4-di met hoxybenzoat e 100,0, 2150-38-1 196.200 nd (di | al) 60.8 283 vs bz, et В, Et OH 

7200 Met hyl di met hoxysi lane 30,51 16881-77-9 106.196 61 

7201 3-Met hyl -4-(di met hy! ami no) Ci Ha; № 55-80-1 239.316 огап cry 122 

azobenzene 

7202 2-Met hyl J,N-di met hyl ani 11 ne N,N-Di met hyb-t ol ui di ne 405 609-72-3 135.206 liq -60 194.1 0.9286 51529 vs et h, Et OH 

7203 3-Мє! hyl J,N-di met hyl ani 11 ne N,N-Di met hyh+t ol ui di ne 403 121-72-2 135.206 212 0.941020 54922 msc Et OH, et h 

7204 4-Met hylN N-di met hyl ani 11 ne N,N-Di met hyp-t ol ui di ne ©з 99-97-8 135.206 211 0.936620 53662 1 НО; msc Et OH, et h; s сіс 
7205 Met hyl 2,2-di met пу! propanoat е Met hy! 2,2-di met hyl propi onat е ,H,,0, 598-98-1 116.158 101.1 0.8919 30050 vs et h, Et OH 

7206 Methyl di met hylt hi oborane Di met ћу! (met hylt hi o)borane HBS 19163-05-4 87.979 liq -84 71 vs ace, et h 

7207 2-Met hyl -3,5-di ni t robenzami de Di ni t ol mi de oH; N OC 148-01-6 225.159 Cry 181 

7208 1-Met hyl -2,3-di ni t robenzene 2,3-Di ni t rot ol uene HNO, 602-01-7 182.134 63 i HO; s Et OH, et h; sl chl 
7209 1-Met hyl -2,4-di ni t robenzene 2,4-Di ni t rot ol uene zH N, 121-14-2 182.134 ШОО mel рг 70.5 dec 300 1.3208” 442 i НО; s Et OH, et h, chl , bz; vs ace, 

р ру 
7210 1-Met hy! -3,5-di ni t robenzene 3,5-01 ni t rot ol uene 156) 618-85-9 182.134 ' T h nd 93 sub 1.2772 51 HO; s Et OH, et h, bz, chl, CS 
HOAc) 

7211 2-Met hyl -1,3-di ni t robenzene 2,6-Di ni t rot ol uene ІШІНІҢ 606-20-2 182.134 ort h nd (а!) 66.0 285 1.2838! 479 S Et OH, chl 

7212 2-Met hyl -1,4-di ni t robenzene 2,5-Di ni t rot ol uene 15,6) 619-15-8 182.134 nd (al) 525 1.2821 S Et OH, bz; vs CS 

7213  4-Met hyl -1,2-di ni t robenzene 3,4-Di ni t rot ol uene НЕ 610-39-9 182.134 ye nd (CS;) 59.0 1.259411 i НО; s Et OH, CS; sl chl 
7214 2-Met hyl -4,6-di ni t rophenol 4,6-Di пі-ігезе! СН, 534-52-1 198.133 уе pr or па (al) 86.5 sl HO, pet h; s Et OH, et h, ace, chl 
7215 4-Met hyl -2,6-di ni t rophenol 2,6-Пі p+tresol СНО, 609-93-8 198.133 ye nd (et h, 85 i НО; s Et OH, et h, bz 

pet h) 
7216 Met hyl di oct yl ami ne N-Met hyl A-oct yl -1-oct anami ne NM 4455-26-9 255.483 -30.1 15810 1.442420 
7217 4-МеЕ ћу! -1,3-di oxane 50100 1120-97-4 102.132 liq -44,5 114 0.9758 14159? sl НО; vs os 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7218 2-Met hyl -1,3-di oxol ane 480, 497-26-7 88.106 81.5 0.981120 .4035" vs НО; msc Et OH, et h 
7219 4-Met hyl -1,3-di oxol ane 460; 1072-47-5 88.106 114 85 0.99 :398020 
7220 Met hyl di phenyl ami пе N-Met hyl A-phenyl benzenami ne На 552-82-9 183.249 liq -7.5 293.5 1.0476 .6193? 1 НО; sl Et OH, MeOH; s ct с 
7221 4-Меї hyl -2,4-di phenyl -1-pent ene Nm 6362-80-7 236.352 liq 172 1029? 0.995 
7222 Met hyl di phenyl si lane 13451 776-76-1 198.336 93.5 0.99620 56949  sctc 
7223 Met hyl di phenyl si | anol 316051 718-25-6 214.335 167 184, 1483 1.084025 56010, CS 
7224 2-Меї hyl -1,2-di -3-руй di nyl-1- Met yrapone CH, N,0 54-36-4 226.273 50.5 = 
ргорапопе T 
7225 Methyl docosanoat e Met ћу! behenat e 237450» 929-77-1 354.610 па (асе) 54 43399: vs et h, Et OH >° 
7226 Met hylci s13-docosenoat e G:H40; 120-34-9 352.594 -12 2205 =ч 
7227 Met hyl dodecanoat e Met ћу! laurat e 13150, 11-82-0 214,344 52 267 0.870220 43199 | uD. msc Et OH, et В, ace, bz; s 2) 
chl, ctc 
7228 2-Меї ћу! dodecanoi c aci d 180 2874-74-0 214.344 р! 22 153 0.89078 A 
7229 Methyl ei cosanoat e Met ћу! arachi dat e zia; 120-28-1 326.557 If (MeOH) 545 218 43179 vs bz, et h, Et OH, chl о 
7230 (Met hyl eneami no)acet oni t ri le БІЛГЕ 09-82-0 68.077 129 2 
7231 o-Met hyl enebenzeneacet i c aci d At ropi c aci d 202 492-38-6 148.159 If (al), па (w) 106.5 dec 267 SI;B; s Et OH, et h, bz, chl, CS = 
7232 Met hyl enebi s(4- C, H5 №0» 5124-30-1 262.348 liq 1.066 14970 » 
сус! ohexyl i socyanat e) 2 
7233 4,4-Ме! hyl enebi s[2,6-df ert Bi s(3,5-dit-ertbut yl -4- СНО 18-82-1 424.658 154 289%, 25019 un 
but yl phenol ] hydroxyphenyl )met hane © 
7234 4,4-Met ћу! enebi Amet hyl ani 11 пе) N,N-Di met hyl -4,4- Cis Hau № 807-55-2 226.317 sctc, CS = 
di ami nodi phenyl met hane © 
7235 Met hyl ene bl ue GHigCINS 61-73-4 319.852 dk grn cry or S НО, Et OH, chl; | et h; sl. py ж 
pow (chl -et h) a 
1236 Met hyl enecycl obut ane 56 120-56-5 68.118 liq -134.7 422 0.7407 1.421020 > 
7237 Ме! ћу! enecycl ohexane ІН, 192-37-6 96.170 114 -106.7 102.5 0.8074 1.45232 i HO; seth, bz, chl 2 
7238 2-Met hyl епесус! ohexanol 18,0 4065-80-9 112.169 8313 0.95520 1.484320 б 
7239 Met hyl enecycl opent ane КС 528-30-9 82.143 15.5 0.778720 1.435502 s bz, chl S 
7240 Met hyl enecycl opropene M 4095-06-1 52.075 p stab at 2 
7241 2,4-Met hyl enedi ani || ne 2,4-Di ami nodi phenyl met hane 4 Н,,М,0 208-52-2 198.263 If (bz) 88.5 222 5 
7242 5,5-Met hyl enedi sal i су! c aci d 151106 22-25-8 288.252 nd (bz) 243.5 vs ace, et h, Et OH c 
7243 5-Met hyl ene-2(5/)-f uranone Prot oanemoni n 56,0, 08-28-1 96.085 pa ye oi | T8 51 HO; s chl 2 
7244 3-Ме! hyl enehept ane Фів 632-16-2 112.213 120 0.7270? 1.41570 1 НО; vs eth, bz, pet h Nn 
7245 4-Met hyl ene-1- 4(10)-Thuj ene-3-ol GH, 0 471-16-9 152.233 208 0.948819 1.48715  seth ~ 
i sopropyl bi сус! o[3.1.0]hexan-3-ol , S 
[15-(10,3p,50))] =. 
7246 4-Met hylene-1-i sopropyl сус! ohexene 108,6 99-84-3 136.234 173.5 0.83822 14754? = 
7247 2-Ме! ћу! enepent anedi ni t ri le 2,4-Di cyano-1-but ene 4906 572-52-17 106.125 1035 1.45612 861 8, 
7248 Methylene t hi ocyanat e Di t hi ocyanat omet hane 315М,85 6317-18-6 130.191 soli d 102 k 
7249 2-Met hylene-1,3,3-t ri met hyli ndoli ne Рі scher's base qo Hg NO 18-12-7 173.254 244 51 HO; s Et OH, et h, bz, chl 
7250  N-Met hyl ephedri neAt(A*,S*)] (18,25)-М-Ме! hyl ephedri ne «HNO 552-79-4 179.259 ndorpl (al,eth) 87.5 16 s Et OH, et h, MeOH 
7251 Met hyl ёгдопом! ne Met hyl ergomet ri ne 21140, 13-42-8 339.432 рг (МеОН,асв) 172 i НО; s Et OH, ace 
7252  N-Met hyl -1,2-et hanedi ami ne ШЕ 09-81-9 74.124 115 0.8412 1.439520 
7253  N-Met hyl -2-et hanol ami ne HONO 09-83-1 75.109 158 0.93720 14385? msc ЊО, Et OH, et h 
7254 1-(1-Met hyl et hoxy)but ane But yl i sopropyl et her 7H, £ 860-27-1 116.201 108 0.759415 1.38705 1 НО; $ Et OH, et h, ace, con sul f 
7255 2-[2-(1-Met hyl et hoxy)et ћу! ]pyri di ne «80 70715-19-4 165.232 13350 0.950225 1.48205 5 H,0 
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№. Мате Зупопут Mol. Form. CAS RN Mol. Wt. — Form mp/'C bp/'C den/g cm? n, Solubility 
— 7256 1 Мећуепохуртрае ___60 ђ_ 6_6_6__ 5_6__ 06_6__ ЫЫ C 6277067 1 в X 07309 137560) У HO; VS ETOH; Seth, ace 

7257 1-(1-Met hyl et hoxy)-2-propanol 1-Isopropoxy-2-propanol 45,0; 3944-36-3 118.174 1375 0,87920 407020 

7258 Met hyl 2-et hyl acet oacet at е 18,0; 51756-08-2 144.168 182 0.995" vs ace, et h, Et OH 

1259 5-(1-Met hyl et hyli dene)-1,3- СН 2175-91-9 106.165 14 155; 49" 0.88120 54742 

сус! opent adi ene 

7260 1-Met hyl -8-fluorene СН 1730-37-6 180.245 87 

7261 9-Met hyl -8--fluorene байс 2523-37-7 180.245 рг 46.5 1555 1.0263% .610% i НО; s Et OH, et h, ace, bz, chl = 

7262 Methyl Ниогози f onat e 8,5 421-20-5 114.096 col liq -95 93 412 3328 T 

7263 М-Ме hyl f ormami de GNO 123-39-7 59.067 114 -3.8 199.51 1.01? 4319? vs Н;О, асе, Et OH = 

7264 Methyl f ormat e 260, 107-31-3 60.052 liq -99 31.7 0.9719 34190: vs К msc Et OH; s et h, chl, 5 

7265 Met hyl 4-f огту! benzoat e 80; 1571-08-0 164.158 па (м) 63 265 Ё 

7266 2-Мє! hyl f шап 500 534-22-5 82.101 liq -013 64.7 0.9132 43420 51 ЊО, ct c; s Et OH, et h с 

7267 3-Met hyl f шап 500 930-27-8 82.101 65.5 0.9236 43309 i HO; s Et OH, et h о 

7268 5-Меї hyl -2-f urancarboxal dehyde 460, 620-02-0 110.111 187; 892 1107218 52649 — s H,0; vs Et OH; msc et h; sl ct c 2 

7269 Methyl 2-f urancarboxyl at e Met hyl 2-f uranoat e 400 611-13-2 126.110 181.3 786?! 4002 i НО; s Et OH, eth, bz, chl - 

7270 3-Ме hyl -2,5-f urandi one 460; 616-02-4 112.084 £5 213.5 246915 47107 vs ace, et h, Et OH » 

7271 | N-Met hyl -2-f uranmet hanami ne «HONO 4753-75-7 111141 149 0.989% 472920 = 

7272  5-Met hyl -2-f uranmet hanol 4%0, 3857-25-8 112.127 dec 195; 1076920 48530 vs et h, Et OH un 

8123 © 

7273 о-Меї hyl -2-f uranmet hanol 6120 4208-64-4 112.127 162.5 07395 „48275 = 

7274 5-Меї hyl -2(8/)-f uranone GH;0, 591-12-8 98.101 nd 18 5612 08420 44760 s H,O, Et OH, et h, CS sl сіс © 

7275 5-Меї hyl -2(&/)-f uranone 69,0; 591-11-7 98.101 «17 209; 985 081020 44540: msc H,0; s Et OH, et h Е 

7276 Met hyl germane СЕбе 449-65-6 90.70 col gas -158 -23 > 

7277 Met hylB-D-gl ucopyranosi de „О; 709-50-2 94,182 109 580 2 

7278 Met hylo-D-gl ucopyranosi de о-Меі ћу! gl ucosi de 18,406 97-30-3 194,182 ort h nd (а!) 168 200? 46% vs ЊО б 

7279 3-Met hyl gl ut ari c aci d 3-Met hyl pent anedi oi c aci d «об, С 626-51-7 46141 87 16625 S НО, Et OH, et h; sl bz, chl; i lig] О 

7280 Methyl Green GHsBrCI N 4855-76-6 516.944 grn pow (81) vs НО ° 

7281 Met hyl hept adecanoat e 10, 731-92-6 284.478 р! (а!) 30 188 15205 i НО; s Et OH, ace, ct c; vs et h, bz 2 

7282 Met hyl hept afluorobut anoat e НО, 356-24-1 228.066 iq -86 80 1.489 2959 51 HO; s et h, ace 5 

7283 6-Met hyl -2-hept anami пе, (+) Oct odri ne ПШ 5984-58-7 29,244 vi scli q 155 0.767 420920 = 

7284  N-Met ћу! -2-hept anami ne BUR 540-432 129.244 155 2 

7285 2-Met hyl hept ane ЕЙ 592-27-8 114.229 і4 -109.02 17.66 0.6980 .3949 j НО; msc ОН, ace, bz; s et h, Я 
їс ~ 

7286 3-Ме! ћу! hept ane ГИ 589-81-1 14.229 col liq -120.48 118.9 0.7077 .39615 i НО; s Et OH, et h; msc ace, bz, 8 
chl = 

7287 4-Met hyl hept апе Em 589-53-7 114.229 iq -121.0 17.72 0.7048 .3979 | ВО; s et h; msc Et OH, ace, bz = 

7288 Met hyl hept anoat е 800 106-73-0 44.212 iq -56 74 0.8815 41520 sl HO, ct c, ace; s Et OH, et h б 

7289 2-Met пу! -1-hept anol, (+) 80150 111675-77-5 30.228 col liq -112 175.6 0.8022 42420 = 

7290 3-Met hyl -1-hept ano 80160 1070-32-2 130.228 iq -90 86; 107 082454 „42955 

7291 4-Met hyl -1-hept ano 88160 817-91-4 30.228 188 0.80652 .42535 vs EtOH 

7292 5-Мє! пу! -1-hept anol, (+) 80150 111767-95-4 30.228 col liq -104 186.6 0.8153 427225 

7293 6-Met hyl -1-hept ano Isooct yl al cohol 480 1653-40-3 130.228 iq -106 88; 958 0.817625 42515 | НО; s Et OH, et h 

7294 2-Меї hyl -2-hept ano 88160 625-25-2 30.228 iq -504 56 0.8142 4250? 1 НО; s Et OH, et h 

1295 3-Меї hyl -2-hept ano 88160 31367-46-1 30.228 166.1 0.817725 419925 1 HO; s Et OH, et h, сіс 

7296 4-Меї hyl -2-hept ano 88160 56298-90-9 130.228 col liq -102 171.6 0.8027 424% 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

7297 5-Met hyl -2-hept ano 80150 54630-50-1 30.228 iq -61 70 0.8174 

7298 6-Меї hyl -2-hept ano 88160 4730-22-17 130.228 iq -105 74 0.8218 42381 

7299 2-Met hyl -3-hept anol, (+) 88160 100296-26-2 30.228 iq -85 67.5 0.8235 .4265? 51 ЊО; s Et OH, et h, ct c 

7300 3-Меї hyl -3-hept ano 2-Et hyl -2-hexanol 8160 5582-82-1 30.228 14 -83 63 0.8282 4279? | НО; s Et OH, et h, сіс 

7301 4-Met hyl -3-hept ano 88160 14979-39-6 130.228 iq -123 70 0.827 43002 

7302 5-Меї hyl -3-hept ano 80160 18720-65-5 130.228 iq -912 T2 0.8425 433% 

7303 6-Ме! ћу! -3-hept anol , (+) 80160 100295-85-0 30.228 col liq -61 169 0.8220 42542 - 

7304 2-Меї hyl -4-hept ano 88160 21570-35-4 130.228 iq -81 64 0.8207 4203 vs et h, Et OH = 

7305 3-Меї hyl -4-hept ano 80160 1838-73-9 130.228 iq 64.7 0.8329 4215 51 НО; s Et OH, et h, ct c = 

7306 4-Ме! ћу! -4-hept ano 48,0 598-01-6 30.228 iq -82 61 0.8248 4258? | HO; s Et OH, et h, ctc ^5 

7307 6-Меї hyl -2-hept anol acet at e 10H20; 67952-57-2 172.265 87 0.8474? 4130 vs Et OH » 

7308 6-Met hyl -2-hept anone 4,0 928-68-7 128.212 67 0.81512 4162? ^ sl HO; vs Et OH, et h; msc ace, bz, с 
chl б 

7309 5-Met hyl -3-hept anone fl 0 541-85-5 128.212 iq 61 ° 

7310 6-Methyl-3-hept anone fl 0 624-42-0 128.212 64 0.830420 42099 i НО; s Et OH, et h, bz, сіс 2 

7311 2-Met hyl -4-hept anone Isobut yl propyl ket one ІШІ! 626-33-5 128.212 54 0.8132 i HO; s Et OH, et h - 

7312 2-Меї hyl -1-hept ene в 15870-10-7 12.213 iq -90 193 0.710% 41232 > 

7313 6-Меї hyl -1-hept ene в 5026-76-6 112.213 132 0.707955 4070 - 

7314 2-Met hyl -2-hept ene Em 627-97-4 112.213 22.6 0.720025 417091 ВО; seth, bz, ctc, chl % 

7315 сі s3-Met ВУ -2-hept ene Elis 22768-19-0 12.213 22 0.725% 419% ° 

7316 6-Меї hyl -5-hept en-2-ol 88:50 1569-60-4 128.212 75 0.8545 45059 © 

7317 3-Меї ћу! -5-hept еп-2-опе 48,40 38552-72-6 126.196 6320 0.846315 434515 ж 

7318 6-Меї hyl -5-hept en-2-one 4,0 110-93-0 26.196 173.5 0.854676 4445 vs et h, Et OH б 

7319 2-Меї hyl hept yl acet at e, (+) NIU! 74112-36-0 12.265 95 0.862614 41462 vs et h, Et OH > 

7320 2-Меї hyl -1,5-hexadi ene 13, 4049-81-4 96.170 liq -128.8 88.1 0.7153 418320 = 

7321 Met hylt ranşt rans2,4-hexadi enoat e Met hyl sorbat e #60; 689-89-4 26153 If 15 180,79 0.977720 50252 1 HO; s Et OH, eth Q 

7322 2-Met hyl hexanal $0 925-54-2 14.185 liq 141; 132 8 

7323 3-Met hyl hexanal 3-Met hyl caproal dehyde ;Ha0 19269-28-4 114.185 143 0.820320 41220 | НО; s Et OH, et h 2 

7324 3-Met hyl -1-hexanami ne BN 65530-93-0 15217 149; 67° 0.77225 42495 "5 

7325 4-Меї hyl -2-hexanami пе EN 105-41-9 15217 132.5 0.765520 „41505 sl ЊО; vs Et OH, et h, chl, di | aci d © 

7326 2-Ме! hyl hexane Hig 591-76-4 100.202 liq -1182 90.04 0.6707 38489? | @ ӘН OH; msc et h, ace, bz, = 
i g, cl 

7327 3-Ме! hyl hexane Hig 78918-91-9 00.202 liq -1194 92 0.687 .38545 | НО; s Et OH; msc et h, ace, bz, 2 
li g, chl AS 

7328 5-Меї hyl -2,3-hexanedi one 2-Met hyl hexa-4,5-di one 10, 13706-86-0 28.169 38 0.90822 411% 8 

7329 Met hyl hexanoat e Met ћу! caproat e 1800, 106-70-7 130.185 114 -71 149.5 0.8846 .4049 | НО; vs Et OH, et h; s ace, bz, ct c =. 

7330 2-Met hyl hexanoi c ас! d 46.0, 4536-23-6 30.185 215.5 0.918% 41939 vs ace, bz, et h, Et OH Е 

7331 2-Меї hyl -1-hexanol , (+) H, 0 111768-04-8 6.201 64; 7115 0.82620 „42260 vs et h, ОН 8, 

7332 5-Met hyl -1-hexanol H, 0 627-98-5 116.201 69; 545 081924 41759 vs et h, Et ОН Ika: 

7333 2-Met hyl -2-hexanol H, 0 625-23-0 6.201 43 0.811920 4175 sl ЊО; msc Et OH, et h 

7334 3-Met hyl -2-hexanol H, 0 2313-65-7 6.201 51; 80% 0.822025 41988. 1 HO; vs Et OH, et h; s ace 

7335 5-Met hyl -2-hexanol H, 0 627-59-8 116.201 51; 78% 0.81420 418022 51 ЊО; s Et OH, et h 

7336 3-Ме! hyl -3-hexanol H, 0 597-96-6 6.201 43 0.82332) .4231? — s| ЊО; s Et OH, et h, ct c 

7337 5-Met hyl -2-hexanone Met hyl i sopent yl ket one 7H,40 110-12-3 4.185 44 0.88820 .4062? 51 ЊО; msc Et OH; vs ace, bz; s ct c 

7338 2-Met ћу! -3-hexanone Propyl i sopropyl ket one 160 7379-12-6 114,185 35 0.809120 40429 s Et OH, et h, chl ; vs ace 

7339 5-Met hyl -2-hexanone oxi me и МО 624-44-2 29.200 95.5 0.888120 44400 sl chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7340 2-Met hyl -1-hexene Hy, 6094-02-6 98.186 ig -102.8 92 0.7000 403520 
7341 3-Met hyl -1-hexene His 3404-61-3 98.186 83.9 0.687125 .396520 
7342 4-Меї hyl -1-hexene HH, 3769-23-1 98.186 ig -1415 86.7 0.6942 400029 
7343 5-Меї hyl -1-hexene HH, 3524-73-0 98.186 85.3 0.687725 396720 
7344 2-Met hyl -2-hexene На 2738-19-4 98.186 iq -130.4 954 0.7038 4106? 
7345 сі s3-Met ћу! -2-hexene (3, 10574-36-4 98.186 iq -118.5 95.6 0.712 412620 
7346 сі s4-Met ћу! -2-hexene HH, 3683-19-0 98.186 86.3 0.695225 „40262 - 
7347 t rans4-Met hyl -2-hexene His 3683-22-5 98.186 iq -125.7 87.6 0.6925 ‚40259 = 
7348 сі s5-Met ћу! -2-hexene на 13151-17-2 98.186 89.5 0.69725 40420 = 
7349 t rans5-Met ћу! -2-hexene HH, 7385-82-2 98.186 ig -124.3 88.1 0.6882 40062 = 
7350 сі s2-Met ћу! -3-hexene Hy 15840-60-5 98.186 86 0.69025 401% » 
7351 trans2-Met ћу! -3-hexene Ui 692-24-0 98.186 iq -141.6 85.9 0.6859 „40012 со 
7352 сі s3-Met ћу! -3-hexene HH, 4914-89-0 98.186 95.4 0.7079% 41262 Q 
7353 t rans3-Met hyl -3-hexene Hia 3899-36-3 98.186 93.5 0.705025 410920 5 
7354 Met hyl 3-hexenoat e 8,0, 2396-78-3 128.169 6734 0.91325 424023 9 
7355 5-Met hyl -3-hexen-2-one 2-0xo-5-met ћу! hex-3-ene 18,0 5166-53-0 112.169 TT9,659 ^ 0.8549 439522 < 
7356 5-Methyl-5-hexen-2-one (3,0 3240-09-3 112.169 150 0.846020 43482 уз ace, et h, Et OH z 
7357 5-Methyl-1-hexyne m 2203-80-7 96.170 iq -125 92 0.7274 405920 | НО; s Et OH, et h, bz, chi, pet h 2 
7358 5-Met hyl -2-hexyne Hiz 53566-37-3 96.170 iq -92.9 102.5 0.7378 .4176 i НО; s et h, ace, bz, chl, pet h o 
7359 2-Met hyl -3-hexyne Hiz 36566-80-0 96.170 iq -116.7 95.2 0.7262 41202 vs bz, et h, chl, pet h = 
7360 Met hyl 2-hexynoat e G40. 18937-79-6 126.153 80% 0.9648% © 
7361 1-1-Меі hyl hi st i di ne 79,00, 332-80-9 169.181 pl (DMF ад) 249 ж 
7362 1-3-Меі ћу! hi st i di ne 18,0, 368-16-1 169.181 250 б 
7363 Met hyl hydrazi ne GN, 60-34-4 46.072 iq -52.36 87.5 14328 s H;0, et h, ct c; msc Et OH; lig = 
7364 Met hyl hydrazi necarboxyl at e Met ћу! carbazat е 2160, 6294-89-9 90.081 73 0872 s Н,0, Et OH; sl bz; i pet h 5 
7365 Met hyl hydrogen succi nat e Monomet hyl succi nat e 51:06 3878-55-5 132.116 58 5120, 1224 580 т 
7366 Met hyl hydroperoxi de Met ћу! hydrogen peroxi de UH 3031-73-0 48.042 iq -72 86; 39 1.996755 1.36415 vs H,0, bz, et h, Et OH © 
7367 Met hyl hydroxyacet at e 3,0; 96-35-5 90.078 49; 5217 1.167718 s ЊО; msc Et OH, et h = 
7368 Met hyl 3-hydroxybenzoat e 4,0, 19438-10-9 152.148 nd (bz-pet h) T3 281; 1787 1,1528 S Et OH, bz, pet h; 51 chl ч 
7369 Met hyl 4-hydroxybenzoat e Met hyl paraben 40; 99-76-3 152.148 nd (di | al) 131 dec 275 51,8; vs Et OH, et h, асе; s t f a = 
7370 Ме hylo.-hydroxydi phenyl acet at e Met hyl di phenyl gl ycol at e 18409 76-89-1 242.270 т Ч ісі cry 75.8 8713 vs et h, Et OH 2 
7371 O-Met hyl hydroxyl ami ne Met hoxyami ne КО 67-62-9 47.057 49 € 
7372  O-Met hyl hydroxyl ami ne Met hoxyami ne hydrochl ori de (HNO 593-56-6 83.518 pr 150.0 vs НО, Et OH 8 

hydrochl ori де 5 
7373 Ме! hyl 4-hydroxy-3-met hoxybenzoat e 48,0, 3943-74-6 182.173 nd (di | al) 64 286 S Et OH, pet h; sl chl Б 
7374 Met hyl 2-hydroxy-3-met hyl benzoat e 05 23287-26-5 166.173 29 235 1.168325 1.535416 E 
7375 Met hyl 2-hydroxy-5-met hyl benzoat e ЊО 22717-57-3 166.173 liq -1 244.5 1.1673 1.53519 ы 
7376 Met hyl 2-hydroxy-2- Met ћу! 2-met hyl | act at е 5800, 2110-78-3 118.131 137 1.40562 vs H,0, Et OH 

met hyl propanoat e 
7377 Met hyl 3-hydroxy-2- Met ћу! 3-hydroxy-2-napht hoat e NNUS 883-99-8 202.205 payeorthnd 755 206 i НО; s Et OH 

napht hal enecarboxyl at e (di | MeOH) 
7378 Ме hyla-hydroxyphenyl acet at e, (+) _ (=)-Met ћу! mandel at e аН 0» 4358-87-6 166.173 pl (02-11 g) 58 dec 250; 1.175620 vs Et OH, chl 

14420 

7379 1-Ме hyli mi 0201 HN, 616-47-7 82.104 liq -6 195.5 1.0329 1.497022 vs Н,0, ace, et h, Et OH 
7380 2-Met hyl -£-i mi dazole 489 693-98-1 82.104 144 267 vs ЊО, Et OH 


686: 


2-Met ћу! -1-hexene 


S 


сі s5-Met ћу! -2-hexene 


DAY 
о 
5-Met hyl -3-hexen-2-one 


ar | 
NH, 2 


1-3-Ме ћу! hi st i di ne 


OH 
Met hyl4-hydroxybenzoat e 


OH 


Met hyl2-hydroxy-5-met hyl benzoat e 


4-Met ћу! -1-hexene 


5-Met hyl -1-hexene 


сеү 14, ^ 1.20 м X үл 


3-Met ћу! -1-hexene 


2-Met hyl -2-hexene сі s3-Met ћу! -2-hexene сі s4-Met ћу! -2-hexene 


Шош» тов» С 20:52 


t rans5-Met hyl -2-hexene 


у 
о 
5-Met hyl -5-hexen-2-one 


N 
HN ^ 


Met hyl hydrazi ne 


HO О 


Met hylx-hydroxydi phenyl acet at e 


О 


сі s2-Met ћу! -3-hexene 


Де 


5-Met hyl -1-hexyne 


H 
AN О. 
но ~ 
(0) 
Met hylhydrazi necarboxyl ай e 


O. 
“NH; 


0-Met hyl hydroxyl ami пе 


оќ 
НО 


Met hyl2-hydroxy-2-met ћу! propanoat e 


Met hyl3-hydroxy-2-napht hal enecarboxyl at е 


t rans2-Met ћу! -3-hexene сі S3-Met ћу! -3-hexene t rans3-Met ћу! -3-hexene 


dai CUm да 


5-Met hyl -2-hexyne 2-Met ћу! -3-ћехупе let hyl2-hexynoat е 


ОН 
О О 
ое SS 
HO. 
0 ron Se 
Met hylhydrogen succi nat e Met hylhydroperoxi de Met hylhydroxyacet at 6 
О о 
d 
PAON 9 
МН, НСІ ОН 


0-Ме! ћу! hydroxyl ami ñydrochl ori de Met hyM-hydroxy-3-met hoxybenzoat e 


OH 


ELI m 2, 
OH о i 


Met hyle-hydroxyphenyl acet at &+) 1-Met hyl i mi dazol 


Жэн 


t rans4-Met ћу! -2-hexene 


к L. 


Met hyl8-hexenoat e 


IN 
x 


L-1-Met hyl hi st i di ne 


OH 
Met hyl3-hydroxybenzoat e 


OH 


Met hyl2-hydroxy-3-met ћу! benzoat e 


2-Ме hyl -H-i mi 082016 


(рәпшҙиоо) SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


06€*€ 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7381 4-Met hyl -£-i mi 082016 48%, 822-36-6 82.104 56 263 1.04164 1.5037" у8Н,0, Et OH 
7382 N-Met hyli mi nodi acet i c aci d N-(Carboxymet hyl )A-met hyl Гусі пе МО, 4408-64-4 147.130 cry (м) 226 SH,0;i Et OH, et h 
7383 1-Met hyl -£-i ndene Goio 767-59-9 130.186 199; 825 0.970% 1.561620 
7384 2-Меї hyl -£-i ndene Hao 2177-47-1 130.186 80 208 0.97425 1.56522 1 HO; seth, асе, bz 
7385 3-Met hyl -£-i ndene Gatto 767-60-2 130.186 198 0.972% 1.56212 1 НО; seth, ace, bz 
7386 1-Met hyl -£-i ndol e (Hj 603-76-9 131174 237 1.070725 i НО; s Et OH, et h, bz 
7387 2-Met hyl -#+-i ndol e GHg 95-20-5 131.174 pl (di 1 al) nd or 61 272 1.07% sl HO; vs Et OH, et h; s ace, bz - 
If (w) T 
7388 3-Met hyl -H-i ndol e Skat ole № 83-34-1 131.174 If (lig) 97.5 266 $01 Et OH, et h, ace, bz, chl >° 
7389 5-Met hyl -£-i ndol e GH, 614-96-0 131.174 60 267 1.020278 S Н,0, Et OH, et h, bz, li g = 
7390 7-Methyl-H-i ndol e GH, 933-67-5 131.174 85 266 1.020210 o 
7391 Met hyl 2-і odobenzoat e 4510, 610-97-9 262.045 280; 14616 60529 5 EtOH m 
7392 Met hyl 3-і odobenzoat e 4510, 618-91-7 262.045 nd (di | al) 545 277; 150 i НО, li g; s Et OH; vs et h, ace б 
7393 Met hyl 4-і odobenzoat e 010, 619-44-3 262.045 nd (et 1-1) 1148 sub 2.0200 s Et OH, et h ° 
7394 5-Met hyl -1,3-i sobenzof urandi one HO; 19438-61-0 162.142 93.0 295 2 
7395 Methyl i sobut anoat e 8160, 547-63-7 102.132 liq -84.7 925 0.8906 38409 51 НО; msc Et OH, eth; sace, ctc. | "3 
7396 Met hyl i socyanat e GNO 624-83-9 57.051 liq -45 395 0.9238 34199 48Н,0 27 
7397 2-Met hyl -£-i soi ndol e-1,3/2- C,H;NO; 550-44-7 161.158 nd (al), If (sub) 134 286 i ®t sl Et OH - 
di one 22 
7398 Met hyl i sopent апоа e Met ћу! i soval erat е 61200 556-24-1 16.158 116.5 0.880820 .3927? 1 НО; vs Et OH, et h, ace о 
7399 6-Меі hyl A+i sopent yl -2-hept anami пе Осі amyl ami ne 13H20 502-59-0 99.376 1007 = 
7400 2-Met hyl -5-i sopropyl ani || ne по HN 2051-53-8 149.233 liq -16 241 0.9942 53870  sctc, CS = 
7401 o-Met hyl -4- 3-p-Cumenyl -2- C. H, ,0 103-95-7 190.281 270; 1359 0.945920 50682 vs bz, et h, Et OH б 
i sopropyl benzenepropanal met hyl propi onal dehyde » 
7402 2-Met hyl -5- (UM 2867-05-2 36.234 151 0.83012 451520 2 
| sopropyl bi cycl o[3.1.0]hex-2-ene б 
7403 2-Met ПУ! -5-i sopropyl -2,5- Са 490-91-5 164.201 45.5 232 S chl б 
сус! ohexadi ene-1,4-di one © 
7404 сі 51-МеЕ hyl -4-i sopropyl сус! ohexane "m 6069-98-3 40.266 114 -89.9 172 0.8039 443120 i НО; vs Et OH, et h; s bz, pet h < 
7405 t rans1-Met ћу! -4- t rans-pMent hane Оо» 1678-82-6 140.266 oi | -86.3 170.6 0.7928 4366? vs bz, et h, Et OH, lig ч 
| sopropyl cycl ohexane ° 
7406 1-Methyl-4-i sopropyl сус! ohexano 460 21128-27«1 56.265 208.5 0.9020 46192? 5 
7407 5-Меі ВУ! -2-i sopropyl сус! ohexanol , (+)-Ment hol QH, 0 15356-60-2 56.265 39 1039 vs ace, bz, et h, Et OH = 
115-10,20,50)- 9 
7408 5-Methyl-2-i sopropyl сус! ohexanol, (-)-Ment hol ОНО 2216-51-5 156.265 па (Меон) 43 216 0.903% „46022 sl HO; vs Et OH, et h, ace, bz; s ~ 
[15-(10,2p,5o)]- pet h S 
7409 5-Met hyl -2-i sopropyl сус! опехапо!, (+)-Neoment hol Но 2216-52-6 156.265 oi | -22 211.7 0.892 46000 vs ace, Et OH =. 
[15-(10,20,5B)]- Б 
7410  5-Met hyl -2-i $оргору! сус! оћехапо!, (4) 150теп hol QH, 0 23283-97-8 156.265 nd(di | al) 82.5 218 vs et h, Et OH 8, 
115-10,20,50)- = 
7411 5-Met hyl -2-i зоргору! сус! опехапо СОЊЕ 2623-23-6 198.302 222; 109% 0.924420 44692 
acet at e, [A-(10,20,58)] 
7412 сі s5-Met ћу! -2- ent hone 0610 491-07-6 154.249 205; 89° 0.899520 452720 
| sopropyl сус! оһехапопе 
7413 t rans5-Met ћу! -2- /-Ment hone G; H0 14073-97-3 154.249 liq -6 207 0.8959 „45059 51 НО; msc Et OH, et h, bz, C$ s 
| sopropyl сус! ohexanone, (9) асе 
7414  1-Met hyl -4-i зоргору! сус! оћехепе 10h 5502-88-5 138.250 174.5 0.8457'5 47352 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
1415 3-Met hyl -6-i sopropyl -2-cycl ohexen- C, H, ,0 491-04-3 154.249 97155 0.91195 472925 
1-0 
7416  4-Met hyl-1-i зоргору! -3-cycl ohexen- C, H, 0 562-/4-3 154.249 209 0.92620 478519 
1-0 
7417 5-Met hyl -2-i sopropyl сус! ohexyl Cu Ha, 0; 579-94-2 242.354 15520, 1444 0.95452 vs et h, Et OH, chl 
et hoxyacet at e, 628,50) 
7418 1-Ме! hyl -4-i sopropyl -2-ni t robenzene МО; 943-15-7 179.216 12610 074420 53010 vs et h, Et OH 
7419 1-Met hyl -4-i sopropyl -7- C, H, 0 470-67-7 154.249 1 1735 0.899720 4562? sl ЊО; msc Et OH, et h; s bz, li g = 
oxabi cycl o[2.2.1]hept ane = 
7420 1-Met hyl -7-i воргору! phenant hrene Ret ene 18H 483-65-8 234.336 101 390 21359 i НО; s Et OH, et h, bz, 05 НОАс аз 
7421 4-Met hyl -2-i воргору! phenol 108140 4427-56-9 150.217 nd (НОАс) 36.5 228.5 0.991020 52750 51 ЊО; s Et OH, bz, chl = 
7422 5-Met hyl-2-i воргору! phenyl acetate Thymol, acet at e qo Hago, 528-79-0 192.254 245 009% vs bz, et h, Et OH, chl » 
7423 1-Met hyli soqui nol i ne Isoqui nal di ne «МС 1721-93-3 143.185 10 248 07772 .6095? 51 HO; s et h, ace, bz c 
7424 3-Met hyli soqui nol i ne NE 1125-80-0 143.185 cry (et h) 68 249 51 ED, chl; s et В, ace ж 
7425 Methyl i sot hi осуапа e 15 556-61-6 73.117 36 119 069137 5258 sl ЊО; msc Et OH; vs et h Z 
7406 5-Меї hyl-3-i soxazol ami пе 410М,0 1072-67-9 98.103 62 2 
7407 4-Меї hyli soxazol e 4KNO 6454-84-8 83.089 liq 127 < 
7408 5-Methyli soxazol e 48530 5765-44-6 83.089 122 :0232) 43860 5 DMSO 2, 
7429 Methyl lactate, (+) Met ћу! 2-hydroxypropanoat e, (+) 18, 2155-30-8 04.105 oi | 144.8 1.0928 41419: vs H,0, et h, Et OH 2 
7430 Methyl li nol eat e 19960 112-63-0 294.472 -35 215% 0.8886? 44638? vs et h, Et OH ° 
7431 Methyl li nolenat e 40; 301-00-8 292.456 -45.5 207", 182° 0.89525 470920 = 
7432 Met һу! magnesi um bromi de Bromomet hyl magnesi um ВО 75-16-1 19.244 seth, ЕЕ; І hx bz © 
7433 Met hyl magnesi um chl ori de Chl oromet hyl magnesi um 3610 676-58-4 74,793 stabinthf soln i peth, bz 2 
7434 Met hyl mal oni c aci d HO, 516-05-2 118.089 nd (bz-AcOEt) 135 dec 455° vs H,0, Et OH, et h; sl bz, tf a; s Q 
pr (et h-bz) AcOEt Z 
7435 Methyl mercapt oacet at e 2100,5 2365-48-2 06.144 4210 46572 vs et h, Et OH 5 
7436 Met hyl 3-mercapt opropanoat e 450,5 2935-90-2 120.171 544 08525 46402 ^ 
7437 Met ћу! mercuri c di cyanami de 1-Cyano-3-(met ћу! mercuri o) = С.Н,НОМ, 502-39-6 298.70 157 © 
guani di ne 2 
7438 Met hyl met hacrylat e 50, 80-62-6 00.117 liq -47.55 100.5 0.9372 „41420 s| ЊО; msc Et OH, et h, ace; $ chl = 
7439 Met hyl met hanesul f onat e n 66-27-3 110.132 20 202.5 .294320 41382 2 
7440 Met hyl met hoxyacet at e 40, 6290-49-9 04.105 131 05112 .3962? sl HO; vs Et OH, et h, ace 5 
7441 Met hyl 2-met hoxybenzoat e 48,0; 606-45-1 66.173 246.5 15719 5349 i HO; s Et OH 5 
7442 Met hyl 3-met hoxybenzoat е 48,0; 5368-81-0 166.173 248 13102 52240 | НО; s Et OH n 
7443 Met hyl 4-met hoxybenzoat e 460, 121-98-2 66.173 If (al or et h) 49 244 5045 Et OH, et h, chl © 
7444 Met һу! 3-met hoxy-2-(met hyl ami no) Damasceni пе CH, МО 483-64-7 95.215 pr (al) 28 271; 1470 vs bz, et h, Et OH, li g z 
benzoat e E 
7445 Met hyl 3-met hoxypropanoat e 580; 3852-09-3 118.131 142.8 .013915 40302 Е 
7446 Met hyl 2-met hyl acet oacet at e 4,00; 17094-21-2 30.141 1774 02175 A164 vs et h, Et OH = 
7447 Met hyl 2-(met һу! ami no)benzoat e МО, 85-91-6 65.189 cry (pet h) 19 255 1.1205 58395 1 HO; s Et OH, et h 
7448 Met hyl 2-met hyl benzoat e «ЊО, 89-71-4 150.174 <-50 215 06820 i НО; msc Et OH, et h 
7449 Met hyl 3-met hyl benzoat e «41150: 99-36-5 50.174 221 06120 i НО; s Et OH; sl сіс 
7450 Met hyl 4-met hyl benzoat e «0» 99-75-2 50.174 cry (44 MeOH, 332 220 i НО; vs Et OH, et h 
pet h) 
7451 Met hyl 2-met ћу! -2-but enoat B, ( СН,0; 6622-16-0 114142 139 0.9349"? 1.437020 
7452 Met hyl 3-met ћу! -2-but enoat e 8160, 924-50-5 14142 114 136.5 0.9337? 1.43220 
7453 3-Met hyl -4-met hyl enehexane Km 3404-67-9 12.213 112.5 0.725% 1.414220 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
7454 2-Met hyl -5-(1-met hyl et henyl ) СұН,0 5524-05-0 52.233 2215 0.92819 1.4724 vs ace, et h 
сус! ohexanone, (24-і ran} 
7455 5-Met hyl -2-(1-met hyl et hyl i dene) Слово 15932-80-6 152.233 9370 0.936720 1.486920 
сусі ohexanone 
7456 3-Ме! hyl -6-(1-met hyl et hyl i dene)-2-Pi регі t enone 140.0 491-09-8 50.217 1204 0.977420 1.5204? vs Et OH, et h 
сус! ohexen-1-one 
7457 1-Met hyl -4-(5-met ћу! -1-met hyl ene- СН 495-61-4 204.352 12910 0.867320 1.488020 
4-hexenyl )cycl ohexene, 6) "d 
7458 М- Мег hyl A-(2-met ћу! phenyl ) C4 а NO. 573-26-2 63.216 55.5 260 s Et OH, chl = 
acet ami de >° 
7459 4-Met hyl A-(4-met ћу! phenyl Jani || ne PAL 620-93-9 197.276 nd (pet h) 79.8 330.5 vs et h, pet h = 
7460 2-Меї ћу! -3-(2-met ћу! phenyl )-44- Met haqual one GH NO 72-44-6 250.294 120 vs et h, Et OH, chl » 
qui nazol i none m 
7461 Met hyl 3-(met hylt hi o)propanoat e 2-Met hoxycarbonyl et ћу! met 1у!С,Н,,0,5 13532-18-8 134.197 7513, 69" 1.0775 „46502 о 
sul fide о 
7462 1-Met ћу!-4-(1-те hyl vi nyl )benzene NU 1195-32-0 132.202 liq -20 185.3 0.8936 52833 2 
7463 1-Met hyl -4-(1-met hyl vi пу!) В-Тегрі neol GH40 138-87-4 154.249 nd 325 210:909 0.91720 474720 - 
сусі оһехапо > 
7464 5-Меї hyl -2-(1-met hyl vi пу!) C, H, 0 89-79-2 154.249 78 93^ 0.91120 47239 51 HO; s Et OH, et h 2 
сус! ohexanol , ГН-(10,2,5о))) 2 
7465 5-Met hyl -2-(1-met hyl vi пу!) С.Н» 0, 51516-09-7 196.286 85 1138 0.925% 45667 Ф 
сус! ohexanol асе! at e, Ft = 
(10,2,5о)) o 
7466 t rans5-Met ћу! -2-(1-met hyl vi пу!) C, H, 0 29606-79-9 152.233 10018 0.919820 „46752 ж 
сусі ohexanone ° 
7467 2-Methyl-5-(1-met hyl vi nyl )-2- Сао 99-48-9 152.233 228 0.948425 49422 > 
cycl ohexen-1-ol 2 
7468 4-Met ћу! morphol i ne АМО 109-02-4 101.147 iq -64.40 116 0.905? 4332? 5Н0, Et OH, et h б 
7469 о-Меї hyl -4-morphol i neet hanol 7HGNO, 2109-66-2 145.200 12118, 9378 1.017420 .4638? vs Н;О, ace, bz, Et OH б 
7470 1-Меї hyl napht hal ene NM 90-12-0 142.197 iq -30.43 244.7 1.0202 .61702 1 НО; vs Et OH, et h; s bz о 
7471 2-Ме! hyl napht hal ene nom 91-57-6 142.197 те! (al) 34.6 241.1 1.0058 601591 НО; vs Et OH, et h; s bz, chl 2 
7472 Met hyl 1-napht hal enecarboxyl at e Met ћу! 1-napht hoat e NIS 2459-24-7 186.206 59.5 po 1.129020 60869 vs bz, Et OH 5 
7473 Met hyl 2-парї hal enecarboxyl at е Met hyl 2-napht hoat e NIS 2459-25-8 186.206 f (MeOH) 77 290 vs bz, et h, Et OH, chl = 
7474 Hh e d a A-napht hal enedi ol Menadi ol di acet at e 5540, 573-20-6 258.270 pr (al) 113 vs Et OH Я 
i acet at e 
7475 2-Меі hyl -1,4-napht hal enedi one Menadi one 11H80; 58-27-5 172.181 ye nd (al, peth) 107 i В; sl Et OH, НОАс; s et h, bz, © 
ch 5 
7476 Met hyl -1-napht hyl ami ne N-Met hyl -1-napht hal enami ne Вим 2216-68-4 157.212 oi | 174 294.5 1.6722 vs eth, Et OH E 
7477 Methyl ni t rat e SB, 598-58-3 17.040 ехр gas -83.0 ехр 64.6 207520 1.37482 51 HO; s ОН, et h E 
7478 Methyl nitrite 309 624-91-9 61.041 ye gas -16 -12 0.99175 s Et OH, et h = 
7479 Methyl ni t roacet at e 31500, 2483-57-0 119.077 10728 320° 
7480 2-Меї hyl -3-ni t roani 11 ne НО 603-83-8 152.151 уе ort h па (м), 92 305 378015 sl HO; s Et OH, et h, bz, chl 
yelf (al) 
7481 2-Met hyl -4-ni t roani 11 ne 190; 99-52-5 152151 133.5 1586140 sl НО, DMSO; s Et OH, bz, HOAc 
7482 2-Met hyl -5-ni t roani 11 ne НО, 99-55-8 152.151 105.5 51 HO; s Et OH, et h, ace, bz, chl 
7483 2-Met hyl -6-ni t roani 11 ne 7960, 570-24-1 152.151 96 „19000 51 HO; s Et OH, et h, bz, chl 
7484 4-Met hyl -2-ni t roani 11 ne 190; 89-62-3 152151 116.3 1612 51 HO; $ Et OH, ch 
7485 4-Met hyl -3-ni t roani 11 ne zH, 0; 119-32-4 152.151 798 51 ЊО, CS; s Et OH, et h, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

7486 N-Met hyl -2-ni t roani 11 ne 7960, 612-28-2 152.151 гей ог огап па 38 15018 51 HO, 110; s Et OH, et h, асе, bz 
(pet h) 

7487 N-Met hyl -4-ni t roani || ne НО 100-15-2 152.151 br-yepr(al)cry 152 dec 1.201755 i НО; s Et OH, bz, chl; sl eth, li g 
(et h) 

7488 2-Met һу -1-ni t ro-9,10- С HyNO, 129-15-7 267.237 pa ye nd 273.0 i НО, Et OH; sl et h, bz, chl; s 

ant hracenedi one (HOAc) РЋМО, 

7489 2-Met hyl -5-ni t robenzenesul f oni с aci d 11:05 121-03-9 217.200 135.8 vs Н,0, Е OH, et h, chl 

7490 Met hyl 2-ni t robenzoat e 8100, 606-27-9 181147 liq -13 275 1.2859 i НО; s Et OH, eth, bz, chl; i lig 

7491 Met hyl 3-ni t robenzoat e 81040, 618-95-1 181.147 78 2799 i HO; 51 Et OH, et h, MeOH 

7492 Met hyl 4-ni t robenzoat e 8100, 619-50-1 181.147 96 i HO; s Et OH, et h, chl 

7493 2-Met hyl -4-ni t roti mi dazole 480; 696-23-1 127.102 253 

7494  N-Met hyl A-ni t romet hanami ne НО, 4164-28-7 90.081 nd(et h) 58 187 1.1090? 1.446272 vs H0, ace, et h, Et OH 

7495 2-Met ПУ! -1-ni t ronapht hal ene На, 881-03-8 187.195 уе рг ог па (al) 81.5 1880 i НО; s Et OH; vs ace 

7496 N-Met hyl A/-ni t roV- СНО, 70-25-7 147.093 5 0М50 

ni t rosoguani di ne 

7497 3-Met hyl -4-ni t ropheno #20, 2581-34-2 153.136 nd or рг (м 129 51 HO; s Et OH, et h, bz, chl 

7498 4-Met hyl -2-ni t ropheno ;HoNO, 119-33-5 153.136 yend(al,w) 365 125? 1.239920 1.5744 vs ace, bz, et h, Et OH 

7499 1-Met hyl -2-(4-ni t rophenoxy)benzene — 2-Met hyl phenyl 4-ni t rophenyl et hesH,,NO, 2444-29-3 229.231 ye cry (pet h) 2207 vs bz, et h, Et OH 

7500 2-Met hyl -2-ni t ro-1,3-propanedi ol 480, 77-49-6 135.119 mcl 150.1 dec vs HO, Et OH; 51 DMSO 

7501 2-Met hyl -2-ni t ro-1-propanol 41910, 16-39-1 119.119 nd or pl 89.5 9419 sl HO; vs Et OH, et h; s chl 
(MeOH) 

7502 3-Met ВУ! -4-ni t roqui nol Mræi de М0, 14073-00-8 204.182 cry (MeOH 179 

7503 №МеЕ hylA-ni t rosoani 11 ne 180,0 614-00-6 136.151 уе сгу 14.7 dec 225; 1.124020 1.57690 | НО; $ Et OH, eth 

1213 

7504  N-met hyl A-ni t rosourea N-Ni t rosaV-met ћу! urea [A 684-93-5 103.080 col or ye p 123 dec sl HO, Et OH, et h 
(et h) 

7505 Met hyl попаавсапоа е BH 0, 731-94-8 312.531 41.3 1904 

7506 2-Меї ћу! попапе mm 871-83-0 142.282 iq -14.6 67.1 0.7287 409902: j HO; seth, bz, chl 

7507 3-Мє| hyl nonane Н» 5911-04-6 142.282 iq -84.8 67.9 0.7359 A125 vs bz, et h, chl 

7508 4-Мє! ћу! попапе ЄН» 7301-94-9 142.282 iq -99 65.7 0.7323 41239 vs bz, et h, chl 

7509 5-Меї ћу! nonane m 5869-85-9 142.282 iq -87.7 65.1 0.7326 41162 1 HO; seth, bz, chl 

7510 Methyl nonanoat e 690, 731-84-6 172.265 213.5 0.879915 4214? | НО; s Et OH, et h; sl ctc 

7511 8-Met ћу! -1-nonanol 850 55505-26-5 158.281 108” 

7512 2-Met hyl -1-nonene ОН» 2980-71-4 140.266 iq -642 68.4 0.7412 424120 

7513 2-Меі hyl -2-norbornene 2-Met hyl bi cyclo[2.2.1]hept -2-ene Н.С 694-92-8 108.181 iq 22 

7514 Met hylt rans9-oct adecenoat e GH, 0; 937-62-8 296.488 13.5 21824 0.873020 45130 vs et h, Et OH 

7515 2-Ме hyl oct ane Фі 3221-61-2 128.255 iq -80.3 432 0.7095 4032 1 НО; $ Et OH, et h; sl ct c; vs pet h 

7516 3-Меї hyl oct ane rm 2216-33-3 128.255 iq -107.6 442 0.717 40402 

7517 4-Met hyl oct ane Я» 2216-34-4 28.255 iq -113.3 42.4 0.718 40395 1 ВО 

7518 Met hyl oct anoat e Met ћу! capryl at e НО 111-11-5 58.238 iq -40 92.9 0.8778 417091 HO; vs Et OH, et h; sl сіс 

7519 2-Ме hyl oct anoi c ас! d 4160, 3004-93-1 158.238 1381, 884 „42815 

7520 2-Меї hyl -2-oct anol 48,0 628-44-4 44,254 178 0.8210? .4280? 1 НО; s Et OH, eth 

7521 3-Met hyl -3-oct anol 48,0 5340-36-3 44,254 8318, 363 0.81082 „42575 

7522 5-Met hyl -2-oct anone 4.0 58654-67-4 142.238 101% 

7523 2-Met hyl -1-oct ene dili 4588-18-5 26.239 liq -77.8 144.8 0.7343 418420 

7524 T-Met hyl -1-oct ene 4 13151-06-9 26.239 liq 138.9 

7525 Met hyl oct yl ami ne N-Met hyl -1-oct anami ne ом 2439-54-5 143.270 688 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. = Form тр/ bp/'C den/g cm? n, Solubility 

1526 Methyl 2-oct ynoat e 46,0, 111-12-6 154.206 217; 107% 0.92620 44642 

7527 3-Met ћу! -1-oct yn-3-ol 48,0 23580-51-0 140.222 174; 75109 0.854720 4439 

7528 Met hyl oleat 6 1010 112-62-9 296.488 -19.9 218.520 0.873920 45229 | НО; msc Et OH, et h; s chl 

7529 Methyl Orange Sodi up- CuH4N,Na0,S 547-58-0 327.334 oran,yeplorsc dec 51 HO, Et OH, py; i eth 

di met hyl ami noazobenzenesul f onat e (w) 

7530 2-Met ћу! oxazol e HNO 23012-10-4 83.089 liq 87.5 

7531 4-Меї hyl oxazol e HNO 693-93-6 83.089 88 015% 43172 

7532 5-Met hyl оха2016 HNO 66333-88-8 83.089 114 88 

7533 2-Меї hyl -2-oxazol i пе 46,30 1120-64-5 85.105 11 0055 43402 

7534 2-Меї hyl oxet ane 8,0 2167-39-7 72.106 hyg 59 0.8412 36859 

7535 4-Меї hyl -2-oxet anone 3-Hydroxybut yri c aci d I act one 406 3068-88-0 86.090 8650, 579 055520 

7536 Met hyl oxi rane 1,2-Propyl ene oxi de 30 16033-71-9 58.079 liq -111.9 35 0.859 .3660 vs H,0, Et OH, et h; s chl 

7537 3-Меї ћу! -2-oxobut anoi c aci d 50; 759-05-7 116.116 31.5 170.5 0.99682 38509 5 H,0, Et OH, et h 

7538 N-Met hyl A-(1-0xododecyl )gl ус! ne © -Dodecanoyl sarcosi пе GH3N0; 97-78-9 271.396 44.5 s chl 

7539 Met hyl 4-oxopent anoat e et ћу! Теми Г nat e :Н06 624-45-3 130.141 196 05112 .4233? sl ЊО, s Et OH, ace, bz, ct c; msc 
eth 

7540 4-Met hyl -2-oxopent anoi c aci d 8160, 816-66-0 130.141 liq 0 84 

7541 Methyl 2-oxopropanoat e Met ћу! pyruvat e AHO, 600-22-6 102.089 135.5 „1540 „40465 51 НО; s ace; msc Et OH, et h 

7542 Methyl pal mi t at e et ћу! hexadecanoat e Аб; 112-39-0 270.451 30 417; 1482 0.8247% i НО; vs Et OH, ace, bz s et h 

T543 Met hyl parat hi on aO NO;PS 298-00-0 263.208 cry 38 35820 53679 i HO; s os 

7544 Met һу! реп ас! огорпепу! sulfide © S-Met hyl pent achl orobenzenet hi ol ;H.CI,S 1825-19-0 296.429 cry (Et OH) 95.5 

7545 Methyl реп adecanoat e (б0, 7132-64-1 256.424 nd (di | al) 18.5 153.5 0.8678 43905 s Et OH, et h 

7546 сі s2-Met hyl -1,3-pent adi ene Rm 1501-60-6 82.143 liq -117.6 75.8 0.718 446% 

7547 3-Меї ћу! -1,3-pent adi ene 46% 4549-74-0 82.143 77 0.73025 „45220 

7548  4-Met ћу! -1,3-pent adi ene 1,1-Di met hyl -1,3-but adi ene во С 926-56-7 82.143 76.5 0.718120 453220 

7549 Methyl pent afluoroet ћу! et her 1-Met hoxyperfluoroet hane 318790 22410-44-2 150.047 col gas 5.59 

7550 Met һу! pent afluoropropanoat e 46550, 378-75-6 178.058 59.5 1.390% .2869% 

7551 2-Met hyl pent anal 2-Met hyl val eral dehyde 40 123-15-09 100.158 117 S H,0; s et h, ace; sl ctc 

7552 2-Met hyl pent ane lsohexane Gy 107-83-5 86.175 iq -153.6 60.26 0.656 3715? 1 HO; s Et OH, et h; msc ace, bz, 
chl 

7553 3-Met hyl pent ane diu 96-14-0 86.175 iq -162.90 63.27 0.6598 .9765? | НО; $ Et OH, ct c; msc et h, ace, 
bz, hp 

7554 2-Met hyl pent anedi ni t ri le 2-Met hyl gl ut aroni t ri le HN С — 4553-622 108.141 iq -45 270; 134 0.950 4340? 560 

7555 2-Met hyl -2,4-pent anedi ol Hexyl ene gl ycol 4,0; 107-41-5 118.174 iq -50 1971 0.925 4276? s H,O, Et OH, et h; sl сіс 

7556 4-Ме! hyl pent aneni t ri 1e Isopent у! cyani de Hy NC 542-54-1 97.158 iq -51 156.5 0.8030 .4059? | НО; s Et OH; msc et h; sl сіс 

7557 2-МеЕ hyl -2-pent anet hi ol 45 1633-97-2 118.240 iq 125.0; 38 

7558 Met hyl pent anoat е Met hyl valerat e 4:0, 624-24-8 116.158 274 0.8947? .4003? sl HO, ct c; msc Et OH, et h; s ace 

7559 2-Met hyl pent anoi c ас! d, (+) 8160, 22160-39-0 116.158 95.6 0.923020 413% s H,0, Et OH, et h; sl сіс 

7560 3-Мє! ћу! pent anoi c aci d, (+) 8160, 22160-40-3 116.158 iq -41.6 197.5 0.9262 41592 vs eth, Et OH 

7561 4-Met hyl pent anoi c aci d 8160, 646-07-1 116.158 iq -33 200.5 0.9228 41440 s| ЊО; s Et OH, et h, chl 

7562 2-Met hyl -1-pent anol 4840 105-30-6 102.174 49 0.826320 .4182? 51 НО; s Et OH, et h, ace, ct c 

7563 3-Met ћу! -1-pent anol, (+) 4840 20281-83-8 102.174 53 0.824220 41123 1 НО; s Et OH, et h 

7564 4-Ме! hyl -1-pent anol Isohexyl al cohol 6160 626-89-1 102.174 519 0.813120 413451 НО; s Et OH, et h 

7565 2-Меї hyl -2-pent anol 4840 590-36-3 102.174 114 -103 1214 0.8350 4100 51 ЊО; s Et OH, et h 

7566 3-Меї hyl -2-pent anol 4840 565-60-6 102.174 343 0.830720 .482? s| ЊО; s Et OH, et h 

7567 4-Меї hyl -2-pent anol 4840 108-11-2 102.174 liq -90 131.6 0.8078 41002 sl ЊО, ctc; s Et OH, et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7568 2-Met hyl -3-pent anol 68,0 565-67-3 102.174 265 0.824320 41750 s| ЊО; msc Et OH, et h 
7569 3-Мє! hyl -3-pent anol 4840 17-14-1 102.174 liq -23.6 122.4 0.8288 44186? sl HO, ct c; msc Et OH, et h 
7570  2-Met hyl -1-pent anol acet at е 8160, 7189-99-3 144212 63 0.870% vs et h, Et OH 
7571 3-Met hyl -2-pent anone, (+) (+3ec-But yl met hyl ket one 4,0 55156-16-6 100.158 175 0.813020 40020 sl НО; msc Et OH, et h; $ chl 
7572 4-Met hyl -2-pent anone Isobut y| met ћу! ket one 4:0 108-10-1 100.158 liq -84 116.5 0.7965 .3962? 51 ЊО; msc Et OH, et h, ace, bz; s 
chl 
7573 2-Met hyl -3-pent anone Et hyl i sopropyl ket one «120 565-69-5 100.158 135 0.81418 539759 31 Ho; vs Et OH, bz; msc et h, ace; = 
sch 
7574 4-Ме hyl pent апоу! chl ori де 616010 38136-29-7 134,603 143 0.97250 = 
7575 2-Меї hyl -2-pent епа! 60:60 623-36-9 98.142 36.5 0.858120 „44880 1 HO; s Et OH, et h, bz, MeOH n 
7576 2-Met hyl -1-pent ene "m 763-29-1 84.159 iq -135.7 62.1 0.6799 .3920? i НО; s Et OH, bz, chl; sl ctc a 
7577 3-Ме! hyl -1-pent ene "m 760-20-3 84159 iq -153 542 0.6679 30842 | НО; s Et OH, bz, chl, pet h > 
7578 4-Methyl-1-pent ene nm 691-37-2 84.159 iq -153.6 53.9 0.6642 38080 | НО; s Et OH, bz, chl, pet h б 
7579 2-Met hyl -2-pent ene Фі 625-27-4 84.159 iq -135 67.3 0.6869 .4004? i НО; s Et OH, bz, ct c, chl e. 
7580 3-Met hylei s2-pent ene CH; 922-62-3 84.159 iq -1348 67.7 0.6886 4016? 1 ВО; $ Et OH, bz, chl, pet h 2 
7581 3-Met hyl £ rans2-pent ene GH; 616-12-6 84.159 iq -138.5 70.4 0.6930 4062 1 НО; $ Et OH, bz, ct c, chl, pet h = 
7582 4-Met hyle/ s2-pent ene СҢ 691-38-3 84.159 iq -134.8 56.3 0.6699 .3800? — i НО; $ Et OH, bz, chl, pet h » 
7583 4-Met hyl £ rans2-pent ene СН, 674-76-0 84.159 iq -140.8 58.6 0.6688 .3889? 1 HO; s Et OH, bz, chl; sl сіс 2 
7584 t rans2-Met ћу! -2-pent enoi c ас! d ШЕ 16957-70-3 114142 рг 244 214; 112? 0.97512 45139 51 ЊО; set h, chl, C$ 22 
7585 4-Met hyl -2-pent enoi c ас! d 4,4-Пі met hyl -2-but enoi c aci d — „Но, C 10321-71-8 114142 35 217 0.9529?! 44897: vs ace, et h, Et OH о 
7586 2-Меї hyl -3-pent enoi c ас! d 8160, 37674-63-8 114142 99 0.966" „44025 = 
7587 4-Меї ћу! -3-pent en-2-ol 6820 4325-82-0 100.158 34 0.840" 937715 > 
7588 3-Methyl-2-pent en-4-one &,0 565-62-8 98.142 38 „45082 б 
7589 4-Met ћу! -4-pent en-2-one 48,0 3744-02-3 98.142 liq -12.6 1242 0.8417 > 
7590 сі 53-Ме hyl -2-(2-pent епуі)-2- Jasmone CH0 488-10-8 164.244 уе oi | 258; 134 0.943722 4979? 51 HO; s Et OH, eth, ct c, lig 2 
cycl opent en-1-one б 
7591 3-(4-Ме! ћу! -3-pent епу! игап (8,40 539-52-6 150.217 85.5 0.9017? „47057 б 
7592 3-Мє! ћу! -3-pent en-1-yne Ay 1574-33-0 80.128 66.5 0.73920 „43320 s et h, bz ° 
7593 3-Methyl-2-pent yl -2-cycl opent en-1- C.H, 0 1128-08-1 166.260 4322, 1161? 0.9165" 4767? = 
опе 
7594 Met hyl pent yl et her HG40 628-80-8 102.174 99 0.75922 38602 vs ace, et h, Et OH = 
7595 5-Меї hyl -2-pent yl phenol 6-Pentryleresol СНО 1300-94-3 178.270 24 385 vs ace, et h, Et OH 2, 
7596 Methyl pent yl sul fide 4645 1741-83-9 118.240 iq -94 145.1 0.8437 45060: $ Et OH, et h, ace, bz, chl > 
7597 Met hylt ertpent yl sul fide 2-Met ћу! -2-(met hylt hi o)but ane ,Ң,56 13286-92-5 118.240 iq 150 0.84 1.4570 т 
7598 4-Met ћу! -1-репі yne Em 7154-15-8 82.143 iq -104.6 612 0.7000 :39369 1 НО; s bz, chl © 
7599 4-Меї ћу! -2-pent yne rm 21020-27-9 82.143 iq -1103 73.1 0.7112 .4057? vs bz, chl 8 
7600 3-Met ћу! -1-pent yn-3-ol Meparf ynol 6160 77-15-8 98.142 30.5 120.5 0.868820 431020 = 
7601 Met hyl perfluorooct anoat e 48:50, 376-27-2 428.095 158 1.68420 3047 s 
7602 1-Met hyl phenant hrene Hi. 832-69-9 192.256 f, pl (dil al) 123 354 20:8 Et OH = 
7603 3-Мє! ћу! phenant hrene Dn» 832-71-3 192.256 prornd(al) 65 350; 145 i HO; s Et OH, ace; sl chl 
7604 4-Met hyl phenant hrene Hi. 832-64-4 192.256 pl (90% а!) 53.5 177 i НО; s Et OH, сіс 
7605 Met hyl pheni dat e 4840, 113-4541 233.307 1365 i а pet h; s chl, Et OH, et h, 
AcOEt 
7606 10-МеЕ ћу! -18/-phenot hi azi ne l NS 1207-72-3 213.298 101 
7607 10-Methyl-18-phenothi azi пе-2- Met i azi ni c aci d tsHQNO,S 13993-65-2 271.335 144 s chl 
acet i c aci d 
7608 Met hyl phenoxyacet at e 48,0; 2065-23-8 166.173 245 1.149320 1.51552 vs et h, ОН 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
1-Met hyl -3-phenoxybenzene СНО 3586-14-9 84.233 272 0512 15/279 
[(2-Met hyl phenoxy)met ћу! Joxi rane 80; 2210-79-9 164.201 1232 1088420 
3-(2-Met hyl рһепоху)-1,2- Mephenesi n Ноа 59-47-2 82.216 70 дес 51 HO, et h; s Et OH 
propanedi ol 
N-(2-Met hyl phenyl )acet ami de «№ 120-66-1 149.189 па (81) 110 296 1.1685 51 НО, bz; s Et OH, et h, ace, НОАс 
N-(3-Met hyl phenyl )acet ami de а NO 537-92-8 149.189 nd (w) 65.5 303 141% 51 HO; vs Et OH, et h; s chl 
N-Met hyl A-phenyl acet ami de N-Met hyl acet ani 11 de «1030 579-10-2 49,189 nd (et h), pr (al) 103 256 1.00385 576 S HO, Et OH, et h, chl, li g = 
2-Met hyl phenyl acet at e 0-Cresyl acet at 6 Я 0, 533-18-6 50.174 208 053315 50022 vs et h, Et OH = 
3-Met hyl phenyl acet at e m-Cresyl acet at e 480; 22-46-3 150.174 12 212 :04320 49782 vs bz, et h, Et OH = 
4-Met hyl phenyl acet at e p-Cresyl acet at e 480; 40-39-6 50.174 212.5 05127 51632 51 ЊО, ct c; s Et OH, et h, chl = 
Met ћу! 2-phenyl acet at e «180» 01-41-7 50.174 216.5 062215 5075202 | НО; msc Et OH, et h; s ace, ct c 2 
2-(Met hyl phenyl ami поје! hanol gHGNO 93-90-3 151.205 21879, .0143° S H,0; vs Et OH, et В, ace, bz г" 
150" 
2-[(2-Met ћу! phenyl јат! поје! hanol gHGNO 36-80-1 151.205 285.5 1079420 56759 vs et h, Et OH e 
3-Met hyl A-phenyl ani 11 пе NM 205-64-7 183.249 30 316; 1837 63500 vs bz, et h, Et OH 2 
N-(4-Met hyl phenyl )benzami de H NO 582-78-5 211.259 ort h nd (а!) 158 1.202 vs et h, Et OH кеі 
N-Met hyl A+ саће 614-30-2 197.276 560 » 
phenyl benzenemet hanami ne 2 
4-Met ћу!ег-рћепу! benzenemet hanol СНО 517-63-1 198.260 52 un 
c-Met hylecphenyl benzenemet hanol QH,,0 599-67-7 198.260 285; 1902 1.10595 © 
4-Met hyl AE C,3H,3N0,S 68-34-8 247.313 (a) t С! ,[8) те! 103.5 i НО; vs Et OH; s bz, HOAc = 
phenyl benzenesul f onami de pr (al, bz) o 
4-Met hyl phenyl benzoat e 1010, 614-34-6 212.244 pl (et h-al ) 71.5 316 vs et h, Et OH 2 
1-Met hyl A-phenyl -benzyl -4- Bami pi ne HN, 4945-47-5 280.407 cry (MeOH) 115 ° 
pi peri di nami ne ” 
Met ћу! 2-phenyl but апоа е 18,0; 2294-71-5 178.228 nd (di | al) 115 228 vs et h, Et OH 5 
3-Met ћу! -1-phenyl -1-but anone 148,0 582-62-7 162.228 236.5 0.970116 51395 — i НО; msc Et OH, et В; vs ace ^ 
3-Met ћу! -4-phenyl -3-but enami de  B-Benzal but угат! de «HNO 7236-47-71 175.227 133 © 
Met hyl phenyl carbami с chl ori de sH(Cl NO 4285-42-1 169.609 pl (al) 88.5 280 vs et h, Et OH = 
-(2-Ме ву! phenyl et hanone 48,0 577-16-2 134.174 214 1.02620 52762 ч 
-(3-Met hyl phenyl et hanone 98100 585-74-0 134.174 220 1.01650 5335 S Et OH, et h, ace; sl ctc = 
4-(1-Met hyl -1-phenyl et hyl )phenol 150,60 599-64-4 212.287 pr (pet h) 745 335 Z 
N-Met hyl A-phenyl f ormami de BNO 93-61-8 135.163 14.5 243 1.094820 55899 51 HO, ct c; s Et OH, ace > 
N-(2-Met hyl phenyl ЈЕ ormami de sHQNO 94-69-9 135.163 If (al) 62 288 1.086 S ЊО; vs Et OH 223 
5-Met hyl -1-phenyl -1-hexen-3-one £H, 0 2892-18-4 188.265 cry 43 15425 0.9509% 55235 51 ЊО; s Et OH, bz, chl 8 
-Met hyl -1-phenyl hydrazi пе 78, N; 618-40-6 122.167 228; 131% 1.040420 .5691? 51 ЊО; msc Et OH, et h, bz, chl Б 
3-Met hyl -5-phenyl -2,4- 3-Met ћу! -5-phenyl hydant oi n 89,0; 6846-11-3 190.198 1645 s chl 5 
i mi 082011 di nedi one E 
-Met hyl -6-phenyl i mi dazo[4,5- PhIP СМ, 105650-23-5 224,261 soli d 327 = 
бруп di n-2-ami пе 
2-[Met ћу! (phenyl met ћу!) Со МО 101-98-4 165.232 1344 
ami поје! hanol 
4-Met hyl A-(phenyl met ћу! ene)ani 11 ne ulis 2272-45-9 195.260 ye cry 35 318; 178" vs ace 
3-Met hyl -2-phenyl morphol i ne Phenmet razi ne "НЕМО 134-49-6 177.243 1397, 104! 
2-Met hyl -2-phenyl oxi rane 48,0 2085-88-3 134.174 847 1.022820 1.523220 
N-(2-Met ћу! phenyl )-3-0Х0- САМО; 93-68-5 191.227 рг (AcOEt ) 107.5 vs bz, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
7647 М-4-Меі hyl phenyl )-3- CHNO, 2415-85-2 91.227 pr (AcOEt ) 95 sl ED, li g; s Et OH, bz 
oxobut anami de 
7648 (2-Met hyl phenyl )phenyl те! hanone 146,20 31-58-8 196.244 «-18 308; 12812 .109820 i НО; vs Et OH 
7649 (3-Met hyl phenyl )phenyl met hanone 48,0 643-65-2 96.244 oi | 2 317; 170 109520 i HO; s Et OH, et h, bz, chl, HOAc 
7650 (4-Met ћу! phenyl )phenyl те! hanone 48,0 34-84-9 196.244 mcl pr 59.5 2280 0.99269 i НО; sl Et OH, li g; s et h, bz, chl 
7651 Met hyl 3-phenyl propanoat e Met hyl di hydroci nnamat e (10; 03-25-3 164.20 238.5; 91^ 045529 i HO; s Et OH, et h, bz, AcOEt 
7652 1-(4-Met ћу! phenyl )-1-propanone QH,,0 5337-93-9 48.20 72 236 0.992620 1.5270? 1 НО; s Et OH, et h, ace, bz, CS 
7653 2-Меї пу! -1-phenyl -1-propanone (Н,0 611-70-1 48.20 114 -0.7 220 0.9868 1.5172? ^ vs eth, Et OH 
7654 2-Меї hyl -3-phenyl -2-propenal 0 01-39-3 146.185 248; 1509 1.04077 1.605717 
7655 Met hyl 3-phenyl -2-propynoat e 100, 4891-38-7 60.170 26 158%, 13216 1.08302 1.561825 
7656 3-Ме! hyl -1-phenyl -А-ругаго! -5- Cap Hau Ns 131-18-6 73.214 116 333 S Н,0, Et OH, chl ; sl bz 
ami ne 
7657 2-Меї hyl -5-phenyl pyri di пе E 3256-88-0 169.222 18950 .0590% 1.605525 
7658 5-Меї hyl -5-phenyl -2,4,6(/,3/,5H)- Phenyl met ћу! barbi t uri с aci d +H (NO; 76-94-8 218.208 cry 220 i HO; s Et OH, et h, al k 
pyri mi di net ri one 
7659 1-Met ћу! -3-phenyl -2,5- Phensuxi mi de МО; 86-34-0 189211 cry (hot al) 72 vs Et OH, MeOH 
pyrrol i di nedi one 
7660 Met hyl phenyl si | ane Si 766-08-5 122.240 140 0.8895? 1.505820 
7661 Methyl phenyl sulf one 180,5 3112-85-4 156.203 88 i HO; s Et OH, bz, chl; sl ctc 
7662 1-Met hy! -4-(phenyl t hi o)benzene 13825 3699-01-2 200.299 15:7 317 1.0986% 1.62255 1 НО; $ ace, bz 
7663 (2-Ме! hyl phenyl ЈЕ hi ourea 0-Tolylt hi ourea ald N.S 614-78-8 166.243 nd(dilal,w) 162 vs Ю, Et OH; sl et h 
7664 N-Met hyl A-phenyl t hi ourea f N.S 2724-69-8 166.243 8, pl 1125 vs Et OH 
7665 Methyl phosphat e Met hyl di hydrogen phosphat e «ОР 812-00-0 112.022 oi | 
7666 Met hyl phosphi ne CR 593-54-4 48.025 col gas -16 vseth 
7667 Met hyl phosphoni c aci d (HP 993-13-5 96.023 hyg pl 108.5 dec vs HO, Et OH, et h; i bz, pet h 
7668 Met hyl phosphoni c di fluori de ЕР 676-99-3 100.005 14 98, 27 1.331420 
7669 Met hyl phosphonofluori dic acid, — Sari n ОН ГОР 107-44-8 140.093 iq -57 147 1.19 dec Н,0 
| sopropyl est er 
7670 Met hyl phosphorodi chl ori di t e Met hyl di chl orophosphi t e JCLOPCH  3279-26-3 132.914 hygli q -91 93 1.406 14740 
7671 1-Met hyl pi perazi ne sN; 109-01-3 100.162 138 4378? vs ЊО, et h, Et OH 
7672 2-Met hyl pi perazi ne 58150, 109-07-9 100.162 hyg If (al) 62 153 vs 30; s Et OH, et h, bz, chl 
7673 1-Met hyl pi peri di ne ШЕ 626-67-5 99.174 iq -102.7 107 0.8159 4355? уз НО; msc Et OH, et h; s ct c 
7674 2-Меї hyl pi peri di ne, (+) ШЕ 3000-79-1 99.174 iq -25 118 0.8438 44590 vs ur s EtOH, eth; sl chl; i dil 
KOH 
7675 3-Met hyl pi реп di ne, (+) 618 53152-98-0 99.174 iq -24 1255 0.8448 4470 — vs ,0; sl chl 
7676 4-Ме! hyl pi peri di ne ШЕ 626-58-4 99174 130 0.867425 .4458? vs HO; sl chl 
7677 1-Met hyl -3-pi peri di nol eH,QNO 3554-74-3 115.173 935 77" (096358 47359 
7678 1-Met hyl -4-pi peri di nol H (NO 106-52-5 115.173 29 200 477520 
7679 1-Met hyl -2-pi peri di none sHGNO 931-20-4 113.157 221; 10512 02632 „48202 
7680 1-Меї hyl -4-pi peri di none ШЕ) 1445-73-4 113157 855.57" 0.97125 45805 
7681 Met hyl predni sol one 2005 83-43-2 374.470 cry 232 
7682 2-Met hyl propanami de NO 563-83-7 87.120 129.0 217 O13” S chl 
7683 N-Met hyl propanami de БУО 1187-58-2 87120 liq -30.9 148 0.9305 43459 
7684 2-Met ћу! -1,2-propanedi ami ne GN; 811-93-8 88.151 123 0.84125 44109  sctc 
7685 2-Met hyl -1,2-propanedi ol 460 558-43-0 90.121 176 002420 43500 vs H,0, et h, Et OH 
7686 2-Methyl-1,3-propanedi 01 460, 2163-42-0 90.121 liq -91 211.6; 128 1.01520 445020 
7687 2-Ме! hyl propaneni t ri le Isobut yroni t ri le HN C 78-82-0 69.106 114 -71.5 103.9 0.7702? 37200 sl HO; vs Et OH, et h, ace, chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

7688 2-Met ћу! -1-propanet hi ol sobut yl mercapt ап nm 513-44-0 90.187 «T0 88.5 0.835720 4387 sl HO; vs Et OH, et h, ace; s ct c 

7689 2-Met hyl -2-propanet hi ol ЕеяВи y| mercapt an 484,5 75-66-1 90.187 114 -05 642 0.7948 42320 | НО; $ сіс, hp 

7690 Met hyl propanoat e et hyl propi onat e 46, 554-12-1 88.106 liq -87.5 798 0.9150 9775? sl ЊО; msc Et OH, et h; s ace, ct c 

7691 2-Met hyl propanoi c aci d sobut yri c aci d nn 79-31-2 88.106 liq -46 15445 0.9697 39300 vs ЊО; msc Et OH, et h; sl сіс 

7692 2-Met hyl propanoi с anhydri de sobut гу! c anhydri де 81146, 97-72-3 158.195 liq -53.5 183; 89 0.953520 4061? msc et h; s ch 

7693 2-Меї hyl -1-propanol sobut yl al cohol 4160 78-83-1 74.121 liq -101.9 107.89 0.8018 .3955? — s H,O, Et OH, et h, ace, ct c 

7694 2-Ме! hyl -2-propanol Ееяви yl al cohol £40 75-65-0 14121 25.69 82.4 0.788720 38782 msc ЊО, Et OH, et h; $ chl - 

7695 2-Ме! hyl propanoyl сї ori de sobut уп c aci d chl ori de 41,010 19-30-1 106.551 liq -90 92 4079 seth = 

7696 2-Меі hyl propenal et hacrol ei n 40 78-85-3 70.090 68.4 0.84025 .4144 msc H,0, Et OH, et h = 

7697 2-Met hyl -2-propenami de 4E; NO 79-39-0 85.105 cry (bz) 110.5 sl et h, chl; s Et OH, СВ, = 

7698 N-Met ћу! -2-propen-1-ami ne М 627-37-2 71121 64 .4065? vs H,0, ace, et h, Et OH » 

7699 2-Met hyl -2-propene-1,1-di ol et hacrol ei n di acet at e 8140, 10476-95-6 172.179 19 424120 = 
di acet at e б 

7700 2-Меї hyl -1-propene, t et ramer Nm 15220-85-6 224.425 liq -98 244; 109 0.794420 „44822 ° 

7701 2-Methyl-2-propenoi c anhydri de et hacryl i c aci d anhydri de «1500 160-93-0 154163 89) 4540? msc Et OH, et h 2 

7702 2-Меї hyl -2-propenol et hall yl alcohol 480 513-42-8 72.106 1145 0.851520 4255 vs ЊО; msc Et OH, et h - 

7703 2-Met hyl -2-propenoyl chl ori de et hacryl i c aci d chl ori de 41,010 920-46-7 104.535 liq -60 96 1.0874 443520: s et h, ace, chl > 

7704 сі s(1-Met hyl -1-propenyl )benzene ОН; 767-99-7 132.202 194.7; 0.919125 5402 1 НО; s bz, chl - 

177500 un 

7705 t rans(1-Met ћу! -1-propenyl )benzene ЕН, 768-00-3 132.202 iq -23.5 947 0.9138 5425 | НО; $ bz, chl о 

7706 (2-Met hyl -1-propenyl )benzene faa; 768-49-0 132.202 iq -48.0 83; 99 0.90020 538820 = 

7707 4-(2-Ме! ћу! ргорепу! morphol i ne 1-Morpholi noi sobut ene aH, ND 2403-55-6 141.211 120 8920 46632 = 

7708 2-(2-Ме hyl propoxy)et hanol 48,40; 4439-24-1 118174 160 0.890020 414320 A 

7709 Met hyl propyl ami ne N-Met hyl -1-propanami ne ВАМ 627-35-0 73.137 63 0.72047 > 

7710 1-Met hyl -2-propyl benzene IPM 1074-17-5 134.218 iq -60.3 85 0.8697 499670 2 

7711 1-Met hyl -3-propyl benzene НА 1074-43-7 134.218 iq -82.5 82 0.8569 49359 б 

7712 1-Met hyl -4-propyl benzene Pm 1074-55-1 134.218 iq -63.6 83.4 0.854% 4922» | НО; s Et OH, et h Q 

7713 сі s1-Met ћу! -2-propyl сус! opent ane оба 932-43-4 126.239 14 -104 52.6 0.788% 43432 ° 

7714 transl-Met hyl -2-propyl сус! opent ane ГМ 932-44-5 126.239 iq -123 46.4 0.7738 427420 = 

7715 Methyl propyl di sul fide GS; 2179-60-4 122.252 iq 76 0.980 5080 © 

7716 Methyl propyl et her 1-Met hoxypropane «НО 557-17-5 74.121 39.1 0.735613 35799 5 H,O, ace; msc Et OH, et h c 

7717 1-Met hyl -2-propyl pi регі di 8, ( —— Met hyl coni i ne об 35305-13-6 141.254 174 0.832622 453812 ^ vs асе, Et OH 2 

7718 2-Ме hyl -2-propyl -1,3-propanedi ol 11660, 78-26-2 132.201 cry (hx) 62.5 234; 12110 $ Н,0, hx; $1 chl un 

7719  2-Met hyl -2-propyl -1,3-propanedi о! Meprobamat e СН. №0, 57-53-4 218.250 cry (w) 105 vs bz, et h, Et OH ~ 
di carbamat e S 

7720 Met hyl propyl sulfide 0,55 3877-15-4 90.187 liq -113 95.6 0.8424 44420 HO, Et OH, et h, ace =. 

7721 N-Met hyl -2-propyn-1-ami ne 0, 35161-71-8 69.106 83 0.81925 43322 = 

7722 N-Met hyl A-2- Pargyl i ne ОНЫМ 555-57-7 159.228 96" 0.94425 521320 8, 
ргорупу! benzenemet hanami пе = 

7723 3-Met hyl pyrazi nami ne 2-Аті no-3-met hyl pyrazi ne sH,NÇ 19838-08-5 109.130 па (hx/AcOEt) 174 

7724 2-Ме! hyl pyrazi ne ABN, 109-08-0 94.115 liq -29 137 1.09 504020. msc H,0, Et OH, et h; s ace; sl ctc 

7725 1-Met hyl -#-pyrazol e CHN, 930-36-9 82.104 127 0.9929'3 47873 

7726 3-Ме! пу!-Н-руга2016 CHN, 1453-58-3 82.104 36.5 204; 10825 1.020319 .49152 msc H,0, Et OH, et h 

7727 4-Меї hyl -#-pyrazol e Fomepi zole AN, 7554-65-6 82.104 206; 9513 1.01520 

7728 3-Мє| hyl -2-pyrazol i n-5-one АМО 108-26-9 98.103 215 vs ЊО; sl Et OH 

7729 1-Ме! hyl pyrene GHie 2381-21-7 216.277 713 410 
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Зупопут Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
pyrene СОН, 3442-18-2 216.277 | (Et OH) 143 409.8 
pyri dazi ne 3-Met hyl -1,2-di azi ne sH ,N£ 632-76-4 94.115 184 214 1.045076 1.514520 
-2-ругі di паті пе 2-Аті no-3-pi coli пе 496 603-40-3 108.141 hyg 33.5 222; 958 vs HO; s Et OH, et h, ace, bz, ct c; 
sl lig 
-2-pyri di nami ne 2-Ami no-4-pi coli ne 496 695-34-1 108.141 f orpl (110) 100 116 vs H,0; s Et OH, et h, ace, bz; i. 11 g; 
Я chl 
-2-pyri di nami ne n 603-41-4 108.141 16.5 227 
-2-ругі di nami ne 2-Ami no-6-pi coli ne 496 824-81-3 108.141 hyg (li g) 41 208.5 vs bD; s Et OH, et h, ace, bz, li g = 
-2-pyri di nami ne HN, 4597-87-9 108.141 15 200.5 1.0482 S HO, bz; vs Et OH, et h, НОАс ме 
-4-ругі di nami ne n 121-58-0 108.141 pl (et h) 118.8 vs ED, ace, et h, Et OH n 
pyri di ne 2-Pi coli ne а” 09-06-8 93.127 iq -66.68 129.38 0.9449 1.495722 vs H,0, ace; msc Et OH, et h; s ct c a 
pyri di ne 3-Pi coli ne eH NC 08-99-6 93.127 ig -18.14 14414 0.9566 1.5040? msc H,0, Et OH, et h; vs ace; s ct c > 
pyri di ne 4-Pi coli ne HN 08-89-4 93.127 3.67 145.36 0.954820 1.50372 msc ЊО, Et OH, et ѕ ace, ct c б 
-2-ругі di necarboxal dehyde 7HONO 122-72-1 121.137 32 772 e. 
yl 3-pyri di necarboxyl at e Met hyl ni cot i nat e 7H,NO, C 93-60-7 137.137 Cry 42.5 204 s Н.О, Et OH, bz 2 
yl 4-pyri di necarboxyl at e Met ћу! i soni cot i nat e ;HNO; C 2459-09-8 137.137 16.1 208 159920 1.513502 5 HO, ct c; s ОН, et h, bz - 
pyri di ne-1-oxi de HANO 931-19-1 109.126 49 260 > 
pyri di ne-1-oxi de HNO 1003-73-2 109.126 39 485 sch = 
pyri di ne-1-oxi de HANO 1003-67-4 109.126 185.8 22 
-2(H)-pyri di none NO 694-85-9 109.126 nd 31 250 „11202 msc ЊО; sl pet h, li g ° 
hyl -3-pyri di nyl et hanone n 36357-38-7 135.163 17.6 4450 016825 53025 vs Н,0 = 
-2-pyri mi di nami ne 5146, 108-52-1 109.130 р! (w), nd (sub) 160.3 sub S НО, Et OH; $1 ch = 
pyri mi di ne 2-Met hyl -1,3-di azi ne 56 5053-43-0 94115 liq -4 138 msc 0 б 
ругі mi di ne 4-Met hyl -1,3-di azi ne 596 3438-46-8 94.115 32 42 .03016 5002 msc H,0 > 
ругі mi di ne 5-Met hyl -1,3-di azi ne 596 2036-41-1 94.115 30.5 53 vs Н,0 2 
-2,4(H,3H)- 6-Met ћу! uraci | МО, 626-48-2 126.114 oct prornd(w, 275 dec S НО, Et OH; sl et h, t f a; уз NH a 
di nedi one al) б 
pyrrole И, 96-54-8 81.117 liq -56.32 112.81 0.9148 487591 НО; msc Et OH, et h ° 
pyrrole И, 636-41-9 81.117 liq -35.6 147.6 0.9446 50358 1 НО; msc Et OH, et h 2 
pyrrole fi 616-43-3 81.117 liq -48.4 142.9; 48 49700 msc Et OH, eth 5 
pyrrol i di ne На 120-94-5 85.148 81 0.818820 „42470 vs H,0, eth с 
-2,5-pyrrol i di nedi one 59,00, 1121-07-9 113.116 па (et h- peth, 71 234 s НО, Et OH; vs et h 2 
al, ace) Я 
-2-pyrrol i di net hi one sH NS 10441-57-3 5.197 oi | 1008 т 
-2-pyrrol i di none sHQNO 108-27-0 99.131 43 248 045820 © 
hyl -2-pyrrol i di пу!)-2- Hygri ne GH, №0 496-49-1 141.211 76,511 4555? vs Et OH, ch 8 
пе, (8) = 
ћу! -2-pyrrol i di nyl )pyri di ne, Ca HN; 22083-74-5 62.231 244 008220 50800 msc H,0; vs Et OH, et h, chl; $ li g 5 
— 
-2-pyrrol i done МО 872-50-4 99.131 liq -23.09 202 1.0239 4684 vs HO; s et h, ace, chl 
hyl -#-pyrrol -2-yl Jet hanone {HNO 932-16-1 123.152 20122, 932 1.04455 54035 — s Et OH, bz, chl 
-8-qui nol i nami ne 8-Ami no-6-met hyl qui noli пе HN; C. 68420-93-9 58.199 nd 73 sub vs ace, bz, et h, Et OH 
qui noli ne Qui nal di ne «146 91-63-4 143.185 col oi lyliq -0.8 246.5 1206 .6116? 51 HO; s Et OH, et h, ace, ct c, chl 
qui noli ne 4% 612-58-8 143.185 pr 16.5 259.8 067320 61710 vs ace, et h, Et OH 
qui nol i ne Lepi di ne 40 HUS 491-35-0 43.185 col oi lyliq 95 262 1.083 52000 51 НО; s Et OH, et h, ace; і alk 
qui nol i ne 46 7661-55-4 43.185 col cry 19 262.7 1.08320 62192 s| НО; s ace; msc Et OH, et h 
qui noli ne 46 91-62-3 143.185 col oi lyli q -22 258.6 1.0854 61579 51 HO; s Et OH, et h, ace 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
77171 7-Met hyl qui nol i ne m-Tol uqui noli ne NES 612-60-2 43.185 ye cry 39 257.6 1.060920 1.615022 sl HO; s Et OH, et h, ace 
7772 8-Met hyl qui noli ne ЮМ 611-32-5 143.185 col liq -80 241.5 1.0779 1.6164? 5 НО; s ace; msc Et OH, et h 
7773 2-Met hyl -8-qui nol i nol МО 826-81-3 59.184 73.8 267 i НО; s Et OH, et h, bz, сіс 
7774 1-Меі hyl -2(#)-qui nol i none BANO 606-43-9 59.184 nd (li g) 74 325 51 0, Li g; s Et OH, et h, ace; vs bz 
7775 1-Met hy! -4(#)-qui nol i none Echi nopsi ne + HONO 83-54-5 159.184 “ш p- $ Н,0: vs Et OH, bz, chl; sl et h 
cry (al 
7776 2-Met hyl qui noxali ne 9 HON; 7251-61-8 44473 ye cry 180.5 244 msc H,0, et h, ace, bz; vs Et ОН; $ = 
їс 
7777 Met туі Red Benzoi c aci d, 2-[[4-(di met hyl ami г@)Н,№0, 493-52-7 269.299 vi ol orred pr 183 sl HO, li g; s Et OH; vs ace, bz, chl = 
phenyl 14201- (t 0, bz) n 
7778 Ме hylB-D-ri bof uranosi de 460; 7473-45-02 64.156 80 о 
7779 Methyl sali cylat e Met hyl 2-hydroxybenzoat e 81:06 119-36-8 52.148 114 -8 222.9 1188 1.53520 51 HO; vs et h, Et OH, chl > 
7780 Ме hylsi lane Св 992-94-9 46.145 col gas -156.5 -57.5 
7781 Methyl si | yl et her «08! 2171-96-2 62.144 col gas -98.5 -21; -8P e 
7782 Met hyl st annane Sn 1631-78-3 36.769 col gas 0 dec НО ” 
7783 Ме hyl st earat e 121580 112-61-8 298.504 39.1 443; 2155 0.8498% 4367? vs eth, chl 4 
7784 2-Меі hyl st yrene Em 611-15-4 118.175 liq -68.5 169.8 0.9077 543791 НО; s bz, chl > 
7785 3-Met hyl st yrene 4,5 100-80-1 18.175 liq -86.3 164 0.9078 54119 | НО; s Et OH, et h, bz = 
7786 4-Ме! hyl st yrene "m 622-97-9 118.175 lig -34.1 172.8 0.9173 5420 i HO; s bz un 
7787 Met hyl succi ni c aci d 610, 636-60-2 132.116 pr 115 dec 1.42000 4303 vs Н,0, Et OH, MeOH; s et h; sl chl © 
7788 Methyl sulfate Os 75-93-4 12.106 «30 dec 135 vs Н,0, et h, Et OH = 
7789 (Met hyl sul finyl )benzene 18,05 1193-82-4 40.203 32.0 263.5; 14013 588520 ° 
7790 1-(Methylsulfinyl )decane есуі met ћу! sulf oxi de л 05 3079-28-5 204.373 сгу 52.5 Е 
7791 3-Met hyl sulf olane 5900,5 872-93-5 34.197 1 276 1.18825 477220 » 
7792 (Met hyl sul f onyl Jet hene 30,5 3680-02-2 06.144 1229) 1.211720 46362 seth, ace 2 
7793 Met hyl t erepht hal at e Met ћу! 1,4-benzenedi carboxyl at e «Н,0, C 1679-64-7 180.158 nd (w) 222 subl = 230 б 
7794 17-Met hyl t est ost erone 17-Hydroxy-17-met hyl androst -4-е6Нз,0› 58-18-4 302.451 163.5 vs et h, Et OH б 
3-one, (17) о 
7795 Methyl t et radecanoat е 10; 124-10-7 242.398 19 295; 1557 0.867120 425% i НО; msc Et OH, et h, ace, bz, chl , = 
їс 
7196 5-М: | hyl -5,6,7,8-t et rahydrof ol i с 9\05 134-35-0 459.456 cry (м) = 
әсі 
7797 2-Ме! hylt et rahydrof шап 5160 96-47-9 86.132 78 0.855220 40597: $ H,0; vs Et OH, et h, ace, bz; sl ct c 2 
7798  N-Met hyl A/,2,4,6-t et rani t roani || ne Tet ryl 1М0; 479-45-8 287.144 ye pr (al) 131.5 exp 180 1.570 i HO; sl Et OH, et В, chl ; s ace, bz, A 
py б 
7799 4-Met hyl -2-t hi azol ami ne 2-Ami no-4-met ћу! hi azol e AH N.S C 603-91-4 14.169 45.5 25%, 7004 vs ЊО, Et OH, et h S 
7800 2-Met hylt hi azole 485 3581-87-1 99155 28 510 msc Н,0; s Et ОН, ace E 
7801 4-Меї hylt hi azole «НМ 693-95-8 99.155 33.3 112% S НО, Et OH, et h Е 
7802 4-Met hyl -5-t hi azol eet hanol 4805 37-00-8 43.206 col t o pa ye 135 196% vs Н,0; s Et OH, et h, bz, chl ы 
7803 4-Ме hyl -2(8/)-t hi azol et hi one 405, 5682-06-3 31.220 уе cry (di | al) 89.3 188 vs Et OH 
7804 Met hylt hi i rane HS 072-43-1 74.145 liq -91 725 0.94% 47220 s chl 
7805 (Met hylt hi o)acet i c aci d 31,005 2444-37-3 06.144 13.0 3027 221% „49520 
7806 2-(Ме hylt hi oani 11 ne zH NS 2987-53-3 39.218 234 1115 623920 
7807 4-(Met ћу hi oJani 11 ne zH NS 04-96-1 139.218 272.5 379? .6395? s Et OH, et h, ace, bz 
7808 (Met hylt hi o)benzene Met hyl phenyl sul fide 798% 00-68-5 24.204 93 057920 58600 i НО; s Et OH; vs ace 
7809 2-(Met hylt hi o)benzot hi azole 9H; NS; 615-22-5 81.279 pr (di | al) 52 174 S Et OH, chl 
7810 Met hyl t hi ocyanat e 21045 556-64-9 73.117 col lig -2.5 132.9 .0678 „46695 sl ЊО; msc Et OH, et h; $ сіс 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7811 2-(Met hylt hi o)et hanol 3/05 5271-38-5 92.160 7020 1.0632 .48619 48Н,0, et h, Et OH 
7812 (Met hylt hi o)et hene 35 1822-74-8 74.145 69.5 0.902620 4832 seth, ace, chl 
7813 [(Met hylt hi o)met ћу! Jbenzene 405 766-92-7 138.230 114 -80 210; 128 1.027420 56209 
7814 4-(Met ћу hi o)-2-oxobut anoi c aci d 51085 583-92-6 148.181 oi | 
7815 2-Met hylt hi ophene 465 554-14-3 98.167 114 -63.4 112.6 1.0193 52030 1 НО; msc Et OH, et h, ace, bz, hp, 
сіс 
7816 3-Met hylt hi ophene 555 616-44-4 98.167 liq -69 1155 1.0218 52040 | Ho; msc Et OH, et h, ace, bz; vs = 
ch 
7817 5-Met hyl -2-t hi ophenecarboxal dehyde 81605 13679-70-4 126.176 1145 58050 61 = 
7818 4-(Met hylt hi o)phenol 79605 1073-72-9 140.203 84 15420, 1136 n 
7819 3-(Met ћу hi o)propanal 4105 3268-49-3 104.171 621 a 
7820 3-(Met hylt hi o)propanoi c aci d S-Met hyl propi ot het i n 40,5 646-01-5 120.171 ye oi | or fl (hx) 21 132 Ё 
7821 3-(Met hylt hi о)-1-ргорепе 465 10152-76-8 88.172 92 0.87672 471420 с 
7822 N-Met hylt hi osemi carbazi de N-Met ћу! hydrazi necarbot hi oami de „Н 5 6610-29-3 105.162 136.5 s Н,0, Et OH, DMSO; i eth, bz lig | О 
7823 Met hylt hi ouraci | 5н:0,05 56-04-2 142.179 330 дес sub i HO; 51 Et OH, et h, MeOH, bz 2 
7824 Met hylt hi ourea 2005 598-52-7 90.147 pr (Et OH) 121 vs HO, Et OH; sl et h; s ace - 
7825 1-Met hylt hymi ne 1,5-Di met ћу! -2/8/ft)- СМО 4160-72-9 140.140 nd (w) 295 580 > 
pyri mi di nedi one 2 
7826 Met hylt hymol blue, sodi um salt NE 1945-77-3 844.743 bl -vi ol cry 59 un 
7827 Methyl 4-t ol uenesul f onat e 40,5 80-48-8 186.228 285 292; 18622 1.2087% i НО; vs Et OH, bz s et h,ctc;sl li 0 - 
7828 Met hylt ri acet oxysi lane Met hyl si lanet ri ol, t ri acetate 7H,,0,Si С 4253-34-3 220.252 40.5 1117 1.175020 1.408320 © 
7829 6-Met hyl -1,2,4-t ri azi пе-3 (0Н)- — 6-Azat hymi ne ИО; 932-53-6 127.102 cry (w) 21 5,0, Et OH, ace Е 
di one 
7830 5-Met hyl -[1,2,4]t ri azol o[1,5- СМО 2503-56-2 150.138 >245 > 
alpyri mi di n-7-ol m 
7831 Met hyl t ri chl oroacet at e 315010, 598-99-2 177.414 liq -17.5 153.8 1.4874 14572? 1 HO; vs Et OH, et h; s ctc б 
7832 Met hylt ri chl огоѕі | ane 30181 15-19-6 149.480 liq -90 65.6 1.278 14106? ^ dec H,0, Et OH 8 
7833 Met hyl t ri decanoat e 14650: 1731-88-0 228.371 6.5 92! 14405? msc ОН; $ ct c 2 
7834 Met hylt ri et hyl вад Tri et hyl met hyl pl umbane zH, Pb C 1762-28-3 309.4 col liq 76 1.7120 = 
7835 Methyl t ri fluoroacet at e E 431-47-0 128.050 43.0 1.2820 е) 
7836 Methyl t ri fluoromet ћу! et her 50 421-14-7 100.039 col gas -149 -23.66 5 
7837 Met hyl 3,4,5-t ri hydroxybenzoat e nu 99-24-1 184.147 mcl pr (MeOH) 202 51 HO; vs Et OH, MeOH 5 
7838 Met hyl 3,4,5-t ri met hoxybenzoat e 460, 1916-07-0 226.226 83 2145 n 
7839 Met hylt ri phenoxysi | ane 19950391 3439-97-2 322.430 269%, 1792 1.135? 1.559920 © 
7840 Methyl tri t hi on НІ OPS, 953-17-3 314.812 yeliq -18 51 Ю; mi sc os z 
7841 N-Met hyl Ł-t rypt ophan L-Abri ne АМО, 526-31-8 218.251 рг (w) 295 dec 51 ЊО, MeOH; i eth; s alk 5 
7842 N-Met hyl --t yrosi ne Suri nami ne по NO, 537-49-5 95.215 па 293 Е 
7843 о-Ме hyl DL-t yrosi ne, met ћу! est er, СНС МО 7361-31-1 245.703 190 авс 580 = 
hydrochl ori de 
7844 2-Met ћу! undecanal GH,,0 110-41-8 184.318 1196 11410 083215 1.43212 51 НО; s Et OH, et h 
7845 2-Меї ћу! undecane QHs 7045-71-8 70.334 114 -45.6 2102 1419) 
7846 3-Меі ћу! undecane QHs 1002-43-3 70.334 col liq -58.0 2112 0.7485 1.420825 
7847 Met hyl undecanoat e 0,0, 1731-86-8 200.318 1237) 
7848 2-Меї hyl -1-undecanol £H, 0 10522-26-6 86.333 129? 0.83005 1.4382? vs et h, Et OH 
7849 Methyl 10-undecenoat e 08,0; 111-81-9 98.302 liq -27.5 248 0.889 1.43932 1 НО; $ Et OH, et h, HOAc; sl ctc 
7850  N-Met hyl urea GH,N,O 598-50-5 74.081 orth рг (м, al) 104.9 дес 1.2040 vs Н,0, Et OH; i eth, bz s 6910 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7851 5-Met hyluri di ne Thymi ne ri bosi de 118,0; 1463-10-1 258.227 cry (Et OH) 184 
7852 3-Met hyl L-val пе L-t ertLeuci ne GH, N0; 20859-02-3 131.173 248 dec 
7853 2-(1-Met hyl vi nyl Jani li ne oH, 52562-19-3 133.190 1152, 9518 0.97725 512220 
7854 1-Ме! hyl -4-vi пу! cycl ohexene E 17699-86-4 122.207 liq 152 0.85 1.4707 
7855 4-(1-Met hyl vi nyl )-1-cycl оһехепе-1- 0-Регі 11 al dehyde 18,0 5503-12-8 150.217 oi | 238; 99 0.95320 50582  sctc 
carboxal dehyde, (А) 
7856 4-(1-Ме hyl vi nyl )-1-cycl оһехепе-1- /Peri || al dehyde 18,0 18031-40-8 150.217 oi | 104 0.964520 507220 = 
сагроха! dehyde, (S) = 
7857 4-(1-Met hyl vi пу!)-1-сус! ohexene-1- C, H, 0 536-59-4 152.233 244; 12.52 0.969020 50059 ме 
met hanol Л 
7858 (1-Met hyl vi nyl )cycl opropane glo 4663-22-3 82.143 liq -102.3 70 0.75% 425220 б 
7859 Met hyl vi nyl et her 30 107-25-5 58.079 col gas -122 55 0.7729 37300 51 HO; vs Et OH, et h, асе, bz E 
7860 Methyl Vi olet C.l. Basi c Vi olet 1 zi Hos CL М 8004-87-3 393.952 bl -vi ol pow 137 dec sJ0, Et OH 
7861 Met hysergi de СН, 0, 361-37-5 353.458 cry 195 e 
7862 Met hyst i ci n 156,05 495-85-2 274.269 па (MeOH), pr 137 2. 
(ace) л 
7863 Met obromuron 3-p-Bromophenyl)-1-met hoxy-1- ^ C,H,BrN,O, 3060-89-7 259.099 95 1.6020 < 
met hyl urea 7 
7864 Met ol achl or НСМ) 51218-45-2 283.795 1000001 1.1220 2 
7865 Met ol azone GH4CI NOS 17560-51-9 365.834 cry (Et OH) 254 
7866 Met оргоо! t art rat e BUM 56392-17-7 684.815 Cry 121 ° 
7867 Metri buzi n 9E N08 21087-64-9 214.288 126 1.3120 о 
7868 Met roni 082016 2-Met ћу! -5-ni ІНӨ-іпі dazole-1-  C,H,N,0, 443-48-1 171.153 160.5 ж 
et hanol e 
7869 Met sul f uron-met hyl 48550,6: 74223-64-6 381.364 wh cry 163 si HO » 
7870 Mei nphos СН, ОБР 7786-34-7 224.148 21(B,6.9(Z) 10193 2 
7871  Mexacarbat e 4-(Di met һу! ami no)-3,5-xyl yl C. H, №05 315-18-4 222.283 cry 85 vs Et OH, bz, ace б 
met ћу! carbamat е б 
7872 МОК 264 C: H, 0, 113-48-4 275.387 «-20 157 1.04 2 
7873 Mi f epri st one RU-486 М0; 84371-65-3 429.594 cry 150 = 
7874 Mi тов! пе 610,0, 500-44-7 198.176 tab (м) 228 dec sl БО, i Et OH, et h, ace, bz; s di | > 
alk 
7875 Mi nocycli пе 28,0, 10118-90-8 457.476 ye-oran amorp 2 
soli d Я 
7876 МІ noxi di | 45150 38304-91-5 209.248 cry 248 i ace, bz, chl, sl; Et OH, MeOH ~ 
7877 МІ ра! ох Bi s(i sopropyl ami do)fluorophosphat вН,,КЮМ,ОР 371-86-8 182.175 cry (pet h) 65 128 51 ЊО S 
7878 Mi rex Hexachl oropent adi ene di mer 1000 2385-85-5 545.543 cry (bz) 485 dec vs bz, di ox 8 
7879 Mi soprost ol AH, 0; 59122-46-2 382.534 уе oi | 510 z 
7880 Mi t hramyci n Pli camyci n so Ho, 18378-89-7 1085.145 ye cry (ace) 182 S ЊО, Et OH, AcOEt ; sl bz, et h 8, 
7881 Мі tomyci n A „о МО 4055-39-4 349.338 purp nd 160 dec = 
7882 Mi t omyci n B 14,50; 4055-40-7 349.338 purp-bl nd dec 
7883 Mitomyci n C «№05 50-07-7 334.328 bl -vi ol cry 360 5/8, MeOH, ace 
7884 Mitotane «оС 53-19-0 320.04 7 
7885 Mi t ragyni ne 9-Met hoxycorynant hei di ne „а об О, 4098-40-2 398.495 wh атог ром 104 2355 S Et OH, chl, HOAc 
7886 Moli nate Et hyl 1- Са NOS 2212-67-1 187.302 2027 1.06320 
hexamet hyl enei mi necarbot hi ol at е 
7887 Moli ndone СНО; 7416-34-4 276.374 cry 180 
7888 Molybdenum hexacarbonyl GMo0, 13939-06-5 264.00 dec 150 505 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
7889 Monobut yl phi hal at e 1,2-Benzenedi carboxylic асі d, C,,H,,0, 31-70-4 222.237 pl (ace, al ) 73.5 vs Et ОН, chl 
monobut yl est er 
7890 Monobut ylt i nt ri chlori de 41506501 118-46-3 282.183 hyg li q -63 98 0.852 $ bz, CH,Cl, 
7891 Мопосгої ali ne 4 На NO, 315-22-0 325.357 wh рг (EtOH) 198 dec 
7892 Мопосгої ophos GH,NO;P 6923-22-4 223.164 55 125005 1337 
7893 Monoli nuron N*(4-Chl orophenyl )N-met hoxyA- — C; HCI NO; 746-81-2 214.648 soli d 77 
met hyl urea 
7894 Monomet hyl adi pat e 0, 627-91-8 160.168 И (МӨ- 9 15810 1.062320 1.42830 s Et OH = 
Me0H) we 
7895 Мопотеї ћу! gl ut arat e 8160, 501-27-5 146141 1587, 15010 1.16925 1.438120 n 
7896 Monosodi uml -gl ut amat e El NNaO, 42-41-2 169.113 580 о 
7897 Моди zone СМО 9395-58-5 351.399 136 schl Ё 
7898 Morin (510, 480-16-0 302.236 paye | E w, 303.5 px et h; vs EL OH; $ bz, al k; i ^ 
2 
7899 Morphi ne GH, NO; 57-27-2 285.338 рг 255 sub 190 | шар h, ace; s MeOH, ру; sl 5 
9 
7900 4-Morphol i nami ne AB, ,N,0 4319-49-7 102.134 166 1.0595 1.477220 < 
7901 Morpholi ne Tet rahydro-1,4-oxazi пе ШЕЙ 110-91-68 87120 hyg li q -4.8 128 1.0009 1.454820 msc НО; s Et OH, et h, ace, bz; sl z 
chl = 
7902 4-Morphol i necarboxal dehyde О, 4394-85-8 115.131 21 239 1.152020 1.484520 n 
7903 4-Morpholi neet hanami пе «16.М,0 2038-03-1 130.187 25.6 205 0.989720 14715? msc ЊО, Et OH, bz, li g; $ ace ° 
7904 4-Morpholi neet hanol 68410, 622-40-2 131.173 iq -0.8 227 1.0710 147639 5 Н,0, Et OH; sl ctc o 
7905 4-Morpholi nepropanami ne 4-(3-Ami nopropyl )morphol i ne 79,00 123-00-2 144.214 14 -15 220; 137 0.985420 1.47622 msc ЊО, Et OH, bz, li g; s ace; sl = 
їс 
7906 2-(4-Morphol i not hi o)benzot hi azole 4-(2-Benzot hi ао! y|t hi о)тогрпоиН 086... 102-77-2 252.355 cry (Et OH) 85 2; 
7907 4-(4-Morpholi nyl јап! li ne 10 Ho,N;0 2524-67-6 178.230 131.6 2 
7908 2-(4-Morphol i nyl di t hi o)benzot hi azole qs: 008, 95-32-9 284.420 135 a 
7909 Ми! dami ne ОН М0; 36069-45-1 457.688 210 Q 
7910 Murexi de 5,5-М t ri Lobarbi t uri caci d, атто 0, НМ,0, 3051-09-0 302.201 sl ЊО; i Et OH, et h; зак 2 
salt 
7911 Musci mol 5-(Ami nomet hyl)-Bf2i soxazolone | (Н,М0, 2163-96-4 114.103 cry (Et OH) 175 dec 5 
7912 Mycl obut ani | il; CEN, 88671-89-0 288.776 ye cry 65 20519 i НО, pet h; s Et OH ct 
7913  Mycophenol i c aci d 115,0; 24280-93-1 320.337 па (w) 141 i ВО; vs Et OH, et h, chl ; sl bz, t ol 2 
7914 В-Мугсепе 7-Met ћу! -3-met ћу! ene-1,6-oct adi ene „Н 123-35-3 136.234 167 0.8013" 1.472220 | НО; s Et OH, et h, bz, chl, HOAc > 
7915 Myri stici n 10; 607-91-0 192.21 <-20 216.5 1.141620 15403? i НО; 51 Et OH; s et h, bz = 
7916 Марат Sodi um et hyl enebi sdi t hi ocarbami 6,Н;М.Ма,5, 142-59-6 256.344 cry (w) 580 S 
aci d = 
7917 Nadolol ÇH,N0, 42200-33-9 309.40 cry (bz) =130 S Et OH; sl chl; i ace, et h, hx E 
7918 Ма!ед 1,2-Di bromo-22- EN C,H;Br,CIO,P 300-76-5 380.784 27 11005 1.9620 8, 
di chl oroet hyl phosphori c aci d, ~ 
di met ћу! est er 
7919 Nali di xi c aci d 25,0, 389-08-2 232.234 2295 sl Et OH, et h; s chl 
7920 Ма! теғ ene GHN0; 55096-26-9 339.429 cry (AcOEt ) 189 
7921 Nal orphi ne Acet orphi n 18.№Оз 62-67-9 311.375 cry (et h) 208 51 ED; s al k, ace, Et OH 
7922 Ма|охопе Со NO, 465-65-6 327.375 cry (AcOEt ) 178 i peth; s chl 
7923 Naltrexone САМО, 16590-41-3 341.402 сту (асе) 169 
7924 Мапаго! one 17-Hydroxyest r-4-en-3-one 6,550, 434-22-0 214.398 cry 112 S Et OH, et h, chl 
7925 Naphazoli пе hydrochl ori de ТК 550-99-2 245.727 51 НО 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7926 Napht hacene 2,3-Benzant hracene СН, 92-24-0 228.288 oran-ye If (bz, 357 sub i HO; sl bz; s con sulf 
xyl) 
7927 5,12-Марће hacenedi one СН 0, 1090-13-7 258.271 285 dec 5| ace, bz, gl НОАс 
7928 Мари hal ene GH, 91-20-3 128.171 mcl pl (al) 80.26 217.9 1.0259 1.5898% 1 ВО; s Et OH; vs et h, ace, bz, C$ 
7929 1-Марһі hal eneacet ami de АМО 86-86-2 185.221 nd(w, al ) sub 180 i ID; s et h, bz, CS, НОАс 
7930 1-Марће hal eneacet i c aci d 1-Napht hyl acet i c aci d НС 86-87-3 186.206 па (w) 135 dec sl НО, Et OH; vs et h, ace, chl ; s bz 
7931 2-Napht hal eneacet i c aci d 2-Napht hyl acet i c aci d 12H, 0€ 581-96-4 186.206 f (w) cry (bz) 143 vs et h, Li g, chl = 
7932 1-Марш hal eneacet oni t ri le НЫ 132-75-2 87.206 32.5 19278, 16312 1.61922 s Et OH T 
7933 1-Марһі hal enecarboni t ri le НОМ 86-53-3 15318 nd (li g) 37.5 299 1.1086 16298? | НО; vs Et OH, et h; s lig = 
7934 2-Марїї hal enecarboni t ri le НОМ 613-46-7 53.18 f (lig) 66 306.5 1.0785 51 HO, chl; s Et OH, eth, li g =ч 
7935 1-Марїї па! enecarbonyl chl ori de 4B; C1 0 879-18-5 190.626 20 297.5 2 
7936 2-Марһ hal епесагропу! chl ori de „210 2243-83-6 190.626 cry (pet h) 51 305 vs bz, et h, chl m 
7937 1-Napht hal enecarboxal dehyde 1111) 66-77-3 56.18 ра ye 335 292 1.150320 1.6507? | НО; $ Et OH, et h, ace, bz, sul f A 
7938 2-Марһі hal епесагроха! dehyde [КЕ 66-99-9 56.18 f (м) 62 160 1.0775% 1.62119 51 HO; vs Et OH, et h; $ ace ° 
7939 1-Napht hal enecarboxyl i c aci d 1-Napht hoi c aci d PSU! 86-55-5 172.18 па (HOAc-w,w, 161 »300 1.398% 1.46 i НО; vs et h, Et OH, chl 2 
4!) - 
7940 2-Марһі hal enecarboxyl i c aci d 2-Napht hoi c aci d PSU! 93-09-4 7218 па (li а, ст, 1855 >300 1.077 sl HO, DMSO, li g; s Et OH, et h, > 
sub) р! (ace) chl = 
7941 1,5-Napht hal enedi ami ne 1,5-Di ami nonapht hal ene по об 2243-62-1 158.199 pr(eth,al,w) 190 зиб 1% 5,0, Е OH, et h; vs chl а 
7942 1,8-Napht hal enedi ami ne 1,8-Di ami nonapht hal ene qo Hio, 479-27-6 158.199 66.5 20512 1.1265% 168289 ^ vs eth, Et OH © 
7943 2,3-Марїї hal enedi ami ne 2,3-Di ami nonapht hal ene «йл 771-97-1 158.199 If (eth, м) 199 1.0968 1.639228 51 HO, DMSO; vs Et OH; s et h = 
7944 1,8-Napht hal enedi carboxyl i c aci d Napht hal i c aci d ОС 518-05-8 216.190 260 i НО; 51 Et OH, et h ° 
7945 2,3-Napht hal enedi carboxyl i c ас! d 2160, 2169-87-1 216.190 рг d w 2445 i HO, bz, chl ; sl Et OH, et h, DMSO 5 
Su 
7946 2,6-Napht hal enedi carboxyl i c aci d 20, 1141-38-4 216.190 па (а! or sub) >300 dec vs Et OH > 
7947 2,6-Napht hal enedi carboxyl i c ас! d, Cua, 840-65-3 244.243 190.0 5 
di met hyl est er ^ 
7948 1,5-Марћ! halene di i socyanat e 1,5-Di i socyanat onapht halene — HNO, 3173-72-6 210.188 cry 127 18310 © 
7949 1,3-Napht hal enedi о Napht horesorci nol HO, 132-86-5 160.170 ШЕГІ 123.5 S ED, ОН, et h; sl ace, bz, li g < 
7950 1,4-Napht hal enedi о 18,0; 571-60-8 160.170 mel nd (bz, м) 192 S HO, Et OH, et h; $1 ace; i bz "5 
7951 1,5-Napht hal enedi о 18,0, 83-56-7 160.170 рг (м), па (sub) 262 dec sub sl is Et OH; vs et h, ace; | bz; 5 = 
НОАс 
7952 1,6-Napht hal enedi о 1490, 575-44-0 160.170 рг (02) 138 sub sl HO, Et OH; s et h, ace, bz, 2 
DMSO un 
T953 1,7-Napht hal enedi o NOS 575-38-2 160.170 nd (bz or sub) 180.5 sub sl HO; vs Et OH, et h; s bz, НОАс ~ 
7954 2,3-Марїї hal enedi о 1150, 92-44-4 160.170 И (м) 163.5 $ um Et OH, et h, ace, bz, 11 g, š 
HOAc E. 
7955 2,6-Napht hal enedi o 1150, 581-43-1 160.170 ort h pl (w) 220 sub sl Ж, bz; s Et OH, et h, ace; i lig = 
7956 2,7-Napht hal enedi o 1400, 582-17-2 160.170 па, (м, di | al), 193 sub S H,O, Et OH, et h, bz, chl ; $1 ace; 8, 
pl (di | al) i lig = 
7957 1,2-Napht hal enedi one 1,2-Napht hoqui none NOU! 524-42-5 158.154 ye-red nd (et h) 146 1.450% S H,O, Et OH, et h, sulf ; sl lig 
oran 11 (02) 
7958 1,4-Napht hal enedi one 1,4-Napht hoqui none NOU! 130-15-4 158.154 bt yend(al, 1285 sub sl HO; vs Et OH; set h, bz, chl , CS 
pet h) ye (sub) 
7959 1,5-Napht hal enedi sul f oni c aci d Armst rongs aci d 8:05, 81-04-9 288.297 р! OR dil 242 дес 1.493% vs H0; s Et OH; | eth 
НОАс, 
7960 1,6-Napht hal enedi sul f oni c aci d Napht hal ene-1,6-di sulf oni с асі dH40,S; С. 525-37-1 288.297 Tam n 125 dec vs H0; s Et OH; Г eth 
HOAc or w 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
7961 2,7-Napht hal enedi sul f oni c ас! d Napht hal ene-2,7-di sulf oni с асі Н,0,55 С. 92-41-1 288.297 ћуд па (сопс 199 S Њ0; sl con НСІ 
НСІ) 
7962 1-Марһі hal enemet hanami ne К 118-31-0 157.212 292 1.095820 S Et OH, et h, sulf , £S 
7963 1-Марїї hal enemet hanol 18,0 4780-79-4 158.196 па (w, al), cry 64 304; 1632 1.103980 51 ЊО; vs Et OH, et h 
bz-li g) 
7964  2-Napht hal enemet hanol 18,0 1592-38-7 158.196 Ї 813 178 sl HO; s Et OH, et h 
7965 1-Napht hal enesulf oni c aci d oc-Napht hyl sul f oni c aci d 10,5 85-47-2 208.234 рг (+2 м, dil 140 $ Н,0, Et OH; sl et h = 
НСІ) 
7966 2-Марће hal enesul f oni c aci d B-Napht ћу! sul f oni c aci d 10035 120-18-3 208.234 hyg pl (414), 91 dec 1.4415 vs Н,0, Et OH; s et h; sl bz = 
cry (+3w, un 
НСІ) = 
7967 1-Марһі hal enesul f ony! chl ori де «100105 85-46-1 226.680 f (eth) 68 209 14705 vs bz, et h, Et OH > 
7968 2-Марһі hal enesul f ony! chl ori де 1090105 93-11-8 226.680 ром ог 11 (bz- 81 20173, 14805 i ВО; s Et OH, bz, chl ; sl pet h; vs = 
pet h) eth б 
7969 1,4,5,8-Марћ! hal enet et racarboxyl i с СНО, 128-97-2 304.209 f ay (м, di | 320 sl ЊО, bz, chl , Et OH; vs ace 5 
әсі 0 НСІ 
7970 1-Марїї hal enet hi ol 1-Napht hyl mercapt an m 529-36-2 160.236 dec 285; 1.160720 1.680222 51 HO, di | alk; vs Et OH, et h z 
1612 
7971 2-Napht hal enet hi ol 2-Napht hyl mercapt an 86 91-60-1 160.236 pl (al) 81 288 1.5565 51 HO; vs Et OH, et h, li g 2 
7972  N-(1-Napht hal enyl )-1,2- СНС 1465-25-4 259.174 hex рг 189 vs Н,0, Et OH 9 
et hanedi ami пе, di hydrochl ori de ° 
7973 1-Napht hal enyl t hi ourea ANTU 16,5 86-88-4 202.275 pr (al) 198 i EO; sl Et OH, et h, ace т 
7974 Марһі ho[2,3-c]f uran-1,3-di one 2,3-Napht hal enedi carboxyl i c ас! Ф.›НьОз 716-39-2 198.174 246 sl Et OH, chl; s et h, bz © 
anhydri de x 
7975 1-Napht ho 1-Napht hal enol (80 90-15-3 144170 ye па (w) 95.0 288; 184^ ^ 1.09899 1.62249 1 НО; vs Et OH, et h; s ace, bz; sl ú 
їс 
7976 2-Napht ho 2-Napht hal enol (80 35-19-3 144170 те! 11 (w) 121.5 285 1.28 i HO; vs Et OH, et h; s bz, chl; sl li g 2 
7977 1-Napht hol, acet at e 1-Napht hyl acet at e 12140, 830-81-9 186.206 nd or pl (al) 49 114 i НО; Et OH, et h a 
7978 2-Марһі hol, acet at e 2-Napht ћу! acet at e 200, 523-11-1 186.206 nd (al) 71.0 132 i HO; s Et OH, et h, chl 5 
7979 р-Марһі hol benzei n fH, 0; 45-50-6 37443 123 2 
7980 1H,3H-Napht ho[1,8-cd]pyran-1,3- C, H,0, 81-84-5 198.174 215.0 i НО, et h, bz; 51 Et OH; s НОАС - 
di one ° 
7981 1-Napht hyl ami пе oc-Napht ћу! ami пе HN 34-32-7 143.185 492 300.7 1.022820 1.6140 8611 c 
7982 2-Napht hyl ami ne B-Napht hyl ami пе HUN 91-59-8 143.185 113 306.2 1.641498 1.6493%  sHjO, Et OH, et h 2 
7983 2-[(1-Napht hyl ami по) Napt al am GH;4NO, 32-66-1 291.30 185 1.42 i НО; sl Et OH, ace, bz, {Ра un 
carbonyl ]benzoi c aci d т 
7984 2-Napht ћу! benzoat e 2-Napht hal enol benzoat e 7160; 93-44-7 248.276 па ог рг (а!) 107 i ID; s Et OH; $1 et h, HOAc S 
7985 №1-МарйЕ hal епу! acet ami de 1218 NO 575-36-0 185.22 160 s H,0, Et OH; sl et h =. 
7986 N-1-Napht ћу! -1,2-et hanedi ami ne N-(1-Napht ћу! Jet hyl enedi ami пе PPM 551-09-7 186.252 vi sc lig 204 1.1145 1.664825 = 
7987 1-Napht һу! 2-hydroxybenzoat e -Napht hyl sali cylat e 17H,,0, 550-97-0 264.275 83 vs et h s 
7988 1-Марһ ћу! hydroxyl ami ne N-Hydroxyl -1-napht hal enami ne МО 607-30-7 159.184 79 =) 
7989 1-Napht hyl i sot hi ocyanat e 1-Isot hi ocyanat onapht halene — ,,H,NSC 551-06-4 185.246 wh nd (81) 58 vs bz, et h, Et OH, chl 
7990 М-2-Марће ћу! -2-napht hal enami пе В,В’-ОГ napht hyl ami пе 208.5 582:18-3 269.340 If (bz) 1722 471 i 9; sl Et OH, bz, DMSO; s et h, 
НОАс 
7991 (2-Napht hyl oxy)acet i c aci d 2-Napht hoxyacet i c aci d 121409 120-23-0 202.205 pr(w) 156 S H;0, Et OH, et h; 51 DMSO. 
7992 1-Napht ћу! phosphat e 1-Napht hal enol , di hydrogen C, H,0,P 1136-89-6 224.149 Cry 160 
phosphat e 
7993 2-Napht hyl sali cylat e 2-Napht һу! 2-hydroxybenzoat e Н, 613-78-5 264.275 cry (al) 95.5 111% i HO; sl Et OH; s et В, bz 
7994 1,5-Марһі hyri di ne 1,5-Di azanapht hal ene nn 254-79-5 130.147 ye nd (pet h) 75 1122 1.210020 


ТОРЕ 


2,7-Napht hal enedi sul f oaticd 


2-Napht hal enesul f опућ! ori de 


о 
Gee: 
о 


Napht ho[2,3-c]f uran-1,3-di one 


HOOC 


HOOC 


1,4,5,8-Napht hal enet et racarboxybbicd 


1-Napht hol 


NH; OH 
OH 


1-Napht hal enemet hanami ne 


1-Napht hal enemet hanol 


COOH 


COOH 


1-Napht hal enet hi ol 


0) 
О $ OH $ 8 


2-Napht hol 


1-Napht hol acet 


puc rm 


2-Napht hal enemet hanol 


ar 


2-Napht hal enet hi 


ol 


о 


ate 2-Napht hol acet at e 


> Ж о E Sones 


1-Napht hyl ami ne 


1-Napht hyl hydroxyl ami ne 


2- СД hyl ami ne 


cs 


ев 


1-Napht hyli sot hi ocyanat e 


-[(1-Napht ћу! ami no)carbonyl Јбепховоћ d 


N-2-Napht hyl -2-napht hal enami ne 


2-Napht hylbenzoat e 


(2-Napht ћу! oxy)acet ас! d 


ње s 


N-1-Napht hal enyl acet ami 


OH 


| 
О=5=0 


1-Napht hal епеви f огйо d 


Ох ОН 
2127 


2-Napht hal enesul f огасе d 


MS ^ 


N-(1-Napht 2 епу!) Ф 2-et hanedi amidiehydrochl ori de 


Hot y—— 
2, 


p-Napht hol benzei n 


О 


9 


но-?- ОН 


со cd 


1-Napht hylphosphat e 


х 2 


1-Napht hal enesul f опућ! ori de 


1-Napht hal enyl t hi ourea 


1H,3H-Napht ho[1,8-cd]pyran-1,3-di one 


gx МН? 


ээ 


N-1-Napht hyl -1,2-et hanedi ami пе 


2-Napht hylsal i cyl at е 


mao 


1-Napht hyl2-hydroxybenzoat e 


М. 


1,5-Napht hyri di ne 


(penuguo») SqNQOdIWOO ОМУОМО AO S.LNV.LSNOD 'IVOISAHd 


(443 


Physical 
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7995 1,6-Napht ћуп di ne 86% 253-72-5 130.147 295 
7996 Маргораті 06 Propanami deN N-di et ћу! -2-(1- СМО; 5299-99-7 271.355 75 
napht hal епу! оху)- 
7997 Маргохеп 6-Met hoxyec-met hyl -2- САО 22204-53-1 230.259 cry (ace/hx) 155 i НО; sl eth; s MeOH, chl 
napht hal eneacet i c aci d 
7998 Narcei ne 65150, 31-28-2 445.462 138 i ВО 
7999 Narcobarbi t al НВО, 25-55-3 303.152 115 51 ЊО; s Et OH, py 
8000 Nari ngeni n 0,0, 480-41-1 272.253 nd (di | al) 251 vs bz, et h, Et OH = 
8001 Nari ngi n ОНу0, 0236-47-2 580.535 nd (148) 51 ЊО, Et OH; i. eth, bz, chl; s ме 
HOAc Л 
8002 Neal barbi t al „а О, 561-83-1 238.282 156 vs ace, et h, Et OH о 
8003 Nellite Di ami daf os ШІЛДЕ 754-58-1 200.175 cry (ct c) 103.5 sl AcOEt , bz > 
8004 Neoabi et i c aci d 8(14),13(15)-Abi et adi en-18-oi с acjjH40.C 411-11-2 302.451 cry (EtOH aq) 173 
8005 Neobornyl ami ne Ни 2223-67-8 153.265 ром 184 vs ace, et h e 
8006 Меорепі ane 2,2-Di met ћу! propane Em 463-82-1 72.149 со! gas -16.4 9.48 0.58525 (р>1 1.34768 i НО; s Et OH, et h, ct c 2 
atm 
8007 Меорі пе НМ, 467-14-1 299.365 nd (pet h) 127.5 S HO, Et OH, et h, bz; vs chl ; sl li g < 
8008 Neost i gmi ne bromi de a BrN;O, — 114-80-7 303.195 cry (al -et h) 167 dec vs b0; s Et OH 2, 
8009 Мереі al act one 69.40 490-10-8 166.217 71005 1.066325 1.485925 2 
8010 ci sNerol i dol £50 142-50-7 222.366 276; 704. 0.877820 1.4898? vs Et OH; s et h, асе, НОАС ° 
8011 Мешіпе GH, №0 463-88-7 103.163 Syr vs Н,0, et h, Et OH т 
8012 Neutral Red GH,/CIN, 553-24-2 288.776 grn pow $H,0, et hyl ene glycol, Et OH; i ху | О 
8013 Ni al ami de (H, N,0; 51-12-7 298.340 151.6 я 
8014 Ni ске! (Il) acet at e «ФМ Q 373-02-4 176.782 vs H,O; s Et OH Q 
8015 Мі ске! bi s(di but yl di t hi ocarbamat e) AH Ni 9 13927-77-0 467.445 grn cry (bz/ 91 S bz, ace ” 
Et ОН) 5 
8016 Мі ске! bi s(2,4-pent anedi oat e) Ni ckel acet yl acet onat e о МО 3264-82-2 256.909 grn ort h cry 230 221! S Н,0, bz, chl , Et OH; Г eth ^ 
8017 Мі ске! carbonyl Ni ckel t et racarbonyl Ni Q 13463-39-3 170.734 col 114 -19.3 43 (ехр 60) 1.31 © 
8018 Мі ске! ocene Bi q5-2,4-cycl opent adi еп-1-//) — C4 H4 NI 1271-28-9 188.879 172 < 
пі ске! | 
8019 Мі cl osami de 14,010, 50-65-7 327.120 227 © 
8020 Ni cofibrat e QH4CINO, 31980-29-7 305.756 49 18004 5 
8021 Мі cosul f шоп fH. NOS 111991-09-4 410405 172 5 
8022 Ni cotelli ne 3,2^4' 3"- Terpyri di ne БН. № 494-04-2 233.268 pri smat i c nd 148 »300 50] et h; s bz, chl, Et OH n 
8023 Мі cot i nami de hypoxant hi ne Ni cot i ni c aci d adeni ne di nucl eot i 6 ,М,0 Р,  1851-07-6 664.410 pow © 
di nucl eot i de 5 
8024 В-М cot i nami de топопио eot i de NMN qu Hau; 0.P 1094-61-7 334.219 атог ром vs HO; i асе Б 
8025 1-М cot i ne по et hyl -2-pyrrol i di nyl )pyri аб „МУ 54-11-5 162231 hyg li q -79 247; 125 1.009720 1.5282? msc ЊО; vs Et OH, et h, chl; sli g E 
E = 
8026 Ni f urt hi azole 81(М,0,5 3570-75-0 254.224 cry 215 dec = 
8027 Nitralin 4-(Met ћу! sul f onyl)-2,6-diWWt ro-C H, №055 4726-14-1 345.371 150 
di propyl ani li ne 
8028 Nit rani li c aci d 2,5-Di hydroxy-3,6-di ni t го-2,5- С,Н.М,0, 479-22-1 230.088 gol d-ye pl (+w, 170 dec vs ЊО, Et OH; i eth 
сус! ohexadi ene-1,4-di one di | HNQ 
8029 Ni t rapyri n Pyri di ne, 2-chl oro-6- C H,CLN 1929-82-4 230.907 63 136" 
(t ri chl oromet hyl )- 
8030 Ni tri lot ri acet i c aci d N,N-Bi s(carboxymet hyl )gl ус! ne «1910, 139-13-9 191.138 pr cry (w) 242 dec sl НО, DMSO; s Et OH 
8031 2,2'2"-Ni t ri lot ri acet oni t ri le Tri cyanot ri met hylami ne 6861, 7327-60-8 134,139 nd (Et OH) 125.5 
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8032 Ni t roacet i c aci d 2100, 625-75-2 05.050 nd (chl) 92 dec vs bz, et h, Et OH, ch 
8033 Ni t roacet one 38-0; 10230-68-9 103.077 pl, nd (eth, bz) 50.3 108 vs bz, et h, Et OH 
8034 2-М t roani 11 ne 480,0; 88-74-4 38.124 710 284 0.901555 sl НО; s Et OH; vs et h, ace, bz, сїї! 
8035 3-Ni t roani 11 ne «10,0, 99-09-2 138.124 1134 dec 306 0.90112 SI HO, bz; s Et OH, et h, ace; vs 
еон 
8036 4-М t roani 11 пе 4804,0, 100-01-6 38.124 pa 5 mel nd 147.5 332 1.42420 i ws Et OH, et h, ace; sl bz, 
w D 
8037 2-Ni t roani sole 1-Met hoxy-2-ni t robenzene МО, 91-23-6 53.136 10.5 277; 1444 1.254020 1.51612 1 НО; msc Et OH, et h; s ctc = 
8038 3-М t roani sole 1-Met hoxy-3-ni t robenzene 10, 555-03-3 153.136 па (81), pl (bz- 38.5 258 1373" i НО; s Et OH; vs et h = 
ig 
8039 4-Ni t roani sole 1-Met hoxy-4-ni t robenzene МО, 100-17-4 53.136 pr (al), nd (di |. 54 274 1.21926 1.50709 1 НО; vs Et OH, et h; s ct c; sl pet h е 
41) 
8040 9-М t roant hracene „МО, 602-60-8 223.227 уе па (а!) рг 146 275" i HO; sl Et ОН, chl; vs ace, CS с 
НОАс ог ху!) С) 
8041 1-Ni t ro-9,10-ant hracenedi one 4 Ie, NO, 82-34-8 253211 па (НОАс) ye 2315 2707 i HO; sl Et OH, et h; $ ace, bz 5 
pr (ace) м 
8042 2-М t robenzal dehyde 16-0, 552-89-6 151.120 ye nd (w) 43.5 1535 1.284420 sl HO, chl ; vs Et OH, et h, ace, bz - 
8043 3-М t robenzal dehyde 18:10, 99-61-6 151.120 It ye nd (w) 58.5 162 1.279220 sl HO; s Et OH, et h, chl ; vs ace, bz E 
8044 4-М t robenzal dehyde 180, 555-16-8 51.120 If, pr (w) 107 sub 14% sl HO, li g; vs Et OH; s bz, chl, = 
HOAc 22 
8045 3-М t robenzami de 16,0, 645-09-0 166.134 142.7 312.5 S H,0, Et OH, et h ° 
8046 4-М t robenzami de МО 619-80-7 166.134 nd (w) 200.7 i BO; s Et OH, et h = 
8047 Ni t robenzene HNO, 98-95-3 23.110 5.7 210.8 1.20372 1.5562? sl HO, ct c; vs Et OH, et h, ace, bz 5 
8048 2-М t robenzeneacet i c ас! d 0-Ni t rophenyl acet i c aci d oH; RO, 3740-52-1 81.147 па (w, pl (dil al) 141.5 5,8, Et OH б 
8049 3-М t robenzeneacet i c ас! d т-М t rophenyl acet i c aci d #00, 1877-73-2 181.147 nd (w) 122 vs Et OH » 
8050 4-М t robenzeneacet i c aci d D-Ni t rophenyl acet i c aci d H780, 104-03-0 81.147 pa ye nd (w) 154 sl HO; s Et OH, et h, bz 2 
8051 2-М t robenzeneacet oni t ri le 2-Ni t robenzyl cyani de aH NOL 610-66-2 62.146 nd (di | al), рг 84 17812, 1381 vs ace, bz, et h, Et OH б 
(НОАс, а!) б 
8052 4-М t robenzeneacet oni t ri le 4-Ni t robenzyl cyani de 49,00 555-21-5 162.146 pr (al) 117 196? sl HO; s Et OH, et h, bz, chl о 
8053 4-М t ro-1,2-benzenedi ami ne 4-Nid-pbenyl enedi ami пе «%0, 99-56-9 153.139 dk red па (di | 199.5 S aci d = 
а!) 
8054 4-М t ro-1,3-benzenedi ami пе НО; 5131-58-8 53.139 огап рг (w) 161 = 
8055 5-М t ro-1,3-benzenedi ami ne НО, 5042-55-7 153.139 red cry (w) 143 2, 
8056 2-М t ro-1,4-benzenedi ami ne НО; 5307-14-2 53.139 140.0 > 
8057 3-М t ro-1,2-benzenedi carboxyl i c aci d 810, 603-11-2 211.129 pa ye pr (w) 218 sl НО, асе; s Et ОН; i bz, peth,chl |ж 
8058  4-Ni t ro-1,2-benzenedi carboxyl i c aci d ШЙ 610-27-5 211.129 pa ye nd (w, 164.8 S HO, Et OH; i. bz, chl, GSpet h 8 
et h) = 
8059 2-М t robenzeneet hanol GNO, 15121-84-3 67.162 1.0 267 1.195 1.563720 5 
8060 4-М t robenzeneet hanol GNO, 100-27-6 167.162 63 148 5 
8061 2-М t robenzenemet hanol 2-Ni t robenzyl al cohol #10, 612-25-9 153.136 nd (w) 74 270; 16820 51 НО; s Et OH, et h = 
8062 3-М t robenzenemet hanol 3-Ni t robenzyl al cohol ;H;NO, 619-25-0 53.136 ort h nd (w) 30.5 17? 1.29619 S H0, Et OH, et h; sl chl 
8063 4-М t robenzenemet hanol 4-Ni t robenzyl al cohol ;H;NO, 619-73-8 153.136 nd (w) 96.5 dec 255; 51 HO, ace; s Et OH, et h 
18512 
8064 2-Ni t robenzenesul f епу! chl ori de eH, C NOS 7669-54-7 189.620 ye nd (bz) 75 vs et h, bz, chl 
8065 4-МІ t robenzenesul f епу! chl ori de 40 NOS 937-32-6 89.620 уе If (peth) 52 125 vs bz 
8066 4-М t robenzenesul f опат! de «(0,5 6325-93-5 202.188 180 dec 
8067 3-М t robenzenesul f oni c aci d 61500,5 98-47-5 203.173 р! 48 vs HO; s Et OH; i. eth, bz 
8068 4-М t robenzenesul f oni c aci d 44055 138-42-1 203.173 95 vs HO 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8069 2-М t robenzenesul f опу! chl ori de «НСІ NQS 1694-92-4 221.619 pr(lig,eth- 685 seth; sl pet h 
pet h) 
8070 3-М t robenzenesul f ony! chl ori de 40 №05 121-51-7 221.619 mel pr (eth) па 64 i НО; s Et OH 
(ig) 
8071 4-Ni t robenzenesul f опу! chl ori de 61,001 NOS 98-74-8 221.619 mcl рг (peth) 79.5 148 s pet h 
8072 5-М t ro-#-benzi mi 082016 18550, 94-52-0 163.134 nd (w) 207.8 i BO, et h, bz, chl ; s aci d; vs Et OH 
8073 2-М t robenzoi c aci d #40, 552-16-9 167.120 tcl nd (w) 147.5 1.578 5,0, et h; vs Et OH, ace; $1 bz, li g 
8074 3-М t robenzoi c aci d 7HONO, 121-92-6 167.120 то! рг (w) 1411 1.4940 sl НО, bz; vs Et OH, et h, ace; s chl = 
8075 4-Ni t robenzoi c ас! d 7HENO, 62-23-7 167.120 те! If (w) 242 sub 1.670 vs ace, et h, Et OH, chl, MeOH ме 
8076 3-М t robenzoi c aci d, hydrazi de 7900, 618-94-0 181.149 153.5 51 HO, Et OH; i. eth, bz, chl Л 
8077 4-М t robenzoi c aci d, hydrazi de 79,00 636-97-5 181.149 215.5 sl HO, Et OH; i. et h, bz, chl a 
8078 3-Ni t robenzoni t ri le 1818,0; 619-24-9 148.119 118 16519 SH;O, Et OH, bz; vs et h, ace; | pet h > 
8079 4-Ni t robenzoni t ri le 1848,0, 619-72-7 148.119 150.0 51 HO, Et OH, et h; s chl, НОАс б 
8080 5-М t ro-#}-benzot ri azole МО; 2338-12-7 164.122 217 о 
8081 2-М t robenzoyl chl ori de #2110, 610-14-0 185.565 20 vs et h; sl ctc 2 
8082 3-М t robenzoyl chl ori de 7HQCI NO, 121-90-4 185.565 36 276.5 vseth - 
8083 4-Ni t robenzoyl chlori de МО, 122-04-3 185.565 ye nd (li g) 75 2035, seth > 
15115 
8084 2-М t robi phenyl 2-Ni t ro-1,1’-bi phenyl „Но МО; 86-00-0 199.205 pl (al, MeOH) 37.2 320 14% | НО; s Et OH, et h, chl = 
8085 3-М t robi phenyl 3-Ni t ro-1,1’-bi phenyl НУЮ» 2113-58-8 199.205 уе T or nd (di | 62 227%, 1439 i НО; s Et OH, et h, НОАс, 110 Q 
a 
8086 4-М t robi phenyl 4-Ni t ro-1,1’-bi phenyl МО, 92-93-3 199.205 ye па (al) 114 340 i ID; sl Et OH; s et h, bz, chl, о 
HOAc 2 
8087 2-М 110-1,1-0 8! orophenyl ) СН CLNO, 117-27-1 310.176 cry 81 18001 5; 
ргорапе 
8088 1-М t robut ane 480; 627-05-4 103.120 153 0.970% 43032 51 ЊО; msc Et OH, et h; s alk 2 
8089 2-М t ro-1-but anol 4630, 609-31-4 119.119 -47 1059 133225 43909 50, ace; msc Et OH, et h; sl ctc с 
8090 3-М t ro-2-but anol „КОМО, 6270-16-2 119.119 919, 5505 126020 441420 e 
8091 6-М t rochrysene GH,,NO, 7496-02-8 273.286 ye nd (bz) 2215 dec 2 
8092 Ni t rocycl ohexane 48,10, 1122-60-7 129.157 liq -34 205; 98 061020 46129 1 НО; s Et OH, li g = 
8093 1-Ni t rodecane Н, NO, 4609-87-4 187.280 86! 43372 © 
8094 ЛЕМІ t rodi et hyl ami ne N-Et hyl Ani t roet hanami пе 415М0, 7119-92-8 118.134 206.5 05715 vs et h, Et OH 5 
8095 Ni troet hane ;BNO; 79-24-3 15.067 liq -89.5 1140 1.0448 391722 51 ЊО; msc Et OH, et h; $ ace, chl е 
8096 2-М t roet hanol JE NO, 625-48-9 91.066 liq -80 194102 1.2705 44389 msc ЊО, Et OH, et h; i bz Ф 
8097 Ni t roet hene МО, 3638-64-0 73.051 114 -55.5 98.5 1.2219 .4282? ^ vs Et OH, et h, ace, bz, chl © 
8098 (2-М t roet hyl benzene al GNO; 6125-24-2 151.163 liq -23 250; 13% — 1.12624 54079 z 
8099 Ni t rof en 2,4-Di chloro-1-(4-ni t rophenoxy) C4;H,CLNO, 1836-75-5 284.095 70 5 
benzene Е 
8100 2-М t ro-8-fluorene C. H,N0; 607-57-8 211.216 nd ын HOAc 159.3 i НО; s ace, bz = 
асе 
8101 2-М t ro-8-fluoren-9-one C44 H;NO; 3096-52-4 225.200 + ү: or If 2243 sub sl Et OH; s асе, sul f , НОАс 
HOAc) 
8102 5-М t ro-2-f ша! dehyde di acet at e Мо, 92-55-7 243.170 92.0 s chl 
8103 2-Ni t rof uran 46,30, 609-39-2 113.072 ye mcl cry 30 13412, 8413 S Н,0, Et OH, et h 
(pet h) 
8104 5-М t ro-2-f urancarboxal dehyde 5880, 698-63-5 141.083 ра ye (pet h) 35.5 1300 sl HO; s pet h 
8105 5-М t ro-2-f urancarboxyl i c aci d 51480, 645-12-5 157.082 ра ye р! (w) 186 sub s НО, Et OH, et h; sl ace, bz; i. chl 
8106 Ni t rof urant oi n aH 010; 67-20-9 238.158 263 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8107 Ni t rof urazone 2-[(5-Ni t ro-2-f uranyl ) СНО, 59-87-0 98.137 рауе па 238 dec i ВО, et h; sl Et OH, DMSO; s alk 
met hyl ene]hydrazi necarboxami de 
8108 Nitrogen must адфох! de Mechl oret hami ne oxi de hydrochl ori ден СС МО 302-70-5 208.514 pr (ace) 110 580 
hydrochl ori de 
8109 Ni t roguani di ne ЕЮ, 556-88-7 04.069 nd or pr (w) 239 dec sl HO, Et OH; Г eth; vs alk 
8110 1-М t rohexane H. NO; 646-14-0 131.173 193; 847 0.939620 14270? 1 НО; $ Et OH, et h, ace, bz, alk 
8111 3-М t ro-4-hydroxyphenyl агѕопі c aci d Roxarsone s H(AsNO; 121-19-7 263.037 ye nd or pl (w) 300 SI hot 10; i et h, Et OAc; vs MeOH, = 
Et OH 
8112 2-Ni t ro-#-i mi dazole Azomyci n 3,0, 527-73-1 13.075 cry (MeOH) 287 dec = 
8113 4-Ni t ro-#-i mi 082016 38,0; 3034-38-6 113.075 303 dec (2 
8114 5-Ni t ro-#-i ndazol e (HIN 0; 5401-94-5 63.134 yendorcol nd 208 s Et OH, et h, bz; vs ace, HOAc; i 110 2 
(al) 
8115 6-М t ro-#-i ndazole (HIN 0; 7597-18-4 163.134 nd (w, al, ace) 181 dec S HO, Et OH, et h, bz; vs асе; i 110 с 
8116 4-Ni t ro-1,3-i sobenzof urandi one ШЙ 641-70-3 193114 па (асе, а!) 164 i b0; s ОН, ace, HOAc; $1 bz e 
8117 5-М t ro-1,3-i sobenzof urandi one 81:00, 5466-84-2 93.114 120.3 196% i НО, pet h; s Et OH, ace; sl et h Z 
8118 2-Ni t roi sobut ane 450, 594-70-7 03.120 26.23 127.16 0.950128 14015? msc Et OH, et h, ace, bz; vs chl; i M 
alk 
8119 5-Ni t ro-#-i soi ndol e-1,3(9-di one GH,N,O, 89-40-7 192.129 col nd (м), уе! 202 VS ace > 
(al -ace) = 
8120 Ni t romersol 7AsHgNO, 133-58-4 351.71 i HO; sl ace, Et OH; s alk Ч 
8121 N-Ni t romet hanami ne 1%, 598-57-2 76.055 38 8210 1.2433% 1.46169 vs ЊО, Et OH, bz, chl; s et h; sl ° 
pet h 
8122 Ni t romet hane GNO, 75-52-5 61.041 liq -28.38 101.19 11377 1.381722 5 Н0, Et OH, et h, ace, ct c, alk z 
8123 (Ni t romet hyl )benzene 4610, 622-42-4 137.137 yeliq 226; 138 1.159620 1.53239 vs ace, et h б 
8124 Мі t ron GH N 2218-94-2 312.368 yelf (al) nd 189 dec vs ace, bz, Et OH, chl > 
(011) 
== 
8125 1-М t ronapht hal ene «000, 86-57-7 173.169 ye nd (81) 61 1804 1.3322 i НО; vs Et OH, et h, bz, chl, ру б 
8126 2-М t ronapht hal ene 108530, 581-89-5 173.169 yeorthndorpl 79 314; 16515 i НО; vs Et OH, et h б 
(al) © 
8127 1-Ni t ro-2-napht hol «80, 550-60-7 189.168 уе па, If orpr 104 15005 S Н,0, Et OH; vs et h; sl chl = 
(al) = 
8128 1-М t rooct ane 88:10, 629-37-8 159,227 15 208.5 0.934620 1.432220 2 
8129 1-М t ropent ane Ва МО; 628-05-7 117.147 72.5 0.952520 14175? 5 Et OH, et h, bz Z 
8130 3-М t ropent апе ви МО; 551-88-2 117.147 54 0,9572 vs ace, et h, Et OH Я 
8131 5-М t ro-1,10-phenant hrol i ne М0, 4199-88-6 225.203 202.3 22 
8132 2-Ni t rophenol МО; 88-75-5 139.109 yendorpr(eth, 44.8 216 29425 1.572399 s| HO; vs Et OH, et h, ace, bz, py 8 
al) 5 
+ 
8133 3-М t rophenol «NO, 554-84-7 139.109 ye mel (eth, aq 96.8 9470 2197100 51 HO, DMSO; vs Et OH, et h, ace, т 
Не!) bz Е 
б 
8134 4-Ni t rophenol BNO, 100-02-7 139.109 yemcl pr(to) 113.6 1479 sl HO; vs Et OH, et h, ace; st ol , py ы 
8135 1-М t ro-2-phenoxybenzene GH,NO, 2216-12-8 215.204 ye liq <-20 238, 1848 1.253922 1.57520 vs bz, et h, Et OH, chl 
8136 1-М t ro-4-phenoxybenzene GH NO; 620-88-2 215.204 pl (pet h), 61 320; 22530 i HO: sl Et OH, ct с; s et h, bz 
е0Н) 
8137 N-(2-Ni t rophenyl Jacet ami de 401,0, 552-32-9 180.161 94 100% 419% 5,0, Et OH, bz, chl, li g; vs et h 
8138 N-(3-Ni t rophenyl јасе! ami de 401,0, 122-28-1 180.161 wh If (al) 155 10007 S Н,0, Et OH, chl; i eth; sl tfa 
8139 М-4-М t rophenyl )acet ami de ШЕ 104-04-1 180.161 ye pr (w) 216 1000.008 sl HO, et h, chl ; s Et OH, tf a, alk 
8140 2-Ni t rophenyl acet at e 8100, 610-69-5 181.147 ndorpr(lig) 405 dec 253; S HO; vs Et OH, et h, ace, bz; sl li g 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
8141 4-М t rophenyl acet at e 81010, 830-03-5 181.147 lf (di | al) 82.3 4501 bz; s Et OH, chl, li g 
8142 2-Ni t roV-phenyl ani || ne „о №0, 119-75-5 214.219 75.5 21515 1.366020 i НО; s Et OH; sl ctc 
8143 4-М t roV-phenyl ani || ne 181490, 836-30-6 214.219 135.3 21190 i ВО; vs Et OH; $1 ace; s con sul f 
8144  (4-Ni t rophenyl јагзоп! c aci d Ni t arsone eH AGNO; 98-72-6 247.038 If or nd (w) >310 dec sl Ю, Et OH, DMSO 
8145 4-[(4-Ni t rophenyl Jazo]-1,3- Magneson САО, 74-39-5 259.217 red pow (al or 200 i НО; sl Et OH, bz, HOAc, t ol 
benzenedi ol MeOH) 
8146 1-[(4-Ni t rophenyl )azo]-2-napht hol па МО 6410-10-2 293.276 br-oran pl (to 257 vs bz, Et OH 
or bz) 
8147 (3-Ni t rophenyl )boroni c aci d eH(BNO, 3331-27-6 166.928 2145 
8148 1-(0-МІ t rophenyl et hanone 2-Ni t roacet ophenone oH; ND, 571-59-3 165.147 28.5 17832, 15816 1.23702 1.546820 | НО; vs Et OH, et h, chl 
8149 1-(3-Ni t rophenyl је! hanone 3-Ni t roacet ophenone 9H; ND, 21-89-1 165.147 nd (al) 81 202; 1678 vs ЊО, et h; 51 Et OH, chl 
8150 1-(4-Ni t rophenyl је! hanone 4-Ni t roacet ophenone 9H; ND, 00-19-6 165.147 ye pr (al) 81.8 165 vs et h, Et OH 
8151 2-Ni t ro-1-phenyl et hanone GNO, 614-21-1 165.147 106 15816, 14210 1.54609 vs et h, Et OH 
8152 (4-Ni t rophenyl )hydrazi пе 4650; 00-16-3 153.139 ШҮ If or 158 dec sl НО; s Et OH, et h, bz, chl , AcOEt 
nd (al 
8153 (4-Ni t rophenyl )phenyl met hanone 130505 144-74-7 227.215 nd or If (al) 138 1.406 vs bz 
8154 3-(4-Ni t rophenyl )-1-phenyl -2- Ni t rochal cone «НМ: 222-98-6 253.253 ра уе па (а!) pl 164 s EtOH, chl; i eth, lig 
propen-1-one (bz) 
8155 4-Ni t rophenyl phosphat e 4-Ni t rophenyl di hydrogen phosphat;H;N(ZP 330-13-2 219.089 ye-wh nd 155 i cold ED; s Et OH, chl, bz 
8156 3-(2-МІ t rophenyl )propanoi c aci d 2-Ni t robeazenepropanoi c aci d МОС 2001-32-3 195.172 ye cry 115 
8157 3-(4-МІ t rophenyl )propanoi c aci d 4-Ni t robenzenepropanoi c aci d. — 2М00 6642-79-8 195.172 nd (w) 163 
8158 3-(4-Ni t rophenyl )-2-propenal 4-Ni t roci nnamal dehyde 9H; М0; 734-79-8 177.157 nd (w, 21) 141.5 S НО, et h, ace, bz; vs Et OH 
8159 3-(2-М t rophenyl )-2-propynoi c aci d o-Ni t rophenyl propi ol с aci d «НУЮ, 530-85-8 191.141 “157 dec; тау 51 HO; vs Et OH, et h; і 68 
expl ode 
8160 1-Ni t ro-4-(phenylt hi o)benzene 1230,5 952-97-6 231.270 " yemcl pr 56 288100. vs et h, Et OH 
lig) 2405 
8161 (4-Ni t rophenyl )urea p-Ni t rophenyl urea МО 556-10-5 181.149 pr (al), nd (di | 238 vs ЊО, Et OH 
al) 
8162 ЛЕМІ tropi peri di ne НО 7119-94-0 130.145 liq -55 245; 12% 1.151975 1.495425 
8163 1-М t ropropane HNO, 108-03-2 89.094 liq -108 1311 0.996% 1.40182 sl НО: msc Et OH, et h; s chl 
8164 2-М t ropropane HNO, 79-46-9 89.094 liq -91.3 120.2 0.982 1.3944 5 НО; sch 
8165 3-М t ropropanoi c aci d 31000, 504-88-1 119.077 62 1.5920 vs HO, Et OH, et h; s chl; i lig 
8166 2-М t ro-1-propanol B;NO, 2902-96-7 105.093 12032, 1002 1.184125 14379? ЅН,0, Et OH, et h; sl chl 
8167 1-Ni t ro-1-propene Н№0> 3156-70-5 87.078 60%, 3710 1.06612 1.45272 set h, ace, chl 
8168 2-Ni t ro-1-propene HNO, 4749-28-4 87.078 ye-grn li q 52, 3230 1.05595 1.43582 seth, ace, chl 
8169 5-М t ro-2-propoxyani |i ne 416М,0, 553-79-7 196.202 огап (PrOH- 49 vs Et OH 
pet h) 
8170 N-(5-Ni t ro-2-propoxyphenyl ) 5-МІ t ro-2--propoxyacet ani 11 de a4 HONO, 553-20-8 238.240 cry (PrOH) 102.5 
acet ami de 
8171 1-Ni t ropyrene GH NO, 5522-43-0 247.248 уе па (MeCN) 152 
8172 5-Ni t ro-2-pyri di nami ne sH,8,0, 4214-76-0 139.113 ye lf (di | al) 188 5/ОНЄ h, bz, 11 g; s Et OH 
8173 4-М t ropyri di пе НО; 1122-61-8 124,098 р! (aq а!) 50 
8174 4-М t горуп di ne 1-oxi de 5Ң8,0, 1124-33-0 140.097 160.5 
8175 5-М t ropyri mi di nami ne 4H, N20; 3073-77-6 140101 nd (al) 236.5 51 HO, DMSO; s Et OH, ace; i. et h, 
bz 
8176 5-М t ro-2,4(RN3H)-pyri mi di nedi one — 5-Ni t rouraci | 4:90, 611-08-5 157.085 gol d nd (81) >300 exp 51 ED; s Et OH 
8177 5-М t ro-2,46(8,3H,5H)- 5-Ni t robarbi t uri c aci d 41460, 480-68-2 173.084 pr, If (w+3) 180.5 SED, EtOH; i eth 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 

8178 5-М t roqui nol i ne ШЕ 607-34-1 174.156 pl (м, а!) па 74 sub sl HO, chl; s Et OH, bz 
(+w) 

8179 6-Ni t roqui noli ne (4,0, 613-50-3 174.156 ye pl (НСІ- 1825 17002 S Н,0, Et OH; sl et h, chl; vs bz 
HOAc) 

8180 8-М t roqui nol i ne  H(N,0; 607-35-2 174.156 mcl pr (al) 91.5 SI ED, chl; s Et OH, et h, bz, aci d 

8181 4-Ni t roqui nol i ne 1-oxi de 250, 56-57-5 190,155 уе па, pl (асе) 154 

8182 5-М t ro-8-qui nol i nol Ni t roxol i ne HNC, 4008-48-4 190.155 180 

8183 Ni t rosobenzene HNO 586-96-9 107.110 ort h or mcl (al - 67 5818 i BO; s Et OH, et h, bz, li g 
eth 

8184 МЕМ t rosodi but yl ami ne Di but yl ni t rosami ne а МО C 924-16-3 158.241 1058 

8185 ЛЕМІ t rosodi et hanol ami пе 2,2-(М t rosoi mi no)et hanol «Но 0C 116-54-7 134.133 wh-ye oi 1 1289! 1.484920 

8186 ЛЕМІ t rosodi et hyl ami ne Di et hy! ni t rosami ne H, N,0 C 55-18-5 102.134 ув 0! 176.9 0.9422 14386? < H,0, Et OH, et h; sl ch 

8187 ММ t rosodi met hyl ami ne Di met ћу! ni t rosami ne 506 62-75-9 74.081 yeliq 152 1.0048 14360? vs H,0, Et OH, et h; s ch 

8188 p-Ni t гозом Л-аї met hylani li ne ШЕТІ) 38-89-6 150.177 grn pl (et h) 925 1149 SI HO; s Et OH, et h, chl, HCONH 

8189 ЛЕМІ t rosodi phenyl ami ne N,N-Di phenyl ni t rosami ne НО 86-30-6 198.219 ye pl (Li g) 66.5 i ®t sl Et OH, chl; $ bz 

8190 4-(М-Мі t rosomet hylami no)-1-(3- Ket one, 3-ругі dyl -ЗА те! hyl A+ Со N40; 64091-91-4 207.229 63 51 HO 

pyri dyl )-1-but anone ni t rosami no)propyl 

8191 ЛЕМІ t rosomet hyl et hyl ami ne 314 60 0595-95-6 88.108 yeliq 6? 

8192 ММ t го504-те! hyl vi nyl ami ne N-Met hyl Ani t rosoet henami пе НО 4549-40-0 86.092 yeliq 4T Ю 

8193 4-М t rosomorphol i ne N-Ni t rosomorphol i ne 4GN,0; 59-89-2 116.119 29 225; 140% 580 

8194 2-М t roso-1-napht hol «000, 32-53-6 73.169 157 dec 5 0. et h, bz, chl; s Et OH, ace, 

HOAc 

8195 1-Ni t roso-2-napht hol 1-Ni t rBsoapht hol QGH;NO, 31-91-9 73.169 ye-br nd (pet h) 109.5 vs bz, et h 

8196 ЛЕМІ t rosonorni cot i ne N-Ni t roso-3-(2-pyrrol i di nyl )pyri di né NGO 6543-55-8 177.202 15502 

8197 4-М t rosophenol (8510, 04-91-6 23.110 қ уе Hn nd 144 dec 51 ЊО; s Et OH, et h, ace, bz, di | al k 
ace, 07 

8198 4-Ni t rosgv-phenyl ani | i ne p-Ni t rosodi phenyl ami ne oH N,O 56-10-5 198.219 143 51 HO, li g; vs Et OH, et h, bz 

8199 ЛЕМІ t тозор! peri di ne 1-Ni t rosopi peri di ne Но №06 00-75-4 114.145 ра уе 219; 10920 063115 49338  sH;O, НСІ 

8200 ЛЕМІ t rosoV-propyl-1-propanami ne ЛЕМІ t rosodi propyl ami пе ШЕЕ 621-64-7 30.187 gol d 206; 113° — 0.9163? 4437 sl НО; msc Et OH, et h 

8201 ММ t rosopyrrol i di ne 480,0 930-55-2 00.119 214 085% 48802 

8202 5-Ni t ro-2-t hi azol ami ne 2-Ami no-5-ni t rot hi azole 3H,N,0,€ 21-66-4 145.140 oran-ye pow 202 dec 

8203  N-(5-Ni t ro-2-t hi ато! yl )acet ami de Ami ni t rozol e 55056 40-40-9 87177 5 А), pl 264.5 зак 
НОАс) 

8204 4-М t rot hi oani sole 7980,5 701-57-5 169.202 72 1372 23919 .6401? — i НО; $ ace, bz 

8205 2-Ni t rot hi ophene 40,5 609-40-5 129.138 Гувтс nd 46.5 224.5 .96445 i HO; vs Et OH; s alk; sl pet h 
(pet h) 

8206 2-М t rot ol uene 1610, 88-72-2 137.137 iq -10.4 222 1.161 54500 1 НО; msc Et OH, et h; s ctc 

8207 3-Ni t rot ol uene 760, 99-08-1 137.137 ра ye 155 232 158120 5466 i НО; s Et OH, bz, ct c; msc et h 

8208 4-М t rot ol uene 160, 99-99-0 137.137 ort h cry (al, 51.63 238.3 10385 i НО; s Et OH; vs et h, ace, bz, chl 
et h) 

8209 1-Ni t ro-2-(t ri fluoromet ћу! )benzene 11,6,М0, 384-22-5 191.108 cry (al) 32.5 217; 1059 i ВО; vs Et OH, НОАс, bz; sl сіс 

8210 1-Ni t ro-3-(t ri fluoromet ћу! )benzene 7H,E,NO, 98-46-4 191.108 ig -24 202.8; 108 1.435715 47190 | НО; s Et OH, et h; sl сіс 

8211 Ni t rourea CHILO, 556-89-8 105.053 pl (al -pet h) 158 dec vs ace, Et 0H 

8212 t rans(2-Ni t rovi nyl )benzene GNO; 5153-67-3 149.148 ye pr (peth, al) 60 255 9; s Et OH, ace; vs et h, chl , CS 

8213 Мі val enol 690; 23282-20-4 312.316 сту (MeOH) 224 dec 51 ЊО; s Et OH, MeOH 

8214 Ni zat i di ne 5E. N,O,S, 76963-41-2 331.458 cry (Et OH/ 131 51 ЊО; s MeOH; уз chl; i bz, eth 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8215 2,2,3,3,4,5,5,6,0- C, HCl; 52663-77-1 464.213 су 180.5 i ВО 
Nonachl orobi phenyl 

8216 Nonacont ane СН 7667-51-8 1264.408 612200 

8217 Мопасоѕапе СН 630-03-5 408.786 ort h cry (peth) 63.7 440.8 0.8083 14529? | HO; vs Et OH, et h, ace; s bz; sl 
chl 

8218 Nonadecafluorodecanoi c aci d НЕ 0, 335-76-2 514.084 219 

8219 Мопадесапе C. Has 629-92-5 268.521 Wax 32.0 329.9 0.785520 1.44090 | НО; 51 Et OH; s et h, асе, ct c 

8220 Мопадесапо! с aci d На; 646-30-0 298.504 If (al) 69.4 297, 0.8468” i HO; vs Et OH, et h, bz, chl, li g 

22810 

8221 1-Nonadecanol CH, 0 1454-84-8 284.520 cry (ace) 61.7 345; 16603 1.43285 seth, ace 

8222 2-Мопадесапопе C, H, 0 629-66-3 282.504 pr (al) 57 26679, 1652 0.810856 i HO; sl Et OH; $ ace, bz; vs et h, 
їс 

8223 10-Мопадесапопе Сл О 504-57-4 282.504 If (al) 65.5 >350; 156 i HO; sl Et OH; s et h, ace, li g; vs 
bz 

8224 1-Мопадесепе Ci Hag 18435-45-5 266.505 23.4 329.0 0.788625 44455 

8225 Мопадесу! benzene Cs Ha 29136-19-4 344.617 40 419 0.854520 48072 

8226 ranst rans2,4-Nonadi епа! (H0 5910-87-2 138.206 9870 0.86225 .5207? 

8227 1,8-Nonadi ene ОН 4900-30-5 124.223 142.5 0.751120 43022 

8228 2,6-Мопад! en-1-ol (H, 0 7786-44-9 40.222 1082, 98" 0.860425 „45985 

8229 1,8-Мопад! yne ОН, 2396-65-8 120.191 iq -27.3 162 0.8158 .4490 1 НО; s eth, ace 

8230 Мопапа! Nonal dehyde GH, 0 24-19-6 142.238 -19.3 191 0.826422 42730 seth, chl 

8231 Мопапе СН 11-84-2 28.255 iq -53.46 150.82 0.7192 .4058? 1 НО; vs Et OH, et h; msc ace, bz, 
hp 

8232 Nonanedi oi c aci d Azelai c aci d oH, ©, 23-99-9 188.221 f ornd 106.5 2870, 12255 4303 sl HO, et h, bz, DMSO; s Et OH 

22510 

8233 1,9-Nonanedi ol (Но; 3937-56-2 60.254 cry (bz) 45.8 17320, 1508 51 HO; vs Et OH, et h; s bz i lig 

8234 Мопапеа! оу! di chl ori de 416610, 23-98-8 225.112 16615 1.143 46809 s et h; vs bz 

8235 Nonaneni t ri le ШИ 2243-21-8 139.238 iq -342 2244 0.8178 4255?  j HO; s Et OH, et h; sl ctc 

8236 1-Мопапе hi ol Nonyl mercapt an gS 455-21-6 60.320 14 -20.1 220 0.842 45482 

8237 Мопапо! c aci d Pel argoni c aci d 4160, 12-05-0 58.238 124 254.5 0.905220 .43439 1 НО; s Et OH, et h, chl 

8238 1-Мопапо! Nonyl al cohol (8,0 43-08-8 144.254 iq -5 213.37 0.8289 43339 | НО; s Et OH, et h; sl сіс 

8239 2-Мопапо!, (+) GH,0 74683-66-2 144.254 iq -85 93.5 0.8477 435391 НО; vs et h, ОН 

8240 3-Мопапо!, (+) СН, 0 74742-08-8 44,254 22 195; 938 0.825020 .4289? 1 НО; s Et OH, eth 

8241 4-Мопапо! GH,0 52708-03-9 144.254 192.5; 9418 0.828220 4497?  j ВО, s Et OH, et h 

8242 5-Мопапо! Di but yl carbi nol 4160 623-93-8 144.254 56 193; 97? 0.822020 .4289? | НО; s EtOH 

8243 2-Мопапопе Hept yl met ћу! ket опе 4150 821-55-6 42.238 iq -7.5 95.3 0.8208 .4210 1 НО; s Et OH, et h, bz; vs ace, chl 

8244 3-Мопапопе Et hyl hexyl ket one 48:50 925-18-0 142.238 iq -8 90; 88 0482412 .4208? 1 HO; $ Et OH, et h, bz, chl ; vs ace 

8245 4-Мопапопе Pent yl propyl ket one 98130 4485-09-0 142.238 187.5 0.819025 „41890 i НО; s Et OH, et h, chl ; vs ace 

8246 5-Мопапопе Di but yl ket one 96,0 502-56-7 42.238 iq -3.8 88.45 0.8217 419502 1 НО; s Et OH; vs et h, chl 

8247 Мопапоу! chlori de 4,010 164-85-2 176.683 liq -60.5 215.3 0.9463 S et h, ace 

8248 t rans2-Nonenal GH, 0 18829-56-6 140.222 iq 06892 0.846 45312 

8249 1-Мопепе CH, 124-11-8 26.239 iq -81.3 46.9 0.7253 4257 

8250 2-Nonenoi c aci d 48,0; 3760-11-0 56.222 173%, 1365 

8251 3-Мопепо! c ас! d 48,0, 4124-88-3 156.222 -4.4 156", 106! 0.925420 44545 

8252 1-Мопеп-3-01 1-Vi nyl hept anol 4:0 21964-44-3 42.238 193.5 0.82421 4382" 

8253 Nonyl acet at e 69,0, 143-13-5 86.292 iq -26 210 0.8785 4262 

8254 Nonylami ne 1-Nonanami ne 8. 112-20-9 143.270 iq -1 202.2 0.7888 43360 51 ЊО, chl; $ Et OH, et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8255 Мопу! benzene бын, 1081-77-2 204.352 iq -24 280.5 0.858% 48162 
8256  Мопу!сус! ohexane "um 2883-02-5 210.399 iq -10 282 0.8163 45192 
8257 Мопу!сус! opent ane СН» 2882-98-6 96.372 iq -29 262 0.8087 4467 vs ace, bz, et h, Et OH 
8258 Мопу! f ormat e 1,0; 5451-92-3 12.265 iq -33 214 0.86 1.4218 
8259 1-Мопу! napht hal ene ОН 26438-26-6 254.409 8 366 0.937120 54779 
8260 4-Nonyl phenol (5,0 104-40-5 220.351 vi scyeliq 42 =295; 180% 0.95020 5132 i HO; 5 bz, ct c, hp 
8261 1-Мопупе Hept yl acet yl ene Big 3452-09-3 24.223 iq -50 150.8 0.7658 4217? | НО; seth, bz, ctc - 
8262 Norbormi de G; H5 N40; 991-42-4 511.570 cry (et h) 194 = 
8263 2,5-Norbornadi ene Ві cycl o[2.2.1]hept a-2,5-di ene НС 121-46-0 92.139 iq -19.1 895 0.906% 47022 1 НО; s Et OH, et h, ace, bz; msc t ol = 
8264 5- orbornene-2,3-di carboxyl i c aci d C; HO; 826-62-0 64.158 166 = 
anhydri de > 
8265 5-Norbornene-2-met hyl ol acryl at е 118440; 95-39-6 178.228 col liq 104 09 505 m 
8266 24-Norchol an-23-oi c aci d, ff) Norchol ani c aci d 2,0, 511-18-2 346.547 nd(HOAc) 177 о 
8267 Nordazepam T-Chloro-1,3-di hydro-5-phenyl-2- ^ C, H,CINO 1088-11-5 210.713 216.5 9 
1,4-benzodi azepi n-2-one 2 
8268 Nordi hydroguai aret i c aci d 44160, 500-38-9 302.366 nd(w,al,HOAc) 185.5 51 НО; s Et OH, et h, асе, alk; i bz | юм 
8269 Norea Сао 18530-56-8 222.326 177 > 
8270 Могер! nephri ne Noradrenal i пе a NO, 51-41-2 169.178 217 dec sl HO, Et OH, et h; vs alk, di | НСІ 2 
8271 Noret hi st erone 19-Norpregn-4-en-20-yn-3-one, 17- Сун 0; 68-22-4 298.419 cry 204 un 
hydroxy-, (17 о)- © 
8272 Noret hynodrel 60, 68-23-5 298.419 cry (MeOH) 170 = 
8273 Norflurazon CoH CIENO 27314-13-2 303.666 184 ° 
8274 Norhyoscyami ne ҮЛГІ 537-29-1 275.343 па 140.5 vs Et OH, chl 5 
8275  DL-Norl вий! ne 2-Ami nohexanoi c aci 210 C H. МО; 616-06-8 131.173 If (w) 327 dec 1472 sH,O;sl Et OH; i eth » 
8276 1-Мог euci пе 2-Ami nohexanoi с aci Ig, ( CH, NO; 327-57-1 131.173 301 dec si HO 2 
8277 Normorphi ne (51:10, 466-97-7 271.311 273 о 
8278 Norplant Norgest rel , (-) 211550, 797-63-7 312.446 cry (MeOH) 206 (~ 
8279 19-Моп est ost erone phenyl propi onat e — Nandrol one phenpropi onat e sr ll 62-90-8 406.557 Cry 95 ° 
8280 Nort ri pt yl i ne hydrochl ori де + ЊИМ 894-71-3 299.838 cry (et h) 214 S ED, Et OH; i. bz, et h, ace < 
8281 DI-Norvali ne 2-Ami nopent anoi c aci d, (+) 51:00, 760-78-1 117.147 If (al м) 303 sub 81 Et OH, et h, chl , AcOEt , li g 5 
8282 L-Norvali ne 2-Ami nopent anoi с ас], ( CsH 0, 6600-40-4 117.147 cry (di | al) 307 50 = 
8283 М озсар! ne БҰЛТ 128-62-1 413.421 pr or nd (а!) 176 i ED; s Et OH, bz, chl; sl et h; vs 2 
асв 
8284 Novobi oci n St rept oni vi ci n aig oO 303-81-1 612.624 wh-ye orth cry 154 1.3448 i 0; s Et OH, Et OAc, ace, py = 
8285 Мџап mol ОН СО — 63284-71-9 314.740 126 © 
8286 Nyli dri n Bupheni ne по NO, 447-41-6 299.408 cry (MeOH) 11 z 
8287 Ochrat oxi n A £H4CINQ, 303-47-9 403.813 cry (ху!) 169 = 
8288 Ochrat oxi n B GH, NO, 4825-86-9 369.368 cry (MeOH) 221 s 
8289 Ochrat oxi n C GH,CINOQ, 4865-85-4 431.866 amorp sol i d = 
8290 Oct acai пе 3-(Di et hyl ami Мө)- C H,N,0 13912-77-1 234.337 cry 47 200! vs Et ОН, bz, et h 
phenyl but anami de 
8291 2,2,3,3,5,5,6,6-0сі аспі orobi phenyl 48,01, 2136-99-4 429.768 cry 161 i 0 
8292 Oct achl orocycl opent ene Perchl orocycl opent ene 506 706-78-5 343.678 nd 40 283 1.820050 1.56609 | НО; vs Et OH 
8293 Осі achl ого! benzp-di oxi n 501,0; 3268-87-9 459.751 nd 331 
8294 004 achl oronapht hal ene Perchl oronapht hal ene 10% 2234-13-1 403.731 nd(bz-CCl) 197.5 4417, 24805 sl Et OH; vs bz, chl, li g 
8295 Oct achl orost yrene Perchl orost yrene 48, 29082-74-4 379.710 cry (ace/Et OH) 99 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
8296 Осі acont ane Hao 7667-88-1 1124.142 112 672 
8297 Oct acosane G Has 630-02-4 394.761 mel or ort h (bz- 61.1 431.6 0.80672 14330? | НО; msc асе; s bz, chl 
al) 
8298 Oct acosanoi c aci d Mont ani c aci d "run 506-48-9 424.744 90.9 0.81911% 1.431300 ув bz, chl 
8299 1-0сі acosanol Mont апу! al cohol 28660 557-61-9 410.760 cry (асе, peth) 83.4 200 i НО; $ CS, 
8300 t rans, t ran9,12-Oct adecadi enoi c aci di nol elai di c aci d 44160, 506-21-8 280.446 cry (MeOH) 285 18108 sl НО; s ace, hx 
8301 Oct adecahydrochrysene баны 2090-14-4 246.431 115 353 vs Et OH = 
8302 Oct adecamet ћу! oct asi | oxane NISUS 556-69-4 607.302 -63 1862, 1535 0.91325 39700 vs bz, pet h, li g T 
8303 Oct adecanami de СН Мо 124-26-5 283.493 If (а 109 250 vs et h, chl = 
8304 Oct adecane байж 593-45-3 254.495 Ч h- 282 316.3 0.776828 4390? i НО; 51 Et OH; s eth, асе, chl, li g Е 
8305 Oct adecaneni t ri le 185 638-65-3 265.478 41 362 0.832520 „43896 — i НО; s Et OH; vs et В, ace, chl E 
8306 1-0сі adecanet hi ol St earyl mercapt an at GS 2885-00-9 286.560 30 207" 0.847520 46459  vseth б 
8307 1-0сі adecanol St вагу! al cohol 1810380 112-92-5 270.494 If (а 57.9 335; 21015 0.812459 i НО; s Et OH, et h; sl ace, bz о 
8308 Oct adecanoyl chl ori de 10610 112-76-5 302.923 23 2155 0.8969? 45234 s| Et OH 2 
8309 trans,ci 5,1 12 11,13- сі SEl eost вай c aci d 180; 506-23-0 278.430 па (а! 49 2352 dec, 0.902850 51120 — vs et h, ОН = 
Oct adecat гі enoi c aci d 170! » 
8310 trans, rans,t rar8,11,13- t ransEl eost eari с aci d 183002 544-73-0 278.430 If (a 715 188 0.883980 50008 vs Et OH 2 
Oct адеса! ri enoi c aci d | 
8311 сі s9-Oct adecenami de Само 301-02-0 281.477 76 vseth ° 
8312 1-Oct adecene бан; 12-88-9 252.479 175 1795, 1458 0.789120 „44480 1 НО; $ асе, сіс = 
8313 сі 59-Oct adeceneni t ri le NN 12-91-4 263.462 -1 dec 332 0.84717 45662 vs Et OH o 
8314 сі s6-Oct adecenoi c aci d Pet rosel i ni c aci d qo Hs; 593-39-0 282.462 If 29.8 238 0.8700% 45339 s et h; sl hp, MeOH я 
8315 t rans11-Oct adecenoi c ас! d Vacceni c aci d 4160, 693-72-1 282.462 44 44999 ^ sace Q 
8316 сі 59-Oct адесеп-1-01 Ol еуі alcohol 180 43-28-2 268.478 6.5 2075 0.84892 4606? i НО; s Et OH, et h; sl ctc 2 
8317 сі 59-0сі adecenyl ami ne Ol eyl ami ne 48187 12-90-3 267.494 oi | 25 147 5 
8318 Oct adecyl acet at e afl 0; 822-23-1 312.531 34.5 2089 0.851030 vs Et OH с 
8319 Oct adecyl acrylat e St earyl 2-propenoat e „НОО 4813-57-4 324,542 sctc, CS © 
8320 Oct adecyl ami пе 1-Oct adecanami пе PM 24-30-1 269.510 cry (w) 52.9 346.8 0.861820 „45220 | НО; s Et OH, et h, bz; sl ace = 
8321 Осі adecyl benzene бо 4445-07-2 330.590 36 400 0.85% 419% 5 
8322 Осі adecyl сус! ohexane Она 4445-06-1 336.638 41.6 409; 175! 0.830020 „46109 е 
8323 Осі adecyl 3-(3,5-dit-ertbut yl -4- Irganox 1076 Ca Hg 04 2082-79-3 530.865 cry (MeOH/ 50 z 
hydroxyphenyl )propanoat e AcOEt ) > 
8324 Oct adecyl i socyanat e 1-Isocyanat оос! adecane sgt GNO 112-96-9 295.503 15.5 725 223 
8325 Осі adecyl met hacrylat e St вагу! met hacryl at e Pm 32360-05-7 338.567 956 0.88025 429% 8 
8326 Oct adecyl oct adecanoat e Oct адесу! st earat e 36H70; 2778-96-3 536.956 cry (Et OH) 60 z 
8327 3-(Octadecyloxy)-1,2-propanedi ol Bat yl al cohol НПО; 544-62-7 344.572 70.5 2172 vseth = 
8328 Oct adecyl vi пу! et her 1-(Et henyl oxy)oct adecane Pan 930-02-9 296.531 30 823 0.8138 sl chl б 
8329 1,7-0сі adi ene КОЈИ 3710-30-3 110.197 15.5 0.73420 42452 = 
8330 1,7-0сі adi yne во 871-84-1 106.165 35.5; 59% 0.81692 45219 seth 
8331 2,2,3,3,4,4,5,5-Oct afluoro-1-pent anol FO 355-80-6 232.072 40.5 1.664720 1317820 
8332 1,2,3,4,5,6,7,8-Oct ahydroant hracene ОН» 1079-71-6 186.293 р! (81) 78 294 0.97039 53709 | HO; s Et OH, НОАс; vs bz; sl ct c 
8333 Oct ahydroazoci ne ЯМ 1121-92-2 113.201 29 525 0.8962 47202 
8334 Oct ahydroi ndene Hy 496-10-6 124.223 lig -53 167 0.876 470220 
8335 Осі ahydroi ndol i zi ne ШЕ 13618-93-4 125.212 158 0.907410 4148 vs et h, Et OH 
8336 t ransOct ahydro-1(24)- C, H, 0 21370-71-8 152.233 33 12220 0.98620 „48497 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8337 1,2,3,4,5,6,7,8- С,На 5325-97-3 186.293 16.7 295 1.02620 1.55697 1 НО; $ ace, bz, CS, НОАс 

Oct ahydrophenant hrene 
8338 t ransOct ahydro-21-qui noli zi пе-1- Lupi ni ne 01540 486-70-4 169.264 ort h (pet h) 70 270 S $0, Et OH, et h, bz, chl; sl pet h 

met hanol , (8) 
8339 2,2,4,4,6,6,8,8- C Hog М,51, 020-84-4 292.677 97 

Oct amet ћу! cycl ot et rasi | azane 
8340 Осі amet hyl сус! ot et rasi | oxane aH, 0,Si, 556-67-2 296.617 17.55 75.8 0.956120 39600 110506 
8341 1,1,1,3,5,7,7,7- 6Н,0451, 6066-09-4 282.632 70 0.855920 3854 = 

Oct amet hylt et газ! | охапе = 
8342 Oct amet hylt ri si Гохапе 815405), 07-51-7 236.533 iq -80 153; 5 0.820020 .3840 sl Et OH; $ bz, pet h аз 
8343 Oct anal Capryl i c al dehyde 48,0 24-13-0 128.212 71 0.821120 42172 vs асе, bz, et h, Et OH = 
8344 Oct anami де (NO 629-01-6 143.227 f, pl 108 239 0.8450 sl НО, bz, chl ; vs Et OH; $ et h, ace > 
8345  2-Oct anami пе, (+) (HN 44855-57-4 129.244 97 64 0.774420 „42325 vs et h, Et OH c 
8346 Oct ane ШІ 11-65-9 114.229 iq -56.82 125.67 0.6986 394451 НО; s et h; msc Et OH, ace, bz ж 
8347 1,8-0сі anedi ami ne oo, 373-44-4 144,258 р! 51.64 225 уз HO, et h, Et OH 2 
8348 Осі anedi ni t ri le Suberoni t ri 1e aio, C 629-40-3 136.194 -18 8575 0.95425 44362 22 
8349 Oct anedi oi с aci d Suberi c aci d 8140, 505-48-6 174.195 ondorpl (м) 144 21% i НО; msc et h, bz; 51 DMSO < 
8350 1,2-Octanedi ol 180, 117-86-8 46.228 30 317), 10402 2 
8351 1,8-0сі anedi ol 180, 629-41-4 46.228 па (024110), pr 63 72 51 HO, et h, chl, li g; vs Et OH; $ bz 2 
8352 Octaneni t ri le Capryl ni t ri le eH NC 24-12-9 125.212 iq -45.6 205.25 0.8138 42039 vseth ° 
8353 1-Oct anet hi ol Oct yl mercapt an H, 11-88-6 46.294 iq -492 991 0.8433 4540? s Et OH; sl ctc = 
8354 Oct anoi c ас! d Саргу i c aci d 810, 24-07-2 44.212 16.5 239 0.907325 „42850 sl НО; msc Et OH, chl, СНОМ © 
8355 Осі апо! с anhydri de (05,0; 623-66-5 270.407 iq -1 282.5 0.9069 43588 — vs ace, et h, Et OH 2 
8356 1-0сі anol Capryl al cohol №50 11-87-5 130.228 iq -148 95.16 0.8262 „42950 | НО; msc Et OH, et h; s ctc Q 
8357 2-0сі anol (+)sec-Capryl i с al cohol 8860 4128-31-8 30.228 iq -31.6 79.3 0.8199 „42030 51 ЊО; s Et OH, et h, ace ” 
8358 3-0сі anol 69,0 589-98-0 130.228 iq -45 71 0.8258 5 
8359 4-0сі anol GH,.0 74778-22-6 130.228 iq -40.7 76.3 0.8186 .4248? 51 ЊО, ct c; s ОН с 
8360 2-0сі anone Hexyl met hyl ket one 8150 11-13-7 128.212 iq -16 725 0.820 41510 — s| ЊО; msc Et OH, et h Ө 
8361 3-0сі anone Et hyl pent yl ket one 460 06-68-3 128.212 167.5 0.8222 41502 1 НО; msc Et OH, et h = 
8362 4-0сі апопе But yl propyl ket one nn 589-63-9 128.212 163 0.814625 417374 1 HO; msc Et OH, et h; s ctc 5 
8363 Oct anoyl chl ori de 885010 111-64-8 162.657 liq -63 195.6 0.9538 4335? seth е 
8364 Осі aphenyl cycl ot et газ! | oxane Не 045 546-56-56 793.172 nd (bz-al , 200.5 330! i HO; 51 Et OH; s bz, chl, НОАс 2, 

HOAc) 2 
8365 1,3,5,7-Ос at et raene К 482-01-3 106.165 сгу (07) 50 sub $ pet h, НОАс ја. 
8366 t rans2-Oct enal (H0 2548-87-0 26.196 iq 88 0.846 „45002 8 
8367 1-Oct ene Capryl ene Hig 11-66-0 112.213 ig -101.7 121.29 0.7149 4087 1 НО; msc Et OH; s et h, ace; sl ct c z 
8368 сі 52-0сі ene СН, 7642-04-8 112.213 iq -100.2 125.6 0.7243 „41508 i HO; s Et OH, et h, ace, bz, chl 5 
8369 t rans2-Oct ene (Нн, 3389-42-9 12.213 iq -87.7 125 0.7199 .4132? | НО; s Et OH, et h, ace, bz; vs chl 5 
8370 сі 53-0сі ene СН, 4850-22-7 12.213 iq -126 122.9 0.7159 41352 vs ace, bz, et h, Et OH = 
8371 t rans3-Oct ene СН 4919-01-8 112.213 iq -110 123.3 0.7152 41260 1 HO; $ Е OH, et h, ace, bz, li g, сіс 
8372 сі 54-0сі ene GH; 7642-15-1 12.213 iq -118.7 122.5 0.7212 .4148 vs ace, bz, et h, Et OH 
8373 t rans4-Oct ene ЕШ 4850-23-8 12.213 iq -93.8 1223 0.7149 41149 i ВО; s Et OH, et h, ace, bz, li g; sl 
їс 

8374 1-0сі en-3-ol 69,0 3391-86-4 128.212 174; 692 ^ 083958 439172 
8375 2-0сі en-1-ol 69,0 22104-78-5 28.212 88! 0.85020 447020 
8376 1-0сі en-3-yne GH, 7679-92-4 08.181 134; 62 0.774920 45929 vs eth 
8377 Oct hi li попе 2-Oct yl /8(2 sot hi azol one PER 26530-20-1 213.340 120001 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
8378 Oct yl acetate 10 12-14-1 172.265 liq -38.5 210 0.8708 41502 i ВО; s Et OH, et h; sl сіс 
8379 Octyl acrylat e Oct yl 2-propenoat e a HG; 2499-59-4 184276 229; 570% 0.8810? 
8380 Oct yl ami ne 1-0ct anami ne НОМ 11-86-4 129.244 0 179.6 0.782620 .4292? sl HO; vs Et OH, et h; $ ctc 
8381 Oct yl ami ne hydrochl ori de 1-Oct anami ne hydrochl ori de aH, CN 142-95-0 165.705 196.5 s HO 
8382 4-Oct ylani li ne NS 6245-79-7 205.340 20 310; 1385 0.912820 vseth 
8383 Oct yl benzene GH; 2189-60-8 190.325 liq -36 264 0.8562 484521 НО; msc et h, bz 
8384 Oct yl but anoat e NONO 10-39-4 200.318 liq -55.6 244.1 0.8629 42675 — vs Et OH = 
8385 Oct yl cycl ohexane СН» 195-15-9 196.372 114 -20 264 0.8138 4503 = 
8386 Oct yl cycl opent ane Nm 195-20-6 182.345 liq -44 243 0.8048 444620 = 
8387 2-Oct yl decanoi c aci d 1883602 619-39-6 284.478 nd or If (al) 38.5 215 0.844770 vs et h, Et OH = 
8388 Oct yl di met ћу! ami ne N,N-Di met ћу! -1-oct anami ne 10793 7378-99-6 157.297 194 > 
8389 Oct yl di phenyl phosphate 20182704P 15-88-8 362.399 1.095 го 
8390 Oct yl f ormat e 4650, 12-32-3 158.238 liq -39.1 198.8 0.8749 1.4208 1 НО; s Et OH; msc et h; sl ctc Q 
8391 Oct yl i socyanat e ТЕ 3158-26-7 155.237 78 5 
8392 Oct yl met hacryl at e EG 2157-01-9 198.302 239.5 9 
8393 Oct yl ni t rate sHGNO; 629-39-0 175.226 1109 0.9750 sl НО; s Et OH, et h < 
8394 Octyl nitrite 4,0, 629-46-09 159.227 1745 0.86217 1.41272 s| HO; vs Et OH, et h 7 
8395 Oct yl oct anoat e 10180 2306-88-9 256.424 liq -18.1 306.8 0,8550 1.43522 vs ace, et h, Et OH Я 
8396 Oct yl oxi rane 10,0 2404-44-6 156.265 114 128, 97% o 
8397 4-(Oct yl oxy)benzal dehyde 69,0, 24083-13-4 234.335 13105 = 
8398 4-Oct yl phenol CH, 0 806-26-4 206.324 43.0 1697), 1504 ° 
8399 Oct yl phenyl et her (Oct yl oxy)benzene 416,0 818-07-1 206.324 8 285 0.913155 48759 1 ВО, s Et OH, eth x 
8400  4-Oct yl phenyl sali cylat e 2-Hydroxybenzoi caci а, 4-oct Угри» 0; 2512-56-3 326.429 wh cry T3 Q 
est er 
8401 Octyl propanoat e 4,0; 42-60-9 186.292 liq -42.6 228 0.8662 422151 НО; s Et OH, et h, bz; sl ctc 2 
8402 1-Oct yne Hexyl acet yl ene 88, 629-05-0 110.197 liq -793 126.3 0.7467 41590 | НО; s Et OH, et h с 
8403 2-Oct yne Met hyl pent yl acet yl ene H,ç 2809-67-8 110.197 liq -61.6 137.6 0.7596 42780 | НО; s Et OH, et h 8 
8404 3-0сі yne Л 5232-16-5 110.197 liq -103.9 1331 0.7529 42509 | HO; s Et OH, et h 2 
8405 4-0сіупе Di propyl acet yl ene nn 942-45-6 110.197 liq -101 131.6 0.7509 „42480 | НО; s Et OH, et h "5 
8406 2-0сі yn-1-ol 2-Oct ynol 48,0 20739-58-6 126.196 -18 985 0.88052 45562  vseth © 
8407 Oleandri n G H0, 465-16-7 576.718 cry (Et OH) 250 dec i $0; s Et OH, ch 5 
8408 Ol ean-12-en-3-ol , (B) В-Атугі n (511550 559-70-6 426.717 nd (li goral) 197 260 i HO; sl EtOH, chl, lig; seth, bz | с 
8409 Oleanoli c aci d 3010, 508-02-1 456.700 nd or pr (al) 310 dec sub 280 Г, sl Et OH, et h, ace; vs py, 4 
C о 

8410 Olei c aci d сі s9-0ct adecenoi c aci d 140,0, 112-80-1 282.462 13.4 360; 2861 0.893520 1.4582? | НО; msc Et OH, et h, ace, bz, chl , š 

їс =. 
8411 Omeprazole C; Hi N,0,S 73590-58-6 345.416 cry (MeCN) 156 Е 
8412 Omet hoat e (H,NO,S 1113-02-6 213.192 oi | =135 dec 1.322 1.498722 msc H,0; і hx 8, 
8413 Orange | 1-Napht hol Orange Н, N;Na0,S 523-44-4 350.324 red-br pow S H,0; sl Et OH; i. bz ud 
8414 Orange IV Tropaeol i n 00 GH N.Na0;S 554-73-4 375.377 уе pow 580 
8415 Orcei n 1400-62-0 br-red pow 
8416 L-Orni t hi ne 2,5-Di ami nopent anoi с & d, ( C,H,N,O; 70-26-8 132.161 mi Ч cry (al- 140 vs Н,0, Et OH 

eth 

8417 L-Orni t hi ne, monohydrochl ori de SHGCINO, 3184-13-2 168.622 nd 215 vs HO 
8418 Orot i c aci d 1,2,3,6-Tet rahydro-2,6-di oxo-4- — СНО, 65-86-1 156.097 cry (w) 345.5 51 HO; i os 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8419 Oroxyli n A 5,/-Di hydroxy-6-met hoxy-2-phenyl -С,,Н,,0, 480-11-5 284.263 уе nd (al) 231.5 vs ace, et h, Et OH 
4H-1-benzopyran-4-one 
8420 Orphenadri ne G H, NO 83-98-7 269.382 95? 
8421 Oryzalin Benzenesul f onami de, 4- CH, №055 19044-88-3 346.359 141 
(di ргору! ат! no)-3,5-di ni t ro- 
8422 Ouabai n СНО 630-60-4 584.652 hyg pl (498) 200 51 НО; vs Et OH 
8423 7-Oxabi сус! o[4.1.0]hept ane (8,0 286-20-4 98.142 <-10 31.5 0.966320 1.45192 | НО; vs Et OH, et h, асе, bz; s chl ; - 
si ctc 
8424 6-Охаһі сус! o[3.1.0]hexane (3,0 285-67-6 84117 02 0.96425 1.433620 = 
8425  Oxacycl ohexadecan-2-one Exal t ol i de 180 106-02-5 240.382 thi ck oi | 176 0.954920 1.470820 n 
8426 1,3,4-Oxadi azole 1-0xa-3,4-di azacycl opent adi ene ,H,8,0 288-99-3 70.049 50 1.4300% A 
8427 Охад! azon GH, СЬ\№0. 19666-30-9 345.221 90 Ё 
8428 Охад! ху! СНО, 71132-09-3 278.304 104 
8429 Oxali c aci d 8,0, 144-62-7 90.035 ort h рут or oct 189.5 dec sub 157 1.900 S Т vs Et OH; sl eth; Г bz, chl, e 
pe 
8430 Oxali c aci d di hydrat e 210, 6153-56-6 126.065 mcltaborpr 101.5 1.658 S Н,0, Et OH; sl et h 2 
8431 Oxaloacet i c aci d Oxal acet i c aci d 4806 328-42-7 132.072 161 dec < 
8432 Охају! chlori de Oxal yl di chl ori de 2010, 79-37-8 126.926 114 -16 63.5 1.4788 1.4316 seth 2, 
8433 Охају! di hydrazi de 2%М,0; 996-98-5 118.095 nd (w) 244.0 1.458? s Њ0; sl Et OH, et h, bz, chl 2 
8434 Oxami c aci d М0; 471-47-6 89.050 cry (w) 210 авс sl HO; i Et OH, et h ° 
8435 Охат! de СНО; 471-46-5 88.065 nd (w) 350 дес 1.66720 si ЊО, Et OH; i eth = 
8436 Охатп! qui ne МО 21738-42-1 279.335 ye-oran cry 149 s ace, chl, MeOH o 
8437 Oxamyl CH,4N,0,S 23135-22-0 219.261 109 dec 0.9725 я 
8438 Охапаго! one C H. 0; 53-39-4 306.439 236 Q 
8439 1,4-Oxat hi ane 405 15980-15-1 104.171 iq -17 47 14179 51 HO ” 
8440 Охагерат C&H4CINO, 604-75-1 286.713 cry (Et OH) 205.5 i $0; s Et OH, chl, di ox 5 
8441 0ха2016 GH,N0 288-42-6 69.062 69.5 „42857 с 
8442 Охерапе СЕН 0 592-90-5 100.158 119 0.8925 44002 © 
8443 2-Охерапопе Caprol act one 6,0, 502-44-3 114.142 iq -10 215 1.0767 46119 s Et OH, et h, ace < 
8444 Oxet ane Tri met hyl ene oxi de 300 503-30-0 58.079 iq -97 47.6 0.8930 39610 msc Н,0, OH; s et h; vs ace 5 
8445 2-Oxet anone В-Ргор! ol act one 10,0, 57-57-8 72.063 iq -33.4 62 1.1469 .41052 төсей; $ chl е 
8446 3-0хе! апопе GH,0, 6704-31-0 72.063 unst ab li q 106 1.137 2, 
8447 Oxi rane Et hyl ene oxi de Ж0 75-21-8 44.052 volliqorgas -112.5 10.6 0.8821 .35977 s H,O, Et OH, et h, ace, bz Я 
8448 Oxi ranecarboxal dehyde Glyci dal dehyde 340; 765-34-4 72.063 iq -62 125 1.1408 426520 т 
8449 Oxi ranemet hanol , (+) біусі dol 310, 61915-27-3 74.079 -45 dec 167; 1.114325 428720 vs Н,0, ace, et h, Et OH; s bz, chl = 
6625 = 
8450 o-Oxobenzeneacet al dehyde а! doxi me Isoni t rosoacet ophenone 8120, 532-54-7 149.148 129 51 HO; s chl = 
8451 a-Oxobenzeneacet i c aci d 460; 611-73-4 50.132 pr (CCL) 66 1635 vs HO; s OH et h; sl ctc;i CS | e 
8452 a-Oxobenzeneacet i c ас! d, met ћу! C,H,0; 15206-55-0 64.158 247 52687 = 
est er 
8453  a-Oxobenzeneacet oni t ri le «HONO 613-90-1 131.132 32.5 206 i HO; vs Et OH, et h; 51 chl 
8454  y-Oxobenzenebut anoi с ас! d 16140; 2051-95-8 78.184 f (di | al) 116.5 $H Et OH, et h, bz, chl, CS 
8455 p-Oxobenzenepropaneni t ri le Benzoyl acet oni t ri le МОС 614-16-4 145.158 80.5 16019 sl ae OH, et h, bz, chl , alk, 
aq KCN 
8456 о-Охобепғепергорапої c aci d 3-Phenyl pyruvi c aci d 410, 156-06-9 64.158 f (bz, chl) 1575 51,8; vs Et OH, et h; s bz, chl; i li g 
8457 2-0x0-2H-1-benzopyran-3- Coumari n-3-carboxyli с aci d 40; 531-81-7 62.142 nd (w, bz) 190 dec vs Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
— 8458 Oxobi s(2,4-pent anedi опеууапай um _ Vanadyl acetylacetonate (НМ 31532262 265.157 Шу ж үт ТВО, 5 ВОН, MeOH, bz chi — 
8459 2-Oxobut anoi c aci d 4660, 600-18-0 102.089 33 8116 20077 39720 үѕ Н,0, Et OH; sl et h 
8460  4-Oxobut anoi c aci d 4660, 692-29-5 02.089 oi | 138 S HO, Et OH, et h, bz 
8461 2-Oxogl ut ari c aci d о-Кеі ogl ut ari c aci d sH; 328-50-7 46.099 cry (ace-bz) 115.5 vs ЊО, Et OH, et h; s ace 
8462 6-Охоһері anoi c aci d 18-0; 3128-07-2 144.168 40.2 25180, 135! 430659 vs H,0, ace, et h, Et OH 
8463 5-Oxohexanoi c aci d (8,0; 3128-06-1 30,141 13.5 274.5 09% 44512 H,0, Et OH, et h; sl сіс 
8464 о-0Х0-1Н-1 ndole-3-propanoi с acid Indol e-3-pyruvi c aci d 1180, 392-12-1 203.194 gray cry 211 - 
8465 Oxoli ni c aci d ви МО; 14698-29-4 261.230 cry (DMF) 313 dec = 
8466 4-Охорепі anal 00, 626-96-0 100.117 <21 dec 187 013421 „42572 уз H,0, ace, et h, Et OH = 
8467 3-Охорет anedi oi c aci d Acet onedi carboxylic aci d 5905 С 542-05-2 46.099 nd (AcOEt ) 138 dec s ВО, Et OH; sl eth; i bz chl, 110 = 
8468 2-Oxopent апо! с aci d 5603 1821-02-9 116.116 6.5 179 00707 sl HO; set h, bz, chl, li g, 65 » 
8469  4-Oxopent anoi c aci d Levuli ni c aci d 51:06 123-16-2 116.116 If or pl 33 dec 245 1.1335 43960 vs H,0, Et OH, et h; s chl ie 
8470 4-Oxo-4-(phenyl ami no)but anoi с aci d Succi nani li c aci d tH NG, 102-14-7 93.199 nd (w) 148.5 sl HO; s Et OH; vs et h Q 
8471 сі s4-Oxo-4-(phenyl ami no)-2- Mal eani 11 c aci d sot МО 555-59-9 91.183 mcl ye cry 192 dec 1418? 5 
but enoi c aci d [77 
8472 Oxophenyl arsi пе Phenyl arsi ne oxi de HAsO 637-03-6 168.025 cry (07-і h) ог 145 i НО, et h; sl Et OH; vs bz, chl < 
chl -et h) 
8473 4-Охо-4-рћепу! -2-but enoi c aci d «80; 583-06-2 76.169 nd or pr (tol) 99 SI 10, chl, li g; s Et OH, et h, t ol 2 
8474 2-Oxopropanal oxi me Isoni 1 rosoacet one 3100, 306-44-5 87.078 nd(CCl,) If 69 sub 1.07448 S Н,0, et h; sl bz, ct c, chl 22 
et h-pet h) © 
8475 2-Охоргорапеп! t ri le МО 631-57-2 69.062 92.3 0.974520 1.3764? seth, асе, СНОМ = 
8476 17-(1-Охоргороху)-апагоз! -4-en-3- Test ost erone-17-propi onat e 228820, 57-85-2 344.487 120 vs et h, py, Et ОН = 
опе, (178) 
8477 2-Oxo-2H-pyran-5-carboxyli c aci d Coumal i c aci d 480, 500-05-0 140.094 pr (MeOH) 207 dec 218720 Шр et h, ace; i. bz, chl ; s Et OH, Q 
C 
8478 4-Охо-АН-ругап-2,6-а! carboxylic — Chel i doni c aci d 10; 99-32-1 184.103 rose тс! nd (а!- 262 si НО, Et OH 2 
aci d w,+1w) 
8479 17-Охозрап ei ne GH,4N,0 489-72-5 248.364 yet ocol hygnd 84 20912 vs ЊО, Et OH, et h; s chl 2 
(pet h 
8480 4,4’-Oxybi s(benzenesul f опу! chlori de) Di phenyl et her 4,4-di sulf опу! 0.5Н,0)/0,5, 121-63-1 367.225 cry (pet h) 128 = 
chlori de б 
8481 4,4-Охуһі s(benzenesul f опу! СоН№055» — 80-51-3 358.393 cry (Н,0) 164 dec = 
hydrazi de) 2, 
8482 Oxybut yni n £H4N0; 5633-20-5 357.486 cry 114 Я 
8483 Охусагрохі n Carboxi 1$, S-di oxi de СН. МО,5 5259-88-1 267.301 pr (Et OH) 129 sl kD; s bz, Et OH; vs ace ~ 
8484 Охусћ! ordane Сони СО 27304-13-8 423.762 cry (pentane) 100 S 
8485 Oxycodone Di hydro-14-hydroxycodei none НМ, 76-42-6 315.365 rods (Et OH) 219 i Ж, et h; s Et OH, chl z 
8486 Охуйетеі on-met ћу! 4,0,Р5, 301-12-2 246.284 <-20 106201 1.28920 = 
8487 10,10’-Oxydi phenoxarsi пе 10,10’-Oxybi s(/tphenoxarsi пе] GH, As,0, 58-36-6 502.225 col mcl cry 185 141 i J9; Et OH, chl; i CB; s 
8488  Oxyfluorf en GH4CIENO, 42874-03-3 361.701 84 dec 358 1.355 TT 
8489 Oxymet azol i ne 1,40 1491-59-4 260.374 cry (bz) 182 i eth, chl 
8490  Oxymet hol one 69,03 434-07-1 332.477 cry 179 
8491 Охуте! hurea СНО, 140-95-4 120.107 pr(al) 126 14% 5 Е ОН, MeOH; i et h; sl 
D 
8492 Oxyphenbut azone G H, N,0; 129-20-4 324.373 cry (eth/peth) 124 S Et OH, МЕОН, chl , bz, et h 
8493 Охурћепоп! um bromi de GHs,BrNO; 50-10-2 428.404 191.5 vs ЊО; sl Et OH 
8494 Оху et racycl i ne zB, N;0s 79-57-2 460.434 184.5 1.63420 
8495 Oxytoci п 9,0,9 50-56-6 1007.187 wh pow $ Н,0, BuOH 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
Pacl obut razol GH CINO Т6738-62-0 293.792 wh cry 166 1.22 i HO; vs ace, MeOH; s xyl, hx 
Pal ust ri c aci d 208300 1945-53-5 302.451 cry (MeOH) 164.5 
Pamoi c ас! d £H, 0; 130-85-8 388.369 315 
Pancuroni um di bromi de 3,815М,0, 15500-66-0 732.670 Cry 215 sl chl 
Panose 4-а-І50т811 озу! gl ucose 1690,6 33401-87-5 504.437 223 dec 
Pant hesi n СН№055 135-44-4 388.522 payepow(al) 158 vs НО, Et ОН 
Pant ol act one 40, 599-04-2 130.141 92 - 
Pant ot heni c ас! d «10, 79-83-4 219.235 ye vi sc oi | vs,B, bz, et h = 
Papaveral di ne ОН МО; 522-57-6 353.369 па a (bz, 210.5 i HO; 51 Et OH, et h; s bz, chl >° 
pe = 
Papaveri ne Gy HS NO, 58-74-2 339.386 wh pr (al-et h), 147.5 sub 135 1.33720 605 sl ЊО; vs Et OH, chl ; s ace, bz, py = 
nd (chl -pet h) = 
Papaveri ne hydrochl ori de Cerespan Hy,CINO, ^ 61-25-6 375.847 wh те! pr (м) 2245 vs НО, Et OH с 
Paraf ormal dehyde (СЮ), 30525-89-4 30.026 164 dec о 
Paral dehyde 2,4,6-Tri met hyl -1,3,5-t ri oxane 8160, 123-63-7 132.157 12.6 1243 0.994320 „40490 51 ЊО; msc Et OH, et h, chl 2 
Paramet hadi one fH, NO; 115-67-3 157.167 liq 1.12% 449% 51 ЊО; s Et OH, chl , bz, et h = 
Рагаохоп 0,0-Di et һу0-(4-пі t горїепу!) Сон, NOP 311-45-5 275.195 oilyliq 161 1.268325 .5096 seth > 
phosphat e 2 
Paraquat G; HN; 4685-14-7 186.252 cat i on un 
Pararosani 11 ne hydrochl ori de Basi c f uchsi n NN] 569-61-9 323.819 pale vi ol pow 269 dec © 
Parasorbi c aci d 65,0; 10048-32-5 112127 oilylig 160 1.079" .4736 уз ЊО, et h, Et OH = 
Parat hi on QH,NO,PS 56-38-2 291.261 yeli q 6.1 375 1.2687 53709 1 HO; seth, ace; sl ct c; vs Et OH, = 
AcOEt 
Pat chouli alcohol 8,0 5986-55-0 222.366 56 0.99068 50295 | НО; s Et OH, eth Q 
Pebul at e QH NOS 1114-71-2 203.345 1422 0.945820 47522 ^ vs ace, bz, MeOH ” 
Pel argoni di n chl ori de 46,010, 134-04-3 306.698 red br hyg >350 5,0; уз Et OH; sl chl, MeOH 5 
(anh) pr ог pl ^ 
Pel lot i ne fil NO, 83-14-7 237.295 р! (al, pet h) 1115 vs ace, et h, Et OH, pet h © 
Pemol i пе 2-Ami no-5-phenyl -4%-охаго! one _ GH,N,0; 2152-34-3 176.172 cry 256 dec i BO, et В, ace; 51 hot Et OH < 
Pendi met hal i n N-(1-Et hyl propyl )-3,4-di met ћу! -2,6-C,,H, МО, 40487-42-1 281.308 56 dec 1.1925 ч 
di ni t roani 11 ne © 
Peni ci llami ne cyst ei ne di sul fide IH, №0045> 18840-45-4 268.354 195 5 
Реп! ci Ili n G Benzyl peni ci 111 ni c aci d 495: 61-33-6 334.390 amor wh pow SI НО; s MeOH, Et OH, et h, chl, с 
07, асе Un 
Peni ci lli n G procai ne жН М,05 54-35-3 570.700 108 dec 1.255525 S НО, Et ОН, chl ~ 
Peni ci Ili n V Phenoxymet hyl peni ci 111 n (H NO.S 87-08-1 350.389 cry 124 dec 51 H0; s os S 
1,2,3,4,5-Pent abromo-6- С,Н,8г,01 87-84-3 513.085 cry 204 E 
chl orocycl оћехапе = 
Pent abromomet hyl benzene Вг; 87-83-2 486.619 288 2.977 i HO; sl Et OH, НОАс; s bz s 
Pent abromophenol @HBr.0 608-71-9 488.591 то! рг ІР 229.5 sub i HO; s Et OH, bz, НОАс; sl eth 15) 
nd (al 
1,1,1,3,3-Pent abromo-2-propanone Pent abromoacet one 8810 79-49-2 452.559 У n p 795 Sub i НО; vs Et OH, et h, ace, chl 
et h 
Pent ac Di enochl or lio 2227-17-0 474.637 tan сту (peth) 122 
Pent acene Benzo[b]napht hacene ЫН, 135-48-8 278.346 " n ndorlf >300 dec i НО; sl bz; s РАМО, 
ху! 
2,3,4,5,6-Pent achl oroani 11 ne К 527-20-8 265.352 nd (al) 233.0 vs et h, Et OH, li g 
2,3,4,5,6-Pent achl oroani sol e Met ћу! pent аспі orophenyl et her 050 1825-21-4 280.363 nd MeOH 108.5 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/ C bp/'C den/g cm? n, Solubility 
8533 Pent achl orobenzene (HCl; 608-93-5 250.337 nd (81) 86 277 1.83426 i HO, Et OH; $1 et h, bz, chl, 65 
8534 Pent achl orobenzenet hi ol Pent achl orophenyl mercapt an НС 133-49-3 282.402 231.5 
8535 2,3,4,5,6-Репі ас! orobi phenyl dels Cl 18259-05-7 326.433 nd (pet h) 123.5 E 
8536 2,2',4,5,5'-Pent ас! orobi phenyl dels Cl 37680-73-2 326.433 cry (Et OH) 785 i M 
8537 1,2,3,4,7-Pent ас! orodi benzp- Со H&CIEO; 39227-61-7 356.416 cry (02/МвОН) 195 
di oxi n 
8538 Pent achl oroet hane Ref ri gerant. 120 HQ; 76-01-7 202.294 lig -28.78 162.0 1.6798 1.55025? 1 НО; msc Et OH, et h = 
8539 Pent achl orofluoroet hane ХАР 354-56-3 220.284 col liq 101.3 138 1.24 i HO; s Et OH, et h нэ 
8540 Pent achl oroni t robenzene Qui nt ozene «СИМО, 82-68-8 295.335 cry (а!) 144 dec 328 1.7185 i HO; sl Et OH; $ bz, chl = 
8541 Pent achl orophenol (CIO 87-86-5 266.336 ТЕГІ +1w) 174 dec 310 1.978? i HO; sl lig vs Et OH, eth; 5 bz Е 
(07 
8542 1,1,2,2,3-Pent achl огоргорапе 6901, 16714-68-4 216.32 18150 1.633% 1.50987 Ё 
8543 1,1,2,3,3-Репі achl oro-1-propene (HCl, 1600-37-9 214.305 185 1.63179 153130 уве с 
8544 Реп achl oropyri di ne ВАМ 2176-62-7 251.326 125.5 280 vs bz, Et OH, li g о 
8545 2,3,4,5,6-Релі achl orot ol uene 186; 877-11-02 264.364 nd (bz, pet h) 224.8 301 sl Et OH, et h, GS bz, t ol, pet h 2 
8546 Pent acont ane ЫҢ 6596-40-3 703.345 921 575.0 - 
8547 Pent асозапе Gs Hs; 629-99-2 352.68 53.93 401.9; 282^ 0.801220 1.44912 5), ch > 
8548 1Н-Рет adecafluorohept ane (НЕ 375-83-7 370.059 96.0 14255 1.269025 = 
8549 Pent adecafluorooct апо! c aci d o HE 50» 335-67-1 414.069 543 188 22 
8550 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8- 1,1-Di hydroperfluorooct anol 50 307-30-2 400.085 waxy sol i d 47 164; 68 о 
Pent adecafluoro-1-oct апо! = 
8551 Pent adecanal Но 2765-11-9 226.398 па 245 185% vs ace, et h, Et OH © 
8552 Pent adecane Gs Hg; 629-62-9 212.415 9.95 210.6 0.768520 1.43152 1 НО; уз Et OH, et h 5 
8553 Pent adecanoi c ас! d Pent адесу! i c aci d 410, 1002-84-2 242.398 pl (di | al, 523 25710. 158! 0.842380 142549 | HO; vs Et OH, ace; s eth; sl tfa | > 
HOAc) cry ” 
(pet h) 5 
8554 1-Репі adecanol НО 629-76-5 228.414 43.9 300 0.834725 i go ^ 
8555 2-Репі adecanone 0510 2345-28-0 226.398 39.5 294 0.81823 © 
8556 8-Репі adecanone 051, 0 818-23-5 226.398 cry (al) 43 291 0.81809 S Et OH, et h, bz, ct c, chl < 
8557 1-Репі adecene бын 13360-61-7 210.399 liq -1.4 268.2 0.7764 .4389 1 НО; 5 ace "J 
8558 Pent adecylami ne Pent adecanami ne NON 2570-26-5 227.430 373 307.6 0.810420 .4480? vs et h, Et OH ы 
8559 Pent adecyl benzene o Ha 2131-18-2 288.511 22 373 0.854820 481520 Z 
8560 3-Pent adecyl -1,2-benzenedi ol 3-Pent adecyl cat echol 2140, 492-89-7 320.510 nd (t o, pet h) 59.5 vs bz, et h, Et OH > 
8561 Pent адесу! cycl ohexane ОН, 6006-95-7 294.558 29 373 0.826720 458820 222 
8562 3-Репі adecyl phenol fH, 0 501-24-6 304.510 nd (pet h) 53.5 230, 19715 vs ace, bz, Et OH 8 
8563 1-Репі adecyne GsHog 765-13-9 208.383 10 268 0.792820 4419 vs асе z 
8564 1,2-Pent adi ene Ethylallene 610 591-95-7 68.118 iq -137.3 44.9 0.6928 420099: msc Et OH, et h, ace, bz, ct c, hp = 
8565 ci 51,3-Репі adi ene сі sPi регу! ene СН, 1574-41-0 68.118 iq -140.8 44.1 0.6919 .4363? msc Et OH, et h, ace, bz, ct c, hp е 
8566 f rans1,3-Pent adi ene t ransPi peryl ene СН, 2004-70-8 68.118 iq -87.4 42 0.6710 43012 = 
8567 1,4-Репі adi ene Яв 591-93-5 68118 vol li 4 00845 -148.2 26 0.6608 308820 i НО; vs Et OH, et h, ace, bz 
8568 2,3-Репі adi ene 1,3-Di met hylallene sHC 591-96-8 68.118 iq -125.6 48.2 0.6950 .4284? | НО; msc Et OH, et h, ace, bz, hp, 
їс 
8569 1,4-Репі adi en-3-ol 48,0 922-65-6 84.117 1155 0.86023 440077 
8570 1,3-Pent adi yne Met hyl di acet yl ene 5040 4911-55-1 64.086 iq -38.5 55 0.7909 443127 1 НО; seth, bz, chl 
8571 Pent aeryt hri t ol 5160, 115-77-5 136.147 cry (dil HCl) 258 sub .548 s 40; i eth, bz 
8572 Pent aeryt hri t ol t et raacet at e 2,2-Bi s[(acet yl oxy)met Пу!1-1,85..Н,,0, 597-71-7 304.293 etr nd (w, bz) 835 213 s ЊО; vs Et OH, et h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8573 Pent aeryt hri t ol t et raki s(2- C. H50,5, 10193-99-4 432.553 liq 250 1.38525 1.547020 
mercapt oacet at e) 
8574 Pent aeryt hri t ol t et ramet hacrylat е Tet ramet ћу! ol met hane C.H, Од 3253-41-6 408.442 53.5 
t et ramet hacryl at е 
8575 Pent aeryt hri t ol t et rani t rat e КОМ 78-11-5 316.138 " г (асе) pr 1405 1.7732 sl HO, Et OH, et h; vs ace; s bz, py 
ace-al ) 
8576 Pent aet ћу! benzene 69 605-01-6 218.377 <-20 217 0.897119 512720 
8577 Pentaet hyl t ant alat e Et hanol , t ant al um(5+) salt 1090518 6074-84-6 406.25 151! = 
8578 2,3,4,5,6-РепЕ afluoroani || пе Е.М 771-60-8 183.079 34 153.5 = 
8579 Pent afluorobenzal dehyde 03550 653-37-2 196.074 20 167 „45062 n 
8580 Pent afluorobenzene CHF; 363-72-4 168.064 liq -47.4 85.74 1518 3905 о 
8581 Pent afluorobenzenet hi ol КТ 711-62-0 200.129 liq -24 143 1.50% 46452 Ё 
8582 Pent afluorobenzoi c aci d 18-0; 602-94-8 212.074 101 220 
8583 Pent afluorobenzoni t ri le 7F Ol 773-82-0 193.074 1.2 162 1.56320 „44025 5 
8584 Pent afluoroet hane (HF; 354-33-6 120.02 col gas -103 -48.1 Z 
8585 Pent afluoroi odobenzene 2 827-15-6 293.960 liq -29 166 2.212 4950 а 
8586 Pent afluoromet hoxybenzene Met hyl pent afluorophenyl et her ;H EO 389-40-2 198.090 liq -37 138.5 1.499 .408720 > 
8587 Pent afluorophenol (НЕО 771-61-9 184.063 37.5 145.6 42632 = 
8588 1,1,1,2,2-Pent afluoropropane Ref ri gerant. 245cb ЊЕ 1814-88-6 134.048 col gas -17.4 un 
8589 2,2,3,3,3-Реп! afluoro-1-propanol QH4F.0 422-05-9 150.047 2650 © 
8590 2,3,4,5,6-РепЕ afluorot ol uene fF; 771-56-2 182.091 lig -29.78 117.5 1440 „40165 = 
8591 1,1,2,4,4-Pent afluoro-3- СБ 384-04-3 212.041 39 1.5270 300070 vs ace, bz eth © 
(t ri fluoromet ћу! )-1,3-but adi ene 2 
8592 Pentagast ri n JP, N,O,S 5534-05-2 767.892 col nd 230 dec i ED, bz, Et OH, et h Q 
8593 trans3,3,4,5,7- Taxi f oli n 158120; 480-18-2 304.252 221 dec s chl 2 
Pent ahydroxyflavanone, (+) 5 
8594 Pent amet honi um bromi de + Br,N; 541-20-8 348.161 301 51 Н0 ^ 
8595 Pent amet hyl benzene is 700-12-9 148.245 pr (al) 54.5 232 0.9120 527% i НО; vs Et OH, bz; s chl © 
8596 2,4,6,8,10- | C: Ha 0555 6166-86-5 300.638 liq -108 169 0.9985 :391220 = 
Pent amet ћу! cycl opent asi | охапе | 
8597 2,2,4,6,6-Pent amet ћу! hept ane бө 13475-82-6 170.334 liq -67 1778 0.7463 44402 © 
8598 2,2,4,6,6-РепЕ amet ћу! -3-hept ene „а 123-48-8 168.319 liq 180.5 5 
8599 2,2,3,3,4-Pent amet ћу! pent ane NM 16747-44-7 142,282 liq -36.4 166.1 0.776% „43612 5 
8600 2,2,3,4,4-Pent amet hyl pent ane nm 16747-45-8 142.282 liq -38.7 159.3 0.7636 43072 Ф 
8601 Pent amet hyl phenol 18,0 2819-86-5 164.244 па a peth, 128 267 i НО; s Et OH © 
асе 5 
8602 1,2,2,6,6-Pent amet hyl pi peri di ne Pempi di ne qo Ho IC 79-55-0 155.281 147 0.8580? „45507 Б 
8603 Pent amet hyl si | апат! ne 51851 2083-91-2 117.266 86 0.7400 4379^ E 
8604 Pent anal Val eral dehyde 50100 110-62-3 86.132 liq -91.5 103 0.8095 .3944? 51 ЊО; s Et OH, et h = 
8605 Pent anami de АМО 626-97-1 101.147 mcl pl (peth,al) 106 225 0.8735 4183" vs НО, Et OH, et h; sl chl 
8606 3-Pent anami пе H. N 616-24-0 87.164 89 0.74872 40630: s Et OH; sl chl 
8607 Pent ane СН» 109-66-0 72.149 liq -129.67 36.06 0.6262 .3575 51 ЊО; msc Et OH, et h, ace, bz, 
chl; s ctc 
8608 Pent anedi a Gl ut aral dehyde 50; 111-30-8 100.117 dec 188 msc ЊО, Et OH; $ bz 
8609 1,2-Репі anedi ami ne Cadaveri ne На 462-94-2 102.178 11.83 179 0.87325 4632 S НО, Et OH; sl et h 
8610 Pentanedi ni t ri le Gl ut aroni t ri le 5 C 544-13-8 94.115 liq 528 286 0.991 42950: vs Et OH, chl 
8611 1,2-Pent anedi ol, (+) 8,0, 91049-43-3 104.148 209 0.972320 439719 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

8612 1,4-Pent anedi ol 8,0, 626-95-9 04.148 202; 125 0.988320 .44523 vs НО, Et OH, chl 

8613 1,5-Репі апей ol Pent amet hyl ene gl ycol Ни, 111-29-5 104.148 liq -18 239 0.9914 .4494? 560, Et OH; sl et h, bz 

8614 2,3-Pent anedi ol 50,0, 42027-23-6 04.148 187.5; 10077 0.979819 44125 5Н0, Et OH; sl et h 

8615 2,4-Репі апей! ol 2,4-Amyl ene gl ycol 8160, 625-69-4 04.148 199; 973: 0.963520 43490: vs ЊО, Et OH 

8616 1,5-Репі anedi ol di acet at e Pent amet hyl ene acet at e H, 0, C 6963-44-6 188.221 2 241; 1233 1.029620 426119 

8617 2,3-Репі anedi one Acet yl propi onyl nn 600-14-6 100.117 dk ye lig 08 0.9569 40149... 56,0; msc Et OH, et h, ace 

8618 2,4-Репі anedi one Acet yl acet one 50, 123-54-6 00.117 14 -23 38 0.972% 449420 vs Н,0; msc Et OH, et h, асе, chl - 

8619 Pent anedi оу! di chlori de 561,0; 2873-14-7 169.006 217 1.32420 4728? s et h; sl chl = 

8620 Pentaneni t ri le Valeroni t ri le НМ С 110-59-8 83.132 iq -96.2 413 0.8009 .3971 — seth, ace, bz; sl ctc >° 

8621 1-Pent anet hi ol Pent yl mercapt an gH 110-66-7 04.214 iq -15.65 26.6 0.850 44690 i НО; msc Et OH, et h = 

8622 2-Рет anet hi ol Sec-Pent yl mercapt an AS 2084-19-7 104.214 iq -169 129 0.8327 4412?  sEtOH,lig » 

8623 3-Рел anet hi ol 3-Pent yl mercapt an ENS 616-31-9 104.214 iq -110.8 05 0.8419 44479 s Et OH; 51 DMSO С 

8624 Pent anoi c ас! d Val eri c aci d 6840, 109-52-4 02.132 iq -33.6 86.1 0.9339 40859 s H,0, Et OH, et h; sl сіс Q 

8625 Pent anoi c anhydri de 18,0; 2082-59-9 186.248 iq -56.1 227 0.924 417128 vs eth, Et OH 5 

8626 1-Репі ano Amyl al cohol 56,0 71-41-0 88.148 iq -77.6 37.98 0.8144 41010 sl НО; msc Et OH, et h; s ace, chl un 

8627 2-Pent ano Ssec-Amyl al cohol (3,0 6032-29-7 88.148 iq -73 19.3 0.809% 405329 51 НО; s Et OH, et h, ct c, chl = 

8628 3-Pent ano Di et hyl carbi nol n 584-02-1 88.148 iq -69 16.25 0.8208 .404? 51 НО; s Et OH, et h, ace, ct c z 

8629 2-Репі anone Met ћу! propyl ket one 5610 107-87-9 86.132 iq -16.8 02.26 0.809 30852 51 HO, ct c; msc Et OH, et h 2 

8630 3-Pent апопе Di et hyl ket one 5160 96-22-0 86.132 iq -39 01.7 0.8098 .39055 5 Н,0, ct c; msc Et OH, et h o 

8631 2-Репі апопе oxi me Met ћу! propyl ket one oxi me 5Н 60 623-40-5 101.147 168 0.909520 44502 vs H,0, et h, Et OH = 

8632 Pent anoyl chl ori de Valeroyl chlori de 5500 638-29-09 120.577 liq -110 109 0155 4200 o 

8633 Pent aphene 2,3:6,7-Di benzphenant hrene pom 222-93-5 278.346 ye grn If (ху!) 257 i ®t sl Et OH, xyl, et h; s bz x 

8634  1,2,3,5,6-Pent at hi epane Lent hi oni ne А 292-46-6 188.378 60.5 б 

8635 Pentat ri acont ane 3872 630-07-9 492.947 cry (al ) 74.6 490 0.8157? 4568? 1 ВО; sl eth; s ace = 

8636 18-Репі at ri acont anone 5600 504-53-0 506.930 If (lig) 89.0 270 0.793% i ВО; $1 Et OH, et h, ace, bz, li g, chl 5 

8637 Pent azoci ne ОНО 359-83-1 285.423 cry (MeOH ад) 147 ~ 

8638 4-Репі епа! (H,0 2100-17-6 84.117 99 0.85220 419122 | НО; seth, ace © 

8639 1-Pent ene о-Ату/ ene ЕШ 09-67-1 70.133 volliqorgas -165.12 29.96 0.6408 37150 | НО; msc Et OH, et h; s bz; sl ctc < 

8640 ci s2-Pent ene сі sB-Amyl ene CH; 627-20-3 70.133 liq -151.36 36.93 0.6558 38302 1 НО; msc Et OH, et h; s bz di | sulf | = 

8641 1 rans2-Pent ene t ransg-Amyl ene СН» 646-04-8 70.133 liq -140.21 36.34 0.6437 27939 1 Ч msc Et OH, et h; s bz; vs di 1 = 
su 

8642 t rans3-Pent eneni t ri le 5101 6529-66-1 81117 liq 144 0.837 1.4220 2 

8643 4-Pent eneni t ri le 5101 592-51-8 81117 40 0.823924 .4213" 1 НО; msc Et OH, et h 4 

8644 t rans3-Pent enoi с aci d 5.0; 617-32-9 100.117 93.2 0.9899 8 

8645 4-Репі enoi c aci d Allylacet i c aci d 505 591-80-0 100.117 liq -225 188.5 0.9809 42810 51 НО; vs Et OH, et h z 

8646 1-Pent еп-3-0 9,0 616-25-1 86.132 15 0.83920 .4239? 51 ЊО; msc Et OH, et h E 

8647 сі s2-Pent еп-1-01 H0 576-95-0 86.132 38 0.852920 4354? 5 Et OH, et h, ace E 

8648 t rans2-Pent en-1-ol 9,0 576-96-1 86.132 38 0.847120 43419 5 Et OH, et h, ace = 

8649 3-Pent еп-2-01, (+) H0 42569-16-4 86.132 21.6; 65° 0.8328% .4280? ^ vs асе, et h, Et OH 

8650 4-Pent еп-1-0 (3,0 821-09-0 86.132 41 0.845720 4309? 51 ЊО, ct c; seth 

8651 4-Рел еп-2-0 (8,0 625-31-0 86.132 16 0.836720 „42250 vs ЊО; msc Et OH, et h 

8652 1-Репі en-3-one Et hyl vi nyl ket one 510 629-58-9 84.117 03; 44% 0.846820 .4195? i НО; s Et OH, et h, ace, bz, chl 

8653 t rans3-Pent en-2-one GH,0 3102-33-8 84117 2 0.862420 4350? 5 Н,0, et h, ace, сіс 

8654 2-(3-Репі епу! )pyri di ne 108,3 2057-43-4 147.217 216; 932 0.923425 50765 

8655 1-Репі en-3-yne Met hyl vi nyl acet yl ene sHC 646-05-9 66.102 59.5 0.74012 4496202 vs bz, et h 

8656 1-Pent en-4-yne GH, 871-28-3 66.102 42.5 0.7386 41255 | ВО; s eth, bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8657 сі s3-Pent еп-1-упе CH, 1574-40-9 66.102 44.6 
8658 t rans3-Pent en-1-yne GH, 2004-69-5 66.102 52.2 
8659 Pent etic aci d Di et hyl enet ri ami nepent aacet i с agHJN0,,C  67-43-6 393.347 cry (w) 219 S H,0, alk 
8660 Pent ost at i n 18540, 53910-25-1 268.270 wh cry (MeOH 222 
aq) 
8661 Pent ryl 2442,4,6-Tet rani t roani 11 no)et hanol „НМ, 4481-55-4 362.167 wh-ye cry 129 1.82 i HO, ctc; s chl; vs et h, bz 
8662 Pent yl acet at e Amyl acet at e 18,00; 628-63-7 30.185 iq -70.8 149.2 0.8756 .4023? 51 ЊО; msc Et OH, et h; s сіс = 
8663  sec-Pent yl acet at &( Sec-Amyl acet at e) C; H0; 54638-10-7 30.185 142 0.880318 40122: vs et h, Et OH = 
8664 Реп yl ami ne Amyl ami ne ҒАРЫ 110-58-7 87.164 iq -55 104.3 0.7544 44820 Ша Et OH, et h; vs ace, bz; sl = 
0 = 
8665 4-І елРепі yl ani line тэн! 2049-92-5 63.260 260.5 a 
8666 Pent yl benzene Amyl benzene ОН, 538-68-1 148.245 iq -75 205.4 0.8588 4878? | Эг Et OH, et h, ace, bz, > 
pet h, ct c 
8667 Pent yl benzoat e 69,0, 2049-96-9 92.254 13715 e 
8668 4-Pent yl benzoyl chl ori de 18,010 49763-65-7 210.699 1440, 1218 1.03625 53002 2. 
8669 Pent yl but anoat e Amyl but yrat e 4140, 540-18-1 158.238 iq -73.2 186.4 0.8713 412391 НО; vs Et OH, et h 4 
8670 terPent yl carbamat e tertAmyl carbamat e (3,0, 590-60-3 131.173 nd (di | al) 86 vs ace, bz » 
8671 Pent yl chlorof ormat e 4610, 638-41-5 50.603 6115 41815 seth = 
8672 Pent уі cycl ohexane GH» 4292-92-6 154.293 iq -57.5 203.7 0.8037 .4437? vs асе, bz, et h, Et OH un 
86/3 Pent yl cycl opent ane «Яо 3741-00-2 140.266 14 -83 180 0.7912 .4356? i НО; vs ace, bz, et h, Et OH © 
8674 Pent yl f ormat e Amyl f ormat e 4:0; 638-49-3 16.158 iq -73.5 130.4 0.8859 .3992? 51 ЊО; msc Et OH, et h = 
8675 Pent yl hept anoat е Amyl enant hat e 2120; 7493-82-5 200.318 iq -50 245.4 0.8623 42635 vs ace, bz, et h, Et OH ° 
8676 Pent yl hexanoat e Amyl caproat e МИ 540-07-8 186.292 14 -47 226 0.8612 .42025 s Et OH, et h, ace; sl сіс 5 
8677 1-Репі yl napht hal ene Ив 86-89-5 98.304 iq -22 307 0.9656 572520 » 
8678 Pentyl nitrite Ату! nitrite sH МОС 463-04-7 117147 104.5 0.881720 385122 sl ЊО; msc Et OH, et h 2 
8679 Pent yl nonanoat e Pent yl pel argonat e „НЕО, 61531-45-1 228.371 -27 13120 0.850625 431820 б 
8680 Pent yl oct апоа e Amyl oct anoat e 4180, 638-25-5 214,344 iq -34.8 260.2 0.8619 „4262 | НО; s Et OH, et h, ace (~ 
8681 4-(Репі yl oxy)benzoyl chl ori de 18,010, 36823-84-4 226.699 1989. 18225 1.08725 543420 ° 
8682 Pent yl pent апоа e 18,0; 2173-56-0 172.265 iq -78.8 203.7 0.8638 .4164? sl НО; msc Et OH, et h 2 
8683 4-Репі yl phenol СН, 50 14938-35-3 164.244 23 250.5 0.96020 52725 үс et h, ОН 5 
8684 Pent yl propanoat e 48,0; 624-54-4 144.212 iq -73Л 168.6 0.876% „40965 i НО; msc Et OH, et h; s bz; sl cte | Ct 
8685 Pent yl sali cylat e 2/00, 2050-08-0 208.253 270 1.06415 506° sl ЊО; msc Et OH, et h 2 
8686 Pent yl st earat e 8,0, 6382-13-4 354.610 р! 30 143429 vs et h, Et OH 5 
8687 1-Репі yne Propyl acet yl ene 58 627-19-0 68.118 iq -90 40.1 0.6907 .3852 | НО; vs Et OH; msc et h; s bz, chl ; ~ 
sl ctc e 
8688 2-Репі yne GH; 627-21-4 68.118 iq -109.3 56.1 0.7058 403902: i НО; vs Et OH; msc et h; s bz, chl z 
8689 4-Pent ynoi c aci d Propargyl acet i c aci d 5905 6089-09-4 98.101 577 110%, 1027 vs et h, Et OH = 
8690 2-Репі yn-1-ol 0,0 6261-22-9 84117 iq -49.7 154 6% 0.90920 45187 8, 
8691 3-Pent yn-1-ol 0,0 10229-10-4 84.117 154 0.900220 445420 Ый 
8692 4-Репі уп-1-01 (8,0 5390-04-5 84117 154 0.9132 441420 
8693 Perazi ne 10-[3-(4-Met ћу! -1-pi perazi nyl) С»Н»№5 84-07-09 339.498 Cry 52 1650001 
propyl ]-104-phenot hi azi ne 
8694 Perflui done НО; 37924-13-3 379.375 143 
8695 Perfluoroacet опе Hexafluoroacet one (0 684-16-2 166.021 col gas -125.45 -27.4 
8696 Perfluorobut ane Decafluorobut ane Ifa 355-25-9 238.027 col gas -129.1 -1.9 1.64845 S bz, chl 
8697 Perfluoro-2-but ene GF, 360-89-4 200.030 col gas -129 13 1.52975 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8698 Perfluoro-2-but yl t et rahydrof шап 4-60 335-36-4 416.059 102.6 
8699 Perfluorocycl obut ane Oct afluorocycl obut ane P 115-25-3 200.030 col gas -40.19 -5.9 pos (p»1 i ВО; seth 
atm 
8700 Perfluorocycl ohexane СР; 355-68-0 300.045 62.5 (t | Ме 52.8 sp 
poi nt 
8701 Perfluorocycl ohexene СЕ 355-75-9 262.048 52.0 1.6650% 1.29320 
8702 Perfluorodecal п Са 306-94-5 462.078 iq -10 142 
8703 Perfluorodecane быға 307-45-9 538.072 1442 i go = 
8704 Perfluorodi met hoxymet hane 300, 53772-78-4 220.018 col gas -161 -10 ме 
8705 Perfluoro-2,3-di met hyl but ane ca 354-96-1 338.042 iq -15 59.8 2 
8706  Perfluoroet ћу! et ћу! et her 418550 22052-81-9 164.074 vol li q or gas 28.11 a 
8707 pe uoroet ћу! 2,2,2-t ri fluoroet ћу! C,H;F40 156053-88-2 218.045 vol li q or gas 27.89 > 
et her 

8708 Perfluorohept ane GF 335-57-9 388.049 iq -51.2 82.5 1.7339 12618? i НО; уз асе, et h, Et OH, chl m 
8709 Perfluoro-1-hept ene GF 355-63-5 350.053 81.0 Z 
8710 Perfluorohexane бу, 355-42-0 338.042 iq -88.2 56.6 1.6995 12515? i HO; seth, bz, chl M 
8711 Perfluoro-1-hexene [AM 755-25-9 300.045 57.0 vs chl » 
8712 Perfluoroi sobut ane Ец 354-92-7 238.027 col gas 0 = 
8713 Perfluoroi sobut ene Perfluoroi sobut yl ene ngu 382-21-8 200.030 col gas -130 7 1.5922 un 
8714 Perfluoroi sopropyl met hyl et her 48-0 22052-84-2 200.055 vol li q or gas 29.34 1.4208 © 
8715 Perfluoromet ћу! сус! оћехапе Га 355-02-2 350.053 liq -44Л 76.3 1.7879 1.2857 $ ace, bz, ct c, t ol, AcOEt = 
8716 Perfluoro-2-met ћу! pent ane ба 355-04-4 338.042 57.6 1.732620 12564? | HO; s bz © 
8717 Perfluoro-3-met hyl pent ane Фи 865-71-4 338.042 liq -115 584 sbz 5 
8718 Perfluoronapht hal ene 65 313-72-4 272.094 87.5 209 > 
8719 Ретџогопопапе С, 375-96-2 488.064 125.3 1.80075 2 
8720 Perfluorooct ane Fig 307-34-6 438.057 105.9 1.7320 1.28220 i go о 
8721 Perfluorooct yl sul f опу! fluori de 87.0055 307-35-7 502.121 liq 154 б 
8722 Perfluorooxet ane 6-0 425-82-1 166.021 со! gas -117 -284 ° 
8723 Perfluoropent ane бо 678-26-2 288.035 volliqorgas -10 29.2 1% = 
8724 Perfluoropropane СБ 76-19-7 188.019 со! gas -147.70 -36.6 10 5 
8725 Perfluoropropene СБ 116-15-4 150.022 col gas -156.5 -29.6 1.58340 i go = 
8726 Ретџогоргору! met ћу! et her О 375-03-1 200.055 34.23 1.409220 2 
8727 Perfluoropyri di ne Pent afluoropyri di ne НЯ! 700-16-3 169.053 83.7 Я 
8728 Perfluorot ol uene (ғ; 434-64-0 236.062 114 -65.49 104.5 1.3670 т 
8729 Perfluorot ri propyl ami ne ЮМ 338-83-0 521.069 130 1.8224 1.2795 S 
8730 1H-Peri mi di ne NM 204-02-4 168.195 grn cry (di | al) 223.0 i Ot s Et OH, et h, ace, bz; sl =. 

0М50 z 
8731 Permet hri n £H,,CI,0, 52645-53-1 391.288 cry or ye 11 q 34 200! 1.232 i HO; $ os s 
8732 Peroxyacet i c aci d Et haneperoxoi c aci d HG 79-21-0 76.051 liq -02 110 1.226 1.3974 vs HO, et h, sulf ; s Et OH = 
8733 Peroxypropanoi c ас! d Propaneperoxoi c aci d 30; 4212-43-5 90.078 ехр 119.7 1.41485 
8734 Perphenazi ne GH4CINOS — 58-39-9 403.968 97 
8735 Pert hane Ft hane, 1,1-di chl oro-2,2-bb-s( СНС 72-56-0 307.258 56 

et hyl phenyl )- 
8736 Perylene Di benz[de,kl Jant hracene 201 198-55-0 252.309 gol d-br, ye pl 277.76 1355 i HO; sl Et OH, et h; vs ace, chl ; s 
(bz, HOAc) bz 
8737 Peucedani n 3-Met hoxy-2-i sopropylA# uro[3,2- СНО, 133-26-6 258.270 prorpl (bz- 85 2787 sl ЊО, bz; s Et OH, et h; vs chl , CS 
g][1]benzopyran-7-one pet h) 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8738 Phalloi di n 30М,0,5 17466-45-4 788.868 nd (w) 281 (һуа) s Et OH, MeOH, ру 
8739 Phalloin ЗН. №05 28227-92-1 712.869 cry (w) 250 dec 
8740 a-Phell andrene 2-Met ћу! -5-(1-met hyl et hyl)-1,3- C.H 99-83-2 136.234 238 174.9 0.8410? 14715 i HO;seth 
сус! ohexadi ene 
8741 p-Phel andrene p-Ment ha-1(7),2-di ene СН, 555-10-2 136.234 171.5 0.852020 14788? 1 НО, Et OH; s eth 
8742 9-Phenant hrenami пе НАМ 947-73-9 193.244 || ye cry (al) 138.3 sub sl et h, bz, chl 
8743 Phenant hrene СН 85-01-8 178.229 mcl р (al), If 9924 340 0.98004 1.5943 i НО; s Et OH, et h, асе, bz, CS 
sub 
8744 9,10-Phenant hrenedi one Phenant hrenequi none 1460; 84-11-7 208.213 oran па (to) 209 1.4052 i HO; sl Et OH, bz s et h 
oran-red pl 
sub) 
8745 Phenant hri di ne 45 229-87-8 179.217 nd (di | al) 1074 348.9 $19; vs Et OH, et h, bz, C$ 5 
ace 
8746 1,7-Phenant hrol i ne HN, 230-46-6 180.205 p Эн nd 78 360 $ Н,0: vs Et OH; i eth, bz, li g 
ШУ) 
8747 1,10-Phenant hrol i ne o-Phenant hrol i ne 149 66-71-7 180.205 wh iud cry 117 »300 vs ЊО; s Et OH, ace, bz; i pet h 
w+ 
8748 4,7-Рһепапі hrol i ne 149 230-07-9 180.205 nd (w) 177 sub 100 SH;0,li g; vs Et OH; sl et h, bz, CS 
8749 1,10-Phenant hrol пе monohydrate о-Рһепапі hrol i ne monohydrat e о О 5144-89-8 198.219 wh cry pow 93 S Et OH, ace; sl bz 
8750 Phenazi ne Di benzopyrazi ne „ЕМ 92-82-0 180.205 D nd 176.5 sl HO, et h; s bz, Et OH 
HOAc) 
8751 2,3-Phenazi nedi ami ne 2,3-Di ami nophenazi ne ӘНІМ, 655-86-7 210.234 уе nd 264 sub vs bz, Et OH 
8752 1-Phenazi nol Hemi pyocyani ne К 528-71-2 196.204 уе па (bz, dil 158 sub sl HO, Et OH; s bz, py, di | alk 
е0Н) 
8753 Рһепагоругі di ne 2,6-Di ami no-3-phenyl azopyri di пе 41H10; 94-78-0 213.239 red cry 139 
8754 Phenazopyri di ne hydrochl ori de 3-(Phenyl azo)-2,6-pyri di nedi ami бе Н СИМ 36-40-3 249.700 ye-red cry 51 HO, Et OH; i. bz, ace; s НОАс 
monohydrochl ori de 
8755 Phencarbami de G H,,N,0S 3735-90-8 328.471 48.5 12100 vs et h, chl, MeOH, pet h 
8756 Phendi met razi ne 3,4-Di met hyl -2-phenyl morphol i ne ‘НЮ 634-03-7 191.269 13412, 78055 
8757 Phenet hi ci lli n pot assi um gH EN,O;S  132-93-4 402.506 cry (ace) 235 580 
8758 Рһепі сіп 69,0; 28-68-7 274.225 ye-br (al) 230.5 51 НО; vs Et OH, chl, НОАс 
8759 Pheni ndami ne ІН; 82-88-2 261.361 cry 91 1.17 
8760 Phenmedi pham (51,610, 3684-63-4 300.309 143 
8761 Phenobarbi t al 5-Е ћу! -5-phenyl -2,4,(4H,5H)-  С,Н,№03 50-06-6 232.234 pl (w) 174 i ED, bz; s Et OH, et h; 51 DMSO 
pyri mi di net ri one 
8762 Pheno Hydroxybenzene GH,0 08-95-2 94.111 40.89 181.87 1.05455 1.5408" s H,0, Et OH; vs et h; msc ace, bz 
8763 Phenol pht halei n 3,3-Bi s(4-hydroxyphenyl 3) Ca us 77-09-8 318.323 wh ort h nd 262.5 1.27? i HO, bz; vs Et OH, ace; s et h, chl 
i sobenzof uranone 
8764 Phenol pht hal i n 2-[Bi s(4-hydroxyphenyl ) C.H; Ü, 81-90-3 320.339 nd (w 230.5 vs et h, Et 0H 
met hyl ]benzoi c aci d 
8765 Phenol pht hal ol fH, 0, 81-92-5 306.355 cry (di | al) 201.5 
8766 Phenol Red Phenol sul f onpht hal ei n 41605 143-74-8 354.376 dk red nd or pl >300 51 HO, Et OH, ace, bz; i. et h, chl 
8767 10Н-Рїепо hi azi ne Thi odi phenyl ami ne ЭН 92-84-2 199.271 уе рг (а!) elf 187.5 371 vs ace, bz, et h, Et OH 
or pl (t ol) 
8768 Phenot hri n f£ H0; 26002-80-2 350.450 col liq 1.061 1.54835 1 НО; $ асе, ху! 
8769 10Н-Рһепохагі ne (М0 135-67-1 183.205 If (di | al, bz) 156 dec vs bz, et h, Et OH 
8770 Рһепохуасег i c aci d 460, 122-59-8 152.148 nd or pl (w) 98.5 dec 285 S НО; vs Et OH, et h, bz, CS 
8771 Phenoxyacet yl chl ori de #6016 701-99-5 170.594 225.5 seth 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8772 Phenoxyacet yl ene (H,0 4279-76-9 118.133 -36 615 1.06142 1.51259 ^ vs et h, ОН 
8773 2-Phenoxyani || ne ДАМО 2688-84-8 185.221 cry (li g) 45.8 308; 172 S Et OH; s et В, ace, bz 
8774 3-Phenoxyani || ne ДАМО 3586-12-7 185.221 pr (Li g) 37 315; 180 1.15832 S Et OH, et h, ace, bz; sl li g 
8775 4-Рћепохуап! || ne ДАМО 139-59-3 185.221 па (м), cry (011 85.5 S Н,0: vs Et OH, et h; sl li g 
al) 
8776 | 3-Phenoxybenzal dehyde C.H, 0; 39515-51-0 198.217 14.0 1691, 1404 1.14725 1.595420 
8777 Phenoxybenzami ne (51,501 NO 59-96-1 303.827 39 sbz 
8778  Phenoxybenzami ne hydrochl ori de JHCLNO  63-92-3 340.288 139 51 ЊО; s Et OH 
8779 2-Phenoxybenzoi c aci d 600; 2243-42-7 214.216 If (di | al) 113 355 1.1853 i НО; vs Et OH, et h; s chl 
8780 3-Phenoxybenzoi c aci d 69,03 3739-38-6 214.216 па (ад al) 145.8 i bD; s Et OH, et h 
8781 4-Phenoxybenzoi c aci d 8,00; 2215-77-2 214.216 pr (chl ) 161 51 HO; s Et OH, et h, chl 
8782 2-Рћепохув! hanol 69,0, 122-99-6 138.164 oi | 14 245 1.102 1.53420 i НО; s Et OH, et h, chl, al k 
8783 2-Phenoxyet hyl acrylat e Phenyl Cellosol ve acryl at e nH; 48145-04-6 192.211 110° 1.090% vs ace, et h, chl 
8784 2-Phenoxyet ћу! but anoat e 101.03 23511-70-8 208.253 251; 882 1.0388?! vs ace, et h, Et OH 
8785 3-Рћепохурћепо! Со Но 713-68-8 186.206 1757 
8786 4-Рћепохурћепо! СНО 831-82-3 186.206 84.0 
8787 ыды )propanoi c ас! d, Fenoprof еп (51.0, 31879-05-7 242.270 vi sc oi | 170 1.57425 
+ 
8788 3-Рћепоху-1,2-ргорапед! ol Phenyl gl усегу! et her 40; 538-43-2 168.189 nd (et h, peth) 67.5 208 1.2250 vs H,0, bz, et h, Et OH 
8789 2-Рһепохургорапої c aci d Ф003 940-31-8 166.173 nd (w) 1155 266; 105° 148652 1.5184% 
8790 2-Рћепоху-1-ргорапо! СНО; 4169-04-4 152.190 244 0.980125 147605 s Et OH, et h 
8791 1-Рћепоху-2-ргорапо! GH;,0; 770-35-4 152.190 233; 134? 1.062220 1.523220 
8792 1-Phenoxy-2-propanone Phenoxyacet one СН об; 621-87-4 150.174 229.5 1.090320 1.5228? seth, ace 
8793 2-Рһепохургорапоу! chl ori de (5610, 122-35-0 184,619 147; 116? 1.186520 1.51782 seth 
8794 Phenprocoumon 3-(о-Н hyl benzyl )-4- C, ћи 435-97-2 280.318 рг (MeOH aq) 179 
hydroxycoumari n 
8795 Phent hoat e ОН,/0,Р5; 2597-03-7 320.364 ye oi I 1287 sl ЊО; $ hx 
8796 Phent ol ami ne KH, NO 50-60-2 281.352 175 
8797 Phenyl acet at e 4,0, 122-19-2 136.149 196, 758 1.078020 1.5035? 5 ЊО; msc Et OH, et h, chl; s ctc 
8798 2-Рћепу!асе! ophenone СНО 451-40-1 196.244 pl (al) 60 320 1.201 51 HO; s Et OH, et h, ct c, chl 
8799 N-(Phenylacet yl )-7- 7- 0 1,М),5..27255-/2-/ 332.374 cry (2-PrOH/ 200 
ami nodeacet oxycephal osporani с Phenyl acet ami dodeacet oxycephal os pet h) 
aci d porani c aci d 
8800 Phenyl acet yl ene Et hynyl benzene Nn 536-74-3 102.134 liq -448 143 0.9300 1.5470? i НО; msc Et OH, et h; s ace; sl chl 
8801 (N-Phenyl acet yl )gl ус! ne Phenacet uri c aci d 4100, 500-98-1 193.199 И (Et OH) 143 
8802 Phenyl 2-(acet yl oxy)benzoat e Phenyl acet у! sal i cyl at e 4120, 134-55-4 256.254 96 
8803 (Phenyl acet yl )игеа Phenacemi de 46,0; 63-98-9 178.187 cry (81) 215 vs bz, et h, Et OH 
8804 9-Phenylacri di ne (з 602-56-2 255.313 ув nd, If. (al) 184 404 it sl Et OH; s et В; vs bz 
8805  L-Phenylalani nami de о-Аті nobenzenepropanami de,S)-  C,H,N,0 5241-58-7 164.203 82 
8806  L-Phenylalani ne о-Аті nobenzenepropanoi c асі 05 СНА МО; 63-91-2 165.189 pr (w) 283 dec 51 HO; i Et OH, et В, bz, aci d 
8807  L-Phenylalani ne, et hyl est er Et hyl 2-ami no-3-phenyl propi onat еН;;М0; 3081-24-1 193.243 136 14813 1.06515 51 Н0 
8808 L-Phenylalanyl gl ус! ne 161490, 121-90-4 222.240 262 dec 580 
8809 3-Phenylallyl acet at е 160, 103-54-8 176.212 1235 
8810 5-Phenyl -5-а yl -2,4,6(5(3H,5H)- Phenal | ута! СНО 115-43-5 244.245 156.5 51 HO, bz, DMSO; vs Et OH, et h; 
pyri mi di net ri one i lig 
8811 4-(Phenyl ami no)benzenesul f oni c aci Phenyl sul f ani li c aci d 1963035 101-57-5 249.285 pl (al -et h) 206 vs Ю, Et OH 
8812 2-(РһепуГаті no)benzoi c aci d N-Phenyl ant hrani 11 c aci d a3HQNO, 91-40-7 213.232 If (al) 183.5 it vs Et OH; sl et h, bz 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8813 Phenyl 4-ami no-3-hydroxybenzoat e Рһепуі-аті nosal i cyl at e а МО; 133-11-9 229231 153 
8814 3-(Phenyl ami no)phenol GH NO 101-18-8 185.221 И (w) 81.5 340 81 4; vs Et OH, et h, ace; 5 bz, 
aci d 
8815  4-(Phenyl ami no)phenol £H, NO 122-37-2 185.221 И (w) 73 330 sl Ю; vs Et OH, et h, bz, chl; s 
aci d 
8816 9-Рћепу! ant hracene ОН, 602-55-1 254.325 bl If (al)(HOAc) 156 417 i (H s Et OH, et h, bz, chl, CS 
8817 Phenyl arsonous di i odi de ШЕЕ 6380-34-3 405.835 15 205", 18510 1.62645 
8818 4-(Phenylazo)-1,3-benzenedi ami ne — Chrysoi di ne hydrochl ori de ККЕ 532-82-1 248.711 red-brcrypow 118.5 vs ace = 
monohydrochl ori de < 
8819  4-(Phenyl azo)-1,3-benzenedi ol GH №0, 2051-85-6 214.219 4 ^ nd (di | 170 i НО; vs Et OH, et h, bz, HOAc n 
al 
8820 4-Phenylazodi phenyl ami ne N-Phenyl -4-(phenyl azo)benzenami ne GH, ;N, 101-75-7 273.332 ye pl or pr 84.0 i ID; vs Et OH, eth, li g © 
8821 4-(Phenylazo)-1-napht hal enami ne — о-Марће ћу! Red аны; 131-22-6 247.294 E су 123 S Et OH, di | НСІ, bz 5 
Et OH 
8822 1-(Рћепу! azo)-2-napht hal enami ne Yellow АВ 1g Ns 85-84-7 247.294 red pl (al) 103 vs Et OH, HOAc 5 
8823 1-(Phenyl azo)-2-napht hol Sudan 1 СНО 842-07-9 248.278 ye cry 132 9 
8824 4-(Phenyl azo)phenol GH, N,0 1689-82-3 198.219 ye J г oran 155 225% dec i НО; vs Et OH, et h; s bz, con sul f > 
pr (al 
8825 1-[[4-(Рћепу! azo)phenyl Jazo]-2- Sudan || 0530 85-86-9 352.388 brif (grn lust re)195 i НО; s Et OH, et h, ace, bz, xyl , chl 2 
napht hol (HOAc) л 
8826 М-Рћепу! benzami de Benzani || de МО 93-98-1 197.232 If (al) 163 sub 117 1.315 i НО; sl Et OH, et h, HOAc ° 
8827 о-Рћепу! benzeneacet al dehyde [К 947-91-1 196.244 dec 315; 1.106121 1.5920? i HO; vs Et OH, et h, bz я 
1577 
8828 о-Рпелуі benzeneacet i c aci d Di phenyl acet i c aci d 141200 117-34-0 212.244 па (м), If (al) 147.29 194 1.257% sl HO; vs Et OH; s et h, chl Е 
8829 о-Рћепу! benzeneacet oni t ri 1e PM 86-29-3 193.244 йн h), If. (di 174.3 18419 S Et OH, chl; vs et h; sl li g = 
8830 о-Рһепуі benzeneacet yl chl ori де 44010 1871-76-7 230.689 56.5 1709 8110 5 
8831 М-Рћепу! benzenecarbot hi oami de B, NS 636-04-4 213.298 уе pl or pr (al) 102 dec i 40; vs Et OH; set h, bz, chl; sl li 0 с 
8832 Phenyl -1,2-benzenedi ami ne «BaN; 534-85-0 184.236 nd(w) 79.5 313 51 HO, li g; s ace, bz, chl Ө 
8833  N-Phenyl -1,4-benzenedi ami пе p-Ami nodi phenyl ami ne NN 101-54-2 84.236 nd(al ) 66 354 51 ВО, chl; vs Et OH; s et h, li g = 
8834 о-Рћепу! benzeneet hanami пе FM 25611-78-3 97.276 311; 1755 1,0319 vs et h, Et OH 5 
8835 о-Рћепу! benzeneet hanol ОНО 614-29-9 198.260 nd (pet h-bz) 67 1775 1.0360” е 
8836 о-Рћепу! benzenemet hanami ne Benzhydryl ami ne 6; 91-00-9 183.249 hex pl 34 304; 1768 1.06332 1.5963 51 ЊО; $ ace 2, 
8837 о-Рћепу! benzenemet Пап! mi ne 138 1013-88-3 81.233 282 1.08479 1.6191 — vseth Я 
8838 Б-Рїепу! benzenepropanoi c aci d 101,0; 606-83-7 226.271 nd (di | al) 156.0 81,8, vs Et OH; s et h, ace жА 
8839 2-Рћепу! benzi ті 087016 Phenzi dol e 13 HoN? 716-79-0 194.231 pl (НОАс) (al- 293 51 HO, bz; s Et OH, chl, HOAc S 
w) nd (bz, w) z 
8840 Рћепу! benzoat е GH, 0; 93-99-2 98.217 mcl pr(eth-al) 71 314 1.238 i НО; s Et OH, et h, chl 5 
8841 2-Phenyl benzoi c aci d 141840; 947-84-2 198.217 И (di | al) 1143 343.5 ОН, Et OH, bz, HOAc 5 
8842 4-Phenylbenzoi c aci d 113,0; 92-92-2 198.217 nd (bz, al 228 sub i EO; s Et OH, et h, bz = 
8843 2-Рћепу! -4H-1-benzopyran-4-one Flavone [PA 525-82-6 222.239 k li g), Ч 100 i НО; s Et OH, et h, асе, bz 
30% al 
8844 3-Phenyl -4H-1-benzopyran-4-one Isoflavone CH, 0; 574-12-9 222.239 148 
8845 2-Рћепу! benzot hi azole ANS 883-93-2 211.282 па (di | al) 115 371 i ®t s Et OH, et h, CS 
8846 М-Рћепу! V- СН 91-73-6 273.372 69 22610 1.044480 1.60650 | НО; sl Et OH, НОАс; s et h, bz 
benzyl benzenemet hanami ne 
8847 Phenyl bi guani de N-Phenyl i mi dodi carboni mi dic С.Н. Ns 102-02-3 177.207 143 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8848 2-Phenyl -1,3-but adi ene (Но 2288-18-8 30.186 807 0.92520 54895 1 HO; seth, bz, chl 
8849 М-Рћепу! but anami de АМО 1129-50-6 163.216 mcl г (al, bz, 97 18975 1.1345 i НО; vs Et OH, et h; sl chl 
eth 
8850 Phenyl but anedi oi c aci d, (+) 4130, 10424-29-0 94184 If or nd (w) 168 dec 51/8, chl ; vs Et OH, et h, ace; i bz 
8851 1-Рћепу! -1,3-but anedi one 10, 93-91-4 162.185 рг 56 261.5 1.059974 56788 — i НО; seth; sl chl 
8852 Phenyl but anoat e Phenyl but yrat e 10, 4346-18-3 64.201 225 1.038215 i НО; s Et OH, et h 
8853 1-Phenyl -1-but anone 650 495-40-9 48.201 12 228.5 0.98820 52030 1 НО; msc Et OH, et h; vs асе; s ct c = 
8854 1-Phenyl -2-but апопе GH, 0 1007-32-5 48.201 228; 11116 0.987720 i НО; $ Et ОН, ct с; тас е! h;vsace | m= 
8855 4-Phenyl -2-but anone QH,0 2550-26-7 148.201 liq -13 233.5 0.9948 5112 i НО; s Et OH, et h, ct c; vs ace = 
8856 Phenyl but azone СНО; 50-33-9 308.374 105 =ч 
8857 2-Phenyl-1-but ene a-Et ћу! st yrene eis 2039-93-2 32.202 182 0.88725 52882 £ 
8858 1-Phenyl -2-but en-1-one 660 495-41-0 146.185 20.5 1119 1.025% 562619 m 
8859 t rans4-Phenyl -3-but en-2-one Benzi 11 deneacet one 850 1896-62-4 146.185 pl 415 261 1.00975 58369 — i HO; vs Et OH; s et h, ace, bz; sl ж 
pet h 
8860 4-Phenyl -3-but yn-2-one 6,0 1817-57-8 144170 45 792 1.021520 57622 2 
8861 Phenyl chl oroacet at e 8:610, 620-73-5 170.594 nd or pl (а!) 445 232.5 1.22024 514641 HO; vs Et OH, et h = 
8862 Phenyl chl orof ormat e 1010 1885-14-9 56.567 719 > 
8863 4-Рїепу!-2-сШ orophenol 3-Chl oro-(1,1"-bi phenyl )-4-ol 25010 92-04-6 204.651 wh-ye cry 17 167 = 
8864 2-Phenyl -2,5-cycl ohexadi ene-1,4- С. НО, 363-03-1 184.191 yelf (реп, аі) 114 SLO s Et OH, bz, pet h; vs chl л 
di one © 
8865 4-Рһепуі cycl ohexanone GHD 4894-75-1 74.238 cry (pet h) 79 1582 ті 
8866 1-(1-Рћепу! сус! ohexyl јр! peri di ne Phencycl i di ne NIMES 77-10-1 243.388 46.5 13610 ° 
8867 3-Phenyl-2-cyclopent en-1-one CH, 0 3810-26-2 158.196 liq -23 234.2 0.9712 54409 5 Et OH, ace, chl; sl et h 5 
8868 N-Phenyl-N,N-di et папо! ami пе «8, МО; 20-07-0 81.232 57 20010 1.2019 vs ace, bz, et h, Et OH » 
8869 2-Phenyl -1,3-di oxane QH;,0; 772-01-0 64.20 nd (pet h) 4 253 1.6053° vs Et OH, et h 2 
8870 4-Phenyl-1,3-di oxane (Н,;0; 772-00-9 164.20 247 1.103820 53069 1 HO; s os о 
8871 1-Рћепу! -1-dodecanone Ca H, 0 674-38-0 260.414 47 2019, 1815 0.879476 4700 1 НО; s асе; sl ctc (~ 
8872 1-Рћепу! -1,2-et hanedi ol St yrene gl ycol 81160, 93-56-1 38.164 nd (li g) 67.5 273 vs ED, et h, bz, Et OH; sl li g ° 
8873 N-Phenyl et hanol ami ne o. NO 22-98-5 137.179 279.5; 15079 1.094520 „57600 51 HO; vs Et OH, et h, chl = 
8874 1-Phenylet ћапопе ох! me «М0 613-91-2 135.163 nd (w) 60 245 1.051578 SI HO; vs Et OH, et h, ace, bz; s ct c 5 
8875 2-Phenyl et ћу! acet at e 108120, 03-45-7 64.20 liq -31.1 232.6 1.0882 51719 vs et h, Et OH С 
8876 1-Phenylet ћу! hydroperoxi de 480; 3071-32-7 138.164 lig 50! 2 
8877  N-(2-Phenylet ћу!) Phenf ormi n hydrochl ori de Nm 834-28-6 241.72 cry 177.3 s Н,0 я 
i mi dodi carboni mi di c di ami de, ~ 
monohydrochl ori de 8 
8878 2-Phenylet ћу! 2-met ћу! propanoat e Benzyl carbi nol i sobut yrat e 21:06 3-48-0 192.254 250; 1235 (,995015 1.487120 z 
8879 2-Phenylet ћу! phenyl acet at e 100, 02-20-5 240.297 265 17145 1.077% vs Et OH = 
8880 2-Phenylet ћу! propanoat e Phenet hyl propi onat e ан, 22-70-3 78.228 liq 244 1.02 1.495020 © 
8881 2-(2-Рїїепу! et ћу! )pyri di ne NUM 2116-62-3 83.249 liq -15 289 1.0465 = 
8882  N-Phenyl f оптат! де Formani || de 79,00 03-70-8 121.137 mel pr (li g-xyl) 46 271 1.1186 S H,0, et h, bz; vs Et OH 
8883 Phenyl f ormat e 780, 864-94-4 22.122 liq 178; 82 
8884 2-Phenylf шап QH,0 7113-33-6 144.170 10878, 825 1.0830 1.5920? vs асе, bz 
8885 Phenyl o-D-gl ucopyranosi de СН, 0, 4630-62-0 256.251 174 
8886 Phenyl gl yci ау! et her боб; 22-60-1 50.174 243 1.1109?! 1.5307?! 
8887 Phenyl gl yci ne Phenyl ami noacet i c aci d aH |NO; 03-01-5 51.163 127.5 vs HO, Et OH 
8888  1-Phenyl -1-hept anone GH, 0 671-75-6 190.281 If 16.4 283.3 0.9518 1.5060? ^ vs ace, et h, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
8889 1-Рћепу! -1-hexanone С,Н,,0 942-92-7 176.254 fl 27 265 0.957620 1.50275 sl HO, ct c; s Et OH, et h, ace 
8890 Phenyl hydrazi ne MHN, 100-63-0 108.141 те! pr or pl 20.6 243.5 1.0986? 1.60840 5 H,0; msc Et OH, et h, bz; vs ace 
8891 2-Phenyl hydrazi necarboxami de Pheni carbazi de 149,0 103-03-7 151.165 172 sl HO, et h, bz, li g; s Et OH, ace 
8892 N-Phenylhydrazi necarboxami de 4-Phenyl semi carbazi de zH,Ñ,0 537-47-3 151.165 nd (bz), pl (8) 128 51 HO; vs Et OH, chl; i eth 
8893 Phenyl hydrazi ne monohydrochl ori de С 59-88-1 144.601 И (al) 244 dec sub vs Ю, Et OH 
8894 Phenyl hydroxyl ami ne N-Hydroxybenzenami ne GH,NO 100-65-2 109.126 nd (w, bz, peth) 83.5 vs bz, et h, Et OH, chl 
8895 Phenyl 1-hydroxy-2- С 132-54-7 264.275 96 vs bz, Et OH - 
napht hal enecarboxyl at е нэ 
8896 1-Рїепу!-1Н-| mi 082016 ва 7164-98-9 144173 13 276 1.139715 1.60255 1 НО; vs eth, ace, chl >° 
8897 2-Phenyl-1H-i ті dazole ова 670-96-2 44473 If (bz) 1493 340 vs Et OH - 
8898 5-Phenyl -2,4-i mi 082011 di nedi one 5-Phenyl hydant oi n МБ 89-24-7 76.172 184.5 o 
8899 Phenyli mi docarbonyl chlori de СЫМ 622-44-6 174.028 liq 210; 109 1.28% m 
8900 2-[(Phenyli mi no)met hyl ]phenol qj Ha NO 779-84-0 97.232 49.5 1.087% i HO; s Et OH б 
8901 4-[(Phenyl i mi no)met ћу! Jphenol N-(4-Hydroxybenzi |i авпеуап |i ne — ,,HGNO 1689-73-2 97.232 196.0 i НО; s Et OH, et h; sl bz, chl о 
8902 1-Phenyl-1-i ndene ОН» 1961-96-2 192.256 oi | 158 2 
8903 2-Phenyl-1H-i ndene-1,3(2]-di опе Pheni ndi one 101,00 83-12-5 222.239 If (al, bz) 150 1,0 s Et OH, et h, ace, bz, MeOH, < 
chl 
8904 2-Phenyl-1H-i ndol e ИШИ 948-65-2 93.244 190.5 25010 SI HO; s et h, bz, chl, HOAc, CS = 
8905 Phenyli odi ne di acet at e lodobenzene di acet at e «Ны, 3240-34-4 322.096 cry 161 n 
8906 Phenyl i socyanat e 0 103-71-9 19.121 163; 55" 1.095620 1.5360? vs eth; sl chl ° 
8907 2-Phenyl-1H-i soi ndol e-1,3/2- Cu HNO; 520-03-6 223.227 wh nd (81) 210 sub i ID; sl Et OH; msc chl 2 
di one 
8908 Phenyl i sopropyl et her Isopropoxybenzene 48,0 2741-16-4 136.190 114 -33 176.8 0.9408 149759 . s HO, Et OH, ace, bz 5 
8909 Phenyl i sot hi ocyanat e ;HÍNS 103-72-0 35.187 liq -21 221 1.1309 1.64925 | НО; s Et OH, eth, сіс > 
8910 3-Рлелуі-2-і soxazol i n-5-one € NO, 1076-59-1 161.158 151 sl chl 2 
8911 Phenyl laurat e Phenyl dodecanoat e 180; 4228-00-6 276.414 If (al) 245 210 0.935430 vs ace, et h, Et OH б 
8912 Phenyl magnesi um chl ori de Chl orophenyl magnesi um 61501 Mg 100-59-4 136.862 cry reac HO; s t hf , et h б 
8913 Рћепу! mercuri c chl ori де Chl orophenyl mercury sHECI Hg 100-56-1 313.15 pl (bz) 251 i JÜ: Я Et OH, bz о 
8914 Phenyl mercuri c ni t rat e eHOHgNO, 55-68-5 339.70 2181 2 
8915 4-(Рһепу met hoxy)benzal dehyde На, 4397-53-9 212.244 73 2173 5 
8916 N2-[(Phenyl met hoxy)carbonyl ]- САМО, 1234-35-1 308.334 174 (= 
argi ni пе 2 
8917 N-[(Phenyl met hoxy)carbonyl ]- САМО 1152-61-0 267.234 117.0 Я 
aspart i c aci d p 
8918 2-(Phenyl met hoxy)phenol £H4,0; 6272-38-4 200.233 20520, 17313 1.15422 1.59068 vs et h, Et OH 8 
8919 4-(Рћепу! те! hoxy)phenol Monobenzone 60; 103-16-2 200.233 р! (w) 122 51 HO; vs Et OH, bz, et h; s ace z 
8920 N-(Phenyl met ћу! ene)ani li ne Benzyl i deneani 11 пе 13H NC 538-51-2 181.233 pa Ши 54 310 1.0385 1.60079 1 ВО, $ Et OH, et h, NH sl chl = 
pl (di | al 6 
8921 сі во-(Рһепуі met hyl ene) сі 80 -Рїїепу! сі ппаті c ас! d 158120, 91-47-4 224,255 si Iky needles 174 s40, Et OH, MeOH, et h, bz = 
benzeneacet i c aci d 
8922 t ranso-(Phenyl met ћу! ene) t ranso.-Phenyl с! nnami c aci d 158120, 91-48-5 224,255 pri sms 138 vs HO; s Et OH, MeOH, et h, bz 
benzeneacet i c aci d 
8923 N-(Phenyl met hyl ene) Cua 780-25-6 195.260 20520 
benzenemet hanami ne 
8924 2-(Phenyl met hyl ene)but anal 11820 28467-92-7 160.212 18 243; 157° 1.0201? 1.57820 
8925 N-(Phenyl met hyl ene)et hanami пе КАМ 6852-54-6 133.190 195 0.9372 153785 i НО; $ Et OH, eth 
8926 2-(Phenyl met hyl ene)hept anal 148.80 122-40-7 202.292 ye oi | 80 174 0.97112 1.53812 1 НО; $ ace, сіс 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. — Form mp/'C bp/'C den/g cm? n, Solubility 
8927 N-(Phenyl met ћу! ene)met hanami пе Benzyl i denemet hyl ami ne ШЕН 622-29-7 119,164 185; 9234 0.967114 1.5526? s Et OH, et h, ace, chl 
8928 2-(Рһепуі met ћу! ene)oct anal 2-Hexyl -3-phenyl -2-propenal 157660 01-86-0 216.319 liq 4 252; 169 
8929 3-(Phenyl met ћу! ene)-2-pent anone Met taytet ћу! st угу! ket one 128440 3437-89-6 174.238 137? 1.000522 1.565022 
8930 A-(Phenyl met hyl )-1,2-et hanedi ami ne ЭН 4152-09-4 150.220 130" 
8931 Phenyl met ћу! 4-hydroxybenzoat e 495,0; 94-18-8 228.243 sl chl 
8932 1-Phenyl -2-met hyl -2-propanol 18,40 00-86-7 150.217 па 24 215 0.978776 1.517316 
8933 N-(Phenylmet hyl )-#-puri n-6-ami ne НАМ, 214-39-7 225.249 232.8 - 
8934 4-Рћепу! morphol i ne КІРПІ) 92-53-5 163.216 cry (al -et h) 58.3 i B, Et OH; vs et h = 
8935 N-Phenyl-1-napht hal enami ne 1-Napht hyl phenyl ami ne NU 90-30-2 219.281 61 SI HO, ct c; s Et OH, et h, bz, НОАс = 
8936 М-Рћепу! -2-napht hal enami ne N-Phenyl 48-парћі hyl ami ne з 35-88-6 219.281 108 395.5 i Т S Et OH, et h, bz, НОАС, sl ^5 
C 
8937  1-Phenyl napht hal ene ВН» 605-02-7 204.266 cry 45 334 1.09620 .6664? i НО; vs Et OH, et h, bz, НОАс; 5 E 
cc 
8938  2-Phenyl napht hal ene faa; 612-94-2 204.266 И (al) 103.5 345.5 1.2180 S Et OH, bz, chl, HOAc; vs et h ж 
8939 1-Рћепу! -1-oct anone НО 674-37-9 204.308 22.8 285; 1645: 0.936030 s Et OH, et h 2 
8940 Phenyloxi rane St yrene-7,8-oxi de 460 96-09-3 120.149 colorless li q -35.6 194.1 1.0490 53420 | НО; s Et OH, et h, chl - 
8941 3-Phenyl oxi ranecarboxyl i c aci d, et ћу! Саб 21-39-1 92.211 136% > 
est er 
8942 5-Phenyl -2,4-pent adi епа! 9.0 3466-40-5 158.196 425 1603, 13312 i 0: msc Et OH, bz; vs et h 2 
8943 1-Phenyl -1,4-pent апей опе 109.0, 583-05-1 176.212 ye oi | 162 .52509 ^ vs ace o 
8944 1-Рћепу! -1-pent anol GH,,0 583-03-9 64.244 1412, 1023 0.9655? 40869 vs ace, et h, Et OH = 
8945 1-Рһепуі-1-репі anone GH,,0 009-14-9 62.228 iq -94 245 0.986 51580 1 HO; vs Et OH, et h; sl сіс ° 
8946 1-Phenyl-1-pent en-3-one ©Н.20 3152-68-9 160.212 f (lig) 38.5 142 0.869720 „56840 51 HO, chl; vs Et OH, et h, bz 5 
8947 Phenyl phosphi ne Monophenyl phosphi ne 66Р 638-21-1 10.094 160.5 001% 57962 > 
8948 Phenyl phosphi ni c aci d Benzenephosphi ni c aci d ПОР 119-48-2 42.093 83.8 S H,0; vs Et OH; sl et h, chl 2 
8949 Phenyl phosphoni c ас! d Benzenephosphoni c aci d НОР 571-33-1 158.092 f (w) 160 vs ED; s Et OH, et h, ace; і bz б 
8950 Phenyl phosphoni c di chl ori de вНОСЬОР 824-72-6 94.983 1 258 1975 .55815 sl DMSO Су 
8951 Phenyl phosphonot hi oi с di chl ori de Di chl orophenyl phosphi ne sul fidgH;CL PG 3497-00-5 211.049 205130 37613 ° 
8952 Phenylphosphonous di chl ori de Di chl orophenyl phosphi ne ОР 644-97-3 178.984 iq -51 225; 149 .35620 50300. vsbz 2 
8953 Phenyl phosphorodi chl ori dat e Phenyl di chl orophosphat e 4000, 770-12-7 210.983 hygli q 242, 100 41220 52302 5 
8954 1-Phenyl pi perazi пе (HN; 92-54-6 62.231 pa ye oi | 286.5; 16% 1.062120 58752991 НО; msc Et OH, et h; s chl = 
8955 1-Phenyl pi peri di ne 18 4096-20-2 161.244 47 258 0.99442 55985 vs Et OH, et h, bz, chl 2 
8956 4-Phenyl pi peri di ne 18 771-99-3 161.244 60.5 257 0.999616 schl Я 
8957 МЕРһепуі propanami de GH,,NO 620-71-3 49.189 pl (eth, al, bz) 105.5 222.2 178 51 HO; vs Et OH, et h СЗ 
8958  1-Phenyl -1,2-propanedi one GH,0, 579-07-7 148.159 ye oi | <20 222; 102 „10062 5370 S НО, Et OH, et h S 
8959 1-Phenyl -1,2-propanedi one, 2-oxi me МО; 119-51-7 163.173 wh nd (w) 115 =. 
8960 Phenyl propanoat e 69,0, 637-27-4 50.174 рг 20 211 0436 .4980 i НО; vs Et OH, et h; s bz Е 
8961 2-Phenyl -1-propanol GH,,0 1123-85-9 36.190 1218, 1051 0.97525 5582: 1 HO; s Et OH s 
8962 1-Phenyl-2-propanol GH,,0 698-87-3 136.190 12525 12020 0.99120 519020 15; 
8963 Phenyl propanol ami ne hydrochl ori де aHa CI NO 154-41-6 187.666 194 vs НО; s Et OH; i. et h, bz, chl 
8964 1-Phenyl -1-propanone Propi ophenone (9,0 93-55-0 134.174 18.6 217.5 1009620 52699 | НО; s Et OH, et h, chl 
8965  1-Phenyl -2-propanone Phenyl acet one (8,0 103-79-7 134.174 liq -15 216.5 1.015? 51682 i НО; vs Et OH, et h; msc bz, xyl ; 
s chl 
8966 ci s3-Phenyl -2-propeneni t ri le HN 24840-05-9 129.159 liq -44 249; 139 028920 58439 1 НО; s Et OH; vs bz 
8967 t rans3-Phenyl -2-propeneni t ri le 9HON 1885-38-7 129.159 22 263.8 03047 60130 1 НО; s Et OH, ace, ct c 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
8968 3-Рһелуі-2-ргорепоі c anhydri de Ci nnami c anhydri de 18003 538-56-7 278.302 па (bz ога!) рі 136 vs bz 
(al) 
8969 ci s3-Phenyl -2-propen-1-ol GH,,0 4510-34-3 134.174 whnd(eth- 34 251.5 1.04402 58192 vs et h, Et OH 
pet h) 
8970 t rans3-Phenyl -2-propen-1-ol 01,560 4407-36-7 134174 whnd(eth- 34 251.5 1.044020 58199 51 HO, chl; vs Et OH, et h 
pet h) 
8971 t rans3-Phenyl -2-propen-1-ol acet at ef ransCi nnamyl acet at е 18:50, 21040-45-9 176.212 265; 145% 1.056720 54250 | НО; s Et OH, et h, асе, bz, chl 
8972 trans3-Phenyl -2-propenoyl chlori de Сі nnamoyl chl ori de 400 17082-09-6 166.604 уе сгу 37.5 257.5 1.16175 6149 i BO; s Et OH, ctc, lig x 
8973 3-Phenyl propyl acet at e Benzenepropanol , acet at e "00; 122-72-5 178.228 col liq -40 69 = 
8974 1-Phenyl -2-propyl ami пе, (+) Amphet ami ne ҒАРЫ 300-62-09 135.206 oi | 203 0.9308 51826 51 ЊО, et h; s chl, Et OH Л 
8975 1-Рћепу! -2-propyl ami пе,9) Dexamphet ami ne (IN 51-64-9 135.206 oi | 27.5 203.5; 88 0.9495 4704? sl HO; s Et OH, et h о 
8976 Phenyl propyl et her Propoxybenzene (1,0 622-85-5 136.190 liq -27 189.9 0.9474 50149? s Et OH, eth Ё 
8977 4-(3-Рћепу! propyl )pyri di пе ЕМ 2057-49-0 197.276 322; 1505 .024% 56169 vs bz, et h, py, ОН 
8978 3-Рћепу! -2-propynal GH,0 2579-22-8 130.143 12728, 104" 1.062220 607912 5 
8979 3-Phenyl -2-propynoi c aci d Phenyl acet yl епесагроху! с acid H O£ 637-44-5 146.143 nd (w) 137.5 28% 51 HO; vs Et OH, et h Z 
8980 3-Phenyl -2-propyn-1-ol GH,O 504-58-1 132.159 1375 07820 58738 s eth, асе, bz а 
8981 6-Phenyl -2,4,7-pt егі di net ri ami пе Tri amt erene o Ha Ne 396-01-0 253.262 уе pl (Вион) 316 i eth; 51 Et OH, chl > 
8982 1-Phenyl -3-pyrazol i di none о N,0 92-43-3 62.187 126 i eth, lig = 
8983 2-Phenyl pyri di пе 15) 008-89-5 155.196 271 08332 .6210? 51 ЊО; msc Et OH, et h 9 
8984 3-Рһепуіругі di ne 04 008-88-4 155.196 pa ye oi | 164 272 1.6128 sl ЊО, s Et OH, eth © 
8985 4-Рһепуіругі di ne 18) 939-23-1 55.196 pl (w) 77.5 281 S HO, Et OH, et h ті 
8986 Рїїепу!-2-руй di nyl met hanone „№0 91-02-1 83.205 42 317 15562 sch ° 
8987 Phenyl-4-pyri di nyl met hanone „ЮМО 4548-46-0 183.205 i Га h,pl 72 315; 17010 51 HO; s Et OH, et h, bz 5 
w 
8988 1-Рпепу! -1/-pyrrol e 0,1) 635-90-5 43.185 р! (sub), red i n. 62 234 i ВО; s Et OH, et h, ace, bz; vs pet h 2 
ai r 
8989 2-Phenyl-1H-pyrrole Сон 3042-22-6 143.185 р! (al, sub) 129 272 i 4; vs Et OH, et h, bz, chl; sl li g x 
8990 1-Phenyl-1H-pyrrole-25-di one N-Phenyl mal ei mi de 10030, 941-69-5 73.169 уе па (62-11 g) 90.5 162 vs bz, et h, Et OH © 
8991 1-Phenyl pyrrol i di ne NM 4096-21-3 41.217 11 1197, 1025 1.01820 158139  seth < 
8992 1-Phenyl -2,5-pyrrol i di nedi one Succi nani I 80, 83-25-0 175.184 mcl prornd(w, 156 400 1.35625 i НО; s Et OH, et h 5 
41) 
8993 2-Phenyl qui nol i ne "nm 612-96-4 205.255 nd (di | al) 86 363; 194 sl HO, pet h; vs Et OH, et h, ace, bz 5 
8994  2-Phenyl -4-qui nol i necarboxyli с acid Сі nchophen 1:00, 132-60-5 249.264 па 2145 i HO; $ Et OH, et h, alk; sl ace, 02 | т 
8995 Phenyl sali cylat e 4840; 118-55-8 214.216 43 17372 1.261430 i НО; vs Et OH, ace, bz; s et h, Ф 
НОАс = 
8996 Phenylsi lane 51 694-53-1 108.214 119 0.8681? 15125? i HO е 
8997 1-Phenylsi lat rane dl; NO,SI 2097-19-0 251.354 prornd(ace) 209 E 
8998 Phenyl st earat e 48,0, 637-55-8 360.574 52 2675 i НО; s Et OH, et h E 
8999 5'-Phenyl -1,1":3',1"-1 erphenyl £H, 612-71-5 306.400 orth nd (al or 176 462 1.199% i НО; s Et OH, et h, НОАс; vs bz; = 
НОАс) sl chl 
9000 5-Рћепу!-2,4- hi azol edi ami ne Ami phenazol e 45 490-55-1 191.252 fl (di | al) bri n 163 dec 
ai r 
9001 Phenyl-2-thi епу! met hanone 4108 135-00-2 188.246 nd (di | al) 56.5 300 1.1890 1.1814 1 HO; s EtOH, eth 
9002  N-Phenylt hi oacet ami de Thi oacet ani 11 de МОС 637-53-6 151.229 nd (w) 75.5 dec 
9003 Phenyl t hi ocyanat e NS 5285-87-0 135.187 232.5 1158 i НО; s Et OH, et h 
9004 2-Phenylt hi osemi carbazi de 2-Phenyl hydrazi necarbot hi oami de H4N,SC 645-48-7 167.231 pr (al) 200 dec 
9005 4-Phenyl -3-t hi osemi carbazi de N-Phenyl hydrazi necarbot hi oami de ;НФЬ5 5351-69-9 167.231 pl (al) 140 dec i EL OH, li g; sl bz 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9006 Phenylt hi ourea 70505 103-85-5 152.217 па (м), рг (al) 154 SI HO; s Et OH, NaOH 
9007 3-Phenyl-2-t hi oxo-4-t hi azoli di попе 3-Phenyl rhodani ne 4106; 1457-46-1 209.288 уе рг (НОАс) 1945 Г HO; sl Et OH, et h; s ace, chl, 
nd or pr (al ) HOAc 
9008 6-Phenyl -1,3,5-t ri azi ne-2,4-di ami ne Benzoguanami пе gH NG 91-76-9 187.201 nd, р! (al) 226.5 s Et OH, eth; sl tf a 
9009 М-Рћепу!-1,3,5- ri azi ne-2,4-di ami ne Атапой ne gH NG 537-17-7 187.201 cry (di ox, 50% 235.5 
al) 
9010 4-Phenyl -1,2,4-t ri azoli di ne-3,5-di one 81300, 15988-11-1 177161 205.5 
9011 Phenylt ri met hyl ammoni um i odi de 41448 98-04-4 263.118 If (al) 224 vs40; s Et OH, HOAc; $1 ace; i. chl = 
9012 Phenyl (t ri phenyl met ћу! )di azene os HN; 981-18-0 348.440 111 dec ме 
9013 Phenyl urea ШҮ 64-10-8 136.151 mel pr(w,al) 147 238 1.3025 51 HO, et h, DMSO; s Et OH, AcOEt М 
9014 t rans5-(2-Phenyl vi пу!)-1,3- Pi nosyl vi n 10.0, 22139-77-1 212.244 па (НОАс) 156 vs асе, bz, chl, HOAc a 
benzenedi ol > 
9015 Phenyl vi nyl et her 36:0 766-94-9 120.149 55.5 0.9770? 15224? | НО; vs eth 
9016 Phenyt oi n 5,5-Di phenyl -2,4-i mi dazoli di nedi оће МО; 57-41-0 252.268 nd (al) 286 i EO; s Et OH, ace; sl et h, bz e 
9017 Phloretin 108,0; 60-82-2 214.269 nd (di | al), сту 263 dec sl НО, chl; msc Et OH, bz i. et h; Z 
(ace) s ace 22 
9018 Phorat e GH,70,PS, 298-02-2 260.378 <15 1908 1.1625 < 
9019 Phorbol 051506 17673-25-5 364.432 cry (Et OH) 250 dec S HO, ace 2, 
9020 Phorone C, H0 504-20-1 138.206 ye-grn pr 28 97.5 0.885020 1.4998? 5 HO; s Et OH, et h, ace, ct c 7 
9021 Phosal one C,H,CINQP — 2310-17-0 367.808 46 ° 
S; = 
9022 Phosf olan (3,,М0,Р5, 947-02-4 255.295 36.5 170001 vs HO, bz, ace; sl et h; s hx ° 
9023 Phosmet САН „МОРУ, 732-11-6 317.321 72 dec ж 
9024 Phosphami don GoHCINQP 13171-21-6 299.689 oi | -45 162 1.213225 147185 msc H,0; s hx б 
9025  N-Phospho-1-argi ni ne АМОР 1189-11-3 254181 cry (ace aq) 177 = 
9026 0-Рїоврїогу! et hanol ami пе Et hanol amÜnehosphat е GH,NO,P 1071-23-4 141.063 cry (EtOH aq) 242 5 
9027 О-Рһоѕрһоѕегі пе СМОР 407-41-0 185.073 сту 166 дес с 
9028 Pht hal azi ne 2,3-Benzodi azi ne 40, 253-52-1 130.147 90.5 316 S Н,0, Et OH, bz sl eth; i lig © 
9029 Phthali c aci d 1,2-Benzenedi carboxyl i с aci d 400 88-99-3 166.132 pl (w) 230 dec dec 2.189 51 HO, eth; i chl; s Et OH < 
9030 Pht hali c anhydri де 8160, 85-44-9 148.116 wh nd (al, bz) 130.8 295 1.527 sl HO, et h; s Et OH, ace, bz ч 
9031 29H31H-Pht hal ocyani ne а 574-93-6 514.539 grsh-bl mcl sub 550 i НО, Et OH, et h; s РАМЫ = 
(qui noli пе) > 
9032 Pht hal yl sul phat hi azole 109605, 85-73-4 403.432 273 i ВО, еіп, chl; sl Et OH; saci d,alk | т 
9033 Physost i оті пе МО 57-47-6 275.347 ort h pr (et h, bz) 105.5 sl 20; s Et OH, et h, bz, chl n 
9034 Phyt o 3,7,11,15-Tet ramet hyl -2-hexadecen- СН.0 150-86-7 296.531 oi ly lig 203 0.849725 1.459525 © 
1-01, [#-[В*,В*-(Б]] 5 
9035 Pi cene Benzo[a]chrysene ОН, 213-46-7 278.346 If, pl (ху, ру, 368 519 i HO; 51 Et OH, bz, chl ; s con sul f Б 
sub) = 
9036 Pi crol oni c aci d 10805 550-74-3 264.195 ye nd (al 116 dec 51 HO; s Et OH, et h, MeOH 8, 
9037 Р! cropodophylli n 28:50, 477-47-4 414.405 col па (al, bz) 228 vs ace, bz, et h, Et OH 152 
9038 Pi crot oxi п afl О а 124-87-8 602.583 orth If 203.5 vs py, Et OH 
9039 Pi l'ocarpi ne НО 92-13-7 208.257 па 34 2605 S H,O, Et OH; sl et h, bz vs chl ; i 
pet h 
9040 Pi l'ocarpi ne, monohydrochl ori de иЮ 0I NO, 54-71-7 244.718 hyg cry 204.5 vs ЊО, Et OH 
9041 Pi locarpi пе, mononi t rat e a HON 0; 148-72-1 271.270 ү! nt orcry 178 vs ЊО 
al 
9042 Pilosi ne 10150; 13640-28-3 286.325 nd (al) 179 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9043 Pi mari c aci d Dext ropi mari c aci d PN 21-21-5 302.45 orth (ace) pr 2185 28218 vs et h, py, Et OH 
(al) 
9044 Pi nane 2,6,6-Tri met hyl bi сус! o[3.1.1]hept апе Н: 473-55-2 138.250 oi | -53 69 0.8467 1.4605?! 
9045 t rans2-Pi nanol Pi nene hydrat e 10840 35408-04-9 54.249 60 817) 
9046 Pi ndol ol LH N05 3523-86-9 248.32 cry (Et OH) 172 
9047 o-Pi nene 2-Pi nene nm 80-56-8 136.234 liq -64 562 0.8538 1.46325 1 НО; msc Et OH, et h, chl 
9048 В-Р! nene Nopi nene fh 27-01-3 36.234 liq -61.5 66 0.860 14760? 1 НО; $ bz, Et OH, et h, chl = 
9049 Pi регай ne Di et hyl enedi ami ne 41:06, 10-85-0 86.135 hyg pl or If (al) 106 146 1.446 мо ЊО s Et OH, chl; i eth T 
9050 1-Pi perazi necarboxal dehyde 58990 7155-92-2 114.145 9505 1.509420 >° 
9051 1,4-Pi perazi nedi et hanol НОО 22-96-3 74.24 135 217% =ч 
9052 Pi perazi ne di hydrochl ori de Di et hyl enedi ami ne di hydrochl oriHlgCl;N;C 42-64-3 59.057 51 HO; i Et OH o 
9053 2,5-Pi perazi nedi one „МО; 06-57-0 114.103 tab or pl (w) 312 дес sub 260 51 $0, Et OH; s HCI m 
9054 1,4-Pi perazi nedi propanami ne 1,4-Bi s(3-ami поргору јр! perazi пер МС 7209-38-3 200.325 15 151? 0.97325 1.501520 б 
9055 1-Рі perazi neet hanami ne 1-(2-Ami noet ћу! )pi perazi ne ЕМС 40-31-8 129.203 220 0.98525 1.498320 о 
9056 1-Рі perazi neet hanol e G4 N)0 03-76-4 130.187 246 1.061% 1.506520 2 
9057 1-Рі peri di nami ne 516, 2213-43-6 100.162 147 0.92825 1.475020 - 
9058 Pi peri di ne Azacycl ohexane sn 10-89-4 85.148 liq -11.02 106.22 0.8608 1.453022 msc НО, Et OH; s et h, ace, bz, chl E 
9059 1-Рі peri di necarboxal dehyde eH NO 2591-86-8 113.157 liq -30.8 222.5 1.0158 1.48055 msc H,0, Et OH, et h, bz, chl, li g = 
9060 4-Рі peri di necarboxami de 616М,0 39546-32-2 128.171 138.5 9 
9061 2-Рі peri di necarboxyl i c ас), ( L-Pi pecoli c aci d eH NO; 3105-95-1 29.157 nd (MeOH/et h) 260 ° 
9062 3-Pi peri di necarboxyli c aci d Ni pecot i c aci d eH NOD 498-95-3 129.157 261 dec vs ЊО © 
9063 4-Рі peri di necarboxyli c ас! d Isoni pecot i c aci d eH, NOC 498-94-2 129.157 nd 336 ж 
9064 1-Рі реп di neet hano ;H&NO 3040-44-6 29.200 17.9 202; 902 0.970325 4749? msc Н,0; vs Et OH б 
9065 2-Рі регі di neet hano 2-(2-Hydroxyet hyl )pi peri dine „НМ 1484-84-0 29.200 69 202; 14538. 1.01? vs HO > 
9066 4-Рі peri di neet hano 4-(2-Hydroxyet ћу! )pi регі di пе — 7H,,NOC 622-26-4 129.200 Syr 132.5 221.5 1.005915 49079 vs H,0, et h, Et OH == 
9067 Pi peri di ne, hydrochl ori de Pi peri di ni um chl ori de sHi C1 NC 6091-44-7 121.609 142 dec vs НО, chl с 
9068 4-Рі peri di nemet hanami ne 4-(Ami nomet ћу! )pi peri di ne — HN; С 7144-05-0 14,188 25 200; 3110 49002 2 
9069 2-Рі peri di nemet hanol «НЕМО 3433-37-2 115.173 69 1041, 80! 5| chl 2 
9070 3-Рі peri di nemet hanol Ше 4606-65-9 15.173 61 10635 1.026320 4964 sl chl "5 
9071 1-Рі реп di nepropaneni t ri le 81146, 3088-41-3 38.210 -6.8 14550 0.940325 46765 © 
9072 2-Р! регі di none SNO 675-20-7 99.131 hyg 39.5 256 VS нд, Et OH, et h;s di | aci d;i con = 
al 
9073 2-(1-Рі peri di nyl met ћу!) Pi mecl one GH,,NO 534-84-9 95.301 1194 > 
сус! ohexanone СЗ 
9074 1-(2-Pi регі di nyl )-2-propanone, (+) aHa, NO 539-00-4 141211 oi | 91 0.962420 1.46832 vs ОН, chl S 
9075 3-(0-Рі peri di nyl)pyri di 9р, ( Anabasi ne GH, N; 494-52-0 162.231 liq 9 276; 148 1.045520 1.5430? msc H,0; s Et OH, et h, bz =. 
9076 Pi регі пе £H, МО; 94-62-2 285.338 pr(AcOEt ) pl or 131.5 i ВО; s Et OH, bz, py; sl et h; vs chl z 
те! pr (al), e 
cry = 
9077 Рі peronyl but oxi de 1983005 51-03-6 338.438 180 1.055 
9078 Рі peronyl sulf oxi de Isosaf role oct yl sulf oxi de 18038 120-62-7 324.478 ye-br li q dec 1.530 sl НО; mi sc os 
9079 Рі pobroman (51, 681,М,/0, — 54-91-1 356.054 106 
9080 Рі prot al Tropi t al 2460; 5281-13-0 456.570 liq 218^ 
9081 Pi ri mi carb deu NO; 23103-98-2 238.287 90.5 
9082 Pi ri mi phos-et hyl dH, N,OSPS — 23505-41-1 333.387 dec »130 1.142 
9083 Pi ri mi phos-met hyl «H9 N,OSPS 29232-93-7 305.334 15 dec 1.172 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9084 Pi t hecol obi ne z Bag Мао; 22368-82-7 398.626 Cry 68 2300007 S Н,О, chl , et h, Et OH, pet h 
9085 2-Рі val oyl -1,3-i ndandi one Pi ndone 4100, 83-26-1 230.259 уе сгу 109 
9086 Plasmoci d СН» NO 551-01-9 287.400 18210 1.056924 1.585524 
9087 Plumeri сіп 111,0; 77-16-7 290.268 schl 
9088 Podophyllot oxi n 2010, 518-28-5 414.405 183 sl Ын vs Et OH; i. et h; s ace, bz, 
HOAc 
9089 Polyt hi azi de pex БМО, 346-18-9 439.882 214 
3 
9090 Ponceau ЗВ С... Food Red 6 Сай» оМа,0; 3564-09-8 494.449 dk red pow s H30; 51 Et OH 
2. 
9091 Populi n GH 203 99-17-2 390.384 m 17 рг 180 
al 
9092 21H23H-Porphi пе G HN, 101-60-0 310.352 red ог огап 11 360 sub 300 1.3365 i BO, et h, ace, bz; 51 Et OH; s di ox 
(chl -MeOH) 
9093 Pot assi um benzoat e 78;KO, 582-25-2 160.212 hyg cry 
9094 Pot assi um di chl oroi socyanurat e Trocl osene pot assi um 30160, 2244-21-5 236.054 hyg cry 250 dec 
9095 Pot assi unD-gl uconat e НКО; 299-27-4 234.245 ye-wh cry 183 dec vs HO; Г Et OH, et h, bz, chl 
9096 Pot assi unt ranst rans2,4- Pot assi um sorbat e 80, 24634-61-5 150.217 >270 dec 1.361% vs H,0; s Et OH 
hexadi enoat ё 
9097 Pot assi um hydrogen рїї hal at e Pot assi um bi pht hal at e КОС 877-24-7 204.222 1.6362 S ЊО; 51 Et OH 
9098 Pot assi unci 59-oct adecenoat e Pot assi um ol eat е БКО; 143-18-0 320.552 ye-br soli d 510, Et OH 
9099 Prazosin G HN, 19216-56-9 383.402 cry 279 
9100 Predni sol one МО 50-24-8 360.444 235 
9101 5o-Pregnane АП оргедпапе GIH; 641-85-0 288.511 845 
9102 5B-Pregnane 17B-Et hyl et i ochol ane о 481-26-5 288.511 те! scorpl 835 1.03275 i. H0; s chl, Меон 
(MeOH) 
9103 5о-Ргедпапе-30:,200:-0ї ol Al | opregnanee820c.-di ol ОНО; 566-58-5 320.510 cry (MeOH) 244 
9104 5B-Pregnane-30.,20S-di ol Pregnanedi ol 2010, 80-92-2 320.510 pl (ace) 243.5 1155 5| Et OH, et h; s ace 
9105 5o-Pregnane-3,20-di one 3,20-А! | opregnanedi one 21010, 566-65-4 316.478 Cry 200 
9106 5p-Pregnane-3,20-di one 61950, 28-23-4 316.478 m (di 1 2 cry 123 i НО; vs Et OH; s et В, ace 
di | ace 
9107 5-Pregnane-3,17,21-t ri ol -20-one 1 hydroxypregnan-20-one, СНО, 68-60-0 350.493 cry (Et OAc) 226 
30.50) 
9108 Ртеопап-3о-01-20-0пе Саны, 28-20-1 318.494 nd (bz), cry (di |. 149.5 vs Et OH 
al) 
9109 Pregnenol one C.H40; 45-13-1 316.478 nd (di | al) 192 
9110 Prenoxdi azi ne hydrochl ori de 248501М0 982-43-4 397.940 186.5 
9111 Prepheni c aci d ОҢ,0; 26-49-8 226.182 f reeaci dunst ab 
9112 Pri di nol 1,1-Di phenyl -3-(1-pi peri di nyl)-1C;, H4 NO 511-45-5 295.419 Cry 120 S ace 
propanol 
9113 Pri locai ne N-(2-Met ћу! phenyl )-2-(propyl ami по)С На МО 721-50-6 220.310 nd 38 160! 1.529920 
ргорапаті де 
9114 Ргоса! nami de 4-Ami гїН2-(01 et һу! ami по) СМО 51-06-9 235.325 47 2122 
et ћу! ]benzami de 
9115 Procai nami de hydrochl ori de аб СМО 614-39-1 271.786 166 vs Н,0:5 Et OH; i et h, bz; sl chl 
9116 Ртосагһагі ne hydrochl ori de JH CINO 366-70-1 257.759 cry (MeOH) 225 
9117 Prochl orperazi пе CH, CINS 58-38-8 373.943 228 
9118 Ргосуті done GH,CLNO, 32809-16-8 284.138 166 1.45225 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9119 Prodi ami ne fH FN O, 29091-21-2 350.294 124 1.472 
9120 Prof enof os ин ОР 41198-08-7 373.631 110000 1.45520 
9121 Proflurali n СНО, — 26399-36-0 347.290 34 
9122 Progest erone Pregn-4-ene-3,20-di one 490, 57-83-0 314.462 рг 129 1.16623 i НО; s Et OH, di ох, ace 
9123 ПІ-Ргогі ne HNO, 609-36-9 115.131 hyg nd (а! -et h) 205 dec vs ЊО, Et OH 
сгу (+w) 
9124 L-Proli ne 2-Pyrrol i di necarboxyl i c aci d МО; 147-85-3 115.131 па (al-eth) рг 221 dec vs Н,0: sl Et OH, ace, bz; i. et h, = 
(w) РГОН „а 
9125 Рготай ne G Hj N;S 58-40-2 284.419 20603 n 
9126 Promecarb Phenol , 3-met ћу! -5-(1-met hyl et hyl Ci Hi; NO; 2631-37-0 207.269 87 117901 © 
met ћу! carbamat е > 
9127 Promet hazi ne М.Мо-Тгі met hyl -T@phenot hi azi ne- Cz; Hj NS 60-87-7 284.419 60 19109 i HO; vs di | НСІ с 
10-et hanami ne С) 
9128 Promet hazi ne hydrochl ori de Di prazi n 11 01М5 58-33-3 320.880 231 vs Н,0, Et ОН, chl 5 
9129 Promet one СоН,№0 1610-18-0 225.291 soli d 915 ао 
9130 Promet ryn N,N-Di i sopropyl -6-(met hyl t hi 0)- C.H, N,S 7281-19-6 241.357 119 1.1572 < 
1,3,5-t ri azi ne-2,4-di ami пе 7 
9131 Ргорасћ! or Acet ami de, 2-chl 018-(1- СНС NO 1918-16-7 211.688 77 110% 1.24255 = 
met ћу! et hyl/)-phenyl - un 
9132 Propanal Propi onal dehyde 210) 123-38-6 58.079 114 -80 48 0.8657 .9636? 5 H,0; msc Et OH, et h о 
9133 Propanal oxi me (H,NO 627-39-4 73.094 40 131.5 0.925820 „42872 = 
9134 Ргорапат! де Propi onami де ЧО 79-05-0 73.094 rhom, pl (bz) 813 213 0.926210 4180" — vs Н,0, Et OH, et h, chl = 
9135 Propane С.Н 74-98-6 44.096 col gas -187.63 -42.1 D (p»1 S НО, Et OH; vs et h, bz; sl ace б 
atm 
9136  Propanedi ami де EROR 108-13-4 102.092 mcl pr(w) 170.8 S HO; i Et OH, et h, bz 51 DMSO 2 
9137 1,2-Ргорапеа! ami пе, (+) Propyl enedi ami пе НО 10424-38-1 74,124 hyg 119.5 0.87815 4460? vs H,0; i eth; уз chl б 
9138 1,3-Propanedi ami ne 1,3-Di ami nopropane 316, 109-76-2 74124 liq -10.8 139.8 0.884 46009 s Н0; msc Et OH, et h СУ 
9139 1,2-Propanedi ol di acet at e #00, 623-84-7 160.168 190.5 1.05920 417320 vs HO; s Et OH, et h ° 
9140 1,3-Propanedi ol di acet at e 1800, 628-66-0 160.168 209.5 1.070“ A192 vs H,O; s Et OH = 
9141 1,2-Propanedi ol 1-met hacrylat e 2-Нудгохургору! met hacryl at e EN 923-26-2 144.168 909, 5705 1.066% 445820 5 
9142 1,2-Ргорапеа! one Pyruval dehyde (9,0, 78-98-8 72.063 уе hyg li q 72 1.0458 40028 s Et OH, et h, bz = 
9143 Propanedi оу! di chl ori de 41010, 663-67-8 140.953 5728 1.450920 463902: seth, AcOEt 2 
9144 1,2-Propanedi t hi ol 365; 814-67-5 108.226 152 1.0820 53220 sch > 
9145 1,3-Propanedi t hi ol Tri met hyl ene di mercapt an 316950 09-80-8 108.226 liq -79 172.9 0772 53920 51 HO, ct c; msc Et OH, et h, bz т 
9146 22-[1,3- Di sal i cyli dene-1,3-propanedi ami пе „Н. 50, 20-70-7 282.337 543 S 
Propanedi yl bi s(ni t ri | оте! hyli dyne) = 
bi sphenol = 
9147 Propaneni t ri le Et hyl cyani de аю 07-12-0 55.079 114 -92.78 97.14 0.7819 .3655 vs H,0; s Et OH, et h, ace, bz, ct c 2 
9148 1-Propanesulf oni c ас! d 30,5 5284-66-2 124159 8 136! 1.251625 = 
9149 1-Propanesulf опу! chlori де 31560105 0147-36-1 142.605 dec 180; 1.26720 „4522 
179 
9150 1,3-Ргорапе sult one 1,2-Oxat hi ol ane, 2,2-di oxi de 314055 120-71-4 122.143 sch 
9151 1-Propanet hi ol Propyl mercapt an 35 07-03-9 76.161 liq -113.13 67.8 0.8419 4380 sl HO; s Et OH, et h, ace, bz 
9152 2-Ргорапе! hi ol Isopropyl mercapt an 3Ң5 75-332 76.161 liq -130.5 52.6 0.8143 42550 sl НО; msc Et OH, et h; vs ace; s 
ch 
9153 1,2,3-Propanet ri ami пе 1,2,3-Tri ami nopropane 3110, 21291-99-6 89.139 vi sc oi | 190; 92 580 
9154 1,2,3-Ргорапе! ri carboxyl i c aci d Ти carball yl i c ас! d 40; С 99-14-9 176.124 ort h (et h) 166 vs 0, Et OH; sl et h 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9155 1,2,3-Propanet ri ol -1-acet at e 8160, 06-61-6 134131 158165, 1298 1.206020 141579 vs H,0, Et OH 
9156 1,2,3-Ргорапеё ri ol 1-(4- Glyceryl p-ami nobenzoat e НЛО, 36-44-7 211.215 i НО; s Et OH 
ami nobenzoat e) 
9157 1,2,3-Ргорапеё ri ol -1,3-di acet at e 1,3-Di acet i n #06 05-70-4 176.167 hyg li q 260; 149 14795 1.43950 уз H,0, Et OH; sl eth; i 65 
9158 1,2,3-Ргорапеё ri ol t ri benzoat e 2150, 614-33-5 404.412 nd (MeOH) 76 1.228? i ВО; s Et OH; vs et h, ace, bz, chl 
9159 1,2,3-Ргорапе! ri ol t ri propanoat e 2150 39-45-7 260.283 17520, 15713 1.1085 1.431889 1 HO; s Et OH, chl ; vs et h 
9160 1,2,3-Propanet ri yl hexanoat e 210306 621-70-5 386.523 -60 >200 0.9867% 14427? i НО; msc Et OH, et h, bz; vs ace = 
9161 1,2,3-Propanet ri у! oct anoat е 6,0; 538-23-8 470.682 10 233 0.95402 1.44820 i HO; msc Et OH; vs et h, bz, chl , = 
lig < 
9162 Propani di d ОН, М0; 421-14-3 337.411 21197 i HO; s Et OH, chl 2 
9163 Propani | Propanami 06/-3,4-01 chl orophenyl ) С.Н,С1,М0 709-98-8 218.079 92 1.25% 2 
9164 Propanoi c ас! d Propi oni c aci d 380; 79-09-4 74.079 liq -20.5 14115 0.9882 .3809? msc H,0, Et OH; s et h; sl chl E 
9165 Propanoi c anhydri de Propi oni c anhydri de 4810, 23-62-6 130.141 liq -45 170; 67.8 1.011020 403822 msc et h; sl ctc e 
9166 1-Propanol Propyl alcohol H 0 71-23-8 60.095 114 -124.39 97.2 0.799% 38000 msc H,0, Et OH, et h; $ асе, chl ; vs 2 
bz 
9167 2-Propanol Isopropyl al cohol 210) 67-63-0 60.095 liq -87.9 823 0.7809 377620 bs Н,0, Et OH, et В; s ace, chl ; vs > 
7 
9168 2-Ргорапопе oxi me Acet oxi me 38,/М0 127-06-0 73.094 pr (а!) 61 136; 680 0.91138 4156? 5 Н,0, Et OH, et h, chl, li g 2 
9169 2-Ргорапопе phenyl hydrazone Acet one, phenyl hydrazone GN; 103-02-6 148.204 ort h 42 1630 S Et OH, et h, di | aci d 
9170 Ргорапоу! chl ori de Propi onyl chl ori de 315010 79-03-8 92,524 liq -94 80 .0646 40320 seth ° 
9171 Propanoyl fluori de Propi onyl fluori de НЕО 430-71-7 76.069 4 0.97215 32013 © 
9172 Propant hel i пе bromi de жНұВІМ0, 50-34-0 448.393 cry 160 vs H,O, Et OH, chl; i et h, bz ж 
9173 Propargi t e H, 0,S 2312-35-8 350.472 10% б 
9174 Propargyl acet at e 4860, 627-09-8 98.10 1215 0.998220 .4187 51 ЊО; s Et OH, et h = 
9175 Propargyl alcohol 3-Hydroxy-1-propyne (H0 107-19-7 56.063 liq -51.8 113.6 0.9478 43220 580, chl; msc Et OH, et h 5 
9176 Propat yl ni t rat e 2-Et hyl -2-[(ni t rooxy)met ћу! 1-1,36,Н,,М,0, 2921-92-8 269.166 wh pow 52 49 i НО; s Et OH, ace 
propanedi ol, di ni t rate ж 
9177 Propazi ne 6-Chl oroN,V-di i зоргору! -1,3,5- — CgHigCIN, 139-40-2 229.710 213 162% 2 
t ri azi ne-2,4-di ami ne = 
9178 Propene Propyl ene СН, 115-07-1 42.080 col gas -185.24 -47.69 um (р>1 — 1.356779 — sl ЊО; vs Et OH, HOAc = 
9179 transi-Propene-1,2-di carboxylic  Mesaconi c aci d 150, 498-24-8 130.100 ort h nd or mel 204.5 sub „4662 sl HO, bz, (5, vs Et OH; зе h, tf a 2 
ас! 0 pr (et h) Я 
9180 1-Propene-2,3-di carboxyl i c aci d It aconi c aci d 5906 97-65-4 130.100 rhom (bz) 175 dec 632% S Н,0, Et OH, ace; sl eth, bz, peth | ж. 
9181 2-Propene-1-t hi ol 105 870-23-5 74.145 65 0.92523 1.48322 | НО; msc Et OH, et h; 5 chl S 
9182 сі s1-Propene-1,2,3-t ri carboxylic сі sAconi t i c aci d 450; 585-84-2 174.108 па (w) 125 s Н,0:51 eth z 
aci d = 
9183 t rans1-Propene-1,2,3-t ri carboxylic t ransAconi t i c aci d 450; 4023-65-8 174,108 f (м) па (№ 196 dec vs ЊО, Et OH 2 
ас! 0 eth) ы 
9184 1-Propen-1-one Met hyl ket ene 48,0 6004-44-0 56.063 col gas -80 -23 vseth 
9185 2-Ргорепоу! chl ori de Acryli c aci d chl ori de 300 814-68-6 90.508 75.5 1.11360 1.43430 vs chl 
9186 ci 51-Ргорепуі benzene СН, 766-90-5 118.175 14 -61.6 167.5 0.9088 1.5420? i НО; msc Et OH, et h, ace, bz, 
pet h, ct c 
9187 t rans1-Propenyl benzene СН, 873-66-5 118.175 iq -293 178.3 0.9029 1.5506? i НО; msc Et OH, et h, ace, bz 
9188 t rans5-(1-Propenyl )-1,3- С.Н (0; 4043-71-4 162.185 6.8 253 1.122420 1.57822 | НО; msc Et OH, et h; vs асе; s chl 
benzodi oxol e 
9189 4-(1-Propenyl )phenol p-Anol GH,,0 539-12-8 134,174 f 94 dec 250 51 Ј0; vs DMF 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9190 2-(1-Propenyl )pi peri di ne B-Coni cei ne Г 538-90-9 125.212 8 168 0.87165 
9191 Propet amphos GH NOS 31218-83-4 281.309 880005 1.129420 
9192 Propi сопа2016 69,100, 60207-90-1 342.221 1800 1.2720 
9193 Ргор! omazi ne БН, М,05 362-29-8 340.482 24005 
9194 Propi onyl£-carni t i ne Carni t Оввгорапоу! CoH, NO, 20064-19-1 217.263 МУ 147 дес 
PrOH 
9195  Propof ol СН, 0 2078-54-8 178.270 19 256; 136° 0.95520 514020 = 
9196 Ргорохиг Phenol , 2-(1-met hyl et ћоху)-, С.Н, NO, 114-26-1 209.242 87 dec 1.1220 T 
met hyl carbamat e ме 
9197 2-Propoxyet hanol Et hylene glycol monopropyl ether ,H (D, 2807-30-9 104.148 149.8 0.911220 41339 H,0; vs Et OH, et h n 
9198 D-Propoxyphene Dext ropropoxyphene 05150, 469-62-5 339.471 cry (pet h) 75.5 a 
9199 1-Ргорохурһеле Levopropoxyphene Со МО 2338-37-6 339.471 cry (pet h) 75.5 E 
9200 1-Ргороху-2-ргорапо! 1,2-Ргору! ene glycol 1-propyl et her 46,0; 569-01-3 118.174 150 0.888620 .413020 б 
9201 3-Ргороху-1-ргорепе С,Н,0 411-03-0 00.158 91 0.776420 .3919? ^ vs ace, et h, Et OH о 
9202 Propranol ol Ни МО, 525-66-6 259.344 cry (сућех) 96 2 
9203 Propyl acet at e 40,0, 09-60-4 102.132 liq -93 101.54 0.8878 384220 — s| НО; msc Et OH, et h; s сіс - 
9204 Propyl acrylat e 2-Propenoi c aci d, propyl est er ШӨ 925-60-0 14142 122; 6310 > 
9205 Propylami ne 1-Propanami ne ВМ 07-10-8 59.110 liq -84.75 47.22 0.7179 1387070 n d Et OH, ace; s bz, chl ; = 
sl ctc un 
9206 Propyl ami ne hydrochl ori де 1-Propanami ne hydrochl ori de 3H, (CIN 556-53-6 95.571 163.5 s DMSO © 
9207 Propyl 4-ami nobenzoat e Ri socai ne qo На МО; 94-12-2 79.216 рг 75 vs bz, et h, Et OH, chl = 
9208 2-(Ргору!ат! поје! hanol 581310 6369-21-4 03.163 182 0.900520 44282 © 
9209 4-РгоруГапі li ne № 2696-84-6 135.206 227 5 
9210  N-Propylani li ne А 622-80-0 35.206 222; 98" 0.9443? 54280 vs et h, Et OH » 
9211 Propylarsoni c aci d 1-Propanearsoni c aci d 31080, 07-34-6 68.023 nd (al), pl (w) 1345 vs HO, Et OH; Г eth 2 
9212 Propyl benzene Isocumene Он, 03-65-1 120.191 iq -99.6 159.24 0.8593 „48955 | НО; msc Et OH, et В, ace, bz, б 
pet h, ct c с 
9213  a-Propyl benzenemet hanol „А) Сао 22144-60-1 50.217 16 232 0.974020 5139 vs et h, Et OH © 
9214 Propyl benzenesulf onat e 46:05 80-42-2 200.254 6275 1.18047 50355 51 НО; s Et OH; vs et h, chl = 
9215 Propyl benzoat e (Н;0; 2315-68-6 164.201 iq -51.6 211 1.0230 50002 1 НО; msc Et OH, et h 5 
9216 5-Propyl -1,3-benzodi oxol e Di hydrosaf rol e pei 94-58-6 64.201 228 560 с 
9217 Propyl but anoat e 18,0, 105-66-8 30.185 iq -95.2 143.0 0.8730 .40012 51 ЊО; msc Et OH, et h 2, 
9218 Propyl carbamat e (МО; 627-12-3 103.120 рг 60 96 vs ace, et h, Et OH > 
9219 Propyl chl oroacet at e 585010, 5396-24-7 36.577 61 1.10420 4261?  vseth т 
9220 Propyl 2-chl orobut anoat e 78,610, 62108-71-8 64.630 83 1.025220 e 
9221 Propyl chl orocarbonat e Н,С10, 109-61-5 122.551 15.2 1.090120 „40359 төс Et OH, et h 8 
9222 Propyl 3-chl oropropanoat e 1010 62108-66-1 50.603 80 1.065620 .4290? vs et h, Et OH = 
9223 5-Ргору! chl orot hi of ormat e S-Propyl carbonochlori dot hi oate — ,H/CI OS. 13889-92-4 138.616 liq 59 s 
9224 Propyl t ransci nnamat e Propyt rans3-phenyl -2-propenoat e — ОНО; 74513-58-9 190.238 285 1.0433? i go = 
9225 Propyl cycl ohexane ОН, 1678-92-8 126.239 liq -94.9 156.7 0.7939 4370® 1 HO; msc Et OH, ace, ct c; s et h, 
bz 
9226  2-Propyl сус! ohexanone GH,,0 94-65-5 140.222 197 0.92720 „45380 1 HO; s Et OH, ace; vs et h, bz 
9227 Propyl cycl opent ane m 2040-96-2 112.213 liq -117.3 131 0.7769 „42660 1 НО; msc Et OH, et В, ace; s bz; 
vs ct C 
9228 1-Propyl cycl opent anol 18,0 1604-02-0 128.212 liq -37.5 173.5 0.9040 45025 
9229 Propylene carbonat e 4-Met hyl -1,3-di oxol an-2-one AHO, 108-32-7 102.089 liq -48.8 242 1.2047 .4189? ^ vs ЊО, Et OH, et h, ace, bz 
9230 1,2-Propyl ene glycol 1,2-Propanedi ol 30; 51-55-6 76.095 liq -60 187.6 1.0367 43240: msc H,0, Et OH; s et h, bz, chl 
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Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
1,3-Propyl ene gl ycol Tri met hyl ene gl ycol 380, 504-63-2 16.095 iq -27.7 214.4 1.0538 1.4398? msc H,0, Et OH; vs et h; 51 bz 
1,2-Propyl ene glycol 2tertbut yl et her 2-(1,1-Di met hyl et hoxy)-1-propanol ;H,,0, 94023-15-1 132.201 14 152 0.87 
1,2-Propyl ene gl ycol di ni t rat e 38,0; 6423-43-4 166.089 14 ехр 9p 
1,2-Ргору! ene glycol monomet ћу! — 1-Met hoxy-2-propanol (1,0, 107-98-2 90.121 119 0.962020 1.403420 
et her 
1,2-Ргору! ene glycol monomet ћу! — 2-Acet oxy-1-met hoxypropane $1,205 108-65-6 132.157 iq 147 
et her acet at e 
Propyl enei mi ne 2-Met hyl azi ri di ne 3H;NC 75-55-8 57.095 67 0.81216 = 
Propyl f ormat e 480, 110-74-7 88.106 iq -92.9 80.9 0.9079 377% sl ЊО, ct c; msc Et OH, et h ме 
Ргору! 3-(2-f игу! )acryl at e 1081203 623-22-3 180.200 11376, 923 1.074420 53921 vs bz, et h, Et OH n 
4-Propyl hept ane Н» 3178-29-8 142.282 157.5 0.73215 413520 a 
Propyl hexanoat e 6,0, 626-77-7 158.238 iq -68.7 187 0.8672 41709 vs et h, Et OH > 
Propyl 2-hydroxybenzoat e 6,0; 607-90-9 180.200 97 239 1.097920 51612 5сіс, CS с 
Ргору! 4-hydroxybenzoat e Propyl paraben 60; 94-13-3 180.200 pr (et h) 97 1.06309? .5050'? i НО; s Et OH, et h; $1 chl о 
Propyl i odone ШИГ 587-61-1 441.008 186 2 
Propyl i sobut anoat e 1,405 644-49-5 130.185 1354 0.8843) .3955 51 ЊО; s Et OH, ace; vs et h = 
Ргору! i socyanat e 1-Isocyanat opropane 460 110-78-1 85.105 83.5 0.90825 .397020 > 
Propyl i sot hi ocyanat e 1-Isot hi ocyanat opropane ШУ 628-30-8 01171 153 0.978116 50858 51 ЊО; msc Et OH, et h = 
Propyl met hacrylat e 78,0, 2210-28-8 128.169 141 0.902220 .4190? i НО; msc Et OH, et h т 
Propyl 3-met hyl but anoat e Propyl i sopent anoat e aH 557-00-6 44.212 155.9 0.861720 1403122 vs et h, ОН о 
1-Propyl napht hal ene ОН, 2765-18-6 70.250 liq -8.6 274.5 0.9897 592320 = 
Propyl ni t rat e 30, 627-13-4 105.093 110 1.0538% 39730 51 HO; s Et OH, et h, ct c = 
Propyl nitrite 31010, 543-67-9 89.094 liq 48 0.886 .3604 51 HO; s Et OH, et h A 
Propyl oct anoat e 150, 624-13-5 86.292 liq -46.2 226.4 0.8659 41915 vs ace, et h, Et OH > 
Propyl pent anoat e fl 0; 141-06-0 144.212 liq -10.7 167.5 0.8699 .4065? 1 НО; s Et OH, et h, chl 2 
2-Propyl pent anoi c aci d Val proi c aci d 48,0; 99-66-1 144.212 col liq 221; 120 0.90425 425% si ЊО a 
2-Propyl phenol GH,,0 644-35-9 36.190 7 220 1.01520 vs et h, Et OH Q 
4-Propyl phenol GH,,0 645-56-7 136.190 22 232.6 1.00920 53799 sl HO, сіс, s Et OH 2 
2-Propyl pi peri di n&)( Coni i ne HN 458-88-8 127.228 liq -10 166.5 0.8440 45122 s| HO, chl; msc Et OH; vs et h; s bz = 
t rans6-Propyl -3-pi peri di nol S(3 ^ Pseudoconhydri ne GH,,NO 140-55-6 43.227 hyg nd (et h) 106 236 vs HO, et h, Et OH ° 
N-Propyl propanami de ШИ 3217-86-5 5.173 154 215; 1089 0.898525 51 HO, et h c 
Propyl propanoat e Propyl propi onat e 80660, 106-36-5 116.158 114 -75.9 122.5 0.8809 .3935? sl НО, ct c; msc Et OH, et h; s ace 2 
2-Propyl pyri di пе ada N 622-39-9 21.180 1.0 167 0.911920 .4925? 81 ЊО; msc Et OH, et h; vs ace un 
4-Propyl pyri di ne 8. 1122-81-2 21.180 185 0.938115 49662 vs et h, Et OH ~ 
2-Propyl -4-pyri di necarbot hi oami де — Prot i onami де oH NS 14222-60-7 180.269 136.7 е 
Propyl Red Benzoi c aci d, 2-[[4-(di propyl ami појр H5; МО; 2641-01-2 325.405 vi ol -bl or purp s Et OH, KOH Б 
phenyl Jazo]- red cry (41) = 
(Propylt hi o)benzene 89 874-19-3 52.256 liq -45 220 0.9995 55712 s 
Propyl 4-t ol uenesul f onat e 100,5 599-91-7 214.281 <-20 1899 114420 499820 Nd 
Propyl t ri chl oroacet at e 51040, 13313-91-2 205.468 187 1.322120 4501? vs et h, Et OH 
Propyl 3,4,5-t ri hydroxybenzoat e Propyl gallat e 1809; 121-79-9 212.199 nd (w) 130 sl HO 
Propyl urea GH, N,0 627-06-5 102.134 pr (al) 108.5 sl H0, DMS0; s Et 0H 
Propyl vi nyl et her 1-(Et henyl oxy)propane 5160 764-47-6 86.132 65 0.767420 .390820 
2-Propynal Propargyl al dehyde (H0 624-67-9 54.047 60 0.915220 .40335 msc H,0; s Et OH, et h, ace, bz, t ol 
2-Propyn-1-ami ne (нм 2450-71-7 55.079 83 0.803% 44802 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9273 Propyne Met hyl acet yl ene 38, 74-99-7 40.064 col gas -102.7 -23.2 0.6075 (р>1 — 1386320 sl HO; vs Et ОН; s bz, chl 
at m) 
9274 2-Propynoi c aci d Propi oli c aci d 390, 471-25-0 70.047 cry (С5;) 9 dec 144; 1.138020 14306? vs HO, et h, Et OH, chl 
7250 
9275 1-Ргорупу! benzene GH; 673-32-5 116.160 183 0.9425 1.5635 
9276 Propyzami de N-(1,1-Di met hyl-2-propynyl)-3,5- С„Н„СЬМО 23950-58-5 256.127 155 
di chl orobenzami de 
9277 Prost ад!апа! љЕ 11,15-Di пудгоху-9-охо-13- Cas H 0; 745-65-3 354.481 cry (Et OAc) 115 s HO = 
prost enoi c aci d = 
9278 Prost agl andi n;E 11,15-Пі hydroxy-9-0xo-5,13- СНО 363-24-6 352.465 col cry 67 s HO, t hf а 
prost adi enoi c aci d = 
9279 Prost agl andi пыр 9,11,15-Tri hydroxyprost a-5,13- C.H, 0; 551-11-1 354481 oil orsolid =30 81 HO; s Et OH, MeOH, chl , AcOEt » 
di enoi c aci d m 
9280 Prot opi ne Fumari ne МО; 130-86-9 353.369 mcl рг (al-chl) 208 i B; 51 Et OH, et h, bz, pet h;schl | О 
9281 Prot overi ne £H NO; 76-45-9 525.632 nd (MeOH) 221 i ВО; s Et OH, bz, aq aci d, MeOH ° 
9282 Prot ri pt yli ne hydrochl ori de Тірі! по СТИВ 1225-55-4 299.838 cry (2-PrOH/ 170 2 
et h) - 
9283 Pruneti n 850, 552-59-0 284.263 239.5 » 
9284 Pseudoaconi t i ne D М0; 127-29-7 689.790 tcl (MeOH) 214 vs et h, Et OH 2 
9285 Pseudocodei пе Ни МО 466-96-6 299.365 wh nd 181.5 1.2909? 1574 22 
9286 Pseudoj ervi ne «М0; 36069-05-3 587.744 wh nd or hex 304 dec i HO, et h, bz, chl, t ol, pet h; s ° 
cry Et OH т 
9287 Pseudomorphi пе (415510, 125-24-6 568.659 cry (ад МН, + 282.5 i НО, Et OH, et h, chl, sulf ; $ py, > 
3w) NH, 
9288 Pseudot горі ne 8-Met hyl -8-azabi сус! o[3.2.1]oct an, H, NO 135-97-7 141211 orth cry (eth), 109 241 vs Н,0, Et OH; sl et h; s bz, chl Q 
3-01, exo ort h bi pym Z 
(pet h-bz) = 
9289 Psoralen 0,160, 66-97-7 186.164 nd(w,EtOH) 171 o 
9290 Pteri di ne Pyrazi no[2,3-d]pyri mi di ne HNE 91-18-9 132.123 ye pl (bz, sub) 139.5 sub 125 vs HO; s Et OH; sl et h, bz e 
9291 2,4(1H,3H)-Pt eri di nedi one Lumazi ne 446,0, 487-21-8 164,122 ye-oran па (м) 348.5 vs НОАс 2 
9292 Pulegone Сао 89-82-7 152.233 224 0.93464 1.48940 | НО; msc Et OH, et h, chl; s ctc - 
9293 1H-Puri ne біті dazo[4,5-d]pyri mi di пе 510, 120-73-0 120.113 216.5 vs Н,0, Et OH; sl et h, chl ; s ace е) 
9294 1H-Puri ne-2,6-di ami ne 2,6-Пі ami nopuri ne 56 1904-98-09 150.142 cry (di | al) 302 5 
9295 Руосуапі ne Ноћ О 85-66-5 210.230 dkbl nd(w+1) 133 dec sl HO, bz $ Et OH, ace; i. et h; vs гт 
(chl -pet h) chl un 
9296 4Н-Ругап 1,4-Ругап C;H,0 289-65-6 82.101 unst ab oi | 80 14580 s Et OH, et h, bz = 
9297 2H-Pyran-2-one САН, 504-31-4 96.085 8.5 207.5 1.20020 1.52705 msc ЊО; vs ace S 
9298 4H-Pyran-4-one C.H40, 108-97-4 96.085 32.5 2125 1.1905 1.5238 vs HO, chl , et h; s Et OH, bz; sl GS E 
9299 Pyrant el GH N.S 15686-83-6 206.307 cry (MeOH) 178 E 
9300 4Н-Ругап-4-Ё hi one H,0S 1120-93-0 112.150 49 580 = 
9301 8,16-Pyrant hrenedi one GH,,0, 128-70-1 406.431 red-ye ог red- дес sub 
br nd 
(PhNO, 
9302 Pyrazi ne 14-01 azi ne КАЙ 290-37-9 80.088 рг (w) 51.0 115 1.03118 149539 — s H,0, Et OH, et h, ace; sl сіс 
9303 Pyrazi necarboxami de Pyrazi nami de sH(N,0 98-96-4 123.113 whnd(w,al) 1% sub s НО, Et OH 
9304 Pyrazi necarboxyl i c aci d Pyrazi noi c aci d НАМ, 98-97-5 124.098 wh nd (w 225 dec sub 
9305 2,3-Руга2 nedi carboxylic aci d 2,3-Di carboxypyrazi пе АМО, 89-01-0 168.107 рг (842) 193 dec vs Н,0: sl Et OH, et h, bz; s ace, 
еон 
9306 1Н-Руга2016 1,2-Di azole PN, 288-13-1 68.077 nd or pr (110) 70.7 187 1.4203 s ED, Et OH, et h, bz; sl chl 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
9307 1-Pyrenami ne Н.М 1606-67-3 217.265 уе па (hx) If (di 1117.5 S Et OH, ace, hx, aci d; 51 chl 
al) 
9308 Pyrene Benzo[def ]phenant hrene fa ao 129-00-0 202.250 payepl (to, 150.62 404 1.2715 i НО; s Et OH, et h, bz tol; sl сіс 
Sub) 
9309 Pyret hri nl fH, 0; 121-21-1 328.445 vi sc liq 190 дес 1519218 1.51928 | НО; s Et OH, et h, сіс, pet h 
9310 Pyret hri n Il D H0; 121-29-9 372.454 vi sc liq 200 dec 1.5250? 1 HO; $ Et OH, eth, ct c, pet h 
9311 Pyri date GH,,CINO,S 55512-33-9 378.916 br oi | 27 220) 1.55520 1.56820 i go 
9312 Pyri dazi ne 1,2-Di azabenzene AN; 289-80-5 80.088 liq -8 208 1.1035 1.521820 Ы Et OH; vs et h, ace, bz; i = 
pel 
9313 2-Pyri di nami ne 2-Ami nopyri di ne sH,N; 504-29-0 94115 И (lig) 57.5 195 S Et OH, et h, ace, bz; sl chl 2 
9314 3-Ругі di nami пе 3-Ami nopyri di ne 56 462-08-8 94115 И (bz-li g) 64.5 252 80 Et OH, et h; sl lig б 
9315 4-Ругі di nami пе 4-Ami nopyri di ne ІШІН 504-24-5 94.115 nd (bz) 158.5 273 S H,0, et h, bz; vs Et OH; sl li g Ё 
9316 Pyri di ne Azi ne 5; 10-86-1 79101 liq -41.70 115.23 0.9819 1.5095? msc HO, Et OH, et h, ace, bz, chl 
9317 2-Ругі di necarboni t ri le 81146, 00-70-9 104.109 ndorpr(eth) 29 224,5 1.08109 1.52425 5Ң,0,сһ1;у5 Et OH, et h, bz; sl ct c ж 
9318 3-Pyri di necarboni t ri le 4% 00-54-9 104.109 nd (li g), pet h- 51 206.9; 1.15905 vs H,0, Et OH, et h, bz; schl;sl lig | 2 
et h) 17090 9 
9319 4-Pyri di necarboni t ri le 616, 00-48-1 104.109 nd(li g-et h) 83 186 5,9, Et OH, et h, bz, chl; sl li g > 
9320 3-Pyri di necarbot hi oami de 48,5 4621-66-3 138.190 192 2, 
9321 4-Ругі di necarbot hi oami de 48,5 2196-13-6 138.190 198 dec 2 
9322 2-Pyri di necarboxal dehyde М0 121-60-4 107.110 180; 62? 1.11815 1.53898 — sH,O, Et OH, et h, AcOEt; sl ctc © 
9323 3-Ругі di necarboxal dehyde Ni cot i nal dehyde МО 500-22-1 107.110 9223 1.139425 S ЊО, Et OH, асе, chl; sl eth, peth | == 
9324 4-Ругі di necarboxal dehyde БМО 872-85-5 107.110 772 1542399 6Н,0,6 h, сіс o 
9325 2-Ругі di necarboxal dehyde oxi me 459,0 873-69-8 122.124 112.5 2 
9326 2-Ругі di necarboxami de o NO 452-17-3 122.124 mcl pr (w) 108.3 SI ВО, chl; s Et OH, bz Q 
9327 3-Ругі di necarboxami de Ni aci nami de eH NGO 98-92-0 122.124 wh pw, nd (bz) 130 15700005 1.400% 1.466 vs ЊО, Et OH, glycerol; 51 chl ” 
9328 4-Ругі di necarboxami de 6 N,O 453-82-3 122.124 157.5 5 
9329 2-Pyri di necarboxyli c aci d Pi coli ni c aci d МО 98-98-6 123.110 nd(w,al,bz) 136.5 sub SI НО, bz; s Et OH; Г et h, chl, 6$ б 
9330 3-Ругі di necarboxyli c aci d Ni cot i ni c aci d eH; NO,C 59-67-6 23110 nd (al, w) 236.6 sub 14735 51 HO, Et OH, et h о 
9331 4-Ругі di necarboxyli с aci d Isoni cot i ni c aci d МОС 55-22-1 123.110 nd(w) 315 sub 260 51 ЊО, Et OH, et h, bz = 
9332 3-Ру! di necarboxyli c ас! d 1-oxi de Oxi ni aci c aci d МО, С 2398-81-4 139.109 пд 254 dec vs Н,0, MeOH 5 
9333 4-Ругі di necarboxyli c aci d 1-oxi de 40; 3602-12-5 39.109 273 dec c 
9334 2,3-Ругі di nedi ami ne sH(N, 452-58-4 09.130 If огр! (dil al) 1208 349 s Н.О, Et OH, bz 2, 
9335 2,5-Ругі di nedi ami ne 2,5-Di ami nopyri di ne 596 4318-76-7 109.130 nd 110.3 18212 vs ЊО, Et OH > 
9336 2,6-Ругі di nedi ami пе 5108, 41-86-6 09.130 121.5 285; 1487 51 НО, асе т 
9337 3,4-Ругі di nedi ami ne 5108, 54-96-6 09.130 nd ог If 219.3 © 
9338 2,3-Ругі di nedi carboxyl i c aci d Qui nol i ni c aci d МО, C 89-00-9 167.120 то! pr (w) 228.5 51 HO, tfa; i Et OH, eth, bz z 
9339 2,4-Ругі di nedi carboxyl i c ас! d Lut i di ni c aci d 10,6 499-80-9 67.120 И (wH) 249 0.942 sl ЊО; s Et OH; i. eth, bz, GS = 
9340 2,5-Руп di nedi carboxyli c aci d 1806! nchomeroni c aci d мос 00-26-5 67.120 If orpr(di | НСІ) 254 $H HCI; sl Et OH; i eth, bz s 
9341 2,6-Pyri di nedi carboxyli c aci d Di pi coli ni c aci d МО, C 499-83-2 167.120 nd (w+3/2) 252 51 HO, Et OH, HOAc = 
9342 3,4-Ругі di nedi carboxyl i c aci d Ci nchomeroni c aci d 7H;NOÇ 490-11-9 67.120 cry (w) 256 sub 51 HO, Et ОН, bz; i eth, i chl 
9343 3,5-Ругі di nedi carboxyl i c aci d Di ni cot i ni c aci d МО, C 499-81-0 167.120 cry (w) 324 sub i ВО; sl et h, НОАс; s DMSO, НСІ 
9344  2,3-Pyri di nedi carboxyl i c aci d Furo[3,4-b]pyri di ne-5,7-di one 760, 699-98-9 149,104 138 
anhydri de 
9345 2-Ругі di neet hanami ne 796%, 2706-56-1 22167 213; 1319 1.02202 1.5335% 
9346 4-Pyri di neet hanami ne 796% 13258-63-4 22167 12110 1.030225 1.53815 vs H,0 
9347 2-Pyri di neet hanol МО 103-74-2 123.152 -7.8 190200 1.09125 1.5366? vs ЊО, Et OH, chl ; sl et h 
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2,6-Руп di nedi сагрохув 0 3,4-Pyri di nedi сагрохувр 0 3,5-Pyri di nedi сагрохувр 0 2,3-Руп di nedi carboxybbicdanhydri de 2-Pyri di neet hanami ne 4-Pyri di neet hanami ne 2-Pyri di neet hanol 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
9348 Pyri di ne hydrochl ori де ОМ 628-13-7 115.562 hygpl orsc(al) 146 222 vs bD, Et OH, сїї! 
9349 2-Ругі di nemet hanami пе WN, 3731-51-9 108.141 203; 91" 1.052525 54315 48Н,0 
9350 3-Pyri di nemet hanami ne ШАЙ 3731-52-0 08.141 liq -214 226 067 552% vs ЊО, et h, Et OH 
9351 4-Ругі di nemet hanami пе WN, 3731-53-1 08.141 liq -7.6 230; 1039 1.07220 54955 vs H,O 
9352 2-Pyri di nemet hanol GNO 586-98-1 109.126 11216, 13317? 54440 — msc H;0; vs Et OH, et h, ace, bz 
102.58 
9353 3-Ругі di nemet hanol Ni cot i nyl alcohol HNO 100-55-0 09.126 liq -6.5 266 4% 54559 vs HO, eth = 
9354 4-Ругі di nemet hanol 4-Pi col yl al cohol HND 586-95-8 09.126 53 1417 S ch = 
9355 Pyri di ne-1-oxi де Pyri dihexi de 88510 694-59-7 95.100 65.5 14615 >° 
9356 2-Pyri di nepropanol «8цМ0 2859-68-9 37.179 34 260.2; 116^ 1.0602 52080 — vs ЊО = 
9357 3-Pyri di nepropanol «8цМ0 2859-67-8 37.179 284; 1303 063% 53130 48Н,0 o 
9358 3-Pyri di nesulf oni c aci d 3-Pyri dyl sul f oni c aci d 515М0:50 636-73-7 159.164 ort h 357 dec 1.713 vs ЊО; sl Et OH; i eth m 
9359 2-Pyri di net hi ol, 1-oxi de 505 1121-31-9 21.165 70.5 б 
9360 2(1А)-Ругі di net hi one sHONS 2637-34-5 11.166 130.0 S Н,0, Et OH, bz, chl ° 
9361 2-Pyri di no 58№0 72762-00-6 95.100 па (02) 107.8 391020 vs Н,0, bz, Et OH 2 
9362 3-Руг di no ,BHNO 109-00-2 95.100 nd (bz) 129 S H,O, Et OH; sl et h, chl - 
9363 4-Pyri di no 0 626-64-2 95.100 pr ог па (w+1) 149.8 >350; 2571 S HO, Et OH; i. et h, bz > 
9364 2(1А)-Ругі di none МО 142-08-5 95.100 па (62) 107.8 280 :391020 S HO, Et OH, bz, chl; sl et h, - 
DMSO n 
9365 2(1H)-Pyri di none hydrazone 2-Pyri di nyl hydrazi ne НИ 4930-98-7 09.130 46.6 185740, 90' s chl о 
9366 о-(0-Ругі di nyl ami no) Phenyrami dol СНО 553-69-5 214.262 cry (di | MeOH) 835 = 
met ћу! ]benzenemet hanol ° 
9367 1-(2-Pyri di nyl)et hanone 7630 1122-62-9 121.137 yeinair 192 1.077 1.5203? s Et OH, et h, НОАс; sl ct c Е 
9368 1-(3-Ругі di nyl et hanone Met hyl pyri dyl ket one ;HNO 350-03-8 21.137 13.5 220 1.53412 — s H,0, Et OH, et h, aci d » 
9369 1-(4-Ругі di nyl et hanone 3 GNO 1122-54-9 21.137 16 212 1.097% 1.52825 sl Et OH, et h, aci d 2 
9370 М-0-Ругі di nyl met hyl)-2- C HN, 1539-42-0 199.251 200", 1391 1.107425 1.57575 о 
pyri di nemet hanami ne б 
9371 М-2-Руп di nyl -2-pyri di nami ne qo Hl 1202-342 71.198 90.5 307.5 sl ЊО, chl ; vs Et OH, et h, ace, bz © 
9372 Pyri аоха! hydrochl ori де Vi t ami n B6 осмо, 65-22-5 203.623 ort h 165 dec vs НО; 51 Et OH = 
9373 Ругі doxal 5-phosphat e Pyri doxal 5-(di hydrogen phosphat e),H, O.P 54-47-1 247.142 wh-yepowor 141 5 
cry 
9374 Pyri doxami ne 4-(Ami nomet hyl )-5-hydroxy-6- СНО; 85-87-0 68.193 cry 198 s Et OH, aci d = 
met ћу! -3-pyri di пете! hanol с 
9375 Pyri doxami ne di hydrochl ori de 81001М,0, 524-36-7 241,15 pl (al) 226 авс vs HO; 5! Et OH Ф 
9376 Pyri doxi ne hydrochl ori de 5-Hydroxy-6-met hyl -3,4- С,Н, CI NO, 58-56-0 205.639 pl (al, ace) 207 sub vs HO © 
pyri di nedi met hanol hydrochl ori де 5 
9377 1-(2-Pyri dyl azo)-2-napht hol PAN ide, NO 85-85-8 249.267 red-br cry 130 i НО; s Et OH, et h, chl Б 
9378 4-(0-Ругі dyl azo)resorci по! РАВ 16,0; 1141-69-9 215.208 red-br cry 187 dec E 
9379 Pyri lami ne а О 91-84-9 285.384 2015 = 
9380 2-Руп mi di nami пе АҢЫ, 109-12-6 95.103 nd (AcOEt ) 127.5 sub S HO; sl chl 
9381 4-Ругі mi di nami ne 480% 591-54-8 95.103 pl (AcOEt ) 151.5 vs 0, Et OH 
9382 Pyri mi di ne 1,3-Di azi ne 4848; 289-95-2 80.088 22 123.8 14998? msc H,0; s Et OH 
9383 2,4,5,6(1H,3A)-Pyri mi di net et rone Alloxan 490, 50-71-5 142.070 256 dec sub vs Н,0; s Et OH, ace, bz, HOAc 
9384 2,4,5,6(1H,3A)-Pyri mi di net et rone 5i ol uri c aci d АМО, 87-39-8 157.085 pa ye ort h 203 dec 51 ED; s Et OH 
oxi me 
9385 2,4,6-Ругі mi di net ri ami пе 48% 1004-38-2 125.133 248 dec 
9386 Pyri mi ni 38:00, 53558-25-1 272.259 soli d 224 dec 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9387 Pyri t hi one zi nc 10%,М,0,5,71 13463-41-7 317.722 wh soli d 262 s chl, DMSO, DMF 
9388  Pyrocat echol 1,2-Benzenedi ol 660, 120-80-9 110.111 cry 104.6 245 1.3442 1.6045 уз H,0, bz, et h, Et OH 
9389 L-Pyroglut ami c aci d 5-Oxeprol i ne (1,0, 98-79-3 129.115 162 s DMSO 
9390 Pyrolan C.H; МО, 87-47-8 245.277 50 16102 56010, CS 
9391 Pyrrobut ami пе 1-[4-(4-Chl orophenyl )-3-phenyl -2- CoH Cl N 91-82-7 311.849 cry 49 1923 
but епу! ]pyrrol i di пе 
9392 Pyrrole Imi dole Hs 109-97-7 67.090 lig -23.39 129.79 0.9698 1.50859 51 НО; s ОН, et h, ace, bz, chl 
9393 1Н-Ругго! e-2-carboxal dehyde САМО 1003-29-8 95.100 orth pr (peth) 46.5 218 15939 sl chil, lig 
9394  1H-Pyrrol e-2-carboxyl i c aci d 580, 634-97-9 111100 If (w) 208 dec S ED, Et OH, et h 
9395 1H-Pyrrol e-3-carboxyl i c aci d 3-Pyrrol ecarboxyl i c aci d sH;ND; 931-03-3 111.100 nd (li g) 161.5 
9396 1H-Pyrrole-2,5-di one (HNO; 541-59-3 97.073 pl (bz) 94 sub 1.249305 s НО, Et OH, et h 
9397 Pyrroli di ne Azacycl opent ane «НОМ 123-75-1 71121 col liq -57.79 86.56 0.8586 443122 msc Н,0; s Et OH, et h; sl bz, chl 
9398  1-Pyrrol i di neet hanami пе eH GN, 7154-73-6 114.188 166; 68? 09015 4687 
9399 1-Pyrrol i di neet hanol ТЕРДІ 2955-88-6 115.173 187; 80 0.975020 471320 
9400 1-[4-(1-Pyrroli di nyl )-2-but ynyl]-2- Oxot remori ne СН. №0 70-22-4 206.283 ра ye li 4 129! 0.991% 51602 
pyrroli di none 
9401 3-(2-Pyrrol i di nyl )pyri di &, ( Norni cot i ne 46М 494-97-3 148.204 hyg 270 1.07379 53788 vs НО, ace, et h, Et OH 
9402 2-Pyrrol i done ү-Виї yrol act am 0 616-45-5 85.105 cry (pet h) 25 251; 1332 1.12020 .48069 ^ vs H,0, Et OH, et h, bz, chl, CS 
9403 1-(1H-Pyrrol -2-yl је! hanone H,N0 1072-83-9 109.126 mcl па (w) 90 220 s HO, Et OH, et h 
9404 Рупм c aci d 10; 127-17-3 88.062 13.8 dec 165; 1.227220 .4280? msc H,0, Et OH, et h; s ace 
54 
9405 Pyrvi ni um chlori de 28l N 548-84-5 417.973 red pow (w) 250 dec 
9406 1,154 1":4",1"-Quat erphenyl Hig 135-70-6 306.400 320 42818 | МЕ OH, et h, chl ; s bz, РАМО 
HOAc 
9407 Оџегсе i n £H, 0; 117-39-5 302.236 ye nd (di | al, + 316.5 sub 51 HO, et h, MeOH; s Et OH, ace, 
2w) ру 
9408 Querci t ri n Quercet i й-8затпоѕі de G H0; 522-12-3 448.377 payendorpl 170 i НО, et h; s Et OH, HOAc, MeOH, 
(+2w, di 1 al) alk 
9409 Qui Паг c aci d 30060, 631-01-6 486.683 па (di | al) 294 vs ace, et h, py, Et OH 
9410 Qui пасті ne Mepacri ne „0501 МО 83-89-56 399.956 ye oi | 87 
9411 Qui nal di ne Red J (H, IN; 117-92-0 430.325 dk red pow S 0; vs Et OH 
9412 Qui nami ne На О; 464-85-7 312.406 pr (bz), nd 185.5 i НО; vs Et OH, bz; $ et h, ace 
(80% al) 
9413 Qui nazol i ne 1,3-Benzodi azi ne 810, 253-82-7 130.147 ye pl (pet h) 48 241 vs ED; s Et OH, et h, ace, bz; sl chl 
9414 Qui ncl orac 3,7-Di chl oroqui noli ne-8-carboxyli@gHsCl,NO, 84087-01-4 242.059 214 1.75 
aci d 
9415 Qui net hazone НС NOS 73-49-4 289.738 8114 
9416 Qui ni c aci d 7160 77-95-2 192.166 162.5 1.645 vs Н,0, Et OH, НОАс 
9417 Qui ni di ne af. N,0, 56-54-2 324417 cry (+2.5w, di |. 174 51 HO, et h; s Et OH, bz; vs chl ; i 
al) pet h 
9418 Qui ni ne 6-Ме! hoxyci nchonan-9-olo(87) ^ C,H,,N,0, 130-95-0 324417 57 1.625% sl HO, ace; vs Et OH, py; s et h, chl 
9419 Qui ni ne hydrochl ori de 6 -Met hoxyci nchonan-9-ol Ср с МО; 130-89-2 360.878 Si | ky ef flor nd 159 vs ЊО, Et OH, ch 
monohydrochl ori de, (8,95) (w) 
9420 Qui ni ne sulf at e aH NOS 804-63-7 746.912 Si | Ку па (w) 235.2 vs Et OH 
9421 Qui ni none НО; 84-31-1 322.401 nd, If (et h) 108 vs bz, et h, Et OH 
9422 2-Qui nol i nami ne 2-Ami noqui nol i ne oH NC 580-22-3 144473 И (м) 131.5 sub vs ED; s Et OH, et В, ace, chl ; 51 bz 
9423 3-Qui nol i nami ne 3-Ami noqui nol i ne oH NC 580-17-6 144473 orth (м, dil al) 94 vs et h, Et OH, chl 
9424 4-Qui noli nami ne 4-Ami noqui nol i ne МЕ 578-68-7 144.173 nd (bz, dil al) 1548 180 S H,O, bz, chl ; vs Et OH, et h 
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Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
5-Qui noli nami ne 5-Ami noqui noli ne gH NC 611-34-7 44.173 уе па (al) lf 110 310, 18410 sl ЊО; vs Et OH, et h; s bz; i lig 
(et h) 
6-Qui nol i nami ne 6-Ami noqui nol i ne oH NC 580-15-4 144473 cry (1142), pr 114 18712 51 ЊО, et h; s NH, Et OH 
(et h) 
8-Qui noli nami ne 8-Ami noqui noli ne ІШІН 578-66-5 44.173 ра ЫН (sub) 70 1579 vs ЊО, Et OH 
cry (al, li g) 
Qui noli ne 1-Azanapht hal ene HON 91-22-5 129.159 lig -14.78 237.16 1.0977 1.62682 sl НО: msc Et OH, et В, ace, bz, 
(5,866 - 
4-Qui nol i necarboxal dehyde Ci nchoni nal dehyde «180 4363-93-3 57.169 nd (t o-pet h) 5 122 vs et h, t ol = 
2-Qui nol i necarboxyl i c aci d Qui nal di c aci d по NGG 93-10-7 173.169 156 S Н,0, vs bz а 
8-Qui nol i necarboxyl i c aci d 8-Carboxyqui nol i ne о МО; 86-59-9 173.169 nd (w) 187 sub vs Et OH = 
2(1H)-Qui nol i net hi one HANS 2637-37-8 61.224 187 i НО; vs Et OH, et h, bz; sl DMSO » 
2-Qui noli no 2-Hydroxyqui nol i ne 40 59-31-4 145.158 pr (MeOH 199.5 sub sl i DMSO; vs Et OH, et h; s di | а 
HCI 
3-Qui noli no 3-Hydroxyqui nol i ne ШТ) 580-18-7 145.158 cry (bz, dil al) 201.3 i ®t s Et OH; sl et h, chl; vs bz = 
4-Qui noli no 4-Hydroxyqui nol i ne ШЙ 611-36-9 45Л58 nd (843) 210 vs ЊО, Et ОН; sl et h, bz, pet h 9 
5-Qui noli no 5-Hydroxyqui nol i ne 9H; KO 578-67-6 145.158 nd (al), p 226 dec Sub S НО, bz, chl ; 51 Et OH; vs MeOH; < 
i lig 
6-Qui noli no 6-Hydroxyqui nol i ne 240 580-16-5 45.158 рг (al , et h) 195 360 19, bz, chl; sl Et OH, et h; s al k 5 
T-Qui noli no 7-Hydroxyqui nol i ne ШЙ 580-20-1 45Л58 pr (al), nd (di | 239 sub vs Et OH Ф 
al -et h) о 
8-Qui noli no 8-Hydroxyqui nol i ne ШЙ 148-24-3 145158 nd (di | al) 75.5 267 1.034 i HO, et h; vs Et OH, bz, chl ; s ace = 
8-Qui noli nol benzoat e Benzoxi qui ne (МО, 86-75-9 249.264 sl chl 5 
8-Qui noli nol sulf at e (2:1) 8-Hydroxyqui noli ne sulf ate — Q H NOS = 134-31-6 388.934 177.5 vs H0; s Et OH; i eth A 
Qui novi c aci d 200105 465-74-7 486.683 pl or nd 298 dec » 
Qui novose 61,0. 7658-08-4 164.156 cry (AcOEt ) 139.5 vs HO, Et OH 2 
Qui noxali ne 1,4-Benzodi azi ne ШИ 91-19-0 130.147 cry (pet h) 28 229.5 113348 1.62819 = Н,0; msc Et ОН, et h, ace, bz; sl б 
ch б 
2(1H)-Qui noxal i none 395№0 1196-57-2 146.146 If (al) 271 sub 200 о 
Qui zal of op-Et hyl iE; CI NO, 76578-14-8 372.802 wh cry 93 2200? i НО; s bz, Et OH, асе, ху! 2 
Radi сі ni n 120105 10088-95-6 236.220 221.5 sl сїї 5 
Raf finose Gi Ha 03 512-69-6 504.437 80 1.465% $H,0, ру; vs MeOH; sl Et OH;i eth | СО 
Rani t i di ne 101035. 66357-35-5 314.404 soli d 69.5 2 
Raubasi пе СНО 483-04-5 352.427 258 дес i ВО; s MeOH > 
Raunesci ne Gi Hg О 117-73-7 564.626 165 i НО; s Et OH, chl, HOAc = 
Rei песке salt 4B, CrN,OS, 13573-16-5 354.440 red cry (w) 270 dec s Н,0, Et OH, ace; i. bz S 
Resazuri n 7-Hydroxy-H-phenoxazi n-3-one, — C,,H/NO, 550-82-3 229.189 dk red t o gr pr sub i НО, eth; sl Et OH, НОАс; s alk =. 
10-oxi de or pl (НОАс) = 
Resci nnami пе АМО 24815-24-5 634.716 па (02) 238.5 i НО; sl Et ОН; $ ace, chl, AcOEt 8, 
Reserpi c ас! d £H, №0, 83-60-3 400.467 cry (MeOH) 242 T 
Reserpi ne (5 М,0, 50-55-5 608.679 lo pr (di I ace) 2645 51,8, et h, ace; s Et OH, bz, AcOEt 
ci sResmel hri n, (-) СН» Оз 10453-86-8 338.439 75 
Resorci по! 1,3-Benzenedi ol 460, 108-46-3 110111 nd (bz), pl (м) 109.4 276.5; 1786 1.27820 1.578% vs Н,0, ct c; s Et OH, et h; sl bz, chl 
11-ci sRet i nal Vi t ami, alAehyde CoH, 564-87-4 284.435 cry 
Ret i па! (al гал) C, H, 0 116-31-4 284.435 огап cry 64 i НО; s Et OH, chl, cy, pet h 
13-сі sRet i noi c aci d Accut ane 80, 4759-48-2 300.435 cry (Et 0H) 189 
13-t ransRet i noi c aci d 50; 302-79-4 300.435 cry (MeOH) 181.5 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9463 Ret i nol Vi tami n A oo GO 68-26-8 286.451 ye pr (pet h) 63.5 13200001 i HO; s Et OH, et h, ace, bz 
9464 Reti nyl pal mi tate Ret i nol , hexadecanoat e aD 79-81-2 524.860 28 
9465 Ret roneci ne, (+) (H,4N0; 480-85-3 155.195 cry (ace) 121 S HO, Et OH; sl et h 
9466 Ret rorsi ne fH; 0, 480-54-6 351.395 cry (AcOEt ) 212 SI kD, ace; s Et OH, chl; i eth 
9467 Rhamnet i n 60; 90-19-7 316.262 уе па (al) 295 sl НО; s ОН, ace, PhOH; vs di | 
alk 
9468  DL-o-Rhamnose СН. 205 116908-82-8 164156 cry (w) 151 vs HO, Et OH = 
9469  D-Rhamnose 6-Deoxy-D-mannose СН, >05 634-74-2 164.156 58,0 T 
9470 Rheadi ne 6,Н;,М0; 2718-25-4 383.395 па (chl, eth, al) 257 sub = 
9471 Rhein (510, 478-43-3 284.221 уе ог огап па 321 sub 51 HO, Et OH, et h, ace, bz; vs py = 
(МЕОН, ру) 2 
9472 Rheni um carbonyl Di rheni um decacarbonyl (0, е, 14285-68-8 652.515 ye-wh cry 170 dec 2.87 505 = 
9473 ВШ zopt eri n ide МО, 119-20-0 340.294 It ye pl (w) >300 ТӨ, Et OH, et h; s aq al k, aq NH с 
ру 
9474 Rhodami ne В GHSCINO, — 81-88-9 480.018 165 S HO, Et OH, et h, bz, ху! 5 
9475 Rhodi um carbonyl chl ori de Di rhodi um t et racarbonyl di chl ori 850.86, 14523-22-9 388.758 red-oran cry 124 505 а 
9476 Ri bavi ri n Tri bavi ri n 41:00, 36791-04-5 244.205 col cry (EtOH) 175 810 > 
9477 Ri bi tol Adoni t ol 8110, 488-81-3 152.146 pr (w), па (al) 104 s HO, Et OH; i eth, li g 2 
9478 Ri boflavi n САМО; 83-88-5 376.364 уе ог oran-ye 280 дес i BO, et В, ace, chl; 5! Et OH 9 
nd (w) ° 
9479 Ri boflavi n-5’-phosphat e «Я» № ОР 146-17-8 455.336 ye cry (w) = 
9480 0-8! bose СН,,0; 50-69-1 150.130 pl (al) 88 $ ВО; sl Et OH o 
9481 L-Ri bose СН, 05 24259-59-4 150.130 81 я 
9482  D-Ri bul ose егу! hra2-Pent ul ose 0,05 488-84-6 150.130 Syrup vs HO Ж 
9403 Ri ci ni ne 1,2-Di hydro-4-met hoxy-1-met ћу! -2gH,N,0, 524-40-3 164.162 prorlf (wal) 2015 sub 170 s40, chl; sl Et OH, bz; vs ру; i ” 
oxo-3-pyri di necarboni t ri le pet h 5 
9404 Rifabutin ag МО а 72559-06-9 847.004 vi ol -red cry 158) уз chl ; s MeOH; sl. Et OH ^ 
9485 Rifampin «00, 13292-46-1 822.941 5. р! 185 dec © 
асе 
9486 Ri nderi ne Echi nat i ne-3-epi mer ХО; 6029-84-1 299.364 cry (ace) 100.5 = 
9487 Ronnel СНОО Р5 299-84-3 321.546 41 15204 1442? 1.533535 © 
9488 Rot enone 6905 83-79-4 394.417 nd ог lf (al, aq- 176 21505 i НО; s Et OH, асе, bz; sl et h; vs = 
асе) ch = 
9489 Rubi | егуі ne 283 NO, 79-58-3 413.636 nd (418, di | al) 242 vs bz, Et OH, chl un 
9490 Rubrat oxi n B ЁО 21794-01-4 518.509 cry (MeCN) 169 dec ~ 
9491 Rut ecarpi ne СНО 84-26-4 287.315 ye nd (al , 259.5 5| Et OH, ace, bz S 
AcOEt ) =. 
9492 Rut heni um dodecacarbonyl Tri rut heni um dodecacarbonyl 120, RU; 5243-33-1 639.33 огап cry dec 150 = 
9493 Rut heni ит) 2,4-pent апей oat e Rut heni um(Ill) acet ylacet onat e — 15080 4284-93-6 398.39 230 s 
9494 Ruti nose Л 90-74-4 326.297 hyg Чи (al, 19% dec vs HO, Et OH 15) 
eth 
9495 Sabadi ne 64140, 24-80-1 537.685 nd (et h) 258 vs ace, Et OH 
9496 Sacchari n GH,NO,S 81-07-2 183.185 nd m (al), 228 dec sub 0.828% sl HO, bz, et h, chl; s ace, Et OH 
If (м 
9497 бассһагі п sodi um 1,2-Benzi sot hi azoli n-3-one, 1,1- C;H,NNa0,S 28-44-9 205.168 wh cry 229 580 
di oxi de, 5001 um salt 
9498 Saf тапа! 2,6,6-Tri met hyl -1,3-cycl ohexadi епеб он, „0 16-26-7 150.217 70 0.97341% 152819 М5 ОН, pet h 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9499 Saf role 5-(2-Propenyl )-1,3-benzodi oxole 1980, 94-59-7 162.185 mel 11.2 234.5 1.10000 1.5381? | НО; vs Et OH; msc et h, chl 
9500 Salcomi ne N,N-Bi s(sali cyl i dene) Са СоМ О; 14167-18-1 325.227 red cry (DMF) S bz, chl, py 
et ћу! enedi ami nocobal t (1) 
9501 Sali cylal dehyde 2-Hydroxybenzal dehyde 10, 90-02-8 122.122 liq -7 197 1.1674 1.5740? sl HO, chl; msc Et OH; vs ace, bz 
9502 Sali cylal doxi me 7930, 94-67-7 137.137 57 sl HO; vs Et OH, et h, bz schl;i lig 
9503 Salsoli ne МО; 89-31-6 193.243 ром ог cry (al) 221.5 sl HO, Et OH; i. et h, pet h; s chl , alk 
9504 Salvarsan di hydrochl ori de Arsphenami ne gas 139-93-5 439.001 уе hyg pow 190 dec vs HO = 
2 
9505 Sangui nari ne GH, NO; 2441-54-3 349.337 cry (et h, al) 266 vs ace, bz, et h, Et OH = 
9506 о-бапі al ol GH,,0 115-71-9 220.351 301.5 0.967920 1.50232 1 НО; $ Et OH n 
9507 В-Ѕапі al ol H0 77-42-9 220.351 16710 0.97502 1.511520 a 
9508 Sant oni c aci d 5,0, 510-35-0 264,318 су 171 2855 51 HO; s chl, et h, HOAc, Et OH Ё 
9509 осбап oni n СН, 0, 481-06-1 246.302 ort h (w, et h) 175 1.598 sl HO, Et OH, et h; s bz, chl; i pet h с 
9510 Sarcosi ne N-Met hyl gl yci ne 3E; NO; 107-97-1 89.094 cry (81) 212 dec $ НО (85) 
9511 Sarment ogeni n ОН,0; 76-28-8 390.513 pr (95% al , 280 i ВО, et h, bz; s Et OH; sl ace, chl 2 
MeOH-et 1) = 
9512  Заградап-17-а! Үе! 081 ті ne 18,90 6874-98-2 292.374 cry (MeOH) 305.5 sub 180 > 
9513 Sarpagan-10,17-di ol Sarpagi ne 1,0, 482-68-8 310.390 па 320 i HO; s Et OH 2 
9514 бах! t oxi n di hydrochl ori de (HCLN;O, 35554-08-6 372.209 hyg wh sol i d vs 0, MeOH, Et OH DN 
9515 Scarlet red СМО 85-83-6 380.442 dkbrpowornd 185: dec 260 i НО; sl ace, bz; vs chl, pet h © 
9516 Schradan СН,№03Р; 152-16-9 286.250 17 15420 1.095 1.46255 vs H50, Et OH, chl = 
9517 Sci Ili rosi de ә 0 507-60-8 620.684 o pr (di | 169 dec SI HO, ace, chl ; vs Et OH, di ох; i ° 
Me0H) eth 2 
9518 5соро!аті ne СМО, 51-34-3 303.354 vi scliq vs hot, H Et OH, ace; $1 bz Q 
9519 Scopoli пе (H, 0, 487-27-4 55.195 пус nd (li о, et h, 108.5 248 1.08911% s Н,0 7 
chl, pet h) 5 
9520 Sebaci c aci d 69,0, 111-20-6 202.248 f 130.9 2080, 1.270520 1.42233 51 HO; s Et OH, eth; i bz б 
23210 
9521 Seleni um met hi oni ne Sel enomet hi oni ne sH+#N0,Se 1464-42-2 96.11 hex p! (MeOH 265 dec 2 
aq 
9522 Selenof ormal dehyde Се 6596-50-5 92.99 unst ab gas 5 
9523 бе enourea Carbami ті dosel enoi c aci d No Be 630-10-4 123.02 pr or nd (w) dec 200 vs HO c 
9524 Semi carbazi de hydrochl ori de SHINO 563-41-7 11.531 pr (di | al) 176 dec vs Ю 2 
9525 Seneci oni ne ҮЗЕР 30-01-8 335.396 р! 232 i ID; $ Et OH, et h; s chl 22 
9526 Зепес! phylli ne 40, NO; 480-81-9 333.380 pl (AcOEt ) 217 dec S chl; 51 Et OH, ace; i eth ~ 
9527 Senki rki n НО, 2318-18-5 365.420 р! (асе) 197 S 
9528 1-бері apt eri n 6-Lact oyl -7,8-di hydropt eri n gH, NGO, 7094-01-8 237.215 ye pow or cry Б 
9529 ПІ-бегі ne GH,NO, 302-84-1 105.093 mel prorlf (м) 246 dec 1.603 S H0; i Et OH, et h, bz, НОАС E 
9530 D-Seri ne GH,NO, 312-84-5 105.093 ndorhexpr(w) 229 dec dec vs HO; i Et OH, et h, bz, HOAc = 
9531 1-5егі пе 2-Аті no-3-hydroxypropanoiaci d, 6) С.Н,МО, 56-45-1 105.093 hex pl orpr(w) 228 dec sub 150 1.6? S Н,0; i Et OH, et h, bz, НОАС 
9532 Serpent i ne al kal oi d „о Оз 8786-24-8 348.395 175 i НО; s Et OH, et h, ace 
9533 Sesin 2,4-Di chl orophenoxyet ћу! benzoate НО СО, 94-83-7 311.160 cry 66 18515 
9534 Sesone Sodi um 2-(2,4-di chlorophenoxy) — C,H;CL,Na0;S 136-78-7 309.100 245 dec 
et hyl sulf at e 
9535 Set hoxydi m ОН 0:5 74051-80-2 327.482 >90000003 1.04325 
9536 Shi ki mi c aci d 7960; 38-59-0 174.151 пі 184 subl sl EL OH; i. eth, bz, chl 
9537 Si duron Ç H,N,0 982-49-6 232.321 cry soli d 135 s Et OH, DMF, СВІ, 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9538 Si I vex Propanoi c ас! d, 2-(2,4,5- C,H,C1,0; 93-72-1 269.509 181.6 
t ri chl orophenoxy)- 
9539 Si mazi ne 1,3,5-Tri azi ne-2,4-di ami пе, 6-chl doH,;CI N 22-34-9 201.657 226 1.30220 
N,Ndi et hyl - 
9540 Si mfibrat e GH,,CI,0, 4929-11-4 469.354 cry 52 225015 
9541 Si napi ni c aci d 3-(4-Hydroxy-3,5-di met hoxyphenyC);H,,0;, 530-59-6 224.210 wh pow i НО; s MeOH, ace 
2-propenoi c aci d 
9542 Si nomeni ne МО, 15-53-7 329.391 па (02) 162 SI НО, et h, bz; s Et OH, ace, di | alk 
9543 o-Si t ost erol 4-Met hyl st i gmast a-7,24(28)-di e13H,,0 414-40-8 426.717 nd (al) 166 vs Et OH, chl 
01, (3,40,50,247) 
9544 Sodi um arsani lat e Sodi ит (4-ami nophenylJarsonat е ,Н.АФММа0, 127-85-5 239.037 wh cry 580 
9545 Sodi um ascorbat e H,Na0; 34-03-2 198.106 cry 218 dec 
9546 Sodi ит benzenesul finat e 48,Ма0,5 873-55-2 164.158 cry 300 
9547 Sodi um benzenesul f onat e Monosodi um benzenesulf onate НМ 80:5 515-42-4 180.157 >300 S H,0; 51 Et OH 
9548 Sodi um benzoat e Н.Ма0, 532-32-1 144104 >300 580 
9549 Sodi um cacodylat e Sodi um di met hyl arsonat e H ASNa0, 24-65-2 159.980 gran сгу 60 (һуа) vs H,O; s Et OH 
9550 Sodi um 2,2-di chl oropropanoat e 31 8С1М00, 27-20-8 164.951 hyg pow 166 dec 
9551 Sodi um di et hyl di t hi ocarbamat e Di t hi ocarb sodi um БН ММа%; 48-18-5 171.260 cry (Et OH) 95 s HO, Et OH, MeOH, ace; i. et h, bz 
9552 Sodi um di et hyl di t hi ocarbamat е Di et hyl di t hi ocarbamat e sodi um 504Н,;-ММа0,5, 20624-25-3 225.306 ort h cry (асе) 95 vs НО; $ Et OH, ace; i. bz, et h 
tri hydrat e t ri hydrat e 
9553 Sodi um 4,5-di hydroxy-2,7- Chromot горі c aci d di sodi um salt (08,05; 29-96-4 364.260 wh nd or If (w) vs Ю 
napht hal enedi sulf oni c aci d 
9554 Sodi um di met hyl di t hi ocarbamat e 31/М 45, 28-04-1 144,215 col сту (м) 121 (һуа) 
9555 Sodi ит 4-додесу! benzenesul f onat е «з®М№0.5 2211-98-5 348.476 cry 144 
9556 Sodi um dodecyl sulf at e Sodi um lauryl sulf at e tattygNB0,8 51-21-3 288.379 wh pow 205 
9557 Sodi um et hanol at e Sodi um et hoxi de Мао 41-52-6 68.050 hyg wh pow 260 dec reac Н,0: s Et OH 
9558 Sodi um fluoroacet at e ›ВЕМа0, 62-74-8 100.024 wh mcl cry 200 i ace, chl; 51 Et OH, MeOH 
9559 Sodi um f ormal dehyde bi sul fit e Sodi um hydroxymet ћапези! f onat e „Мао SH 870-72-4 134.088 cry (Et OH aq) 
9560 Sodi um f ormal dehydesul f oxyl at e Sodi um hydroxymet ћапези finat е NaO% 49-44-0 118.088 cry (w) 63 (һуа) SH,0; i Et OH, bz, et h 
9561 Sodi um gl uconat e (8 Ма0, 527-07-1 218.137 58,0 
9562 Sodi um 2-hydroxyet hanesul f onat e Monosodi um 2- С.Н,Ма0,5 562-00-1 148114 580 
hydroxyet hanesul f onat e 
9563 Sodi um 2-hydroxy-2- Monosodi um 2-hydroxy-2- C,H;Na0,S 540-92-1 162.141 Cry S H,0; sl Et OH 
propanesul f onat e propanesul f onat e 
9564 Sodi um i odomet hanesul f onat e Met hi odal sodi um „Маса 26-31-8 243.984 сгу sl Ft OH, ace, bz 
9565 Sodi um0-i sopropyl xant hat e 4Ма05, 40-93-2 158.218 hyg wh-ye ром 150 dec 
9566 Sodi um met hanol at e Sodi um met hoxi de ТШ 24-41-4 54.024 whhygtetrcry 300 reac 10: s MeOH, Et OH 
9567 Sodi um met ћу! arsonat e 0820; 2163-80-6 161.953 cry (w) 115 vs ЊО; s MeOH; і os 
9568 Sodi um met ћу! di t hi ocarbamat e Met ham sodi um 2H4NNAS, 37-42-8 129.180 cry (w) vs H,0 
9569 Sodi umB-napht hoqui none-4- Sodi um 3,4-di hydro-3,4-di oxo-1- С.Н Ма055 521-24-4 260.199 287 dec 
sulf onat e napht hal enesul f onat e 
9570 Sodi um 2-oxopropanoat e Имао, 13-24-6 110.044 S Њ0; sl abs Et OH 
9571 Sodi um phenol at e Sodi um phenoxi de Had 39-02-6 116.093 hyg cry 384 vs ЊО; s Et OH, t hf 
9572 Sodi um propanoat e Н.Ма0, 37-40-6 96.061 si ЊО 
9573 Sodi um sul f obromopht hal ei n Sul f obromopht halei п sodi um и 71-67-0 837.998 hyg cry s Њ0; i Et OH, ace 
2. 
9574 Sodi um t art rat e 414Ма,0, 868-18-8 194.051 580 
9575 Sodi um t art rat e di hydrat e 408,0, 6106-24-7 230.082 1.54525 S H0; i Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

9576 Sodi um t et raphenyl borat e ot)BNa 143-66-8 342.217 nd 300 $H,0, Et OH, ace; sl et h,chl;i pet h 

9577 Sodi um t ri chl oroacet at e 201180, 650-51-1 185.369 ye-wh pow 300 s НО, Et OH 

9578 Sodi um t ri fluoroacet at e 24840, 2923-18-4 136.005 cry 207 dec 

9579 Solani d-5-ene-3,18-di 01,09 Isorubi | ervi ne NO; 468-45-1 413.636 pr(al ) 242.5 vs bz, chl 

9580 Solani ne 690,5 20562-02-1 868.060 па (Et ОН aq) 286 dec i Ж, eth, chl; s hot Et OH 

9581 Solanone C H,0 1937-54-8 194.313 60! 0.87020 1.475520 

9582 Ѕотап CH, F0,P 96-64-0 182.173 liq - 
9583 борлог cosi de БА 0 152-95-4 432.378 274 = 
9584 Sorbi t an oleat e „805 1338-43-8 428.602 уе 0! 0.986 14800 1 ВО, 5 EtOH >° 
9585 I-Sorbose L-Sorbi nose 610; 87-79-6 180.155 ort h (al) 165 1.617 S Н,0,5| Et OH, et h, MeOH = 
9586 рап ei пе СН № 90-39-1 234.380 30.5 325; 1738 1.019620 1.53120 vs et h, Et OH, chl » 
9587 Spi nulosi n 480; 85-23-4 184147 red-b 202.5 sub 120 si ВО; s al С 
9588 Spi ronol act one 4105 52-01-7 416.574 134 Q 
9589 Spi ro[2.2]pent ane (Hh, 157-40-4 68.118 iq -107.0 39 0.7268 1.412020 > 
9590 Spi rosol an-3-ol , (350,220,255) Tomat i di ne 2081 NO, 77-59-8 415.652 pl 210.5 s Et OH, et h 9 
9591 Spi rosol -5-en-3-ol , (3220,25) Sol asodi ne ба, 126-17-0 413.636 hex pl (sub) 202 S Et OH, ace, bz, di ox, py; sl et h; < 

vs chl 
9592 Spi rost an-2,3-di 01,002,5о,258) бі t ogeni n 218,0, 511-96-6 432.636 f (bz) nd (eth) 271.5 1,09 $ Et OH, chl; sl eth 2 
9593 Spi rost ап-3-01, (350,25) Ti gogeni n 5,40; 77-60-1 416.636 f (al +1м) рг 205.5 S Et OH, et h, ace, ct c, MeOH, pet її 5 
(асе) 
9594 Spi rost an-3-ol , (85,25) Smi lageni n 24403 26-18-1 416.636 nd (ace) 185 vs ace, bz, Et OH = 
9595 Spi rost an-3-ol , 858,255) Sarsasapogeni n На; 26-19-2 416.636 o рг, nd (асе) 200.5 S Et OH, ace, bz, chl = 
9596 Spi rost an-2,3,15-t ri 01, Di gi t ogeni n 5,0; 511-34-2 448.635 nd (al) 281.5 vs chl б 
(2о,30,50,150,258) » 
9597 Spi rost -5-en-3-ol , |8258) Di osgeni n 280, 512-04-9 414.620 cry (ace) 205.5 vs Et OH 2 
9598 Spi ro[5.5]undecane G H. 80-43-8 152.277 208 0.878320 1.4731 о 
9599 S-Propyl t hi oacet at e 51605 2307-10-0 118.197 137.9 0.95355 б 
9600 Squalene CoH;o 11-02-4 410.718 oi | -48 421.3; 280 0.858420 14990? | ВО; sl Et OH; s et h, асе, сіс о 
9601 Stachydri ne МО, 471-87-4 143.184 cry (w+1) 235 vs ЊО, Et OH 2 
9602 St anozol ol АМО 0418-03-8 328.491 cry (Et OH) =236 5 
9603 St earal dehyde GH 0 638-66-4 268.478 nd (pet h) 261 = 
9604 Steari c aci d Oct adecanoi c aci d 18930 57-11-4 284.478 те! If (al) 69.3 dec 350; 0.940820 14299? | НО; 51 Et OH, bz; $ асе, chl, CS 2 
23215 

9605 Steari c aci d аппуа de Oct adecanoi c anhydri de 005 638-08-4 550.939 72 0.836582 1.43628 | НО, Et OH; sl et h, bz = 
9606 St eri gmat ocyst i n 18950 10048-13-2 324.284 уе па 246 dec © 
9607 Sti gmast a-5,7-di еп-3-018{3 7-Dehydrosi t ost его! 298480 521-04-0 412.690 144.5 vs bz, et h, Et OH z 
9608 Sti gmast a-5,22-di en-3-olB(@F) — St i gmast его! 29840 83-48-7 412.690 170 vs bz, et h, Et OH = 
9609 Sti gmast an-3-ol Во!) Сан О 83-45-4 416.722 144 s 
9610 Sti gmast -5-en-3-ol (248) B-Si t ost его! „850 83-46-5 414.706 pl (al) 137 S Et OH, et h, НОАс = 
9611 Sti gmast -5-en-3-ol $245) Si t ost erol „80 83-47-6 414.706 cry (Et OH) 148 s Et OH 

9612 cisStilbene сі $1,2-Di phenyl et hene Ho 645-49-8 180.245 -5 14172 1.014320 1.60130? 1 НО; s Et OH, et h, ace, bz, pet h, 

chl 
9613 ft ransSt i | bene t rans1,2-Di phenyl et hene Н 103-30-0 180.245 cry (al) 1242 307; 1662 0.970720 1.62647 1 НО; sl Et ОН, chl; vs et h, bz 
9614 St rept omyci n N-Met hyl £- САМ; 57-92-1 581.575 hyg pow 580 
gl ucosami di nost гері osi dost rept i di пе 
9615 St rept omyci n sulf at e 4HGN,O4S, 3810-74-0 1457.383 pow =230 dec 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
9616 St rept ozot oci n do NO; 18883-66-4 265.221 pl 115 dec $ HO, Et OH 
9617 St rophant hi di n 2806 66-28-4 404.496 ort h t ab 173 dec i BO, et h; s Et OH, ace, bz, HOAc, 
(MeOH-w) 11 chl 
(w+2) 
9618 St rychni di n-10-one mononi t rat e St rychni ne ni t rat e а Ho а (E 66-32-0 397.425 nd (w) 295 1.627% vs Н,0, MeOH; sl bz; s chl, Et OH 
9619 St rychni di n-10-one sulf at e (2:1) St rychni ne sul f at e 4o 4g №4085 60-41-3 766.901 200 dec S ЊО, Et OH, MeOH; i. et h; $1 chl 
9620 St rychni ne ОНО; 57-24-9 334.412 ort h pr (al) 287 210 1.3620 51 HO, Et OH, ace, bz; i. et h; s chl 
9621 Styrene Vi nyl benzene ЕЛ 00-42-5 104150 114 -30.65 145 0.9015 154405 1 ВО; $ Et OH, et h, ace; msc bz; 
sl ctc 
9622 Succi mer а obut anedi oi c aci d, C,H,O,S; 304-55-2 182.219 wh cry (MeOH) 193 
ms) 
9623 Succi nami de 0; 10-14-5 116.119 ort h nd (w) 268 dec sub 125 s ВО 
9624 Succi ni c aci d 460, 10-15-6 118.089 tcl ormel pr 187.9 dec 235 1572 1.450 sl ЊО, DMSO; s Et OH, et h, ace; 
i bz 
9625 Succi ni c anhydri de 480; 08-30-5 100.073 па (al), orth 119 261 1.220 i НО; s Et OH, chl; sl eth 
рут (chl ) 
9626 Succi ni mi de 410, 23-56-8 99.089 pl (+1w,al ort h 126.5 dec 287 14185 S H,O; sl Et OH, et h, ace 
(ace) 
9627 Succi noni t ri le But anedi ni t ri le 49 C 10-61-2 80.088 57.98 266 0.986760 141738 vsH,0;s Et OH, ace, bz, chl ; sl et h 
9628 Succi nyl chol i ne chl ori de Suxamet honi um chl ori de 14H3000N,0, 71-27-2 361.305 cry (w) 190 sl Et OH, bz, chl; i eth 
9629 Succi nyl sul phat hi azole 13305, 16-43-8 355.389 cry 193.5 i HO, et h, chl; 51 Et OH, ace; sal k 
9630 Sucralf at e АДА 505, 54182-58-0 2086.737 wh amorp pow | НО, Et OH, chl; s di | НСІ, al k 
9631 Sucrose Соћрби 57-50-1 342.296 mel 185.5 1.58057 1.5376 S H,0, ру; 51 Et OH; | eth 
9632 Sucrose monohexadecanoat e Sucrose pal mi t at e NOM 26446-38-8 580.706 cry 61 58,0 
9633 Sucrose oct аасе at e 20:50 4 26-14-7 678.591 nd (al) 86.5 250 1276 1.4660 sl HO; s Et OH, et h, ace, bz, chl 
9634 Suf ent ani | 220005 56030-54-7 386.550 cry (pet h) 96.6 
9635 Sulf abenzami de N-[(4-Ami nophenyl ) СӘН; МО 21-11-9 216.310 hex рг (60% al) 181.5 
sul f опу! ]benzami de 
9636 Sulf achl огругі dazi пе ао СІ NOS 80-32-0 284.722 187 
9637 Sulf асу | ne 18,4035 7784-12-2 294.329 cry (MeOH/ 167 i HO; зак 
BuOH) 
9638 Sulf adi met hoxi пе Ф2Ң4М40,5 22-11-2 310.329 203.5 
9639 Sulf aguani di ne Ню №055 57-67-0 214.245 nd (w) 191.5 
9640 Sulf allat e Carbamodi t hi oi c aci d, di et пу!-044,,01М65, 95-06-7 223.787 129! 1.088 
chl oro-2-propenyl est ег 
9641 Sulf amerazi ne 1140,5 27-79-7 264.304 cry 236 51 HO, Et OH, ace, DMSO; i et h, 
chl 
9642 Sulf amet hazi ne aB NOS 57-68-1 278.330 ра уе (w+1/2) 198.5 S H,0, aci d, alk; sl DMSO 
cry (di ox-w) 
9643 Sulf amet hi azole 245,05; 44-82-1 270.331 cry (w) 210 51 hot Ю 
9644 Sulf amet hoxazol e «№05 723-46-6 253.277 ye-wh pow 171 i eth 
9645 Sulf amet hoxypyri dazi пе 19035 80-35-3 280.303 182.5 
9646 Sulf amet hylt hi azole wHGN,0.S, 515-59-3 269.343 237 vs Et OH 
9647 М-5ШГ ani I yl sul f ani lami de 4-Av(i4a@mi nosul f опу!) СМО; 547-52-4 327.379 137 sl HO; s Et OH, et h, ace; | chl, pet h 
phenyl Jbenzenesul f onami de 
9648 Sulf ani Iyl urea 1,0,5 547-44-4 215.229 cry (м) 147 dec 
9649 Sulf aphenazole fH NOS 526-08-9 314.363 cry (Et ОН) 181 sl Et OH, MeOH, gl HOAc 
9650 Sulf asalazi ne 40,055 599-79-1 398.393 220 dec 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9651 Sulf at hi azole 4-AmiMa- C,H,N;0,S, 72-14-0 255.316 br pl, rods or 175( orm а); sl ЊО, Et OH, DMSO 
t hi azol yl benzenesul f onami de ром (45% al) 202( orm b) 
9652 Sulf at hi ourea 1650,5, 515-49-1 231.295 182 i HO; 51 Et ОН 
9653 Sulfinpyrazone G H ANOS —— 57-96-5 404.481 137 
9654 N-Sulfinylani li ne ШЕТ 122-83-4 139.175 200 1.236% 1.627020 
9655 Sulfisoxazole G H, ,N,0,S 27-69-5 267.304 191 
9656 Sulf oacet i c aci d 0,5 23-43-3 140.115 hyg tab (w+1) 85 dec 245 vs HO, ace, Et OH = 
9657 2-5ШІ obenzoi c ас! d 10,5 632-25-7 202.185 nd (043) 11 vs H,0, Et OH аз 
9658 Sulf olane Tet rahydrot hi ophene, 1-1-di oxi де ,H,OSS 26-33-0 120.171 27.6 287.3 1.272318 1483355  schl >° 
9659 Sulf omet шоп met ћу! 150,055 74222-97-2 364.377 wh soli d 202 = 
9660 Sulf onmet hane 2,2-Ві s(et hyl sul f onyl )propane 79,09, 15-24-2 228.330 тс! (w), рг (al) 125.8 dec 300 vs bz, Et OH, chl o 
9661 Sulf onyl di aceti c aci d 465 23-45-5 182.152 187 vs ЊО, Et OH; s et В, sul f m 
9662 4-Sulf opht hali c aci d 4-Sul f o-1,2-benzenedi carboxyl i c 840,5 C 89-08-7 246.195 cry 139 б 
9663 Sulf ot ep «ВОР»  3689-24-5 322.320 372 1.196% 147535 | НО; s Et OH ° 
9664 Sulf игу! chlori de i socyanat e CGSNO 189-71-5 141.534 liq -44 107 1.626 1.446720 2 
9665 Sul phan Bl ue G,H,N)NaO0; 129-17-9 566.664 vi ol pow s Et OH < 
5; 
9666 Sul prof os СН, OPS, 35400-43-2 322.447 5691 1.202 1.5859 si ЊО = 
9667 Sunset Yellow ЕСЕ C.I. Food Yellow 3 фо „Мао; 2783-94-0 452.369 cry >300 S Н»0; 51 Et OH 5 
2 
9668 Suprast его! || 241779) 562-71-0 396.648 рг 110 900005 S MeOH = 
9669 Sut ап Carbamot hi oi c aci d, bi s(2- C.H, NOS 2008-41-5 217.372 3821 0.9402% © 
met ћу! propyl )-S-et ћу! est er 2 
9670 Symcl osene 1,3,5-Tri chl oro-1,3,5-t ri azi ne- С,01,М,0, 87-00-1 232.409 246.7 dec Q 
2,4,6(1H3H,5H)-t ri one Z 
9671 Syri ngi n £H,0; 18-34-3 372.368 cry (м), па (al) 192 vs Et OH 5 
9672 Tabun Di met ћу! phosphoroami docyani di с C;H,,N,0,P 77-81-6 162.127 114 -50 240 1.077 14259  твсН,0 
aci d, et hyl est er 2 
9673  Tachyst erol 9,10-Secoergost a-5(10),6,8,22- СНО 15-61-7 396.648 i ВО, MeOH; s Et OH, et h, ace, bz 2 
t et raen-3-ol , (86£22£)- = 
9674 D-Tagat ose GH,205 87-81-0 180.155 cry (di | al) 134.5 vs Ю ° 
9675 Tal but al СН, №0, 15-44-6 224.256 cry 109 i 0, pet h; s Et OH, ace, et h, chl С; 
9676 Татохі f еп 18377110) 0540-29-1 371.514 cry (pet h) 97 2 
9677 Tanni c aci d Tanni n 259046 401-55-4 1701.198 ye-br атогр =210 dec vs ЁСОН, асе; i. bz, chl, et h, ctc Nn 
pow ~ 
9678 ПІ-Тап ari c aci d 2,3-Di hydroxybut anedi oi c 44,0, (СНО; 33-37-9 150.087 mcl pr(w,al 206 1.78825 S Н,0, Et OH; sl eth; і bz 8 
R*)-(+)- +1w) а 
9679  meso-Tart ari с aci d 4660, 47-73-9 150.087 tcl pl (м) 147 1.668 vs Н,0, Et OH = 
9680  D-Tart ari c aci d 2,3-Di hydroxybut anedi oi c & d, (С,Н,0, 47-71-7 150.087 mcl,othpr 172.5 1.759820 14955? | DMSO s 
(ШЕ (w) = 
9681 I-Tartari c aci d м апей oi c & d, 1С,Н,0, 87-69-4 150.087 169 
R* R*)|- 
9682 Taurocholi c aci d Cholai c aci d жНЕМ0,5 81-24-3 515.703 pr (al -et h) 125 dec vs ED, Et OH; sl et h, AcOEt 
9683 Taxi ne A Ни МО о 1361-49-5 641.749 cry (ace) 205 | НО; s Et OH, et h, chl 
9684 Тахо! Рас! i t axel a Hg МО 33069-62-4 853.907 па (MeOH ад) 214 дес 
9685  Tebuconazole СН» CINO — 107534-96-3 308.826 102.4 
9686  Tebut hi шоп (1 №05 34014-18-1 228.314 163 dec 
9687 Тепі posi de 590,35 29767-20-2 656.653 cry (Et OH) 244 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9688 Терһгоѕі n (51,550, 16-80-2 410.417 pr (chl-MeOH) 198 vs ace, et h, chl 
9689 Теграс! | 5-Chl oro-3-ertbut у! -6-те hyl-  С.Н,зСІ №0, 5902-51-2 216.664 176 sub 175 1.345 
2,4(1H,3H)-pyri mi di nedi one 
9690  Terbuf os GH,,0,PS, 13071-79-9 288.431 -29.2 6900 1.10524 
9691 Terbut hylazi ne 6-Chl ойн ertbut yl N-et hyl -1,3,5- Сон CIN 5915-41-3 229.710 178 1.1882 
tri azi ne-2,4-di ami ne 
9692 Теги гуп CH, №9 886-50-0 241.357 104 157005 1.11520 
9693 Terebi c aci d Tet rahydro-2,2-di met hyl -5-охо-3- C;H440, 79-91-4 158.152 cry 175 0.815 51 HO; s Et OH 
f urancarboxyl i c aci d 
9694 Terepht hali c aci d 1,4-Benzenedi carboxyli c aci d 406 100-21-0 166.132 nd (sub) sub 300 i НО, Et OH, et h, chl , HOAc; sl ct с 
9695 Теп enadi ne Sel dane 3Ha NO; 50679-08-8 471.674 147 i HO; s Et OH; sl hx 
9696  o-Terphenyl бай 84-15-1 230.304 mcl pr (MeOH) 56.20 332 i ID; s ace, bz, chl, MeOH 
9697 т-Тегрїепу! Са 92-06-8 230.304 ye nd (al) 87 363 1.1990 i НО; s Et OH, et h, bz, НОАс; sl 
chl 
9698 р-Тегрїїепу! Са а 92-94-4 230.304 213.9 376 i HO; sl Et OH; s et h, bz, CS 
9699 о-Тегрі nene 4-Isopropyl -1-met ћу! -1,3- (M 99-86-5 136.234 174 0.83757 1.4779 i HO; msc Et OH, et h 
сус! ohexadi ene 
9700 ү-Тері nene Gi Hi 99-85-4 136.234 183 0.84920 1.4765" 
9701 о-Тері neol GH40 2438-12-2 154.249 cry (pet h) 40.5 220 0.93370 1.4831? 5 НО; уз ace, bz, et h, Et OH 
9702 о-Тегрі neol acet at e 8,0; 80-26-2 196.286 140%, 105! 0.96592 14689" | НО; $ Et OH, et h, bz 
9703 Terpi nol ene p-Ment ha-1,4(8)-di ene fa ag 586-62-9 136.234 186 0.863215 14883? i НО; msc Et OH, et h; s bz, ct c 
9704 2,26'2"-Terpyri di ne 01% 1148-79-4 233.268 88.0 370 
9705 Terrazole 1,2,4-Thi adi azole, 5-et hoxy-3- C.H,CINJOS 2593-15-9 247.530 19.9 95! 1.503% 
(t ri chl oromet hyl )- 
9706 2,2:5,2”-Тей hi ophene о-Тегі hi епу! 108,5, 1081-34-1 248.387 ye-oran р! 93 i ВО; sl Et OH; s bz, et h, ace, pet h 
(MeOH) 
9707 Test ol act one 08,0; 968-93-4 300.392 cry (ace) 218 
9708  3,6,9,12-Tet raazat et radecane-1,14- — Pent aet ћу! enehexami ne «БМ; 4067-16-7 232.369 liq 0.950 1.5098 
di ami ne 
9709 Те! rabenazi ne ОНЧО; 58-46-8 317.422 128 s chl 
9710 1,2,45-Tet rabromobenzene QH Br, 636-28-2 393.696 mc pr (CS) 182 3.12 3.0722 i ВО; vs et h 
9711 1,1,2,2-Tet rabromoet hane Acet yl ene t et rabromi de 21583, 79-27-6 345.653 ye vi sc li q 0 243.5; 181 2.96557? 1.6353 i НО; msc Et OH, et h; s ace, bz; 
si ctc 
9712 Tet rabromoet hene Tet rabromoet hyl ene 286, 79-28-7 343.637 й | | al), па 56.5 226 i НО; s Et OH, et h, ace; vs chl 
a 
9713 2'45'7-Tet rabromofluorescei n, Eosi ne YS GH BrNa,O, 17372-87-1 691.855 ye-red cry 295.5 vs Et OH 
di sodi um salt 
9714  4,5,6,7-Tet rabromo-1,3- С,8г,0, 632-79-1 463.700 nd (xyl, НОАс) 280 i. ED, Et OH; 51 bz; s РАМО 
i sobenzof urandi one 
9715 Tet rabromomet hane Carbon t et rabromi de E Br 558-13-4 331.627 те! tab (di | al) 923 189.5 2.9608 1.5942 1 HO; $ Et OH, et h, chl; vs CS 
9716  2,3,4,5-Tet rabromo-6-met ћу! phenol 3,4,5,6-Tet rabronaeeresol CH,Br,0 576-55-6 423.722 ye nd (chl, 208 dec i ВО; s Et OH, et h, bz, chl; sl 110, 
HOAc) HOAc 
9717 3,3",55"-Tet rabromophenol pht hal ei n 26.8140, 76-62-0 633.907 nd (al, et h) 296 i В; 51 Et OH; vs et h; sal k, НОАс 
9718 3,3",5',5"-Тег rabromophenol pht hal ei n Со ВО, 1176-74-5 661.960 уе сгу (52) 210 
et hyl est er 
9719 3,3",5',5"-Тег rabromophenol pht hal ei n C.H. BrKO, ^ 62637-91-6 700.050 210 
et hyl est er, pot assi um salt 
9720 Tet rabut yl ammoni um bromi de TMAB ҒАНЫШ! 1643-19-2 322.368 99 s chl 
9721 Tet rabut ylammoni um chl ori de СІМ 1112-67-0 271.917 cry 74 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9722 Tet rabut ylammoni ит fluori де NON 429-41-4 261.462 cry (w) 37 
9723 Tet rabut yl ammoni um hydroxi de че 6; NO 2052-49-5 259471 stabinsoln 58, MeOH 
9724 Tet rabut yl ammoni um i odi de ag GIN 311-28-4 369.368 If (м, bz) 148 sl Ж, chl; vs Et OH 
9725 Tet rabut yl ammoni um sul f at e 32718М,0,5 32503-27-8 580.990 170 5| chl 
9726 Tet rabut yl phosphoni um bromi de ҒАРЫШ 3115-68-2 339.335 cry (ace/et h) 102 
9727 Tet rabut yl si li cate Si li ci c aci а, tet rabut yl est er На 0,9 C 4766-57-8 320.541 256; 128 0.899020 1.412820 
9728 Tet rabut yl st annane 40.50 1461-25-2 347.167 liq -97 148, 95028 1.0620 - 
9729 ММММ- Bi s(di but ylt hi ocarbamoyl ) di sul fide На S, 1634-02-2 408.752 39.5 1.032 i HO; 51 Et OH; s et h = 
et rabut у hi operoxydi carboni с < 
di ami de n 
9730 Tet rabut yl ti t anat e Ti t ani um(IV) but oxi de 16930416 5593-70-4 340.322 2924 2 
9731 Tet гаса! ne hydrochl ori de quB CHINO, 136-47-0 300.825 147 г 
9732 1,2,3,4-Теї rachl orobenzene HCl, 634-66-2 215.892 nd (al) 475 254 i 5D; sl Et OH; vs et h, CS б 
9733 1,2,3,5-Tet гас! orobenzene 69,01, 634-90-2 215.892 па (81) 54.5 246 іш о 
9734 1,2,4,5-Те! гас! orobenzene HCl, 95-94-3 215.892 nd, mel pr(eth, 139.5 244.5 1.85822 i ВО; sl Et OH; s et h, bz, chl, GS 2 
al or bz) - 
9735 3,4,5,6-Те! rachl oro-1,2-benzenedi ol 4661,0; 1198-55-6 247.891 cry (di | al, bz) 194 si; B » 
9736 2,3,5,6-Tet габ! oro-1,4-benzenedi ol 4661,0; 87-87-6 247.891 па (НОАс) sub i HO, bz, ct c; vs Et OH, et h; sl = 
НОАС © 
9737 2,2,4,5-Те! rachl orobi phenyl JACI, 41464-40-8 291.988 cry (MeOH) 66.5 i go ° 
9738 2,3,4,5-Те{ rachl orobi phenyl 1501, 33284-53-6 291.988 cry 922 i go = 
9739 3,2,,4-Те rachl orobi phenyl Сі, 32598-13-3 291.988 cry (Et OH) 180 o 
9740 2,2,6,6'-Те! rachl orobi sphenol А 140.610, 79-95-8 366.067 cry (НОАс) 136 2 
9741 2,3,5,6-Tet гас! oro-2,5- Chl orani | (4,0, 118-/5-2 245,875 уе mel, рг (bz) 290 Sub i ВО, li а; sl Et OH, chl ; s et h ° 
cycl ohexadi ene-1,4-di one ye If (HOAc) Z 
9742 3,4,5,6-Те rachl oro-3,5- СеС1,0, 2435-53-2 245.875 130.5 5 
сус! ohexadi ene-1,2-di one 
9743 2,3,7,8-Tet rachl orodi benzp-di oxi n Di oxi n СО 1746-01-6 321.971 nd 295 8 
9744 2,3,7,8-Tet гас огой! benzof uran 18,610 51207-31-9 305.971 cry 227 2 
9745 1,1,1,2-Tet rachl oro-2,2- ИЛА 76-11-9 203.830 410 92.8 6495 i HO; s Et OH, et h, chl = 
di fluoroet hane ° 
9746 1,1,2,2-Tet rachl oro-1,2- ИЛА 76-12-0 203.830 248 92.8 .595150 141305 1 НО; $ Et OH, et h, chl c 
di fluoroet hane 2 
9747 1,2,3,4-Төі гас! oro-5,5-di met hoxy- СНОО; 2207-27-4 263.934 109 501% 1.528220 n 
1,3-сусі opent adi ene т 
9748 1,2,3,4-Те! rachl oro-5,6- (1601, 877-08-7 243.946 228 i HO; s Et OH, et h, bz e 
di met hyl benzene z 
=. 
9749 1,2,3,5-Те! гас! oro-4,6- ЛИ) 877-09-8 243.946 223 703% i HO, Et OH, et h, bz, chl Б 
di met hyl benzene E 
9750 1,1,2,2-Tet rachl oro-1,2- (5Н601,5, 4518-98-3 228.052 154 = 
di met hyl di si lane 
9751 1,1,1,2-Tet rachl oroet hane 61, 630-20-6 167.849 liq -10.2 130.2 1.5408 1.4821? 5 HO; s ace, bz, chl ; msc Et ОН, 
eth 
9752 1,,2,2-Те гас! oroet hane Acet yl ene t et rachl ori de 66 79-34-5 167.849 liq -424 145.2 1.5953 1.4940? sl HO; s ace, bz, chl ; msc Et OH, 
eth 
9753 Tet rachl oroet hene Perchl oroet hyl ene 206, 127-18-4 165.833 liq -223 121.8 1.6239 1.5059? | НО; msc Et OH, et h, bz 
9754 1,1,1,2-Tet rachl oro-2-fluoroet hane СЕ 354-11-0 185.839 liq -95.3 1174 
9755 1,1,2,2-Теі гас! oro-1-fluoroet hane AICI, F 354-14-3 185.839 lig -82.6 116.7 1.5497 1.439020 
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СІ à сі 
ХХ 3 C а а а а р ЈЕ 
Si... СІ СІ Е 
27 
i сі сі Ж ce d 225 = EN ax 


СІ CI СІ CI СІ СІ СІ СІ СІ CI СІ CI 
1,2,3,4-Tet rachl oro-5,6-di met hyl benzene 1,2,3,5-Tet гасћі oro-4,6-di met ћу! benzene 1,1,2,2-Tet rachl oro-1,2-di met ћу! di si Гап 1,1,2-Tet rachl oroet hane  1,1,2,2-Tet гас! oroet hane Tet rachl oroet hene  1,1,1,2- Tet rachl ого-2- | uoroet hane 1,1,2,2-Tet rachl oro-1-f | uoroet hane 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9756 Tet rachl oromet hane Carbon t et rachl ori де 4001 56-23-5 153.823 liq -22.62 76,8 1.5040 14601? i НО; $ Et OH, ace; msc et h, bz, 

chl 
9757 2,3,5,6-Tet габ! oro-4-met hoxyphenol — Drosophi li n A 1861,0, 484-67-3 261.918 116 
9758 2,3,4,6-Тег габ! oro-5-met ћу! phenol 1660 0460-33-0 245.918 nd (pet h) 189.5 i $0; s Et OH, et h, ace, bz, KOH 
9759  1,2,3,4- Tet габ! oronapht hal ene Cl, 20020-02-4 265.951 199 
9760 — 1,2,3,4- Tet габ! oro-5-ni t robenzene eC INO; 879-39-0 260.890 66 
9761 1,2,4,5-Tet габ! oro-3-ni t robenzene «10, 17-18-0 260.890 99.5 304 1.7445 i НО; s Et OH, bz, chl = 
9762 2,3,4,5-Те гас! oropheno (1.0.0 4901-51-3 231.891 па (pet h, sub) 116.5 sub vs Et OH T 
9763 2,3,4,6-Те! гас! oropheno Н,01,0 58-90-2 231.891 nd (li g) 70 150 i НО; s Et OH, bz, chl, НОАС: vs < 

Na0H Л 
9764 2,3,5,6-Те{ гасћ! oropheno H,CL 0 935-95-5 231.891 If (lig) 115 sh vs bz; s li g Q 
9765 Tet rachl oropht hal i c anhydri de 800, 17-08-8 285.896 254.5 sub 1.49275 sl eth E 
9766 1,1,1,2-Tet габ! oropropane H,Cl, 812-03-3 181.876 liq -64 152.5 1478 148679 i НО; vs Et OH; s et h, chl б 
9767  1,1,1,3-Tet гас! oropropane 3,0), 070-78-6 181.876 157 1.450920 1.4825? 1 НО; vs Et OH, et h, bz, chl о 
9768 1,1,2,3-Те! гас! oropropane ЛЕЙ 8495-30-2 181.876 179.5 1.5137 150377 | HO; s Et OH, chl ; vs et h 2 
9769 1,22,3-Те! гас! огоргорапе (ЛЕЙ 3116-53-5 181.876 165 1.50018 1.49408 i HO; vs Et OH, et h; s chl - 
9770 1,1,2,3-Tet rachl oropropene 69,01, 0436-39-2 179.860 liq 167.2; 58 1.5520 » 
9771 2,3,5,6-Tet rachl oropyri di ne НСМ 2402-79-1 216.881 cry (aq al) 90.5 250.5 vs et h, Et OH, pet h = 
9772 Те! rachl oropyri mi di ne ACN, 780-40-1 217.868 69.0 22 
9773 3,3,4,5-Те! rachl 010881 i cyl ani li de 3,5-Di cM (89l-di chl огорћепу!) Сан; СМО; 154-592 351.013 161 о 

-2-hydroxybenzami de ті 
9774  2,3,5,6-Tet габ! orot erpht hal оу! 0,610, 719-32-4 340.803 cry (ct c) 146.5 = 
di chl ori de 

9775 Tet rachl orot hi ophene (0,5 6012-97-1 221.920 nd (di | al) 30.5 233.4 1.7036 591590 1 HO; vs Et OH; msc et h Q 
9776 Tet rachl orovi nphos 101,0, 961-11-5 365.96 97 ” 
9777 Tet racont ane Ho 4181-95-7 563.079 815 522; 400° 081715 45725 5 
9778 Те! racosamet ћу! undecasi | oxane Tet racosamet ћу! hendecasi І охапе Н;0,5і/ 107-53-9 829.764 322.8; 202" 0.924775 .3994? vs bz A 
9779 Tet racosane G H; 646-31-1 338.654 cry (et h) 50.4 391.3 0.7997 42839 | НО; sl Et OH; vs et h © 
9780 Tet racosanoi c aci d Li gnoceri c aci d а НА 557-59-5 368.637 87.5 27210 0.82071% 4287 үѕ bz, et h < 
9781 1-Tet racosanol СНО 506-51-4 354.653 77 21004 5 
9782 сі s15-Tet racosenoi c aci d Nervoni c aci d „НЕО 506-37-6 366.62 43 с 
9783 Tet racyanoet hene Tet racyanoet hyl ene № 670-54-2 128.09 199 223 1.34825 5602 sl et h, bz, ct c, chl ; s ace z 
9784 Tet racycl i ne fH, N,0, 60-54-8 444.434 cry («3w) 172 dec > 
9785 Tet racycl i пе hydrochl ori de 20561 NO, 64-75-5 480.895 214 т 
9786 Tet radecahydrophenant hrene ОНЫ 5743-97-5 192.34 liq -3 270; 87 0.94420 501191 HO; seth, ace, bz e 
9787 Tet radecamet hyl hexasi | oxane 141005916 107-52-8 458.993 liq -59 245.5 0.8910 3948 vs bz 8 
9788 Tet radecanal GH, 0 124-25-4 212.37 If 30 i 9; s Et OH, et h, ace = 
9789 Tet radecanami de GH, NO 638-58-4 227.386 If (ace) 104 21? vs Et OH в 
9790 Tet radecane С.Н 629-59-4 198.388 5.82 253.58 0.7596? 4290? 1 HO; vs Et OH, et h; s ctc Bad 
9791 Tet radecanedi oi c aci d 14650, 821-38-5 258.354 125.5 
9792 1,14-Те radecanedi ol 1900 19812-64-7 230.387 па (02) 85.8 200% vs et h, Et OH 
9793 Tet radecaneni t ri le Myri st oni t ri le «НМ C 629-63-0 209.37 19 22670, 419! 0.82817? „43928 1 НО; msc Et OH, et h, ace, bz; sl 

їс 
9794 1-Те radecanet hi ol 14659 2079-95-0 230.453 7 310; 1782 0.8641? 4597? | НО; s Et OH, et h, сіс 
9795 Tet radecanoi c aci d Myri st i c aci d 14150) 544-63-8 228.37 If (eth) 54.2 250 0.86225 4723” | НО; s Et OH, ace, chl ; sl et h; vs 

bz 
9796 Те! radecanoi с anhydri de 1,0, 626-29-9 438.727 If (pet h) 534 0.8502 43357 vs et h, Et OH 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9797 1-Те radecanol Tet гайвсу! al cohol NU 12-72-1 214.387 If 38.2 287 0.8238 i ВО; vs Et OH, et h, ace, bz, chl 
9798 2-Tet radecanone Dodecyl те! hyl ket one 48,0 2345-27-9 212371 cry (di | al) 33.5 209, i НО; s Et OH, ace 
13413 

9799 Те! radecanoyl chlori de Мугі st oyl chl ori де «НТО 112-64-1 246.816 -1 1719 0.90785 seth 
9800 12-0-Теї гаавсапоу! phorbol -13- Cocarci nogen A1 (515505 6561-29-8 616.825 oi | 

acet at e 
9801 1-Tet radecene C. Hos 120-36-1 196.372 liq -12 233 0.7745 43519 1 НО; vs Et OH, et h; s bz; sl сіс 
9802 Tet radecyl acet at e 1-Tet radecanol , acet at e 161300, 638-59-5 256.424 17310 = 
9803 Tet radecyl ami ne 1-Tet radecanami ne ult 2016-42-4 213.403 83.1 291.2 0.807920 .4463 1 НО; vs Et OH, et h, bz, chl ; $ асе ме 
9804 Tet гадесу! benzene ОН, 459-10-5 274.484 16 359 0.854920 48182 n 
9805 Те! radecyl сусі ohexane ЁН 795-18-2 280.532 24 360 0.825420 .457920 a 
9806 Tet radi f on 1,2,4-Tri chl oro-5-[(4-chl orophenyl D. H;CI,0;S 16-29-0 356.052 146 1.15120 Ё 

sul f опу! ]benzene 

9807 Tet raet hoxygermane Et hanol , germani um(4+) sal t 815(860, 4165-55-0 252.88 13920 5 
9808 Tet raet hoxymet hane Tet гав! ћу! ort hocarbonat e 98,0, 78-09-1 192.253 159.5 0.918620 39055 төс Et OH, et h; s сіс 2. 
9809 Tet raet hyl ammoni um bromi de sHQBrN 71-91-0 210.156 hyg (al) 286 dec 1.3970? vs ЊО, Et OH, chl, MeOH а 
9810 Tet raet hyl ammoni um chl ori de ӘНІМ 56-34-8 165.705 hyg cry vs HO, Et OH, ace, chl > 
9811 Tet гав! hylammoni um i odi de aH, {IN 68-05-3 251.156 сту (м) 300 авс s Н,0 = 
9812 1,2,3,5-Tet raet ћу! benzene (H> 38842-05-6 190.325 249.0 un 
9813 N,N,N,NTet гав! hyl -1,2- МММ, N-Tet raet hyl pht halami де НО; 83-81-8 216.374 36 20416 © 

benzenedi carboxami de = 
9814 Tet ra(2-et ћу but yl) si li cat e Si li ci c aci d, t et raki s(2-et hy] phty0)Si 78-13-7 432.754 liq 0.8920 43079 | НО; sl Et OH, ctc; s et h, bz = 

est er 

9815 Tet raet hyl ene gl ycol 3,6,9-Tri oxaundecane-1,11-di 0)... 1,0, 12-60-7 194.226 liq -62 328 1.1288 45/79 vs Н,0; s Et OH, et h, ct c, di ox б 
9816 Tet raet hyl ene glycol di acrylat е «НОО, 7831-71-9 302.321 125% 27 
9817 Tet raet hyl ene gl ycol di met hacrylat e NU 09-17-1 330.373 220 „46105 5 
9818 Tet raet hyl ene glycol di met hyl et her 10905 43-24-8 222.279 2753 01142 msc Н,0: s Et OH, et h, ct c ^ 
9819 Tet raet hyl ene glycol monost earat e НО 06-07-0 460.687 40 328 128515 459320 © 
9820 Tet raet hyl enepent ami ne ТҮНІН 12-57-2 189.303 341.5 50429 %5Ң,0 = 
9821 N,N,N,N-Tet гав! hyl -1,2- C, H, № 50-77-6 172.311 192 0.808% 4343? "5 

et hanedi ami пе © 
9822 Tet raet ћу! germane бе 597-63-7 188.89 164.5 199 5 
9823 Tet raet ћу! | ваа NN 78-00-2 3234 dec 200 65320 51980 i HO; s bz; sl Et OH 5 
9824 N,N,N,N-Tet raet hyl met hanedi ami ne о AN, 02-53-4 158.284 165.8 0.800020 „44205 Ф 
9825 Tet raet ћу! pyrophosphate „ОР; 07-49-3 290.188 170 дес 1553 „18472 „41802 s m Ft OH, et h, ace, ху! chl ; © 

sl ctc 5 

9826 Tet raet ћу! si lane во! 631-36-7 144.331 154.7 0.765@ 4268® 110 Е 
9827 Tet raet hyl st аппапе Ti n t et raet hyl ШЕ? 597-64-8 234.955 iq se 181; 67 187% „47302 Е 
9828 Tet raet hylt hi odi carboni c di ami de Sul firam КЛЕН 95-05-6 264.474 2323 12% S chl = 
9829 Tet raet ћу! urea 48,М0 1187-03-/ 172.267 209 0.91920 44740 1 Во, ак, aci d 
9830  1,2,3,4- Tet rafluorobenzene СЮР, 551-62-2 150.074 94.3 405420 
9831 1,2,3,5-Tet rafluorobenzene GH;F, 2367-82-0 150.074 iq -46.25 844 1318 40359 
9832 1,2,4,5-Tet rafluorobenzene СЊЕ, 327-54-8 150.074 3.88 90.2 1.425520 40752 
9833 3,3,4,4-Tet rafluorodi ћудго-2,5- САРА 699-30-9 172.035 54,5 1.62097 32409 

f urandi one 
9834 1,1,2,2-Теї rafluoro-1,2-di ni t roet hane 8,0, 356-16-1 192.026 iq -41.5 58.5 1.602% 32609 i НО; 5 асе 
9835 1,1,1,2-Tet rafluoroet hane Р, 811-97-2 102.03 col gas -103.3 -26.08 1.20725 i НО; seth 
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1-Tet radecanol 2-Tet radecanone Tet radecanoylchl ori de 12-0-Tet гайвсапоу! phorbol -13-acet at е 1-Tet radecene Tet radecylacet at e Tet radecyl ami ne 
СІ 
— о — 
с 5 а! 770 — o — ^ 
1 
\_/ 5 V 7 О-Ое-О oo N / во 
2-2 Gl тас / 
СІ O. O. 
Tet radecyl benzene Те! radecyl сус! ohexane Tet radi f on Tet raet hoxygermane Tet raet hoxymet hane Tet гав! ћу! ammoni Штоті de 
0 
Bu О-5-0 
~ ~ > “N. O о о 
ж с бана 19 N 
O O 
Tet raet ћу! ammoni whl ori de Tet гав! ћу! ammoni undi de 1,2,3,5-Tet raet hyl benzene МММ, N-Tet гав! ћу! -1,2-benzenedi carboxami de Tet ra(2-et ћу! but i)li cat e Tet raet hyl engl ycol 
о 
о о Š Š о мо бон 
О. О. oN о “о 
so ‚© o i UE "es > %— O. SOOM 09” о 
Tet гав! hyl engl ycoldi acrylat e Tet raet hyl engl ycoldi met hacrylat e Tet гав! ћу! engl ycoldi met уй her Tet гав! ћу! engl ycolmonost earat е 
Q 1 
0-Р-0-Р-0 z тү 
Ч н ОК ЕЛ о И 2127 
N N. > N Ge Pb a (7% O O Si Sn 
HN > — N “хн, а | “€ Ён AL 2 k 
Tet raet hyl enepent ami ne М.М.М.М-Теі raet hyl -1,2-et hanedi ami пе Tet raet hyl germane Tet raet hylead МММ, N-Tet raet hyl met hanedi ami ne Tet гав! hybyrophosphat e Tet raet ћу! si lane Tet raet hyl st аппапе 
F F 
F F F 
5 5 О ЕЕ О ЕЕ 
Е Е Е | 
kilos айы ое Јо d Бэ Sero XM 
5 x КЧ Е Е F Е 07 зуу? 70 FF О F 


Tet raet hylt hi odi carbdhiami de Tet raet hyl urea 1,2,3,4-Tet raf luorobenzene —— 1,2,3,5-Tet raf | џогобепгепе 1,2,4,5-Теі raf luorobenzene —— 3,3,4,4-Tet raf | uorodi hydro-2,5-f urandi one 1,1,2,2-Tet raf | uoro-1,2-di ni t roet hane 1,1,1,2-Tet raf | uoroet hane 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9836 1,1,2,2-Tet rafluoroet hane (HF, 359-35-3 02.031 col gas -89 -19.9 
9837 Tetrafluoroet hene Tet rafluoroet hyl ene 6 116-14-3 100.015 col gas -131.15 -75.9 1.51976 i go 
9838 1,2,2,2-Те! rafluoroet ћу! Ref ri gerant. 236me 3650 57041-67-5 68.037 vol li q or gas 23.35 1.4548 
di fluoromet hyl et her 
9839 Tet rafluoromet hane Carbon t et rafluori de «СЕ 75-73-0 88.005 col gas -183.60 -128.0 3.0345 i ВО; s bz, chl 
9840  2,2,3,3-Tet rafluoro-1-propanol ЛУІ) 76-37-9 132.057 114 -15 109.5 1.4853 1.31979 . s Et OH, ace, chl 
9841 6,7,8,9-Tet rahydro-57- САН; 826-73-3 60.212 75%, 1247 1.080? 1.5698? s Et OH = 
benzocycl опер! en-5-one = 
9842 2,3,6,7-Tet rahydro-1H,5H- Jul ol i di ne 128.5 479-59-4 173.254 40 дес 280; 1.00320 1.56825 ме 
benzoli | Iqui noli zi ne 15517 n 
9843 1,2,3,6-Tet rahydro-2,3’-bi pyri di ne, Anat abi ne СН № 581-49-7 60.215 45% 1.091" 1.56762 msc H,0; s Et OH, et h, bz 2 
(9 
9844  2,3,4,9-Tet rahydro-H-carbazol e СН 942-01-8 171.238 If (dil al) 120 327.5 ОН Et OH; vs et h, bz, MeOH с 
9845 Tet rahydrocort i sone 2005 53-05-4 364.476 cry (Et OAc) 190 ж 
9846 1,2,3,4-Те! rahydro-6,7-di met hoxy- Сагпеді ne (5140, 490-53-9 221.296 ра br syr 70! vs Н,0, et h, Et OH 2 
1,2-di met hyl i soqui nol i ne, (+) 9 
9847 Tet rahydro-2,5-di met поху! uran 40; 696-59-3 132.157 45.7 1.0225 41802 < 
9848 4,5,6,7-Tet rahydro-3,6- СНО 494-90-6 150.217 86 80% 0.97215 7 
di met ћу! benzof uran = 
9849 1,2,3,4-Tet гаћудго-1,5- СН 21564-91-0 160.255 239 0.94120 5262 М 
di met hyl napht hal ene о 
9850 Те! rahydro-2,2-di met hyl -5-охо-3- Терепугі c aci d #8104 26754-48-3 172.179 If orpr(w«1) 90 vs ED = 
f џгапасе! i c ас! d ° 
9851 ci Те! rahydro-2,5-di met hylt hi ophene 6145 5161-13-7 116.224 114 -89 1423 0.9222 .4799 vs асе, bz, et h, Et OH 5 
9852 1,2,3,4-Теї rahydro-94-fluoren-9-one — Phent ydrone 6,80 634-19-5 184.233 It yendorpr 815 39005 > 
(реп апе) 7 
9853 5,6,7,8-Tet rahydrof oli c ас! d МО; 135-16-0 445.429 ром 580 5 
9854 Tet rahydrof uran Tet ramet hyl ene oxi de 40 109-99-9 72.106 114 -108.44 65 0.8832 40505 5 Н,0, chl; vs Et OH, et h, ace, bz б 
9855 Tet rahydro-2-f uranmet hanami ne Tet rahydrof urf uryl ami ne Ни NO 4795-29-3 101.147 53 0.975220 4551? vs HO, et h, Et OH © 
9856 Tet rahydro-2-f uranmet hanol С,Н,,0, 637-65-0 158.195 205.5 1.04420 vs et h, Et OH, chl < 
propanoat e ч 
9857 Tet rahydro-3-f uranol 80, 453-20-3 88.106 81 1.0925 „45002 = 
9858 Tet rahydrof urf игу! acet at e 1; 637-64-9 144168 93; 89% 1.062420 43505 vs H0, et h, Et OH, chl 2 
9859 Tet rahydrof urf шу! acrylat e 8160, 2399-48-6 56.179 <-60 965 1.06120 > 
9860 Те! rahydrof urf шу! alcohol Tet rahydro-2-f urancarbi nol 581608 97-99-4 02.132 <-80 78 1.052420 .4520? vs ace, et h ло 
9861 Те! rahydrof urf шу! met hacrylat e 410, 2455-24-5 170.205 265, 814 1.040% 455425 8 
9862 Те! rahydroi mi dazo[4,5-d]i ті 0201 e-Acet yl eneurea 090, 496-46-8 42117 nd or рг (w) 300 dec 51 ЊО; i. Et OH, НОАс; s et h, НСІ, z 
2,5(1H,3H)-di one alk 5 
9863 сі 53a,4,7,7a-Tet rahydro-1,3- 4-Cycl ohexene-1,2-di carboxyl i caci 0,Н,0, 935-79-5 52.148 cry (pet h) 103.5 S Et OH, ace, chl , bz; 51 pet h E 
i sobenzof urandi one anhydri de = 
9864 4,5,6,7-Tet rahydro-1,3- 1-Cycl ohexene-1,2-di carboxyl i сас! 00,Н,0, 2426-02-0 152.148 pl (Et OH) 74 1.25 S Et OH, ace, chl ; vs et h 
i sobenzof urandi one anhydri de 
9865  1,2,3,4- Tet rahydroi soqui noli ne ШЕ 91-21-4 33190 <-15 232.5 1.064224 1.5660? 1 НО; $ Et OH, bz, aci d, ху! 
9866 3,4,5,6-Теі rahydro-7-met ћоху-8- САМО 2525-16-8 127.184 liq 49, 66% 0.887 1.463020 
azepi пе 
9867 1,2,3,4-Те{ rahydro-6- C, H,4NO 120-15-0 63.216 pr (peth, al) 425 284; 128' 1.57180 86 
met hoxyqui noli ne ort h pym (w) 
9868 1,2,3,4-Tet rahydro-1- С.Н 1559-81-5 146.229 220.6 0.958320 1.535320 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
9869 1,2,3,4-Те! rahydro-5- (JM 2809-64-5 146.229 iq -23 234 0.9728 543920 
met hyl napht hal ene 
9870 1,2,3,4-Те! rahydro-6- байн 1680-51-9 146.229 iq -40 229 0.9537 53572 
met ћу! napht hal ene 
9871 1,2,3,6-Tet rahydro-1-met hyl -4- MPTP СН, 28289-54-5 173.254 cry 41 8708 
phenyl pyri di ne 
9872 Те! rahydro-3-met ћу! 2-t hi opyran 04,5 5258-50-4 116.224 14 -60 158 0.9473 „49222 
9873 5,6,7,8-Tet rahydro-1- Cala 2217-41-6 147.217 38 279 06255 59000 sl HO; s Et OH, et h, aci d = 
napht hal enami ne = 
9874 1,2,3,4-Те! rahydronapht hal ene etralin m" 19-64-2 132.202 iq -35.7 207.6 0.9649 54139 1 НО; vs Et OH, et h; s chl, РАМН а 
9875 1,2,3,4-Tet rahydro-1-napht hol 1,2,3,4-Tet гаћудка-парће hol 6150 529-33-9 148.20 345 255, 1032 009620 563820 = 
9876 5,6,7,8-Tet rahydro-1-napht hol 5,6,7,8-Tet гаћудка-парће hol 6,0 529-35-1 148.20 70 266; 143" 055679 > 
9877 1,2,3,4-Теї rahydro-2-napht hol et ral ol 100 530-91-6 148.20 155 1407 с 
9878 5,6,7,8-Теї rahydro-2-napht hol 5,6,7,8-Tet rahydfð-napht hol 610 125-18-6 148.20 57 275.5 05529 ж 
9879 Tet rahydro-6-pent yl JZ-pyran-2-one — 5-Hydroxydecanoi c ас! d | act one 1084802 705-86-2 170.249 14 -21 123 Z 
9880 1,2,3,4-Т rahydrophenant hrene Ha 013-08-7 182.26 f (MeOH) 33.5 178 .060140 i НО; s Et OH, et h, ace, bz, НОАС, M 
chl, lig 
9881 1,2,3,6-Tet rahydropht hal i mi de 400, 85-40-5 151.163 cry (Et OH) 137 > 
9882 Tet rahydro-6-propyl-2+pyran-2-one 5-Нуагохуосі anoi c aci d | act one 8100, 698-76-0 142.196 iq -13 128 2 
9883 2,3,4,5-Tet rahydro-6-propyl pyri di пе y-Coni cei пе H, N 604-01-9 125.212 174 0.875355 1.466116 o 
9884 Tet rahydropyran Охапе GH440 42-68-7 86.132 iq -49.1 88 0.8812 142009 s Et OH, et h, bz, ctc = 
9885 Tet rahydro-21-pyran-2-met hanol 09,0, 00-72-1 116.158 185 027% 1.45820 © 
9886 Tet rahydro-2-pyran-2-one C,H,0, 542-28-9 100.117 iq -12.5 219 1.1082 145039 5 Н0; msc Et OH, et h; sl ctc ж 
9887 Tet гаћудго-44-ругап-4-опе C;H40; 29943-42-8 100.117 166.5 .08425 1.452020 Q 
9888 1,2,5,6-Tet rahydropyri di ne A-Pi peri di ne il 694-05-3 83.132 iq -48 108 0.91% 14800? 861 Z 
9889 1,2,5,6-Tet rahydro-3- Guvaci ne QHNO, 498-96-4 127.141 pr (w), rods 295 dec vs H,0 A 
pyri di necarboxyl i c aci d ("ма | al) 
9890 3,4,5,6-Tet гаћудго-2(16)- Hexahydropyri mi di ne-2-t hi one 48,5 2055-46-1 116.185 211 33% e 
pyri mi di net hi one > 
9891  1,2,3,4- Tet rahydroqui noli ne ot, 635-46-1 133.190 nd 20 251 058820 1.6062? 5 Њ0, chl; msc Et OH, et h = 
9892 5,6,7,8-Tet rahydroqui noli ne 2,3-Сус! ohexenopyri di ne 4148 10500-57-9 133.190 222 103043 1.54352 sl HO; s Et OH, et h, асе, bz © 
9893 1,2,3,4-Tet rahydroqui noxali ne NR 3476-89-9 134178 If (w, eth, peth) 99 289 50 chl ; vs Et OH, et h, bz; sl = 
pet h 
9894 6,7,8,9-Tet rahydro-37-t et razol o[1,5- Pent yl enet et razole CAN, 54-95-5 138.170 cry (07-11 g) 59.5 194 vs H,0, Et OH, ace; s et h, bz; 51 chl Я 
alazepi пе т 
9895 Те! rahydrot hi ophene Thi acycl opent ane 46 110-01-0 88.172 114 -96.2 1211 0.998? 148719 1 НО; msc Et OH, et h, ace, bz; s 8 
ch = 
9896 1,2,3,4-Те! rahydro-1,1,6- байн 415-03-6 174.282 240; 904 0.93032 1.52572 s Et OH, et h, bz, chl Б 
t ri met hyl napht hal ene E 
9897 1,2,5,8-Теї rahydroxy-9,10- Qui nal zari n 148805 81-61-8 272.210 огап па >275 sl НО, ace, bz, Et OH, et h £ 
ant hracenedi one 
9898  2,3,4,6-Tet rahydroxy-57- Purpurogal | п (H0; 569-77-7 220.179 red nd (gl 274 dec 
benzocycl опер! en-5-one HOAc) 
9899 2,2'4,4--Tet rahydroxybenzophenone 05150, 131-55-5 246.215 уе nd (1141) 197 vs ЊО, ace, et h, Et OH 
9900  2,3,5,6-Tet rahydroxy-2,5- Tet roqui none (0; 319-89-1 172.092 bl -bl k cry sl ED, et h, ct c; vs Et OH 
сус! ohexadi ene-1,4-di one 
9901 11,17,20,21-Tet rahydroxypregn-4-  4-Pregnene-118,170,208,21-t et rol- С,.Нз,05 116-58-5 364.476 cry (aq ace) 125 dec vs ace, Et OH 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
9902 N.N.N,N-Tet ra(2-hydroxypropyl ) ENTPROL СНО, 102-60-3 292.415 1.03025 1.47825 5| chl 
et hyl enedi ami ne 
9903 Tet rai odoet hene Tet rai odoet hyl ene J 6 513-92-8 531.639 yelf,pr(eth) 187 Sub 2.988 vs bz, ch 
9904 4,5,6,7-Те rai odo-1,3- 60; 632-80-4 651.702 ye рг, nd 327.5 sub i НО, Et OH, bz; sl HOAc 
i sobenzof urandi one (HOAc) nd 
(sub) 
9905 Tet rai odomet hane Carbon t et rai odi de , Cl 507-25-5 519.629 гей If (bz chl) 171 135 4,23% vs py, ch 
9906 2,3,4,5-Tet rai odo-A-pyrrol e lodopyrrol e (НІМ 87-58-1 570.676 ye nd (а!) 150 dec vs ace, et h, chl = 
9907 Tet rai sobut yl ti t anat e 2-Met ћу! -1-propanol, t i t апі 180, 11 7425-80-1 340.322 256500 0.96050 dec Н,0 „а 
salt un 
9908 Tet rai sopropyl ti t anat e 2-Propanol , t i t ani um(4+) salt Но ПС 546-68-9 284.215 221.5 0.97112 dec H,0; s Et OH, et h, bz, chl = 
9909 М.М.М/М-Те! raki s(2-hydroxyet ћу! )- Со N,0, 140-07-8 236.309 51 HO, Et OH » 
1,2-et hanedi ami ne p 
9910 Tet raki s(hydroxymet hyl )phosphoni um C4H,.Cl QP 124-64-1 190.562 152.5 580 С) 
chl ori de ° 
9911 Tet raki s(met hyl t hi o)met hane 81106, 6156-25-8 200.409 S chl 2 
9912 1-Tet ral one QGH440 529-34-0 146.185 8 1155 1.098816 1.567220 - 
9913 Tet ramet hoxymet hane 8860, 1850-14-2 136.147 liq -25 114 1.023 1.384520 P 
9914  1,1,3,3-Tet ramet hoxypropane (8,0, 102-52-3 164.200 183; 662 0.9975 1.408120 - 
9915 Tet ramet hri n „МО, 7696-12-0 331.407 wh cry 265-80 1.10820 1.5175? n 
9916 N,N,N Tet ramet hyl -3,6- Acri di ne Orange о 65-61-2 301.814 oran-ye soln s HO, Et OH ° 
acri di nedi ami ne, 
monohydrochl ori de ° 
9917 Tet ramet hyl ammoni um bromi de 4HGBIN 64-20-0 154.049 hyg bi pym 230 dec 1.56 vs ЊО; sl Et OH; i. eth, bz, chl; $ Е 
еон 
> 
9918 Те! ramet hyl ammoni um chl ori де Н ПМ 15-57-0 109.598 hyg bi рут (di 1 420 dec 1.16920 s ЊО sl Et OH; i eth, bz chl; vs | 2 
al) еон 5 
9919 Tet ramet ћу! ammoni um i odi de HN 75-58-1 201.049 >230 dec 1.829% 51 HO, alk, Et OH, ace; i et h, chl с 
9920 М,М2,6-Теі ramet hylani || ne HON 769-06-2 149.233 liq -36 196; 88 0.914720 © 
9921  1,2,3,4- Tet ramet ћу! benzene а 488-23-3 134.218 114 -62 205 0.9052 1.52032 1 НО; msc Et OH, et h, ace, bz, z 
pet h, ctc - 
9922  1,2,3,5-Tet ramet ћу! benzene Isodurene Hu 527-53-7 134,218 114 -23.7 198 0.8903 1.51302 1 НО; msc Et OH, et h, ace, bz, > 
pet h, ct c 
9923  1,2,4,5-Tet ramet ћу! benzene Durene На 95-93-2 134.218 79.3 196.8 0.83808! 147909 i НО; msc Et OH, et h, ace, bz, 2 
pet h, ct c n 
9924 МАММ,М-Те! ramet hyl -1,2- Со 704-01-8 164.247 8.9 215.5 0.956020 e 
benzenedi ami ne e 
9925 N,N,N,N-Tet ramet ћу! -1,4- Tet ramet hyp-phenyl enedi ami ne fH, N; 100-22-1 164.247 If (dilalorlig) 51 260 Ж; № Et OH, et h, bz, chl z 
benzenedi ami ne Ë 
9926 2,3,5,6-Те ramet ћу! -1,4-benzenedi о! Durohydroqui none «160, 527-18-4 166.217 nd (81) 233 S Et OH; sl eth б 
9927 Tet ramet ћу! 1,2,4,5- С.Н 40; 635-10-9 310.256 nd (al) 144 sub vs Et OH & 
benzenet et racarboxyl at e 
9928 3,3,5,5-Те! ramet ћу! -[1,1’-bi phenyl ]- C, HAN; 54827-17-7 240.343 168.5 
4,4-di ami ne 
9929 МММ, М-ТеЕ ramet hyl -[1,1"- C HAN; 366-29-0 240.343 196.0 
bi phenyl ]-4,4'-di ami пе 
9930 3,2,2,5-Т ramet ћу! -[1,1'-bi phenyl ]- C, H, ф 2417-04-1 242.313 payendorpr 221.8 sub sl Et OH, bz, gl НОАС,101:1 lig 
4,4-di ol (HOAc) 
9931 2,2,3,3-Tet ramet ћу! but ane вв 594-82-1 114.229 If (eth) 100.7 106.45 0.8242 1.46952 | ВО; seth, chl 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? n, Solubility 
9932 N,N,N,N-Tet ramet hyl -1,4- C H,N, 111-51-3 44,258 168 0.794215 146215 төс H,0; s Et OH, et h 
but anedi ami ne 
9933 4-(1,1,3,3-Tet ramet hyl but yl )phenol 14650 140-66-9 206.324 85.8 219 
9934 2,2,4,4-Tet ramet hyl -1,3- КЕЙ 933-52-8 40.180 s chl 
cycl obut anedi one 
9935 2,3,5,6-Tet ramet hyl -2,5- Duroqui none (61150, 521-17-3 164.201 yend(alorlig) 1115 it s Et OH, et h, асе, bz, sulf , 
сус! ohexadi ene-1,4-di one chl 
9936 1,2,3,4-Tet ramet ћу! сус! ohexane 10 3726-45-2 40.266 0.821920 1.453120 = 
9937 1,1,3,3-Tet ramet ћу! сус! opent ane nn 50876-33-0 26.239 iq -88.4 118 0.7468 1.41252 = 
9938  1,1,2,2-Tet ramet ћу! сус! opropane а 4127-47-3 98.186 14 -81 76 n 
9939  2,4,6,8-Tet ramet ћу! сус! ot et rasi | oxane AH, 0,Si, 2370-88-9 240.510 iq -65 1345 0.9912 13870? i HO © 
9940 А et ramet hyl -5-decyne-4,7- Ca H, 0; 126-86-3 226.355 4 16540 E 
io 
9941 N,N,N,N-Tet ramet hyl -4,4- Mi chl er's ket one (H, О 90-94-8 268.353 f (al) nd (bz) 179 dec 360 1501 et h; sl. Et OH; vs bz; s chl ж 
di ami nobenzophenone > 
9942 Tet ramet hyl di arsi ne Cacodyl «НСА, 471-35-2 209.981 iq -6 165 AAP vs et h, Et OH un 
9943 1,1,3,3-Те ramet hyl -1,3- C44 H5,08i; 56-33-7 286.516 iq -80 292; 156 097632 51769 866 < 
di phenyl di si | oxane 7 
9944 1,1,3,3-Tet ramet hyl di si | oxane 41605, 8277-26-17 134.324 "n 0.75620 37002 - 
9945 1,1,3,3-Tet ramet hyl -1,3- CH, 0.Si; 118-15-6 166.323 66 1.095% 9 
di si | oxanedi ol о 
9946 N,N,N;N-Tet ramet ћу! -1,2- 1,2-Di met hyl ami noet hane eH GN; 10-18-9 116.204 liq -55 121 0.77 417920 = 
et hanedi ami пе ° 
9947 Tet ramet hyl germane Germani um t et ramet hyl 411268 865-52-1 132.78 32500 1.006 Е 
9948  1,1,3,3-Tet ramet ћу! guani di ne ШК 80-70-6 115.177 560 » 
9949 2,2,6,6-Те! ramet ћу! -3,5-hept апей опе Di pi val оу! met hane NUN 118-71-4 184.276 93% 725 0.88325 4582 — sl ctc 2 
9950 3,7,11,15-Те ramet ћу! hexadecanoi с Phyt ani c aci d „100 4721-66-5 312.531 -65 б 
ас! 0 
9951 3,7,11,15-Tet ramet ћу! -1-hexadecen- Isophyt ol GH40 505-32-8 296.531 oi | 08" 0.851920 4571? vs bz, et h, Et OH а 
3-01 
9952 2,2,3,3-Те! ramet ћу! hexane 69 3475-81-5 142.282 liq -54 60.3 0.7609 428220 Е 
9953 2,2,5,5-Те{ ramet ћу! hexane f 071-81-4 142.282 liq -12.6 374 0.7148 „40552 = 
9954 3,3,4,4-Те! ramet ћу! hexane 69 5171-84-6 142.282 170.0 0.778925 43682 Z 
9955 N,N,N,N-Tet ramet hyl -1,6- C, H, N 11-18-2 172.311 209.5 0.806% 43599 = 
hexanedi ami ne Ф 
9956 Tet ramet ћу! | ead ‚ВР 75-74-1 267.3 liq -30.2 10 1.995 © 
9957 ММММ- СН, № 51-80-9 102.178 83 0.749116 580 =| 
Tet ramet hyl met hanedi ami ne E 
9958 Tet ramet hyl oxi rane 460 5076-20-0 100.158 90.4 0.81565 139846 5Ң,0 E 
9959 2,6,10,14-Tet ramet hyl pent adecane Pri st ane 1916 1921-70-6 268.521 296 0.779125 1.4370 vs bz, et h, chl, pet h = 
9960 2,2,3,3-Теі ramet hyl pent ane 4% 7154-79-2 128.255 liq -9.75 40.2 0.7530 1.423620 
9961 2,2,3,4-Теі ramet hyl pent ane aly 1186-53-4 128.255 liq -121.0 33.0 0.7389 1.414720 
9962 2,2,4,4-Tet ramet ћу! pent ane Diertbut yl met hane Ф, 1070-87-7 128.255 liq -66.54 22.29 0.7198 14069? 1 HO; vs Et OH, bz 
9963 2,3,3,4-Теі ramet hyl pent ane aly 16747-38-9 128.255 liq -102.1 415 0.754? 1.422220 
9964  2,2,4,4- Tet ramet ћу! -3-pent anol «4150 14609-79-1 144.254 52 165.5 
9965 2,3,4,5-Те! ramet hyl phenol Prehni t enol «800 488-70-0 150.217 nd(lig,aqal) 853 266 51,8, Li g; vs Et OH, et h 
9966 — 2,3,4,6-Tet ramet hyl phenol „0 3238-38-8 150.217 cry (pet h) 80.5 240 s Et OH 
9967 — 2,3,5,6-Tet ramet ћу! phenol 1048,0 527-35-5 150.217 па (lig), pr (al) 118.5 247 S chl, pet h, HOAc 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
9968 2,2,6,6-Те! ramet hyl -4-pi peri di nami пе «5065 36768-62-4 156.268 17 188.5 0.912% 1.47062 
9969 2,2,6,6-Те ramet hyl pi peri di ne Norpempi di ne gH; NC 768-66-1 141.254 28 156 0.836716 1.44550 vs eth 
9970 2,2,6,6-Tet ramet hyl -4-pi peri di none oH, {NO 826-36-8 155.237 ort h pl (et h-w) 36 205 S Н,0, Et OH, et h; sl chl 
nd (et h) 
9971 N,N,N,N-Tet ramet hyl -1,3- CH, N 110-95-2 130.23 144 0.783715 msc H,0, Et OH, et h 
propanedi ami ne 
9972 Tet ramet hyl pyrazi ne FONU 1124-11-4 136.194 cry (w) 86 190 
9973 Tet ramet hyl si lane TMS 41651 15-16-3 88.224 volliqorgas -99.06 26.6 0.648 358720 | НО; vs Et OH, eth; і sulf 
9974 Tet ramet ћу! si li cate Met ћу! si li cat e 4120,50 681-84-5 152.222 liq -10 121 1.0232 36830 vs Et OH 
9975 Те! ramet ћу! st annane Ф651 594-27-4 178.848 liq -55.1 78 1.31% „4386 i HO; $ ctc, CS 
9976 Tet ramet ћу! succi noni t ri le Tet ramet hyl but anedi ni t ri le Но С 3333-52-6 136.194 mcl pl ,If ,pr(di 170.5 070% s Et OH 
al) 
9977 2,4,6,8-Tet ramet hyl -2,4,6,8- Сан 0 5 77-63-4 544.894 cry (НОАс) 99 23715 11839 546191 НО; msc ace, hp 
t et raphenyl cycl ot et газ! | охапе 
9978 Tet ramet hylt hi odi carboni c di ami de eH NG, 97-74-5 208.367 109.5 375 i НО; s Et OH, асе, bz, chl; sl et h 
9979 Tet ramet hylt hi ourea 5165 2182-91-4 132.227 793 245 S H,O, Et OH, chl; sl et h 
9980 Те! ramet ћу! urea 4825,0 632-22-4 11616 liq -0.6 176.5 0.9687 44963 s| Et OH, et h, сіс 
9981 Tet rani t romet hane 187) 509-14-8 196.033 13.8 126.1 538020 4384? 1 ВО, s Et OH, et h 
9982 2,4,8,10-Tet raoxaspi ro[5.5]undecane 5,0, 126-54-5 160.168 48.3 147%, 68! vs Н,0, ace, et h, Et OH 
9983 2,5,8,11-Tet raoxat ri decan-13-ol 0005 23783-42-8 208.252 164" 0.987% 445320 
9984 Tet raphenoxysi | ane 15104: 1174-72-7 400.500 49 417; 236 14129 
9985  1,1,4,4- Tet raphenyl -1,3-but adi ene «Б. 1450-63-1 358.475 203.5 S Et OH, bz, chl, HOAc 
9986 2,3,4,5-Те! raphenyl -2,4- C, H, 0 479-33-4 384.468 bl k-vi ol If 222.3 S Et OH, bz, xyl, НОАс 
cycl opent adi en-1-one HOAc, xyl) 
9987  1,1,2,2-Tet raphenyl et hane А» 632-50-68 334.453 cry (bz), orth 2145 360 sl Et OH; s bz, HOAc 
nd (chl ) 
9988 1,1,2,2-Тв raphenyl -1,2-et hanedi ol Benzopi nacol ж160, 464-72-2 366.452 рг i cry 182 i a pet h; sl Et OH; s et h, ace, 
ace Я 
9989 1,1,2,2-Теї raphenyl et hene £H, 632-51-9 332.437 mcl or ort h (bz- 225 420 11559 i НО; sl Et OH, chl, et h; vs bz 
et h or chl -al ) 
9990 Tet raphenyl germane Germani um t et raphenyl oat Ge 1048-05-1 381.06 229.0 
9991 Tet raphenyl met hane ж 630-76-2 320.427 ort h nd (bz, 282 431 i HO, Et OH, et h, 11 а, НОАс; s bz, 
sub) to 
9992 5,6,11,12-Те raphenyl napht hacene Rubrene Н» 517-51-1 532.671 oran-red (07- 3325 i НО; sl Et OH, et h, ace, ру; s bz 
ig) 
9993 Tet raphenyl pl umbane fH Pb 595-89-1 515.6 228.3 2615 1.529820 sch 
9994 Те! raphenyl si | ane йз! 1048-08-4 336.502 236.5 228 1.07820 sctc, CS 
9995 Tet raphenyl st annane ZH, Sn 595-90-4 427.126 228 420 5| chl 
9996 Те! rapropoxysi | ane 1090491 682-01-9 264.434 226 0.9158 140122  sctc, CS 
9997 Tet rapropyl ammoni um bromi de N,N,N-Tri propyl -1-propanami ni um C,,H,,BrN 1941-30-6 266.261 252 vs Н,0, chl 
bromi de 
9998 Tet rapropyl ammoni um i odi de о 631-40-3 313.261 ort h bi pym 280 dec 1.3138 vs Н,0, chl ; s Et OH, НОАс; sl et h 
9999 Tet гаргору! st annane HSn 2176-98-9 291.060 liq -109.1 228 1.1069 1.474520 
10000 Tet rapropyl t hi odi phosphat e Aspon 12HQO;P,S, 3244-90-4 378.425 amber || q 107 1.125 14710? 51 HO, pet h 
10001 Tet rapropyl 11 t anat e 1-Propanol, t i t ani um(4+) salt — (010 3087-37-4 284.215 206100 
10002 Те! rasodi um EDTA Edet at e sodi um 4 HoN;Na0, 64-02-8 380.169 amorp pow 300 (di hydrat e) s| Et OH 
10003 Tet rat et racont ane "m 7098-22-8 619.186 85.6 
10004 Tet rat ri acont ane m^ 14167-59-0 418.920 pl (et h) 72.5 285.4 0.7728% 1.4296% 


(рәпшҙиоо) ѕампоаио? ОМУОМО AO SLNVLSNOD 'IVOISAHd 


106-6 


2,2,6,6-Tet ramet hyl -4-pi регі di паті ne — 2,2,6,6-Tet ramet hyl pi peri di пе 


Nf 


AX | 


| 
н 


С, 
(2 


$i-g-Sr 


5 
si-O-sí 
Ted J 

ж 


Tet ramet ћу! succi noni t ri le 2,4,6,8-Tet ramet hyl -2,4,6,8-t et raphenyl cycl ot et rasi | oxane 


| 
Н 


y» 


OL, 


2” 


но ~ О и о ж. с 


2,5,8,11-Tet raoxat ri decan-13-ol 


(уе) C 


Tet raphenyl germane 


Tet гаргору! ammoni umodi de 


Tet raphenyl met hane 


Tet rapropyl st annane 


Tet raphenoxysi | ane 1,1,4,4-Tet raphenyl © but adi ene 


с) QUO о 


5,6,11,12-Tet raphenyl napht hacen 


ОК Pad 


Pape Оч. 
Tet гаргоруй hi odi phosphat е 


2,2,6,6-Tet ramet hyl -4-pi peri di none 


УМ 
N.N.N,N-Tet ramet ћу! -1,3-propanedi ami ne Tet ramet hyl pyrazi ne 


Tet ramet hylt hi odi carbdhiami de 


Tet ramet hylt hi ourea 


О 
ға” 
| d 


Tet ramet hyl urea 


| ones 
—Si— Z 4 
| о 


| 
— Sn— 


Tet ramet ћу! si | ane Tet ramet һу 11 cat e Tet ramet hyl st annane 


МО; 

ow XG 
МО, 

Tet rani t romet hane 2,4,8,10-Tet raoxaspi ro[5.5]undecane 


5 dt db 88 40 


2,3,4,5-Tet raphenyl -2,4-cycl opent adi en-1-one — 1,1,2,2-Tet raphenyl et hane 


Tet raphenyl pl umbane 


Pa 


9 
0-11-0 


/“ Е 


Tet rapropylt i t anat е 


Те! raphenyl si | ane 


Tet raphenyl st annane 


Tet rasodi ur&DTA 


Tet rapropoxysi ane 


НзС(СН2)42СНз 
Tet rat et racont ane 


1,1,2,2-Tet raphenyl -1,2-et hanedi ol — 1,1,2,2- Tet raphenyl et hene 


Tet rapropyl ammoni ш от! de 


H3C(CH2)32CH3 
Tet rat ri acont ane 


(penuguo») SqN1OdIWOO ЭМУЭМО AO SLNVLSNOD 'IVOISAHd 


806-6 


Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0005 Tet ravi nylsi lane n 1112-55-6 136.267 130.2 0.7999 1.462520 
0006 2,4,6,8-Tet ravi nyl -2,4,6,8- Со О 5 2554-06-5 344.659 liq -43.5 224; 11% 0.987520 sctc, CS 
t et ramet hyl cycl ot et rasi | oxane 
0007 1,2,4,5-Tet razi ne sym-Tet razi ne GN, 290-96-0 82.064 dk red pr 99 sub 5,0, Et OH, et h, sul f 
0008 1H-Tet razol -5-ami ne CN, 4418-61-5 85.069 204 dec 
0009 1H-Tet razol e CEN, 288-94-8 70.054 pl (al) 157.3 sub 1.4060 si HO 
0010 Tet rodot oxi n 40:10, 4368-28-9 319.268 cry 225 dec 51 HO,et h, Et OH; s di | НОАс 
0011 Thali domi de 2-(2,6-Di охо-3-рі peri di jl )-1 C.H, N,0, 50-35-1 258.229 nd 270 vs ру, di ox 
i soi ndol e-1,3(8-di one 
0012 Thalli um(l) et hanol at e Thal | ous et hoxi de 21500 20398-06-5 249.443 cloudy li q -3 dec 130 3.49 dec,B 
0013 Thebai ne СМО; 115-37-7 311.375 р! (et h), pr (di | 193 sub 91 1.30520 i НО; vs Et OH, chl; sl eth; s bz 
al) 
0014 Thebai none Ни МО 467-98-1 299.365 nd or pr (а!) 151.5 SI HO, Et OH, et h; s ace, bz, AcOEt 
0015 Thenal di ne 1-Met hy-phenyl A-(2- С, 86-12-4 286.435 96 159002 
t hi епу! met hyl )-4-pi peri di паті пе 
0016 Thenyl di ami пе fH, N.S 91-79-2 261.386 170! 1.591520 
0017 Theobromi ne СМО; 83-67-0 180.165 Ч | ог те! па 357 sub 290 sl HO, Et OH; i. et h, bz, ct c, 11 g, chl 
W 
0018 Theophylli ne 3,7-Di hydro-1,3-di met hyt-1 СНИМАО 58-55-9 180.165 nd or pl (841) 273 S HO; $1 Et OH, et h, chl 
puri ne-2,6-di one 
0019 Thi abendazole M-Benzi ті dazol e, 2-(4-t hi azol yl)- 561055 148-79-8 201.248 sub 305 
0020 Thi acet azone fH, N,0S 104-06-3 236.293 225 dec i ВО, os, CS, 
0021 Thi acyclohexane (9,095 1613-51-0 102.198 19 141.8 0.986120 1.506722 | НО; $ Et OH, et h, асе, bz 
0022 1,2,5-Thi adi azole Pi azt hi ole 2965 288-39-1 86.115 liq -50.1 94 1.268 1.51505 
0023 1,3,4-Thi adi azole 28№5 289-06-5 86.115 cry (sub) 42.5 204 
0024 1,3,4-Тһі adi azoli di ne-2,5-di t hi one 215М5, 1072-71-5 150.245 yecry (MeOH) 168 580 
0025 Thi ami ne chlori de „вс NOS 59-43-8 300.807 cry 164 580 
0026 Thi ami ne пуагос ori de 128181005 67-03-8 337.268 то! pl 248 dec vs HO; sl Et OH; i. et h, bz, chl 
0027 Thi ami n@-phosphat e, chl ori de gu NOP 532-40-1 380.787 200 
0028 Thi ant hrene GHS; 92-85-3 216.322 mcl prorpl (al) 159.3 365 1.4420 i HO; sl Et OH; s et В, bz, CS 
0029 2-Тһі azol ami ne 2-Ami not hi azole 3105 96-50-4 100.142 ye pl (al) 93 140! sl HO, Et OH, et h, chl; vs di | НСІ 
0030 Thi azole HNS 288-47-1 85.128 -33.62 118 1.199817 1.5969? sl HO; s Et OH, et h, ace 
0031 Thi azoli di ne ШЕ 504-78-9 89160 164.5 1.1315 1.55120 msc H,0; s Et OH, ct с; vs et В, ace 
0032 4-Thi azoli di necarboxyli c aci d Ti monaci c 4H;NOCS 444-21-9 133.170 cry (м) 196.5 vs ЊО 
0033 2,4-Тһі azoli di nedi one 394010,5 2295-31-0 17127 pl (w), pr (al) 128 7% vs et h 
0034 2-Thi azoli di net hi one 3156, 96-53-7 119.209 па (м, MeOH) 107.3 S Н,0, bz, chl; 51 Et OH; i et h, CS 
0035 Thi di azuron N-Phenyl -V-1,2,3-t hi adi azol -5-yl- C,H,N,0S 51707-55-2 220.25 211 dec 
urea 
0036 1-(2-Thi епу! Jet hanone «8605 88-15-3 26.176 105 213.5 1.167920 1.566722 51 НО; msc Et OH, et h; $ ctc 
0037 Thi epane Hexamet hyl ene sul fide №25 4753-80-4 116.224 liq 0.5 135 0.99 1.50448 | НО; seth, асе, chl 
0038 Thi et ane Tri met hyl ene sul fide 316 287-27-4 74145 liq -73.24 95.0 1.0200 1.510220 | НО; vs Et OH, bz; s ace 
0039 Thi et ane 1,1-di oxi de Tri met hyl ene sulf one 306 5687-92-3 06.144 75.5 91.2" 1.5156 5 H,0, Et OH; sl et h, pet h 
0040 Thi et hyl perazi ne 228509: 1420-55-9 399.615 cry 63 22790 S| ace 
0041 Thi i rane Et hyl ene sul fide HGS 420-12-2 60.118 -109 dec 57 1.013020 1.4935? s| Et OH, et h; s ace, chl 
0042 Thi oacet al dehyde t ri mer 2,4,6-Tri met hyl -1,3,5-t ri t hi апе „Ноа С 2765-04-0 80.354 o-mcl pl B-nd 101 246.5 i ВО; s Et OH, et В, ace; vs bz, chl 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 

0043 Thi oacet ami de Et hanet hi oami de 6 62-55-5 15.133 1155 vs Н,0, Et OH; sl et h, bz; s DMSO 
0044 Thi oacet i c aci d 2905 507-09-5 76.117 yefumingliq <17 93:26 1.06420 1.464822 sH,0, chl ; vs ОН, ace; msc et h 
0045 Thi obencarb GHigCINOS — 28249-77-6 257.779 1.7 127.08 1.162 
0046 4,4-Тһі obi s(6-ertbut yl m-cresol ) Bi s(Stertbut yl -4-hydroxy-2- CH 05S 96-69-5 358.537 Cry 163 

met hyl phenyl ) sul fide 
0047 2,2-Тһі obi set hanami ne Bi s(2-ami noet ћу!) sul fide МБ 871-76-1 120.216 уе cry 232; 1197 
0048 сан obi spropanoi caci d, di dodecyli dodecyl t hi obi 5ргорапоа! e 3480,5 123-28-4 514.845 39 = 

est er 

0049 Thi oct i c aci d 12-01 t hi ol ane-3-pent anoi с асі 0,Н,,0,50 62-46-4 206.326 ye nd 61 162 i go = 
0050 Thi ocyani c aci d CHNS 463-56-9 59.091 dec 0 458 s os 2 
0051 Thi odi carb fH NOS. 59669-26-0 354470 173 1.420 a 
0052 Thi odi gl ycol i c aci d Thi odi acet i c aci d 40,5 С 123-93-3 150.154 cry (м) 129 sl HO; vs Et OH; s bz > 
0053 3,3-Тһі odi propi oni c aci d 480,5 111-17-1 178.206 cry wh pow 129 vs ЊО, Et OH с 
0054 Thi of anox {Я №055 39196-18-4 218.316 57 о 
0055 Thi of ormal dehyde Met hanet hi al SCH 865-36-1 46.092 unst ab gas 2 
0056 Thi oglycoli c aci d 20,5 68-11-1 92.117 -16.5 12020 1.325320 50802 msc H,0, Et OH, et h; sl chl - 
0057 Thi oi mi dodi carboni c di ami de 2,4-Di t hi obi шей oH;N,S, C 541-53-7 135211 mcl cry 181 dec vs асе » 
0058 Thi olact i c aci d 3Ң(0,5 71563-86-5 106.144 12 10615 1.193820 481022 560, Et OH, et h; sl chl = 
0059 Thi omet on И. 505Р$з 640-15-3 246.351 oi | 110, 77001 1.20920 51 ЊО; s os 22 
0060 Thi omorphol i ne Thi amorphol i ne 485 23-90-0 103.186 175; 11070 1.088220 53860 vs НО, ace, et h, Et OH ° 
0061 Thi onazi n Phosphorot hi oi c ad, Фа! et hyU-  C,H,,N,O;PS 297-97-2 248.239 liq -0.9 80 = 

pyrazi nyl est er ° 
0062 Thi ophanat e-met hyl aB N.O, 23564-05-8 342.394 172 dec 5 
0063 Thi ophene Thi of uran 465 10-02-1 84140 liq -38.21 840 1.0649 9289? msc Et OH, et h, ace, bz ct c, di ох, | > 

ру; sl chl 7 

0064 2-Thi opheneacet i c aci d 450,5 918-77-0 142176 cry (w) 76 vs ЊО, et h, Et OH 5 
0065 2-Тһі opheneacet oni t ri le 455 20893-30-5 123.176 120% 1.155% 54259 с 
0066 2-Тһі ophenecarboni t ri le 2-Cyanot hi ophene 5 003-31-2 09.150 192 1.17225 562929 schl о 
0067 3-Тһі ophenecarboni t ri le 3-Cyanot hi ophene 5 641-09-4 109.150 oi | 204; 85 = 
0068 2-Тһі ophenecarbonyl chlori de 556105 5271-67-0 146.595 280 5 
0069 2-Thi ophenecarboxal dehyde (Н,05 98-03-3 12.150 payeliq 197; 89 1.2127?! 59200. 1 НО; vs Et OH; s et В; sl chl е 
0070 3-Тһі ophenecarboxal dehyde 3-Еогту!! hi ophene 59005 498-62-4 12.150 86.720 58550 i HO; vs Et OH, et h z 
0071 2-Тһі ophenecarboxyl i c aci d 2-Carboxyt hi ophene 56,5 527-72-0 128.150 nd (w) 129.5 dec 260 vs ЊО, Et OH, et h; s chl; $1 pet h > 
0072 3-Тһі ophenecarboxyl i c aci d 3-Thenoi c aci d 5,6,5 88-13-1 28150 138 580 т 
0073 2,5-Тһі ophenedi carboxyli c ас! d 2,5-Di carboxyt hi ophene ШЗ 4282-31-9 72159 359 sub 150 51 ЊО; s Et OH, et h e 
0074 2-Тһі ophenemet hanol 505 636-72-6 114166 207; 8619 1.205316 1.5200? s Et OH, ace 8 
0075 2-Тһі ophenesul f onyl chlori de 410105, 16629-19-9 82.649 28 1009 seth = 
0076 Thi opropazat e fH CINO,S 84-06-0 446.005 21691 8, 
0077 4H-Thi opyran-4-t hi one 56,5; 1120-94-1 128.216 47 Bad 
0078 Thi oqui nox GANS, 93-75-4 236.336 br-ye pow 180 i HO; sl ace, Et OH, pet h 
0079 Thi ori dazi ne del NS; 50-52-2 262.477 Cry T3 23000? S| ace 
0080 сі sThi ot hi хепе 21 М0,5, 3313-26-6 443.625 cry 148 
0081 Thi ourea Thi ocarbami de 085 62-56-6 76.121 ort h (al) 178 1.405 S НО, Et OH; i eth 
0082 9H-Thi oxant hene Di benzot hi apyran эе 261-31-4 198.283 nd (al -chl ) 128.5 341 s chl 
0083 9Н-Тһі oxant hen-9-one Thi oxant hone 1305 492-22-8 212.267 ye nd (chl ) 209 373 i ED, pet h; $1 Et OH; $ bz, chl , GS 
0084 2-Тһі oxo-4-i mi 082011 di none 2-Thi ohydant oi n 31,М,15 503-87-7 116141 wh nd (w) 230 dec vs ЊО, Et OH; s et В, al k 
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Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C Solubility 
2-Thi oxo-4-t hi azol i di none Rhodani ne 418108, 141-84-4 33.192 It yepr(al,w) 170 sl HO, DMSO; vs Et OH, et h 
Thi ram СНУ, 137-26-8 240.432 Л ог уе пе 155.6 12920 vs chl 
chl -al 
L-Threoni ne 2-Ami no-3-hydroxybut anoi с ас ћ, | С,Н,МО, 72-19-5 19.119 256 dec s НО; i Et OH, et h, chl 
(8759) 
D-Threose CyH,0, 95-43-2 120.105 i ornd 129 
W 
L-Threose СНО, 95-44-3 20.105 vs ЊО = 
Thuj i c aci d 5,5-Di met hyl -1,3,6-cycl ohept at 0880, 499-89-8 64.201 cry (pet h) 88.5 = 
1-carboxyl i с ас! d un 
о-ТПиј one 4-Met ћу! -1-(1-met hyl et hyl )- C, H, 0 546-80-5 152.233 201.2 i HO;s Et OH = 
bi cycl o[3.1.0]hexan-3-one, fj > 
3-Thuj opsene Wi ddrene nm 470-40-6 204.352 liq 122 E 
hymi di ne Thymi ne 2-desoxyri bosi de о HONO; 50-89-5 242.228 nd (AcOEt ) 186.5 s HO, Et OH, ace, py, HOAc; sl chl С) 
һуті пе GH,N,O, 65-71-4 126.114 316 51 HO, Et OH, et h, DMSO > 
hymo 2-5 оргору! -5-met ћу! phenol H, 0 89-83-8 150.217 495 2325 i НО; vs Et OH, et h, спі, AcOEt 9 
hymol Blue G;Ha05S. 76-61-9 466.589 grn-red(al,eth) 222 dec SI 10, ace, bz; s Et OH, HOAc, ж 
РАМН, ? 
hymol i odi de 8,4,0, 552-22-T 550.213 amorp i НО; s et h; vs Et OH = 
hymol pht hal ei n 0, 125-20-2 430.536 pr or nd (al) 253 i ED; s Et OH, et h, ace; 51 DMSO n 
L-Thyroxi ne СН МО, 51-48-9 716.871 nd 235 51 HO; | Et OH, bz ° 
i molol £H,,N,0,5 26839-75-8 316.420 0i | o 
i ocarl de 20130058 910-86-1 400.577 146 = 
i pepi di ne 3-(Di -2-t hi епу met ћујепе)-1- _ C,sH,/NS, 5169-78-8 275.433 ye cry 65 18145 a 
met hyl pi peri di ne » 
obramyci n Нур Од 32986-56-4 467.516 cry 580 2 
В-Тосорћего! 5,8-Di met ћу! ocol 281050» 48-03-8 416.680 ра ye vi sc oi | 205 vs ace, et h, Et OH, chl a 
Y-Tocopherol 7,8-Di met hylt ocol жЮ0; 7616-22-0 416.680 ра уе м scoil -1.5 205 i 0: msc Et OH, et В, ace, chl С 
6-Тосорћего! 8-Met hylt осо! 8,0; 19-1341 402.653 pa ye vi sc oi | 1507 i НО; vs Et OH, et h, ace, chl ° 
ol агат! de (ІН, 5035 156-19-0 311.400 cry 172 = 
ol but ami de N-[(But yl ami no)carbonyl 1-4- CoH NOS — 64-77-7 210.347 ort h cry 128.5 sl HO; s Et OH, et h, chl © 
met ћу! benzenesul f опат! de = 
0-Tol i di ne 3,3-Пі met ћу! benzi di пе мН 19-93-7 212.290 Eu (Et OH 131 51 HO, chl; vs Et OH, et h 2 
aq 
ol met i n 140; 26171-23-3 257.285 cry (MeCN) 156 dec ре 
ol uene Met hyl benzene Из 08-88-3 92.139 liq -94.95 110.63 i. HO; msc Et OH, et h; s ace, CS S 
ol uene-2,4-di ami ne 4-Met hyl -1,3-benzenedi ami ne m 95-80-7 22.167 па (w), cry (al) 99 292 vs HO, Et OH, et h, bz; s chl 8 
0 ol uene-3,5-di ami ne 5-Met hyl -1,3-benzenedi ami ne NU 08-71-4 22167 oi | 284 = 
0 ol uene-2,4-di i socyanat e НО, 584-84-9 174.156 20.5 251 vs ace, bz, et h 8, 
0 ol uene-2,6-di i socyanat e НО; 91-08-7 74156 18.3 dec Н,0; $ ace, bz T 
р-То! uenesul f oni c aci d Н(0,5 04-15-4 72.202 hyg pl (041) 1045 14020 vs H,0; s Et OH, et h 
mci If or pl 
p-Tol uenesul f oni c асі d monohydrate — 4-Met ћу! benzenesul f oni c aci d, C;H440,$ 6192-52-5 190.217 105.3 580 
monohydrat e 
0 p-Tol uenesul f опу! chl ori de HEI OS 98-59-9 90.648 tcl (eth, peth) 71 145 i HO; s Et OH, et h, chl; vs bz 
0 0-Tol ui c aci d 480; 118-90-1 136.149 pr or nd (w) 103.5 259 i НО; vs Et OH, et h; s chl 
0 m-Tol ui c aci d 880, 99-04-7 136.149 109.9 51 HO, chl; vs Et OH, et h 
0 p-Tol ui c aci d 8880, 99-94-5 36.149 179.6 i НО; vs Et OH, et h, MeOH; sl tf a 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0122 N-o-Tolylbi диаг! де N-(2-Met hyl phenyl ) САМ 93-69-6 191.233 ndorpl (841) 145.0 SI HO; vs Et OH, ace; i. bz, chl, et h 
i mi dodi carboni mi di c di ami de 
0123 Тота i ne Ha N0;, 17406-45-0 1034.188 nd (MeOH) 210 vs Et OH, di ox 
0124 Tralomet hri n fH BONO, 66841-25-6 665.007 огап-ув soli d 
0125 Тапу cypromi ne 2-Phenyl cycl opropyl ami ne ШЕ 155-09-9 133.190 Cry 44 127? 
0126  Trehal ose Соро 99-20-7 342.296 ort В cry 203 1.584 vs ЊО; s Et OH; i. et h, bz 
0127 Ті acet ami de o NO, 641-06-5 143.140 nd (et h) 79 vseth = 
0128 Tri aceti п Glycerol t ri acet at e 41400 102-76-1 218.203 col oi ly lig -78 259 1.1883 1.43012 sl ЊО; msc Et OH, et h, bz; vs ace T 
0129 Tri acont ane Нь 638-68-6 422.813 orth (eth, bz) 651 4497 0.809? 14352? i НО; sl Et OH; s et h; vs bz >° 
0130 Ті acont anoi c aci d 50; 506-50-3 452.796 Sc, nd (al, асе) 93.6 143239 vs bz, (5, chl = 
0131 1-Tri acont anol Myri cyl alcohol P] 593-50-0 438.812 nd (et h),pl (bz) 88 0.77% vs bz, et h, Et OH o 
0132 Tri adi menol Mercury, chl oro(2-met hoxyet hyl)- НСІ HgO 123-88-6 295.13 cry 115 i ID; s Et OH, ace m 
0133 Tri allate 4Їй,05М08 2303-17-5 304.664 29 1172003 12735 б 
0134 Tri allyl phosphate НОР 1623-19-4 218.186 -50 1087 1.081520 sl сїї ° 
0135 1,3,5-Ти al | yl -1,3,5-t ri әгі ne- Со МО 1025-15-6 249.265 205 149“, 10505 1.159020 2 
24,61Н3Н5Н) 11 one - 
0136 Tri amci nol one Н цох! predni sol one НО, 124-94-7 394.433 Cry 270 » 
0137 Tri ami phos НОР 1031-47-6 294.292 cry (EtOH ад) 167 sl ED; $ os = 
0138 Tri asulf шоп (CI №055 82097-50-5 401.826 186 22 
0139 1,2,4-Tri azi ne AN, 290-38-0 81.076 pa ye oi | 16.5 157 15149 о 
0140 1,3,5-Ті azi ne AN, 290-87-9 81.076 80.3 114 1.38% s Et OH, et h = 
0141 1,2,4-Tri azi ne-3,5(24H)-di one СНО 461-89-2 113.075 276.8 = 
0142 1,3,5-ТП azi ne-2,4,6-t ri ami ne Mel ami ne а 108-78-1 126.120 mcl pr (м) 345 dec sub 1.5736 1.8720 51 HO, Et OH; i eth A 
0143 1,3,5-Tri azi ne-2,4,6#,3H,5H)- Tri t hi ocyanuri с ас! d 3165, 638-16-4 177.271 уерг >300 10022 > 
tri thi one 2 
0144 Tri 4701 os ОН, N,OSPS — 24017-47-8 313.312 ye-br oi | 5 1.2514 i H20; s os б 
0145 Tri azolam ОН СМ, 28911-01-5 343.210 tan cry (2- 234 A 
РГОН) © 
0146 1H-1,2,4-Tri azol -3-ami пе Ami t role НЕ, 61-82-5 84.080 cry (м, al) 159 vs m Et OH; i. et h, ace; s chl ; sl = 
AcOEt 
0147 1H-1,2,3-Tri azole CHAN, 288-36-8 69.065 hyg cry 23 204 1.186125 148545 5 Н,0; s et h, асе; | lig = 
0148 1H-1,2,4-Tri azole Pyrrodi 42018 JN. 288-88-0 69.065 nd (bz/Et OH) 1205 260 dec S HO, Et OH 2 
0149 1H-1,2,4-Tri azol e-3,5-di ami пе HN; 1455-77-2 99.095 2115 S HO, Et OH; i eth, bz > 
0150 Tri benuron-met hyl KH N.O,S 101200-48-0 395.391 soli d 141 223 
0151 Tri benzyl ami ne N,N-Bi s(phenyl met ћу!) C4 HN 620-40-6 287.399 pl (eth), md 91.5 385 0.991295 sl HO, Et OH; s et h, сіс 8 
benzenemet hanami ne (al) z 
0152 Tri bromoacet al dehyde Bromal 2081,0 115-17-3 280.740 174 2.664925 1.5939? ^ vs ace, et h, Et OH 5 
0153 Tri bromoacet i c aci d ,H8r40; 15-96-7 296.740 mel 132 dec 245 s HO, Et OH, et h Е 
0154 2,4,6-Ти bromoani || ne БЕРЕ 147-82-0 329.815 nd (al , bz) 122 300 2.350 і НО; sl Et OH; s et h, chl = 
0155 1,2,4-ТИ bromobenzene GH.Br, 615-54-3 314.800 445 275 i НО; s Et OH; vs et В, ace; sl bz 
0156 1,3,5-ТИ bromobenzene GH-Br, 626-39-1 314.800 nd or pr (al) — 1228 271 i ED; sl Et OH; s et h, bz, chl 
0157 1,1,2-Ти bromobut ane (Вг, 3675-68-1 294.811 216.2 2.183520 1.562617 ^ vs et h, Et OH, chl 
0158 1,2,2-Ти bromobut ane Н.В; 3675-69-2 294,811 213.8 2.16922 1.568% ^  vseth, Et OH, chl 
0159 1,2,3-Ти bromobut ane HBr; 632-05-3 294.811 lig -19 220 2.1908 1.5680 ^ vs et h, Et OH, chl 
0160 1,2,4-Ти bromobut ane ВГ; 38300-67-3 294.811 114 -18 215 2170 1.56080 ^ vs eth, Et OH, chl 
0161 2,2,3-Tri bromobut ane Br, 62127-47-3 294.811 0.9 206 2.172320 1.56022 | НО; $ Et OH, et h, chl; sl ctc 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
0162 Tri bromochl oromet hane СВ 594-15-0 287.176 If (eth) 55 158.5 2. vseth 
0163 1,1,2-ТИ bromoet hane Вг; 78-74-0 266.757 liq -293 188.93 2.6210 1.59332 1 НО; $ Et OH, et h, bz, сіс 
0164 2,2,2-Tri bromoet hanol 20,810 75-80-9 282.756 па ог рг (peth) 81 920 vs bz, et h, Et OH 
0165 Tri bromoet hene Вт, 598-16-3 264,741 164 2.70820 1.60456 5 ЊО; vs Et OH; s et В, асе, chl 
0166 Tri bromofluoromet hane CBF 353-54-8 270.721 lig -73.6 108 i B: s Et OH 
0167 Tri bromomet hane Bromof orm CHBr 15-25-2 252.731 8.69 149.1 2.878825 1.59485 51 HO; msc Et OH, et h; s bz, li g, 
ch 
0168 1,3,5-ТИ bromo-2-met hoxybenzene fH;Br.0 607-99-8 344.826 nd (al) 88 298 2.495 51 HO, Et OH; vs ace, bz s ct c = 
0169 2,4,6-Tri bromo-3-met hyl phenol 2,4,6-Tri brompberesol CH,Br,0 4619-74-3 344.826 84 S Et OH, et h, bz, HOAc; sl chl , pet h os 
0170 1,1,1-Tri bromo-2-met hyl-2-propanol — 1,1,1-Tri Бготенри yl al cohol (88,0 76-08-4 310.810 nd (li g) cry (di 1 169 sub sl HO, chl; s Et OH, et h 5 
al ) 
0171 Ті bromoni t romet hane (180; 464-10-8 297.729 рг 10 12718 28112 1.5790? i НО; $ Et OH, et h; vs ace, bz Е 
0172 2,4,6-ТИ bromophenol (H.Br,0 118-79-6 330.799 nd (al), pr (bz) 95.5 286 2.550 i HO; vs Et OH; s et h, bz, НОАс, б 
ch 
0173 1,1,2-ТИ bromopropane GH-Brg 14602-62-1 280.784 200.5 2.354720 1.579022 | НО; $ Et OH, chl, НОАс; vs et h 5 
0174 1,2,2-Tri bromopropane GH.Br, 14476-30-3 280.784 190.5 2.298420 1.5670? ^ vs et h, ОН, chl Ч 
0175 1,2,3-Tri bromopropane CH,Br, 96-11-7 280.784 16.9 222.1 2.420820 1.58620 | НО; vs Et OH, et h; sl сіс > 
0176 2,3,5-Tri bromot hi ophene „88155 3141-24-0 320.828 nd (al) 29 260 s chl 2 
0177 Tri bromot ri met hyl di al umi num Met ћу! al umi num sesqui bromi 98. АБВг, C 12263-85-3 338.770 hyg col li а 1f0 un 
0178 Tri but yl 2-(acet yl oxy)-1,2,3- Си а 77-90-7 402.479 173! 5| chl © 
propanet ri carboxyl at е Бэ! 
0179 Tri but yl al umi nat e 1-But anol, al umi num salt НА! 3085-30-1 246.322 2605 о 
0180 Tri but ylalumi num 20541 1116-70-7 198.324 102 я 
0181 Tri but yl ami пе N,N-Di but yl -1-but anami ne n 102-82-9 185.349 liq -70 2165 0.7770 42990 sl ЊО, ct c; vs Et OH, et h; sace, bz 82 
0182 Ті but yl borat e 1287B0; 688-74-4 230.151 oi | <-70 234 0.8567 41069. s Et OH, bz; vs et h, MeOH ” 
0183 Tri but yl fluorost annane Tri but ylti n fluori de qo Ho; 1983-10-4 309.050 nd =260 sub >200 5 
0184 2,4,6-Tri # ertbut yl phenol НО 732-26-3 262.430 cry (al, peth) 131 278 0.864 i 0, alk; s Et OH, ace, ct c б 
0185 Tri but yl phosphat e ДР 126-73-8 266.313 289 0.972775 .42245 — sH;O, et h, bz, CS; msc Et OH © 
0186 Ті but yl phosphi ne ов 998-40-3 202.316 240; 150% 0.812% „46199 = 
0187 Tri but yl phosphi t e Tri but oxyphosphi ne ү» ФР 102-85-2 250.314 1378, 12212 0.925920 43219 s Et OH; sl ctc; vs et h 5 
0188 5,5,5-ТИ but yl phosphorot rot hi oat eS,S,S-Tri but yl t ri thi ophosphat e — ,,H,,OPS, 78-48-8 314.510 «-25 15003 057% с 
0189 Ті but ylsi lane NUI 998-41-4 200.436 221 0.7794 „43802 2, 
0190 Tri but yl st аппапе Tri but ylti n hydri de 12155596 688-73-3 291.060 iq 118 7607 103% > 
0191 Tri but yri n But anoi c aci d, 1,2,3-propanet ri у!С-,Н,,0, 60-01-5 302.363 iq -75 307.5 1.0350 43590: 1 HO; s Et OH, ace, bz; sl ct c; vs жА 
est er eth 8 
0192 Tri calci um ci t rat e Cal ci um ci t rat e aH Cal, 813-94-5 498.433 cry (w) =100 dec (һуа) 51 HO; i Et OH z 
0193 Ті chl orf on AB,CI;0,P 52-68-6 257.437 7 100° 132 = 
0194 Tri chl oroacet al dehyde Chl oral 6,0 75-87-6 147.387 iq -57.5 97.8 1512 45809 уз Н;О; s Et OH, et h c 
0195 2,2,2-ТИ chl oroacet ami de 260110 594-65-0 162.402 142 240 sl HO; vs Et OH, et h = 
0196 Tri chl огоасе! i c aci d ШЕ 76-03-9 163.387 hyg cry 59.2 196.5 612684 460314: vs Н;О; s Et OH, et h; sl ctc 
0197 Tri chloroacet i c anhydri де 4660, 4124-31-6 308.759 dec 223, :69082) vs et h, НОАс 
13980 
0198 Tri chl oroacet oni t ri le 2011 545-06-2 144,387 14 -42 85.7 1.4403 44099180 
0199 Tri chloroacet yl chl ori de 50 76-02-8 181.832 117.9 62022 .46952 төс eth 
0200 2,3,4-ТИ chl огоап li ne ШИ 634-67-3 196.462 nd (li g) 73 292 vs Et OH 
0201 2,4,5-Tri chl oroani li ne «11 636-30-6 196.462 nd (li g) 96.5 270 S Et OH, et h; vs CSI 110 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0202 2,4,6-Tri chl oroani li ne ШИК 634-93-5 196.462 cry (al), nd (li g 78.5 262 i HO; s Et OH, et h, chl; vs CS 
or pet h) 
0203 2,3,6-Tri chl orobenzal dehyde 1,050 4659-47-6 209.457 nd (li g) 87.3 vs ace, bz, et h 
0204 1,2,3-Tri chl orobenzene (H.Cl, 87-61-6 181.447 pl (al) 512 218.5 1.45335 i НО; sl Et OH, chl; vs et h, bz 
0205 1,2,4-ТИ chl orobenzene 03:01 120-82-1 181.447 ort h 16.92 2135 1.45% 15717? 1 НО; 51 Et OH, chl; vs et h 
0206 1,3,5-Tri chl orobenzene ШИ 108-70-3 181.447 па 62.8 208 i HO; $1 Et OH; vs et h, bz; s chl 
0207 2,3,6-Tri chl orobenzeneacet i c aci d Chl orf enac 4,00; 85-34-7 239.484 161 = 
0208 3,4,5-ТИ chl oro-1,2-benzenedi ol 60010, 56961-20-7 213.446 (i ) pr(HOAc)  115(f orm а); 51 HO; vs et h, Et OH, HOAc = 
(i i ) pr (bz) 134(f orm b) ме 
0209 2,3,6-Т chl orobenzoi c aci d #9050; 50-31-7 225.457 1245 si ЊО; s et h % 
0210 2,4,5-Tri chl orobi phenyl ЖО 15862-07-4 251.543 cry 78.5 i go a 
0211 2,4,6-Ти chl orobi phenyl (Жі; 35693-92-6 257.543 cry (Et OH aq) 62.5 1725 i go > 
0212 1,1,1-Tri chloro-2,2-bi s(4- Пі chlorodi phenylt ri chl oroet hane C,H,CI; 50-29-3 354.486 nd (al) 108.5 260; 1805 i ВО; sl Et OH; vs et h, ace, bz, py с 
chl огорїепу! је hane (DDT) © 
0213 2,2,3-Ті chl orobut anal 2,2,3-ТИ chl orobut уга! dehyde 480,0 76-36-8 175.441 164 1.395620 .4755 vs ЊО, et h, Et OH z 
0214 2,3,4-Tri chl oro-1-but ene б, 2431-50-7 159.442 60%, 400 1.343020 4944 vs ace, chl 4 
0215 3,4,4-Ті chl orocarbani 11 de Tri cl ocarban НО 101-20-2 315.581 fine pl 256 » 
0216 1,2,4-ТИ chl oro-5-(chl oromet ћу!) СО 3955-26-8 229.919 213 1.54720 vs ace, et h, Et OH 2 
benzene wn 
0217 Tri chl oro(chl oromet ћу! )si | ane (Chl oromet hyl)t ri chlorosi lane — ,Cl,Si CH 1558-25-4 183.925 118 1.4650? :45552) © 
0218 Ті chl oro(4-chl orophenyl )si | ane ШК 825-94-5 245.994 233; 1180 1.406220 54182 = 
0219 Tri chl oro(3-chl огоргору! )si | ane 3HECLSI 2550-06-3 211.978 181.5 1.35900 466820 o 
0220 Tri chl oro(di chl oromet hyl )si | ane (Di chl oromet hyl)t ri chlorosi lane «Si CHCI 1558-24-3 218.370 145 1.5518 471420 2 
0221 1,1,1-Tri chl oro-2,2-di fluoroet hane EF, 354-12-1 169.385 73 2 
0222 1,2,2-Tri chloro-1,1-di fluoroet hane 215, 354-21-2 169.385 -140 719 1.544720 :388920 ” 
0223 1,2,2-ТИ chl oro-1,2-di fluoroet hane СЕ, 354-15-4 169.385 -174 72.5 5 
0224 2,4,6-ТИ chl oro-3,5-di met hyl phenol 810010 6972-47-0 225.500 ye nd (pet h) 175 i ЖЮ; s chl; vs pet h с 
0225 1,1,1-Tri chl oro-2,2-di phenyl et hane sal, Cl, 2971-22-4 285.596 65 S Et OH; $1 chl о 
0226 Tri chl orododecyl si | ane Родесу! ri chl orosi | ane 12H,500,Si 4484-72-4 303.772 155 45812 < 
0227 1,1,1-Tri chl oro-3,4-epoxybut ane (2,2,2-Tri chl oroet ћу! )oxi rane 400,0 3083-25-8 175.441 114 1100 5 
0228 1,1,1-Tri chl oroet hane Met ћу! chl ого? orm 21:01 71-55-6 133.404 liq -30.01 74.09 1.3390 4379? 51 ЊО; s ОН, chl; msc et h c 
0229 1,1,2-ТИ chl oroet hane Vi nyl t ri chlori de 21:00 19-00-5 133.404 liq -36.3 113.8 1.439 47140 1 HO; s Et OH, et h, chl 2, 
0230 2,2,2-Tri chl oroet hanol 61,0 115-20-8 149.403 wg orthtabor 19 152; 52" 48619 sl HO, ct c; msc Et OH, et h; s al k Я 
р ~ 
0231 Tri chl oroet hene Tri chl oroet hyl ene НО» 79-01-6 131.388 liq -84.7 8721 14642 47730 51 HO, ct c; msc Et OH, et h; s ace 8 
0232 2,2,2-Tri chl oro-1-et hoxyet hanol Chl oral al coholat e 4H; C GO, 515-83-3 193.457 56.5 1155 1.1439 S НО, Et OH, et h Б 
0233 Tri chl oroet hoxysi | ane 21601051 1825-82-17 179.505 liq -135 101.9 1.2074 40450 vs ОН = 
0234 2,2,2-Tri chl oroet hy&-D- Urochl oral i c aci d 46:10, 97-25-6 325.528 па 142 vs HO, Et OH c 
gl ucopyranosi duroni c aci d £ 
0235 Tri chl oroet hyl si lane Et hylt ri chl orosi | ane 21501550 115-21-9 163.506 liq -105.6 100.5 1.2378 4256"  sctc 
0236 1,1,1-ТИ chl oro-2-fluoroet hane Ref ri gerant 131b СОЊЕ 2366-36-1 151.394 liq 86.5 
0237 1,1,2-ТП chl oro-1-fluoroet hane Ref ri gerant. 131a СЕ 811-95-0 151.394 -104.7 88.0 1.49220 
0238 1,1,2-ТИ chl oro-2-fluoroet hane ДОЊЕ 359-28-4 151.394 102.4 1.539320 4390? i НО 
0239 Tri chl orofluoromet hane Ref ri gerant. 11 ЕСІ 75-69-4 137.368 volliqorgas -110.44 237 18 
0240 2,2,3-ТИ chl oro-1,1,1,3,4,4,4- МЕСЕ 335-44-4 287.391 20 98 1.748420 35302 
hept afluorobut ane 
0241 Tri chl orohexyl si lane Hexyl t ri chl orosi lane «Наса! 928-65-4 219.612 190 1.1100 dec Н,0 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0242 N-(2,2,2-Tri chl oro-1-hydroxyet ћу!) Chloral f ormami de 34010, 515-82-2 192.429 Cry 120 vs ace, et h, Et OH 
f ormami de 
0243 3,3,3-ТИ chl oro-2- Chl orocyanohydri n СМО 513-96-2 174,413 р! (w) 61 dec 217 vs HO, et h, Et OH 
hydroxypropaneni t ri le 
0244 Tri chl oroi sobut yl si Iane 40561 18169-57-8 191.559 143.3 1150 dec Н,0 
0245 Tri chl oromet hane Chl orof orm CHCI 67-66-3 119.378 liq -63.41 61.17 1.4788 1.4459? 5 ЊО; msc Et OH, et h, bz; s ace, 
сіс 
0246 Tri chl oromet hanesul f епу! chl ori де Perchl oromet ћу! mercapt ап 45 CCl 594-42-3 185,888 ye oi | 149 1.6947 1.54840 seth = 
0247 Tri chl oromet hanesulf опу! chl ori de 405! 2547-61-7 217.887 cry (al -w) 140.5 170 i ID: s Et OH, et h, CS = 
0248 Tri chl oromet hanet hi ol Tri chl oromet ћу! mercapt an aS CHCI 75-70-7 151.443 oran oi | 128 Л 
0249 Tri chl oromet hi azi de 8104,М,0,5, 133-67-5 380.657 270 dec 51 HO; s Et OH о 
0250 1,2,4-ТПі chl oro-5-met hoxybenzene 15610 6130-75-2 211.473 nd (di | al) 77.5 254 vs Et OH, ace E 
0251 1,3,5-Tri chl oro-2-met hoxybenzene 2,4,6-ТИ chl oroani sol e 10,0 87-40-1 211.473 те! nd (al) 615 241 1.646 S Et OH, bz, chl ; vs ace 
0252 1,2,4-ТИ chl oro-5-met ћу! benzene 2,4,5-Tri chl orot ol иеле 10, 6639-30-1 195.474 nd or If (al) 824 231 1,0 s Et OH, ace 5 
0253 (Тп chl oromet ћу! )benzene Benzot ri chl ori de 11500, 98-07-7 195.474 114 -442 221 1.3723 1.5580? 1 НО; s ОН, et h, bz Z 
0254 (Tri chl oromet hyl )oxi rane 316010 3083-23-6 161.414 149; 4413 1.49520 147375 vs et h; s chl а 
0255 2,3,4-Т chl oro-6-met ћу! phenol 4,5,6-Tri chl ororesol GH,C1,0 551-78-0 211.473 nd (pet h) 77 > 
0256 2,3,6-Ти chl oro-4-met ћу! phenol 2,3,6-Tri chl proresol CH;CIO 551-77-9 211473 nd (HOAc, 66.5 vs Et OH 2 
pet h) 
0257 2,4,6-Tri chl oro-3-met ћу! phenol 2,4,6-Tri chl araresol GH;C1,0 551-76-8 211.473 nd i. (w, 46 265 i НО; vs Et OH, MeOH, chl 5 
ре 
0258 1,,1-Ті chl oro-2-met ћу! -2-propanol — 1,1,1-Tri chl 0820 yl alcohol 48,010 57-15-8 177.457 hyg nd (м+1) 97 167 i HO; s Et OH, et В, ace, bz, li g, chl 2 
0259 Tri chl oronat e 10Н,С150,Р5 327-98-0 333.599 yeliq 108 1.36520 ж 
0260 1,2,4-Tri chl oro-5-ni t robenzene 616010, 89-69-0 226.445 рг (al), па (al) 575 288 1.798 i ВО; sl Et OH; s et h, bz, chl, 65 б 
0261 Tri chl oroni t romet hane Chl oropi cri n NOCI 76-06-2 164.376 iq -64 112 1.6558 1.46112 8 kn msc Et OH, ace, bz, MeOH, > 
с = 
0262 3,4,6-Tri chl oro-2-ni t rophenol «1010, 82-62-2 242.444 ра уе cry (pet h) 92.5 a 
0263 Tri chl orooct adecyl si | ane Oct adecylt ri chl orosi | ane NON 112-04-9 387.932 223) 0.98425 1.460220 S 
0264 Tri chl orooct yl si lane Oct ylt ri chl orosi | ane 410159 5283-66-9 247.666 232 14480 dec H,0, Et OH; s ctc 2 
0265 1,2,3-ТИ chl oro-1,1,2,3,3- МЕН 76-17-5 237.383 iq -72 73.7 1.6637 1.351220 = 
pent afluoropropane ° 
0266 Tri chl oropent yl si | ane Amylt ri chl orosi | ane 81 40151 107-72-2 205.586 172; 60.55 1.133020 1.450320 С; 
0267 2,3,4-Tri chl orophenol 461,0 15950-66-0 197.446 па (bz, li g, sub) 83.5 sub s Et OH, et h, bz, alk, HOAc 2 
0268 2,3,5-Tri chl orophenol 4561,0 933-78-8 197.446 па (81) 62 24850 vs et h, Et OH un 
0269 2,3,6-ТИ chl orophenol (B.CIO 933-75-5 197.446 nd (di | al, li g) 58 sJ0Hvs Et OH, et h, bz; s HOAc = 
0270 2,4,5-ТИ chl orophenol 6561,0 95-95-4 197.446 nd (al, pet h) 69 247 51 $0; vs Et OH, et h, bz; s HOAc S 
0271 2,4,6-Tri chl orophenol 4561,0 88-06-2 197.446 ort h nd (НОАс) 69 246 1.49078 51 HO; s Et OH, et h, HOAc E 
0272 3,4,5-Tri chl orophenol (561,0 609-19-8 197.446 nd (li g) 101 275 si lig; seth Е 
0273 2,4,5-ТИ chl orophenoxyacet i c aci d 2,45-Т 81601,0, 93-16-5 255.483 cry (bz) 153 dec i НО; s Et OH; vs bz = 
0274 2-(2,4,5-Tri chl orophenoxy)et ћу! 2,2- Pent anat e СНОО, 136-25-4 366.452 49 16205 1.5550 i HO; s Et OH, ace, ху! 
di chl oropropanoat e 
0275 Tri chloro(2-phenyl et ћу! )si | ane 81601551 940-41-0 239.602 242; 98 1.239720 1.518520 
0276 (2,4,6-Тгі chl orophenyl )hydrazi пе 6 CIN; 5329-12-4 211.476 cry (bz) 143 S HO, bz 
0277 Tri chl orophenyl si | ane «180151 98-13-5 211.549 201 1.3210 152309  sctc,chl, C$ 
0278 1,1,2-Tri chl oropropane (HCl 598-77-6 147.431 132.0; 1.37215 i НО; s Et OH, chl ; vs et h; sl сіс 
11750 
0279 1,1,3-Tri chl oropropane ЗЕЙ 20395-25-9 147.431 liq -59 145.5 1.355? 14718? us et h, Et OH, chl 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? np Solubility 
0280 1,2,2-Tri chl oropropane ЛЕЙ 8175-23-3 147.431 124 1.3185 .4609? 1 НО; s Et OH, et h; vs chl 
0281 1,2,3-ТИ chl oropropane (01; 96-18-4 147431 liq -14.7 157 1.3889 .4852 51 HO, ct c; s Et OH, et h; vs chl 
0282 1,1,1-Tri chl oro-2-propanol 4861,0 76-00-6 163.430 50.5 163; 5472 vs ace, bz, et h, Et OH 
0283 1,1,1-Т chl oro-2-propanone 1,1,1-Tri chl oroacet one 316010 918-00-3 161.414 149, 2810 1.43520 „46357 1 НО; vs Et OH, et h 
0284 1,2,3-Tri chl oro-1-propene H.Cl, 96-19-5 145.415 142 1.41220 .5030 1 НО; vs Et OH, et h; s bz, chl 
0285 3,3,3-ТИ chl oro-1-propene (HCl, 2233-00-3 145.415 liq -30 1145 1.367 48272 | НО; s Et OH, et h, bz, chl 
0286 2,3,3-ТИ chl oro-2-propenoyl chl ori де 300,0 815-58-7 193.843 158 52718 — vs bz = 
0287 Tri chl огоргору! si | ane Ргору! ri chl 01081 | ane 3H; Chi 141-57-1 177.533 123.5 1.198 4310? = 
0288 2,4,6-ТИ chloropyri mi di ne АНОМ 3764-01-0 183.423 225 2125 57002 = 
0289 3-(Tri chl orosi | yl )propaneni t ri le 3H,CENSI 1071-22-3 188.516 109 = 
0290 2,4,6-Tri chl oro-1,3,5-t ri azi пе Cyanuri c aci c t ri chl ori de 30,9, С 108-77-0 184411 cry (et h, bz) 154 192 vs Et OH » 
0291 2,2'2"-Tri chl orot ri et hyl ami пе МЕНЕ 555-77-1 204,525 рауе -2.0 43% vs bz, et h, Et OH С 
0292 Tri chl orot ri et hyl di alumi num Et hyl al umi num sesqui chl ori ден. „АС С 12075-68-2 241.505 yeliq 1153, 5 
36.202 
0293 1,3,5-ТП chl oro-2,4,6- КЕРЕ 319-88-0 235.418 98.4 2 
tri fluorobenzene - 
0294 1,1,1-Tri chl oro-2,2,2-t ri fluoroet hane CGF; 354-58-5 187.375 14.37 45.5 1.579020 1.36105 1 НО; $ Et OH, et h, chl » 
0295 1,1,2-Tri chl oro-1,2,2-t ri fluoroet hane CGF; 76-13-1 187.375 liq -36.22 477 1.5635 1.35575 | НО; $ Et OH; msc et h, bz = 
0296 Tri chlorovi nylsi Lane Vi nylt ri chlorosi Lane 0,56 15-94-5 161.490 liq -95 91.5 1.2426 1.42950 vs chl 22 
0297 Тп chodermi n 12,13-Epoxyt ri chot һес-9-еп-4-01 С,5Н,,0, 4682-50-2 292371 cry 59 1195 SI HO; s Et OH, chl © 
acet at e = 
0298 Tri clof os 2,2,2-Tri chl oroet hanol di hydrogenC,H,Cl,0,P 306-52-5 229.383 cry (bz) 120.5 о 
phosphat e 2 
0299 Tri clopyr Асе i c aci d, [(3,5,6- ri сћГого-2- C;H,CINO, 55335-06-3 256.471 149 dec 290 3; 
pyri di nyl јоху]- ” 
0300 Tri cosane G Hg 638-67-5 324.627 If (et h-al) 47.16 380 0.7785 .4468 1 HO; 51 Et OH; s et h, ctc 5 
0301 12-11! cosanone Di undecyl ket one 248,0 540-09-0 338.610 If (al) 70.2 0.8088 .42839 ^ vs bz, et h, chl ^ 
0302 Tri e-cresyl phosphat e tio-t ol yl phosphat e ВАР 78-30-8 368.363 Col or pa ye 11 410 1.1955? 55/59 | 1. Et OH, et h, ct c, t ol; s © 
с 
0303 Tri m-cresyl phosphat e rim-t ol yl phosphat e ОР 563-04-2 368.363 мах 25.5 26015 15025 55750 1 HO; 51 Et OH; s et h; vs ct c, t ol = 
Бал л анин, гт һб? їй юй мире їз мин гон 2 
et h 
0305 1,3,6-ТИ суапоћехапе GH, № 1772-25-4 61.203 brliq 257 040 „46602 2 
0306 Tri cycl azole 1,2,4-Tri azol o[3,4-b]benzot hi azol eC, H;N,S 41814-78-2 189.237 187 Ф 
5-met hyl - т 
0307 Tri cycl ene 1,7,7- um 508-32-7 36.234 cry (81) 67.5 152.5 0.86689 „42968 е 
Tri met hylt ri cycl 02.25 ер! ane = 
0308 Tri cycl o[3.3.1.37]decan-1-ami ne Amant adi ne mom 768-94-5 151.249 180 si HO z 
0309 Tri cycl o[3.3.1 37]decane Adamant ane CH; 281-23-2 136.234 nd (sub) 268 sub 075 568 Sbz ctc 8, 
0310 Tri десапа! СН, 0 10486-19-8 98.344 14 15613 0.835615 43846 1 ВО; s Et OH = 
0311 Tri decane GH, 629-50-5 84.36 liq -54 235.47 0.7569 42560 1 НО; vs Et OH, et h; s ct c 
0312 Tri decanedi oi c aci d 1304 505-52-2 244.328 114 51 ЊО, bz, tf a; s Et OH, et h, chl 
0313 Tri decaneni t ri le 1315 629-60-7 95.345 9.7 293 0.825720 4378? vs Et OH, et h 
0314 Tri decanoi c aci d Tri decyl i c aci d 131550) 638-53-9 214,344 cry (peth ace) 41.5 2360, 140! 0.84588 .42869 1 HO; vs Et OH, et h, НОАс; s ace 
0315 1-Tri decanol Tri decyl al cohol 13650 112-70-9 200.360 cry (al) 317 274; 1524 — 0.82233! i НО; s Et OH, et h 
0316 2-Tri decanone Met ћу! undecyl ket one 138550 593-08-8 198.344 30.5 263 0.821730 4318? 1 HO; vs Et OH, et h, ace, bz, chl 
0317 7-Tri decanone Di hexyl ket one 1380 462-18-0 98.344 If (al) 33 261 0.828 S Et OH, chl, li g; vs et h 
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0318 1-Tri decene GH, 2437-56-1 182.345 liq -13 232.8 0.7658 43409 i HO; vs Et OH, et h; s bz 
0319 Tri decyl acryl at e 160; 3076-04-8 254.408 liq 150 0.8820 
0320 Tri decyl al umi num ael Al 1726-66-5 450.803 hyg vi sc li q -38 
0321 Tri decyl ami ne N,N-Di decyl -1-decanami пе А16 1070-01-5 437.828 406 
0322 (Tri decyl јат! ne 1-Tri decanami ne DM 2869-34-3 199.376 274 275.8 0.804920 44439 sl HO; $ Et OH, et h 
0323 Tri decyl benzene 1-Phenylt ri decane 146; 123-02-4 260.457 10 346 0.855020 482120 
0324 Tri decyl cycl ohexane nm 6006-33-3 266.505 18.5 346 0.823920 45702 - 
0325 Tri decyl met hacrylat e 1718320; 2495-25-2 268.435 118! 0.88120 4485 = 
0326 Tri (decyl) phosphi t e a Ba, OP 2929-86-4 502.793 liq 255 18001 >° 
0327 1-Tri decyne На 26186-02-7 180.330 2.5 234,945 0.784220 „43090 vs bz, eth = 
0328 Tri di phane 2-(3,5-Di chlorophenyl)-2-(2,2,2- СНБО 58138-08-2 320.427 42.8 » 

t ri chl oroet ћу! )охі rane, (+) m 
0329 Tri dodecyl ami ne N,N-Di dodecyl -1-dodecanami ne 3015 102-87-4 521.988 16.4 220005 б 
0330 Tri et hanol ami пе Tri s(2-hydroxyet hyl Jami ne 48,0, 102-71-6 149.188 hyg cry 20.5 335.4 1.124220 „48520 msc H,0, Et OH; sl et h, bz; $ chl о 
0331 1,3,5-Tri et hoxybenzene СН, 0, 2437-88-9 210.269 cry (al, di I al) 435 170 vs et h, Et OH 2 
0332 Tri et hoxy(3-chl oropropyl si | ane (3-Chl oropropyl ЈЕ ri et hoxysi lane ‹Н,,СІ 051 5089-70-3 240.800 col gas -149 = 
0333 1,1,1-Tri et hoxyet hane 480; 78-39-7 162.227 145 0.88472 .3980? 1 НО; msc Et OH, et h, ct c, chl > 
0334 Tri et hoxyet hylsi | апе 812051 78-07-9 192.329 158.5 0.89632 .3955? | НО; msc Et OH, et h; s chl - 
0335 Tri et hoxymet hane 180; 122-51-0 148.200 143; 60? 0.890920 3922 s Et OH, et h % 
0336 Tri et hoxymet ћу! si | ane 79,5051 2031-67-6 178.302 142 0.8948 :383220 ° 
0337 Tri et hoxypent yl si | ane 1Н50351 2761-24-2 234.408 108, 9518 0.886220 4059 © 
0338 Tri et hoxyphenylsi | ane 1206 0:9| 780-69-8 240.371 232; 1139 0.99625 „46042 ж 
0339 1,1,1-Tri et hoxypropane 010, 115-80-0 176.253 17 400059 vs et h, Et OH б 
0340 Tri et hoxysi lane 61060391 998-30-1 164.275 133.5 0.87480 > 
0341 3-(Ті et hoxysi yl )-1-propanami ne  IH/N0,Si 919-30-2 221.370 119 0.950620 422520 == 
0342 3-(Ті et hoxysi | yl )propaneni t ri le IH, №. 919-31-3 217.338 114 09 0.97420 с 
0343 Tri et hyl 2-acet oxy-1,2,3- Tri et hyl acet yl ci t rat e 44120, 71-89-4 318.320 214 1.135% .4380 8 

propanet ri carboxyl at e 
0344 Tri et hylal umi num Hexaet hyl di al umi num eH, AIC 97-93-8 114.165 col hyg li а -46 94100 0.83225 = 
0345 Tri et hylami ne N,N-Di et hyl et hanami ne HGN 21-44-8 101.190 liq -114.7 89 0.7279 4010? ^ s H,0, Et OH, et h, ct c; vs ace, bz, = 
chl 
0346 Tri et hylami ne hydrochl ori de N,N-Di et hylet hanami ne hydrochl ori ден СТМ 554-68-7 137.651 hex (81) 260 dec Sub 245 1.0687 vs ЊО, Et OH, ch 2 
0347 Tri et hylarsi ne 810548 617-15-4 162.105 138.5 1.15020 467% vs ace, et h, Et OH 5 
0348 1,2,3-ТИ et hyl benzene Sig 42205-08-3 162.271 col liq -26 172 т 
0349 1,2,4-ТИ et hyl benzene Eum 877-44-1 162.271 218; 9959 0.873820 5024? 1 НО; s Et OH, et h S 
0350 1,3,5-ТИ et hyl benzene Sis 02-25-0 162.271 iq -66.5 215.9 0.8637 .4969 | HO; vs Et OH, et h =. 
0351 Ті et hyl borane ВВ 97-94-9 97.994 iq -93 95 0.70 3971 s Et OH, et h Е 
0352 Tri et ћу! borat e Bori c aci d, t ri et hyl est er 615800 50-46-9 145.992 iq -84.8 120 0.8548 37492 msc Et OH, et h s 
0353 Tri et hyl ci t rate 22160, 77-93-0 276.283 294 1.136920 44550 | НО; s Et OH, et h; sl ctc Du 
0354 Tri et ћу! enedi ami ne e HON; 280-57-9 112.172 159 s chl 
0355 Tri ethylene glycol Tri gl ycol 48,0, 12-27-6 150.173 hyg li q -7 285 1278 45319 msc Н,0, Et OH, bz; sl et h, chl; i 
pet h 
0356 Tri et hylene glycol bi s(2- Со 94-28-0 402.564 schl 
et hyl hexanoat e) 

0357 Tri et hyl ene glycol di acet at e КӨЙ 11-21-7 234.246 -50 286 1159 vs ЊО, et h, Et OH 
0358 Tri et hyl ene glycol di met hacrylat e 44150, 09-16-0 286.321 170 1.09220 1.45955 vs ace, et h, Et OH, pet h 
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0359 Tri et hylene glycol di met hyl et her Tri gl yme ШЙ 112-49-2 78.227 liq -45 216 0.988 1.422450 vs НО, bz 
0360 Tri et hylene glycol di ni t rat e Et hanol , 2,2’-[1,2-et hanedi yl С=О 111-22-8 240.167 82003 
ІМ s-, di ni t rat e 
0361 Tri et hylene glycol топове! ћу! et her 2-[2-(2-Et hoxyet hoxy)et ћохује! harte O, C 112-50-5 78.227 256 1.020920 
0362 Tri et ћу! enephosphorami de Tri s(1-azi ri di nyl )phosphi ne, oxi dgH,.N,0€ 545-55-1 173.152 Cry 41 9123 vs ЊО, Et OH, et h, асе 
0363 Tri et hyl enet hi ophosphorami de Thi ot epa Hy NGPS 52-24-4 189.218 cry 51.5 vs ЊО; s bz, chl , et h, Et OH 
0364 1,3,5-ТП et ћу! hexahydro-1,3,5-t гі azi ne «150, 7119-27-3 71.283 785 45805 = 
0365 Tri et hyl phosphat e Et hyl phosphat e ШІЛ 78-40-0 182.154 liq -56.4 2155 1.0699 4053 560, et h, bz; vs Et OH; sl chl нэ 
0366 Tri et hyl phosphi ne «ЫР 554-70-1 118.157 114 -88 129 0.8008 „4585 i НО; msc Et OH, et h >° 
0367 Tri et hyl phosphi ne ох! de «СОР 597-50-2 34.156 wh hyg nd 48 243 vs ЊО, et h, Et OH = 
0368 Tri et hyl phosphi ne sul fide HEPS 597-51-3 50.222 cry (81) 94 S HO; sl ctc o 
0369 Tri et ћу! phosphi t e Tri et hoxyphosphi ne Ha ОР 122-52-1 166.155 157.9 0.962920 212720 | НО; vs Et OH, et h m 
0370 0,0,0-Tri et hyl phosphorot hi oat e — 0,0, O-Tri et hyl t hi ophosphat е вН.0;Р$ 126-68-1 98.220 217; 100% 1.076820 44802 б 
0371 Tri et hylsi lane 6169! 617-86-7 116.277 liq -156.9 109 0.7382 44720 i BO, sulf ° 
0372 Ті et hylsi |апо! «18051 597-52-4 132.276 154 0.86470 .4329? | НО; msc Et OH, et h 2 
0373 Tri et hylst i bi ne 61:20 617-85-6 208.943 liq -98 161.4 1.3225 i HO; $ Et OH, et h - 
0374 Tri f enmorph 4-(Tri phenyl met hyl morpholine — 44H40 1420-06-0 329.435 cry (Et OH) 176 i ЖЮ; schl, ctc > 
0375 Ті flumi zole fH: CIENO 68694-11-1 345.747 63.5 - 
0376 Tri fluoperazi пе JH FANS 117-89-5 407.496 cry 20607 % 
0377 Tri fluoperazi ne di пуагос ori de St elazi ne 21101 F;NS 440-17-5 480.417 241.5 ° 
0378 2,2,2-ТИ fluoroacet ami de F; NO 354-38-1 113.038 73.8 162.5 © 
0379 Tri fluoroacet i c aci d НЕБО, 76-05-1 114.023 liq -15.2 13 1.5357 S H0, Et OH, et h, ace ж 
0380 Tri fluoroacet i c aci d аппуй de 460, 407-25-0 210.031 liq -65 395 1490 1.2695 ° 
0381 1,1,1-Tri fluoroacet one Met ћу! t ri fluoromet ћу! ket one 318750 421-50-1 112.050 vol li q or gas 21.5 1.252 > 
0382 Tri fluoroacet oni t ri le 217 353-85-5 95.023 col gas -68.8 == 
0383 Tri fluoroacet yl chl ori de 20050 354-32-5 132.468 col gas -146 -18 с 
0384 1,2,4-Tri fluorobenzene ЕЕ 367-23-7 132.083 90 1.2645 1.41712 2 
0385 1,3,5-ТИ fluorobenzene (ны; 372-38-3 132.083 114 -55 75.5 1.27% 1.41402 2 
0386 1,1,1-Tri fluoroet hane Met hyl fluorof orm HF; 420-46-2 84.040 col gas -111.3 -47.25 S et h, chl - 
0387 1,1,2-Tri fluoroet hane И.Е 430-66-0 84.040 col gas -84 37 © 
0388 2,2,2-Tri fluoroet hanol О 75-89-8 100.039 liq -43.5 74 1.3842 1.29077 М5 Et OH; s et В, ace, bz, chl 5 
0389 Tri fluoroet hene Tri fluoroet hyl ene НЕ, 359-11-5 82.024 col gas -51 1.2670 i НО; 51 Et OH; s et h с 
0390 2,2,2-Tri fluoroet hyl ami ne 2,2,2-Tri fluoroet hanami ne ЊЕ 753-90-2 99.055 36 1.2455 € 
0391 2,2,2-Tri fluoroet ћу! met ћу! et her 3116,0 460-43-5 114.066 31.62 8 
0392 1,1,1-Tri fluoro-2-i 04064 hane жы 353-83-3 209.936 545 2.135 1.400920 z 
0393 Tri fluoroi odomet hane QF 2314-97-8 195.910 col gas -225 2.360732 1.379032 5 
0394 Tri fluoroi socyanomet hane Tri fluoromet hyl i socyani de FNC 19480-01-4 95.023 col gas -80 E 
0395 Tri fluoromet hane Е uorof orm CHF 75-46-7 70.014 col gas -1552 -82.1 а (р>1 S Н,0, ace, bz; vs Et OH; sl chl = 
atm 
0396 Tri fluoromet hanesul f enyl chl ori de Е 421-17-0 136.524 col gas -0.7 i Ю 
0397 Tri fluoromet hanesul f oni с aci d О 1493-13-6 150.077 hyg li q 45 162 vs et h 
0398 Tri fluoromet hanesul f ony! chl ori де БЕ 421-83-0 168.523 162; 6218 13344» | НО 
0399 Tri fluoromet hanesul f onyl fluori de 4005 335-05-7 152.069 col gas -21.7 
0400 2-(Tri fluoromet ћу! Jani li пе ЕМ 88-17-5 161.125 35.5 685 1.282% 1.481020 
0401 3-(Tri fluoromet hyl Jani 1i ne ЕМ 98-16-8 161.125 55 187; 740 13047? 1.478722 51 HO; s Et OH, et h 
0402 4-(Tri fluoromet ћу! Jani 11 ne ЕМ 455-14-1 161.125 38 117.59 1.28327 1.48155 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. = Form тр/ bp/'C den/g cm? n, Solubility 
0403 4-(Tri fluoromet ћу! )benzal dehyde 885750 455-19-6 174.120 80% 1.463020 
0404 (ТИ fluoromet ћу! )benzene Benzot ri fluori de 7158, 98-08-8 146.110 liq -28.95 02.1 1.1884 1.4146? msc Et OH, et h, ace, bz, ct c 
0405 3-(Tri fluoromet ћу! )benzoni t ri le Н.В 368-77-4 171.120 14.5 189 1.281320 1.450820 
0406 4-(Ти fluoromet ћу! )benzoni t ri le ІШІ 455-18-5 171.120 37.5 
0407 3-(Tri fluoromet ћу! )benzoyl chl ori de HEI RO 2251-65-2 208.565 oi | 86; 80 1.383 1.477020 
0408 Tri fluoromet ћу! di fluoromet ћу! et her НЕФ 3822-68-2 136.020 col gas -157 -38 
0409 2-(Tri fluoromet ћу! )phenol О 444-30-4 162.109 45.5 147.5 = 
0410 3-(Tri fluoromet ћу! )phenol 46580 98-17-9 162.109 liq -0.9 78 1.3418 = 
0411 2-[[3-(Tri fluoromet ћу!) Ни enami c aci d AB FNO, 530-78-9 281.230 133.5 s DMSO = 
phenyl Jami no]benzoi c aci d =ч 
0412 Tri fluoromet ћу! si | ane 45i 373-74-0 100.116 col gas -73 -30 £ 
0413 (Tri fluoromet hyl si | ane 45i 10112-11-5 100.116 col gas -124 -38.3 m 
0414 Tri fluoromet ћу! 1,1,2,2- C,HF;0 2356-61-8 86.028 col gas -141 -3 б 
t et rafluoroet hyl et her о 
0415 1,1,1-Tri fluoro-2,4-pent anedi one 1,1,1-Tri fluoroacet yl acet one ЊЕ, 367-57-7 54.088 liq 107 505 2 
0416 4,4,4-Tri fluoro-1-phenyl -1,3- С 326-06-7 216.157 cry 39 224 i HO; s Et OH, ace - 
but anedi one > 
0417 2,2,2-ТИ fluoro-1-phenyl et hanone «8580 434-45-7 74.120 liq -40 153 1279 1.458320 = 
0418 Tri fluorophenyl si | ane 6351 368-47-8 162.185 liq -18 101.5 1.2189 14110? уз bz, Et OH un 
0419 1,1,1-Tri fluoropropane (Ны; 421-07-8 98.067 со! gas -13 o 
0420 1,1,1-Tri fluoro-2-propanol , (+) НО 17556-48-8 14.066 114 -52 78 1.2632 1.31302 vs Et OH, et h; s ace, bz; sl ctc = 
0421 3,3,3-Tri fluoropropene Н.Е, 677-21-4 96.051 со! gas -17 © 
0422 3,3,3-Tri fluoro-1-propyne (Tri fluoromet hyl Jacet yl ene HG 661-54-1 94.035 col gas -40.3 Е 
0423 4,4,4-Tri fluoro-1-(2-t hi enyl)-1,3- — Thenoylt ri fluoroacet one 630,5 326-91-0 222.185 428 978 » 
but anedi one ” 
0424 Tri fluoro(t ri fluoromet ћу! )oxi rane Perfluoropropyl ene oxi de 306 428-59-1 166.021 088 -274 5 
0425 Tri flupromazi ne Н uopromazi ne ПЕТЕР 46-54-3 352.417 vi sc oi | 176 1.578023 A 
0426 Ті flurali п 2,6-Di ni Adi propyl -4- Сан МО, 582-09-8 335.279 49 14042 о 
(t ri fluoromet ћу! Jani 11 ne = 
0427 Tri f ori пе 10014180, 26644-46-2 434.962 155 dec "5 
0428 Tri gonelli ne 76,0, 535-83-1 137.137 pr (aq, al, +1w) vs НО Z 
0429 Tri hexylami ne N,N-Di hexyl -1-hexanami ne (НЫМ 02-86-3 269.510 261.7 0.7976?! i BO; vs Et OH, et h; s aci d 2 
0430 Tri hexyl borat e 1880; 5337-36-0 314.312 1432 sl ctc > 
0431 Tri hexypheni ау! hydrochl ori de a-Cycl ohexyl ec-phenyl -1- Сун CI NO 52-49-3 337.927 258.5 ps 
pi peri di nepropanol hydrochl ori de 8 
0432 Tri hydro(pyri di ne)boron Borane pyri di ne sH,BN 10-51-0 92.936 10.5 0.92020 1.52005 1 НО; dec aci d z 
0433 1,23-Tri hydroxy-9,10- Ant hragal | ol 14,0; 602-64-2 256.211 уе па (011 al) 313 sub 290 81,8, s Et OH, et h, HOAc, C$ 5 
ant hracenedi one Е 
0434 1,2,4-Tri hydroxy-9,10- Ригрий n («НО 81-54-9 256.211 огап red or 259 sub sl HO; vs Et OH, bz, HOAc; s et h = 
ant hracenedi one oran-ye nd 
(al) 
0435 2,3,4-Tri hydroxybenzoi c aci d 1660, 610-02-6 170.120 па (+w) 221 sub sl ЊО, s Et OH, et h, ace; i. bz, 6$ 
0436 2,4,6-Ти hydroxybenzoi c aci d 10; 83-30-7 170.120 cry (wH) 100 dec sl HO; s Et OH; vs eth; і bz 
0437 3,4,5-Ти hydroxybenzoi c aci d Galli c aci d 10 149-01-7 170,120 рг (841) 253 dec 1.6946 51 НО, et h; vs Et OH; s ace; і bz, 
chl 
0438 2,3,4-Tri hydroxybenzophenone Ali zari n Yellow A 13H04 1143-72-2 230.216 ye nd (911 al) 1405 SI; B, bz; s Et OH, et В, ace, НОАс 
0439 2',4,4'-Tri hydroxychal cone Isol i qui ri ti geni n 41204 961-29-5 256.254 уе nd (Et OH-w) 200 
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Мо. Мате Synonym CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? т, Solubility 
0440 9,10,16-Tri hydroxyhexadecanoi c aci d Aleuri t i c aci d 6949-98-0 304.422 If (di | al),nd(w) 102 90Н 
0441 1,3,8-Tri hydroxy-6-met ћу! -9,10- Emodi n 518-82-1 270.237 oran-red mel 257 sub vs et h, Et OH 
ant hracenedi one nd (HOAc) 
0442 Kn hydroxyoct adecanoi c aci dPhl oi onol i c aci d 583-86-8 332.476 cry (di | al) 101.5 
в” 
0443 5,6,7-Тгі hydroxy-2-phenyl -A-1- Ва! са!е! п 491-67-8 270.237 ye pr (al) 264 dec 51 HO, bz; s Et OH, et h, ace, НОАс 
benzopyran-4-one 
0444 1-(2,4,5-Tri hydroxyphenyl )-1- 1421-63-2 196.200 153.8 x 
but anone = 
0445 1-(2,3,4-ТИ hydroxyphenyl)et hanone Са! Тасе! ophenone 528-21-2 168.148 173 S H,O, et h; vs Et OH, ace; sl bz, chl un 
0446 1-(2,4,6-Tri hydroxyphenyl)et hanone — 2,4,6'-Tri hydroxyacet ophenone 480-66-0 168.148 221.0 sl HO, chl , bz; vs Et OH, et h, ace ^5 
0447 1-(2,4,6-ТИ hydroxyphenyl )-1- Fl opropi one 2295-58-1 182.173 nd (w, +1w) 175.5 vs et h, Et OH » 
propanone E 
0448 2,6,7-Ти hydroxy-9-phenyl -8- Phenyl fluorone 975-17-7 320.295 oranred(al- >300 a 
xant hen-3-one НСІ) о 
0449 2,3,5-Tri i odobenzoi c aci d 88-82-4 499.811 pr (а!) 225 i ID; vs Et OH, et h; sl bz 2 
0450 Tri i odomet hane lodof orm 15-47-8 393.732 уе сгу 1212 218 4.008% i HO, bz; s Et OH, et h, ace; sl < 
DMSO 
0451 2,4,6-Tri i odophenol 609-23-4 471.800 nd (di | al) 159.8 sub i ®t sl Et OH; s et В, ace = 
0452 3,3',5-ТИ i odot hyropropanoi c aci d 51-26-3 635.959 cry (Et OH) 200 sl Et OH nM 
0453 Tri i sobut yl alumi nat e 2-Met ћу! -1-propanol , al umi num А! 0; 3453-79-0 246.322 275% ° 
0454 Tri i sobut ylalumi num 100-99-2 190.324 liq 6 86 = 
0455 Tri i sobut yl ami пе 2-MetMyi-bi s(2-met hyl propyl )- Сон 1116-40-1 185.349 liq -218 191.5 0.7684 42527 vs et h, Et OH = 
1-ргорапаті пе A 
0456 Tri i sobut yl borane 1116-39-8 182.153 88; 86 0.7380% 418822 vs bz, et h, Et OH > 
0457 Tri i sobut yl phosphate 126-71-6 266.313 264 0.968120 .41939 vs ЊО, bz, et h, Et OH 2 
0458 Tri i sopent yl ami пе 3-MetM -bi s(3-met hyl but yl )-1- C;;H 645-41-0 227.430 235 0.784820 43319 | НО; vs Et OH; msc et h, bz, ct c б 
but anami ne с 
0459 Tri i sopropanol ami ne 122-20-3 191.268 45 7510 1.020 S Н,0, Et OH; sl chl © 
0460 Tri i sopropoxymet hane Isopropyl ort hof ormat e 4441-60-3 190.280 67 0.862120 .4000? vs et h, Et OH < 
0461 Tri i sopropoxyvi nylsi lane 18023-33-1 232.393 179.5; 7? 0.862725 39819  sctc 5 
0462 1,2,4-Tri i sopropyl benzene 948-32-3 204.352 244 0.857425 „48965 е 
0463 1,3,5-Т i sopropyl benzene 717-74-8 204.352 liq -7.4 238 0.8549 48822 sace, bz, chl 2, 
0464 Tri i зоргору! borat е 5419-55-6 188.072 40; 7578 0.8251? 137770 ws Et OH, et h, bz, РОН > 
0465 Tri i зоргору! phosphat e 513-02-0 224.234 219 0.986720 .4057? vs ОН ~ 
0466 Tri i sopropyl рћозрћ t e 116-17-6 208.235 7420, 60? ^ 0.906320 40855 s Et OH, et h, chl S 
0467 Tri i sopropyl vanadat e Pong um, oxot ri s(2-propanol at oH 5588-84-1 244.203 0410 8 
1-4) = 
0468 Tri mecai ne 2-Di et hylami no-2',4’,6- 616-68-2 248.364 ау 44 875 5 
t ri met hylacet ani || de ы 
0469 Tri melliti c anhydri de 552-30-7 192.125 162 2414 
0470 Tri meprazi ne N,N.B-Tri met hyl -f&-phenot hi azi ne- С.Н 84-96-8 298.446 Cry 68 6203 
10-propanami ne 
0471 Tri met hoat e 2215-18-5 285.364 soli d 28.5 135 51 HO 
0472 Tri met hobenzami de hydrochl ori de 554-92-7 424.918 Cry 188 vs ЊО 
0473 Tri met hopri m 738-70-5 290.318 ye cry 201 sl chl, MeOH; i et h, bz 
0474 3,4,5-Tri met hoxyani li ne 24313-88-0 183.204 1128 
0475 2,3,4-Tri met hoxybenzal dehyde 2103-57-3 196.200 12205 1.554720 


156-6 


ОН О ОН 


ie | See E i 
HO. HO. 
мж” ОН epo o 
О он 
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No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? т, Solubility 
0476 2,4,5-ТИ met hoxybenzal dehyde (0, 4460-86-0 196.200 114 S H,O, et h, chl, li g 
0477 3,4,5-Ти met hoxybenzal dehyde 169.0, 86-81-7 196.200 72.5 1485 s chl 
0478 1,2,3-Tri met hoxybenzene G40, 634-36-6 168.189 ort h nd (al) 48.5 235 1.1009 i HO; s Et OH, et h, bz 
0479 1,3,5-Tri met hoxybenzene 04,0; 621-23-8 168.189 рг (al), |f (peth) 54.5 255.5 1015 Et OH, et h, bz 
0480 3,4,5-Tri met hoxybenzeneet hanami ne Mescali ne "НСМ; 54-04-6 211.258 cry 35.5 18072 S ЊО, Et OH, bz, chl; i et h, pet h 
0481 3,4,5-Tri met hoxybenzenemet hanol 3,4,5-Tri met hoxybenzyl alcohol „Н.О, 3840-31-1 198.216 3 22825 1.142720 1.543920 
0482 2,4,5-Tri met hoxybenzoi c aci d 10005 490-64-2 212.199 па ЫН bz 145 300 vs Н,0, bz, Et OH, pet h - 
pet 
0483 3,4,5-ТИ met hoxybenzoi c aci d 10005 118-41-2 212.199 mel nd (м) 172.3 2260 sl HO; vs Et OH, et h, chl 2 
0484 3,4,5-Т met hoxybenzoyl chl ori de 6610, 4521-61-3 230.645 82 18518 = 
0485 Tri met hoxyboroxi n 38:06 102-24-9 173.532 1.40% 2 
0486 6,6’,7-Tri met һоху-2,2- Berbami ne GH,N,0; 478-61-5 608.723 И (+2w, al) cry 198.5 51 HO; s Et OH, et h, chl, pet h m 
di met hyl berbaman-12-ol (pet h) с 
0487 6,6,7-Ш met Поху-2,2- Охуасал hi пе £H, N.O; 548-40-3 608.723 nd (al, et h) 216.5 i 9; s Et OH, eth, bz, chl;i lig | © 
di met ћу! oxyacant han-12"-0l ” 
0488  7',10,11-Tri met hoxyemet an-6’-ol Cephael i ne ag Не МО, 483-17-0 466.613 nd (et h) 1155 vs ace, Et OH, MeOH, chl a 
0489 1,1,1-ТИ met hoxyet hane 8:0; 1445-45-0 120.147 108 0.94382 .38595 vs et h, Et OH » 
0490 4,7,8-Tri met hoxyf uro[2,3-b]qui noli ne Ski mmi апі ne +H, М0, 83-05-4 259.258 рут (81) 177 P pet h; s Et OH, chl; sl et h, 2 
2 
0491 Tri met hoxymet hane 4800; 149-73-5 106.120 15 104 0.9676? 37990 s Et OH, et h 5 
0492 Ті met hoxymet ћу! si | ane 4H £0,Si 1185-55-3 136.222 102.5 0.95480 .3696? schl = 
0493 Tri met hoxyphenyl si | ane 280561 2996-92-1 198.291 136, 11020 1.06420 47349 сіс, CS о 
0494 Tri met hoxysi lane 38,061 2487-90-3 122.195 320 2 
0495 3-(Ті met hoxysi | yl )-1-propanet hi ol (3-Mercapt opropyl ЈЕ гі met hoxysi 0,5516 4420-74-0 196.340 12893? 1.0152 44205 Q 
0496  N-[8-(Tri met hoxysi Ту! )propyl ]-1,2- C H>N,0,Si 1760-24-3 222.358 140.5 1.0125 441625 ” 
et hanedi ami ne 5 
0497 3-(Ті met hoxysi I yl )ргору! C, IH, 0,Si 2530-85-0 248.349 liq 10795! 
met hacryl at e z 
0498 Tri met hyl alumi num HGAI 75-24-1 72.085 15.4 130; 20 0.75220 2 
0499 Tri met hyl ami пе N,N-Di met hyl met hanami пе ЗН 75-50-3 59.110 col gas -117.1 2.87 0.6275 (p>1 1.36310 vs Н,0, chl, t ol; s Et OH, et h, bz "5 
at m) © 
0500 Tri met һу! ami ne borane N,N-Di met ћу! met hanami ne borane — „НСВМ 15-22-9 72.945 94 172 0.792% vs et h, Et OH c 
0501 Tri met hyl ami ne hydrochl ori de N,N-Di met ћу! met hanami ne CoH, CIN 593-81-7 95.57 mel hyg nd (al) 277.5 sub 200 vs ED, Et OH, chl 2 
hydrochl ori де > 
0502 Tri met hylami ne oxi de N,N-Di met hyl met hanami ne oxi де 340 1184-78-7 75.109 hyg па (м+2) 256 vs ЊО, Et OH т 
0503 2,4,5-ТИ met hylani 11 ne oH QN 137-17-7 135.206 nd (w) 68 234.5 0.957% vs Et OH S 
0504 2,4,6-Tri met hylani || ne Mesi t yl ami ne oH N C 88-05-1 135.206 iq -2.5 232.5 0.9633 54950 sl сіс =. 
0505 Tri met hylarsi ne ES 593-88-4 120.025 iq -87.3 52 1.148 vs bz, et h, Et OH = 
0506 2,4,6-Tri met hyl benzal dehyde 18,0 487-68-3 148.201 14 238.5 1.01545 i НО; s Et OH, et h, ace, bz 8, 
0507 1,2,3-Ти met ћу! benzene Hemi mel li t ene gH C 526-73-8 120.191 iq -254 176.12 0.8944 .5139? | НО; msc Et OH, et В, ace, bz, 15) 
pet h, ct c 
0508 1,2,4-Ти met hyl benzene Pseudocumene 8, 95-63-6 120.191 iq -43.77 169.38 0.8758 50482 i НО; msc Et OH, et В, ace, bz, 
pet h, ct c 
0509 1,3,5-Tri met ћу! benzene Mesi t yl ene He 108-67-8 120.191 iq -44.72 164.74 0.8615 .4994? | НО; msc Et OH, et В, ace, bz, 
pet h, ct c 
0510 2,3,5-Tri met hyl -1,4-benzenedi ol 4160, 700-13-0 152.190 nd (w) 169 dec 51 HO; vs Et OH, et h, bz 
0511 Мога-Ти met ћу! benzeneet hanami ne _ Мерћеп! ermi пе q HUN 100-92-5 163.260 iq 95 i HO; s et h; vs Et OH 
0512 Tri met hyl 1,2,4-benzenet ri carboxylate — Tri met hyl t ri melli tate обе С 2459-10-1 252.219 vi sc oi | -13 194 1.261 523070 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0514 Tri met hyl benzyl si | ane э! 770-09-2 164.320 190.5 0.89332 1.494120 
0515 1,7,7-Tri met hyl bi cycl o[2.2.1]hept ane qo s 464-15-3 138.250 hex pl (al ), 161 i HO; s Et OH, et h, AcOEt , MeOH 
pr(MeOH) 
0516 1,3,3-ТИ met hyl bi cycl o[2.2.1]hept ап-о-Репсћу! alcohol , f rU 512-13-0 154.249 pr 48 9420 0.90348 
2-01, (15-епао) 
0517 1,7,7-Tri met hyl bi cycl o[2.2.1]hept ап-Воту! acet at e 69,0, 76-49-3 196.286 29 221 
2-01 acet at endo 
0518 1,7,7-Tri met hyl bi cycl o[2.2.1]hept -2- Cio His 464-17-5 136.234 cry (81) 113 146 vs bz, et h, Et OH 
ene 
0519 4,6,6-Tri met hyl bi сус! o[3.1.1]hept -3- Слово 1820-09-3 152.233 24 9210 0.965775 49082 
еп-2-01, (10,20,50) 
0520 4,6,6-Tri met hyl bi cycl o[3.1.1]hept -3- CIH, 0 1845-30-3 152.233 15.5 gor 0.968425 „49125 
еп-2-01, (10,28,50) 
0521 2,7,7-Tri met hyl bi cycl o[3.1.1]hept -2-Chrysant henone 05140 473-06-3 150.217 8812 47202 — vs ОН 
en-6-one 
0522 Tri met ћу! borane БВ 593-90-8 55.914 со! gas -161.5 -202 
0523 Tri met hyl borat e 3680, 121-43-7 103.912 iq -293 67.5 0.915 .35682 vs et h, MeOH 
0524 2,2,3-Ти met hyl but ane Tri pt ane 6 464-06-2 100.202 14 -24.6 80.86 0.6907 386491 НО; s Et OH, et h; vs асе, bz, 
pet h, ct c 
0525 2,3,3-ТІ met hyl -2-but anol 1150 594-83-2 116.201 cry || Га +1/ 17 131 0.838025 42332 51 НО; vs ace, et h, Et OH 
2 
0526 2,3,3-Tri met hyl -1-but ene E 594-56-9 98.186 iq -109.9 77.9 0.7050 .4025? | НО; seth, bz, chl, MeOH 
0527 Ті met hyl chl orosi | апе 310151 75-77-4 108.642 liq -40 60 0.856 .3870? 
0528 Tri met hyl ci t rate 4140, 1587-20-8 234.203 cl 79.3 285; 176 vs et h, Et OH 
0529 2,6,6-Tri met ћу! -2,4-cycl ohept adi en-Eucarvone C. H, 0 503-93-5 150.217 210; 1052 0.949020 50872 seth, ace 
1-one 
0530 1,1,2-Tri met ћу! сус! ohexane оба 7094-26-0 26.239 iq -29 45.2 0.7963 „43827 
0531 1,1,3-Tri met ћу! сус! ohexane оба 3073-66-3 126.239 iq -65.7 36.6 0.7748 4295? | НО 
0532 1о,2р,4р-1,2,4- НЕТ 7667-60-9 126.239 iq -83.5 42.9 0.7879 43419 
Tri met ћу! сус! ohexane 
0533 10,30,50-1,3,5- t rans1,3,5-Tri met ћу! сус! ohexane "T 1795-26-2 26.239 iq -107.4 40.5 0.7794 4307 vs bz, eth, li g 
Tri met hyl cycl ohexane 
0534 сі 53,3,5-ТИ met ћу! сус! ohexanol 48,0 933-48-2 142.238 373 202; 922 0.9006" 45506 i НО; s Et OH, et h, chl 
0535 f rans3,3,5-Tri met ћу! сус! ohexanol 248,0 767-54-4 42.238 cry (et h) 55.8 1892 0.863? i НО; s Et OH, et h, chl 
0536 2,2,6-Tri met ћу! сус! ohexanone 48,0 2408-37-9 40.222 iq -31.8 78.5 0.9048 447020 
0537 2,4,4-ТИ met ћу! сус! ohexanone 48,0 2230-70-8 140.222 191 0.90220 449320 
0538 3,3,5-ТИ met ћу! сус! ohexanone Di hydroi sophorone n 873-94-9 140.222 ye oi 89 0.8919 445415 
0539 2,6,6-Tri met hyl-1-cycl ohexene-1- 8-Сус oci t ral (5,0 432-25-7 152.233 1122, 9715 0.9595 49715 
carboxal dehyde 
0540 3,5,5-ТИ met ћу! -2-cycl ohexen-1-ol Isophorol 4150 470-99-5 140.222 695 0.91420 47172 
0541  4-(2,6,6-Tri met ћу! -1-cycl ohexen-1- B-lonol C.,H50 22029-76-1 194.313 130" 0.924320 49890: s Et OH, et h, ace 
yl )-3-but еп-2-01 
0542 4-(2,6,6-Tri met hyl -2-cycl ohexen-1-  ox-lonol С 1,0 25312-34-9 194.313 oi | 127 0.918920 47359 
yl )-3-but еп-2-01 
0543 1,1,2-Tri met ћу! сус! opent ane ТІН 4259-00-1 112213 liq -21.6 114; 580 0.766020 419920 
0544 1,1,3-Tri met ћу! сус! opent ane ats 4516-69-2 112.213 liq -1424 104.9 0.7438 41122 | HO 
0545 1о0,20,4-1,2,4- C; Hi 4850-28-6 112213 liq -132.6 116.7 0.7592 4186 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

0546 10,28,40-1,2,4- Се 16883-48-0 112.213 iq -130.8 109.3 0.7430 1.410620 

Tri met hyl cycl opent ane 
0547 1,2,2-Тгі met hyl -1,3- (4)-Camphori c aci d 0,0, 124-83-4 200.232 pr, If (w) 187 1.188 51 НО; vs Et OH, et h; sace; і bz, 

сус! opent anedi carboxyl i с ас! di, (1 chl 

39) 
0548 | 2,2,4-Tri met ћу! бус! opent anone 4,0 28056-54-4 126.196 iq -40.6 158 0.872 „43002 
0549 2,44-Т met ћу! сус! opent anone 0 4694-12-6 126.196 14 -25.6 160.5 0.8789 „4338 
0550 1,1,2-Tri met ћу! сус! opropane 86; 4127-45-1 84,159 14 -138.2 54 0.689% 38642 “У 
0551 3,7,11-Ті met hyl -2,6,10- C,5H,,0 9317-11-4 220.351 1724 0.8997 .4995 = 

dodecat ri ena un 
0552 Tri met hyl galli um аН(ба 445-79-0 114.826 55.7 dec Н,0 (exp = 
0553 2,2,6-ТИ met ћу! hept ane 1082 190-83-6 42.282 iq -105 148.9 0.7200 407820 > 
0554 2,5,5-ТИ met ћу! hept ane 1082 189-99-7 142.282 152.8 0.73625 41492 с 
0555 3,3,5-ТИ met hyl hept ane Nm 7154-80-5 142.282 155.7 0.724820 417091 НО; $ bz, ctc, chl ж 
0556 3,4,5-ТИ met ћу! hept ane 1082 20278-89-1 42.282 162.5 0.75195 422920 2 
0557 2,2,3-Т met ћу! hexane Em 6741-25-4 128.255 133.6 0.725725 „41062 22 
0558 2,2,4-ТИ met ћу! hexane Boy 6747-26-5 128.255 iq -120 26.5 0.717 40332 < 
0559 2,2,5-Т met ћу! hexane "nm 3522-94-9 28.255 iq -105.7 24.09 0.7072 .3997? | НО; уз Et OH, et h, ace, bz; s ct c 2 
0560 2,3,3-Т met ћу! hexane nm 6747-28-7 28.255 iq -116.8 37.7 0.7345 41412 2 
0561 2,3,4-ТИ met ћу! hexane Во 921-47-1 128.255 139.1 0.735425 414420 ° 
0562 2,3,5-ТИ met ћу! hexane б» 069-53-0 28.255 iq -127.9 314 0.7218 40517 = 
0563 2,44-Т met ћу! hexane Em 6747-30-1 28.255 iq -1134 30.7 0.720% 40742 o 
0564 3,3,4-ТИ met ћу! hexane Boy 6747-31-2 128.255 iq -1012 405 0.7414 41782 я 
0565 3,5,5-Т met ћу! hexanoi с aci d Isononanoi c ас! d «114, 3302-10-1 158.238 iq 27, 85^ Q 
0566 3,5,5-ТИ met hyl -1-hexanol 48,0 3452-97-9 44.254 194 0.82362 43002 ” 
0567 1,2,3-ТИ met hyl i ndene 184 4773-83-5 158.239 iq 00.9 0.971420 552120 5 
0568 Ті met hyli ndi um Indi um t ri met hyl о С 3385-78-2 159.921 135.7 1.5689 с 
0569 2,3,3-ТИ met hyl #1 ndol e QHN 1640-39-7 59.228 107" о 
0570 Tri met ћу! (4-met ћу! phenyl )si | ane «ні 3728-43-6 164.320 38 192;73 0.866620 49002 = 
0571 1,4,5-ТИ met ћу! napht hal ene 1384 2131-41-1 170.250 If (MeOH) 63 48 i ВО 5 
0572 1,3,5-Tri met ћу! -2-ni t robenzene gHGNO, 603-71-4 65.189 ort h pr (al) 44 255 1.5% vs Et OH е 
0573  2,6,8-Tri met hyl -4-nonanol 48,0 123-17-1 86.333 225.4 0.817820 sl ctc 2, 
0574 2,4,7-ТИ met hyl oct ane nom 62016-38-0 156.309 168.1 Я 
0575 Tri met hyl ol propane 66.05 77-99-6 134.173 whpoworpl 58 160 vs ЊО, Et OH т 
0576 3,5,5-Тгі met ћу! -2,4-oxazoli di nedi one Tri met hadi one МОС 127-48-0 43.140 46 7% s Н,0:48 Et OH, et h, ace, 02:| peth | © 
0577 Tri met hyl oxoni um fluoborat e зНВЕ,0 420-37-1 147.907 пуд па 148 дес vs ace, chl z 
0578 2,4,4-Tri met hyl -2-pent anami ne sHGN 107-45-9 129.244 sch Е 
0579 2,2,3-Tri met hyl pent ane вв 564-02-3 114.229 і4 -112.2 10 0.7162 40300: i НО; msc Et OH, et h, ace, hp; s bz s 
0580 2,2,4-Tri met hyl pent ane Isooct ane 816 540-84-1 114.229 iq -107.3 99.22 0.6876 .3884% i НО; msc Et OH, ace, hp; s et h, TT 

cc 
0581  2,3,3-Tri met hyl pent ane вв 560-21-4 114.229 iq -100.9 148 0.7262 4075 | НО; vs Et OH; msc et h, ace, bz, hp 
0582  2,3,4-Tri met hyl pent ane Юз 565-75-3 114.229 iq -109.2 13.5 0.7192 „40429 i НО; vs Et OH; msc et h, ace, bz; 
sl ctc 

0583 2,2,4-ТИ met hyl -1,3-pent anedi ol 8160, 144-19-4 146.228 pl (bz) 515 235; 81 0.93675 45135 51 HO; vs Et OH, et h; s bz, chl 
0584 2,4,4-Tri met hyl -2-pent anet hi ol 4169 141-69-3 146.294 iq 78 
0585 2,4,4-ТИ met hyl -2-pent anol «150 690-37-9 130.228 iq -20 475 0.8228 42842 | НО; 51 Et OH; s et h 
0586 2,2,4-ТИ met hyl -3-pent anol О 5162-48-1 130.228 iq -13 50.5 0.8297 42882 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

0587 2,2,4-Tri met ћу! -3-pent anone t ertBut yl i sopropyl ket one 450 5857-36-3 28.212 135.1 0.806520 1.4060 i HO; s eth, ace 
0588 2,3,3-ТИ met ћу! -1-pent ene n 560-23-6 112.213 liq -69 108.3 0.7308 1.417420 
0589 2,4,4-Tri met ћу! -1-pent ene 866 107-39-1 12.213 liq -93.5 101.4 0.7159 14086? 1 НО; seth, bz, сіс, chl, lig 
0590 2,3,4-ТИ met hyl -2-pent ene ats 565-77-5 12.213 liq -1134 116.5 0.7439 1.427420 
0591 2,4,4-Tri met hyl -2-pent ene аб 107-40-4 112.213 114 -106.3 104,9 0.7219 14160? 1 ВО; seth, bz, ctc, chl; vs lig 
0592 2,3,4-ТИ met ћу! phenol 460 526-85-2 136.190 nd (pet h) 81 236 vs bz, et h, Et OH 
0593 2,3,5-Tri met hyl phenol 480 697-82-5 36.190 94.5 233 - 
0594 2,3,6-Tri met hyl phenol 480 2416-94-6 136.190 63 = 
0595 2,4,5-ТИ met ћу! phenol 460 496-78-6 136.190 nd (li g) 72 232 i 9; vs Et OH, et h >° 
0596 2,4,6-Ти met hyl phenol 46;0 527-60-6 36.190 nd (pet h, 73 220 vs et h, Et OH = 
0597 3,4,5-Tri met hyl phenol 480 527-54-8 136.190 nd (pet h) 108 248.5 m 
0598 Tri met hyl phenoxysi lane 416051 1529-17-5 166.292 114 -55 119 0.8681 512520 б 
0599 Tri met hyl phenyl ammoni um chloride — Phenylt ri met hyl ammoni um chl orHa€l N C 138-24-9 171.667 vs HO, Et OH о 
0600 1-(2,4,6-ТИ met ћу! phenyl et hanone 18,40 1667-01-2 162.228 241; 1202 0.975420 5175 1 НО; s Et OH, et h, ace, bz, ct c 2 
0601 1,1,1-Tri met hyM-phenylsi lanami ne Phenyl (t ri met hyl si Iyl )jami пе .Н,М5Іб 3768-55-6 165.308 206 0.940 = 
0602 Tri met hyl phenyl si ane Ше 768-32-1 150.293 169.5 0.8722 49079 = sctc, CS > 
0603 Tri met hyl phosphat e Met hyl phosphat e зЊ0,Р 512-56-1 140.074 liq -46 1972 1.2144 3967 vs H,0; sl Et OH; s et h = 
0604 Tri met hyl phosphi ne GP 594-09-2 76.077 liq -85 375 В; s et h % 
0605 Tri met hyl phosphi t e НОР 121-45-9 24.075 15 1.051820 40959 — vs Et OH, eth; sl ctc ° 
0606 1,2,4-Tri met hyl pi perazi пе 165 120-85-4 128.215 495 443309:  sctc © 
0607 2,2,4-ТИ met hyl pi peri di ne nm 101257-71-0 127.228 48 0.83275 „44580 vs et h, Et OH ж 
0608 Tri met hyl pyrazi ne об 14667-55-1 22167 87% б 
0609 1,3,5-ТИ met hyl #tpyrazol e CHiN; 1072-91-9 10.156 37 70 0.9269:0 45899” > 
0610 2,3,6-ТИ met hyl pyri di ne 2,3,6-С0111 di ne eH NC 1462-84-6 121.180 71.6 0.922025 50539 s H,O, Et OH, et h, ace, bz ші 
0611 2,4,6-Tri met hyl pyri di ne 2,4,6-Со | di пе eH NC 108-75-8 21.180 liq -46 170.6 0.9166 49595 560, Et OH, et h, ace, ct c с 
0612 1,2,5-ТИ met hyl #pyrrol e CH; 930-87-0 09.169 71 0.8072 „49692 8 
0613 М.М2-Ті met ћу! -6-qui nol i nami пе PUR 92-99-9 186.252 yepr(HOAc, 101 319 $ с, CS 2 

AcOEt ) "5 
0614 Tri met hylsi lane 31651 993-07-7 74.197 col gas -135.9 67 ° 
0615 1-(Tri met hyl si ІУҢ-Іті dazol e ӘЗ) 18156-74-6 140.258 s chl c 
0616 3-(Tri met hyl si I yl )-1-propanol «0061 2917-47-7 132.276 141,824 0.82225 1.429820 2 
0617 Tri met hyl st i bi ne 3860 594-10-5 166.863 114 -62 80.6 1528 14255 i НО; s Et OH, et h, C$ 2 
0618 Tri met ћу! sul f oni um i odi de 356 2181-42-2 204.072 cry (et h) 211 dec ~ 
0619 Tri met hylt hi ourea 416М,5 2489-17-2 118.200 рг (07-11 g) 87.5 vs bz, Et OH, chl S 
0620 2,4,6-Tri met hyl -2,4,6- СН 035 546-45-2 408.67 100 19015 1.106270 1.539720 E 

t ri phenyl cycl ot ri si | oxane = 

0621 Tri met hyl urea 8,90 632-14-4 102.134 pr (et h) 75.5 232.5 1.1900) s Н.О, Et OH; sl et h, bz s 
0622 Tri ni t roacet oni t ri le NOL 630-72-8 176.044 wax 415 exp 220 vseth kal 
0623 2,46-Tri ni t roani || пе 4,0; 489-98-5 228.119 dk ye pr 193.5 exp 1.76210 i НО; sl Et OH, et h; s ace, bz, 

(НОАс) AcOEt 
0624 1,3,5-Tri ni t robenzene sym-Tri ni t robenzene МО; 99-35-4 213.104 И. | pl (bz) If 1229 315 1477512 sl HO, Et OH, et h; vs ace; s bz, py 

W 
0625 2,4,6-Т ni t ro-1,3-benzenedi ol St yphni c aci d 450, 82-71-3 245.103 hex ye cry (di 1 175.5 sub vs et h, Et OH 

al) 
0626 2,4,6-ТИ ni t robenzoi c aci d 29:00, 129-66-8 257.114 ort h (w) 228 dec SI ED, bz; vs Et OH; s et h, ace 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0627 2,4,7-Tri ni t тоНОНиогеп-9-опе C. H,N.0; 129-79-3 315.195 payend(bz 1758 51 HO; vs ace, bz, chl 
HOAc) 
0628 Tri ni t rofluoromet hane Е uorot ri ni t romet hane 40, СЕМ 1840-42-2 169.025 86.3 1.5920 
0629 Tri ni t год! ycerol Ni t rogl yceri n МО 55-63-0 227.087 payetcl ororth 13.5 exp 218; 1.593120 147867 sl ЊО; s Et OH, bz; msc et h; vs 
93031 ace, chl 
0630 Tri ni t romet hane Clay 517-25-9 151.035 15 exp 1.47920 1.445121 vs ace, Et OH 
0631 2,4,6-ТИ ni t rophenol Pi cri c aci d 90, 88-89-1 229.104 yelf (м), pr 122.5 exp 300 1.763 sl HO; s Et OH, et h, bz, chl ; vs ace - 
(et h) pl (al) 
0632 2,4,6-Тп ni | rophenol , sodi um salt Sodi um pi crat e «ММ, 3324-58-1 251.086 nd (w) 210.4 = 
0633 2,4,6-ТИ ni t rot ol uene 2-Met hyl -1,3,5-t ri ni t гобепгепе ,H;,N,0£ 118-96-7 227.131 ort h (al) 80.5 exp 240 1.652 i НО; sl. Et OH; s et В; vs ace, bz Л 
0634 2,4,6-ТИ ni t h-(2,4,6-t ri ni t rophenyl Di pi cryl ami ne 18500, 131-73-7 439.208 ра ye pr(HOAc) 244 dec i НО, Et OH, bz, ct c; sl et h, ace; б 
ani || пе vS ру > 
0635 Tri oct ylal umi num „ЮА! 1070-00-4 366.644 hyg vi sc li q -62 0.701 с 
0636 Tri oct yl ami пе N,N-Di oct yl -1-oct anami ne ҚЫМ 1116-76-3 353.669 114 -34.6 366 0.8110 1.451019 ж 
0637 Tri oct yl phosphi ne oxi de TOPO 2 Ha, OP 78-50-2 386.635 52 201? 7 
0638 1,3,5-ТИ oxane Formal dehyde, t ri mer 30, 110-88-3 90.078 orth nd (eth) 60.29 114.5 117 vs HO; s Et OH, et h, bz, C$ i a 
pet h 
0639 1,3,5-ТИ oxane-2,4,6-t ri i mi ne Cyamel i de 3130, 462-02-2 129.074 amor pow dec dec 1.12755 vs et h, Et OH > 
0640 4,7,10-Ті oxat гі decane-1,13-di ami пе Di et hyl enegl ycol di ami поргору! 6 М,0:0 4246-51-9 220.309 liq 147 1.005 46402 2 
0641 3,7,12-ТИ oxocholan-24-oi c aci ( Б Dehydrochol i c aci d 05 81-23-2 402.524 237 i De h; sl Et OH, bz; s ace, o 
0642 Tri pent yl ami ne N,N-Di pent yl -1-pent anami ne NOR 621-77-2 221.430 242.5 0.790720 .4366 1 НО; s Et OH, et h, aci d 2 
0643 Tri phenyl ami пе N,N-Di phenyl benzenami ne 4 N 603-34-9 245.319 ТЕ нг 126.5 365 0.7740 3536 i HO; 51 Et OH; s et h, bz, MeOH ж 
2 
0644 Tri phenylarsi ne 401 As 603-32-7 306.234 61 360 1.263418 .68882" 1 НО; 51 Et OH; vs et h, bz; s chl m 
0645 Tri phenylarsi ne oxi de qs 3:450 1153-05-5 322.233 192 324.0 2 
0646 Tri phenyl bi smut hi ne Nin 603-33-8 440.292 71.6 2424 1.715% 70405 sl Et OH, chl; s et h, ace, bz, GS б 
0647 Tri phenyl borane GH, B 960-71-4 242.123 wh cry 142 i HO; sl eth; s bz, lig о 
0648 Tri phenyl ene Benzo[1]phenant hrene o 217-59-4 228.288 па (al, chl, bz) 197.8 425 i Ю; s Et OH, НОАС, vs bz, chl 2 
0649 1,1,2-Tri phenyl et hane HH, 520-42-9 258.357 ЫН ma | al),57 i НО; vs Et OH, et h, bz; 51 MeOH = 
nd (a 
0650 1,1,2-Tri phenyl et hene ЖН, 58-72-0 256.341 If (al) 72.5 220 .037378 62926 | НО; s Et OH, chl, MeOH; vs et h z 
0651 МММ-ТИ phenyl guani di пе «БА 01-01-9 287.358 па or pr (al) 146.5 dec 1.163? 51 HO; s Et OH 2 
0652 2,4,5-ТИ phenyl -#-i mi 082016 ONU 484-47-9 296.365 nd (al) 215 sub i Ю, s Et OH, et h > 
0653 Tri phenyl met hane ЊЕ 519-73-3 244.330 ort h (al) 934 359; 200 014% 58399 i НО; sl Et OH; vs et h, py, chl ; s bz т 
0654 Tri phenyl met hanol 149.0 76-84-6 260.329 р! (al), trg (bz) 164.2 380 1199 i HO, pet h; vs Et OH, et h; s ace, bz S 
0655 Tri phenyl phosphat e 1504P 15-86-6 326.283 cry (Hi g), pr (al) 50.5 245" .205550 i НО; s Et OH; vs et h, bz, ct c, chl E 
nd (et h) 
0656 Tri phenyl phosphi ne 15Р 603-35-0 262.286 80 188! 07498 63580 1 НО; s Et OH, bz, chl; vs et h 5 
0657 Tri phenyl phosphi ne oxi de па ОР 791-28-6 278.285 рг 156.5 >360 .212423 51 HO, et h, chl ; vs Et OH, bz = 
0658 Tri phenyl phosphi t e па ФР 01-02-0 310.284 25 360 18422 59002 1 HO; vs Et OH 
0659 Tri phenyl si lane 1501691 789-25-3 260.406 sctc, CS 
0660 Tri phenyl si | anol 1861609 791-31-1 276.405 154.8 1.177? 86010, CS 
0661 Tri phenyl sti bi пе 18590 603-36-1 353.072 pr (pet h) 53.5 >360 1.43435 69482 1 НО; $ Et OH; vs et h, ace, bz, chl 
0662 Tri phenylt et razol i um chl ori de aH CIN, 298-96-4 334.802 nd (al ,chl) 243 dec S HO, Et OH, ace, chl; i eth 
0663 Tri phenylt i n hydroxi де St annane, hydroxyt ri phenyl - NUNG 76-87-9 367.029 119 1.542 
0664 2,4,6-ТИ phenyl -1,3,5-t ri azi пе АНЫМ 493-77-6 309.364 257 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 
0665 Tri pot assi um ci t rat e Pot assi um ci t rat e eH 0; C 866-84-2 306.395 wh cry (w) 215 dec vs H,0;i Et OH 
0666 Tri prol i di ne зов» № 486-12-4 278.391 cry (pet h) 60 
0667 Tri -2-propenoyl -2-et ћу! -2- Tri met ћу! ol propane t ri acrylat е 4140, 15625-89-5 296.316 >200' 1.473520 
(hydroxymet hyl )-1,3-propanedi ol 
0668 Tri propyl ami ne N,N-Di propyl -1-propanami ne ВМ 102-69-2 143.270 114 -93.5 156 0.7558 1.418122 ^ vs eth, ОН 
0669 Tri propyl borane НВ 1116-61-6 140.074 liq -56 159 0.720% 1.413522 
0670 Tri propyl borat e Bori c aci d, t ri propyl est er oH, ,BO, 688-71-1 188.072 179.5 0.857620 1.39482 vs Et OH; msc et h; s PrOH = 
0671 Tri propyl ene glyco! [(1-Met hyl -1,2-et hanedi yl)bi s(ox),H;O, 24800-44-0 192.253 liq 268; 115 1.0220 1.444020 нэ 
]bi spropanol ме 
0672 Tri propylene glycol di acrylat e 15160, 42978-66-5 300.348 »120! 2 
0673 Tri propylene glycol monomet ћу! et her 1-[2-(2-Met hoxy-1-met hyl et похуб-/Н:,0, 20324-33-8 206.280 241.3 a 
met hyl et hoxy]-2-propanol > 
0674 Tri propyl phosphate фра ДР 513-08-6 224,234 252 1.01212 „41659 51 ЊО, chl; s Et OH, eth, t ol, £S 
0675 Tri propyl phosphi t e Tri propoxyphosphi ne nm 923-99-9 208.235 206.5 0.941720 .4282? vs et h, Et OH e 
0676 Tri propylsi lane «о! 998-29-8 158.357 172 0.7723 42802 | HO Z 
0677 Tri s(4-ami nophenyl )met hanol С.І. Basi с Red 9 НЕМО 467-62-9 305.373 purp cry 205 а 
0678 2,4,6-Tri s(1-azi ri di nyl)-1,3,5-t гі azi ne Tri et ћу! enemel ami пе «0 C 51-18-3 204.231 cry pow 139 dec 580 > 
0679 Tri s(2-but oxyet ћу!) phosphat e ql 6,0; P. 78-51-3 398.473 liq 258 0025 i go = 
0680 Tri s(2-chl oroet ву!) phosphat e НСОР 115-96-8 285.489 330; 19410 .395 47219  sctc Un 
0681 Tri s(2-chl oroet ћу!) phosphi t e eH,0C1,05P 140-08-9 269.490 1208 344326 486820 © 
0682 Tri s(1,3-di chl oro-2-propyl ) Fyrol FR-2 СН, ОР 13674-87-8 430.904 vi sc lig 236 50220 | HO = 
phosphat е © 
0683 Tri s(4-di met hylami nophenyl)met hane — Paral eucani 11 пе asa NC 603-48-5 373.534 If (al), па (bz) 176.5 vs bz, et h, chl 2 
0684 Tri s(2,4-di met hyl phenyl) phosphate — 2,4-Xylenol, phosphat е (3:1) „НОР 3862-12-2 410.442 233.5 „14238 55509 1 HO; s bz, chl, hx ° 
0685 Tri s(2,5-di met hyl phenyl ) phosphate 2,2-Хуіепо!, phosphat е (3:1) ЯГ ОР 19074-59-0 410.442 79.8 2628 1975 i НО; sl Et OH, hx; s et h, bz, ctc ” 
0686 Tri s(2,6-di met hyl phenyl) phosphate —— 2,6-Xylenol, phosphat е (3:1) PUE A 121-06-2 410.442 Wax 137.8 2639 i HO: sl Et OH, hx; s bz 5 
0687 Tri s(3,5-di met hyl phenyl ) phosphat e „НБ ОР 25653-16-1 410.442 46.2 29010 i НО; sl. Et OH, chl, hx; s HOAC б 
0688 Tri s(2-et ћу! hexyl ) phosphat e 2460, 78-42-02 434.633 liq 215 0.992 Ө 
0689 Tri s(et hylt hi o)met hane Tri et hyl ort hot hi of ormat e Теа С 6267-24-09 196.397 dec 235; 05320 154105 vs eth, ОН = 
127 
0690 1,3,5-Tri s(2-hydroxyet ћу!) CH, N.O, 839-90-7 261.231 cry 136 = 
i socyanuri c ас! d = 
0691 1,1,1-Tri s(hydroxymet hyl )et hane — 2-Met hyl -2-[(ni t rooxy)met hyl ]-1,3- C,H,N,0, 3032-55-1 255.140 8305 5 
tri ni trate propanedi ol, di ni t rat e un 
0692 N,N,N"-Tri s(hydroxymet ћу! )mel ami ne Tri met hyl ol mel ami ne eH, №03 1017-56-7 216.197 Cry 148 ~ 
0693 Tri s(hydroxymet ћу! )met hyl ami ne 2-Ami no-2-(hydroxymet hyl )-1,3- С.Н. МО; 77-86-1 121.135 171.5 2199 vs ЊО; s MeOH S 
propanedi ol =. 
0694 Tri s(met hoxyet hoxy)vi nyl si | ane «065 1067-53-4 280.391 860 Е 
0695 Tri s(4-met hoxyphenyl)chloroet hene Chlorotri ani sene 215400, 569-57-3 380.864 115 š 
0696 Tri s(2-met hylphenyl)phosphi ne АҚЫР 6163-58-2 304.366 127.0 
0697 Tri s(3-met hyl phenyl )phosphi ne АҚЫР 6224-63-1 304.366 101.0 
0698 Tri s(4-met ћу! phenyl )phosphi ne ЮР 1038-95-5 304.366 147.0 
0699 Tri s(2-met ћу! -2-propenoyl )-2-et ћу! - 1,1,1-Tri met hyl ol propane Сао 3290-92-4 338.395 »200! 1.47025 
2-hydroxymet ћу! -1,3-propanedi ol — t ri met hacryl at e 
0700 Tri sodi um ci t rate Sodi um ci t rat e 480, 68-04-2 258.069 wh cry (w) 300 vs H0; i. Et OH 
0701 Tri sodi un- Versen-Ol Со N.Na O, 139-89-9 344.204 288 (ћуд) 
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Мо. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/gcm? n, Solubility 

0702 Tri s(perfluorobut yl Jami ne Tri nonafluorobut yl ami ne 0156 311-89-/ 671.092 178 1.8842 1.2912 S ace 
0703 2,4,6-ТИ s(2-pyri di nyl)-1,3,5-t ri azi ne — 2,4,6-Tri руні пад ne № 3682-35-7 312.328 210 
0704 Tri 50-і ol yl) phosphi t e „ОР 2622-08-4 352.364 11 238", 1972 1.142320 1.57402 — seth; sl chl 
0705 Tri sp-t ol yl) phosphi t e „ОР 620-42-8 352.364 ра уе 52 25210 1.128025 1.57038  vseth 
0706 Tri s(t ri phenyl phosphi пе) тод! um Carbonyl hydrot ri s(t гі phenyl рһпоѕрһі@Н,ОРЈАА 17185-29-4 918.781 ye cry 121 1.33 sl bz, ch 

carbonyl hydri de e)rhodi um 
0707 1,3,5-Tri t hi ane 365; 291-21-4 138.275 ja (w) 220 sub 1.637424 51 Ң0, Et 0H, et h; s bz = 

па (а 
0708 Tri t hi ocarboni c aci d 28H 594-08-1 110.222 red oi | -26.9 57.8 1478 1.8225? ^ dec H,0, Et OH; vs t ol, chl = 
0709 Tri t ri acont ane NM 630-05-7 464.893 712 Л 
0710 Тгорасоса! ne G;H, NO; 537-26-8 245.318 pl or t ab 49 dec 1.04260 1.508019 — vs bz, et h, Et OH, pet h a 
0711 Tropi ne ыг Шы cycl o[3.2.1]oct an- C;H..NO 120-29-6 141211 hyg pl (et h) 64 233 1.018? 148119 уз HO, et h, Et OH E 
-01, endo 
0712 Trypan bl ue Gf NaO, 72-57-1 960.805 dk bl cry 300 S НО, aci d; i Et OH e 
4 
0713 Trypt ami ne СН № 61-54-1 160.215 па (al-bz, lig) 118 13/5 i HO, et h, bz, chl; s Et OH, ace 2 
0714 L-Trypt ophan о-Аті noi ndol e-3-propi oni c асђа, (С Н МО; 73-22-3 204.225 f orpl (dil al) 289 dec 50 НОАс; s Et OH; i. et h, chl < 
0715 Tsudurani ne са МО 517-97-5 297.349 nd (et h) 204 vs ace, et h, Et OH 2, 
0716 T-2Toxi n Mycot oxi n T2 2005 21259-20-1 466.522 па 151 sl HO, pet h; s Et OH, chl, 0М50 2 
0717 Tubocurari ne di chlori de з/8601М,0, 57-94-3 681.644 hyg cry 275 dec S MeOH; i. py, bz, ace, et h © 
0718 Tungst en carbonyl Tungst en hexacarbonyl «OW 14040-11-0 351.90 wh cry dec 170 sub 2.65 i HO; $ os "m 
0719 Тигапозе Саида 547-25-1 342.296 pr (w-al , 168 vs ЊО; s Et OH, MeOH o 
MeOH) ж 

0720 Tybamat e (51 М0, 4268-36-4 274.356 cry 50 151006 б 
0721 1-Тугові пе 4-Hydroxyt-phenyl al ani пе Я №0 60-18-4 81.188 nd (w) 343 дес Sub 51 ЊО, НОАс; i Et OH, et h 27 
0722 Тугові neami de (8,0, 4985-46-0 80.203 pl or pl (al) 153.5 vs ED, Et OH 5 
0723 1-Тугові пе, et hyl est er 18.0, 949-67-7 209.242 pr (AcOEt ) 108.5 vs bz, Et OH, AcOEt с 
0724 1-Тугові ne, met hyl est er, CaH,CINO, — 3417-912 231.676 191.0 580 © 

hydrochl ori de 2 
0725 1,10-Undecadi yne СН, 4117-15-1 48,245 -17 8372 0.8182?! 45321 vs ace, bz ac} 
0726 Undecafluorocycl ohexane СНЕ. 308-24-7 282.054 62.0 2 
0727 Опаесапа! 6,0 12-44-7 70.292 -2.0 1178 0.825123 4520? 1 НО; s Et OH, et h 5 
0728 Undecane Hendecane С.Н, 120-21-4 56.309 liq -25.5 195.9 0.7402 416491 НО; msc Et OH, et h с 
0729 Undecaneni t ri le Decyl cyani de PM 2244-07-7 167.292 253 0.825430 .429330 НО; s Et OH, et h, ct c n 
0730 1-Џпдесапе hi ol Undecyl mercapt an 65 5332-52-5 88.374 liq -15 257.4 0.8448 458570 © 
0731 Undecanoi c aci d (H0; 12-37-8 86.292 cry (ace) 28.6 280 0.890720 „42945 | НО; vs Et OH, ace; s et h; msc bz z 
0732 1-Undecanol Undecyl al cohol Н.О 12-42-5 172.308 15.9 245 0.829820 4392? | НО; s Et OH; vs et h 5 
0733 2-Undecanol sec-Undecyl al cohol СН, 653-30-1 172.308 col liq 0 229.7 0.8234 43525 Е 
0734 2-Undecanone Met hyl nonyl ket one 1050 12-12-9 70.292 15 231.5 0.825020 429120 | НО; s Et OH, et h, ace, bz, chl ы 
0735 6-Undecanone But yl hexyl ket one 180 927-49-1 170.292 145 228 0.830820 4270? | НО; vs Et OH, et h 
0736 Џпдесапоу! chl ori de 58,610 17746-05-3 204.737 sl ctc 
0737 10-Џпдесепа! Саро 12-45-8 68.276 sl ctc 
0738 1-Џпдесепе С.Н 821-95-4 54.293 114 -492 192.7 0.7509 42619 i ВО; seth, chl, lig 
0739 сі s2-Undecene С.Н 821-96-5 154.293 liq -66.5 196.1 0.7576 
0740 t rans2-Undecene С.Н 693-61-8 54.293 liq -48.3 192.5 0.7528 4292 
0741 сі s4-Undecene С.Н 821-98-7 54.293 liq -97 192.6 0.7549 43022 
0742 t rans4-Undecene С.Н 693-62-9 154.293 liq -63.7 193 0.7508 „42852 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 

0743 сі sb-Undecene С.Н 764-96-5 154.293 iq -106.5 192.3 0.7537 43022 

0744 t rans5-Undecene С.Н 764-97-6 154.293 iq -61.1 192 0.7497 4202 vs eth, chl, li g 

0745 10-Undecenoi c aci d Undeoyl eni c aci d HO, 112-38-9 184.276 cry 245 275 0.907224 4486624 1 НО; s Et OH, et h; sl сіс 

0746 10-Undecen-1-ol СНО 112-43-6 170.292 iq -1.0 250 0.8495 45009 1 НО; s Et OH, et h; sl ctc 

0747 10-Џпдесепоу! chl ori de 9,010 38460-95-6 202.721 1278 0.94420 „4542 

0748 Undecyl ami ne 1-Undecanami пе КОМ 7307-55-3 171.324 cry (et h, al) 17 242 0.7979 4398? 560, Et OH; i eth; sl ctc 

0749 Џпдесу! benzene C; Hos 6742-54-7 232.404 iq -5 316 0.8553 48282 - 

0750 1-Undecyne Cul, 2243-98-3 152.277 iq -25 196 0,7729 .4306? ^ vs асе, bz, et h, Et OH = 

0751 2-Undecyne (M 60212-29-5 152.277 iq -30.1 204.2 0.7827 43912 = 

0752 Uraci | (H,N,0; 66-22-8 112.087 nd (w) 338 sl HO; vs Et OH, et h; s di | МН = 

0753 Uraci | must ard 48,,01М,0, 66-75-1 252.098 206 dec 51 HO » 

0754 Uranyl acet at e di hydrat e ШИП 6159-44-0 424.146 yecry (HOAc) 80 dec 2.89 s| Et OH С“ 

0755 Urazole CH4N50; 3232-84-6 101.064 | (м) 249 dec Q 

0756 Urea Carbami de CHN,0 57-13-6 60.055 tetr pr (al) 133.3 dec 1.3239 1.484 vs Н,0, Et OH; Г et h, bz; $ НОАс, 5 

ру 

0757 Urea hydrochl ori de CECI NO 506-89-8 96.516 145 dec 580 2 

0758 Urea ni t rat e СМ.0, 124-47-0 123.069 mel If (м) 152 dec 1.690 vs Et OH > 

0759 Uri c aci d МО 69-93-2 168.111 ort h pr or pl dec dec 189 i НО, Et OH, et h; s alk, glycerol ; - 

sl aci d 22 

0760 Uri di ne B-D-Ri bof uranosyl uraci | 4160, 58-96-8 244.200 nd (aq а!) 165 S HO, Et OH, py о 

0761 5'-Uri dyli c aci d Uri di ne 5-phosphori c ас! d а МР 58-97-9 324.180 pr (MeOH) 202 dec vs ЊО; s Меон = 

0762 Urocani c aci d Imi dazol e-4-acryl i c aci d 4:60; 104-98-3 138.124 227 S НО, ace; i Et OH, et h > 

0763 Urs-12-en-3-ol, (38) о-Атугі n (41550 638-95-9 426.717 nd (al) 186 2435 S Et OH, et h, bz, chl , НОАс; sl pet h б 

0764 015011 c aci d FONS 77-52-1 456.700 pl (al) 284 vs ace, et h, chl » 

0765 Uzari n G H0; 20231-81-6 698.796 pr 269 2 

0766 Масе! пі іп D-Gl ucose, 6-benzoat e GH, 0, 14200-76-1 284.262 amor (aq асе, 122 vs Н,0, ace, Et OH, et h a 
+w) (~ 

0767 Vali damyci n А o NO43 37248-47-8 497.491 amorp pow 95 dec ° 

0768 L-Vali ne 2-Ami noi sovaleri c aci d 81480, 72-18-4 117147 f (w-al) 315 sub 1.23 580 2 

0769 Vali nomyci n „Ио МеО ла 2001-95-8 1111.322 cry 187 5 

0770 Vali um GH CINO — 439-14-5 284.739 132 = 

0771 Vami dot hi on dE NO,PS, 2275-23-2 287.337 oi | i peth; $ os 2 

0772 Vanadi um carbonyl Vanadi um hexacarbonyl ТІЛІ 14024-00-1 219.002 bl -grn cry dec 60 sub > 

0773 Vanadi (1) 2,4-pent anedi oat e Vanadi um(Ill) acet yl acet onat e qs Hoi V 13476-99-8 348.266 brn cry 7185 sub “1.0 S МеОН, ace, bz, chl т 

0774  DL-Vasi ci пе DL-Pegani ne G,H,N,0 6159-56-4 188.225 nd (al) 210.8 51 HO, et h, bz; s Et OH, ace, chl S 

0775 L-Vasi ci ne L-Pegani ne НО 6159-55-3 188.225 па (а!) 2115 SI HO, et h, bz; s Et OH, ace, chl =. 

0776 Мегарат! | H, N,0, 52-53-9 454.602 ye oi | 248 54405 | НО; vs Et OH, ace; 51 bz, hx Е 

0777 Verat rami пе £H, 0, 60-70-8 409.605 па 206 S Et OH, bz, chl, di | aci d; i di | al s 

0778 Verat rami пе, 3-gl ucosi de ба МО, 475-00-3 571.745 nd (ад. MeOH) 242 дес 15) 

0779 Verat ri di ne all NO; 71-62-5 673.790 уе amorp ром 180 i НО; sl eth 

0780  d-Verbenone СНО 18309-32-5 150.217 98 2215 0.99782 49938 560, Et OH, ace, bz 

0781 Vernolat e Carbamot hi oi c aci d, di ргобу! -, СұНМ05 1929-77-7 203.345 150% 0.95220 

propyl est er 

0782 Versali de СН, 0 88-29-9 258.398 cry 46.5 130? S Et OH 

0783 о-Мегі vone Isonoot kat one 1580 15764-04-2 218.335 cry (pet h) 515 144 1.003520 53700 vs ace 

0784 B-Vet i vone H0 18444-79-6 218.335 cry (pet h) 44.5 141 1.000120 53099 — sace 
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No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0785 Vi ci ne 2,6-Di ami nof$-D- C. H, О; 152-93-2 304.257 nd(w,dilal,+1 240 dec sl HO, Et OH; vs aci d, alk 
gl ucopyranosyl оху)-4(1Н)- м) 
ругі mi di none 
0786 Уі darabi ne B-D-9-Arabi nof uranosyl adeni ne 148506 5536-17-4 285.257 nd (w) 257 
0787 Vi nblast i ne 46958 40° 865-21-4 810.975 nd (MeOH) 216 i HO; s Et OH, ace, chl, AcOEt 
0788 Vi ncami ne £H, Оз 617-90-9 354.442 231.5 
0789 Vi nclozoli n (0,050, 50471-44-8 286.110 108 31005 151 
0790 Vi ncri st i ne ag NO о 57-22-1 824.958 219 = 
0791 Vinyl acetate 460, 08-05-4 86.090 liq -932 728 0.9256 1.39265 41 ЊО; msc Et ОН; s et h, ace, bz, = 
chl 

0792 4-Vi nylani li ne а 520-21-4 19.164 23.5 16? 1.01020 1.625022 засе, bz A 
0793 о-МІ nyl benzenemet hanol 1-Phenylal | yl alcohol «Ной 4393-06-0 34.174 1.02492 1.54060 sl HO; s Et OH, et h, bz, chl E 
0794 Vi nyl but anoat e 450; 23-20-6 114.142 16.7; 649? 0.90067? 
0795 Vi nylf rans2-but enoat e Vi nyl crot onat e 480, 3234-54-6 112.127 sctc 5 
0796 9-І пу!-В-саграг01 e С.Н, 484-13-5 93.244 cry (al) 66 i ID; sl Et OH; vs et h Z 
0797 Vi nyl сус! ohexane " 695-12-5 110.197 28 0.8166? 4559 а 
0798 1-М nyl сусі ohexene Р 2622-21-1 108.18 45 0.862315 4915? 1 HO; s eth, bz vs MeOH > 
0799 4-Vi nyl сусі ohexene " 00-40-3 08.18 liq -108.9 128 0.8299 4639? i НО; seth, bz, pet h = 
0800 Vi nyl сус! opent апе 76, 3742-34-5 96.170 114 -126.5 97 0.7839 43602 un 
0801 Vi nyl di et hoxymet ћу! si Iane zH, (Si 5507-44-8 160.287 133 0.8620 40012 © 
0802 Vi nylet hoxydi met hyl si Iane eH,,0Si 5356-83-2 130.260 99 0.790 .3983?? = 
0803 1-МІ nyl -4-fluorobenzene (НЕ 405-99-2 22.140 -34.5 67.49, 304 1.022020 51509 1 НО; s Et OH, et h, bz © 
0804 Vi nyl f ormat e 300, 692-45-5 72.063 vi sc liq -78 46 0.965 :384220 5 
0805 2-Vi nylf uran 80 1487-18-9 94.111 114 -94 995 0.9448 499219 > 
0806 1-І nyl -2-met hoxybenzene «8,0 612-15-7 34174 nd 29 97; 8372 00497 53880 vs ace, bz, et h, Et OH 2 
0807 1-Vi nyl -3-met hoxybenzene 48100 626-20-0 134.174 9115, 709 0.991920 55063 1 НО; s Et OH, et h, bz о 
0808 1-\ nyl -4-met hoxybenzene 48100 637-69-4 34.174 20 205; 919 00019 „56428 1 НО; s Et OH, et h, bz; sl сіс б 
0809 6-Vi nyl -6-met ћу! -1-i sopropyl -3-(1- С На 5951-67-7 204.352 258 0.878220 513028 — vs ace, bz ° 

met hyl et hyl i dene)cycl ohexené) ( = 
0810 1-І nyl napht hal ene Nm 826-74-4 154.207 245 065620 64420 5 
0811 2-МІ nyl napht hal ene Я 827-54-3 54.207 66 3515. 95? i НО; s Et OH, ace, bz е 
0812  1-Vi nyl -3-ni t robenzene 450, 586-39-0 49148 -10 20" 15522 58360 1 НО; s Et OH, et h, bz, chl, li g, 2, 

HOAc 2 

0813 1-\ пу! -4-ni t robenzene ШЕЛ 00-13-0 149.148 pr (li g) 29 dec vs Et OH, et h; s chl, HOAc, li g 54 
0814 2-Vi nyl -5-norbornene 5-Vi nyl bi cyclo[2.2.1]hept -2-ene _ 3048-64-4 20.191 liq -80 139 0.841 14819 8 
0815 Vi nyl oct adecanoat e Vi nyl st earat e >H, Ü; 11-63-7 310.515 29 672 0.851720 5| chl z 
0816 3-Vi nyl -7-oxabi сус! o[4.1.0]hept ane 40 06-86-5 124.180 «100 69; 70? 0.958120 1.470020 = 
0817 Vi nyloxi rane 480 930-22-3 70.090 68 0.90062 14168? s Et OH, et h, bz б 
0818 2-(Vi пу! oxy)et hanol Et hyl ene glycol monovi nyl et her ,H,0,C 764-48-7 88.106 41.6 0.982120 145647 5 H,0, Et OH, et h, bz; i lig = 
0819 Vi nyl propanoat e Vi nyl propi onat e ШІМ 05-38-4 100.117 91.2 
0820 2-Vi nyl pyri di ne 7N 00-69-6 105.138 59.5 0.99832 1.54950 sl HO; vs Et OH, et h, ace, chl 
0821 3-Vi nyl pyri di ne ІҢМ 121-55-7 105.138 62 0.987920 1.553022 51 HO; s Et OH, et h 
0822 4-Vi nyl pyri di пе 7N 00-43-6 105.138 red t o dk-br 1219. 798 0.987920 154499? 5 HO, Et OH, chl; sl et h 
0823 1-Vi nyl -2-pyrrol i di none «1630 88-12-0 111.141 13.5 9340, 9311 1.0420 
0824 Vi nylsi lane ж-і 7291-09-0 58.155 Col gas -171.6 -22.8 
0825 Vi nyl sulf oxi de 41605 115-15-7 102.155 liq 86 
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Physical 


No. Мате Synonym Mol. Form. CAS RN Mol. Wt. Form тр/ bp/'C den/g cm? т, Solubility 
0826 Уі nylt ri acet oxysi lane Vi nylsi lanet ri ol, tri acetate „Н,,0;51 С 4130-08-9 232.263 119) 1.16920 1.422620 
0827 Vi nylt ri et hoxysi Lane 81:40:51 78-08-0 190.313 160; 62 0.90120 1.39605 86 
0828 Vi nylt ri met hyl si Iane sH 754-05-2 100.235 55 0.69) 13914510 
0829 Vi olaxant hi n 4095504 126-29-4 600.871 red pr (MeOH, 208 s Et OH, eth, C$ i peth 
al -et h) 
0830 Vi qui di | обоа МО; 84-55-9 324.417 red ye amor 60 vs et h, Et OH, chl 
0831 Vi snadi ne £H, 0; 477-32-7 388.412 па 85.5 i HO; s Et OH, et h 
0832 Vi snagi n 4-Met hoxy-7-met hyt-buro[3,2- —— СН, 0, 82-57-5 230.216 nd (м, MeOH) 1445 si HO, Et OH; vs chl 
gl(1]benzopyran-5-one 
0833 Vi t ami n B12 Cyanocobal ami n ga, CON, 68-19-9 1355.365 >300 
uP 
0834 Vi t ami n D2 201,0 50-14-6 396.648 pr (ace) 116.5 sub i HO; s Et OH, et h, ace, chl 
0835 Vi tami n D3 9,10-Secochol est a-5,7,10(19)-t ri ен „О 67-97-0 384.637 84.5 i HO; $ os 
3-01, (38,52,76)- 
0836 Vi tami n E o-Tocopherol 051560, 59-02-9 430.706 pal e ye oi | 30 2% 0.950% 1.5045% 1 HO; s Et OH, et h, ace, chl 
0837 Vi t ami n E acet ate ai 0s 58-95-7 472.743 -27.5 184001 0.9533?! 1.49720 i HO; 51 Et OH; s et h, асе, chl 
0838 Vi Гат! n K1 314505 84-80-0 450.696 -20 14200 0.96425 1.52505 1 НО; $ ОН, et h, ace, bz, pet h, 
ch 
0839 Үоті ci ne 4-Hydroxy-19-met hyl -16,19- CHINO, 125-15-5 380.437 nd (80% al) рг 282 sl Et OH, et h, ace; vs chl ; s AcOEt 
secost rychni di ne-10,16-di one (ace 
0840 Warf ari n Coumadi n 1991.04 81-81-2 308.328 cry (al) 161 i ID; s Et OH, ace, di ох 
0841 9Н-Хапі hene 10+-9-Oxaant hracene С3Н0 92-83-1 182.217 yelf (al) 100.5 311 i ®t sl Et OH, ct c; s et h, bz, chl 
0842 9Н-Хапі hen-9-ol GH40; 90-46-0 198.217 nd (aq а!) 125 51 HO; s Et OH, et h, chl 
0843 Xant hi ne (H,N,0; 69-89-6 152.112 ye pl (w) dec sub іш 
0844 Xant hone G4 HO, 90-47-1 196.202 nd (al 174 351; 146 i НО; s Et OH, et h, bz, chl ; 51 pet h 
0845 Xant hopt eri n 850, 119-44-8 179.137 hyg уе атогог >410 dec 9918 1.55%5 i НО; sl Et OH, et h; vs aci d, alk 
огап pow 
(HOAc) 
0846 Xant hosi ne МО 146-80-5 284.225 pr cry (1) 51 col d HO; vs hot HO; dec aci d 
0847 Xant hoxylet i n (840; 84-99-1 258.270 pr (MeOH, 133 i HO; s Et OH, ace; sl et h; vs bz, 
pet h) al 
0848 Xanthyleti n 8,8-Di met hyl&Æ-benzo[1,2- СНО 553-19-5 228.243 pr (MeOH) 131.5 14201 S Et OH, pet h 
b:5,4-b']di pyran-2-one 
0849 p-Xenylcarbi mi de 4-lsocyanat 0-1,1'-bi phenyl а HONO 92-95-5 195.216 nd 56 dec 283 vseth 
0850 Xi benol ol МО, 81584-06-7 251.366 cry 57 13507 s Et OH 
0851  o-Xylene 1,2-Di met hyl benzene Во 95-47-6 106.165 iq -252 1445 0.8802 1.5055? 1 НО; msc Et OH, et h, ace, bz, 
pet h, ct c 
0852 m-Xylene 1,3-Di met hyl benzene non 108-38-3 106.165 iq -47.8 139.12 0.8598 14972? 1 НО; msc Et OH, et h, ace, bz; s 
ch 
0853  p-Xylene 1,4-Di met ћу! benzene Во 106-42-3 106.165 mcl рг (al) 13.25 138.37 0.85665 1.4950? 1 НО; msc Et OH, et h, ace, bz; s 
ch 
0854 2,3-Ху!епо! 2,3-Di met hyl phenol 450 526-75-0 122.164 nd (w, di I al) 72.5 216.9 1.5420 51 ЊО; s Et OH, eth 
0855 2,4-Xyl enol 2,4-Di met hyl phenol 4560 105-67-9 122.164 nd (w) 245 210.98 0.965020 1.5420" 51 ЊО; msc Et OH, et h; s ctc 
0856 2,5-Хуі enol 2,5-Di met hyl phenol 3850 95-87-4 122.164 nd n pr(al- 748 211.1 S Н,0, Et OH; vs et h; sl chl 
eth 
0857 2,6-Хуі enol 2,6-Di met hyl phenol 4850 576-26-1 122.164 If or nd (al) 45.8 201.07 s40, Et OH, et h, ct c 
0858 3,4-Ху!епо! 3,4-Пі met hyl phenol 450 95-65-8 122.164 65.1 227 0.98302 SI НО; s Et OH, ct c; msc et h 
0859 3,5-Xyl enol 3,5-Di met hyl phenol 460 108-68-09 122.164 nd (w, pet h) 634 221.74 0.9680? S H,0, Et OH, ct c 
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Physical 


No. Name Synonym Mol. Form. CAS RN Mol. Wt. Form mp/'C bp/'C den/g cm? n, Solubility 
0860 Xylenol orange GHjN,O&S — 1611-354 672.656 dk red cry 286 dec 58,0 
0861 Xylitol Xylite 58,0; 87-99-0 152.146 mcl (al) 935 216 vs 10, py, Et OH 
0862 6-0-В-0-ХУ оругапозу! D-gl ucose Pri meverose СНО о 26531-85-1 312.271 cry (MeOH) 210 vs НО, MeOH 
0863  D-Xylose СН 0; 58-86-6 150.130 mcl nd 90.5 1.5290 vs Н,0; s Et OH; sl et h 
0864 — D-Xyl ul ose D-t hree2-Pent ul ose 09,0 551-84-8 150.130 vi scli q 58 
0865 1-Ху!ш ose 1-1 hreg2-Pent ul ose 014,0; 527-50-4 150.130 syrup vs Н,0 
0866 3,5-Хуіуі met hyl carbamat e 3,5-Di met hyl phenyl met ћу! carbamati,,NO, 2655-14-3 179.216 Cry 99 sl ЊО; s os 
0867 Үоһі mbi ne f Ha Оз 46-48-5 354.442 nd (di | al) 241 sub 160 SI;B, bz; s Et OH, et h, chl 
0868 Үоһі mbi ne hydrochl ori de Tosanpi n atG,CINO, 65-19-0 390.903 ort hndorpl (м, 302 vs HO 
di | НСІ) 
0869 Zearal enone 0,150, 7924-92-4 318.365 cry 164 i HO; s alk, bz, Et OH, et h 
0870 Zi dovudi ne 3-А2 do-3-deoxyt hymi di ne о НОО, 30516-87-1 267.242 cry (w) 121 
0871 Zi пс benzoat е СН,0,7п 553-72-0 307.636 51 HO 
0872 Zi nc bi s(di but yl di t hi ocarbamat e) па Hag S, Zn 36-232 474.161 cry 138 
0873 Zi ncN,N-et hyl enebi sdi t hi ocarbamate Zi пер 4ҢМ6,7п 2122-67-7 275.773 157 dec 
08/4 Zi nc gl uconat e 16H,,0,,2n 4468-02-4 455.704 pow 
0875 Zi nc 2,4-pent anedi oat e Zi nc acet yl acet onat е IH, (Zn 4024-63-6 263.625 s DMS0 
0876 Zi nc propanoat e (1.00.77 557-28-8 211.550 hyg pl or nd sl Et OH 
0877 Zi ram Zi nc, bi s(di met ћу! carbamodi t hi o& Bs, N,S,Zn 37-30-4 305.841 cry 250 1.665 i НО; sl bz; s chl 
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DIAMAGNETIC SUSCEPTIBILITY OF SELECTED ORGANIC COMPOUNDS 


When a material is placed in a magnetic field H, a magnetization M is induced in the material which is related to H by М — KH, where к is called 
the volume susceptibility. Since H and M have the same dimensions, Kis dimensionless. A more useful parameter is the molar susceptibility Xm , defined 
by 


Xm = КУ, = K М 


where Vm is the molar volume of the substance, M the molar mass, and р the mass density. When the cgs system is used, the customary unit for Xm 
is cm? тшо; the corresponding SI unit is m? mol. Substances with no unpaired electrons are called diamagnetic; they have negative values of Xp. 
This table gives values of the diamagnetic susceptibility for about 400 common organic compounds. АП values refer to room temperature and 
atmospheric pressure and to the physical form that is stable under these conditions. Substances are arranged by molecular formula in Hill order. A more 
extensive table may be found in Reference 1. 
In keeping with customary practice, the molar susceptibility is given here in units appropriate to the cgs system. These values should be multiplied 
by 4л to obtain values for use in SI equations (where the magnetic field strength H has units of A пт). 
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Molecular Molecular 

Formula Compound -Хт/105 cm? mol! | Formula Compound -Xm/10$ cm? mol! 
CBrCl, Bromotrichloromethane 73.2 C,HC1,0 Trichloroacetaldehyde 73.0 
CBr, Tetrabromomethane 93.7 С,НСЦО Dichloroacetyl chloride 69.0 
ССІЕ; Chlorotrifluoromethane 45.3 С-НСІ;О, Trichloroacetic acid 73.0 
CCIN Cyanogen chloride 32.4 CHCl; Pentachloroethane 99.1 
ССЬЕ» Dichlorodifluoromethane 32:2 С-НЕ;О, Trifluoroacetic acid 43.3 
CCLO Carbonyl chloride 47.9 CH; Acetylene 20.8 
ССЬЕ Trichlorofluoromethane 58.7 CjH5Br, 1,1,2,2- Tetrabromoethane 123.4 
CCLhNO; Trichloronitromethane 75.3 С,Н,С1, 1,1-Dichloroethylene 49.2 
СС, Tetrachloromethane 66.8 C,H,Cl, cis-1,2-Dichloroethylene 51.0 
CHBrCl, Bromodichloromethane 66.3 C,H,Cl, trans-1,2-Dichloroethylene 48.9 
CHBr; Tribromomethane 82.6 С.Н:СЦ, 1,1,2,2- Tetrachloroethane 89.8 
СНСІ; Trichloromethane 58.9 C;H4Cl Chloroethylene 35.9 
CHL Triiodomethane 117.1 C;H;CIO Acetyl chloride 39.3 
CH,BrCl Bromochloromethane 55.1 ОВК Acetonitrile 27.8 
СН-Вт; Dibromomethane 65.1 ОН, Ethylene 18.8 
CH,Cl, Dichloromethane 46.6 C,H,Bry 1,2-Dibromoethane 78.9 
CH; Diiodomethane 93.1 C,H,Cl, 1,1-Dichloroethane 57.4 
СН,М, Cyanamide 24.8 C,H,Cl, 1,2-Dichloroethane 59.6 
СН,О Formaldehyde 18.6 C,H,O Acetaldehyde 22.2 
СН:О, Formic acid 19.9 C,H,O Ethylene oxide 30.5 
СЊВг Bromomethane 42.8 С.Н,О, Acetic acid 31.8 
СН, (1 Chloromethane 32.0 С.Н,О, Methyl formate 31.1 
СЊЕ Fluoromethane 17.8 C;H;Br Bromoethane 78.8 
CHI Iodomethane 57.2 С,Н;СІ Chloroethane 69.9 
CH4NO Formamide 23.0 С.Н; Iodoethane 69.1 
CHNO, Nitromethane 21.0 ОНО Acetamide 33.9 
CH, Methane 17.4 ОНО; Nitroethane 35.4 
CH N.O Urea 33.5 ОНО; Сіусіле 39.6 
СН,О Methanol 21.4 С-Н, Ethane 26.8 
CH;N Methylamine 27.0 С.Н,О Ethanol 33.7 
СІ, Tetraiodomethane 136 CHO Dimethyl ether 26.3 
СМ,О, Tetranitromethane 43.0 С.Н,О, Ethylene glycol 38.9 
ОСЕ Chlorotrifluoroethylene 49.1 С,Н,5 Ethanethiol 47.0 
C;Cl, Tetrachloroethylene 81.6 С,Н,5 Dimethyl sulfide 44.9 
ССБ Hexachloroethane 112.8 CHN, 1,2-Ethanediamine 46.5 
С-НСІ; Trichloroethylene 65.8 С,№ Суаповеп 21.6 
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DIAMAGNETIC SUSCEPTIBILITY OF SELECTED ORGANIC COMPOUNDS (continued) 


Molecular 
Formula 


С.Н. 
С.Н,О, 
CsHsBr 
СНС 
СНС 
C3H;N 
C4Hg 
C4Hg 
С.Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
C4H;Br 
С.Н,Вг 
C3H,Cl 
C4H;I 
C4H;N 
C3H,NO, 
С,Н,МО, 
С,Н,МО, 
СН, 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
С,Н,О, 
С.Н:О, 
СНМ, 
САНА 
С,Н,О 
C4H40, 
C4H40, 
C4H40, 
C4H4S 
СН, 
C4Hg 
C4Hg 
С.Н,О, 
С.Н,О, 
СНО, 
С.Н,О, 
C4H;N 
СН, 
C4Hg 
С.Н, 
C4Hg 
C4Hg 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 


Compound 


Allene 

Vinyl formate 
3-Bromopropene 
2-Chloropropene 
3-Chloropropene 
Propanenitrile 
Propene 
Cyclopropane 
Allyl alcohol 
Propanal 
Acetone 
Methyloxirane 
Propanoic acid 
Ethyl formate 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
1-Iodopropane 
Allylamine 
1-Nitropropane 
2-Nitropropane 
Ethyl carbamate 
Propane 
1-Propanol 
2-Propanol 
1,3-Propylene glycol 
Dimethoxymethane 
Glycerol 

Maleic anhydride 
Pyrazine 
Pyrimidine 
Furan 

Succinic anhydride 
Maleic acid 
Fumaric acid 
Thiophene 
Pyrrole 
1,2-Butadiene 
1,3-Butadiene 
Vinyl acetate 
Acetic anhydride 
Succinic acid 
Dimethyl oxalate 
Butanenitrile 
1-Butene 
cis-2-Butene 
trans-2-Butene 
Isobutene 
Cyclobutane 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 
2-Butanone 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Ethyl acetate 
Methyl propanoate 


-Хш/10 cm? mor! 


25.3 
34.7 
58.6 
47.8 
47.8 
38.6 
30.7 
39.2 
36.7 
342 
33.8 
42.5 
43.2 
42.4 
65.6 
65.1 
56.0 
84.3 
401 
45.0 
45.4 
57.0 
38.6 
44.8 
45.7 
50.2 
473 
57.1 
35.8 
37.8 
43.1 
43.1 
47.5 
49.6 
49.1 
57.3 
48.6 
35.6 
32.1 
46.4 
52.8 
58.0 
55.7 
50.4 
41.0 
42.6 
43.3 
40.8 
40.0 
47.9 
54.8 
45.9 
45.6 
55.2 
56.1 
55.0 
54.1 
54.5 


Molecular 
Formula 


С,Н,О, 
САНоВг 
САНоВг 
C,H,Cl 
C,H,Cl 
CyHol 
C,H oN 
С,Н,МХО 
СН 
СН 
СНО 
СН О 
С.НюО 
СНО 
СНО 
СН 0; 
СІН 00; 
СН 
C,H,,N 
C,H; N 
C,H; N 
С.Н,О, 
С;Н;М 
С.Н,О, 
C;H;NO, 
С-Н, 
С.Н,О 
С.Н,О, 
С.Н,О, 
CsHio 
САН 
САН 
СНоо 
СНоо 
СНоо 
СН „О 
СН, 00; 
СН, О» 
СН, 00; 
СН, 0; 
СН, 00; 
СН, 0; 
СН, 00; 
СН, 00; 
СН, 003 
C;HjN 
САН 
САН 
САН 
С.Н,О 
С.Н,О 
СНО; 
С Ноћ 
СсСК, 

C |H,CINO; 
C |H,CINO; 
C.H,CINO, 
CoH Cl, 
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Compound 


1,4-Dioxane 
1-Bromobutane 
1-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Iodobutane 
Pyrrolidine 

Morpholine 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 
1,3-Butanediol 
1,4-Butanediol 
1-Butanethiol 
Butylamine 
Isobutylamine 
Diethylamine 

Furfural 

Pyridine 

Furfuryl alcohol 

Ethyl cyanoacetate 
2-Methyl-1,3-butadiene 
Cyclopentanone 
Methyl methacrylate 
2,4-Pentanedione 
1-Решепе 
2-Methyl-2-butene 
Cyclopentane 
Cyclopentanol 

Pentanal 

2-Pentanone 
3-Pentanone 

Pentanoic acid 
3-Methylbutanoic acid 
Butyl formate 

Isobutyl formate 
Propyl acetate 
Isopropyl acetate 

Ethyl propanoate 
Tetrahydrofurfuryl alcohol 
Diethyl carbonate 
Piperidine 

Pentane 

Isopentane 

Neopentane 

1-Pentanol 

2-Pentanol 
1,5-Pentanediol 
Pentylamine 
Hexachlorobenzene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 


-Xm/10- cm? mor! 


52.2 
774 
79.9 
67.1 
67.4 
93.6 
54.8 
55.0 
50.3 
50.5 
56.4 
57.6 
57.6 
56.6 
55.5 
61.8 
61.8 
70.2 
58.9 
59.8 
56.8 
47.2 
48.7 
61.0 
67.3 
46.0 
51.6 
57.3 
54.9 
54.6 
54.7 
56.2 
64.0 
57.5 
57.5 
577 
66.5 
67.7 
65.8 
66.8 
65.9 
67.0 
66.3 
69.4 
75.4 
642 
615 
63.0 
63.0 
67.0 
69.1 
73.5 
69.3 
147.0 
75.5 
712 
74.7 
84.4 


DIAMAGNETIC SUSCEPTIBILITY OF SELECTED ORGANIC COMPOUNDS (continued) 


Molecular 
Formula 


C Cl, 
СС 
СНО 
С,Н,Вг 
(о - Ко! 
С,Н.СО 
С,Н.СО 
С,Н.СО 
CHF 
сыны 
Сан, МО, 
С,Н.МО, 
С.Н,МО, 
C4H4NO, 
СН; 

C +W,CIN 
С,НСЇХ 
С,НСЇХ 
C H4N0, 
C4HqN50; 
СЕНО, 
С,Н,О 
С,Н,О, 
С,Н,О, 
СНО, 
CHN 
CHN 
СН; 
Сын; 
СНМ, 
СНМ, 
СӨН 
СӨН 
СӨН 
CoH 00 
СН, Оз 
CoH 00, 
CH; 
CIH 
CIH 
CIH 
СНО 
СНО 
СНО 
СНО 
СНО 
СН |20; 
СН |20; 
СН |20; 
СН |20; 
СН 20; 
CoHi4 
em 
iem 
em 
CoHi4 
СНО 
СНО 


Compound 


m-Dichlorobenzene 
p-Dichlorobenzene 
p-Benzoquinone 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
m-Chlorophenol 
p-Chlorophenol 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 
Benzene 
o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 
Phenol 
p-Hydroquinone 
Pyrocatechol 
Resorcinol 

Aniline 
4-Methylpyridine 
1,4-Cyclohexadiene 
o-Phenylenediamine 
m-Phenylenediamine 
p-Phenylenediamine 
1,5-Hexadiene 
1-Hexyne 
Cyclohexene 
Cyclohexanone 
Ethyl acetoacetate 
Diethyl oxalate 
1-Hexene 
2,3-Dimethyl-2-butene 
Cyclohexane 
Methylcyclopentane 
Hexanal 
2-Hexanone 
3-Hexanone 
4-Methyl-2-pentanone 
Cyclohexanol 
Hexanoic acid 
Їворешу! formate 
Isobutyl acetate 
Propyl propanoate 
Paraldehyde 

Hexane 
2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 
4-Methyl-2-pentanol 


-Ха/1056 cm? mor! 


84.1 
81.7 
36 

78.4 
69.5 
77.3 
77.6 
71Л 
58.4 
92.0 
61.9 
68.9 
65.9 
66.9 
54.8 
79.5 
76.6 
76.7 
67.4 
69.7 
68.0 
60.6 
64.7 
68.2 
672 
62.4 
59.8 
48.7 
72.5 
70.4 
70.7 
55.1 
64.5 
58.0 
62.0 
717 
81.7 
66.4 
65.9 
68 

70.2 
69.4 
69.2 
69.0 
69.7 
73.4 
78.1 
78.4 
78.7 
71Л 
86.1 
74.1 
75.3 
755 
76.2 
76.2 
79.5 
80.4 


Molecular 
Formula 


СНО 
C |HuO; 
СНО 
СН 406 
сен 
C;HN 
С,Н,О 
С,Н,О, 
С,Н,О, 
C;H;Br 
CHCl 
CHCl 
C;H,CI 
C; HCl 
C;H;NO 
CHNO, 
CHNO, 
C;H;NO, 
CH, 
С,Н,О 
С,Н,О 
С,Н,О 
C;H,O 
С,Н,О 
CHN 
C;HN 
CHN 
CHN 
CHN 
C;HN 
CHNO 
СТО, 
Ста 
Ста 
Ста 
СНО 
С,Н,О 
С,Н,О 
СНО 
С,Н,О 
Стао 
Стао 
Стао 
Стао 
СІН 40; 
C;Hig 
C;Hig 
C;Hig 
СВ 
C;Hig 
C;Hig 
СНО 
C;H;gO 
СНО; 
СНО, 
СНО; 
СНО; 
Сан; 
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Compound 


Dipropyl ether 
1,6-Hexanediol 
1,1-Diethoxyethane 
D-Glucitol 
Triethylamine 
Benzonitrile 
Benzaldehyde 
Salicylaldehyde 
Salicylic acid 
p-Bromotoluene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
Benzamide 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
2,4-Dimethylpyridine 
2,6-Dimethylpyridine 


-Xm/10$ cm? mol! 


79.4 
84.3 
81.4 
107.8 
83.3 
652 
60.7 
66.8 
75 
88.7 
82.4 
79.7 
80.3 
81.6 
72.0 
72:2 
721 
73.3 
65.6 
73.3 
72.2 
72.4 
71.8 
72.2 
74.9 
74.6 
72.5 
74.1 
71.3 
72.5 


о-Мећохуап пе [o-Anisidine] 79.1 


Diethyl malonate 
1-Heptene 
Cycloheptane 
Methylcyclohexane 
1-Heptanal 
2-Heptanone 
3-Heptanone 
4-Heptanone 
2,4-Dimethyl-3-pentanone 
Heptanoic acid 
Pentyl acetate 
Isopentyl acetate 
Butyl propanoate 
Ethyl 3-methylbutanoate 
Heptane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
1-Heptanol 
4-Heptanol 

Phthalic anhydride 
Phthalic acid 
Isophthalic acid 
Terephthalic acid 
Benzeneacetonitrile 


92.6 
77.8 
73.9 
78.9 
81.0 
80.5 
80.7 
80.5 
81.1 
89.0 
88.9 
89.4 
89.1 
91.1 
85.2 
86.2 
87.0 
87.5 
87.5 
89.5 
91.7 
92.1 
66.7 
83.6 
84.6 
83.5 
76.9 


DIAMAGNETIC SUSCEPTIBILITY OF SELECTED ORGANIC COMPOUNDS (continued) 


Molecular Molecular 
Formula Compound -Хт/105 cm? mol! | Formula Compound -Хт/105 cm? mol! 
СВМ Indole 85.0 СН |0 Safrole 97.5 
С,Н, Styrene 68.2 СН 004 Dimethyl terephthalate 101.6 
С,Н,О Acetophenone 72.5 СроНа Butylbenzene 100.7 
С,Н,О, о-ТоШіс acid 84.3 СүНи tert-Butylbenzene 101.8 
С,Н,О, m-Toluic acid 83.0 СН Isobutylbenzene 101.7 
CsHsO; p-Toluic acid 82.4 СН р-Сутепе 102.8 
С,Н,О, Benzeneacetic acid 82.4 СНА 1,2,4,5- Tetramethylbenzene 101.2 
С,Н,О, Methyl benzoate 81.6 СрНао p-tert-Butylphenol 108.0 
С,Н,О, Methyl salicylate 86.6 СоН5М N,N-Diethylaniline 107.9 
СН о Ethylbenzene 77.3 СН 6 d-Limonene 98.0 
С.Нү o-Xylene 777 СН о-Ріпепе 100.7 
CgH io m-Xylene 76.4 СН 6 В-Ріпепе 101.9 
СН о p-Xylene 77.0 СНО Camphor, (+) 103.0 
СНО Phenetole 84.5 СН cis-Decahydronaphthalene 107.0 
CHN N-Ethylaniline 85.6 СН trans-Decahydronaphthalene 107.6 
CHN N,N-Dimethylaniline 85.1 Сын» Песапе 119.5 
CHN 2,4,6-Trimethylpyridine 83.1 СН 1-Methylnaphthalene 102.9 
C4H4404 Ethyl succinate 105.0 С,Ну 2-Methylnaphthalene 102.7 
СН 1-Octene 88.8 СН Undecane 131.8 
C$Hijg Cyclooctane 85.3 СЫН; Acenaphthylene 111.6 
СұН |60; Octanoic acid 99.5 СНМ Carbazole 119.9 
СН О Hexyl acetate 100.9 СН Acenaphthene 109.9 
СНС 1-СШогоосїапе 114.9 СН Biphenyl 103.3 
С,Нь, Осїапе 96.6 С,,Н,М, Azobenzene 106.8 
С.Н 4-Methylheptane 97.3 СНМ Diphenylamine 108.4 
С,Нь, 3-Ethylhexane 97.8 СЫН 404 Diethyl phthalate 127.5 
С,Нь, 3,4-Dimethylhexane 99.1 СН Hexamethylbenzene 122.5 
С,Нь, 2,2,4-Trimethylpentane 99.1 СН О» Dodecanoic acid 113.0 
С,Нь, 2,3,4-Trimethylpentane 99.8 C,3H oN Acridine 118.8 
СНО 1-Octanol 101.6 CIH, O Benzophenone 109.6 
СНМ Dibutylamine 103.7 СН); Diphenylmethane 116.0 
CoH+N Quinoline 86.1 Са Тпдесапе 153.7 
Co9H;N Isoquinoline 83.9 СиН,О, 9,10-Anthracenedione 113.0 
СоНз Indene 83 СН Anthracene 129.8 
СУН Isopropenylbenzene 80.0 СН Phenanthrene 127.6 
CoH oO; Ethyl benzoate 93.8 CuH;ío Diphenylacetylene 116 
CoH |00; Benzyl acetate 93.2 СІН О Benzil 106.8 
СоНр Propylbenzene 89.1 Сану О Benzyl benzoate 1322 
СоНр Isopropylbenzene [Cumene] 89.5 СН 1,2-Diphenylethane 127.8 
СоНр 1,3,5- Trimethylbenzene 92.3 СНО; Tetradecanoic acid [Myristic acid] 176.0 
[Mesitylene] С.Н; Tetradecane 166.2 
CoH jg 1-Nonene 100.1 СЫН Ругепе 147 
СНО 2,6-Dimethyl-4-heptanone 104.3 C16H3202 Hexadecanoic acid [Palmitic acid] 198.6 
СУН» Мопапе 108.1 Ci6H34 Hexadecane 187.6 
СоН7Вг 1-Bromonaphthalene 123.6 СНО 1-Hexadecanol 183.5 
Суња 1-Chloronaphthalene 107.6 СН Chrysene 148.0 
Сун, Naphthalene 91.6 СаНа o-Terphenyl 150.4 
Сун, Azulene 123.7 СНА т-Тегрһепуі 155.5 
C ioHsO 1-Naphthol 96.2 СН p-Terphenyl 156.0 
C ioHsO 2-Naphthol 96.8 Само cis-9-Octadecenoic acid 208.5 
CigHoN 1-Naphthalenamine 92.5 [Oleic acid] 
CjgHoN 2-Naphthalenamine 98.0 С gH3502 Octadecanoic acid [Steric acid] 220.8 
Су; Регујепе 167.5 
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THE ELEMENTS 
C. R. Hammond 


One of the most striking facts about the elements is their unequal distribution and occurrence in nature. Present knowledge of the chemical 
composition of the universe, obtained from the study of the spectra of stars and nebulae, indicates that hydrogen is by far the most abundant element 
and may account for more than 90% of the atoms or about 7596 of the mass of the universe. Helium atoms make up most of the remainder. АП of the 
other elements together contribute only slightly to the total mass. 

The chemical composition of the universe is undergoing continuous change. Hydrogen is being converted into helium, and helium is being changed 
into heavier elements. As time goes on, the ratio of heavier elements increases relative to hydrogen. Presumably, the process is not reversible. 

Burbidge, Burbidge, Fowler, and Hoyle, and more recently, Peebles, Penzias, and others have studied the synthesis of elements in stars. To explain 
all of the features of the nuclear abundance curve — obtained by studies of the composition of the earth, meteorites, stars, etc. — it is necessary to 
postulate that the elements were originally formed by at least eight different processes: (1) hydrogen burning, (2) helium burning, (3) x process, (4) 
e process, (5) s process, (6) r process, (7) p process, and (8) the X process. The X process is thought to account for the existence of light nuclei such 
as D, Li, Be, and B. Common metals such as Fe, Cr, Ni, Cu, Ti, Zn, etc. were likely produced early in the history of our galaxy. It is also probable 
that most of the heavy elements on earth and elsewhere in the universe were originally formed in supernovae, or in the hot interior of stars. 

Studies of the solar spectrum have led to the identification of 67 elements in the sun’s atmosphere; however, all elements cannot be identified with 
the same degree of certainty. Other elements may be present in the sun, although they have not yet been detected spectroscopically. The element helium 
was discovered on the sun before it was found on earth. Some elements such as scandium are relatively more plentiful in the sun and stars than here 
on earth. 

Minerals in lunar rocks brought back from the moon on the Apollo missions consist predominantly of plagioclase ((Ca,Na)(ALS1)040g] and 
pyroxene ((Са,Мо,Ее)»5і:0О6) — two minerals common in terrestrial volcanic rock. No new elements have been found оп the moon that cannot be 
accounted for on earth; however, three minerals, armalcolite ((Fe,Mg)Ti;O;]. pyroxferroite | CaFeg(SiO4); }, and tranquillityite (Feg(Zr, Y)TiS1,0; ), 
are new. The oldest known terrestrial rocks are about 4 billion years old. One rock, known as the “Genesis Rock," brought back from the Apollo 15 
Mission, is about 4.15 billion years old. This is only about one-half billion years younger than the supposed age of the moon and solar system. Lunar 
rocks appear to be relatively enriched in refractory elements such as chromium, titanium, zirconium, and the rare earths, and impoverished in volatile 
elements such as the alkali metals, in chlorine, and in noble metals such as nickel, platinum, and gold. 

Even older than the “Genesis Rock" are carbonaceous chondrites, a type of meteorite that has fallen to earth and has been studied. These are some 
of the most primitive objects of the solar system yet found. The grains making up these objects probably condensed directly out the gaseous nebula 
from which the sun and planets were born. Most of the condensation of the grains probably was completed within 50,000 years of the time the disk 
of the nebula was first formed — about 4.6 billion years ago. It is now thought that this type of meteorite may contain a small percentage of presolar 
dust grains. The relative abundances of the elements of these meteorites are about the same as the abundances found in the solar chromosphere. 

The X-ray fluorescent spectrometer sent with the Viking I spacecraft to Mars shows that the Martian soil contains about 12 to 16% iron, 14 to 15% 
silicon, 3 to 8% calcium, 2 to 7% aluminum, and one-half to 2% titanium. The gas chromatograph — mass spectrometer on Viking П found no trace 
of organic compounds that should be present if life ever existed there. 

F. W. Clarke and others have carefully studied the composition of rocks making up the crust of the earth. Oxygen accounts for about 47% of the 
crust, by weight, while silicon comprises about 2896 and aluminum about 896. These elements, plus iron, calcium, sodium, potassium, and magnesium, 
account for about 99% of the composition of the crust. 

Many elements such as tin, copper, zinc, lead, mercury, silver, platinum, antimony, arsenic, and gold, which are so essential to our needs and 
civilization, are among some of the rarest elements in the earth's crust. These are made available to us only by the processes of concentration in ore 
bodies. Some of the so-called rare-earth elements have been found to be much more plentiful than originally thought and are about as abundant as 
uranium, mercury, lead, or bismuth. The least abundant rare-earth or lanthanide element, thulium, is now believed to be more plentiful on earth than 
silver, cadmium, gold, or iodine, for example. Rubidium, the 16th most abundant element, is more plentiful than chlorine while its compounds are little 
known in chemistry and commerce. 

Itis now thought that at least 24 elements are essential to living matter. The four most abundant in the human body are hydrogen, oxygen, carbon, 
and nitrogen. The seven next most common, in order of abundance, are calcium, phosphorus, chlorine, potassium, sulfur, sodium, and magnesium. 
Iron, copper, zinc, silicon, iodine, cobalt, manganese, molybdenum, fluorine, tin, chromium, selenium, and vanadium are needed and play a role in 
living matter. Boron is also thought essential for some plants, and it is possible that aluminum, nickel, and germanium may turn out to be necessary. 

Ninety-one elements occur naturally on earth. Minute traces of plutonium-244 have been discovered in rocks mined in Southern California. This 
discovery supports the theory that heavy elements were produced during creation of the solar system. While technetium and promethium have not yet 
been found naturally on earth, they have been found to be present in stars. Technetium has been identified in the spectra of certain “late” type stars, 
and promethium lines have been identified in the spectra of a faintly visible star HR465 in Andromeda. Promethium must have been made very recently 
near the star's surface for no known isotope of this element has a half-life longer than 17.7 years. 

Ithas been suggested that californium is present in certain stellar explosions known as supernovae; however, this has not been proved. At present 
no elements are found elsewhere in the universe that cannot be accounted for here on earth. 

АП atomic mass numbers from 1 to 238 are found naturally on earth except for masses 5 and 8. About 285 relatively stable and 67 naturally 
radioactive isotopes occur on earth totaling 352. In addition, the neutron, technetium, promethium, and the transuranic elements (lying beyond uranium) 
have now been produced artificially. In June 1999, scientists at the Lawrence Berkeley National Laboratory reported that they had found evidence of 
an isotope of Element 118 and its immediate decay products of Elements 116, 114, and 112. This sequence of events tended to reinforce the theory 
that was predicted since the 19708 that an "island of stability" existed for nuclei with approximately 114 protons and 184 neutrons. This "island" refers 
to nuclei in which the decay lasts for a period of time instead of a decay that occurs instantaneously. However, on July 27, 2001, researchers at LBNL 
reported that their laboratory and the facilities at the GSI Laboratory in Germany and at Japanese laboratories failed to confirm the results of their earlier 
experiments where the fusion of a krypton atom with a lead target resulted in Element 118, with chains of decay leading to Elements 116, 114, and 
112, and on down to Element 106. Therefore, the discovery was reported to be spurious. However, with the announcement it was said that different 


4-1 
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experiments at the Livermore Laboratory and Joint Institute for Nuclear Research in Dubna, Russia indicated that Element 116 had since been created 
directly. (See also under Elements 116 and 118.) 

Laboratory processes have now extended the radioactive element mass numbers beyond 238 to about 280. Each element from atomic numbers 1 
to 110 is known to have at least one radioactive isotope. As of December 2001, about 3286 isotopes and isomers were thought to be known and 
recognized. Many stable and radioactive isotopes are now produced and distributed by the Oak Ridge National Laboratory, Oak Ridge, Tenn., U.S.A., 
to customers licensed by the U.S. Department of Energy. 

The nucleus of an atom is characterized by the number of protons it contains, denoted by Z, and by the number of neutrons, N. Isotopes of an element 
have the same value of Z, but different values of М. The mass number A, is the sum of Z and N. For example, Uranium-238 has a mass number of 238, 
and contains 92 protons and 146 neutrons. 

There is evidence that the definition of chemical elements must be broadened to include the electron. Several compounds known as electrides, have 
recently been made of alkaline metal elements and electrons. A relatively stable combination of a positron and electron, known as positronium, has 
also been studied. 

The well-known proton, neutron, and electron are now thought to be members of a group that includes other fundamental particles that have been 
discovered or hypothesized by physicists. These very elemental particles, of which all matter is made, are now thought to belong to one of two families: 
namely, quarks or leptons. Each of these two families consists of six particles. Also, there are four different force carriers that lead to interactions 
between particles. The six members or "flavors" of the quark family are called up, charm, top, down, strange, and bottom. The force carriers for 
the quarks are the gluon and the photon. The six members of the lepton family are the e neutrino, the mu neutrino, the tau neutrino, the electron, 
the muon particle, and the tau particle. The force carriers for these are the w boson and the z boson. Furthermore, it appears that each of these particles 
has an anti-particle that has an opposite electrical charge from the above particles. 

Quarks are not found individually, but are found with other quarks arranged to form composites known as hadrons. There are two basic types of 
hadrons: baryons, composed of three quarks, and mesons, composed of a quark and an anti-quark. Examples of baryons are the neutron and the proton. 
Neutrons are made of two down quarks and one up quark. Protons are made of two up quarks and one down quark. An example of the meson is the 
pion. This particle is made of an up quark and a down anti-quark. Such particles are unstable and tend to decay rapidly. The anti-particle of the proton 
is the anti-proton. The exception to the rule is the electron, whose anti-particle is the positron. 

In recent years a search has been made for a hypothetical particle known as the Higgs particle or Higgs boson, suggested in 1966 by Peter Higgs 
of the University of Edinburgh, which could possibly explain why the carriers of the "electro-weak" field (w апа z bosons) have mass. The Higgs 
particle is thought to be responsible possibly for the mass of objects throughout the universe. 

Many physicists now hold that all matter and energy in the universe is controlled by four fundamental forces: the electromagnetic force, gravity, 
a weak nuclear force, and a strong nuclear force. The gluon binds quarks together by carrying the strong nuclear force. Each of these natural forces 
is passed back and forth among the basic particles of matter by the force carriers mentioned above. The electromagnetic force is carried by the photon, 
the weak nuclear force by the intermediate vector boson, and the gravity by the graviton. 

For more complete information on these fundamental particles, please consult recent articles and books on nuclear or particle physics. 

The available evidence leads to the conclusion that elements 89 (actinium) through 103 (lawrencium) are chemically similar to the rare-earth or 
lanthanide elements (elements 57 to 71, inclusive). These elements therefore have been named actinides after the first member of this series. Those 
elements beyond uranium that have been produced artificially have the following names and symbols: neptunium, 93 (Np); plutonium, 94 (Pu); 
americium, 95 (Am); curium, 96 (Cm); berkelium, 97 (Bk); californium, 98 (Cf); einsteinium, 99 (Es); fermium, 100 (Fm); mendelevium, 101 (Md); 
nobelium, 102 (No); and lawrencium, 103 (Lr). It is now claimed that Elements 104 through 112 have been produced and identified. More recently, 
Elements 118, 116, and 114 were reported found (see Element 118). In August 1997, the International Union of Pure and Applied Chemistry (IUPAC) 
gave final approval to the following names for Elements 104 to 109: Element 104 — rutherfordium (Rf); Element 105 — dubnium (Db); Element 106 
— seaborgium (Sg); Element 107 — bohrium (Bh); Element 108 — hassium (Hs); and Element 109 — meitnerium (Mt). The recently discovered 
elements 110, 111, 112, 114, etc. have not yetbeen named, but may carry temporary names as designated by the International Union of Pure and Applied 
Chemistry. IUPAC recommends that until the existence of a new element is proven to their satisfaction, the elements are to have names and symbols 
derived according to these precise and simple rules: Тһе name is based on the digits in the element’s atomic number. Each digit is replaced with these 
expressions, with the end using the usual —ium suffix as follows: 0 nil, 1 un, 2 bi, 3 tri, 4 quad, 5 pent, 6 hex, 7 sept, 8 oct, 9 enn. Double letter 175 
are not used, as for example Ununbiium, but would be Ununbium. The symbol used would be the first letter of the three main syllables. For example, 
Element 126 would be Unbihexium, with the symbol Ubh. Itis thoughtthere is a possibility of producing elements beyond Element 116 and discovering 
Elements 117, 115, and 113 by altering the beams of ions and the targets from those now being used. 

There are many claims in the literature of the existence of various allotropic modifications of the elements, some of which are based on doubtful 
or incomplete evidence. Also, the physical properties of an element may change drastically by the presence of small amounts of impurities. With new 
methods of purification, which are now able to produce elements with 99.9999% purity, it has been necessary to restudy the properties of the elements. 
For example, the melting point of thorium changes by several hundred degrees by the presence of a small percentage of ThO, as an impurity. Ordinary 
commercial tungsten is brittle and can be worked only with difficulty. Pure tungsten, however, can be cut with a hacksaw, forged, spun, drawn, or 
extruded. In general, the value of a physical property given here applies to the pure element, when it is known. 

Many of the chemical elements and their compounds are toxic and should be handled with due respect and care. In recent years there has been a 
greatly increased knowledge and awareness of the health hazards associated with chemicals, radioactive materials, and other agents. Anyone working 
with the elements and certain of their compounds should become thoroughly familiar with the proper safeguards to be taken. Information on specific 
hazards and recommended exposure limits may also be found in Section 16. Reference should also be made to publications such as the following: 


1. Code of Federal Regulations, Title 29, Labor. With additions found in issues of the Federal Register. 

2. Code of Federal Regulations, Title 10, Energy. With additions found in issues of the Federal Register. (Published by the U.S. Government Printing 
Office. Supt. of Documents.) 

3. Occupational Safety and Health Reporter (latest edition with amendments and corrections), Bureau of National Affairs, Washington, D.C. 
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4. Atomic Energy Law Reporter, Commerce Clearing House, Chicago, IL. 

5. Nuclear Regulation Reporter, Commerce Clearing House, Chicago, IL. 

6. TLVs? Threshold Limit Values for Chemical Substances and Physical Agents is issued annually be the American Conference of Governmental 
Industrial Hygienists, Cincinnati, Ohio. 

7. The Sigma Aldrich Library of Regulatory and Safety Data. Vol. 3, Robert E. Lenga and Kristine L. Volonpal, Sigma Chemical Co. and Aldrich 
Chemical Co., Inc. 1993. 

8. Hazardous Chemicals Desk Reference, Richard J. Lewis, Sr., 4th ed., John Wiley & Sons, New York, Dec. 1997. 

9. Sittig's Handbook of Toxic and Hazardous Chemicals and Carcinogens, 3rd ed., Noyes Publications, 2001/2. 

10. Sax's Dangerous Properties of Industrial Materials, Richard J. Lewis and N. Irving Sax, John Wiley & Sons, New York, 1999. 

11. World Wide Limits for Toxic and Hazardous Chemicals in Air, Water, and Soil, Marshall Sittig, Noyes Publishers. 


The prices of elements as indicated in this article are intended to be only a rough guide. Prices may vary, over time, widely with supplier, quantity, 
and purity. 


Actinium — (Gr. aktis, aktinos, beam or ray), Ac; at. wt. (227); at. по. 89; т.р. 1051°C, b.p. 3200 + 300*C (est.); sp. gr. 10.07 (calc.). Discovered 
by Andre Debierne in 1899 and independently by F. Giesel in 1902. Occurs naturally in association with uranium minerals. Thirty four isotopes and 
isomers are now recognized. АП are radioactive. Actinium-227, a decay product of uranium-235, is an alpha and beta emitter with a 21.77-year half- 
life. Its principal decay products are thorium-227 (18.72-day half-life), radium-223 (11.4-day half-life), and a number of short-lived products including 
radon, bismuth, polonium, and lead isotopes. In equilibrium with its decay products, it is a powerful source of alpha rays. Actinium metal has been 
prepared by the reduction of actinium fluoride with lithium vapor at about 1100 to 1300°С. The chemical behavior of actinium is similar to that of 
the rare earths, particularly lanthanum. Purified actinium comes into equilibrium with its decay products at the end of 185 days, and then decays 
according to its 21.77-year half-life. It is about 150 times as active as radium, making it of value in the production of neutrons. Actinium-225, with 
a purity of 99%, is available from the Oak Ridge National Laboratory to holders of a permit for about $500/millicurie, plus packing charges. 

Aluminum — (L. alumen, alum), Al; at. wt. 26.981539(5); at. no. 13; f.p. 660.323?C; b.p. 2519?C; sp. gr. 2.6989 (20°С); valence 3. The ancient 
Greeks and Romans used alum in medicine as an astringent, and as a mordant in dyeing. In 1761 de Morveau proposed the name alumine for the base 
in alum, and Lavoisier, in 1787, thought this to be the oxide of a still undiscovered metal. Wohler is generally credited with having isolated the metal 
in 1827, although an impure form was prepared by Oersted two years earlier. In 1807, Davy proposed the name alumium for the metal, undiscovered 
at that time, and later agreed to change it to aluminum. Shortly thereafter, the name aluminium was adopted to conform with the “ium” ending of most 
elements, and this spelling is now in use elsewhere in the world. Aluminium was also the accepted spelling in the U.S. until 1925, at which time the 
American Chemical Society officially decided to use the name aluminum thereafter in their publications. The method of obtaining aluminum metal 
by the electrolysis of alumina dissolved in cryolite was discovered in 1886 by На in the U.S. and at about ће same time by Heroult in France. Cryolite, 
a natural ore found in Greenland, is no longer widely used in commercial production, but has been replaced by an artificial mixture of sodium, 
aluminum, and calcium fluorides. Bauxite, an impure hydrated oxide ore, is found in large deposits in Jamaica, Australia, Suriname, Guyana, Russia, 
Arkansas, and elsewhere. The Bayer process is most commonly used today to refine bauxite so it can be accommodated in the Hall-Heroult refining 
process, used to make most aluminum. Aluminum can now be produced from clay, but the process is not economically feasible at present. Aluminum 
is the most abundant metal to be found in the earth's crust (8.196), but is never found free in nature. In addition to the minerals mentioned above, it 
is found in feldspars, granite, and in many other common minerals. Twenty-two isotopes and isomers are known. Natural aluminum is made of one 
isotope, 7A]. Pure aluminum, a silvery-white metal, possesses many desirable characteristics. It is light, nontoxic, has a pleasing appearance, can easily 
be formed, machined, or cast, has a high thermal conductivity, and has excellent corrosion resistance. It is nonmagnetic and nonsparking, stands second 
among metals in the scale of malleability, and sixth in ductility. It is extensively used for kitchen utensils, outside building decoration, and in thousands 
of industrial applications where a strong, light, easily constructed material is needed. Although its electrical conductivity is only about 6046 that of 
copper, it is used in electrical transmission lines because of its light weight. Pure aluminum is soft and lacks strength, but it can be alloyed with small 
amounts of copper, magnesium, silicon, manganese, and other elements to impart a variety of useful properties. These alloys are of vital importance 
пиће construction of modern aircraft and rockets. Aluminum, evaporated in a vacuum, forms a highly reflective coating for both visible light and radiant 
heat. These coatings soon form a thin layer of the protective oxide and do not deteriorate as do silver coatings. They have found application in coatings 
fortelescope mirrors, in making decorative paper, packages, toys, and in many other uses. The compounds of greatest importance are aluminum oxide, 
the sulfate, and the soluble sulfate with potassium (alum). The oxide, alumina, occurs naturally as ruby, sapphire, corundum, and emery, and is used 
in glassmaking and refractories. Synthetic ruby and sapphire have found application in the construction of lasers for producing coherent light. In 1852, 
the price of aluminum was about $1200/kg, and just before Hall's discovery in 1886, about $25/kg. The price rapidly dropped to 606 and has been 
as low as 33¢/kg. The price in December 2001 was about 64¢/lb ог $1.40/kg. 

Americium — (the Americas), Am; at. wt. 243; at. no. 95; m.p. 1176°C; b.p. 2011°C; sp. gr. 13.67 (20°C); valence 2, 3, 4, 5, or 6. Americium 
was the fourth transuranium element to be discovered; the isotope 24! Am was identified by Seaborg, James, Morgan, and Ghiorso late in 1944 at the 
wartime Metallurgical Laboratory of the University of Chicago as the result of successive neutron capture reactions by plutonium isotopes in a nuclear 
reactor: 


239 Pu(n, ује Pu(n, y)?" Pu В 241 Ат 


Since the isotope 24! Am can be prepared in relatively pure form by extraction as a decay product over a period of years from strongly neutron- 
bombarded plutonium, 24!Pu, this isotope is used for much of the chemical investigation of this element. Better suited is the isotope 25 Am due to its 
longer half-life (7.37 x 10? years as compared to 432.2 years for 241 Am). A mixture of the isotopes Ат, 222 Am, and ?? Am can be prepared by intense 
neutron irradiation of 24! Am according to the reactions 241 Am (n, y) > ?9Am (n, y) 2 ??Am. Nearly isotopically pure 243 Атп can be prepared by a 
sequence of neutron bombardments and chemical separations as follows: neutron bombardment of 241 Am yields 242Ри by the reactions 24! Am (п, y) 
—?9 Am —242Pu, after chemical separation the ???Ри can be transformed to 243 Am via the reactions 22Ри (n, y) —243Pu >243Ат, and the ?PAm сап 
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be chemically separated. Fairly pure ??Pu can be prepared more simply by very intense neutron irradiation of 239Pu as the result of successive neutron- 
capture reactions. Seventeen radioactive isotopes and isomers are now recognized. Americium metal has been prepared by reducing the trifluoride 
with barium vapor at 1000 to 12009С or the dioxide by lanthanum metal. The luster of freshly prepared americium metal is white and more silvery 
than plutonium or neptunium prepared in the same manner. It appears to be more malleable than uranium or neptunium and tarnishes slowly in dry 
air at room temperature. Americium is thought to exist in two forms: an alpha form which has a double hexagonal close-packed structure and a loose- 
packed cubic beta form. Americium must be handled with great care to avoid personal contamination. As little as 0.03 Ci of 241 Am is the maximum 
permissible total body burden. The alpha activity from 24! Am is about three times that of radium. When gram quantities of 24! Am are handled, the intense 
gamma activity makes exposure a serious problem. Americium dioxide, AmO,, is the most important oxide. АтЕ;, AmF,, AmCl;, AmBr;, AmI}, and 
other compounds have been prepared. The isotope 241 Am has been used as a portable source for gamma radiography. It has also been used as а 
radioactive glass thickness gage for the flat glass industry, and as a source of ionization for smoke detectors. Americum-243 (99%) is available from 
the Oak Ridge National Laboratory at a cost of about $750/g plus packing charges. 

Antimony — (Gr. anti plus monos — a metal not found alone), Sb; at. wt. 121.760(1); at. по. 51; m.p. 630.63?C; b.p. 1587°С; sp. gr. 6.691 (20°С); 
valence 0, -3, +3, ог +5. Antimony was recognized in compounds by the ancients and was known as a metal at the beginning of the 17th century and 
possibly much earlier. It is not abundant, but is found in over 100 mineral species. It is sometimes found native, but more frequently as the sulfide, 
stibnite (56553); it is also found as antimonides of the heavy metals, and as oxides. It is extracted from the sulfide by roasting to the oxide, which is 
reduced by salt and scrap iron; from its oxides it is also prepared by reduction with carbon. Two allotropic forms of antimony exist: the normal stable, 
metallic form, and the amorphous gray form. The so-called explosive antimony is an ill-defined material always containing an appreciable amount 
of halogen; therefore, it no longer warrants consideration as a separate allotrope. The yellow form, obtained by oxidation of stibine, SbH3, is probably 
impure, and is not a distinct form. Natural antimony is made of two stable isotopes, !?!Sb and 123Sb. Forty five other radioactive isotopes and isomers 
are now recognized. Metallic antimony is an extremely brittle metal of a flaky, crystalline texture. It is bluish white and has a metallic luster. It is not 
acted on by air at room temperature, but burns brilliantly when heated with the formation of white fumes of 56,03. It is a poor conductor of heat and 
electricity, and has a hardness of 3 to 3.5. Antimony, available commercially with a purity of 99.999 + %, is finding use in semiconductor technology 
for making infrared detectors, diodes, and Hall-effect devices. Commercial-grade antimony is widely used in alloys with percentages ranging from 
1 to 20. It greatly increases the hardness and mechanical strength of lead. Batteries, antifriction alloys, type metal, small arms and tracer bullets, cable 
sheathing, and minor products use about half the metal produced. Compounds taking up the other half are oxides, sulfides, sodium antimonate, and 
antimony trichloride. These are used in manufacturing flame-proofing compounds, paints, ceramic enamels, glass, and pottery. Tartar emetic (hydrated 
potassium antimonyl tartate) has been used in medicine. Antimony and many of its compounds are toxic. Antimony costs about $1.30/kg or about 
$12/g (99.999790). 

Argon — (Gr. argos, inactive), Ar; at. wt. 39.948(1); at. по. 18; m.p. -189.359С; b.p. -185.85°C; t, -122.28; density 1.7837 g/l. Its presence in 
air was suspected by Cavendish in 1785, discovered by Lord Rayleigh and Sir William Ramsay in 1894. The gas is prepared by fractionation of liquid 
air, the atmosphere containing 0.94% argon. The atmosphere of Mars contains 1.6% оҒ“2Аг and 5 p.p.m. of Аг. Argon is two and one half times as 
soluble in water as nitrogen, having about the same solubility as oxygen. It is recognized by the characteristic lines in the red end of the spectrum. It 
is used in electric light bulbs and in fluorescent tubes at a pressure of about 400 Pa, and in filling photo tubes, glow tubes, etc. Argon is also used as 
an inert gas shield for arc welding and cutting, as a blanket for the production of titanium and other reactive elements, and as a protective atmosphere 
for growing silicon and germanium crystals. Argon is colorless and odorless, both as a gas and liquid. It is available in high-purity form. Commercial 
argon is available at a cost of about 36 per cubic foot. Argon is considered to be a very inert gas and is not known to form true chemical compounds, 
as do krypton, xenon, and radon. However, it does form a hydrate having a dissociation pressure of 105 atm at 0°С. Ion molecules such as (ArKr)*, 
(ArXe)*, (NeAr)* have been observed spectroscopically. Argon also forms a clathrate with B-hydroquinone. This clathrate is stable and can be stored 
foraconsiderable time, but a true chemical bond does not exist. Van der Waals' forces actto hold the argon. In August 200, researchers at the University 
of Helsinki, Finland reported they made a new argon compound НАТЕ by shining UV light on frozen argon that contained a small amount of HF. 
Naturally occurring argon is a mixture of three isotopes. Seventeen other radioactive isotopes are now known to exist. Commercial argon is priced 
at about $70/300 cu. ft. or 8.5 cu. meters. 

Arsenic — (L. arsenicum, Gr. arsenikon, yellow orpiment, identified with arsenikos, male, from the belief that metals were different sexes; Arabic, 
Az-zernikh, the orpiment from Persian zerni-zar, gold), As; at. wt. 74.92160(2); at. no. 33; valence -3, 0, +3 or +5. Elemental arsenic occurs in two 
solid modifications: yellow, and gray or metallic, with specific gravities of 1.97, and 5.73, respectively. Gray arsenic, the ordinary stable form, has 
а triple point of 817°C and sublimes at 614°C and has a critical temperature of 1400°C. Several other allotropic forms of arsenic are reported in the 
literature. It is believed that Albertus Magnus obtained the element in 1250 A.D. In 1649 Schroeder published two methods of preparing the element. 
It is found native, in the sulfides realgar and orpiment, as arsenides and sulfarsenides of heavy metals, as the oxide, and as arsenates. Mispickel, 
arsenopyrite, (FeSAs) is the most common mineral, from which on heating the arsenic sublimes leaving ferrous sulfide. The element is a steel gray, 
very brittle, crystalline, semimetallic solid; it tarnishes in air, and when heated is rapidly oxidized to arsenous oxide (Аѕ,Оз) with the odor of garlic. 
Arsenic and its compounds are poisonous. Exposure to arsenic and its compounds should not exceed 0.2 mg/m? as elemental As during an 8-h work 
day. These values, however, are being studied, and may be lowered. Arsenic is also used in bronzing, pyrotechny, and for hardening and improving 
the sphericity of shot. The most important compounds are white arsenic (As203), the sulfide, Paris green 3Cu(AsO;); Cu(C -Ң;О-)», calcium arsenate, 
and lead arsenate; the last three have been used as agricultural insecticides and poisons. Marsh's test makes use of the formation and ready 
decomposition of arsine (АзН.). Arsenic is available in high-purity form. It is finding increasing uses as a doping agent in solid-state devices such 
as transistors. Gallium arsenide is used as a laser material to convert electricity directly into coherent light. Natural arsenic is made of one isotope As. 
Thirty other radioactive isotopes and isomers are known. Arsenic (9996) costs about $75/50g. Purified arsenic (99.999596) costs about $50/g. 

Astatine — (Gr. astatos, unstable), At; at. wt. (210); at. по. 85; m.p. 300°C (est.); valence probably 1, 3, 5, or 7. Synthesized in 1940 by D. R. Corson, 
К. К. MacKenzie, and E. Segre at the University of California by bombarding bismuth with alpha particles. The longest-lived isotope, 7!°At, has a 
half-life of only 8.1 hours. Thirty-six other isotopes and isomers are now known. Minute quantities of 2!>At, 218АГ, and 2!°At exist in equilibrium in 
nature with naturally occurring uranium and thorium isotopes, and traces of 7!7At are equilibrium with 2330 апа ???Np resulting from interaction of 
thorium and uranium with naturally produced neutrons. The total amount of astatine present in the earth's crust, however, is probably less than 1 oz. 
Astatine can be produced by bombarding bismuth with energetic alpha particles to obtain the relatively long-lived 209-21 Ат, which can be distilled 
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from the target by heating it in air. Only about 0.05 ug of astatine has been prepared to date. The “time of flight" mass spectrometer has been used 
to confirm that this highly radioactive halogen behaves chemically very much like other halogens, particularly iodine. The interhalogen compounds 
Atl, AtBr, and AtCl are known to form, but it is not yet known if astatine forms diatomic astatine molecules. HAt and CH3At (methyl astatide) have 
been detected. Astatine is said to be more metallic that iodine, and, like iodine, it probably accumulates in the thyroid gland. Workers at the Brookhaven 
National Laboratory have recently used reactive scattering in crossed molecular beams to identify and measure elementary reactions involving astatine. 

Barium — (Gr. barys, heavy), Ba; at. wt. 137.327(7), at. по. 56; m.p. 727°C; b.p. 1897°C; sp. gr. 3.5 (20°C); valence 2. Baryta was distinguished 
from lime by Scheele in 1774; the element was discovered by Sir Humphrey Davy in 1808. It is found only in combination with other elements, chiefly 
in barite or heavy spar (sulfate) and witherite (carbonate) and is prepared by electrolysis of the chloride. Large deposits of barite are found in China, 
Germany, India, Morocco, and in the U.S. Barium is a metallic element, soft, and when pure is silvery white like lead; it belongs to the alkaline earth 
group, resembling calcium chemically. The metal oxidizes very easily and should be kept under petroleum or other suitable oxygen-free liquids to 
exclude air. It is decomposed by water or alcohol. The metal is used as а “getter” in vacuum tubes. The most important compounds are the peroxide 
(ВаО-), chloride, sulfate, carbonate, nitrate, and chlorate. Lithopone, a pigment containing barium sulfate and zinc sulfide, has good covering power, 
and does not darken in the presence of sulfides. The sulfate, as permanent white or blanc fixe, is also used in paint, in X-ray diagnostic work, and in 
glassmaking. Barite is extensively used as a weighting agent in oilwell drilling fluids, and also in making rubber. The carbonate has been used as a 
rat poison, while the nitrate and chlorate give green colors in pyrotechny. The impure sulfide phosphoresces after exposure to the light. The compounds 
and the metal are not expensive. Barium metal (99.2 + % pure) costs about $3/g. All barium compounds that are water or acid soluble are poisonous. 
Naturally occurring barium is a mixture of seven stable isotopes. Thirty six other radioactive isotopes and isomers are known to exist. 

Berkelium — (Berkeley, home of the University of California), Bk; at. wt. (247); at. no. 97; m.p. 1050°С; valence3 or4; sp. gr. 14 (est.). Berkelium, 
the eighth member of the actinide transition series, was discovered in December 1949 by Thompson, Ghiorso, and Seaborg, and was the fifth 
transuranium element synthesized. It was produced by cyclotron bombardment of milligram amounts of 2! Am with helium ions at Berkeley, 
California. The first isotope produced had a mass number of 243 and decayed with a half-life of 4.5 hours. Thirteen isotopes are now known and have 
been synthesized. The existence of 229Bk, with a half-life of 320 days, makes it feasible to isolate berkelium in weighable amounts so that its properties 
can be investigated with macroscopic quantities. One of the first visible amounts of a pure berkelium compound, berkelium chloride, was produced 
in 1962. It weighed 3 billionth of a gram. Berkelium probably has not yet been prepared in elemental form, but it is expected to be a silvery metal, 
easily soluble in dilute mineral acids, and readily oxidized by air or oxygen at elevated temperatures to form the oxide. X-ray diffraction methods have 
been used to identify the following compounds: ВКО,, BkO3, ВКЕз, ВКСІ, and ВКОСІ. As with other actinide elements, berkelium tends to accumulate 
in the skeletal system. The maximum permissible body burden of 229Bk in the human skeleton is about 0.0004 ug. Because of its rarity, berkelium 
presently has no commercial or technological use. Berkelium most likely resembles terbium with respect to chemical properties. Berkelium-249 is 
available from O.R.N.L. at a cost of $185/ug plus packing charges. 

Beryllium — (Gr. beryllos, beryl; also called Glucinium or Glucinum, Gr. glykys, sweet), Be; at. wt. 9.012182(3); at no. 4; m.p. 1287°C; b.p. 
2471°C; sp. gr. 1.848 (20°C); valence 2. Discovered as the oxide by Vauquelin in beryl and in emeralds in 1798. The metal was isolated in 1828 by 
Wohler and by Bussy independently by the action of potassium on beryllium chloride. Beryllium is found in some 30 mineral species, the most 
important of which are bertrandite, beryl, chrysoberyl, and phenacite. Aquamarine and emerald are precious forms of beryl. Beryllium minerals are 
found in the U.S., Brazil, Russia, Kazakhstan, and elsewhere. Colombia is known for its emeralds. Beryl (3BeO -Al О» 6810 5) and bertrandite (ABeO 
2810 ; Н 0) are the most important commercial sources of the element and its compounds. Most of the metal is now prepared by reducing beryllium 
fluoride with magnesium metal. Beryllium metal did not become readily available to industry until 1957. The metal, steel gray in color, has many 
desirable properties. It is one of the lightest of all metals, and has one of the highest melting points of the light metals. Its modulus of elasticity is about 
one third greater than that of steel. It resists attack by concentrated nitric acid, has excellent thermal conductivity, and is nonmagnetic. It has a high 
permeability to X-rays, and when bombarded by alpha particles, as from radium or polonium, neutrons are produced in the ratio of about 30 neutrons/ 
million alpha particles. At ordinary temperatures beryllium resists oxidation in air, although its ability to scratch glass is probably due to the formation 
of a thin layer of the oxide. Beryllium is used as an alloying agent in producing beryllium copper which is extensively used for springs, electrical 
contacts, spot-welding electrodes, and nonsparking tools. It has found application as a structural material for high-speed aircraft, missiles, spacecraft, 
and communication satellites. It is being used in the windshield frame, brake discs, support beams, and other structural components of the space shuttle. 
Because beryllium is relatively transparent to X-rays, ultra-thin Be-foil is finding use in X-ray lithography for reproduction of microminiature 
integrated circuits. Natural beryllium is made of ?Be and is stable. Eight other radioactive isotopes are known. 

Beryllium is used in nuclear reactors as a reflector or moderator for it has a low thermal neutron absorption cross section. It is used in gyroscopes, 
computer parts, and instruments where lightness, stiffness, and dimensional stability are required. The oxide has a very high melting point and is also 
used in nuclear work and ceramic applications. Beryllium and its salts are toxic and should be handled with the greatest of care. Beryllium and its 
compounds should not be tasted to verify the sweetish nature of beryllium (as did early experimenters). The metal, its alloys, and its salts can be handled 
safely if certain work codes are observed, but no attempt should be made to work with beryllium before becoming familiar with proper safeguards. 
Beryllium metal is available at a cost of about $5/g (99.5% pure). 

Bismuth — (Ger. Weisse Masse, white mass; later Wisuth and Bisemutum), Bi; at. wt. 208.98038(2); at. no. 83; m.p. 271.4°C; b.p. 1564°C; sp. 
gr. 9.747 (20°C); valence 3 or 5. In early times bismuth was confused with tin and lead. Claude Geoffroy the Younger showed it to be distinct from 
lead in 1753. It is a white crystalline, brittle metal with a pinkish tinge. It occurs native. The most important ores are bismuthinite or bismuth glance 
(Bi,S3) and bismite (Ві,Оз). Peru, Japan, Mexico, Bolivia, and Canada are major bismuth producers. Much of the bismuth produced in the U.S. is 
obtained as a by-product in refining lead, copper, tin, silver, and gold ores. Bismuth is the most diamagnetic of all metals, and the thermal conductivity 
is lower than any metal, except mercury. It has a high electrical resistance, and has the highest Hall effect of any metal (i.e., greatest increase in electrical 
resistance when placed in a magnetic field). “Bismanol” is a permanent magnet of high coercive force, made of MnBi, by the U.S. Naval Surface 
Weapons Center. Bismuth expands 3.32% on solidification. This property makes bismuth alloys particularly suited to the making of sharp castings 
of objects subject to damage by high temperatures. With other metals such as tin, cadmium, etc., bismuth forms low-melting alloys which are 
extensively used for safety devices in fire detection and extinguishing systems. Bismuth is used in producing malleable irons and is finding use as a 
catalyst for making acrylic fibers. When bismuth is heated in air it burns with a blue flame, forming yellow fumes of the oxide. The metal is also used 
as a thermocouple material, and has found application as a carrier Гог (7255 ог (7253 fuel in atomic reactors. Its soluble salts are characterized by forming 
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insoluble basic salts on the addition of water, a property sometimes used in detection work. Bismuth oxychloride is used extensively in cosmetics. 
Bismuth subnitrate and subcarbonate are used in medicine. Natural bismuth contains only one isotope ??Bi, Forty-four isotopes and isomers of bismuth 
are known. Bismuth metal (99.596) costs about $250/kg. 

Bohrium — (Named after Niels Bohr [1885-1962], Danish atomic and nuclear physicist.) Bh; at.wt. [262]. at.no. 107. Bohrium is expected to have 
chemical properties similar to rhenium. This element was synthesized and unambiguously identified in 1981 using the Universal Linear Accelerator 
(UNILAC) at the Gesellschaft für Schwerionenforschung (G.S.L) in Darmstadt, Germany. The discovery team was led by Armbruster and 
Münzenberg. The reaction producing the element was proposed and applied earlier by a Dubna Group led by Oganessian in 1976. A target of 20981 
was bombarded by a beam of “Cr ions. In 1983 experiments at Dubna using the 157-inch cyclotron, produced 262107 by the reaction 209Bi + 5*Cr. The 
alpha decay of ?^9Cf, the sixth member in the decay chain of 262107, served to establish a 1-пешгоп reaction channel. The IUPAC adopted the name 
Bohrium with the symbol Bh for Element 107 in August 1997. Five isotopes of bohrium are now recognized. One isotope of bohrium appears to have 
arelatively long life of 15 seconds. Work on this relatively long-lived isotope has been performed with the 88-inch cyclotron at the Lawrence-Berkeley 
National Laboratory. 

Boron — (Ar. Buraq, Pers. Burah), B; at. wt. 10.811(7); at. по. 5; m.p. 2075°C; b.p. 4000°C; sp. gr. of crystals 2.34, of amorphous variety 2.37; 
valence 3. Boron compounds have been known for thousands of years, but the element was not discovered until 1808 by Sir Humphry Davy and by 
Gay-Lussac and Thenard. The element is not found free in nature, but occurs as orthoboric acid usually in certain volcanic spring waters and as borates 
in borax and colemanite. Ulexite, another boron mineral, is interesting as it is nature's own version of "fiber optics." Important sources of boron are 
the ores rasorite (kernite) and tincal (borax ore). Both of these ores are found in the Mojave Desert. Tincal is the most important source of boron from 
the Mojave. Extensive borax deposits are also found in Turkey. Boron exists naturally as 19.9% !°B isotope and 80.1% !!В isotope. Ten other isotopes 
of boron are known. High-purity crystalline boron may be prepared by the vapor phase reduction of boron trichloride or tribromide with hydrogen on 
electrically heated filaments. The impure, or amorphous, boron, a brownish-black powder, can be obtained by heating the trioxide with magnesium 
powder. Boron of 99.9999% purity has been produced and is available commercially. Elemental boron has an energy band gap of 1.50 to 1.56 eV, 
which is higher than that of either silicon or germanium. It has interesting optical characteristics, transmitting portions of the infrared, and is a poor 
conductor of electricity at room temperature, but a good conductor at high temperature. Amorphous boron is used in pyrotechnic flares to provide a 
distinctive green color, and in rockets as an igniter. By far the most commercially important boron compound in terms of dollar sales is Na;B4O; 5H 0. 
This pentahydrate is used in very large quantities in the manufacture of insulation fiberglass and sodium perborate bleach. Boric acidis also an important 
boron compound with major markets in textile fiberglass and in cellulose insulation as a flame retardant. Next in order of importance is borax (Na;B4O; 
ЛОН 20) which is used principally in laundry products. Use of borax as a mild antiseptic is minor in terms of dollars and tons. Boron compounds аге 
also extensively used in the manufacture of borosilicate glasses. The isotope boron-10 is used as a control for nuclear reactors, as a shield for nuclear 
radiation, and in instruments used for detecting neutrons. Boron nitride has remarkable properties and can be used to make a material as hard as diamond. 
The nitride also behaves like an electrical insulator but conducts heat like a metal. It also has lubricating properties similar to graphite. The hydrides 
аге easily oxidized with considerable energy liberation, and have been studied for use as rocket fuels. Demand is increasing for boron filaments, a high- 
strength, lightweight material chiefly employed for advanced aerospace structures. Boron is similar to carbon in that it has a capacity to form stable 
covalently bonded molecular networks. Carboranes, metalloboranes, phosphacarboranes, and other families comprise thousands of compounds. 
Crystalline boron (99.596) costs about $6/g. Amorphous boron (94–96%) costs about $1.50/g. Elemental boron and the borates are not considered to 
be toxic, and they do not require special care in handling. However, some of the more exotic boron hydrogen compounds are definitely toxic and do 
require care. 

Bromine — (Gr. bromos, stench), Br; at. wt. 79.904(1); at. no. 35; m.p. —7.2?C; b.p. 58.8?C; t, 315°C; density of gas 7.59 g/l, liquid 3.12 (20°C); 
valence 1, 3, 5, or 7. Discovered by Balard in 1826, but not prepared in quantity until 1860. A member of the halogen group of elements, it is obtained 
from natural brines from wells in Michigan and Arkansas. Little bromine is extracted today from seawater, which contains only about 85 ppm. Bromine 
isthe only liquid nonmetallic element. It is a heavy, mobile, reddish-brown liquid, volatilizing readily at room temperature to a red vapor with a strong 
disagreeable odor, resembling chlorine, and having a very irritating effect on the eyes and throat; it is readily soluble in water or carbon disulfide, 
forming a red solution, is less active than chlorine but more so than iodine; it unites readily with many elements and has a bleaching action; when spilled 
on the skin it produces painful sores. It presents a serious health hazard, and maximum safety precautions should be taken when handling it. Much 
of the bromine output in the U.S. was used in the production of ethylene dibromide, a lead scavenger used in making gasoline antiknock compounds. 
Lead in gasoline, however, has been drastically reduced, due to environmental considerations. This will greatly affect future production of bromine. 
Bromine is also used in making fumigants, flameproofing agents, water purification compounds, dyes, medicinals, sanitizers, inorganic bromides for 
photography, etc. Organic bromides are also important. Natural bromine is made of two isotopes, Вг and ?! Br. Thirty-four isotopes and isomers are 
known. Bromine (99.896) costs about $70/kg. 

Cadmium — (L. cadmia; Gr. kadmeia — ancient name for calamine, zinc carbonate), Cd; at. wt. 112.411(8); at. no. 48; m.p. 321.07?C; b.p. 767°C; 
sp. gr. 8.65 (20°C); valence 2. Discovered by Stromeyer in 1817 from an impurity in zinc carbonate. Cadmium most often occurs in small quantities 
associated with zinc ores, such as sphalerite (ZnS). Greenockite (CdS) is the only mineral of any consequence bearing cadmium. Almost all cadmium 
is obtained as a by-product in the treatment of zinc, copper, and lead ores. It is a soft, bluish-white metal which is easily cut with a knife. It is similar 
in many respects to zinc. It is a component of some of the lowest melting alloys; it is used in bearing alloys with low coefficients of friction and great 
resistance to fatigue; it is used extensively in electroplating, which accounts for about 60% of its use. It is also used in many types of solder, for standard 
E.M.F. cells, for Ni-Cd batteries, and as a barrier to control atomic fission. The market for Ni-Cd batteries is expected to grow significantly in the next 
few years. Cadmium compounds are used in black and white television phosphors and in blue and green phosphors for color TV tubes. It forms a number 
of salts, of which the sulfate is most common; the sulfide is used as a yellow pigment. Cadmium and solutions of its compounds are toxic. Failure to 
appreciate the toxic properties of cadmium may cause workers to be unwittingly exposed to dangerous fumes. Some silver solders, for example, contain 
cadmium and should be handled with care. Serious toxicity problems have been found from long-term exposure and work with cadmium plating baths. 
Cadmium is present in certain phosphate rocks. This has raised concerns that the long-term use of certain phosphate fertilizers might pose a health 
hazard from levels of cadmium that might enter the food chain. In 1927 the International Conference on Weights and Measures redefined the meter 
in terms of the wavelength of the red cadmium spectral line (i.e. 1 m = 1,553,164.13 wavelengths). This definition has been changed (see under 
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Krypton). The current price of cadmium is about 50¢/g (99.5%). It is available in high purity form for about $550/kg. Natural cadmium is made of 
eight isotopes. Thirty four other isotopes and isomers are now known and recognized. 

Calcium — (L. calx, lime), Ca; at. wt. 40.078(4); at. no. 20; m.p. 842?C; b.p. 1484?C; sp. gr. 1.55 (20?C); valence 2. Though lime was prepared 
by the Romans in the first century under the name calx, the metal was not discovered until 1808. After learning that Berzelius and Pontin prepared 
calcium amalgam by electrolyzing lime in mercury, Davy was able to isolate the impure metal. Calcium is a metallic element, fifth in abundance in 
the earth's crust, of which it forms more than 396. It is an essential constituent of leaves, bones, teeth, and shells. Never found in nature uncombined, 
itoccurs abundantly as limestone (CaCO3), gypsum (Садо, 2H 5O), and fluorite (CaF,); apatite is the fluorophosphate ог chlorophosphate of calcium. 
The metal has a silvery color, is rather hard, and is prepared by electrolysis ofthe fused chloride to which calcium fluoride is added to lower the melting 
point. Chemically it is one of the alkaline earth elements; it readily forms a white coating of oxide in air, reacts with water, burns with a yellow-red 
flame, forming largely the oxide. The metal is used as a reducing agent in preparing other metals such as thorium, uranium, zirconium, etc., and is used 
as a deoxidizer, desulfurizer, and inclusion modifier for various ferrous and nonferrous alloys. It is also used as an alloying agent for aluminum, 
beryllium, copper, lead, and magnesium alloys, and serves as a “getter” for residual gases in vacuum tubes, etc. Its natural and prepared compounds 
are widely used. Quicklime (CaO), made by heating limestone and changed into slaked lime by the careful addition of water, is the great cheap base 
of chemical industry with countless uses. Mixed with sand it hardens as mortar and plaster by taking up carbon dioxide from the air. Calcium from 
limestone is an important element in Portland cement. The solubility of the carbonate in water containing carbon dioxide causes the formation of caves 
with stalactites and stalagmites and is responsible for hardness in water. Other important compounds are the carbide (СаС,), chloride (CaCl,), 
cyanamide (СаСМ,), hypochlorite (Са(ОСІ);), nitrate (Ca(NO3);), and sulfide (CaS). Calcium sulfide is phosphorescent after being exposed to light. 
Natural calcium contains six isotopes. Sixteen other radioactive isotopes are known. Metallic calcium (99.596) costs about $200/kg. 

Californium — (State and University of California), Cf; at. wt. (251); m.p. 900°С; at. no. 98. Californium, the sixth transuranium element to be 
discovered, was produced by Thompson, Street, Ghioirso, and Seaborg іп 1950 by bombarding microgram quantities of Ст with 35 MeV helium 
ions in the Berkeley 60-inch cyclotron. Californium (Ш) is the only ion stable in aqueous solutions, all attempts to reduce or oxidize californium (III) 
having failed. The isotope 249СҒ results from the beta decay of 229Bk while the heavier isotopes are produced by intense neutron irradiation by the 
reactions: 


?? Bk(n, y)2 7? Bk > 250 СЕ and ?? Cf(n, y)?" Cf 


followed by 250 С f(n ү) — 251 Cf(n 7) Cf 


The existence of the isotopes СЁ, 250Cf, 251Cf, and ??Cf makes it feasible to isolate californium in weighable amounts so that its properties can be 
investigated with macroscopic quantities. Californium-252 is a very strong neutron emitter. One microgram releases 170 million neutrons per minute, 
which presents biological hazards. Proper safeguards should be used in handling californium. Twenty isotopes of californium are now recognized. 
249Cf and 252Cf have half-lives of 351 years and 900 years, respectively. In 1960 a few tenths of a microgram of californium trichloride, СЕСЬ, 
californium oxychloride, CfOCI, and californium oxide, СР,О;, were first prepared. Reduction of californium to its metallic state has not yet been 
accomplished. Because californium is a very efficient source of neutrons, many new uses are expected for it. It has already found use in neutron moisture 
gages and in well-logging (the determination of water and oil-bearing layers). It is also being used as a portable neutron source for discovery of metals 
such as gold or silver by on-the-spot activation analysis. ???Cf is now being offered for sale by the Oak Ridge National Laboratory (O.R.N.L.) at a cost 
of $60/ug and 249Cf at a cost of $185/ug plus packing charges. It has been suggested that californium may be produced in certain stellar explosions, 
called supernovae, for the radioactive decay of Cf (55-day half-life) agrees with the characteristics of the light curves of such explosions observed 
through telescopes. This suggestion, however, is questioned. Californium is expected to have chemical properties similar to dysprosium. 

Carbon — (L. carbo, charcoal), C; at. wt. 12.0107(8); at. no. 6; sublimes at 3642°C; triple point (graphite-liquid-gas), 4492°C at a pressure of 
101.325 kPa; sp. gr. amorphous 1.8 to 2.1, graphite 1.9 to 2.3, diamond 3.15 to 3.53 (depending on variety); gem diamond 3.513 (25°С); valence 2, 
3, or 4. Carbon, an element of prehistoric discovery, is very widely distributed in nature. It is found in abundance in the sun, stars, comets, and 
atmospheres of most planets. Carbon in the form of microscopic diamonds is found in some meteorites. Natural diamonds are found in kimberlite or 
lamporite of ancient formations called “pipes,” such as found in South Africa, Arkansas, and elsewhere. Diamonds are now also being recovered from 
the ocean floor off the Cape of Good Hope. About 30% of all industrial diamonds used in the U.S. are now made synthetically. The energy of the sun 
and stars can be attributed at least in part to the well-known carbon-nitrogen cycle. Carbon is found free in nature in three allotropic forms: amorphous, 
graphite, and diamond. A fourth form, known as “white” carbon, is now thought to exist. Graphite is one of the softest known materials while diamond 
is one of the hardest. Graphite exists in two forms: alpha and beta. These have identical physical properties, except for their crystal structure. Naturally 
occurring graphites are reported to contain as much as 3096 of the rhombohedral (beta) form, whereas synthetic materials contain only the alpha form. 
The hexagonal alpha type can be converted to the beta by mechanical treatment, and the beta form reverts to the alpha on heating it above 1000?C. 
In1969anew allotropic form of carbon was produced during the sublimation of pyrolytic graphite at low pressures. Under free-vaporization conditions 
above -2550 K, "white" carbon forms as small transparent crystals on the edges of the basal planes of graphite. The interplanar spacings of “white” 
carbon are identical to those of carbon form noted in the graphitic gneiss from the Ries (meteoritic) Crater of Germany. “White” carbon is a transparent 
birefringent material. Little information is presently available about this allotrope. Of recent interest is the discovery of all-carbon molecules, known 
as “buckyballs” or fullerenes, which have a number of unusual properties. These interesting molecules, consisting of 60 or 70 carbon atoms linked 
together, seem capable of withstanding great pressure and trapping foreign atoms inside their network of carbon. They are said to be capable of 
magnetism and superconductivity and have potential as a nonlinear optical material. Buckyball films are reported to remain superconductive at 
temperatures as high as 45 K. In combination, carbon is found as carbon dioxide in the atmosphere of the earth and dissolved in all natural waters. It 
is acomponent of great rock masses in the form of carbonates of calcium (limestone), magnesium, and iron. Coal, petroleum, and natural gas are chiefly 
hydrocarbons. Carbon is unique among the elements in the vast number and variety of compounds it can form. With hydrogen, oxygen, nitrogen, and 
other elements, it forms a very large number of compounds, carbon atom often being linked to carbon atom. There are close to ten million known carbon 
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compounds, many thousands of which are vital to organic and life processes. Without carbon, the basis for life would be impossible. While it has been 
thought that silicon might take the place of carbon in forming a host of similar compounds, it is now not possible to form stable compounds with very 
long chains of silicon atoms. The atmosphere of Mars contains 96.2% CO». Some ofthe most important compounds of carbon are carbon dioxide (CO;), 
carbon monoxide (CO), carbon disulfide (С5,), chloroform (СНС), carbon tetrachloride (ССІ,), methane (CH), ethylene (C,H,), acetylene (С-Н.), 
benzene (C6H6), ethyl alcohol (C;H5OH), acetic acid (СН;СООН), and their derivatives. Carbon has fifteen isotopes. Natural carbon consists of 
98.89% І?С and 1.1196 PC. In 1961 the International Union of Pure and Applied Chemistry adopted the isotope carbon-12 as the basis for atomic 
weights. Carbon-14, an isotope with a half-life of 5715 years, has been widely used to date such materials as wood, archeological specimens, etc. A 
new brittle form of carbon, known as “glassy carbon", has been developed. It can be obtained with high purity. It has a high resistance to corrosion, 
has good thermal stability, and is structurally impermeable to both gases and liquids. It has a randomized structure, making it useful in ultra-high 
technology applications, such as crystal growing, crucibles for high-temperature use, etc. Glassy carbon is available at a cost of about $35/10gms. 
Fullerene powder is available at a cost of about $55/10mg (99%С |0). Diamond powder (99.9%) costs about $40/g 

Cerium — (named for the asteroid Ceres, which was discovered in 1801 only 2 years before the element), Ce; at. wt. 140.115(4); at. no. 58; m.p. 
798°C; b.p. 3424?C; sp. gr. 6.770 (25°C); valence 3 or 4. Discovered іп 1803 by Klaproth and by Berzelius and Hisinger; metal prepared by Hillebrand 
and Norton in 1875. Cerium is the most abundant of the metals of the so-called rare earths. It is found in a number of minerals including allanite (also 
known as orthite), топагйе, bastnasite, cerite, and samarskite. Monazite and bastnasite are presently the two most important sources of cerium. Large 
deposits of monazite found on the beaches of Travancore, India, in river sands in Brazil, and deposits of allanite in the western United States, and 
bastnasite in Southern California will supply cerium, thorium, and the other rare-earth metals for many years to come. Metallic cerium is prepared 
by metallothermic reduction techniques, such as by reducing cerous fluoride with calcium, or by electrolysis of molten cerous chloride or other cerous 
halides. The metallothermic technique is used to produce high-purity cerium. Cerium is especially interesting because of its variable electronic 
structure. The energy of the inner 4f level is nearly the same as that of the outer or valence electrons, and only small amounts of energy are required 
to change the relative occupancy of these electronic levels. This gives rise to dual valency states. For example, a volume change of about 10% occurs 
when cerium is subjected to high pressures or low temperatures. It appears that the valence changes from about 3 to 4 when it is cooled or compressed. 
The low temperature behavior of cerium is complex. Four allotropic modifications are thought to exist: cerium at room temperature and at atmospheric 
pressure is known as y cerium. Upon cooling to –16°С, y cerium changes to B cerium. The remaining y cerium starts to change to о cerium when cooled 
to -172*C, and the transformation is complete а(-2699С. œ Cerium has a density of 8.16; б cerium exists above 726°C. At atmospheric pressure, liquid 
cerium is more dense than its solid form at the melting point. Cerium is an iron-gray lustrous metal. It is malleable, and oxidizes very readily at room 
temperature, especially in moist air. Except for europium, cerium is the most reactive of the "rare-earth" metals. It slowly decomposes in cold water, 
and rapidly in hot water. Alkali solutions and dilute and concentrated acids attack the metal rapidly. The pure metal is likely to ignite if scratched with 
a knife. Ceric salts are orange red or yellowish; cerous salts are usually white. Cerium is a component of misch metal, which is extensively used in 
the manufacture of pyrophoric alloys forcigarette lighters, etc. Natural ceriumis stable and contains fourisotopes. Thirty-two other radioactive isotopes 
and isomers are known. While cerium is not radioactive, the impure commercial grade may contain traces of thorium, which is radioactive. The oxide 
is an important constituent of incandescent gas mantles and it is emerging as a hydrocarbon catalyst in “self-cleaning” ovens. In this application it can 
be incorporated into oven walls to prevent the collection of cooking residues. As ceric sulfate it finds extensive use as a volumetric oxidizing agent 
in quantitative analysis. Cerium compounds are used in the manufacture of glass, both as a component and as a decolorizer. The oxide is finding 
increased use as a glass polishing agent instead of rouge, for it is much faster than rouge in polishing glass surfaces. Cerium compounds are finding 
use in automobile exhaust catalysts. Cerium is also finding use in making permanent magnets. Cerium, with other rare earths, is used in carbon-arc 
lighting, especially in the motion picture industry. It is also finding use as an important catalyst in petroleum refining and in metallurgical and nuclear 
applications. In small lots, cerium costs about $5/g (99.9%). 

Cesium — (L. caesius, sky blue), Cs; at. wt. 132.90545(2); at. по. 55; m.p. 28.44?C; b.p. 671°C; sp. gr. 1.873 (20°C); valence 1. Cesium was 
discovered spectroscopically by Bunsen and Kirchhoff in 1860 in mineral water from Durkheim. Cesium, an alkali metal, occurs in lepidolite, pollucite 
(a hydrated silicate of aluminum and cesium), and in other sources. One of the world's richest sources of cesium is located at Bernic Lake, Manitoba. 
The deposits are estimated to contain 300,000 tons of pollucite, averaging 20% cesium. It can be isolated by electrolysis of the fused cyanide and by 
a number of other methods. Very pure, gas-free cesium can be prepared by thermal decomposition of cesium azide. The metal is characterized by a 
spectrum containing two bright lines in the blue along with several others in the red, yellow, and green. It is silvery white, soft, and ductile. It is the 
most electropositive and most alkaline element. Cesium, gallium, and mercury are the only three metals that are liquid at room temperature. Cesium 
reacts explosively with cold water, and reacts with ice at temperatures above —116°С. Cesium hydroxide, the strongest base known, attacks glass. 
Because of its great affinity for oxygen the metal is used as a “getter” in electron tubes. It is also used in photoelectric cells, as well as a catalyst in 
the hydrogenation of certain organic compounds. The metal has recently found application in ion propulsion systems. Cesium is used in atomic clocks, 
which are accurate to 5 s in 300 years. A second of time is now defined as being the duration of 9,192,631,770 periods of the radiation corresponding 
to the transition between the two hyper-fine levels of the ground state of the cesium-133 atom. Its chief compounds are the chloride and the nitrate. 
Cesium has 52 isotopes and isomers with masses ranging from 112 to 148. The present price of cesium is about $50/g (99.98%) sealed іп а glass 
ampoule. 

Chlorine — (Gr. chloros, greenish yellow), Cl; at. wt. 35.4527(9); at. no. 17; m.p. -101.5?C; b.p. -34.04°С; г. 143.8°C; density 3.214 g/l; sp. gr. 
1.56 (-33.6°С); valence 1, 3, 5, or 7. Discovered in 1774 by Scheele, who thought it contained oxygen; named in 1810 by Davy, who insisted it was 
an element. In nature itis found in the combined state only, chiefly with sodium as common salt (NaCl), carnallite (KMgCl, 6H ,0), and sylvite (КО). 
Itis a member of the halogen (salt-forming) group of elements and is obtained from chlorides by the action of oxidizing agents and more often by 
electrolysis; itis a greenish-yellow gas, combining directly with nearly all elements. At 10?C one volume of water dissolves 3.10 volumes of chlorine, 
at 30°C only 1.77 volumes. Chlorine is widely used in making many everyday products. It is used for producing safe drinking water the world over. 
Even the smallest water supplies are now usually chlorinated. It is also extensively used in the production of paper products, dyestuffs, textiles, 
petroleum products, medicines, antiseptics, insecticides, foodstuffs, solvents, paints, plastics, and many other consumer products. Most of the chlorine 
produced is used in the manufacture of chlorinated compounds for sanitation, pulp bleaching, disinfectants, and textile processing. Further use is in 
the manufacture of chlorates, chloroform, carbon tetrachloride, and in the extraction of bromine. Organic chemistry demands much from chlorine, both 
as ап oxidizing agent and in substitution, since it often brings desired properties in an organic compound when substituted for hydrogen, as in one form 
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of synthetic rubber. Chlorine is a respiratory irritant. The gas irritates the mucous membranes and the liquid burns the skin. As little as 3.5 ppm can 
be detected as an odor, and 1000 ppmis likely to be fatal after a few deep breaths. It was used as a war gas in 1915. Natural chlorine contains two isotopes. 
Twenty other isotopes and isomers are known. 

Chromium — (Gr. chroma, color), Cr; at. wt. 51.9961(6); at. no. 24; m.p. 1907°С; b.p. 2671?C; sp. gr. 7.18 to 7.20 (20°С); valence chiefly 2, 
3, or 6. Discovered in 1797 by Vauquelin, who prepared the metal the next year, chromium is a steel-gray, lustrous, hard metal that takes a high polish. 
The principal ore is chromite (FeCr?O), which is found in Zimbabwe, Russia, South Africa, Turkey, Iran, Albania, Finland, Democratic Republic of 
Madagascar, the Philippines, and elsewhere. The U.S. has no appreciable chromite ore reserves. The metal is usually produced by reducing the oxide 
with aluminum. Chromium is used to harden steel, to manufacture stainless steel, and to form many useful alloys. Much is used in plating to produce 
a hard, beautiful surface and to prevent corrosion. Chromium is used to give glass an emerald green color. It finds wide use as a catalyst. All compounds 
of chromium are colored; the most important are the chromates of sodium and potassium (K,CrO,) and the dichromates (K5Cr5O;) and the potassium 
and ammonium chrome alums, as KCr(SO 4) -12H 20. The dichromates are used as oxidizing agents in quantitative analysis, also in tanning leather. 
Other compounds are of industrial value; lead chromate is chrome yellow, a valued pigment. Chromium compounds are used in the textile industry 
as mordants, and by the aircraft and other industries for anodizing aluminum. The refractory industry has found chromite useful for forming bricks 
and shapes, as it has a high melting point, moderate thermal expansion, and stability of crystalline structure. Chromium is an essential trace element 
for human health. Many chromium compounds, however, are acutely toxic, chronically toxic, and may be carcinogenic. They should be handled with 
proper safeguards. Natural chromium contains four isotopes. Twenty other isotopes are known. Chromium metal (99.95%) costs about $1000/kg. 
Commercial grade chromium (99%) costs about $75/kg. 

Cobalt — (Kobald, from the German, goblin or evil spirit, cobalos, Greek, mine), Co; at. wt. 58.93320(1); at. no. 27; m.p. 1495°C; b.p. 2927°C; 
sp. ог. 8.9 (20°C); valence 2 ог 3. Discovered by Brandt about 1735. Cobalt occurs in the mineral cobaltite, smaltite, and erythrite, andis often associated 
with nickel, silver, lead, copper, and iron ores, from which it is most frequently obtained as a by-product. It is also present in meteorites. Important 
ore deposits are found in Congo-Kinshasa, Australia, Zambia, Russia, Canada, and elsewhere. The U.S. Geological Survey has announced that the 
bottom of the north central Pacific Ocean may have cobalt-rich deposits at relatively shallow depths in waters close to the Hawaiian Islands and other 
U.S. Pacific territories. Cobalt is a brittle, hard metal, closely resembling iron and nickel in appearance. It has a magnetic permeability of about two 
thirds that of iron. Cobalt tends to exist as a mixture of two allotropes over a wide temperature range; the B-form predominates below 400°C, and the 
G above that temperature. The transformation is sluggish and accounts in part for the wide variation in reported data on physical properties of cobalt. 
It is alloyed with iron, nickel and other metals to make Alnico, an alloy of unusual magnetic strength with many important uses. Stellite alloys, 
containing cobalt, chromium, and tungsten, are used for high-speed, heavy-duty, high temperature cutting tools, and for dies. Cobalt is also used in 
other magnet steels and stainless steels, and in alloys used in jet turbines and gas turbine generators. The metal is used in electroplating because of 
its appearance, hardness, and resistance to oxidation. The salts have been used for centuries for the production of brilliant and permanent blue colors 
in porcelain, glass, pottery, tiles, and enamels. It is the principal ingredient in Sevre's and Thenard's blue. A solution of the chloride (СоСІ, -6H 50) 
is used as sympathetic ink. The cobalt ammines are of interest; the oxide and the nitrate are important. Cobalt carefully used in the form of the chloride, 
sulfate, acetate, or nitrate has been found effective in correcting a certain mineral deficiency disease in animals. Soils should contain 0.13 to 0.30 ppm 
of cobalt for proper animal nutrition.Cobalt is found in Vitamin B-12, which is essential for human nutrition. Cobalt of 99.9+% purity is priced at 
about$250/kg. Cobalt-60, an artificial isotope, is an important gamma ray source, and is extensively used as a tracer and a radiotherapeutic agent. Single 
compact sources of Cobalt-60 vary from about $1 to $10/curie, depending on quantity and specific activity. Thirty isotopes and isomers of cobalt аге 
known. 

Columbium — See Niobium. 

Copper — (L. cuprum, from the island of Cyprus), Cu; at. wt. 63.546(3); at. no. 29; f.p. 1084.62 ?C; b.p. 2562?C; sp. gr. 8.96 (20?C); valence 1 
or 2. The discovery of copper dates from prehistoric times. It is said to have been mined for more than 5000 years. It is one of man's most important 
metals. Copper is reddish colored, takes on a bright metallic luster, and is malleable, ductile, and a good conductor of heat and electricity (second only 
to silver in electrical conductivity). The electrical industry is one of the greatest users of copper. Copper occasionally occurs native, and is found in 
many minerals such as cuprite, malachite, azurite, chalcopyrite, and bornite. Large copper ore deposits are found in the U.S., Chile, Zambia, Zaire, 
Peru, and Canada. The most important copper ores are the sulfides, oxides, and carbonates. From these, copper is obtained by smelting, leaching, and 
by electrolysis. Its alloys, brass and bronze, long used, are still very important; all American coins are now copper alloys; monel and gun metals also 
contain copper. The most important compounds are the oxide and the sulfate, blue vitriol; the latter has wide use as an agricultural poison and as an 
algicide in water purification. Copper compounds such as Fehling's solution are widely used in analytical chemistry in tests for sugar. High-purity 
copper (99.999 + 76) is readily available commercially. The price of commercial copper has fluctuated widely. The price of copper in December 2001 
was about $1.50/kg. Natural copper contains two isotopes. Twenty-six other radioactive isotopes and isomers are known. 

Curium — (Pierre and Marie Curie), Cm; at. wt. (247); at. no. 96; m.p. 1345?C; sp. gr. 13.51 (calc.); valence 3 and 4. Although curium follows 
americium in the periodic system, it was actually known before americium and was the third transuranium element to be discovered. It was identified 
Бу Seaborg, James, and Ghiorso in 1944 at the wartime Metallurgical Laboratory in Chicago as a result of helium-ion bombardment of 239Pu in the 
Berkeley, California, 60-inch cyclotron. Visible amounts (30 ше) of ??Cm, in the form of the hydroxide, were first isolated by Werner and Perlman 
of the University of California in 1947. In 1950, Crane, Wallmann, and Cunningham found that the magnetic susceptibility of microgram samples of 
CmF; was of the same magnitude as that of GdF3. This provided direct experimental evidence for assigning an electronic configuration to Cm*?. In 
1951, the same workers prepared curium in its elemental form for the first time. Sixteen isotopes of curium are now known. The most stable, 47Cm, 
with a half-life of 16 million years, is so short compared to the earth's age that any primordial curium must have disappeared long ago from the natural 
scene. Minute amounts of curium probably exist in natural deposits of uranium, as a result of a sequence of neutron captures and В decays sustained 
by the very low flux of neutrons naturally present in uranium ores. The presence of natural curium, however, has never been detected. ??Cm and 2 Ст 
are available in multigram quantities. 248Ст has been produced only in milligram amounts. Curium is similar in some regards to gadolinium, its rare- 
earth homolog, but it has a more complex crystal structure. Curium is silver in color, is chemically reactive, and is more electropositive than aluminum. 
CmO,, Cm;O,, CmF;, CmF,, CmCl,, CmBr3, and Cml, have been prepared. Most compounds of trivalent curium are faintly yellow in color. ??Cm 
generates about three watts of thermal energy per gram. This compares to one-half watt per gram of 238Pu. This suggests use for curium as a power 
source. “Ст is now offered for sale by the O.R.N.L. at $185/mg plus packing charges. 248Cm is available at a cost of $160/ug, plus packing charges, 
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from the O.R.N.L. Curium absorbed into the body accumulates in the bones, and is therefore very toxic as its radiation destroys the red-cell forming 
mechanism. The maximum permissible total body burden of 244Cm (soluble) in a human being is 0.3 ИС! (microcurie). 

Deuterium, an isotope of hydrogen — see Hydrogen. 

Dubnium — (named after the Joint Institute of Nuclear Research in Dubna, Russia). Db; at.wt. [262]; at.no. 105. In 1967 G. N. Flerov reported 
that a Soviet team working at the Joint Institute for Nuclear Research at Dubna may have produced a few atoms of 260105 and 261105 by bombarding 
243 Аш with Ме. Their evidence was based on time-coincidence measurements of alpha energies. More recently, it was reported that early in 1970 
Dubna scientists synthesized Element 105 and that by the end of April 1970 “һай investigated all the types of decay of the new element and had 
determined its chemical properties." In late April 1970, it was announced that Ghiorso, Nurmia, Harris, K. A. Y. Eskola, and P. L. Eskola, working 
at the University of California at Berkeley, had positively identified Element 105. The discovery was made by bombarding a target of 249Cf with a 
beam of 84 MeV nitrogen nuclei in the Heavy Ion Linear Accelerator (HILAC). When a ^N nuclear is absorbed by а 229Cf nucleus, four neutrons аге 
emitted and a new atom of 250105 with a half-life of 1.6 s is formed. While the first atoms of Element 105 are said to have been detected conclusively 
on March 5, 1970, there is evidence that Element 105 had been formed in Berkeley experiments a year earlier by the method described. Ghiorso and 
his associates have attempted to confirm Soviet findings by more sophisticated methods without success. 

In October 1971, it was announced that two new isotopes of Element 105 were synthesized with the heavy ion linear accelerator by A. Ghiorso 
and co-workers at Berkeley. Element 261105 was produced both by bombarding 250Cf with РМ and by bombarding 229Bk with 160. The isotope emits 
8.93-МЕе о particles and decays to 2571г with a half-life of about 1.8 s. Element 202105 was produced by bombarding ?^9Bk with !šO. It emits 8.45 
MeV о, particles and decays to 2581 г with a half-life of about 40 s. Nine isotopes of Dubnium are now recognized. Soon after the discovery the names 
Hahnium and Joliotium, named after Otto Hahn and Jean-Frederic Joliot and Mme. Joliot-Curie, were suggested as names for Element 105. The 
IUPAC in August 1997 finally resolved the issue, naming Element 105 Dubnium with the symbol Db. Dubnium is thought to have properties similar 
to tantalum. 

Dysprosium — (Gr. dysprositos, hard to get at), Dy; at. wt. 162.50(3); at. no. 66; m.p. 1412?C; b.p. 2567?C; sp. gr. 8.551 (25?C); valence 3. 
Dysprosium was discovered in 1886 by Lecoq de Boisbaudran, but not isolated. Neither the oxide nor the metal was available in relatively pure form 
until the development of ion-exchange separation and metallographic reduction techniques by Spedding and associates about 1950. Dysprosium occurs 
along with other so-called rare-earth or lanthanide elements in a variety of minerals such as xenotime, fergusonite, gadolinite, euxenite, polycrase, and 
blomstrandine. The most important sources, however, are from monazite and bastnasite. Dysprosium can be prepared by reduction of the trifluoride 
with calcium. The element has a metallic, bright silver luster. It is relatively stable in air at room temperature, and is readily attacked and dissolved, 
with the evolution of hydrogen, by dilute and concentrated mineral acids. The metal is soft enough to be cut with a knife and can be machined without 
sparking if overheating is avoided. Small amounts of impurities can greatly affect its physical properties. While dysprosium has not yet found many 
applications, its thermal neutron absorption cross-section and high melting point suggest metallurgical uses in nuclear control applications and for 
alloying with special stainless steels. A dysprosium oxide-nickel cermet has found use in cooling nuclear reactor rods. This cermet absorbs neutrons 
readily without swelling or contracting under prolonged neutron bombardment. In combination with vanadium and other rare earths, dysprosium has 
been used in making laser materials. Dysprosium-cadmium chalcogenides, as sources of infrared radiation, have been used for studying chemical 
reactions. The cost of dysprosium metal has dropped in recent years since the development of ion-exchange and solvent extraction techniques, and 
the discovery of large ore bodies. Thirty two isotopes and isomers are now known. The metal costs about $6/g (99.9% purity). 

Einsteinium — (Albert Einstein [1879—1955 |), Es; at. wt. (252); m.p. 860°C (est.); at. по. 99. Einsteinium, the seventh transuranic element of the 
actinide series to be discovered, was identified by Ghiorso and co-workers at Berkeley in December 1952 in debris from the first large thermonuclear 
explosion, which took place in the Pacific in November 1952. The isotope produced was the 20-day 253Es isotope. In 1961, a sufficient amount of 
einsteinium was produced to permit separation of a macroscopic amount of 253Es. This sample weighed about 0.01 ug. A special magnetic-type balance 
was used in making this determination. 253Е$ so produced was used to produce mendelevium. About 3 ug of einsteinium has been produced at Oak 
Ridge National Laboratories by irradiating for several years kilogram quantities of 239Pu in a reactor to produce 242Pu. This was then fabricated into 
pellets of plutonium oxide and aluminum powder, and loaded into target rods for an initial 1-year irradiation at the Savannah River Plant, followed 
by irradiation in a HFIR (High Flux Isotopic Reactor). After 4 months in the HFIR the targets were removed for chemical separation of the einsteinium 
from californium. Nineteen isotopes and isomers of einsteinium are now recognized. 254Es has the longest half-life (276 days). Tracer studies using 
253Es show that einsteinium has chemical properties typical of a heavy trivalent, actinide element. Einsteinium is extremely radioactive. Great care 
must be taken when handling it. 

Element 93 — See Neptunium. 

Element 94 — See Plutonium. 

Element 95 — See Americium. 

Element 96 — See Curium. 

Element 97 — See Berkelium. 

Element 98 — See Californium. 

Element 99 — See Einsteinium. 

Element 100 — See Fermium (unnilnilium). 

Element 101 — See Mendelevium (unnilunium). 

Element 102 — See Nobelium (unnilbium). 

Element 103 — See Lawrencium (unniltrium). 

Element 104 — See Rutherfordium (unnilquadium). 

Element 105 — See Dubnium (unnilpentium). 

Element 106 — See Seaborgium (unnilhexium). 

Element 107 — See Bohrium (unnilseptium). 

Element 108 — See Hassium (unniloctium). 

Element 109 — See Meitnerium (unnilennium). 
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Element 110 — In 1987 Oganessian, et al., at Dubna, claimed discovery of this element. Their experiments indicated the spontaneous fissioning 
nuclide 2721 10 with a half-life of 10 ms. More recently a group led by Armbruster аг G.S.I. in Darmstadt, Germany, reported evidence of 269110, which 
was produced by bombarding lead for many days with more than 1018 nickel atoms. A detector searched each collision for Element 110's distinct decay 
sequence. On November 9, 1994, evidence of 110 was detected. Berkeley scientists, in 1991, performed similar experiments and reported evidence 
of 110, but this was not confirmed. Workers at Dubna have experiments underway to produce 273110 by bombarding plutonium with sulfur atoms. 
Other experiments at G.S.I. and elsewhere are now searching for heavier isotopes. Five isotopes of Element 110 are now recognized. Several years 
ago the IUPAC suggested the use of the temporary name ununnilium, with the symbol Uun, for Element 110 when it was found. 

Element 111 — On December 20, 1994, scientists at GSI Darmstadt, Germany announced they had detected three atoms of a new element with 
111 protons and 161 neutrons. This element was made by bombarding 8Ві with 28Ni. Signals of Element 111 appeared for less than 0.002 sec, then 
decayed into lighter elements including Element 268109 and Element 264107. These isotopes had not previously been observed. A name for Element 
111 has not been suggested although IUPAC has suggested a temporary name of Unununium, with the symbol Uuu. Element 111 is expected to have 
properties similar to gold. 

Element 112 — In late February 1996, Siguard Hofmann and his collaborators at GSI Darmstadt announced their discovery of Element 112, having 
112 protons and 165 neutrons, with an atomic mass of 277. This element was made by bombarding a lead target with high-energy zinc ions. A single 
nucleus of Element 112 was detected, which decayed after less than 0.001 sec by emitting an о particle, consisting of two protons and two neutrons. 
This created Element 110573, which in turn decayed by emitting an о particle to form a new isotope of Element 108 and so on. Evidence indicates that 
nuclei with 162 neutrons are held together more strongly than nuclei with a smaller or larger number of neutrons. This suggests a narrow "peninsula" 
of relatively stable isotopes around Element 114. GSI scientists are experimenting to bombard targets with ions heavier than zinc to produce Elements 
113 and 114. A name has not yet been suggested for Element 112, although the IUPAC suggested the temporary name of ununbium, with the symbol 
of Uub, when the element was discovered. Element 112 is expected to have properties similar to mercury. 

Element 113 — (ununtrium) As of December 1999 this element remains undiscovered. 

Element 114 — (ununquadium) Symbol Uuq. Element 114 is the first new element to be discovered since 1996. This element was found by a 
Russian-American team, including Livermore researchers, by bombarding a sheet of plutonium with a rare form of calcium hoping to make the atoms 
stick together in a new element. Radiation showed that the new element broke into smaller pieces. Data of radiation collected at the Russian Joint 
Institute for Nuclear Research in November and December 1998, were analyzed in January 1999. It was found that some of the heavy atoms created 
when 114 decayed lived up to 30 seconds, which was longer than ever seen before, for such a heavy element. This isotope decayed into a previously 
unknown isotope of Element 112, which itself lasted 15 minutes. That isotope, in turn, decayed to a previously undiscovered isotope of Element 108, 
which survived 17 minutes. Isotopes of these and those with longer life-times have been predicted for some time by theorists. It appears that these 
isotopes are on the edge of the “island of stability", and that some ofthe isotopes in this region might last long enough for studies of their nuclear behavior 
and for achemical evaluation to be made. No name has yet been suggested for Element 114; however, the temporary name of ununquadium with symbol 
Uuq may be used. 

Element 115— (Ununpentium) Symbol Uup. As of January 2002, this element remains undiscovered. 

Element 116— (Ununhexium) Symbol Uuh. As of January 2002 it is questionable if this element has been discovered. 

Element 117— (Ununseptium) Symbol Uus. As of January 2002, this element remains undiscovered. 

Element 118— (Ununoctium) Symbol Uuo. In June 1999 it was announced that Elements 118 and 116 had been discovered at the Lawrence 
Berkeley National Laboratory. A lead target was bombarded for more than 10 days with roughly 1 quintillion krypton ions. The team reported that 
three atoms of Element 118 were made, which quickly decayed into Elements 116, 114, and elements of lower atomic mass. It was said that the isotopes 
of Element 118 lasted only about 200 milliseconds, while the isotope of Element 116 lasted only 1.2 milliseconds. It was hoped that these elements 
might be members of “an island of stability”, which had long been sought. At that time it was hoped that a target of bismuth might be bombarded with 
krypton ions to make Element 119, which, in turn, would decay into Elements 117, 115, and 113. 

On July 27, 2001 researchers at the Lawrence Berkeley Laboratory announced that their discovery of Element 118 was being retracted because 
workers at the GSI Laboratory in Germany and at Japanese laboratories failed to confirm their results. However, it was reported that different 
experiments at the Livermore Laboratory and Joint Institute from Nuclear Research in Dubna, Russia indicated that Element 116 had since been created. 

Researchers at the Australian National Laboratory suggest that super-heavy elements may be more difficult to make than previously thought. Their 
data suggest the best way to encourage fusion in making super-heavy elements is to combine the lightest projectiles possible with the heaviest possible 
targets. This would minimize a so-called “quasi-fission process” in which a projectile nucleus steals protons and neutrons froma target nucleus. In this 
process the two nuclei are said to fly apart without every having actually combined. 

Erbium — (Ytterby, a town in Sweden), Er; at. wt. 167.26(3); at. по. 68; m.p. 1529°C; b.p. 2868°C; sp. gr. 9.066 (25°C); valence 3, Erbium, one 
of the so-called rare-earth elements of the lanthanide series, is found in the minerals mentioned under dysprosium above. In 1842 Mosander separated 
“yttria,” found in the mineral gadolinite, into three fractions which he called yttria, erbia, and terbia. The names erbia and terbia became confused 
in this early period. After 1860, Mosander's terbia was known as erbia, and after 1877, the earlier known erbia became terbia. The erbia of this period 
was later shown to consist of five oxides, now knownas erbia, scandia, holmia, thulia and ytterbia. Ву 1905 Urbain and James independently succeeded 
in isolating fairly pure Er,03. Klemm and Bommer first produced reasonably pure erbium metal in 1934 by reducing the anhydrous chloride with 
potassium vapor. The pure metal is soft and malleable and has a bright, silvery, metallic luster. As with other rare-earth metals, its properties depend 
to a certain extent on the impurities present. The metal is fairly stable in air and does not oxidize as rapidly as some of the other rare-earth metals. 
Naturally occurring erbium is a mixture of six isotopes, all of which are stable. Twenty-seven radioactive isotopes of erbium are also recognized. Recent 
production techniques, using ion-exchange reactions, have resulted in much lower prices of the rare-earth metals and their compounds in recent years. 
The cost of 99.9% erbium metal is about $21/g. Erbium is finding nuclear and metallurgical uses. Added to vanadium, for example, erbium lowers 
the hardness and improves workability. Most of the rare-earth oxides have sharp absorption bands in the visible, ultraviolet, and near infrared. This 
property, associated with the electronic structure, gives beautiful pastel colors to many of the rare-earth salts. Erbium oxide gives a pink color and has 
been used as a colorant in glasses and porcelain enamel glazes. 

Europium — (Europe), Eu; at. wt. 151.964(1); at. no. 63; m.p. 822°C; b.p. 1596°C; sp. gr. 5.244 (25°C); valence 2 or 3. In 1890 Boisbaudran 
obtained basic fractions from samarium-gadolinium concentrates which had spark spectral lines not accounted for by samarium or gadolinium. These 


4-11 


THE ELEMENTS (continued) 


lines subsequently have been shown to belong to europium. The discovery of europium is generally credited to Demarcay, who separated the rare earth 
in reasonably pure form in 1901. The pure metal was not isolated until recent years. Europium is now prepared by mixing Ец,О, with a 10%-excess 
of lanthanum metal and heating the mixture in a tantalum crucible under high vacuum. The element is collected as a silvery-white metallic deposit 
on the walls of the crucible. As with other rare-earth metals, except for lanthanum, europium ignites in air at about 150 to 180?C. Europium is about 
as hard as lead and is quite ductile. It is the most reactive of the rare-earth metals, quickly oxidizing in air. It resembles calcium in its reaction with 
water. Bastnasite and monazite are the principal ores containing europium. Europium has been identified spectroscopically in the sun and certain stars. 
Europium isotopes are good neutron absorbers and are being studied for use in nuclear control applications. Europium oxide is now widely used as 
a phosphor activator and europium-activated yttrium vanadate is in commercial use as the red phosphor in color TV tubes. Europium-doped plastic 
has been used as a laser material. With the development of ion-exchange techniques and special processes, the cost of the metal has been greatly reduced 
in recent years. Natural europium contains two stable isotopes. Thirty five other radioactive isotopes and isomers are known. Europium is one of the 
rarest and most costly of the rare-earth metals. It is priced at about $60/g (99.9% pure). 

Fermium — (Enrico Fermi [1901-1954], nuclear physicist), Fm; at. wt. [257]; at. no. 100; m.p. 1527?C. Fermium, the eighth transuranium element 
of the actinide series to be discovered, was identified by Ghiorso and co-workers in 1952 in the debris from a thermonuclear explosion in the Pacific 
in work involving the University of California Radiation Laboratory, the Argonne National Laboratory, and the Los Alamos Scientific Laboratory. 
The isotope produced was the 20-hour 255Fm. During 1953 and early 1954, while discovery of elements 99 and 100 was withheld from publication 
for security reasons, a group from the Nobel Institute of Physics in Stockholm bombarded 2380 with 190 ions, and isolated a 30-min o-emitter, which 
they ascribed to 250100, without claiming discovery ofthe element. This isotope has since been identified positively, and the 30-min half-life confirmed. 
The chemical properties of fermium have been studied solely with tracer amounts, and in normal aqueous media only the (III) oxidation state appears 
to exist. The isotope 254Fm and heavier isotopes сап be produced by intense neutron irradiation of lower elements such as plutonium by a process of 
successive neutron capture interspersed with beta decays until these mass numbers and atomic numbers are reached. Twenty isotopes and isomers of 
fermium are known to exist. 257Ет, with a half-life of about 100.5 days, is the longest lived. ??Fm, with a half-life of 30 min, has been shown to be 
a product of decay of Element 254102, It was by chemical identification of 2>°Fm that production of Element 102 (nobelium) was confirmed. Fermium 
would probably have chemical properties resembling erbium. 

Fluorine — (L. and Е. fluere, flow, or flux), Е; at. wt. 18.9984032(5); at. по. 9; m.p. -219.62?C (1 atm); b.p. –188.12°С (1 atm); t, -129.02°C; 
density 1.696 g/L (0°С, 1 atm); liq. den. at b.p. 1.50 g/cm?; valence 1. In 1529, Georgius Agricola described the use of fluorspar as a flux, and as early 
as 1670 Schwandhard found that glass was etched when exposed to fluorspar treated with acid. Scheele and many later investigators, including Davy, 
Gay-Lussac, Lavoisier, and Thenard, experimented with hydrofluoric acid, some experiments ending in tragedy. The element was finally isolated in 
1886 by Moisson after nearly 74 years of continuous effort. Fluorine occurs chiefly in fluorspar (CaF;) and cryolite (Na; AIF;), and is in topaz and 
other minerals. Itis a member of the halogen family of elements, and is obtained by electrolyzing a solution of potassium hydrogen fluoride in anhydrous 
hydrogen fluoride in a vessel of metal or transparent fluorspar. Modern commercial production methods are essentially variations on the procedures 
first used by Moisson. Fluorine is the most electronegative and reactive of all elements. It is a pale yellow, corrosive gas, which reacts with practically 
all organic and inorganic substances. Finely divided metals, glass, ceramics, carbon, and even water burn in fluorine with a bright flame. Until World 
War II, there was no commercial production of elemental fluorine. The atom bomb project and nuclear energy applications, however, made it necessary 
to produce large quantities. Safe handling techniques have now been developed and it is possible at present to transport liquid fluorine by the ton. 
Fluorine and its compounds are used in producing uranium (from the hexafluoride) and more than 100 commercial fluorochemicals, including many 
well-known high-temperature plastics. Hydrofluoric acid is extensively used for etching the glass of light bulbs, etc. Fluorochloro hydrocarbons have 
been extensively used in air conditioning and refrigeration. However, in recent years the U.S. and other countries have been phasing out ozone-depleting 
substances, such as the fluorochloro hydrocarbons that have been used in these applications. It has been suggested that fluorine might be substituted 
for hydrogen wherever it occurs in organic compounds, which could lead to an astronomical number of new fluorine compounds. The presence of 
fluorine as a soluble fluoride in drinking water to the extent of 2 ppm may cause mottled enamel in teeth, when used by children acquiring permanent 
teeth; in smaller amounts, however, fluorides are said to be beneficial and used in water supplies to prevent dental cavities. Elemental fluorine has been 
studied as a rocket propellant as it has an exceptionally high specific impulse value. Compounds of fluorine with rare gases have now been confirmed. 
Fluorides of xenon, radon, and krypton are among those known. Elemental fluorine and the fluoride ion are highly toxic. The free element has a 
characteristic pungent odor, detectable in concentrations as low as 20 ppb, which is below the safe working level. The recommended maximum 
allowable concentration for a daily 8-hour time-weighted exposure is 1 ppm. Fluorine is known to have fourteen isotopes. 

Francium — (France), Fr; at. no. 87; at. wt. [223]; m.p. 27°C; valence 1. Discovered in 1939 by Mlle. Marguerite Perey of the Curie Institute, 
Paris. Francium, the heaviest known member of the alkali metal series, occurs as a result of an alpha disintegration of actinium. It can also be made 
artificially by bombarding thorium with protons. While it occurs naturally in uranium minerals, there is probably less than an ounce of francium at 
any time in the total crust of the earth. It has the highest equivalent weight of any element, and is the most unstable of the first 101 elements of the 
periodic system. Thirty-six isotopes and isomers of francium are recognized. The longest lived 2?3Е (Ас, К), a daughter of "Ac, has a half-life of 21.8 
min. This is the only isotope of francium occurring in nature. Because all known isotopes of francium are highly unstable, knowledge of the chemical 
properties of this element comes from radiochemical techniques. No weighable quantity of the element has been prepared or isolated. The chemical 
properties of francium most closely resemble cesium. In 1996, researchers Orozco, Sprouse, and co-workers at the State University of New York, Stony 
Brook, reported that they had produced francium atoms by bombarding !8O atoms at a gold target heated almost to its melting point. Collisions between 
gold and oxygen nuclei created atoms of francium-210 which had 87 protons and123 neutrons. This team reported they had generated about | million 
francium-210 ions per second and held 1000 or more atoms at a time for about 20 secs. in a magnetic trap they had devised before the atoms decayed 
or escaped. Enough francium was trapped so that a video camera could capture the light given off by the atoms as they fluoresced. A cluster of about 
10,000 francium atoms appeared as a glowing sphere about 1 mm in diameter. It is thought that the francium atoms could serve as miniature laboratoires 
for probing interactions between electrons and quarks. 

Gadolinium — (gadolinite, a mineral named for Gadolin, a Finnish chemist), Gd; at. wt. 157.25(3); at. no. 64; m.p. 1313°C; b.p. 3273°C; sp. gr. 
7.901 (25°C); valence 3. Gadolinia, the oxide of gadolinium, was separated by Marignac іп 1880 and Lecoq de Boisbaudran independently isolated 
the element from Mosander's “yttria” in 1886. The element was named for the mineral gadolinite from which this rare earth was originally obtained. 
Gadolinium is found in several other minerals, including monazite and bastnasite, which are of commercial importance. The element has been isolated 
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only in recent years. With the development of ion-exchange and solvent extraction techniques, the availability and price of gadolinium and the other 
rare-earth metals have greatly improved. Thirty-one isotopes and isomers of gadolinium are now recognized; seven are stable and occur naturally. The 
metal can be prepared by the reduction of the anhydrous fluoride with metallic calcium. As with other related rare-earth metals, it is silvery white, has 
a metallic luster, and is malleable and ductile. At room temperature, gadolinium crystallizes in the hexagonal, close-packed о form. Upon heating to 
1235°C, о gadolinium transforms into the В form, which has а body-centered cubic structure. The metal is relatively stable in dry air, but in moist air 
it tarnishes with the formation of a loosely adhering oxide film which spalls off and exposes more surface to oxidation. The metal reacts slowly with 
water and is soluble in dilute acid. Gadolinium has the highest thermal neutron capture cross-section of any known element (49,000 barns). Natural 
gadolinium is a mixture of seven isotopes. Two of these, |5564 and 15764, have excellent capture characteristics, but they are present naturally in low 
concentrations. As a result, gadolinium has a very fast burnout rate and has limited use as a nuclear control rod material. It has been used in making 
gadolinium yttrium garnets, which have microwave applications. Compounds of gadolinium are used in making phosphors for color TV tubes. The 
metal has unusual superconductive properties. As little as 1% gadolinium has been found to improve the workability and resistance of iron, chromium, 
and related alloys to high temperatures and oxidation. Gadolinium ethyl sulfate has extremely low noise characteristics and may find use in duplicating 
the performance of amplifiers, such as the maser. The metal is ferromagnetic. Gadolinium is unique for its high magnetic moment and for its special 
Curie temperature (above which ferromagnetism vanishes) lying just at room temperature. This suggests uses as a magnetic component that senses 
hot and cold. The price of the metal is about $5/g (99.996 purity). 

Gallium — (L. Gallia, France; also from Latin, gallus, a translation of Lecoq, a cock), Ga; at. wt. 69.723(1); at. по. 31; m.p. 29.76°С; b.p. 2204?C; 
sp. gr. 5.904 (29.6°C) solid; sp. gr. 6.095 (29.6°C) liquid; valence 2 or 3. Predicted and described by Mendeleev as ekaaluminum, and discovered 
spectroscopically by Lecoq de Boisbaudran in 1875, who in the same year obtained the free metal by electrolysis of a solution of the hydroxide in KOH. 
Gallium is often found as a trace element in diaspore, sphalerite, germanite, bauxite, and coal. Some flue dusts from burning coal have been shown 
to contain as much as 1.5% gallium. It is the only metal, except for mercury, cesium, and rubidium, which can be liquid near room temperatures; this 
makes possible its use in high-temperature thermometers. It has one of the longest liquid ranges of any metal and has a low vapor pressure even at high 
temperatures. There is a strong tendency for gallium to supercool below its freezing point. Therefore, seeding may be necessary to initiate solidification. 
Ultra-pure gallium has a beautiful, silvery appearance, and the solid metal exhibits a conchoidal fracture similar to glass. The metal expands 3.196 on 
solidifying; therefore, it should not be stored in glass or metal containers, as they may break as the metal solidifies. Gallium wets glass or porcelain, 
and forms a brilliant mirror when it is painted on glass. It is widely used in doping semiconductors and producing solid-state devices such as transistors. 
High-purity gallium is attacked only slowly by mineral acids. Magnesium gallate containing divalent impurities such as Mn*? is finding use in 
commercial ultraviolet activated powder phosphors. Gallium nitride has been used to produce blue light-emitting diodes. Blue LED's used in compact 
disc applications can be used to store a 2-hr movie, for example, on one 5-in. diameter disc. Extensive use of gallium has found recent application in 
the Gallex Detector Experiment located in the Gran Sasso Underground Laboratory in Italy. This underground facility has been built by the Italian 
Istituto Nazionale di Fisica Nucleare in the middle of a highway tunnel through the Abruzzese mountains, about 150 km east of Rome. The experiment 
is shielded by а 3300-m water-equivalent of rock. In this experiment, 30.3 tons of gallium in the form of 110 tons of GaCl,-HCI solution are being 
used to detect solar neutrinos. The production of 7!Ge from gallium is being measured.Gallium arsenide is capable of converting electricity directly 
into coherent light. Gallium readily alloys with most metals, and has been used as a component in low-melting alloys. Its toxicity appears to be of a 
low order, but should be handled with care until more data are forthcoming. Natural gallium contains two stable isotopes. Twenty-six other isotopes, 
one of which is an isomer, are known. The metal can be supplied in ultrapure form (99.99999+%). The cost is about $5/g (99.9999). 

Germanium — (L. Germania, Germany), Ge; at. wt. 72.6 (2); at. no. 32; m.p. 938.25°C; b.p. 2833°C; sp. gr. 5.323 (25°C); valence 2 and 4. 
Predicted by Mendeleev in 1871 as ekasilicon, and discovered by Winkler in 1886. The metal is found in argyrodite, a sulfide of germanium and silver; 
in germanite, which contains 896 of the element; in zinc ores; in coal; and in other minerals. The element is frequently obtained commercially from 
flue dusts of smelters processing zinc ores, and has been recovered from the by-products of combustion of certain coals. Its presence in coal insures 
a large reserve of the element in the years to come. Germanium can be separated from other metals by fractional distillation of its volatile tetrachloride. 
The tetrachloride may then be hydrolyzed to give GeO;; the dioxide can be reduced with hydrogen to give the metal. Recently developed zone-refining 
techniques permit the production of germanium of ultra-high purity. The elementis a gray-white metalloid, and in its pure state is crystalline and brittle, 
retaining its luster in air at room temperature. It is a very important semiconductor material. Zone-refining techniques have led to production of 
crystalline germanium for semiconductor use with an impurity of only one part in 1019, Doped with arsenic, gallium, or other elements, it is used as 
a transistor element in thousands of electronic applications. Its application in fiber optics and infra-red optical systems now provides the largest use 
for germanium. Germanium is also finding many other applications including use as an alloying agent, as a phosphor in fluorescent lamps, and as a 
catalyst. Germanium and germanium oxide are transparent to the infrared and are used in infrared spectroscopes and other optical equipment, including 
extremely sensitive infrared detectors. Germanium oxide's high index of refraction and dispersion has made it useful as a component of glasses used 
in wide-angle camera lenses and microscope objectives. The field of organogermanium chemistry is becoming increasingly important. Certain 
germanium compounds have a low mammalian toxicity, but a marked activity against certain bacteria, which makes them of interest as 
chemotherapeutic agents. The cost of germanium is about $10/g (99.999956 purity). Thirty isotopes and isomers are known, five of which occur 
naturally. 

Gold — (Sanskrit Jval; Anglo-Saxon gold), Au (L. aurum, gold); at. wt. 196.96654(3); at. по. 79; m.p. 1064.18°С; b.p. 2856°C; sp. gr. -19.3 
(20°С); valence 1 or 3. Known and highly valued from earliest times, gold is found in nature as the free metal and in tellurides; it is very widely 
distributed and is almost always associated with quartz or pyrite. It occurs in veins and alluvial deposits, and is often separated from rocks and other 
minerals by sluicing and panning operations. About 25% of the world's gold output comes from South Africa, and about two thirds of the total U.S. 
production now comes from South Dakota and Nevada. The metal is recovered from its ores by cyaniding, amalgamating, and smelting processes. 
Refining is also frequently done by electrolysis. Gold occurs in sea water to the extent of 0.1 to 2 mg/ton, depending on the location where the sample 
is taken. As yet, no method has been found for recovering gold from sea water profitably. It is estimated that all the gold in the world, so far refined, 
could be placed in a single cube 60 ft on a side. Of all the elements, gold in its pure state is undoubtedly the most beautiful. It is metallic, having a yellow 
color when in a mass, but when finely divided it may be black, ruby, or purple. The Purple of Cassius is a delicate test for auric gold. It is the most 
malleable and ductile metal; 1 oz. of gold can be beaten out to 300 ft?. It is a soft metal and is usually alloyed to give it more strength. Itis a good conductor 
of heat and electricity, and is unaffected by air and most reagents. It is used in coinage and is a standard for monetary systems in many countries. It 
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is also extensively used for jewelry, decoration, dental work, and for plating. It is used for coating certain space satellites, as it is a good reflector of 
infrared and is inert. Gold, like other precious metals, is measured in troy weight; when alloyed with other metals, the term carat is used to express 
the amount of gold present, 24 carats being pure gold. For many years the value of gold was set by the U.S. at $20.67/troy ounce; in 1934 this value 
was fixed by law at $35.00/troy ounce, 9/10th fine. On March 17, 1968, because of a gold crisis, a two-tiered pricing system was established whereby 
gold was still used to settle international accounts at the old $35.00/troy ounce price while the price of gold on the private market would be allowed 
to fluctuate. Since this time, the price of gold on the free market has fluctuated widely. The price of gold on the free market reached a price of $620/ 
troy oz. іп January 1980. More recently, the U.K. and other nations, including the I.M.F. have sold or threatened to sell a sizeable portion of their gold 
reserves. This has caused wide fluctuations in the price of gold. Because this has damaged the economy of some countries, a moratorium for a few 
years has been declared. This has tended to stabilize temporarily the price of gold. Тһе most common gold compounds аге auric chloride (AuCl3) and 
chlorauric acid (HAuCl,), the latter being used in photography for toning the silver image. Gold has forty-eight recognized isotopes and isomers; !°8Au, 
with a half-life of 2.7 days, is used for treating cancer and other diseases. Disodium aurothiomalate is administered intramuscularly as a treatment for 
arthritis. A mixture of one part nitric acid with three of hydrochloric acid is called aqua regia (because it dissolved gold, the King of Metals). Gold 
is available commercially with a purity of 99.999+%. For many years the temperature assigned to the freezing point of gold has been 1063.0°C; this 
has served as a calibration point for the International Temperature Scales (ITS-27 and ITS-48) and the International Practical Temperature Scale (IPTS- 
48). In 1968, a new International Practical Temperature Scale (IPTS-68) was adopted, which demanded that the freezing point of gold be changed to 
1064.43°C. In 1990 a new International Temperature Scale (ITS-90) was adopted bringing the t.p. (triple point) of HO (ор (°С)) to 0.01°C and the 
freezing point of gold to 1064.18°C.The specific gravity of gold has been found to vary considerably depending on temperature, how the metal is 
precipitated, and cold-worked. As of December 2001, gold was priced at about $275/troy oz. ($8.50/g). 

Hafnium — (Hafnia, Latin name for Copenhagen), Hf; at. wt. 178.49(2); at. no. 72; m.p. 2233?C; b.p. 4603?C; sp. gr. 13.31 (20?C); valence 4. 
Hafnium was thought to be present in various minerals and concentrations many years prior to its discovery, in 1923, credited to D. Coster and G. von 
Hevesey. Onthe basis ofthe Bohrtheory, the new element was expected to be associated with zirconium. It was finally identified in zircon from Norway, 
by means of X-ray spectroscopic analysis. It was named in honor of the city in which the discovery was made. Most zirconium minerals contain 1 to 
5% hafnium. It was originally separated from zirconium by repeated recrystallization of the double ammonium or potassium fluorides by von Hevesey 
and Jantzen. Metallic hafnium was first prepared by van Arkel and deBoer by passing the vapor of the tetraiodide over a heated tungsten filament. 
Almost all hafnium metal now produced is made by reducing the tetrachloride with magnesium or with sodium (Kroll Process). Hafnium is a ductile 
metal with a brilliant silver luster. Its properties are considerably influenced by the impurities of zirconium present. Of all the elements, zirconium 
and hafnium are two of the most difficult to separate. Their chemistry is almost identical, however, the density of zirconium is about half that of hafnium. 
Very pure hafnium has been produced, with zirconium being the major impurity. Natural hafnium contains six isotopes, one of which is slightly 
radioactive. Hafnium has a total of 41 recognized isotopes and isomers. Because hafnium has a good absorption cross section for thermal neutrons 
(almost 600 times that of zirconium), has excellent mechanical properties, and is extremely corrosion resistant, it is used for reactor control rods. Such 
rods are used in nuclear submarines. Hafnium has been successfully alloyed with iron, titanium, niobium, tantalum, and other metals. Hafnium carbide 
is the most refractory binary composition known, and the nitride is the most refractory of all known metal nitrides (m.p. 3310°С). Hafnium is used 
in gas-filled and incandescent lamps, and is an efficient “getter” for scavenging oxygen and nitrogen. Finely divided hafnium is pyrophoric and сап 
ignite spontaneously in air. Care should be taken when machining the metal or when handling hot sponge hafnium. At 700°C hafnium rapidly absorbs 
hydrogen to form the composition HfH, gs. Hafnium is resistant to concentrated alkalis, but at elevated temperatures reacts with oxygen, nitrogen, 
carbon, boron, sulfur, and silicon. Halogens react directly to form tetrahalides. The price of the metal is about $2/g. The yearly demand for hafnium 
in the U.S. is now in excess of 50,000 kg. 

Hahnium — A name previously used for Element 105, now named dubnium. 

Hassium — (named for the German state, Hesse) Hs, at.wt. [265]; at.no. 108. This element was first synthesized and identified in 1964 by the same 
G.S.I. Darmstadt Group who first identified Bohrium and Meitnerium. Presumably this element has chemical properties similar to osmium. Isotope 
265108 was produced using a beam of *8Fe projectiles, produced by the Universal Linear Accelerator (UNILAC) to bombard a 208РЬ target. Discovery 
of Bohrium and Meitnerium was made using detection of isotopes with odd proton and neutron numbers. Elements having even atomic numbers have 
been thought to be less stable against spontaneous fusion than odd elements. The production of 265108 in the same reaction as was used at G.S.I. was 
confirmed at Dubna with detection of the seventh member of the decay chain 253Es. Isotopes of Hassium are believed to decay by spontaneous fission, 
explaining why 109 was produced before 108. Isotope 295108 and 266108 are thought to decay to 261106, which in turn decay to 257104 апа 253102. The 
IUPAC adopted the name Hassium after the German state of Hesse in September 1997. In June 2001 it was announced that hassium is now the heaviest 
element to have its chemical properties analyzed. A research team at the UNILAC heavy-ion accelerator in Darmstadt, Germany built an instrument 
to detect and analyze hassium. Atoms of curium-248 were collided with atoms of magnesium-26, producing about 6 atoms of hassium with a half- 
life of9 sec. This was sufficiently long to obtain data showing that hassium atoms react with oxygen to form hassium oxide molecules. These condensed 
atatemperature consistent with the behavior of Group 8 elements. This experiment appears to confirm hassium's location under osmium in the periodic 
table. 

Helium — (Gr. helios, the sun), He; at. wt. 4.002602(2); at. no. 2; m.p. below — 272.2°C (26 atm); b.p. — 268.93°C; 1, -267.96°C; density 0.1785 
g/l (0°C, 1 atm); liquid density 7.62 Ib/f? at. b.p.; valence usually 0. Evidence of the existence of helium was first obtained by Janssen during the solar 
eclipse of 1868 when he detected a new line in the solar spectrum; Lockyer and Frankland suggested the name Aelium for the new element; in 1895, 
Ramsay discovered helium in the uranium mineral clevite, and it was independently discovered in cleveite by the Swedish chemists Cleve and Langlet 
about the same time. Rutherford and Royds in 1907 demonstrated that о particles are helium nuclei. Except for hydrogen, helium is the most abundant 
element found throughout the universe. Helium is extracted from natural gas; all natural gas contains at least trace quantities of helium. It has been 
detected spectroscopically in great abundance, especially in the hotter stars, and it is an important component in both the proton-proton reaction and 
the carbon cycle, which account for the energy of the sun and stars. The fusion of hydrogen into helium provides the energy of the hydrogen bomb. 
The helium content of the atmosphere is about 1 part in 200,000. It is present in various radioactive minerals as a decay product. Much of the world's 
supply of helium is obtained from wells in Texas, Colorado, and Kansas. The only other known helium extraction plants, outside the United States, 
in 1999 were inPoland, Russia, China, Algeria, and India. The cost of helium has fallen from $2500/ft in 1915 to about 2.5¢/cu.ft. (.028 cu meters) 
in 1999, Helium has the lowest melting point of any element and has found wide use іп cryogenic research, as its boiling point is close to absolute zero. 
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Its use in the study of superconductivity is vital. Using liquid helium, Kurti and co-workers, and others, have succeeded in obtaining temperatures of 
a few microkelvins by the adiabatic demagnetization of copper nuclei, starting from about 0.01 K. Liquid helium (He^) exists in two forms: He^I and 
Не, with a sharp transition point at 2.174 К (3.83 cm Hg). Неї (above this temperature) is a normal liquid, but He^II (below it) is unlike any other 
known substance. It expands on cooling; its conductivity for heat is enormous; and neither its heat conduction nor viscosity obeys normal rules. It has 
other peculiar properties. Helium is the only liquid that cannot be solidified by lowering the temperature. It remains liquid down to absolute zero at 
ordinary pressures, but it can readily be solidified by increasing the pressure. Solid? He and “He are unusual in that both can readily be changed in volume 
by more than 30% by application of pressure. The specific heat of helium gas is unusually high. The density of helium vapor at the normal boiling 
point is also very high, with the vapor expanding greatly when heated to room temperature. Containers filled with helium gas at 5 to 10 K should be 
treated as though they contained liquid helium due to the large increase in pressure resulting from warming the gas to room temperature. While helium 
normally has a 0 valence, it seems to have a weak tendency to combine with certain other elements. Means of preparing helium diflouride have been 
studied, and species such as HeNe and the molecular ions He* and He** have been investigated. Helium is widely used as an inert gas shield for arc 
welding; as a protective gas in growing silicon and germanium crystals, and in titanium and zirconium production; as a cooling medium for nuclear 
reactors, and as a gas for supersonic wind tunnels. A mixture of helium and oxygen is used as an artificial atmosphere for divers and others working 
under pressure. Different ratios of He/O, are used for different depths at which the diver is operating. Helium is extensively used for filling balloons 
as it is a much safer gas than hydrogen. One of the recent largest uses for helium has been for pressuring liquid fuel rockets. A Saturn booster such 
as used on the Apollo lunar missions required about 13 million ft}of helium for a firing, plus more for checkouts. Liquid helium's use in magnetic 
resonance imaging (MRI) continues to increase as the medical profession accepts and develops new uses for the equipment. This equipmentis providing 
accurate diagnoses of problems where exploratory surgery has previously been required to determine problems. Another medical application that is 
being developed uses MRI to determine by blood analysis whether a patient has any form of cancer. Lifting gas applications are increasing. Various 
companies in addition to Goodyear, are now using “blimps” for advertising. The Navy and the Air Force are investigating the use of airships to provide 
early warning systems to detect low-flying cruise missiles. The Drug Enforcement Agency has used radar-equipped blimps to detect drug smugglers 
along the southern border of the U.S. In addition, NASA is currently using helium-filled balloons to sample the atmosphere in Antarctica to determine 
what is depleting the ozone layer that protects Earth from harmful U.V. radiation. Research on and development of materials which become 
superconductive at temperatures well above the boiling point of helium could have a major impact on the demand for helium. Less costly refrigerants 
having boiling points considerably higher could replace the present need to cool such superconductive materials to the boiling point of helium. Natural 
helium contains two stable isotopes ?He and ^He. ?He is present in very small quantities. Six other isotopes of helium are now recognized. 
Holmium — (L. Holmia , for Stockholm), Ho; at. wt. 164.93032(2); at. по 67; m.p. 1474°C; b.p. 2700°C; sp. gr. 8.795 (25°C); valence + 3. The 
spectral absorption bands of holmium were noticed in 1878 by the Swiss chemists Delafontaine and Soret, who announced the existence of an "Element 
X". Cleve, of Sweden, later independently discovered the element while working on erbia earth. The element is named after Cleve's native city. Pure 
holmia, the yellow oxide, was prepared by Homberg in 1911. Holmium occurs in gadolinite, monazite, and in other rare-earth minerals. It is 
commercially obtained from monazite, occurring in that mineral to the extent of about 0.0546. It has been isolated by the reduction of its anhydrous 
chloride or fluoride with calcium metal. Pure holmium has a metallic to bright silver luster. It is relatively soft and malleable, and is stable in dry air 
atroom temperature, but rapidly oxidizes in moist air and at elevated temperatures. The metal has unusual magnetic properties. Few uses have yet been 
found for the element. The element, as with other rare earths, seems to have a low acute toxic rating. Natural holmium consists of one isotope !55Но, 
which is not radioactive. Holmium has 49 other isotopes known, all of which are radioactive. The price of 99.996 holmium metal is about $20/g. 
Hydrogen — (Gr. hydro, water, and genes, forming), Н; at. wt. 1.00794(7); at. no. 1; m.p. –259.34 С; b.p. -252.87°С; t, -240.18; density 0.08988 
g/l; density (liquid) 70.8 g/l (-253?C); density (solid) 70.6 g/l (-262°C); valence 1. Hydrogen was prepared many years before it was recognized as 
a distinct substance by Cavendish in 1766. It was named by Lavoisier. Hydrogen is the most abundant of all elements in the universe, and it is thought 
that the heavier elements were, and still are, being built from hydrogen and helium. It has been estimated that hydrogen makes up more than 9096 of 
all the atoms or three quarters of the mass of the universe. It is found in the sun and most stars, and plays an important part in the proton-proton reaction 
and carbon-nitrogen cycle, which accounts for the energy of the sun and stars. It is thought that hydrogen is a major component of the planet Jupiter 
and that at some depth in the planet's interior the pressure is so great that solid molecular hydrogen is converted into solid metallic hydrogen. In 1973, 
it was reported that a group of Russian experimenters may have produced metallic hydrogen at a pressure of 2.8 Mbar. At the transition the density 
changed from 1.08 to 1.3 g/cm?. Earlier, іп 1972, a Livermore (California) group also reported on a similar experiment in which they observed а 
pressure-volume point centered at 2 Mbar. It has been predicted that metallic hydrogen may be metastable; others have predicted it would be a 
superconductor at room temperature. On earth, hydrogen occurs chiefly in combination with oxygen in water, but it is also present in organic matter 
such as living plants, petroleum, coal, etc. It is present as the free element in the atmosphere, but only to the extent of less than 1 ppm by volume. It 
is the lightest of all gases, and combines with other elements, sometimes explosively, to form compounds. Great quantities of hydrogen are required 
commercially for the fixation of nitrogen from the air in the Haber ammonia process and for the hydrogenation of fats and oils. It is also used in large 
quantities in methanol production, in hydrodealkylation, hydrocracking, and hydrodesulfurization. It is also used as a rocket fuel, for welding, for 
production of hydrochloric acid, for the reduction of metallic ores, and for filling balloons. The lifting power of 1 ft? of hydrogen gas is about 0.076 
Ib at 0°C, 760 mm pressure. Production of hydrogen in the U.S. alone now amounts to about 3 billion cubic feet per year. It is prepared by the action 
of steam on heated carbon, by decomposition of certain hydrocarbons with heat, by the electrolysis of water, ог by the displacement from acids by certain 
metals. It is also produced by the action of sodium or potassium hydroxide on aluminum. Liquid hydrogen is important in cryogenics and in the study 
of superconductivity, as its melting point is only a 20°C above absolute zero. Hydrogen consists of three isotopes, most of which is ЇН. The ordinary 
isotope of hydrogen, H, is known as protium. In 1932, Urey announced the discovery of a stable isotope, deuterium (°H or D) with an atomic weight 
of 2. Deuterium is present in natural hydrogen to the extent of 0.015%. Two years later an unstable isotope, tritium (ЗН), with an atomic weight of 3 
was discovered. Tritium has a half-life of about 12.32 years. Tritium atoms are also present in natural hydrogen but in much smaller proportion. Tritium 
is readily produced in nuclear reactors and is used in the production of the hydrogen bomb. It is also used as a radioactive agent in making luminous 
paints, and as a tracer. On August 27, 2001 Russian, French, and Japanese physicists working at the Joint Institute for Nuclear Research near Moscow 
reported they had made “super-heavy hydrogen", which had a nucleus with one proton and four neutrons. Using an accelerator, they used a beam of 
helium-6 nuclei to strike a hydrogen target, which resulted in the occasional production of a hydrogen-5 nucleus plus a helium-2 nucleus. These unstable 
particles quickly disintegrated. This resulted in two protons from the He-2, a triton, and two neutrons from the H-5 breakup. Deuterium gas is readily 
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available, without permit, at about 511. Heavy water, deuterium oxide (D5O), which is used as a moderator to slow down neutrons, is available without 
permit at a cost of 6c to $1/g, depending on quantity and purity. About 1000 tons (4,400,000 kg) of deuterium oxide (heavy water) are now in use at 
the Sudbury (Ontario) Neutrino Observatory. This observatory is taking data to provide new revolutionary insight into the properties of neutrinos and 
into the core of the sun. The heavy water is on loan from Atomic Energy of Canada, Ltd. (AECL). The observatory and detectors are located 6800 
ft (2072 m) deep in the Creighton mine ofthe International Nickel Co., near Sudbury. The heavy water is contained in an acrylic vessel, 12 min diameter. 
Neutrinosreact with the heavy waterto produce Cherenkov radiation. This lightis then detected with 9600 photomultipliertubes surrounding the vessel. 
The detector laboratory is immensely clean to reduce background radiation, which otherwise hide the very weak signals from neutrinos. Quite apart 
from isotopes, it has been shown that hydrogen gas under ordinary conditions is a mixture of two kinds of molecules, known as ortho- and para- 
hydrogen, which differ from one another by the spins of their electrons and nuclei. Normal hydrogen at room temperature contains 25% of the para 
form and 75% of the ortho form. The ortho form cannot be prepared in the pure state. Since the two forms differ in energy, the physical properties 
also differ. The melting and boiling points of parahydrogen are about 0.1°С lower than those of normal hydrogen. Consideration is being given to an 
entire economy based on solar- and nuclear-generated hydrogen. Located in remote regions, power plants would electrolyze sea water; the hydrogen 
produced would travel to distant cities by pipelines. Pollution-free hydrogen could replace natural gas, gasoline, etc., and could serve as a reducing 
agent in metallurgy, chemical processing, refining, etc. It could also be used to convert trash into methane and ethylene. Public acceptance, high capital 
investment, and the high present cost of hydrogen with respect to present fuels are but a few of the problems facing establishment of such an economy. 
Hydrogen is being investigated as a substitute for deep-sea diving applications below 300 m. Hydrogen is readily available from air product suppliers. 

Indium — (from the brilliant indigo line in its spectrum),In; at. wt. 114.818(3); at. по. 49; m.p. 156.60 С; b.p. 2072?C; sp. gr. 7.31 (20°C); valence 
1,2, or3. Discovered by Reich and Richter, who later isolated the metal. Indium is most frequently associated with zinc materials, and it is from these 
that most commercial indium is now obtained; however, it is also found in iron, lead, and copper ores. Until 1924, a gram or so constituted the world's 
supply of this element in isolated form. It is probably about as abundant as silver. About 4 million troy ounces of indium are now produced annually 
in the Free World. Canada is presently producing more than 1,000,000 troy ounces annually. The present cost of indium is about $2 to $10/g, depending 
on quantity and purity. It is available in ultrapure form. Indium is a very soft, silvery-white metal with a brilliant luster. The pure metal gives a high- 
pitched “cry” when bent. It wets glass, as does gallium. It has found application in making low-melting alloys; an alloy of 24% indium-76% gallium 
is liquid at room temperature. Indium is used in making bearing alloys, germanium transistors, rectifiers, thermistors, liquid crystal displays, high 
definition television, batteries, and photoconductors. It can be plated onto metal and evaporated onto glass, forming a mirror as good as that made with 
silver but with more resistance to atmospheric corrosion. There is evidence that indium has a low order of toxicity; however, care should be taken until 
further information is available. Seventy isotopes and isomers are now recognized (more than any other element). Natural indium contains two isotopes. 
One is stable. The other, !!*In, comprising 95.71% of natural indium is slightly radioactive with a very long half-life. 

Iodine — (Gr. iodes, violet), I; at. wt. 126.90447(3); at. no. 53; m.p. 113.7°C; b.p. 184.4?C; t, 546°C; density of the gas 11.27 g/l; sp. gr. solid 
4.93 (20°С); valence 1, 3, 5, or 7. Discovered by Courtois in 1811. Iodine, a halogen, occurs sparingly in the form of iodides in sea water from which 
itis assimilated by seaweeds, in Chilean saltpeter and nitrate-bearing earth, known as caliche in brines from old sea deposits, and in brackish waters 
from oil and salt wells. Ultrapure iodine can be obtained from the reaction of potassium iodide with copper sulfate. Several other methods of isolating 
the element are known. Iodine is a bluish-black, lustrous solid, volatilizing at ordinary temperatures into a blue-violet gas with an irritating odor; it 
forms compounds with many elements, but is less active than the other halogens, which displace it from iodides. Iodine exhibits some metallic-like 
properties. It dissolves readily in chloroform, carbon tetrachloride, or carbon disulfide to form beautiful purple solutions. It is only slightly soluble 
in water. Iodine compounds are important in organic chemistry and very useful in medicine. Forty two isotopes and isomers are recognized. Only one 
stable isotope, 1271 is found in nature. The artificial radioisotope 31, with a half-life of 8 days, has been used in treating the thyroid gland. The most 
common compounds are the iodides of sodium and potassium (КІ) and the iodates (KIO;). Lack of iodine is the cause of goiter. Iodides, and thyroxin 
which contains iodine, are used internally in medicine, and a solution of KI and iodine in alcohol is used for external wounds. Potassium iodide finds 
use in photography. The deep blue color with starch solution is characteristic of the free element. Care should be taken in handling and using iodine, 
as contact with the skin can cause lesions; iodine vapor is intensely irritating to the eyes and mucous membranes. Elemental iodine costs about 25 to 
75¢/g depending on purity and quantity. 

Iridium — (L. iris, rainbow), Ir; at. wt. 192.217(3); at. no. 77; m.p. 2446?C; b.p. 4428?C; sp. gr. 22.42 (17°C); valence 3 or 4. Discovered in 1803 
by Tennant in the residue left when crude platinum is dissolved by aqua regia. The name iridium is appropriate, for its salts are highly colored. Iridium, 
a metal of the platinum family, is white, similar to platinum, but with a slight yellowish cast. It is very hard and brittle, making it very hard to machine, 
form, or work. It is the most corrosion-resistant metal known, and was used in making the standard meter bar of Paris, which is a 9096 platinum-10% 
iridium alloy. This meter bar was replaced in 1960 as a fundamental unit of length (see under Krypton). Iridium is not attacked by any of the acids 
nor by aqua regia, but is attacked by molten salts, such as NaCl and NaCN. Iridium occurs uncombined in nature with platinum and other metals of 
this family in alluvial deposits. It is recovered as a by-product from the nickel mining industry. The largest reserves and production of the platinum 
group of metals, which includes iridium, is in South Africa, followed by Russia and Canada. The U.S. has only one active mine, located at Nye, MT. 
The presence of iridium has recently been used in examining the Cretaceous-Tertiary (K-T) boundary. Meteorites contain small amounts of iridium. 
Because iridium is found widely distributed at the К-Т boundary, it has been suggested that a large meteorite or asteroid collided with the earth, killing 
the dinosaurs, and creating a large dust cloud and crater. Searches for such a crater point to one in the Yucatan, known as Chicxulub. Iridium has found 
use in making crucibles and apparatus for use at high temperatures. It is also used for electrical contacts. Its principal use is as a hardening agent for 
platinum. With osmium, it forms an alloy which is used for tipping pens and compass bearings. The specific gravity of iridium is only very slightly 
lower than that of osmium, which has been generally credited as being the heaviest known element. Calculations of the densities of iridium and osmium 
from the space lattices gives values of 22.65 and 22.61 g/cm}, respectively. These values may be more reliable than actual physical measurements. 
At present, therefore, we know that either iridium or osmium is the densest known element, but the data do not yet allow selection between the two. 
Natural iridium contains two stable isotopes. Forty-five other isotopes, all radioactive, are now recognized. Iridium (99.996) costs about $100/g. 

Iron — (Anglo-Saxon, iron), Fe (L. ferrum); at. wt. 55.845(2); at. no. 26; m.p. 1538?C; b.p. 2861?C; sp. gr. 7.874 (20?C); valence 2, 3, 4, or 6. 
The use of iron is prehistoric. Genesis mentions that Tubal-Cain, seven generations from Adam, was “ап instructor of every artificer in brass and iron." 
A remarkable iron pillar, dating to about A.D. 400, remains standing today in Delhi, India. This solid shaft of wrought iron is about 7!/, m high by 40 
cm in diameter. Corrosion to the pillar has been minimal although it has been exposed to the weather since its erection. Iron is a relatively abundant 
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element in the universe. It is found in the sun and many types of stars in considerable quantity. Its nuclei are very stable. It has been suggested that 
the iron we have here on earth may have originated in a supernova. Iron is a very difficult element to produce in ordinary nuclear reactions, such as 
would take place in the sun. Iron is found native as a principal component of a class of iron-nickel meteorites known as siderites, and is a minor 
constituent of the other two classes of meteorites. The core of the earth, 2150 miles in radius, is thought to be largely composed of iron with about 10% 
occluded hydrogen. The metal is the fourth most abundant element, by weight, making up the crust of the earth. The most common ore is hematite 
(Ее›Оз). Magnetite (Fe3O4) is frequently seen as black sands along beaches and banks of streams. Lodestone is another form of magnetite. Taconite 
is becoming increasingly important as a commercial ore. Iron is a vital constituent of plant and animal life, and appears in hemoglobin. The pure metal 
is not often encountered in commerce, but is usually alloyed with carbon or other metals. The pure metal is very reactive chemically, and rapidly 
corrodes, especially in moist air or at elevated temperatures. It has four allotropic forms, or ferrites, known as о, В, y, and ó, with transition points at 
700, 928, and 1530°C. The o form is magnetic, but when transformed into the D form, the magnetism disappears although the lattice remains unchanged. 
The relations of these forms are peculiar. Pig iron is an alloy containing about 3% carbon with varying amounts of S, Si, Mn, and P. It is hard, brittle, 
fairly fusible, and is used to produce other alloys, including steel. Wrought iron contains only a few tenths of a percent of carbon, is tough, malleable, 
less fusible, and has usually a "fibrous" structure. Carbon steel is an alloy of iron with carbon, with small amounts of Mn, S, P, and Si. Alloy steels 
are carbon steels with other additives such as nickel, chromium, vanadium, etc. Iron is the cheapest and most abundant, useful, and important of all 
metals. Natural iron contains four isotopes and isomers. Twenty-six other isotopes and isomers, all radioactive, are now recognized. 

Krypton — (Gr. kryptos, hidden), Kr; at. wt. 83.80(1); at. no. 36; m.p. —157.36°C; b.p. 1153.22 + 0.10°C; г, -63.74°C; density 3.733 g/l (0°C); 
valence usually 0. Discovered in 1898 by Ramsay and Travers in the residue left after liquid air had nearly boiled away. Krypton is present in the air 
to the extent of about 1 ppm. The atmosphere of Mars has been found to contain 0.3 ppm of krypton. It is one of the "noble" gases. It is characterized 
by its brilliant green and orange spectral lines. Naturally occurring krypton contains six stable isotopes. Thirty other unstable isotopes and isomers 
are now recognized. The spectral lines of krypton are easily produced and some are very sharp. In 1960 it was internationally agreed that the fundamental 
unit of length, the meter, should be defined in terms of the orange-red spectral line of Kr. This replaced the standard meter of Paris, which was defined 
in terms of a bar made of a platinum-iridium alloy. In October 1983 the meter, which originally was defined as being one ten millionth of a quadrant 
of the earth's polar circumference, was again redefined by the International Bureau of Weights and Measures as being the length of path traveled by 
light in a vacuum during a time interval of 1/299,792,458 of a second. Solid krypton is a white crystalline substance with a face-centered cubic structure 
which is common to all the “rare gases". While krypton is generally thought of as a rare gas that normally does not combine with other elements to 
form compounds, it now appears that the existence of some krypton compounds is established. Krypton difluoride has been prepared in gram quantities 
and can be made by several methods. A higher fluoride of krypton and a salt of an oxyacid of krypton also have been reported. Molecule-ions of ArKr* 
апа КІН? have been identified and investigated, and evidence is provided for the formation of KrXe or KrXe*. Krypton clathrates have been prepared 
with hydroquinone and phenol. 55Қт has found recent application in chemical analysis. By imbedding the isotope in various solids, kryptonates are 
formed. The activity of these kryptonates is sensitive to chemical reactions at the surface. Estimates of the concentration of reactants are therefore made 
possible. Krypton is used in certain photographic flash lamps for high-speed photography. Uses thus far have been limited because of its high cost. 
Krypton gas presently costs about $690/100 L. 

Kurchatovium — See Rutherfordium. 

Lanthanum — (Gr. /anthanein, to lie hidden), La; at. wt. 138.9055(2); at. no. 57; m.p. 918°C; b.p. 3464°C; sp. gr. 6.145 (25°C); valence 3. 
Mosander in 1839 extracted a new earth lanthana, from impure cerium nitrate, and recognized the new element. Lanthanum is found in rare-earth 
minerals such as cerite, monazite, allanite, and bastnasite. Monazite and bastnasite are principal ores in which lanthanum occurs in percentages up 
to 25 and 38%, respectively. Misch metal, used in making lighter flints, contains about 2596 lanthanum. Lanthanum was isolated in relatively pure 
form in 1923. Ion-exchange and solvent extraction techniques have led to much easier isolation of the so-called “rare-earth” elements. The availability 
of lanthanum and other rare earths has improved greatly in recent years. The metal can be produced by reducing the anhydrous fluoride with calcium. 
Lanthanum is silvery white, malleable, ductile, and soft enough to be cut with a knife. It is one of the most reactive of the rare-earth metals. It oxidizes 
rapidly when exposed to air. Cold water attacks lanthanum slowly, and hot water attacks it much more rapidly. The metal reacts directly with elemental 
carbon, nitrogen, boron, selenium, silicon, phosphorus, sulfur, and with halogens. At 310?C, lanthanum changes from a hexagonal to a face-centered 
cubic structure, and at 865°С it again transforms into a body-centered cubic structure. Natural lanthanum is mixture of two isotopes, one of which is 
stable and one of which is radioactive with a very long half-life. Thirty other radioactive isotopes are recognized. Rare-earth compounds containing 
lanthanum are extensively used in carbon lighting applications, especially by the motion picture industry for studio lighting and projection. This 
application consumes about 25% of the rare-earth compounds produced. La;O; improves the alkali resistance of glass, and is used in making special 
optical glasses. Small amounts of lanthanum, as an additive, can be used to produce nodular cast iron. There is current interest in hydrogen sponge 
alloys containing lanthanum. These alloys take up to 400 times their own volume of hydrogen gas, and the process is reversible. Heat energy is released 
every time they do so; therefore these alloys have possibilities in energy conservation systems. Lanthanum and its compounds have a low to moderate 
acute toxicity rating; therefore, care should be taken in handling them. The metal costs about $2/g (99.9%). 

Lawrencium — (Ernest О. Lawrence [1901—1958], inventor of the cyclotron), Lr; at. по. 103; at. mass по. [262]; valence + 3(?). This member 
of the 5f transition elements (actinide series) was discovered in March 1961 by A. Ghiorso, T. Sikkeland, A. E. Larsh, and В. M. Latimer.A 3-ug 
californium target, consisting of a mixture of isotopes of mass number 249, 250, 251, and 252, was bombarded with either 108 ог ИВ. The electrically 
charged transmutation nuclei recoiled with an atmosphere of helium and were collected on a thin copper conveyor tape which was then moved to place 
collected atoms in front of a series of solid-state detectors. The isotope of element 103 produced in this way decayed by emitting an 8.6-MeV alpha 
particle with a half-life of 8 s. In 1967, Flerov and associates of the Dubna Laboratory reported their inability to detect an alpha emitter with a half- 
life of 8 s which was assigned by the Berkeley group to 257103. This assignment has been changed to 2551 г ог 2591 т. In 1965, the Dubna workers found 
alonger-lived lawrencium isotope, 2561 т, with a half-life of 35 s. In 1968, Ghiorso and associates at Berkeley were able to use a few atoms of this isotope 
to study the oxidation behavior of lawrencium. Using solvent extraction techniques and working very rapidly, they extracted lawrencium ions from 
a buffered aqueous solution into an organic solvent, completing each extraction in about 30 s. It was found that lawrencium behaves differently from 
dipositive nobelium and more like the tripositive elements earlier in the actinide series. Ten isotopes of lawrencium are now recognized. 

Lead — (Anglo-Saxon lead), Pb (L. plumbum); at. wt. 207.2(1); at. по. 82; m.p. 327.46°C; b.p. 1749°C; sp. gr. 11.35 (20°C); valence 2 or 4. Long 
known, mentioned in Exodus. The alchemists believed lead to be the oldest metal and associated it with the planet Saturn. Native lead occurs in nature, 
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but it is rare. Lead is obtained chiefly from galena (PbS) by а roasting process. Anglesite (PbSO,), cerussite (PbCO;), and minim (Pb4O,) are other 
common lead minerals. Lead is a bluish-white metal of bright luster, is very soft, highly malleable, ductile, and a poor conductor of electricity. It is 
very resistant to corrosion; lead pipes bearing the insignia of Roman emperors, used as drains from the baths, are still in service. It is used in containers 
for corrosive liquids (such as sulfuric acid) and may be toughened by the addition of a small percentage of antimony or other metals. Natural lead is 
a mixture of four stable isotopes: 204РЬ (1.4%), 206РЬ (24.1%), 207РЬ (22.1%), and ?98Pb (52.4%). Lead isotopes are the end products of each of the 
three series of naturally occurring radioactive elements: 209РЬ for the uranium series, 207РЬ for the actinium series, and 208РЬ for the thorium series. 
Forty-three other isotopes of lead, all of which are radioactive, are recognized. Its alloys include solder, type metal, and various antifriction metals. 
Great quantities of lead, both as the metal and as the dioxide, are used in storage batteries. Lead is also used for cable covering, plumbing, and 
ammunition. The metal is very effective as a sound absorber, is used as a radiation shield around X-ray equipment and nuclear reactors, and is used 
to absorb vibration. Lead, alloyed with tin, is used in making organ pipes. White lead, the basic carbonate, sublimed white lead (PbSO,), chrome yellow 
(PbCrO,), red lead (РЬ-О,), and other lead compounds are used extensively in paints, although in recent years the use of lead in paints has been 
drastically curtailed to eliminate or reduce health hazards. Lead oxide is used in producing fine “crystal glass" and “flint glass" of a high index of 
refraction for achromatic lenses. The nitrate and the acetate are soluble salts. Lead salts such as lead arsenate have been used as insecticides, but their 
use in recent years has been practically eliminated in favor of less harmful organic compounds. Care must be used in handling lead as itis a cumulative 
poison. Environmental concern with lead poisoning has resulted in a national program to eliminate the lead tetraethyl in gasoline. The U.S. 
Occupational Safety and Health Administration (OSHA) has recommended that industries limit airborne lead to 50 ugms/cu. meter. Lead is priced 
at about 90¢/kg (99.9%). 

Lithium — (Gr. lithos, stone), Li; at. wt. 6.941(2); at. no. 3; m.p. 180.5?C; b.p. 1342°C; sp. gr. 0.534 (20°C); valence 1. Discovered by Arfvedson 
in 1817. Lithium is the lightest of all metals, with a density only about half that of water. It does not occur free in nature; combined it is found in small 
amounts in nearly all igneous rocks and in the waters of many mineral springs. Lepidolite, spodumene, petalite, and amblygonite are the more important 
minerals containing it. Lithium is presently being recovered from brines of Searles Lake, in California, and from Nevada, Chile, and Argentina. Large 
deposits of spodumene are found in North Carolina. The metal is produced electrolytically from the fused chloride. Lithium is silvery in appearance, 
much like Na and K, other members of the alkali metal series. It reacts with water, but not as vigorously as sodium. Lithium imparts a beautiful crimson 
color to a flame, but when the metal burns strongly the flame is a dazzling white. Since World War II, the production of lithium metal and its compounds 
has increased greatly. Because the metal has the highest specific heat of any solid element, it has found use in heat transfer applications; however, it 
is corrosive and requires special handling. The metal has been used as an alloying agent, is of interest in synthesis of organic compounds, and has nuclear 
applications. It ranks as a leading contender as a battery anode material as it has a high electrochemical potential. Lithium is used in special glasses 
and ceramics. The glass for the 200-inch telescope at Mt. Palomar contains lithium as a minor ingredient. Lithium chloride is one of the most 
hygroscopic materials known, and it, as well as lithium bromide, is used in air conditioning and industrial drying systems. Lithium stearate is used 
as an all-purpose and high-temperature lubricant. Other lithium compounds are used in dry cells and storage batteries. Seven isotopes of lithium are 
recognized. Natural lithium contains two isotopes. The metal is priced at about $1.50/g (99.996). 

Lutetium — (Lutetia, ancient name for Paris, sometimes called cassiopeium by the Germans), Lu; at. wt. 174.967(1); at. no. 71; m.p. 1663?C; 
b.p. 3402°C; sp. gr. 9.841 (25°C); valence 3. In 1907, Urbain described a process by which Marignac's ytterbium (1879) could be separated into the 
two elements, ytterbium (neoytterbium)and lutetium. These elements were identical with *aldebaranium" and “cassiopeium,” independently 
discovered by von Welsbach about the same time. Charles James of the University of New Hampshire also independently prepared the very pure oxide, 
lutecia, at this time. The spelling of the element was changed from lutecium to lutetium in 1949. Lutetium occurs in very small amounts in nearly all 
minerals containing yttrium, and is present in monazite to the extent of about 0.003%, which is a commercial source. The pure metal has been isolated 
only in recent years and is one of the most difficult to prepare. It can be prepared by the reduction of anhydrous LuCl, or LuF; by an alkali or alkaline 
earth metal. The metal is silvery white and relatively stable in air. While new techniques, including ion-exchange reactions, have been developed to 
separate the various rare-earth elements, lutetium is still the most costly of all rare earths. It is priced at about $100/g (99.9%). 1791 л occurs naturally 
(97.41%) with !75Lu (2.59%), which is radioactive with a very long half-life. It is radioactive with a half-life of about 4 x 1010 years. Lutetium has 50 
isotopes and isomers that are now recognized. Stable lutetium nuclides, which emit pure beta radiation after thermal neutron activation, can be used 
as catalysts in cracking, alkylation, hydrogenation, and polymerization. Virtually no other commercial uses have been found yet for lutetium. While 
lutetium, like other rare-earth metals, is thought to have a low toxicity rating, it should be handled with care until more information is available. 

Magnesium — (Magnesia, district in Thessaly) Mg; at. wt. 24.3050(6); at. no. 12; m.p. 650°C; b.p. 1090°C; sp. gr. 1.738 (20°C); valence 2. 
Compounds of magnesium have long been known. Black recognized magnesium as an element in 1755. It was isolated by Davy in 1808, and prepared 
in coherent form by Bussy in 1831. Magnesium is the eighth most abundant element in the earth's crust. It does not occur uncombined, but is found 
in large deposits in the form of magnesite, dolomite, and other minerals. The metal is now principally obtained in the U.S. by electrolysis of fused 
magnesium chloride derived from brines, wells, and sea water. Magnesium is a light, silvery-white, and fairly tough metal. It tarnishes slightly in air, 
and finely divided magnesium readily ignites upon heating in air and burns with a dazzling white flame. It is used in flashlight photography, flares, 
and pyrotechnics, including incendiary bombs. It is one third lighter than aluminium, and in alloys is essential for airplane and missile contruction. 
The metal improves the mechanical, fabrication, and welding characteristics of aluminum when used as an alloying agent. Magnesium is used in 
producing nodular graphite in cast iron,and is used as an additive to conventional propellants. It is also used as a reducing agent in the production of 
pure uranium and other metals from their salts. The hydroxide (milk of magnesia), chloride, sulfate (Epsom salts), and citrate are used in medicine. 
Dead-burned magnesite is employed for refractory purposes such as brick and liners in furnaces and converters. Calcined magnesia is also used for 
water treatment and in the manufacture of rubber, paper, etc. Organic magnesium compounds (Grignard's reagents) are important. Magnesium is an 
important element in both plant and animal life. Chlorophylls are magnesium-centered porphyrins. The adult daily requirement of magnesium is about 
300 mg/day, but this is affected by various factors. Great care should be taken in handling magnesium metal, especially in the finely divided state, as 
serious fires can occur. Water should not be used on burning magnesium or on magnesium fires. Natural magnesium contains three isotopes. Twelve 
other isotopes are recognized. Magnesium metal costs about $100/kg (99.896). 

Manganese — (L. magnes, magnet, from magnetic properties of pyrolusite; It. manganese, corrupt form of magnesia), Mn; at. wt. 54.938049(9); 
at. no. 25; m.p. 1246?C; b.p. 2061?C; sp. gr. 7.21 to 7.44, depending on allotropic form; valence 1, 2, 3, 4, 6, or 7. Recognized by Scheele, Bergman, 
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and others as an element and isolated by Gahn in 1774 by reduction of the dioxide with carbon. Manganese minerals are widely distributed; oxides, 
silicates, and carbonates are the most common. The discovery of large quantities of manganese nodules on the floor of the oceans holds promise as 
a source of manganese. These nodules contain about 24% manganese together with many other elements in lesser abundance. Most manganese today 
is obtained from ores found in the Ukraine, Brazil, Australia, Republic of So. Africa, Gabon, China, and India. Pyrolusite (МпО,) and rhodochrosite 
(МаСО;) are among the most common manganese minerals. The metal is obtained by reduction of the oxide with sodium, magnesium, aluminum, 
or by electrolysis. It is gray-white, resembling iron, but is harder and very brittle. The metal is reactive chemically, and decomposes cold water slowly. 
Manganese is used to form many important alloys. In steel, manganese improves the rolling and forging qualities, strength, toughness, stiffness, wear 
resistance, hardness, and hardenability. With aluminum and antimony, especially with small amounts of copper, it forms highly ferromagnetic alloys. 
Manganese metal is ferromagnetic only after special treatment. The pure metal exists in four allotropic forms. The alpha form is stable at ordinary 
temperature; gamma manganese, which changes to alpha at ordinary temperatures, is said to be flexible, soft, easily cut, and capable of being bent. 
The dioxide (pyrolusite) is used as a depolarizer in dry cells, and is used to “decolorize” glass that is colored green by impurities of iron. Manganese 
by itself colors glass an amethyst color, and is responsible for the color of true amethyst. The dioxide is also used in the preparation of oxygen and 
chlorine, and in drying black paints. The permanganate is a powerful oxidizing agent and is used in quantitative analysis and in medicine. Manganese 
is widely distributed throughout the animal kingdom. It is an important trace element and may be essential for utilization of vitamin B,. Twenty-seven 
isotopes and isomers are known. Manganese metal (99.95%) is priced at about $800/kg. Metal of 99.6% purity is priced at about $80/kg. 
Meitnerium — (named for Lise Meitner [1878—1968], Austrian-Swedish physicist and mathematician), Mt; at. wt [266]; at. no. 109. On August 
29, 1992, Element 109 was made and identified by physicists at the Heavy Ion Research Laboratory (С.5.1.), Darmstadt, Germany, by bombarding 
a target of 209Bi with accelerated nuclei of 5šFe. The production of Element 109 has been extremely small. It took a week of target bombardment (10!! 
nuclear encounters) to produce a single atom of 109. Oganessian and his team at Dubna in 1994 repeated the Darmstadt experiment using a tenfold 
irradiation dose. One fission event from seven alpha decays of 109 was observed, thus indirectly confirming the existence of isotope 266109. In August 
1997, the IUPAC adopted the name meitnerium for this element, honoring L. Meitner. Four isotopes of meitnerium are now recognized. 
Mendelevium — (Dmitri Mendeleev [1834—1907]), Md; at. wt. (258); at. no. 101; m.p. 827?C; valence +2, +3. Mendelevium, the ninth 
transuranium element of the actinide series to be discovered, was first identified by Ghiorso, Harvey, Choppin, Thompson, and Seaborg early in 1955 
as a result of the bombardment of the isotope 253Es with helium ions іп the Berkeley 60-inch cyclotron. The isotope produced was 256Md, which has 
a half-life of 78 min. This first identification was notable in that 256Ма was synthesized on a one-atom-at-a-time basis. Nineteen isotopes and isomers 
are now recognized. ?55Md has a half-life of 51.5 days. This isotope has been produced by the bombardment of an isotope of einsteinium with ions 
of helium. It now appears possible that eventually enough ?55Md can be made so that some of its physical properties can be determined. 256Md has 
been used to elucidate some of the chemical properties of mendelevium in aqueous solution. Experiments seem to show that the element possesses 
a moderately stable dipositive (II) oxidation state in addition to the tripositive (III) oxidation state, which is characteristic of actinide elements. 
Mercury — (Planet Mercury), Hg (hydrargyrum, liquid silver); at. wt. 200.59(2); at. no. 80; t.p. -38.83?C; b.p. 356.73?C; t, 1447°C; sp. gr. 13.546 
(20°С); valence 1 or 2. Known to ancient Chinese and Hindus; found in Egyptian tombs of 1500 B.C. Mercury is the only common metal liquid at 
ordinary temperatures. It only rarely occurs free in nature. The chief ore is cinnabar (HgS). Spain and China produce about 7596 of the world's supply 
of the metal. The commercial unit for handling mercury is the "flask," which weighs 76 15 (34.46 kg). The metal is obtained by heating cinnabar in 
a current of air and by condensing the vapor. It is a heavy, silvery-white metal; a rather poor conductor of heat, as compared with other metals, and 
a fair conductor of electricity. It easily forms alloys with many metals, such as gold, silver, and tin, which are called amalgams. Its ease in amalgamating 
with gold is made use of in the recovery of gold from its ores. The metal is widely used in laboratory work for making thermometers, barometers, 
diffusion pumps, and many other instruments. It is used in making mercury-vapor lamps and advertising signs, etc. and is used in mercury switches 
and other electrical apparatus. Other uses are in making pesticides, mercury cells for caustic soda and chlorine production, dental preparations, 
antifouling paint, batteries, and catalysts. The most important salts are mercuric chloride HgCl, (corrosive sublimate — a violent poison), mercurous 
chloride Hg,Cl,(calomel, occasionally still used in medicine), mercury fulminate (Hg(ONC),), a detonator widely used in explosives, and mercuric 
sulfide (HgS, vermillion, a high-grade paint pigment). Organic mercury compounds are important. It has been found that an electrical discharge causes 
mercury vapor to combine with neon, argon, krypton, and xenon. These products, held together with van der Waals’ forces, correspond to HgNe, HgAr, 
HgKr, and HgXe. Mercury is a virulent poison and is readily absorbed through the respiratory tract, the gastrointestinal tract, or through unbroken skin. 
It acts as a cumulative poison and dangerous levels are readily attained in air. Air saturated with mercury vapor at 20?C contains a concentration that 
exceeds the toxic limit many times. The danger increases at higher temperatures. It is therefore important that mercury be handled with care. Containers 
of mercury should be securely covered and spillage should be avoided. If it is necessary to heat mercury or mercury compounds, it should be done 
in a well-ventilated hood. Methyl mercury is a dangerous pollutant and is now widely found in water and streams. The triple point of mercury, — 
38.8344°C, is a fixed point on the International Temperature Scale (ITS-90). Mercury (99.98%) is priced at about $110/kg. Native mercury contains 
seven isotopes. Thirty-six other isotopes and isomers are known. 
Molybdenum — (Gr. molybdos, lead), Mo; at. wt. 95.94(1); at. no. 42; m.p. 2623?C; b.p. 4639?C; sp. gr. 10.22 (209С); valence 2, 3, 42, 52, or 
6. Before Scheele recognized molybdenite as a distinct ore of a new elementin 1778, it was confused with graphite and lead ore. The metal was prepared 
in an impure form in 1782 by Hjelm. Molybdenum does not occur native, but is obtained principally from molybdenite (MoS;). Wulfenite (РЬМоО,) 
and powellite (Ca(MoW)O,) are also minor commercial ores. Molybdenum is also recovered as a by-product of copper and tungsten mining operations. 
The U.S., Canada, Chile, and China produce most of the world's molybdenum ores. The metal is prepared from the powder made by the hydrogen 
reduction of purified molybdic trioxide or ammonium molybdate. The metal is silvery white, very hard, but is softer and more ductile than tungsten. 
It has a high elastic modulus, and only tungsten and tantalum, of the more readily available metals, have higher melting points. It is a valuable alloying 
agent, as it contributes to the hardenability and toughness of quenched and tempered steels. It also improves the strength of steel at high temperatures. 
Itis used in certain nickel-based alloys, such as the “Hastelloys®” which are heat-resistant and corrosion-resistant to chemical solutions. Molybdenum 
oxidizes at elevated temperatures. The metal has found recent application as electrodes for electrically heated glass furnaces and forehearths. The metal 
is also used in nuclear energy applications and for missile and aircraft parts. Molybdenum is valuable as a catalyst in the refining of petroleum. It has 
found application as a filament material in electronic and electrical applications. Molybdenum is an essential trace element in plant nutrition. Some 
lands are barren for lack of this element in the soil. Molybdenum sulfide is useful as a lubricant, especially at high temperatures where oils would 
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decompose. Almost all ultra-high strength steels with minimum yield points up to 300,000 psi(Ib/in.?) contain molybdenum in amounts from 0.25 to 
896. Natural molybdenum contains seven isotopes. Thirty other isotopes and isomers are known, all of which are radioactive. Molybdenum metal costs 
about $1/g (99.999956 purity). Molybdenum metal (99.9%) costs about $160/kg. 

Neodymium — (Gr. neos, new, and didymos, twin), Nd; at. wt. 144.24(3); at. no. 60; m.p. 1021?C; b.p. 3074?C; sp. gr. 7.008 (25?C); valence 3. 
In 1841, Mosander, extracted from cerite a new rose-colored oxide, which he believed contained a new element. He named the element didymium, 
as it was an inseparable twin brother of lanthanum. In 1885 von Welsbach separated didymium into two new elemental components, neodymia and 
praseodymia, by repeated fractionation of ammonium didymium nitrate. While the free metal is in misch metal, long known апа used as a pyrophoric 
alloy for light flints, the element was not isolated in relatively pure form until 1925. Neodymium is present in misch metal to the extent of about 18%. 
It is present in the minerals monazite and bastnasite, which are principal sources of rare-earth metals. The element may be obtained by separating 
neodymium salts from other rare earths by ion-exchange or solvent extraction techniques, and by reducing anhydrous halides such as NdF; with calcium 
metal. Other separation techniques are possible. The metal has a bright silvery metallic luster. Neodymium is one of the more reactive rare-earth metals 
and quickly tarnishes in air, forming an oxide that spalls off and exposes metal to oxidation. The metal, therefore, should be kept under light mineral 
oil or sealed in a plastic material. Neodymium exists in two allotropic forms, with a transformation from a double hexagonal to a body-centered cubic 
structure taking place at 863°C. Natural neodymium is a mixture of seven isotopes, one of which has a very long half-life. Twenty seven other 
radioactive isotopes and isomers are recognized. Didymium, of which neodymium is a component, is used for coloring glass to make welder’s goggles. 
By itself, neodymium colors glass delicate shades ranging from pure violet through wine-red and warm gray. Light transmitted through such glass 
shows unusually sharp absorption bands. The glass has been used in astronomical work to produce sharp bands by which spectral lines may be 
calibrated. Glass containing neodymium can be used as a laser material to produce coherent light. Neodymium salts are also used as a colorant for 
enamels. The element is also being used with iron and boron to produce extremely strong magnets having energy densities as high as 27 to 35 million 
gauss oersteds. These are the most compact magnets commercially available. The price of the metal is about $4/g. Neodymium has a low-to-moderate 
acute toxic rating. As with other rare earths, neodymium should be handled with care. 

Neon — (Gr. neos, new), Ne; at. wt. 20.1797(6); at. no. 10; t.p. -248.59°C; b.p. -246.08°С; t, -228.7°C (1 atm); density of gas 0.89990 g/l (1 atm, 
09С); density of liquid at b.p. 1.207 g/cm?; valence 0. Discovered by Ramsay and Travers іп 1898. Neon is a rare gaseous element present in the 
atmosphere to the extent of 1 part in 65,000 of air. It is obtained by liquefaction of air and separated from the other gases by fractional distillation. Natural 
neon is a mixture of three isotopes. Fourteen other unstable isotopes are known. It is very inert element; however, it is said to form a compound with 
fluorine. It is still questionable if true compounds of neon exist, but evidence is mounting in favor of their existence. The following ions are known 
from optical and mass spectrometric studies: Ne*, (NeAr)*, (NeH)*, and (HeNe*). Neon also forms an unstable hydrate. In a vacuum discharge tube, 
neon glows reddish orange. Of all the rare gases, the discharge of neon is the most intense at ordinary voltages and currents. Neon is used in making 
the common neon advertising signs, which accounts for its largest use. It is also used to make high-voltage indicators, lightning arrestors, wave meter 
tubes, and TV tubes. Neon and helium are used in making gas lasers. Liquid neon is now commercially available and is finding important application 
as an economical cryogenic refrigerant. It has over 40 times more refrigerating capacity per unit volume than liquid helium and more than three times 
that of liquid hydrogen. It is compact, inert, and is less expensive than helium when it meets refrigeration requirements. Neon costs about $800/80 cu. 
ft. (2265 1). 

Neptunium — (Planet Neptune), Np; at. wt. (237); at. по. 93; т.р. 644?C; sp. gr. 20.25 (20°C); valence 3, 4, 5, and 6. Neptunium was the first 
synthetic transuranium element of the actinide series discovered; the isotope ??Np was produced by McMillan and Abelson in 1940 at Berkeley, 
California, as the result of bombarding uranium with cyclotron-produced neutrons. The isotope ??7Np (half-life of 2.14 x 109 years) is currently obtained 
in gram quantities as a by-product from nuclear reactors in the production of plutonium. Twenty-three isotopes and isomers of neptunium are now 
recognized. Trace quantities of the element are actually found in nature due to transmutation reactions in uranium ores produced by the neutrons which 
are present. Neptunium is prepared by the reduction of NpF; with barium or lithium vapor at about 1200?C. Neptunium metal has a silvery appearance, 
is chemically reactive, and exists in at least three structural modifications: o-neptunium, orthorhombic, density 20.25 g/cm?, B-neptunium (above 
280°C), tetragonal, density (313°C) 19.36 g/cm?; y-neptunium (above 577°C), cubic, density (600°C) 18.0 g/cm?. Neptunium has four ionic oxidation 
states in solution: Np*3 (pale purple), analogous to the rare earth ion Pm*3, Np*^ (yellow green); NpO* (green blue); and NpO** (pale pink). These latter 
oxygenated species are in contrast to the rare earths which exhibit only simple ions of the (ID), (Ш), and (IV) oxidation states in aqueous solution. The 
element forms tri- and tetrahalides such as МрЕз, NpF4, NpCl4, NpBr3, Мрђ, and oxides of various compositions such as are found in the uranium- 
oxygen system, including №р;Оз and NpO3. 

Nickel — (Ger. Nickel, Satan or Old Nick's and from kupfernickel, Old Nick's copper), Ni; at. wt. 58.6934(2); at. no. 28; m.p. 1455°C; b.p. 2913?C; 
sp. gr. 8.902 (25°C); valence 0, 1, 2, 3. Discovered by Cronstedt in 1751 іп kupfernickel (niccolite). Nickel is found as a constituent in most meteorites 
and often serves as one of the criteria for distinguishing a meteorite from other minerals. Iron meteorites, or siderites, may contain iron alloyed with 
from 5 to nearly 20% nickel. Nickel is obtained commercially from pentlandite and pyrrhotite of the Sudbury region of Ontario, a district that produces 
much of the world's nickel. It is now thought that the Sudbury deposit is the result of an ancient meteorite impact. Large deposits of nickel, cobalt, 
and copper have recently been developed at Voisey's Bay, Laborador. Other deposits of nickel are found in Russia, New Caledonia, Australia, Cuba, 
Indonesia, and elsewhere. Nickel is silvery white and takes on a high polish. It is hard, malleable, ductile, somewhat ferromagnetic, and a fair conductor 
of heat and electricity. It belongs to the iron-cobalt group of metals and is chiefly valuable for the alloys it forms. It is extensively used for making 
stainless steel and other corrosion-resistant alloys such as Invar®, Monel®, Inconel®, and the Hastelloys®. Tubing made of a copper-nickel alloy is 
extensively used in making desalination plants for converting sea water into fresh water. Nickel is also now used extensively in coinage and in making 
nickel steel for armor plate and burglar-proof vaults, and is a component in Nichrome®, Permalloy®, and constantan. Nickel added to glass gives а 
green color. Nickel plating is often used to provide a protective coating for other metals, and finely divided nickel is a catalyst for hydrogenating 
vegetable oils. It is also used in ceramics, in the manufacture of Alnico magnets, and in the Edison® storage battery. The sulfate and the oxides аге 
important compounds. Natural nickel is a mixture of five stable isotopes; twenty-five other unstable isotopes are known. Nickel sulfide fume and dust 
is recognized as having carcinogenic potential. Nickel metal (99.9%) is priced at about $2/g or less in larger quantities. 

Nielsbohrium — See Bohrium. 

Niobium — (Niobe, daughter of Tantalus), Nb; or Columbium (Columbia, name for America); at. wt. 92.90638(2); at. no. 41; m.p. 2477?C; b.p. 
4744°C, sp. gr. 8.57 (20°C); valence 2, 3, 47, 5. Discovered in 1801 by Hatchett in an ore sent to England more that a century before by John Winthrop 
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the Younger, first governor of Connecticut. The metal was first prepared in 1864 by Blomstrand, who reduced the chloride by heating it in a hydrogen 
atmosphere. The name niobium was adopted by the International Union of Pure and Applied Chemistry in 1950 after 100 years of controversy. Many 
leading chemical societies and government organizations refer to it by this name. Most metallurgists, leading metal societies, and all but one of the 
leading U.S. commercial producers, however, still refer to the metal as *columbium". The element is found in niobite(or columbite), niobite-tantalite, 
pyrochlore, and euxenite. Large deposits of niobium have been found associated with carbonatites (carbon-silicate rocks), as a constituent of 
pyrochlore. Extensive ore reserves are found in Canada, Brazil, Congo-Kinshasa, Rwanda, and Australia. The metal can be isolated from tantalum, 
and prepared in several ways. It is a shiny, white, soft, and ductile metal, and takes on a bluish cast when exposed to air at room temperatures for a 
long time. The metal starts to oxidize in air at 200?C, and when processed at even moderate temperatures must be placed in a protective atmosphere. 
It is used in arc-welding rods for stabilized grades of stainless steel. Thousands of pounds of niobium have been used in advance air frame systems 
such as were used in the Gemini space program. It has also found use in super-alloys for applications such as jet engine components, rocket 
subassemblies, and heat-resisting equipment. The element has superconductive properties; superconductive magnets have been made with Nb-Zr wire, 
which retains its superconductivity in strong magnetic fields. This type of application offers hope of direct large-scale generation of electric power. 
Natural niobium is composed of only one isotope, ЗМ. Forty-seven other isotopes and isomers of niobium are now recognized. Niobium metal (99.9% 
pure) is priced at about 50¢/g. 

Nitrogen — (L. nitrum, Gr. nitron, native soda; genes, forming, М; at. wt. 14.00674(7); at. no. 7; m.p. -210.00?C; b.p. –198.79°С; t. -146.94?C; 
density 1.2506 g/l; sp. gr. liquid 0.808 (—195.8°C), solid 1.026 (—252?C); valence 3 or 5. Discovered by Daniel Rutherford іп 1772, but Scheele, 
Cavendish,Priestley, and others about the same time studied "burnt or dephlogisticated air," as air without oxygen was then called. Nitrogen makes 
up 78% of the air, by volume. The atmosphere of Mars, by comparison, is 2.6% nitrogen. The estimated amount of this element in our atmosphere 
is more than 4000 trillion tons. From this inexhaustible source it can be obtained by liquefaction and fractional distillation. Nitrogen molecules give 
the orange-red, blue-green, blue-violet, and deep violet shades to the aurora.The element is so inert that Lavoisier named it azote, meaning without 
life, yetits compounds are so active as to be most important in foods, poisons, fertilizers, and explosives. Nitrogen can be also easily prepared by heating 
a water solution of ammonium nitrite. Nitrogen, as a gas, is colorless, odorless, anda generally inert element. As a liquid itis also colorless and odorless, 
and is similar in appearance to water. Two allotropic forms of solid nitrogen exist, with the transition from the © to the B form taking place at -237°C. 
When nitrogen is heated, it combines directly with magnesium, lithium, or calcium; when mixed with oxygen and subjected to electric sparks, it forms 
first nitric oxide (NO) and then the dioxide (NO;); when heated under pressure with a catalyst with hydrogen, ammonia is formed (Haber process). 
The ammonia thus formed is of the utmost importance as it is used in fertilizers, and it can be oxidized to nitric acid (Ostwald process). The ammonia 
industryis the largest consumer of nitrogen. Large amounts of gas are also used by the electronics industry, which uses the gas as a blanketing medium 
during production of such components as transistors, diodes, etc. Large quantities of nitrogen are used in annealing stainless steel and other steel mill 
products. The drug industry also uses large quantities. Nitrogen is used as a refrigerant both for the immersion freezing of food products and for 
transportation of foods. Liquid nitrogen is also used in missile work as a purge for components, insulators for space chambers, etc., and by the oil 
industry to build up great pressures in wells to force crude oil upward. Sodium and potassium nitrates are formed by the decomposition of organic matter 
with compounds of the metals present. In certain dry areas of the world these saltpeters are found in quantity. Ammonia, nitric acid, the nitrates, the 
five oxides (МО, NO, М-О;, МО», апа №05), TNT, the cyanides, etc. are but a few of the important compounds. Nitrogen gas prices vary from 26 
to $2.75 per 100 ft? (2.83 cu. meters), depending on purity, etc. Production of elemental nitrogen in the U.S. is more than 9 million short tons per year. 
Natural nitrogen contains two isotopes, ММ and РМ. Ten other isotopes are known. 

Nobelium — (Alfred Nobel, discoverer of dynamite), No; at. wt. [259]; at. no. 102; valence 42, 43. Nobelium was unambiguously discovered 
and identified in April 1958 at Berkeley by A. Ghiorso, T. Sikkeland, J. R. Walton, and G. T. Seaborg, who used a new double-recoil technique. A 
heavy-ion linear accelerator (НП АС) was used to bombard a thin target of curium (95% "Ст and 4.5% 246Cm) with С ions to produce 102254 
according to the 246Cm (12С, 4n) reaction. Earlier in 1957 workers of the U.S., Britain, and Sweden announced the discovery of an isotope of Element 
102 with a 10-min half-life at 8.5 MeV, as a result of bombarding ?^Cm with ІС nuclei. On the basis of this experiment the name nobelium was assigned 
and accepted by the Commission on Atomic Weights of the International Union of Pure and Applied Chemistry. The acceptance of the name was 
premature, for both Russian and American efforts now completely rule out the possibility of any isotope of Element 102 having a half-life of 10 min 
in the vicinity of 8.5 MeV. Early work in 1957 on the search for this element, in Russia at the Kurchatov Institute, was marred by the assignment of 
8.9 € 0.4 MeV alpha radiation with a half-life of 2 to 40 sec, which was too indefinite to support claim to discovery. Confirmatory experiments at 
Berkeley in 1966 have shown the existence of 254102 with a 55-s half-life, 252102 with а 2.3-s half-life, and 257102 with a 25-s half-life. Twelve isotopes 
are now recognized, one of which — 255102 has a half-life of 3.1 min. In view ofthe discover's traditional rightto name an element, the Berkeley group, 
in 1967, suggested that the hastily given name nobelium, along with the symbol No, be retained. 

Osmium — (Gr. osme, а smell), Os; at. wt. 190.23(3); at. no. 76; m.p. 3033?C; b.p. 5012?C; sp. gr. 22.57; valence 0 to +8, more usually +3, +4, 
46, and +8. Discovered in 1803 by Tennant in the residue left when crude platinum is dissolved by aqua regia. Osmium occurs іп iridosmine and in 
platinum-bearing river sands of the Urals, North America, and South America. It is also found in the nickel-bearing ores of Sudbury, Ontario, region 
along with other platinum metals. While the quantity of platinum metals in these ores is very small, the large tonnages of nickel ores processed make 
commercial recovery possible. The metal is lustrous, bluish white, extremely hard, and brittle even at high temperatures. It has the highest melting 
point and the lowest vapor pressure of the platinum group. The metal is very difficult to fabricate, but the powder can be sintered in a hydrogen 
atmosphere at a temperature of 2000°С. The solid metal is not affected by air at room temperature, but the powdered or spongy metal slowly gives 
off osmium tetroxide, which is a powerful oxidizing agent and has a strong smell. The tetroxide is highly toxic, and boils at 130°С (760 mm). 
Concentrations in air as low аз 1077 g/m can cause lung congestion, skin damage, or eye damage. The tetroxide has been used to detect fingerprints 
and to stain fatty tissue for microscope slides. The metal is almost entirely used to produce very hard alloys, with other metals of the platinum group, 
for fountain pen tips, instrument pivots, phonograph needles, and electrical contacts. The price of 99.996 pure osmium powder — the form usually 
supplied commercially — is about $100/g, depending on quantity and supplier. Natural osmium contains seven isotopes, one of which, 18605, is 
radioactive with a very long half-life. Thirty four other isotopes and isomers are known, all of which are radioactive.The measured densities of iridium 
and osmium seem to indicate that osmium is slightly more dense than iridium, so osmium has generally been credited with being the heaviest known 
element. Calculations of the density from the space lattice, which may be more reliable for these elements than actual measurements, however, give 
a density of 22.65 for iridium compared to 22.61 for osmium. At present, therefore, we know either iridium or osmium is the heaviest element, but 
the data do not allow selection between the two. 4-21 
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Oxygen — (Gr. oxys, sharp, acid, and genes, forming; acid former), О; at. wt. 15.9994(3); at. no. 8; t.p. -218.79°C; t, -118.56?C; valence 2. For 
many centuries, workers occasionally realized air was composed of more than one component. The behavior of oxygen and nitrogen as components 
of air led to the advancement of the phlogiston theory of combustion, which captured the minds of chemists for a century. Oxygen was prepared by 
several workers, including Bayen and Borch, but they did not know how to collectit, did not study its properties, and did notrecognizeitas an elementary 
substance. Priestley is generally credited with its discovery, although Scheele also discovered it independently. Oxygen is the third most abundant 
element found in the sun, and it plays a part in the carbon-nitrogen cycle, one process thought to give the sun and stars their energy. Oxygen under 
excited conditions is responsible for the bright red and yellow-green colors of the aurora. Oxygen, as a gaseous element, forms 21% of the atmosphere 
by volume from which it can be obtained by liquefaction and fractional distillation. The atmosphere of Mars contains about 0.15% oxygen. The element 
and its compounds make up 49.2%, by weight, of the earth's crust. About two thirds of the human body and nine tenths of water is oxygen. In the 
laboratory it can be prepared by the electrolysis of water or by heating potassium chlorate with manganese dioxide as a catalyst. The gas is colorless, 
odorless, and tasteless. The liquid and solid forms are a pale blue color and are strongly paramagnetic. Ozone (Оз), a highly active compound, is formed 
by the action of an electrical discharge or ultraviolet light on oxygen. Ozone's presence in the atmosphere (amounting to the equivalent of a layer 3 
mm thick at ordinary pressures and temperatures) is of vital importance in preventing harmful ultraviolet rays of the sun from reaching the earth's 
surface. There has been recent concern that pollutants in the atmosphere may have a detrimental effect on this ozone layer. Ozone is toxic and exposure 
should not exceed 0.2 mg/m? (8-hour time-weighted average — 40-hour work week). Undiluted ozone has a bluish color. Liquid ozone is bluish black, 
and solid ozone is violet-black. Oxygen is very reactive and capable of combining with most elements. It is a component of hundreds of thousands 
of organic compounds. It is essential for respiration of all plants and animals and for practically all combustion. In hospitals it is frequently used to 
aid respiration of patients. Its atomic weight was used as a standard of comparison for each of the other elements until 1961 when the International 
Union of Pure and Applied Chemistry adopted carbon 12 as the new basis. Oxygen has thirteen recognized isotopes. Natural oxygen is a mixture of 
three isotopes. Oxygen 18 occurs naturally, is stable, and is available commercially. Water (HO with 1.5% 180) is also available. Commercial oxygen 
consumption in the U.S. is estimated to be 20 million short tons per year and the demand is expected to increase substantially in the next few years. 
Oxygen enrichment of steel blast furnaces accounts for the greatest use of the gas. Large quantities are also used in making synthesis gas for ammonia 
and methanol, ethylene oxide, and for oxy-acetylene welding. Air separation plants produce about 99% of the gas, electrolysis plants about 1%. The 
gas costs 5¢/ft? ($1.75/cu. meters) in small quantities. 

Palladium — (named after the asteroid Pallas, discovered about the same time; Gr. Pallas, goddess of wisdom), Pd. at. wt. 106.42(1) at. no. 46; 
m.p. 1554.9°C; b.p. 2963°C; sp. gr. 12.02 (20°C); valence 2, 3, or 4. Discovered in 1803 by Wollaston. Palladium is found along with platinum and 
other metals ofthe platinum group in deposits of Russia, South Africa, Canada (Ontario), and elsewhere. Natural palladium contains six stable isotopes. 
Twenty-nine other isotopes are recognized, all of which are radioactive. It is frequently found associated with the nickel-copper deposits such as those 
found in Ontario. Its separation from the platinum metals depends upon the type of ore in which it is found. It is a steel-white metal, does not tarnish 
in air, and is the least dense and lowest melting of the platinum group of metals. When annealed, it is soft and ductile; cold working greatly increases 
its strength and hardness. Palladium is attacked by nitric and sulfuric acid. At room temperatures the metal has the unusual property of absorbing up 
to 900 times its own volume of hydrogen, possibly forming Pd,H. It is not yet clear if this a true compound. Hydrogen readily diffuses through heated 
palladium and this provides a means of purifying the gas. Finely divided palladium is a good catalyst and is used for hydrogenation and dehydrogenation 
reactions. It is alloyed and used in jewelry trades. White gold is an alloy of gold decolorized by the addition of palladium. Like gold, palladium can 
be beaten into leaf as thin as 1/250,000 in. The metal is used in dentistry, watchmaking, and in making surgical instruments and electrical contacts. 
Palladium recently has been substituted for higher priced platinum in catalytic converters by some automobile companies. This has caused a large 
increase in the cost of palladium. The price of the two metals are now, in 2002, about the same. Palladium, however, is less resistant to poisoning by 
sulfur and lead, than platinum, but it may prove useful in controlling emissions from diesel vehicles. The metal sells for about $350/tr. oz. ($11/g). 

Phosphorus — (Gr. phosphoros, light bearing; ancient name for the planet Venus when appearing before sunrise), P; at. wt. 30.973762(4); at. no. 
15; m.p. (white) 44. 15?C; b.p. 280.5°С; sp. gr. (white) 1.82 (red) 2.20, (black) 2.25 to 2.69; valence 3 or 5. Discovered in 1669 by Brand, who prepared 
itfrom urine. Phosphorus exists in four or more allotropic forms: white (or yellow), red, and black (or violet). White phosphorus has two modifications: 
cand В with a transition temperature at —3.8?C. Never found free in nature, it is widely distributed in combination with minerals. Twenty-one isotopes 
of phosphorus are recognized. Phosphate rock, which contains the mineral apatite, an impure tri-calcium phosphate, is an important source of the 
element. Large deposits are found in the Russia,China, Morocco, and in Florida, Tennessee, Utah, Idaho, and elsewhere. Phosphorus in an essential 
ingredient of all cell protoplasm, nervous tissue, and bones. Ordinary phosphorus is a waxy white solid; when pure it is colorless and transparent. It 
isinsoluble in water, but soluble in carbon disulfide. It takes fire spontaneously in air, burning to the pentoxide. Itis very poisonous, 50 mg constituting 
an approximate fatal dose. Exposure to white phosphorus should not exceed 0.1 mg/m? (8-hour time-weighted average — 40-hour work week). White 
phosphorus should be kept under water, as it is dangerously reactive in air, and it should be handled with forceps, as contact with the skin may cause 
severe burns. When exposed to sunlight or when heated in its own vapor to 2509С, it is converted to the red variety, which does not phosphoresce in 
air as does the white variety. This form does not ignite spontaneously and it is not as dangerous as white phosphorus. It should, however, be handled 
with care as it does convert to the white form at some temperatures and it emits highly toxic fumes of the oxides of phosphorus when heated. The red 
modification is fairly stable, sublimes with a vapor pressure of 1 atm at 417?C,andis used in the manufacture of safety matches, pyrotechnics, pesticides, 
incendiary shells, smoke bombs, tracer bullets, etc. White phosphorus may be made by several methods. By one process, tri-calcium phosphate, the 
essential ingredient of phosphate rock, is heated in the presence of carbon and silica in an electric furnace or fuel-fired furnace. Elementary phosphorus 
is liberated as vapor and may be collected under water. If desired, the phosphorus vapor and carbon monoxide produced by the reaction can be oxidized 
at once in the presence of moisture to produce phosphoric acid, an important compound in making super-phosphate fertilizers. In recent years, 
concentrated phosphoric acids, which may contain as much as 70 to 75% РО; content, have become of great importance to agriculture and farm 
production. World-wide demand for fertilizers has caused record phosphate production. Phosphates are used in the production of special glasses, such 
as those used for sodium lamps. Bone-ash, calcium phosphate, is also used to produce fine chinaware and to produce mono-calcium phosphate used 
in baking powder. Phosphorus is also important in the production of steels, phosphor bronze, and many other products. Trisodium phosphate is 
important as a cleaning agent, as a water softener, and for preventing boiler scale and corrosion of pipes and boiler tubes. Organic compounds of 
phosphorus are important. Amorphous (red) phosphorus costs about $70/kg (9996). 
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Platinum — (It. platina, silver), Pt; at. wt. 195.078(2); at. no. 78; m.p. 1768.4°C; b.p. 3825?C; sp. gr. 21.45 (20°C); valence 17, 2, 3, or4. Discovered 
in South America by Ulloa in 1735 and by Wood in 1741. The metal was used by pre-Columbian Indians. Platinum occurs native, accompanied by 
small quantities of iridium, osmium, palladium, ruthenium, and rhodium, all belonging to the same group of metals. These are found in the alluvial 
deposits of the Ural mountains and in Columbia. Sperrylite (PtAs;), occurring with the nickel-bearing deposits of Sudbury, Ontario, is a source of a 
considerable amount of metal. The large production of nickel offsets there being only one part of the platinum metals in two million parts of ore. The 
largest supplier ofthe platinum group of metals is now South Africa, followed by Russia and Canada. Platinum is a beautiful silvery-white metal, when 
pure, and is malleable and ductile. It has a coefficient of expansion almost equal to that of soda-lime-silica glass, and is therefore used to make sealed 
electrodes in glass systems. The metal does not oxidize in air at any temperature, but is corroded by halogens, cyanides, sulfur, and caustic alkalis. 
It is insoluble in hydrochloric and nitric acid, but dissolves when they are mixed as aqua regia, forming chloroplatinic acid (H;PtCl;), an important 
compound. Natural platinum contains six isotopes, one of which, !9°Pt, is radioactive with a long half-life. Thirty-seven other radioactive isotopes and 
isomers are recognized. The metal is extensively used in jewelry, wire, and vessels for laboratory use, and in many valuable instruments including 
thermocouple elements. It is also used for electrical contacts, corrosion-resistant apparatus, and in dentistry. Platinum-cobalt alloys have magnetic 
properties. One such alloy made of 76.7% Pt and 23.3% Co, by weight, is an extremely powerful magnet that offers a В-Н (max) almost twice that 
of Alnico V. Platinum resistance wires are used for constructing high-temperature electric furnaces. The metal is used for coating missile nose cones, 
jet engine fuel nozzles, etc., which must perform reliably for long periods of time at high temperatures. The metal, like palladium, absorbs large 
volumes, of hydrogen, retaining it at ordinary temperatures but giving it up at red heat. In the finely divided state platinum is an excellent catalyst, having 
long been used in the contact process for producing sulfuric acid. It is also used as a catalyst in cracking petroleum products. There is also much current 
interest in the use of platinum as a catalyst in fuel cells and in its use as antipollution devices for automobiles. Platinum anodes are extensively used 
in cathodic protection systems for large ships and ocean-going vessels, pipelines, steel piers, etc. Pure platinum wire will glow red hot when placed 
in the vapor of methyl alcohol. It acts here as a catalyst, converting the alcohol to formaldehyde. This phenomenon has been used commercially to 
produce cigarette lighters and hand warmers. Hydrogen and oxygen explode in the presence of platinum. The price of platinum has varied widely; more 
than a century ago it was used to adulterate gold. It was nearly eight times as valuable as gold in 1920. The price in January 2002 was about $430/troy 
oz. ($15/g), higher than the price of gold. 

Plutonium — (Planet pluto), Pu; at. wt. (244); at. по. 94; sp. gr. (о modification) 19.84 (25°С); m.p. 640°C; b.p. 3228°C; valence 3, 4, 5, or 6. 
Plutonium was the second transuranium element of the actinide series to be discovered. The isotope “Ри was produced in 1940 by Seaborg, McMillan, 
Kennedy, and Wahl by deuteron bombardment of uranium in the 60-inch cyclotron at Berkeley, California. Plutonium also exists in trace quantities 
in naturally occurring uranium ores. It is formed in much the same manner as neptunium, by irradiation of natural uranium with the neutrons which 
are present. By far of greatest importance is the isotope Pu”, with a half-life of 24,100 years, produced in extensive quantities in nuclear reactors from 
natural uranium: 


238 U(n y) 5239] _В >28 Np В ,239 pu 


Nineteen isotopes of plutonium are now known. Plutonium has assumed the position of dominant importance among the transuranium elements 
because of its successful use as an explosive ingredient in nuclear weapons and the place which it holds as a key material in the development of industrial 
use of nuclear power. One kilogram is equivalent to about 22 million kilowatt hours of heat energy. The complete detonation of a kilogram of plutonium 
produces an explosion equal to about 20,000 tons of chemical explosive. Its importance depends on the nuclear property of being readily fissionable 
with neutrons and its availability in quantity. The world's nuclear-power reactors are now producing about 20,000 kg of plutonium/yr. By 1982 it was 
estimated that about 300,000 kg had accumulated. The various nuclear applications of plutonium are well known. 238Ри has been used in the Apollo 
lunar missions to power seismic and other equipment on the lunar surface. As with neptunium and uranium, plutonium metal can be prepared by 
reduction of the trifluoride with alkaline-earth metals. The metal has a silvery appearance and takes on a yellow tarnish when slightly oxidized. It is 
chemically reactive. A relatively large piece of plutonium is warm to the touch because of the energy given off in alpha decay. Larger pieces will produce 
enough heat to boil water. The metal readily dissolves in concentrated hydrochloric acid, hydroiodic acid, or perchloric acid with formation of the Pu*? 
ion. The metal exhibits six allotropic modifications having various crystalline structures. The densities of these vary from 16.00 to 19.86 g/cm?. 
Plutonium also exhibits four ionic valence states in aqueous solutions: Pu**(blue lavender), Pu*^ (yellow brown), PuO* (pink?), and PuO*? (pink 
orange). The ion PuO* is unstable in aqueous solutions, disproportionating into Pu*^ and PuO?. The Pu* thus formed, however, oxidizes the PuO* 
into PuO*?, itself being reduced to Put’, giving finally Ра” and PuO?. Plutonium forms binary compounds with oxygen: Рао, PuO,, and intermediate 
oxides of variable composition; with the halides: Риз, РаЕ,, PuCl;, PuBr3, Ри; with carbon, nitrogen, and silicon: PuC, PuN, PuSi,. Oxyhalides аге 
also well known: PuOCI, PuOBr, PuOI. Because of the high rate of emission of alpha particles and the element being specifically absorbed by bone 
marrow, plutonium, as well as all of the other transuranium elements except neptunium, are radiological poisons and must be handled with very special 
equipment and precautions. Plutonium is a very dangerous radiological hazard. Precautions must also be taken to prevent the unintentional formation 
of a critical mass. Plutonium in liquid solution is more likely to become critical than solid plutonium. The shape of the mass must also be considered 
where criticality is concerned. Plutonium-239 is available to authorized users from the O.R.N.L. atacostof about $4.80/mg (99.996) plus packing costs. 

Polonium — (Poland, native country of Mme. Curie [1867—1934 ]), Po; at. wt. (209); at. по. 84; m.p. 254°C; b.p. 962°C; sp. gr. (alpha modification) 
9.32; valence 2, 0, +2, +3(?), +4, and +6. Polonium was the first element discovered by Mme. Curie іп 1898, while seeking the cause of radioactivity 
of pitchblende from Joachimsthal, Bohemia. The electroscope showed it separating with bismuth. Polonium is also called Radium F. Polonium is a 
very rare natural element. Uranium ores contain only about 100 ug of the element per ton. Its abundance is only about 0.2% of that of radium. In 1934, 
it was found that when natural bismuth (20981) was bombarded by neutrons, 21981, the parent of polonium, was obtained. Milligram amounts of 
polonium may now be prepared this way, by using the high neutron fluxes of nuclear reactors. Polonium-210 is a low-melting, fairly volatile metal, 
50% of which is vaporized in air in 45 hours at 55?C. It is an alpha emitter with a half-life of 138.39 days. A milligram emits as many alpha particles 
as 5 g of radium. The energy released by its decay is so large (140 W/g) that a capsule containing about half a gram reaches a temperature above 500°C. 
The capsule also presents a contact gamma-ray dose rate of 0.012 Gy/h. A few curies (1 curie = 3.7 x 10? Bq) of polonium exhibit a blue glow, caused 
by excitation of the surrounding gas. Because almost all alpha radiation is stopped within the solid source and its container, giving up its energy, 


4-23 


THE ELEMENTS (continued) 


polonium has attracted attention for uses as a lightweight heat source for thermoelectric power in space satellites. Thirty-eight isotopes and isomers 
of polonium are known, with atomic masses ranging from 192 to 218. All are radioactive. Polonium-210 is the most readily available. Isotopes of mass 
209 (half-life 102 years) and mass 208 (half-life 2.9 years) can be prepared by alpha, proton, or deuteron bombardment of lead or bismuth in a cyclotron, 
but these are expensive to produce. Metallic polonium has been prepared from polonium hydroxide and some other polonium compounds in the 
presence of concentrated aqueous or anhydrous liquid ammonia. Two allotropic modifications are known to exist. Polonium is readily dissolved in 
dilute acids, but is only slightly soluble in alkalis. Polonium salts of organic acids char rapidly; halide amines are reduced to the metal. Polonium can 
be mixed or alloyed with beryllium to provide a source of neutrons. It has been used in devices for eliminating static charges in textile mills, etc.; 
however, beta sources are more commonly used and are less dangerous. It is also used on brushes for removing dust from photographic films. The 
polonium for these is carefully sealed and controlled, minimizing hazards to the user. Polonium-210 is very dangerous to handle in even milligram 
or microgram amounts, and special equipment and strict control is necessary. Damage arises from the complete absorption of the energy of the alpha 
particle into tissue. The maximum permissible body burden for ingested polonium is only 0.03 ІСІ, which represents a particle weighing only 6.8 х 
10-12 g. Weight for weight it is about 2.5 x 10!! times as toxic as hydrocyanic acid. The maximum allowable concentration for soluble polonium 
compounds in air is about 2 x 10!! uCi/cm?. Polonium-209 is available on special order from the Oak Ridge National Laboratory at a cost of $3600/uCi 
plus packing costs.. 

Potassium — (English, potash — pot ashes; L. kalium, Arab. дай, alkali), К; at. wt. 39.0983(1); at. по. 19; m.p. 63.38?C; b.p. 759°С; sp. gr. 0.862 
(20°С); valence 1. Discovered in 1807 by Davy, who obtained it from caustic potash (КОН); this was the first metal isolated by electrolysis. The metal 
is the seventh most abundant and makes up about 2.4% by weight of the earth's crust. Most potassium minerals are insoluble and the metal is obtained 
from them only with great difficulty. Certain minerals, however, such as sylvite, carnallite, langbeinite, and polyhalite are found in ancient lake and 
sea beds and form rather extensive deposits from which potassium and its salts can readily be obtained. Potash is mined in Germany, New Mexico, 
California, Utah, and elsewhere. Large deposits of potash, found at a depth of some 1000 m in Saskatchewan, promise to be important in coming years. 
Potassium is also found in the ocean, but is present only in relatively small amounts, compared to sodium. The greatest demand for potash has been 
in its use for fertilizers. Potassium is an essential constituent for plant growth and it is found in most soils. Potassium is never found free in nature, 
but is obtained by electrolysis of the hydroxide, much in the same manner as prepared by Davy. Thermal methods also are commonly used to produce 
potassium (such as by reduction of potassium compounds with Саб, С, Si, ог Na). It is one of the most reactive and electropositive of metals. Except 
for lithium, it is the lightest known metal. It is soft, easily cut with a knife, and is silvery in appearance immediately after a fresh surface is exposed. 
It rapidly oxidizes in air and should be preserved in a mineral oil. As with other metals of the alkali group, it decomposes in water with the evolution 
of hydrogen. It catches fire spontaneously on water. Potassium and its salts impart a violet color to flames. Twenty one isotopes, one of which is an 
isomer, of potassium are known. Ordinary potassium is composed of three isotopes, one of which is “°K (0.011796), a radioactive isotope with a half- 
life of 1.26 x 10? years. The radioactivity presents no appreciable hazard. An alloy of sodium and potassium (NaK) is used as a heat-transfer medium. 
Many potassium salts are of utmost importance, including the hydroxide, nitrate, carbonate, chloride, chlorate, bromide, iodide, cyanide, sulfate, 
chromate, and dichromate. Metallic potassium is available commercially for about $1200/kg (98% purity) or $75/g (99.95% purity). 

Praseodymium — (Gr. prasios, green, and didymos, twin), Pr; at. wt. 140.90765(2); at. no. 59; m.p. 931?C; b.p. 3520?C; sp. gr. 6.773; valence 
3. ш 1841 Mosander extracted the rare earth didymia from lanthana; in 1879, Lecoq de Boisbaudran isolated a new earth, samaria, from didymia 
obtained from the mineral samarskite. Six years later, in 1885, von Welsbach separated didymia into two others, praseodymia and neodymia, which 
gave salts of different colors. As with other rare earths, compounds of these elements in solution have distinctive sharp spectral absorption bands or 
lines, some of which are only a few Angstroms wide. The element occurs along with other rare-earth elements in a variety of minerals. Monazite and 
bastnasite are the two principal commercial sources of the rare-earth metals. Ion-exchange and solvent extraction techniques have led to much easier 
isolation ofthe rare earths and the cost has dropped greatly in the past few years. Thirty-seven isotopes and isomers are now recognized. Praseodymium 
can be prepared by several methods, such as by calcium reduction of the anhydrous chloride of fluoride. Misch metal, used in making cigarette lighters, 
contains about 5% praseodymium metal. Praseodymium is soft, silvery, malleable, and ductile. It was prepared in relatively pure form in 1931. It is 
somewhat more resistant to corrosion in air than europium, lanthanum, cerium, or neodymium, but it does develop a green oxide coating that spalls 
off when exposed to air. As with other rare-earth metals it should be kept under a light mineral oil or sealed in plastic. The rare-earth oxides, including 
Pr,O3, are among the most refractory substances known. Along with other rare earths, it is widely used as а core material for carbon arcs used by the 
motion picture industry for studio lighting and projection. Salts of praseodymium are used to color glasses and enamels; when mixed with certain other 
materials, praseodymium produces an intense and unusually clean yellow color in glass. Didymium glass, of which praseodymium is a component, 
is a colorant for welder's goggles. The metal (99.9% pure) is priced at about $4/g. 

Promethium — (Prometheus, who, according to mythology, stole fire from heaven), Pm; at. no. 61; at. wt. (145); m.p. 1042?C; b.p. 30009С (est.); 
sp. gr. 7.264 (25°C); valence 3. In 1902 Branner predicted the existence of an element between neodymium and samarium, and this was confirmed 
by Moseley in 1914. Unsuccessful searches were made for this predicted element over two decades, and various investigators proposed the names 
"illinium", "florentium", and "cyclonium" for this element. In 1941, workers at Ohio State University irradiated neodymium and praseodymium with 
neutrons, deuterons, and alpha particles, resp., and produced several new radioactivities, which most likely were those of element 61. Wu and Segre, 
and Bethe, in 1942, confirmed the formation; however, chemical proof of the production of element 61 was lacking because of the difficulty in 
separating the rare earths from each other at that time. In 1945, Marinsky, Glendenin, and Coryell made the first chemical identification by use of ion- 
exchange chromatography. Their work was done by fission of uranium and by neutron bombardment of neodymium. These investigators named the 
newly discovered element. Searches for the element on earth have been fruitless, and it now appears that promethium is completely missing from the 
earth’s crust. Promethium, however, has been reported to be in the spectrum of the star HR*® in Andromeda. This element is being formed recently 
near the star's surface, for no known isotope of promethium has a half-life longer than 17.7 years. Thirty five isotopes and isomers of promethium, 
with atomic masses from 130 to 158 are now known. Promethium-145, with a half-life of 17.7 years, is the most useful. Promethium-145 has a specific 
activity of 940 Ci/g. Itis a soft beta emitter; although no gamma rays are emitted, X-radiation can be generated when beta particles impinge on elements 
of a high atomic number, and great care must be taken in handling it. Promethium salts luminesce in the dark with a pale blue or greenish glow, due 
to their high radioactivity. Ion-exchange methods led to the preparation of about 10 g of promethium from atomic reactor fuel processing wastes in 
early 1963. Little is yet generally known about the properties of metallic promethium. Two allotropic modifications exist. The element has applications 
as a beta source for thickness gages, and it can be absorbed by a phosphor to produce light. Light produced in this manner can be used for signs or signals 
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that require dependable operation; it can be used as a nuclear-powered battery by capturing light in photocells which convert it into electric current. 
Such a battery, using "Pm, would have a useful life of about 5 years. It is being used for fluorescent lighting starters and coatings for self-luminous 
watch dials. Promethium shows promise as a portable X-ray source, and it may become useful as a heat source to provide auxiliary power for space 
probes and satellites. More than 30 promethium compounds have been prepared. Most are colored. Promethium-147 is available upon special order 
from the Idaho National Engineering Laboratory, Idaho Falls, ID, or from the Westinghouse Hanford Co., Richland, WA. 

Protactinium — (Gr. protos, first), Pa; at. wt. 231.03588(2); at. no. 91; m.p. 1572°C; sp. gr. 15.37 (calc.); valence 4 or 5. The first isotope of element 
91 to be discovered was 234Pa, also known аз ОХ», a short-lived member of the naturally occurring 2380 decay series. It was identified by К. Fajans 
and О.Н. Gohring in 1913 and they named the new element brevium. When the longer-lived isotope ??!Pa was identified by Hahn and Meitner in 1918, 
the name protoactinium was adopted as being more consistent with the characteristics of the most abundant isotope. Soddy, Cranson, and Fleck were 
also active in this work. The name protoactinium was shortened to protactinium in 1949. In 1927, Grosse prepared 2 mg of a white powder, which 
was shown to be Ра,О;. Later, in 1934, from 0.1 g of pure Ра,О; he isolated the element by two methods, one of which was by converting the oxide 
to an iodide and "cracking" it in a high vacuum by an electrically heated filament by the reaction 


2Pal, — 2Ра + 51, 


Protactinium has a bright metallic luster which it retains for some time in air. The element occurs in pitchblende to the extent of about 1 part 23! Ра to 
10 million of ore. Ores from Congo-Kinshasa have about 3 ppm. Protactinium has twenty-eight isotopes and isomers, the most common of which is 
231Рг with a half-life of 32,500 years. A number of protactinium compounds are known, some of which are colored. The element is superconductive 
below 1.4 K. The element is a dangerous toxic material and requires precautions similar to those used when handling plutonium. In 1959 and 1961, 
it was announced that the Great Britain Atomic Energy Authority extracted by a 12-stage process 125 g of 99.9% protactinium, the world's only stock 
of the metal for many years to come. The extraction was made from 60 tons of waste material at a cost of about $500,000. Protactinium is one of the 
rarest and most expensive naturally occurring elements. 

Radium — (L. radius, ray), Ra; at. wt. (226); at. no. 88; m.p. 700°C; sp. gr. 5; valence 2. Radium was discovered in 1898 by M. and Mme. Curie 
inthe pitchblende or uraninite of North Bohemia (Czech Republic), where it occurs. There is about 1 g of radium in 7 tons of pitchblende. The element 
wasisolatedin 1911 by Mme. Curie and Debierne by the electrolysis of a solution of pure radium chloride, employing a mercury cathode; on distillation 
in an atmosphere of hydrogen this amalgam yielded the pure metal. Originally, radium was obtained from the rich pitchblende ore found at 
Joachimsthal, Bohemia. The carnotite sands of Colorado furnish some radium, but richer ores are found in the Republic of Congo-Kinshasa and the 
Great Bear Lake region of Canada. Radium is present in all uranium minerals, and could be extracted, if desired, from the extensive wastes of uranium 
processing. Large uranium deposits are located in Ontario, New Mexico, Utah, Australia, and elsewhere. Radium is obtained commercially as the 
bromide or chloride; it is doubtful if any appreciable stock of the isolated element now exists. The pure metal is brilliant white when freshly prepared, 
but blackens on exposure to air, probably due to formation of the nitride. It exhibits luminescence, as do its salts; it decomposes in water and is somewhat 
more volatile than barium. It is a member of the alkaline-earth group of metals. Radium imparts a carmine red color to a flame. Radium emits alpha, 
beta, and gamma rays and when mixed with beryllium produce neutrons. One gram of ?6Ra undergoes 3.7 х 10!° disintegrations per s. The curie (Сі) 
is defined as that amount of radioactivity which has the same disintegration rate as 1 g of 26Ra. Thirty-six isotopes are now known; radium 226, the 
common isotope, has a half-life of 1599 years. One gram of radium produces about 0.0001 ml (stp) of emanation, or radon gas, per day. This is pumped 
from the radium and sealed in minute tubes, which are used in the treatment of cancer and other diseases. One gram of radium yields about 4186 kJ 
per year. Radium is used in producing self-luminous paints, neutron sources, and in medicine for the treatment of disease. Some of the more recently 
discovered radioisotopes, such as Co, are now being used in place of radium. Some of these sources are much more powerful, and others are safer 
to use. Radium loses about 1% of its activity in 25 years, being transformed into elements of lower atomic weight. Lead is a final product of 
disintegration. Stored radium should be ventilated to prevent build-up of radon. Inhalation, injection, or body exposure to radium can cause cancer 
and other body disorders. The maximum permissible burden in the total body for 229Ва is 7400 becquerel. 

Radon — (from radium; called niton at first, L. nitens, shining), Rn; at. wt. (222); at. по. 86; m.p. —71°С; b.p. -61.7°C; t, 104°C; density of gas 
9.73 g/l; sp. gr. liquid 4.4 at -62°C, solid 4; valence usually 0. The element was discovered іп 1900 by Dorn, who called it radium emanation. In 1908 
Ramsay and Gray, who named it niton, isolated the element and determined its density, finding it to be the heaviest known gas. It is essentially inert 
and occupies the last place in the zero group of gases in the Periodic Table. Since 1923, it has been called radon. Thirty-seven isotopes and isomers 
are known. Radon-222, coming from radium, has a half-life of 3.823 days and is an alpha emitter; Radon-220, emanating naturally from thorium and 
called thoron, has a half-life of 55.6 s and is also an alpha emitter. Radon-219 emanates from actinium and is called actinon. It has a half-life of 3.9 s 
and is also an alpha emitter. It is estimated that every square mile of soil to a depth of 6 inches contains about 1 g of radium, which releases radon in 
tiny amounts to the atmosphere. Radon is present in some spring waters, such as those at Hot Springs, Arkansas. On the average, one part of radon 
is present to 1 x 10?! part of air. At ordinary temperatures radon is a colorless gas; when cooled below the freezing point, radon exhibits a brilliant 
phosphorescence which becomes yellow as the temperature is lowered and orange-red at the temperature of liquid air. It has been reported that fluorine 
reacts with radon, forming radon fluoride. Radon clathrates have also been reported. Radon is still produced for therapeutic use by a few hospitals by 
pumping it from a radium source and sealing it in minute tubes, called seeds or needles, for application to patients. This practice has now been largely 
discontinued as hospitals can order the seeds directly from suppliers, who make up the seeds with the desired activity for the day of use. Care must 
be taken in handling radon, as with other radioactive materials. The main hazard is from inhalation of the element and its solid daughters, which are 
collected on dust in the air. Good ventilation should be provided where radium, thorium, or actinium is stored to prevent build-up of this element. Radon 
build-up is a health consideration in uranium mines. Recently radon build-up in homes has been a concern. Many deaths from lung cancer are caused 
by radon exposure. In the U.S. it is recommended that remedial action be taken if the air from radon in homes exceeds 4 pCi/l. 

Rhenium — (L. Rhenus, Rhine), Re; at. wt. 186.207(1); at. по. 75; m.p. 3186°C; b.p. 5596°C; sp. gr. 21.02 (20°C); valence –1, +1, 2, 3, 4, 5, 6, 
7. Discovery of rhenium is generally attributed to Noddack, Tacke, and Berg, who announced in 1925 they had detected the element in platinum ores 
and columbite. They also found the element in gadolinite and molybdenite. By working up 660 kg of molybdenite they were able іп 1928 to extract 
1 g of rhenium. The price in 1928 was $10,000/g. Rhenium does not occur free in nature or as a compound in a distinct mineral species. It is, however, 
widely spread throughout the earth's crust to the extent of about 0.001 ppm. Commercial rhenium in the U.S. today is obtained from molybdenite 
roaster-flue dusts obtained from copper-sulfide ores mined in the vicinity of Miami, Arizona, and elsewhere in Arizona and Utah. Some molybdenites 
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contain from 0.002 to 0.296 rhenium. It is estimated that in 1999 about 16,000 kg of rhenium was being produced. The total estimated world reserves 
of rhenium is 11,000,000 kg. The total estimated Free World reserve of rhenium metal is 3500 tons. Natural rhenium is a mixture of two isotopes, one 
of which has a very long half-life. Thirty nine other unstable isotopes are recognized. Rhenium metal is prepared by reducing ammonium perrhenate 
with hydrogen at elevated temperatures. The element is silvery white with a metallic luster; its density is exceeded only by that of platinum, iridium, 
and osmium, and its melting point is exceeded only by that of tungsten and carbon. It has other useful properties. The usual commercial form of the 
element is a powder, but it can be consolidated by pressing and resistance-sintering in a vacuum or hydrogen atmosphere. This produces a compact 
shape in excess of 90% of the density of the metal. Annealed rhenium is very ductile, and can be bent, coiled, or rolled. Rhenium is used as an additive 
to tungsten and molybdenum-based alloys to impart useful properties. It is widely used for filaments for mass spectrographs and ion gages. Rhenium- 
molybdenum alloys are superconductive at 10 K. Rhenium is also used as an electrical contact material as it has good wear resistance and withstands 
arc corrosion. Thermocouples made of Re-W are used for measuring temperatures up to 22009С, and rhenium wire has been used in photoflash lamps 
for photography. Rhenium catalysts are exceptionally resistant to poisoning from nitrogen, sulfur, and phosphorus, and are used for hydrogenation 
of fine chemicals, hydrocracking, reforming, and disproportionation of olefins. Rhenium has recently become especially important as a catalyst for 
petroleum refining and in making super-alloys for jet engines. Rhenium costs about $16/g (99.99% pure). Little is known of its toxicity; therefore, 
it should be handled with care until more data are available. 

Rhodium — (Gr. rhodon, rose), Rh; at. wt. 102.90550(3); at. no. 45; m.p. 1964°С; b.p. 3695?C; sp. gr. 12.41 (20°С); valence 2, 3, 4, 5, and 6. 
Wollaston discovered rhodium in 1803-4 in crude platinum ore he presumably obtained from South America. Rhodium occurs native with other 
platinum metals in river sands of the Urals and in North and South America. It is also found with other platinum metals in the copper-nickel sulfide 
ores of the Sudbury, Ontario region. Although the quantity occurring here is very small, the large tonnages of nickel processed make the recovery 
commercially feasible. The annual world production of rhodium in 1999 was only about 9000 kg. The metal is silvery white and at red heat slowly 
changes in air to the sesquioxide. At higher temperatures it converts back to the element. Rhodium has a higher melting point and lower density than 
platinum. Its major use is as an alloying agent to harden platinum and palladium. Such alloys are used for furnace windings, thermocouple elements, 
bushings for glass fiber production, electrodes for aircraft spark plugs, and laboratory crucibles. It is useful as an electrical contact material as it has 
a low electrical resistance, a low and stable contact resistance, and is highly resistant to corrosion. Plated rhodium, produced by electroplating or 
evaporation, is exceptionally hard and is used for optical instruments. It has a high reflectance and is hard and durable. Rhodium is also used for jewelry, 
for decoration, and as a catalyst. Fifty-two isotopes and isomers are now known. Rhodium metal (powder) costs about $180/g (99.9%). 

Rubidium — (L. rubidus, deepest red), Rb; at. wt. 85.4678(3); at. no. 37; m.p. 39.31°C; b.p. 688°C; sp. gr. (solid) 1.532 (20°C), (liquid) 1.475 
(39°C); valence 1, 2, 3, 4. Discovered in 1861 by Bunsen and Kirchoff in the mineral lepidolite by use of the spectroscope. The element is much more 
abundant than was thought several years ago. It is now considered to be the 16th most abundant element in the earth's crust. Rubidium occurs in 
pollucite, carnallite, leucite, and zinnwaldite, which contains traces up to 190, in the form of the oxide. It is found іп lepidolite to the extent of about 
1.596, and is recovered commercially from this source. Potassium minerals, such as those found at Searles Lake, California, and potassium chloride 
recovered from brines in Michigan also contain the element and are commercial sources. It is also found along with cesium in the extensive deposits 
of pollucite at Bernic Lake, Manitoba. Rubidium can be liquid at room temperature. It is a soft, silvery-white metallic element of the alkali group and 
is the second mostelectropositive and alkaline element. It ignites spontaneously in air and reacts violently in water, setting fire to the liberated hydrogen. 
As with other alkali metals, it forms amalgams with mercury and it alloys with gold, cesium, sodium, and potassium. It colors a flame yellowish violet. 
Rubidium metal can be prepared by reducing rubidium chloride with calcium, and by a number of other methods. It must be kept under a dry mineral 
oil orin a vacuum or inert atmosphere. Thirty five isotopes and isomers of rubidium are known. Naturally occurring rubidium is made of two isotopes, 
55Rb and "Rb. Rubidium-87 is present to the extent of 27.83% in natural rubidium and is a beta emitter with a half-life of 4.9 x 1070 years. Ordinary 
rubidium is sufficiently radioactive to expose a photographic film in about 30 to 60 days. Rubidium forms four oxides: Rb;O, Rb;O», Rb;O;, Rb;O,. 
Because rubidium can be easily ionized, it has been considered for use in “ion engines" for space vehicles; however, cesium is somewhat more efficient 
for this purpose. It is also proposed for use as a working fluid for vapor turbines and for use in a thermoelectric generator using the magnetohydro- 
dynamic principle where rubidium ions are formed by heat at high temperature and passed through a magnetic field. These conduct electricity and act 
like an armature of a generator thereby generating an electric current. Rubidium is used as a getter in vacuum tubes and as a photocell component. It 
has been used in making special glasses. RbAg,L is important, as it has the highest room conductivity of any known ionic crystal. At 20°C its 
conductivity is about the same as dilute sulfuric acid. This suggests use in thin film batteries and other applications. The present cost in small quantities 
is about $50/g (99.896 pure). 

Ruthenium — (L. Ruthenia, Russia), Ru; at. wt. 101.07(2); at. no. 44, m.p. 2334?C; b.p. 4150?C; sp. gr. 12.41 (20?C); valence 0, 1, 2, 3, 4, 5, 6, 
7, 8. Berzelius and Osann in 1827 examined the residues left after dissolving crude platinum from the Ural mountains in aqua regia. While Berzelius 
found no unusual metals, Osann thought he found three new metals, one of which he named ruthenium. In 1844 Klaus, generally recognized as the 
discoverer, showed that Osann's ruthenium oxide was very impure and that it contained a new metal. Klaus obtained 6 g of ruthenium from the portion 
of crude platinum that is insoluble in aqua regia. A member of the platinum group, ruthenium occurs native with other members of the group in ores 
found in the Ural mountains and in North and South America. It is also found along with other platinum metals in small but commercial quantities 
in pentlandite of the Sudbury, Ontario, nickel-mining region, and in pyroxinite deposits of South Africa. Natural ruthenium contains seven isotopes. 
Twenty-eight other isotopes and isomers are known, all of which are radioactive. The metal is isolated commercially by a complex chemical process, 
the final stage of which is the hydrogen reduction of ammonium ruthenium chloride, which yields a powder. The powder is consolidated by powder 
metallurgy techniques or by argon-arc welding. Ruthenium is a hard, white metal and has four crystal modifications. It does not tarnish at room 
temperatures, but oxidizes in air at about 800?C. The metal is not attacked by hot or cold acids or aqua regia, but when potassium chlorate is added 
to the solution, it oxidizes explosively. It is attacked by halogens, hydroxides, etc. Ruthenium can be plated by electrodeposition or by thermal 
decomposition methods. The metalis one ofthe most effective hardeners for platinum and palladium, and is alloyed with these metals to make electrical 
contacts for severe wear resistance. A ruthenium-molybdenum alloy is said to be superconductive at 10.6 K. The corrosion resistance of titanium is 
improved a hundredfold by addition of 0.196 ruthenium. It is a versatile catalyst. Hydrogen sulfide can be split catalytically by light using an aqueous 
suspension of CdS particles loaded with ruthenium dioxide. It is thought this may have application to removal of H5S from oil refining and other 
industrial processes. Compounds in at least eight oxidation states have been found, but of these, the +2. +3. and +4 states are the most common. 
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Ruthenium tetroxide, like osmium tetroxide, is highly toxic. In addition, it may explode. Ruthenium compounds show a marked resemblance to those 
of osmium. The metal is priced at about $25/g (99.95% pure). 

Rutherfordium — (named for Ernest Rutherford [1871—1937], New Zealand, Canadian, and British physicist); Rf; at. wt. [261]; at. no. 104. In 
1964, workers of the Joint Nuclear Research Institute at Dubna (Russia) bombarded plutonium with accelerated 113 to 115 MeV neon ions. By 
measuring fission tracks in a special glass with a microscope, they detected an isotope that decays by spontaneous fission. They suggested that this 
isotope, which has a half-life of 0.3 + 0.1 s, might be 260104, produced by the following reaction: 


A Put;,Ne> 104 + Ап 


Element 104, the first transactinide element, is expected to have chemical properties similarto those of hafnium. It would, for example, form a relatively 
volatile compound with chlorine (a tetrachloride). The Soviet scientists have performed experiments aimed at chemical identification, and have 
attempted to show that the 0.3-s activity is more volatile than that of the relatively nonvolatile actinide trichlorides. This experiment does not fulfill 
the test of chemically separating the new element from all others, but it provides important evidence for evaluation. New data, reportedly issued by 
Soviet scientists, have reduced the half-life of the isotope they worked with from 0.3 to 0.15 s. The Dubna scientists suggest the name kurchatovium 
and symbol Ки for Element 104, in honor of Igor Vasilevich Kurchatov (1903—1960), late Head of Soviet Nuclear Research. The Dubna Group also 
has proposed the name dubnium for Element 104. In 1969, Ghiorso, Nurmia, Harris, K. A. Y. Eskola, and P. L. Eskola of the University of California 
at Berkeley reported they had positively identified two, and possibly three, isotopes of Element 104. The group also indicated that after repeated 
attempts so far they have been unable to produce isotope 290104 reported by the Dubna groups in 1964. The discoveries at Berkeley were made by 
bombarding a target of 229Cf with РС nuclei of 71 MeV, and !3C nuclei of 69 MeV. The combination of PC with 249Cf followed by instant emission 
of four neutrons produced Element 257104. This isotope has a half-life of 4 to 5 s, decaying by emitting an alpha particle into 255Хо, with a half-life 
of 105 s. The same reaction, except with the emission of three neutrons, was thought to have produced 255104 with a half-life of about 1/100 s. Element 
259104 is formed by the merging of a ?C nuclei with 249Cf, followed by emission of three neutrons. This isotope has a half-life of 3 to 4 s, and decays 
by emitting an alpha particle into 255No, which has a half-life of 185 s. Thousands of atoms of 257104 and 259104 have been detected. The Berkeley 
group believe their identification of 258104 was correct. Eleven isotopes of Element 104 have now been identified. The Berkeley group proposed for 
the new element the name rutherfordium (symbol Rf), in honor of Ernest Rutherford. This name was formally adapted by IUPAC in August 1997. 

Samarium — (Samarskite a mineral), Sm; at. wt. 150.36(3); at. no. 62; m.p. 1074?C; b.p. 1794°C; sp. gr (o) 7.520 (25°C); valence 2 or 3. 
Discovered spectroscopically by its sharp absorption lines in 1879 by Lecoq de Boisbaudran in the mineral samarskite, named in honor of a Russian 
mine official, Col. Samarski. Samarium is found along with other members of the rare-earth elements in many minerals, including monazite and 
bastnasite, which are commercial sources. The largest producer of rare earth minerals is now China, followed by the U.S., India, and Russia. It occurs 
in monazite to the extent of 2.896. While misch metal containing about 196 of samarium metal, has long been used, samarium has not been isolated 
in relatively pure form until recent years. Ion-exchange and solvent extraction techniques have recently simplified separation of the rare earths from 
one another; more recently, electrochemical deposition, using an electrolytic solution of lithium citrate and a mercury electrode, is said to be a simple, 
fast, and highly specific way to separate the rare earths. Samarium metal can be produced by reducing the oxide with barium or lanthanum. Samarium 
has a bright silver luster and is reasonably stable in air. Three crystal modifications of the metal exist, with transformations at 734 and 922°C. The metal 
ignites in air at about 150?C. Thirty-three isotopes and isomers of samarium are now recognized. Natural samarium is a mixture of seven isotopes, 
three of which are unstable but have long half-lives. Samarium, along with other rare earths, is used for carbon-arc lighting for the motion picture 
industry. The sulfide has excellent high-temperature stability and good thermoelectric efficiencies up to 1100?C. SmCo; has been used in making a 
new permanent magnet material with the highest resistance to demagnetization of any known material. It is said to have an intrinsic coercive force 
as high as 2200 kA/m. Samarium oxide has been used in optical glass to absorb the infrared. Samarium is used to dope calcium fluoride crystals for 
use in optical masers or lasers. Compounds of the metal act as sensitizers for phosphors excited in the infrared; the oxide exhibits catalytic properties 
in the dehydration and dehydrogenation of ethyl alcohol. It is used in infrared absorbing glass and as a neutron absorber in nuclear reactors. The metal 
is priced at about $3.50/g (99.996). Little is known of the toxicity of samarium; therefore, it should be handled carefully. 

Scandium — (L. Scandia, Scandinavia), Sc; at. wt. 44.955910(8); at. no. 21; m.p. 1541?C; b.p. 2836?C; sp. gr. 2.989 (25?C); valence 3. On the 
basis of the Periodic System, Mendeleev predicted the existence of ekaboron, which would have an atomic weight between 40 of calcium and 48 of 
titanium. The element was discovered by Nilson in 1878 in the minerals euxenite and gadolinite, which had not yet been found anywhere except in 
Scandinavia. By processing 10 kg of euxenite and other residues of rare-earth minerals, Nilson was able to prepare about 2 g of scandium oxide of 
high purity. Cleve later pointed out that Nilson's scandium was identical with Mendeleev's ekaboron. Scandium is apparently a much more abundant 
element in the sun and certain stars than here on earth. It is about the 23rd most abundant element in the sun, compared to the 50 most abundant on 
earth. It is widely distributed on earth, occurring in very minute quantities in over 800 mineral species. The blue color of beryl (aquamarine variety) 
is said to be due to scandium. It occurs as a principal component in the rare mineral thortveitite, found in Scandinavia and Malagasy. It is also found 
in the residues remaining after the extraction of tungsten from Zinnwald wolframite, and in wiikite and bazzite. Most scandium is presently being 
recovered from thortveitite oris extracted as a by-product from uranium mill tailings. Metallic scandium was first prepared in 1937 by Fischer, Brunger, 
and Grieneisen, who electrolyzed a eutectic melt of potassium, lithium, and scandium chlorides at 700 to 800°C. Tungsten wire and а pool of molten 
zinc served as the electrodes in a graphite crucible. Pure scandium is now produced by reducing scandium fluoride with calcium metal. The production 
of the first pound of 99% pure scandium metal was announced in 1960. Scandium is а silver-white metal which develops a slightly yellowish or pinkish 
cast upon exposure to air. It is relatively soft, and resembles yttrium and the rare-earth metals more than it resembles aluminum or titanium. It is a very 
light metal and has a much higher melting point than aluminum, making it of interest to designers of spacecraft. Scandium is not attacked by a 1:1 
mixture of conc. HNO; and 48% HF. Scandium reacts rapidly with many acids. Twenty-three isotopes and isomers of scandium are recognized. The 
metal is expensive, costing about $200/g with a purity of about 99.9%. About 20 kg of scandium (as ӛс;О;) are now being used yearly in the U.S. to 
produce high-intensity lights, and the radioactive isotope 465с is used as a tracing agent in refinery crackers for crude oil, etc. Scandium iodide added 
to mercury vapor lamps produces a highly efficient light source resembling sunlight, which is important for indoor or night-time color TV. Little is 
yet known about the toxicity of scandium; therefore, it should be handled with care. 
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Seaborgium — (named for Glenn T. Seaborg [1912—1999], American chemist and nuclear physicist). Sg; at. wt. [263]; at no. 106. The discovery 
of Seaborgium, Element 106, took place in 1974 almost simultaneously at the Lawrence-Berkeley Laboratory and at the Joint Institute for Nuclear 
Research at Dubna, Russia. The Berkeley Group, under direction of Ghiorso, used the Super-Heavy Ion Linear Accelerator (Super HILAC) as a source 
of heavy !80 ions to bombard a 259-цо target of 249Cf. This resulted in the production and positive identification of 299106, which decayed with a half- 
life of 0.9 + 0.2 $ by the emission of alpha particles as follows: 


2833106. 9.429194. * > Мо—8. 


The Dubna Team, directed by Flerov and Organessian, produced heavy ions of **Cr with their 310-cm heavy-ion cyclotron to bombard 207Рр and 208РЬ 
and found a product that decayed with a half-life of 7 ms. They assigned 259106 to this isotope. It is now thought seven isotopes of Seaborgium have 
been identified. Two of the isotopes are believed to have half-lives of about 30 s. Seaborgium most likely would have properties resembling tungsten. 
The IUPAC adopted the name Seaborgium in August 1997. Normally the naming of an element is not given until after the death of the person for which 
the element is named; however, in this case, it was named while Dr. Seaborg was still alive. 

Selenium — (Gr. Selene, moon), Se; at. wt. 78.96(3); at. по. 34; m.p. (gray) 221°C; b.p. (gray) 685°C; sp. gr. (gray) 4.79, (vitreous) 4.28; valence 
-2, +4, or +6. Discovered by Berzelius in 1817, who found it associated with tellurium, named for the earth. Selenium is found in a few rare minerals, 
such as crooksite and clausthalite. In years past it has been obtained from flue dusts remaining from processing copper sulfide ores, but the anode muds 
from electrolytic copper refineries now provide the source of most of the world's selenium. Selenium is recovered by roasting the muds with soda or 
sulfuric acid, or by smelting them with soda and niter. Selenium exists in several allotropic forms. Three are generally recognized, but as many as six 
have been claimed. Selenium can be prepared with either an amorphous or crystalline structure. The color of amorphous selenium is either red, in 
powder form, or black, in vitreous form. Crystalline monoclinic selenium is a deep red; crystalline hexagonal selenium, the most stable variety, is a 
metallic gray. Natural selenium contains six stable isotopes. Twenty-nine other isotopes and isomers have been characterized. The element is a member 
of the sulfur family and resembles sulfur both in its various forms and in its compounds. Selenium exhibits both photovoltaic action, where light is 
converted directly into electricity, and photoconductive action, where the electrical resistance decreases with increased illumination. These properties 
make selenium useful in the production of photocells and exposure meters for photographic use, as well as solar cells. Selenium is also able to convert 
a.c. electricity to d.c., and is extensively used in rectifiers. Below its melting point selenium is a p-type semiconductor and is finding many uses in 
electronic and solid-state applications. It is used in Xerography for reproducing and copying documents, letters, etc., but recently its use in this 
application has been decreasing in favor of certain organic compounds. It is used by the glass industry to decolorize glass and to make ruby-colored 
glasses and enamels. It is also used as a photographic toner, and as an additive to stainless steel. Elemental selenium has been said to be practically 
nontoxic and is considered to be an essential trace element; however, hydrogen selenide and other selenium compounds are extremely toxic, and 
resemble arsenic in their physiological reactions. Hydrogen selenide in a concentration of 1.5 ppm is intolerable to man. Selenium occurs in some soils 
in amounts sufficient to produce serious effects on animals feeding on plants, such as locoweed, grown in such soils. Selenium (99.5%) is priced at 
about $250/kg. It is also available in high-purity form at a cost of about $350/kg (99.9990). 

Silicon — (L. silex, silicis, flint), Si; at. wt. 28.0855(3); at. no. 14; m.p. 1414?C; b.p. 3265?C; sp. gr. 2.33 (25?C); valence 4. Davy in 1800 thought 
silicato be a compound and not an element; later in 1811, Gay Lussac and Thenard probably prepared impure amorphous silicon by heating potassium 
with silicon tetrafluoride. Berzelius, generally credited with the discovery, in 1824 succeeded in preparing amorphous silicon by the same general 
method as used earlier, but he purified the product by removing the fluosilicates by repeated washings. Deville in 1854 first prepared crystalline silicon, 
the second allotropic form of the element. Silicon is present in the sun and stars and is a principal component of a class of meteorites known as 
"aerolites". It is also a component of tektites, a natural glass of uncertain origin. Natural silicon contains three isotopes. Twenty-four other radioactive 
isotopes are recognized. Silicon makes up 25.7% of the earth’s crust, by weight, and is the second most abundant element, being exceeded only by 
oxygen. Silicon is not found free in nature, but occurs chiefly as the oxide and as silicates. Sand, quartz, rock crystal, amethyst, agate, flint, jasper, 
and opal are some of the forms in which the oxide appears. Granite, hornblende, asbestos, feldspar, clay mica, etc. are but a few of the numerous silicate 
minerals. Silicon is prepared commercially by heating silica and carbon in an electric furnace, using carbon electrodes. Several other methods can be 
used for preparing the element. Amorphous silicon can be prepared as a brown powder, which can be easily melted or vaporized. Crystalline silicon 
has a metallic luster and grayish color. The Czochralski process is commonly used to produce single crystals of silicon used for solid-state or 
semiconductor devices. Hyperpure silicon can be prepared by the thermal decomposition of ultra-pure trichlorosilane in a hydrogen atmosphere, and 
by a vacuum float zone process. This product can be doped with boron, gallium, phosphorus, or arsenic to produce silicon for use in transistors, solar 
cells, rectifiers, and other solid-state devices which are used extensively in the electronics and space-age industries. Hydrogenated amorphous silicon 
has shown promise in producing economical cells for converting solar energy into electricity. Silicon is a relatively inert element, but it is attacked 
by halogens and dilute alkali. Most acids except hydrofluoric, do not affect it. Silicones are important products of silicon. They may be prepared by 
hydrolyzing a silicon organic chloride, such as dimethyl silicon chloride. Hydrolysis and condensation of various substituted chlorosilanes сап be used 
to produce a very great number of polymeric products, or silicones, ranging from liquids to hard, glasslike solids with many useful properties. Elemental 
silicon transmits more than 95% of all wavelengths of infrared, from 1.3 to 6.7 um. Silicon is one of man's most useful elements. In the form of sand 
and clay itis used to make concrete and brick; itis a useful refractory material for high-temperature work, and in the form of silicates it is used in making 
enamels, pottery, etc. Silica, as sand, is a principal ingredient of glass, one of the most inexpensive of materials with excellent mechanical, optical, 
thermal, and electrical properties. Glass can be made in a very great variety of shapes, and is used as containers, window glass, insulators, and thousands 
of other uses. Silicon tetrachloride can be used to iridize glass. Silicon is important in plant and animal life. Diatoms in both fresh and salt water extract 
silica from the water to build up their cell walls. Silica is present in ashes of plants and in the human skeleton. Silicon is an important ingredient in 
steel; silicon carbide is one of the most important abrasives and has been used in lasers to produce coherent light of 4560 À. A remarkable material, 
first discovered in 1930, is Aerogel, developed and now used by NASA in their Stardust mission, which is expected to encounter Comet Wild 2 in 
2004, returning cometary and interplanet dust to Earth in 2006. Aerogel is a highly insulative material that has the lowest density of any known solid. 
One form of Aerogel is 99.9% air and 0.1% SiO», by volume. It is 1000 times less dense than glass. It has been called “blue smoke" or “solid smoke". 
A block of Aerogel as large as a person may weigh less than a pound and yet support the weight of 1000 Ibs (455 kg). This material is expected to trap 
cometary particles traveling at speeds of 32 km/sec. Aerogel is said to be non-toxic and non-inflammable. It has high thermal insulating qualities that 
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could be used in home insulation. Its light weight may have aircraft applications. Regular grade silicon (99.596) costs about $160/kg. Silicon 
(99.999996) pure costs about $200/kg; hyperpure silicon is available at a higher cost. Miners, stonecutters, and other engaged in work where siliceous 
dust is breathed in large quantities often develop a serious lung disease known as silicosis. 

Silver — (Anglo-Saxon, Seolfor siolfur), Ag (L. argentum), at. wt. 107.8682(2); at. по. 47; m.p. 961.78°С; b.p. 2162?C; sp. gr. 10.50 (20°С); 
valence 1, 2. Silver has been known since ancient times. It is mentioned in Genesis. Slag dumps in Asia Minor and on islands in the Aegean Sea indicate 
that man learned to separate silver from lead as early as 3000 B.C. Silver occurs native and in ores such as argentite (Ag5S) and horn silver (AgCI); 
lead, lead-zinc, copper, gold, and copper-nickel ores are principal sources. Mexico, Canada, Peru, and the U.S. are the principal silver producers in 
the western hemisphere. Silver is also recovered during electrolytic refining of copper. Commercial fine silver contains at least 99.9% silver. Purities 
of 99.999+% are available commercially. Pure silver has a brilliant white metallic luster. It is a little harder than gold and is very ductile and malleable, 
being exceeded only by gold and perhaps palladium. Pure silver has the highest electrical and thermal conductivity of all metals, and possesses the 
lowest contact resistance. It is stable in pure air and water, but tarnishes when exposed to ozone, hydrogen sulfide, or air containing sulfur. The alloys 
of silver are important. Sterling silver is used for jewelry, silverware, etc. where appearance is paramount. This alloy contains 92.546 silver, the 
remainder being copper or some other metal. Silver is of utmost importance in photography, about 30% of the U.S. industrial consumption going into 
this application. It is used for dental alloys. Silver is used in making solder and brazing alloys, electrical contacts, and high capacity silver-zinc and 
silver-cadmium batteries. Silver paints are used for making printed circuits. It is used in mirror production and may be deposited on glass or metals 
by chemical deposition, electrodeposition, or by evaporation. When freshly deposited, it is the best reflector of visible light known, but is rapidly 
tarnishes and loses much of its reflectance. Itis a poor reflector of ultraviolet. Silver fulminate (Аг СМО), a powerful explosive, is sometimes formed 
during the silvering process. Silver iodide is used in seeding clouds to produce rain. Silver chloride has interesting optical properties as it can be made 
transparent; it also is a cement for glass. Silver nitrate, or lunar caustic, the most important silver compound, is used extensively in photography. While 
silver itself is not considered to be toxic, most of its salts are poisonous. Natural silver contains two stable isotopes. Fifty-six other radioactive isotopes 
and isomers are known. Silver compounds can be absorbed in the circulatory system and reduced silver deposited in the various tissues of the body. 
A condition, known as argyria, results with a greyish pigmentation of the skin and mucous membranes. Silver has germicidal effects and kills many 
lowerorganisms effectively without harm to higher animals. Silver for centuries has been used traditionally for coinage by many countries ofthe world. 
In recent times, however, consumption of silver has at times greatly exceeded the output. In 1939, the price of silver was fixed by the U.S. Treasury 
at 71¢/troy oz., and at 90.5¢/troy oz. іп 1946. In November 1961 ће U.S. Treasury suspended sales of nonmonetized silver, and the price stabilized 
for a time at about $1.29, the melt-down value of silver U.S. coins. The Coinage Act of 1965 authorized a change in the metallic composition of the 
three U.S. subsidiary denominations to clad or composite type coins. This was the first change in U.S. coinage since the monetary system was 
established in 1792. Clad dimes and quarters are made of an outer layer of 7596 Cu and 2596 Ni bonded to a central core of pure Cu. The composition 
ofthe one- and five-cent pieces remains unchanged. One-cent coins аге 95% Cu and 596 Zn. Five-cent coins are 75% Cu and 2596 Ni. Old silver dollars 
are 90% Ag and 10% Cu. Earlier subsidiary coins of 90% Ag and 10% Cu officially were to circulate alongside the clad coins; however, in practice 
they have largely disappeared (Gresham's Law), as the value of the silver is now greater than their exchange value. Silver coins of other countries have 
largely been replaced with coins made of other metals. On June 24, 1968, the U.S. Government ceased to redeem U.S. Silver Certificates with silver. 
Since that time, the price of silver has fluctuated widely. As of January 2002, the price of silver was about $4. 10/troy oz. (13¢/g); however the price 
has fluctuated considerably due to market instability. The price of silver in 2001 was only about four times the cost of the metal about 150 years ago. 
This has largely been caused by Central Banks disposing of some of their silver reserves and the development of more productive mines with better 
refining methods. Also, silver has been displaced by other metals or processes, such as digital photography. 

Sodium — (English, soda; Medieval Latin, sodanum, headache remedy), Na (L. natrium); at. wt. 22.989770(2); at. no. 11; m.p. 97.80?C; b.p. 
883°C; sp. gr. 0.971 (20°C); valence 1. Long recognized in compounds, sodium was first isolated by Davy in 1807 by electrolysis of caustic soda. 
Sodium is present in fair abundance in the sun and stars. The D lines of sodium are among the most prominent in the solar spectrum. Sodium is the 
sixth most abundant element on earth, comprising about 2.6% of the earth's crust; it is the most abundant of the alkali group of metals of which it is 
a member. The most common compound is sodium chloride, but it occurs in many other minerals, such as soda niter, cryolite, amphibole, zeolite, 
sodalite,etc. It is a very reactive element and is never found free in nature. It is now obtained commercially by the electrolysis of absolutely dry fused 
sodium chloride. This method is much cheaper than that of electrolyzing sodium hydroxide, as was used several years ago. Sodium is a soft, bright, 
silvery metal which floats on water, decomposing it with the evolution of hydrogen and the formation of the hydroxide. It may or may not ignite 
spontaneously on water, depending on the amount of oxide and metal exposed to the water. It normally does not ignite in air at temperatures below 
115?C. Sodium should be handled with respect, as it can be dangerous when improperly handled. Metallic sodium is vital in the manufacture of 
sodamide and esters, and in the preparation of organic compounds. The metal may be used to improve the structure of certain alloys, to descale metal, 
to purify molten metals, and as a heat transfer agent. An alloy of sodium with potassium, NaK, is also an important heat transfer agent. Sodium 
compounds are important to the paper, glass, soap, textile, petroleum, chemical, and metal industries. Soap is generally a sodium salt of certain fatty 
acids. The importance of common salt to animal nutrition has been recognized since prehistoric times. Among the many compounds that are of the 
greatest industrial importance are common salt (NaCl), soda ash (Ма,СО,), baking soda (МаНСО;), caustic soda (NaOH), Chile saltpeter (NaNO3), 
di- and tri-sodium phosphates, sodium thiosulfate (hypo, Ма;5,04 -5Н О), and borax (Na;B4O; - 10H О). Seventeen isotopes of sodium аге 
recognized. Metallic sodium is priced at about $575/kg (99.95%). On a volume basis, it is the cheapest of all metals. Sodium metal should be handled 
with great care. It should be kept in an inert atmosphere and contact with water and other substances with which sodium reacts should be avoided. 

Strontium — (Strontian, town in Scotland), Sr; at. wt. 87.62(1); at. no. 38; m.p. 777?C; b.p. 1382?C; sp. gr. 2.54; valence 2. Isolated by Davey 
by electrolysis in 1808; however, Adair Crawford in 1790 recognized a new mineral (strontianite) as differing from other barium minerals (baryta). 
Strontium is found chiefly as celestite (5:5О,) and strontianite (5тСО;). Celestite is found in Mexico, Turkey, Iran, Spain, Algeria, and in the U.K. 
The U.S. has no active celestite mines. The metal can be prepared by electrolysis of the fused chloride mixed with potassium chloride, or is made by 
reducing strontium oxide with aluminum in a vacuum at a temperature at which strontium distills off. Three allotropic forms of the metal exist, with 
transition points at 235 and 540°С. Strontium is softer than calcium and decomposes water more vigorously. It does not absorb nitrogen below 380?C. 
It should be kept under mineral oil to prevent oxidation. Freshly cut strontium has a silvery appearance, but rapidly turns a yellowish color with the 
formation of the oxide. The finely divided metal ignites spontaneously in air. Volatile strontium salts impart a beautiful crimson color to flames, and 
these salts are used in pyrotechnics and in the production of flares. Natural strontium is a mixture of four stable isotopes. Thirty-two other unstable 
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isotopes and isomers are known to exist. Of greatest importance is 05 with a half-life of 29 years. It is a product of nuclear fallout and presents a health 
problem. This isotope is one of the best long-lived high-energy beta emitters known, and is used in SNAP (Systems for Nuclear Auxiliary Power) 
devices. These devices hold promise for use in space vehicles, remote weather stations, navigational buoys, etc., where a lightweight, long-lived, 
nuclear-electric power source is needed. The major use for strontium at present is in producing glass for color television picture tubes. АП color TV 
and cathode ray tubes sold in the U.S. are required by law to contain strontium in the face plate glass to block X-ray emission. Strontium also improves 
the brilliance of the glass and the quality of the picture. It has also found use in producing ferrite magnets and in refining zinc. Strontium titanate is 
an interesting optical material as it has an extremely high refractive index and an optical dispersion greater than that of diamond. It has been used as 
a gemstone, but it is very soft. It does not occur naturally. Strontium metal (99% pure) costs about $220/kg. 

Sulfur — (Sanskrit, sulvere; L. sulphurium), S; at. wt. 32.066(6); at. no. 16; m.p. 115.21?C; b.p. 444.60?C; 1; 10419С; sp. gr. (rhombic) 2.07, 
(monoclinic) 1.957 (20°C); valence 2, 4, or 6. Known to the ancients; referred to in Genesis as brimstone. Sulfur is found in meteorites. A dark area 
near the crater Aristarchus on the moon has been studied by R. W. Wood with ultraviolet light. This study suggests strongly that it is a sulfur deposit. 
Sulfur occurs native in the vicinity of volcanoes and hot springs. It is widely distributed in nature as iron pyrites, galena, sphalerite, cinnabar, stibnite, 
gypsum, Epsom salts, celestite, barite,etc. Sulfur is commercially recovered from wells sunk into the salt domes along the Gulf Coast of the U.S. It 
is obtained from these wells by the Frasch process, which forces heated water into the wells to melt the sulfur, which is then brought to the surface. 
Sulfur also occurs in natural gas and petroleum crudes and must be removed from these products. Formerly this was done chemically, which wasted 
the sulfur. New processes now permit recovery, and these sources promise to be very important. Large amounts of sulfur are being recovered from 
Alberta gas fields. Sulfur is a pale yellow, odorless, brittle solid, which is insoluble in water but soluble in carbon disulfide. In every state, whether 
gas, liquid or solid, elemental sulfur occurs in more than one allotropic form or modification; these present a confusing multitude of forms whose 
relations are not yet fully understood. Amorphous or “plastic” sulfur is obtained by fast cooling of the crystalline form. X-ray studies indicate that 
amorphous sulfur may have a helical structure with eight atoms per spiral. Crystalline sulfur seems to be made of rings, each containing eight sulfur 
atoms, which fit together to give a normal X-ray pattern. Twenty-one isotopes of sulfur are now recognized. Four occur in natural sulfur, none of which 
is radioactive. A finely divided form of sulfur, known as flowers of sulfur, is obtained by sublimation. Sulfur readily forms sulfides with many elements. 
Sulfur is a component of black gunpowder, and is used in the vulcanization of natural rubber and a fungicide. It is also used extensively is making 
phosphatic fertilizers. A tremendous tonnage is used to produce sulfuric acid, the most important manufactured chemical. It is used in making sulfite 
paper and other papers, as a fumigant, and in the bleaching of dried fruits. The element is a good electrical insulator. Organic compounds containing 
sulfur are very important. Calcium sulfate, ammonium sulfate, carbon disulfide, sulfur dioxide, and hydrogen sulfide are but a few of the many other 
important compounds of sulfur. Sulfur is essential to life. It is a minor constituent of fats, body fluids, and skeletal minerals. Carbon disulfide, hydrogen 
sulfide, and sulfur dioxide should be handled carefully. Hydrogen sulfide in small concentrations can be metabolized, but in higher concentrations it 
quickly can cause death by respiratory paralysis. It is insidious in that it quickly deadens the sense of smell. Sulfur dioxide is a dangerous component 
in atmospheric air pollution. In 1975, University of Pennsylvania scientists reported synthesis of polymeric sulfur nitride, which has the properties 
of a metal, although it contains no metal atoms. The material has unusual optical and electrical properties. Sulfur (99.999696) costs about $575/kg. 

Tantalum — (Gr. Tantalos, mythological character, father of Niobe), Ta; at. wt. 180.9479(1); at. no. 73; m.p. 3017°C; b.p. 5458?C; sp. gr. 16.654; 
valence 27, 3, 47, or 5. Discovered in 1802 by Ekeberg, but many chemists thought niobium and tantalum were identical elements until Rose, іп 1844, 
and Marignac, in1866, showed that niobic and tantalic acids were two different acids. The early investigators only isolated the impure metal. The first 
relatively pure ductile tantalum was produced by von Bolton in 1903. Tantalum occurs principally in the mineral columbite-tantalite (Fe, Mn)(Nb, 
Та)>О6. Tantalum ores are found in Australia, Brazil, Rwanda, Zimbabwe, Congo-Kinshasa, Nigeria, and Canada. Separation of tantalum from 
niobium requires several complicated steps. Several methods are used to commercially produce the element, including electrolysis of molten potassium 
fluorotantalate, reduction of potassium fluorotantalate with sodium, or reacting tantalum carbide with tantalum oxide. Thirty four isotopes and isomers 
oftantalum are known to exist. Natural tantalum contains two isotopes, one of which is radioactive with a very long half-life. Tantalum is a gray, heavy, 
and very hard metal. When pure, it is ductile and can be drawn into fine wire, which is used as a filament for evaporating metals such as aluminum. 
Tantalum is almost completely immune to chemical attack at temperatures below 150?C, and is attacked only by hydrofluoric acid, acidic solutions 
containing the fluoride ion, and free sulfur trioxide. Alkalis attack it only slowly. At high temperatures, tantalum becomes much more reactive. The 
element has a melting point exceeded only by tungsten and rhenium. Tantalum is used to make a variety of alloys with desirable properties such as 
high melting point, high strength, good ductility, etc. Scientists at Los Alamos have produced a tantalum carbide graphite composite material, which 
is said to be one of the hardest materials ever made. The compound has a melting point of 3738°C. Tantalum has good “gettering” ability at high 
temperatures, and tantalum oxide films are stable and have good rectifying and dielectric properties. Tantalum is used to make electrolytic capacitors 
and vacuum furnace parts, which account for about 60% of its use. The metal is also widely used to fabricate chemical process equipment, nuclear 
reactors, and aircraft and missile parts. Tantalum is completely immune to body liquids and is a nonirritating metal. It has, therefore, found wide use 
in making surgical appliances. Tantalum oxide is used to make special glass with high index of refraction for camera lenses. The metal has many other 
uses. The price of (99.996) tantalum is about $2/g. 

Technetium — (Gr. technetos, artificial), Tc; at. wt. (98); at. no. 43; m.p. 2157?C; b.p. 4265?C; sp. gr. 11.50 (calc.); valence 0, +2, +4, +5, +6, 
and +7. Element 43 was predicted on the basis of the periodic table, and was erroneously reported as having been discovered in 1925, at which time 
it was named masurium. The element was actually discovered by Perrier and Segre in Italy in 1937. It was found in a sample of molybdenum, which 
was bombarded by deuterons in the Berkeley cyclotron, and which E. Lawrence sent to these investigators. Technetium was the first element to be 
produced artificially. Since its discovery, searches for the element in terrestrial materials have been made without success. If it does exist, the 
concentration must be very small. Technetium has been found in the spectrum of S-, M-, and N-type stars, and its presence in stellar matter is leading 
to new theories of the production of heavy elements in the stars. Forty-three isotopes and isomers of technetium, with atomic masses ranging from 
86 to 113, are known. ?"Tc has a half-life of 2.6 x 106 years. Тс has a half-life of 4.2 x 10° years. The isomeric isotope "Те, with a half-life of 61 
days, is useful for tracer work, as it produces energetic gamma rays. Technetium metal has been produced in kilogram quantities. The metal was first 
prepared by passing hydrogen gas at 1 100?C over Tc,S;. It is now conveniently prepared by the reduction of ammonium pertechnetate with hydrogen. 
Technetium is a silvery-gray metal that tarnishes slowly in moist air. Until 1960, technetium was available only in small amounts and the price was 
as high as $2800/g. °°Tc is now commercially available to holders of O.R.N.L. permits at a price of $83/g plus packing charges. ??Tc is available at 
a cost of $1.56/uCi. The chemistry of technetium is said to be similar to that of rhenium. Technetium dissolves in nitric acid, aqua regia, and conc. 
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sulfuric acid, but is not soluble in hydrochloric acid of any strength. The element is a remarkable corrosion inhibitor for steel. It is reported that mild 
carbon steels may be effectively protected by as little as 55 ppm of KTcO, in aerated distilled water at temperatures up to 2509С. This corrosion 
protection is limited to closed systems, since technetium is radioactive and must be confined. %Тс has a specific activity of 6.2 x 108 Bq/g. Activity 
of this level must not be allowed to spread. ??Tc is a contamination hazard and should be handled in a glove box. The metal is an excellent superconductor 
at 11°K and below. 

Tellurium — (L. tellus, earth), Te; at. wt. 127.60(3); at. no. 52; m.p. 449.51°C; b.p. 988°C; sp. gr. 6.24 (20°C); valence 2, 4, or 6. Discovered by 
Muller von Reichenstein in 1782; named by Klaproth, who isolated it in 1798. Tellurium is occasionally found native, but is more often found as the 
telluride of gold (calaverite), and combined with other metals. It is recovered commercially from the anode muds produced during the electrolytic 
refining of blister copper. The U.S., Canada, Peru, and Japan are the largest Free World producers of the element. Crystalline tellurium has a silvery- 
white appearance, and when pure exhibits a metallic luster. It is brittle and easily pulverized. Amorphous tellurium is formed by precipitating tellurium 
from a solution of telluric or tellurous acid. Whether this form is truly amorphous, or made of minute crystals, is open to question. Tellurium is a p- 
type semiconductor, and shows greater conductivity in certain directions, depending on alignment of the atoms. Its conductivity increases slightly with 
exposure to light. It can be doped with silver, copper, gold, tin, or other elements. In air, tellurium burns with a greenish-blue flame, forming the dioxide. 
Molten tellurium corrodes iron, copper, and stainless steel. Tellurium and its compounds are probably toxic and should be handled with care. Workmen 
exposed to as little as 0.01 mg/m? of air, or less, develop “tellurium breath,” which has a garlic-like odor. Forty two isotopes and isomers of tellurium 
are known, with atomic masses ranging from 106 to 138. Natural tellurium consists of eight isotopes, two of which are radioactive with very long half- 
lives. Tellurium improves the machinability of copper and stainless steel, and its addition to lead decreases the corrosive action of sulfuric acid on lead 
and improves its strength and hardness. Tellurium catalysts are used in the oxidation of organic compounds and are used in hydrogenation and 
halogenation reactions. Tellurium is also used in electronic and semi-conductor devices. It is also used as a basic ingredient in blasting caps, and is 
added to cast iron for chill control. Tellurium is used in ceramics. Bismuth telluride has been used in thermoelectric devices. Tellurium costs about 
50¢/g, with a purity of about 99.5%. The metal with a purity of 99.9999% costs about $5/g. 

Terbium — (Ytterby, village in Sweden), Tb; at. wt. 158.92534(2); at. no. 65; m.p. 1356°C; b.p. 3230°C; sp. gr. 8.230; valence 3, 4. Discovered 
by Mosander in 1843. Terbium is a member of the lanthanide or "rare earth" group of elements. It is found in cerite, gadolinite, and other minerals 
along with other rare earths. It is recovered commercially from monazite in which it is present to the extent of 0.03%, from xenotime, and from euxenite, 
a complex oxide containing 1% of more of terbia. Terbium has been isolated only in recent years with the development of ion-exchange techniques 
for separating the rare-earth elements. As with other rare earths, it can be produced by reducing the anhydrous chloride or fluoride with calcium metal 
in a tantalum crucible. Calcium and tantalum impurities can be removed by vacuum remelting. Other methods of isolation are possible. Terbium is 
reasonably stable in air. It is a silver-gray metal, and is malleable, ductile, and soft enough to be cut with a knife. Two crystal modifications exist, with 
atransformation temperature of 1289°C. Forty-two isotopes and isomers are recognized. The oxide is a chocolate or dark maroon color. Sodium terbium 
borate is used as a laser material and emits coherent light at 0.546 uim. Terbium is used to dope calcium fluoride, calcium tungstate, and strontium 
molybdate, used in solid-state devices. The oxide has potential application as an activator for green phosphors used in color TV tubes. It can be used 
with ZrO, as a crystal stabilizer of fuel cells which operate at elevated temperature. Few other uses have been found. The element is priced at about 
$40/g (99.9%). Little is known of the toxicity of terbium. It should be handled with care as with other lanthanide elements. 

Thallium — (Gr. thallos, a green shoot ог twig), ТІ; at. wt. 204.3833(2); at. no. 81; m.p. 304°C; b.p. 1473°C; sp. gr. 11.85 (20°C); valence 1, or 
3. Thallium was discovered spectroscopically in 1861 by Crookes. The element was named after the beautiful green spectral line, which identified 
the element. The metal was isolated both by Crookes and Lamy іп 1862 about the same time. Thallium occurs in crooksite, lorandite, and hutchinsonite. 
It is also present in pyrites and is recovered from the roasting of this ore in connection with the production of sulfuric acid. It is also obtained from 
the smelting о lead and zinc ores. Extraction is somewhat complex and depends on the source of the thallium. Manganese nodules, found on the ocean 
floor, contain thallium. When freshly exposed to air, thallium exhibits a metallic luster, but soon develops a bluish-gray tinge, resembling lead in 
appearance. А heavy oxide builds up on thallium if left in air, and in the presence of water the hydroxide is formed. The metal is very soft and malleable. 
Itcan be cut with a knife. Forty-seven isotopes of thallium, with atomic masses ranging from 179 to 210 are recognized. Natural thallium is a mixture 
oftwoisotopes. The element and its compounds are toxic and should be handled carefully. Contact of the metal with skin is dangerous, and when melting 
the metal adequate ventilation should be provided. Thallium is suspected of carcinogenic potential for man. Thallium sulfate has been widely employed 
as a rodenticide and ant killer. It is odorless and tasteless, giving no warning of its presence. Its use, however, has been prohibited in the U.S. since 
1975 as a household insecticide and rodenticide. The electrical conductivity of thallium sulfide changes with exposure to infrared light, and this 
compound is used in photocells. Thallium bromide-iodide crystals have been used as infrared optical materials. Thallium has been used, with sulfur 
or selenium and arsenic, to produce low melting glasses which become fluid between 125 and 150?C. These glasses have properties at room 
temperatures similar to ordinary glasses and are said to be durable and insoluble in water. Thallium oxide has been used to produce glasses with a high 
index of refraction. Thallium has been used in treating ringworm and other skin infections; however, its use has been limited because of the narrow 
margin between toxicity and therapeutic benefits. A mercury-thallium alloy, which forms a eutectic at 8.5% thallium, is reported to freeze at —60°С, 
some 20° below the freezing point of mercury. Thallium metal (99.999905) costs about $2/g. 

Thorium — (Thor, Scandinavian god of war), Th; at. wt. 232.0381(1); at. no. 90; m.p. 1750°C; b.p. 4788°C; sp. gr. 11.72; valence +2(?), +3(?), 
+4. Discovered by Berzelius in 1828. Thorium occurs in thorite (ThSiO,) and in thorianite (ThO, + UO;). Large deposits of thorium minerals һауе 
been reported in New England and elsewhere, but these have not yet been exploited. Thorium is now thought to be about three times as abundant as 
uranium and about as abundant as lead or molybdenum. The metal is a source of nuclear power. There is probably more energy available for use from 
thorium in the minerals of the earth's crust than from both uranium and fossil fuels. Any sizable demand for thorium as a nuclear fuel is still several 
years in the future. Work has been done in developing thorium cycle converter-reactor systems. Several prototypes, including the HTGR (high- 
temperature gas-cooled reactor) and MSRE (molten salt converter reactor experiment), have operated. While the HTGR reactors are efficient, they 
are not expected to become important commercially for many years because of certain operating difficulties. Thorium is recovered commercially from 
the mineral monazite, which contains from 3 to 9% ТО, along with rare-earth minerals. Much of the internal heat the earth produces has been attributed 
to thorium and uranium. Several methods are available for producing thorium metal: it can be obtained by reducing thorium oxide with calcium, by 
electrolysis of anhydrous thorium chloride in a fused mixture of sodium and potassium chlorides, by calcium reduction of thorium tetrachloride mixed 
with anhydrous zinc chloride, and by reduction of thorium tetrachloride with an alkali metal. Thorium was originally assigned a position in Group IV 


4-31 


THE ELEMENTS (continued) 


ofthe periodic table. Because of its atomic weight, valence, etc., itis now considered to be the second member of the actinide series of elements. When 
pure, thorium is a silvery-white metal which is air-stable and retains its luster for several months. When contaminated with the oxide, thorium slowly 
tarnishes in air, becoming gray and finally black. The physical properties of thorium are greatly influenced by the degree of contamination with the 
oxide. The purest specimens often contain several tenths of a percent of the oxide. High-purity thorium has been made. Pure thorium is soft, very ductile, 
and can be cold-rolled, swaged, and drawn. Thorium is dimorphic, changing at 1400°C from a cubic to a body-centered cubic structure. Thorium oxide 
has a melting point of 3300°C, which is the highest of all oxides. Only a few elements, such as tungsten, and a few compounds, such as tantalum carbide, 
have higher melting points. Thorium is slowly attacked by water, but does not dissolve readily in most common acids, except hydrochloric. Powdered 
thorium metal is often pyrophoric and should be carefully handled. When heated in air, thorium turnings ignite and burn brilliantly with a white light. 
The principal use of thorium has been in the preparation of the Welsbach mantle, used for portable gas lights. These mantles, consisting of thorium 
oxide with about 1% cerium oxide and other ingredients, glow with a dazzling light when heated in a gas flame. Thorium is an important alloying 
element in magnesium, imparting high strength and creep resistance at elevated temperatures. Because thorium has a low work-function and high 
electron emission, it is used to coat tungsten wire used in electronic equipment. The oxide is also used to control the grain size of tungsten used for 
electric lamps; it is also used for high-temperature laboratory crucibles. Glasses containing thorium oxide have a high refractive index and low 
dispersion. Consequently, they find application in high quality lenses for cameras and scientific instruments. Thorium oxide has also found use as a 
catalyst in the conversion of ammonia to nitric acid, in petroleum cracking, and in producing sulfuric acid. Thorium has not found many uses due to 
its radioactive nature and its handling and disposal problems. Thirty isotopes of thorium are known with atomic masses ranging from 210 to 237. АП 
are unstable. 2327 occurs naturally and has a half-life of 1.4 x 1010 years. It is an alpha emitter. 2??Th goes through six alpha and four beta decay steps 
before becoming the stable isotope 208рр, 2327 is sufficiently radioactive to expose a photographic plate іп a few hours. Thorium disintegrates with 
the production of “thoron” (Rn), which is an alpha emitter and presents a radiation hazard. Good ventilation of areas where thorium is stored or 
handled is therefore essential. Thorium metal (99.896) costs about $25/g. 

Thulium — (Thule, the earliest name for Scandinavia), Tm; at. wt. 168.93421(3); at. no. 69; m.p. 1545?C; b.p. 1950°С; sp. gr. 9.321 (25°C); valence 
3. Discovered in 1879 by Cleve. Thulium occurs in small quantities along with other rare earths in a number of minerals. It is obtained commercially 
from monazite, which contains about 0.007% of the element. Thulium is the least abundant of the rare earth elements, but with new sources recently 
discovered, itis now considered to be about as rare as silver, gold, or cadmium. Ion-exchange and solvent extraction techniques have recently permitted 
much easier separation of the rare earths, with much lower costs. Only a few years ago, thulium metal was not obtainable at any cost; in 1996 the oxide 
cost $20/g. Thulium metal powder now costs $70/g (99.9%). Thulium can be isolated by reduction of the oxide with lanthanum metal ог by calcium 
reduction of the anhydrous fluoride. The pure metal has a bright, silvery luster. It is reasonably stable in air, but the metal should be protected from 
moisture in a closed container. The element is silver-gray, soft, malleable, and ductile, and can be cut with a knife. Forty-one isotopes and isomers 
аге known, with atomic masses ranging from 146 to 176. Natural thulium, which is 100% !?Tm, is stable. Because of the relatively high price of the 
metal, thulium has not yet found many practical applications. !°?Tm bombarded in a nuclear reactor can be used as a radiation source in portable X- 
ray equipment. !"'Tm is potentially useful as an energy source. Natural thulium also has possible use in ferrites (ceramic magnetic materials) used 
in microwave equipment. As with other lanthanides, thulium has a low-to-moderate acute toxic rating. It should be handled with care. 

Tin — (anglo-Saxon, tin), Sn (L. stannum); at. wt. 118.710(7); at. по. 50; m.p. 231.93°C; b.p. 2602°C; sp. gr. (gray) 5.75, (white) 7.31; valence 
2, 4. Known to the ancients. Tin is found chiefly in cassiterite (SnO;). Most of the world’s supply comes from China, Indonesia, Peru, Brazil, and 
Bolivia. The U.S. produces almost none, although occurrences have been found in Alaska and Colorado. Tin is obtained by reducing the ore with coal 
in a reverberatory furnace. Ordinary tin is composed of ten stable isotopes; thirty-six unstable isotopes and isomers are also known. Ordinary tin is 
а silver-white metal, is malleable, somewhat ductile, and has a highly crystalline structure. Due to the breaking of these crystals, a “tin cry" is heard 
when a bar is bent. The element has two allotropic forms at normal pressure. On warming, gray, or о tin, with a cubic structure, changes at 13.2°C 
into white, or В tin, the ordinary form of the metal. White tin has a tetragonal structure. When tin is cooled below 13.2?C, it changes slowly from white 
to gray. This change is affected by impurities such as aluminum and zinc, and can be prevented by small additions of antimony or bismuth. This change 
from the о to В form is called the tin pest. Tin-lead alloys are used to make organ pipes. There are few if any uses for gray tin. Tin takes a high polish 
and is used to coat other metals to prevent corrosion or other chemical action. Such tin plate over steel is used in the so-called tin can for preserving 
food. Alloys of tin are very important. Soft solder, type metal, fusible metal, pewter, bronze, bell metal, Babbitt metal, White metal, die casting alloy, 
and phosphor bronze are some of the important alloys using tin. Tin resists distilled sea and soft tap water, but is attacked by strong acids, alkalis, and 
acid salts. Oxygen in solution accelerates the attack. When heated in air, tin forms 5пО, which is feebly acid, forming stannate salts with basic oxides. 
The most important salt is the chloride (SnCl, -H ,O), which is used as a reducing agent and as а mordant in calico printing. Tin salts sprayed onto 
glass are used to produce electrically conductive coatings. These have been used for panel lighting and for frost-free windshields. Most window glass 
is now made by floating molten glass on molten tin (float glass) to produce a flat surface (Pilkington process). Of recent interest is a crystalline tin- 
niobium alloy that is superconductive at very low temperatures. This promises to be important in the construction of superconductive magnets that 
generate enormous field strengths but use practically no power. Such magnets, made of tin-niobium wire, weigh but a few pounds and produce magnetic 
fields that, when started with a small battery, are comparable to that of a 100 ton electromagnet operated continuously with a large power supply. The 
small amount of tin found in canned foods is quite harmless. The agreed limit of tin content in U.S. foods is 300 mg/kg. The trialkyl and triaryl tin 
compounds are used as biocides and must be handled carefully. Over the past 25 years the price of commercial tin has varied from 50¢/Ib ($1.10/kg) 
to its present price of about $6/kg in January 2002. Tin (99.99% pure) costs about $260/kg. 

Titanium — (L. Titans, the first sons of the Earth, myth.), Ti; at. wt. 47.867(1); at. no. 22; m.p. 1668?C; b.p. 3287?C; sp. gr. 4.54; valence 2, 3, 
or 4. Discovered by Gregor in 1791; named by Klaproth in 1795. Impure titanium was prepared by Nilson and Pettersson in 1887; however, the pure 
metal (99.9%) was not made until 1910 by Hunter by heating ТІСІ, with sodium in a steel bomb. Titanium is present in meteorites and in the sun. Rocks 
obtained during the Apollo 17 lunar mission showed presence of 12.1% ТіО,. Analyses of rocks obtained during earlier Apollo missions show lower 
percentages. Titanium oxide bands are prominent in the spectra of M-type stars. The element is the ninth most abundant in the crust of the earth. 
Titanium is almost always present in igneous rocks and in the sediments derived from them. It occurs in the minerals rutile, ilmenite, and sphene, and 
is present in titanates and in many iron ores. Deposits of ilmenite and rutile are found in Florida, California, Tennessee, and New York. Australia, 
Norway, Malaysia, India, and China are also large suppliers of titanium minerals. Titanium is present in the ash of coal, in plants, and in the human 
body. The metal was a laboratory curiosity until Kroll, in 1946, showed that titanium could be produced commercially by reducing titanium 
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tetrachloride with magnesium. This method is largely used for producing the metal today. The metal can be purified by decomposing the iodide. 
Titanium, when pure, is a lustrous, white metal. It has a low density, good strength, is easily fabricated, and has excellent corrosion resistance. It is 
ductile only when it is free of oxygen. The metal burns in air and is the only element that burns in nitrogen. Titanium is resistant to dilute sulfuric and 
hydrochloric acid, most organic acids, moist chlorine gas, and chloride solutions. Natural titanium consists of five isotopes with atomic masses from 
46 to 50. АП are stable. Eighteen other unstable isotopes are known. The metal is dimorphic. The hexagonal o form changes to the cubic В form very 
slowly at about 880°C. The metal combines with oxygen at red heat, and with chlorine at 550°C. Titanium is important as ап alloying agent with 
aluminum, molybdenum, manganese, iron, and other metals. Alloys oftitanium are principally used for aircraft and missiles where lightweight strength 
and ability to withstand extremes of temperature are important. Titanium is as strong as steel, but 45% lighter. It is 60% heavier than aluminum, but 
twice as strong. Titanium has potential use in desalination plants for converting sea water into fresh water. The metal has excellent resistance to sea 
water and is used for propeller shafts, rigging, and other parts of ships exposed to salt water. A titanium anode coated with platinum has been used 
to provide cathodic protection from corrosion by salt water. Titanium metal is considered to be physiologically inert; however, titanium powder may 
be a carcinogenic hazard. When pure, titanium dioxide is relatively clear and has an extremely high index of refraction with an optical dispersion higher 
than diamond. It is produced artificially for use as a gemstone, but it is relatively soft. Star sapphires and rubies exhibit their asterism as a result of 
the presence of TiO. Titanium dioxide is extensively used for both house paint and artist's paint, as it is permanent and has good covering power. 
Titanium oxide pigment accounts for the largest use of the element. Titanium paint is an excellent reflector of infrared, and is extensively used in solar 
observatories where heat causes poor seeing conditions. Titanium tetrachloride is used to iridize glass. This compound fumes strongly in air and has 
been used to produce smoke screens. The price of titanium metal (99,9%) is about $1100/kg. 

Tungsten — (Swedish, tung sten, heavy stone); also known as wolfram (from wolframite, said to be named from wolf rahm or spumi lupi, because 
the ore interfered with the smelting of tin and was supposed to devour the tin), W; at. wt. 183.84(1); at. no. 74; m.p. 3422?C; b.p. 5555?C; sp. gr. 19.3 
(20°C); valence 2, 3, 4, 5, or 6. In 1779 Peter Woulfe examined the mineral now known as wolframite and concluded it must contain a new substance. 
Scheele, in 1781, found that a new acid could be made from tung sten (a name first applied about 1758 to a mineral now known as scheelite). Scheele 
and Berman suggested the possibility of obtaining a new metal by reducing this acid. The de Elhuyar brothers found an acid in wolframite in 1783 
that was identical to the acid of tungsten(tungstic acid) of Scheele, and in that year they succeeded in obtaining the element by reduction of this acid 
with charcoal. Tungsten occurs in wolframite, (Fe, Mn)WO,; scheelite, СаО; huebnerite, MnWO,; and ferberite, Већу Од. Important deposits of 
tungsten occur in California, Colorado, Bolivia, Russia, and Portugal. China is reported to have about 7596 of the world's tungsten resources. Natural 
tungsten contains five stable isotopes. Thirty two other unstable isotopes and isomers are recognized. The metal is obtained commercially by reducing 
tungsten oxide with hydrogen or carbon. Pure tungsten is a steel-gray to tin-white metal. Very pure tungsten can be cut with a hacksaw, and сап be 
forged, spun, drawn, and extruded. The impure metal is brittle and can be worked only with difficulty. Tungsten has the highest melting point of all 
metals, and at temperatures over 1650°С has the highest tensile strength. The metal oxidizes in air and must be protected at elevated temperatures. 
Ithas excellent corrosion resistance and is attacked only slightly by most mineral acids. The thermal expansion is about the same as borosilicate glass, 
which makes the metal useful for glass-to-metal seals. Tungsten and its alloys are used extensively for filaments for electric lamps, electron and 
television tubes, and for metal evaporation work; for electrical contact points for automobile distributors; X-ray targets; windings and heating elements 
for electrical furnaces; and for numerous spacecraft and high-temperature applications. High-speed tool steels, Hastelloy®, Stellite&, and many other 
alloys contain tungsten. Tungsten carbide is of great importance to the metal-working, mining, and petroleum industries.Calcium and magnesium 
tungstates are widely used in fluorescent lighting; other salts of tungsten are used in the chemical and tanning industries. Tungsten disulfide is a dry, 
high-temperature lubricant, stable to 500°C. Tungsten bronzes and other tungsten compounds are used in paints. Zirconium tungstate has found recent 
applications (see under Zirconium). Tungsten powder (99.999906) costs about $2900/kg. 

Uranium — (Planet Uranus), U; at. wt. 238.0289(1); at. по. 92; m.p. 1135?C; Ъ.р. 4131?C; sp. gr. -18.95; valence 2, 3, 4, 5, or 6. Yellow-colored 
glass, containing more than 1% uranium oxide and dating back to 79 A.D., has been found near Naples, Italy. Klaproth recognized an unknown element 
inpitchblende and attempted to isolate the metalin 1789. The metal apparently was firstisolated in 1841 by Peligot, who reduced the anhydrous chloride 
with potassium. Uranium is not as rare as it was once thought. It is now considered to be more plentiful than mercury, antimony, silver, or cadmium, 
and is about as abundant as molybdenum or arsenic. It occurs in numerous minerals such as pitchblende, uraninite, carnotite, autunite, uranophane, 
davidite, and tobernite. It is also found in phosphate rock, lignite, monazite sands, and can be recovered commercially from these sources. Large 
deposits of uranium ore occur in Utah, Colorado, New Mexico, Canada, and elsewhere. Uranium can be made by reducing uranium halides with alkali 
or alkaline earth metals or by reducing uranium oxides by calcium, aluminum, or carbon at high temperatures. The metal can also be produced by 
electrolysis of KUF; ог UF,, dissolved in a molten mixture of CaCl, and NaCl. High-purity uranium can be prepared by the thermal decomposition 
of uranium halides on a hot filament. Uranium exhibits three crystallographic modifications as follows: 
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Uranium is a heavy, silvery-white metal which is pyrophoric when finely divided. It is a little softer than steel, and is attacked by cold water in a finely 
divided state. It is malleable, ductile, and slightly paramagnetic. In air, the metal becomes coated with a layer of oxide. Acids dissolve the metal, but 
itis unaffected by alkalis. Uranium has twenty three isotopes, one of which is an isomer and all of which are radioactive. Naturally occurring uranium 
contains 99.274596 by weight 2380, 0.72096 2350, and 0.005596 2550, Studies show that the percentage weight of 2350 in natural uranium varies by 
as much as 0.196, depending on the source. The U.S.D.O.E. has adopted the value of 0.711 as being their “official” percentage of235U in natural uranium. 
Natural uranium is sufficiently radioactive to expose a photographic plate in an hour or so. Much of the internal heat of the earth is thought to be 
attributable to the presence of uranium and thorium. 2380 with a half-life of 4.46 х 10? years, has been used to estimate the age of igneous rocks. The 
origin of uranium, the highest member of the naturally occurring elements — except perhaps for traces of neptunium or plutonium — is not clearly 
understood, although it has been thought that uranium might be a decay product of elements of higher atomic weight, which may have once been present 
on earth or elsewhere in the universe. These original elements may have been formed as a result of a primordial "creation," known as “the big bang," 
in a supernova, or in some other stellar processes. The fact that recent studies show that most trans-uranic elements are extremely rare with very short 
half-lives indicates that it may be necessary to find some alternative explanation for the very large quantities of radioactive uranium we find on earth. 
Studies of meteorites from other parts of the solar system show a relatively low radioactive content, compared to terrestrial rocks. Uranium is of great 
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importance as a nuclear fuel. 2380 can be converted into fissionable plutonium by the following reactions: 
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This nuclear conversion can be brought about in “breeder” reactors where it is possible to produce more new fissionable material than the fissionable 
material used in maintaining the chain reaction. 2350 is of even greater importance, for it is the key to the utilization of uranium. 2557, while occurring 
in natural uranium to the extent of only 0.72%, is so fissionable with slow neutrons that а self-sustaining fission chain reaction can be made to occur 
in a reactor constructed from natural uranium and a suitable moderator, such as heavy water or graphite, alone. 2351) сап be concentrated by gaseous 
diffusion and other physical processes, if desired, and used directly as a nuclear fuel, instead of natural uranium, or used as an explosive. Natural 
uranium, slightly enriched with 2350 by a small percentage, is used to fuel nuclear power reactors for the generation of electricity. Natural thorium 
can be irradiated with neutrons as follows to produce the important isotope 2330. 
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While thorium itself is not fissionable, 2330 is, and in this way may be used as a nuclear fuel. One pound of completely fissioned uranium has the fuel 
value of over 1500 tons of coal. The uses of nuclear fuels to generate electrical power, to make isotopes for peaceful purposes, and to make explosives 
are well known. The estimated world-wide production of the 437 nuclear power reactors in operation in 1998 amounted to about 352,000 Megawatt 
hours. In 1998 the U.S. had about 107 commercial reactors with an output of about 100,000 Megawatt-hours. Some nuclear-powered electric 
generating plants have recently been closed because of safety concerns. There are also serious problems with nuclear waste disposal that have not been 
completely resolved. Uraniumin the U.S.A. is controlled by the U.S. Nuclear Regulatory Commission, under the Department of Energy. Uses are being 
found for the large quantities of “depleted” uranium, now available, where uranium-235 has been lowered to about 0.2%. Depleted uranium has been 
used for inertial guidance devices, gyrocompasses, counterweights for aircraft control surfaces, ballast for missile reentry vehicles, and as a shielding 
material for tanks, etc. Concerns, however, have been raised over its low radioactive properties. Uranium metal is used for X-ray targets for production 
of high-energy X-rays. The nitrate has been used as photographic toner, and the acetate is used in analytical chemistry. Crystals of uranium nitrate 
are triboluminescent. Uranium salts have also been used for producing yellow “vaseline” glass and glazes. Uranium and its compounds are highly toxic, 
both from a chemical and radiological standpoint. Finely divided uranium metal, being pyrophoric, presents a fire hazard. The maximum permissible 
total body burden of natural uranium (based on radiotoxicity) is 0.2 u Ci for soluble compounds. Recently, the natural presence of uranium and thorium 
in many soils has become of concern to homeowners because of the generation of radon and its daughters (see under Radon). Uranium metal is available 
commercially at a cost of about $6/g (99.796) in air-tight glass under argon. 

Unnilnilium etc. — See under the opening paragraphs of this article and also under Elements 110 to 118. 

Vanadium — (Scandinavian goddess, Vanadis), V; at. wt. 50.9415(1); at. no. 23; m.p. 1910?C; b.p. 3407?C; sp. gr. 6.11 (18.7?C); valence 2, 3, 
4, ог5. Vanadium was first discovered by del Rio in 1801. Unfortunately, a French chemist incorrectly declared del Rio's new element was only impure 
chromium; del Rio thought himself to be mistaken and accepted the French chemist's statement. The element was rediscovered in 1830 by Sefstrom, 
who named the element in honor of the Scandinavian goddess Vanadis because of its beautiful multicolored compounds. It was isolated in nearly pure 
form by Roscoe, in 1867, who reduced the chloride with hydrogen. Vanadium of 99.3 to 99.8% purity was not produced until 1927. Vanadium is found 
in about 65 different minerals among which are carnotite, roscoelite, vanadinite, and patronite important sources of the metal. Vanadium is also found 
in phosphate rock and certain iron ores, and is present in some crude oils in the form of organic complexes. It is also found in small percentages in 
meteorites. Commercial production from petroleum ash holds promise as an important source of the element. China, South Africa, and Russia supply 
much of the world's vanadium ores. High-purity ductile vanadium can be obtained by reduction of vanadium trichloride with magnesium or with 
magnesium-sodium mixtures. Much of the vanadium metal being produced is now made by calcium reduction of VO; in a pressure vessel, an adaption 
of a process developed by McKechnie and Seybolt. Natural vanadium is a mixture of two isotopes, °°V (0.25%) and 5! V (99.75%). 5V is slightly 
radioactive, having a long half-life. Twenty other unstable isotopes are recognized. Pure vanadium is a bright white metal, and is soft and ductile. It 
has good corrosion resistance to alkalis, sulfuric and hydrochloric acid, and salt water, but the metal oxidizes readily above 660?C. The metal has good 
structural strength and a low fission neutron cross section, making it useful in nuclear applications. Vanadium is used in producing rust resistant, spring, 
and highspeed tool steels. It is an important carbide stabilizer in making steels. About 8096 of the vanadium now produced is used as ferrovanadium 
oras a steel additive. Vanadium foil is used as a bonding agent in cladding titanium to steel. Vanadium pentoxide is used in ceramics and as a catalyst. 
Itis also used in producing a superconductive magnet with a field of 175,000 gauss. Vanadium and its compounds are toxic and should be handled 
with care. Ductile vanadium is commercially available. Vanadium metal (99.7%) costs about $3/g. 

Wolfram — see Tungsten. 

Xenon — (Gr. xenon, stranger), Xe; at. wt. 131.29(2); at. no. 54; m.p. -111.79?C; b.p. -108.12?C; t, 16.62°C; density (gas) 5.887 + 0.009 g/l, sp. 
gr (liquid) 3.52 (-109?C); valence usually 0. Discovered by Ramsay and Travers in 1898 in the residue left after evaporating liquid air components. 
Xenon is a member of the so-called noble or “inert” gases. It is present in the atmosphere to the extent of about one part in twenty million. Xenon is 
present in the Martian atmosphere to the extent of 0.08 ppm. The elementis found in the gases evolved from certain mineral springs, andis commercially 
obtained by extraction from liquid air. Natural xenon is composed of nine stable isotopes. In addition to these, thirty five unstable isotopes and isomers 
have been characterized. Before 1962, it had generally been assumed that xenon and other noble gases were unable to form compounds. Evidence has 
been mounting in the past few years that xenon, as well as other members of the zero valence elements, do form compounds. Among the “compounds” 
of xenon now reported are xenon hydrate, sodium perxenate, xenon deuterate, difluoride, tetrafluoride, hexafluoride, and XePtF; and XeRhF,. Xenon 
trioxide, which is highly explosive, has been prepared. More than 80 xenon compounds have been made with xenon chemically bonded to fluorine 
and oxygen. Some xenon compounds are colored. Metallic xenon has been produced, using several hundred kilobars of pressure. Xenon in a vacuum 
tube produces a beautiful blue glow when excited by an electrical discharge. The gas is used in making electron tubes, stroboscopic lamps, bactericidal 
lamps, and lamps used to excite ruby lasers for generating coherent light. Xenon is used in the atomic energy field in bubble chambers, probes, and 
other applications where its high molecular weight is of value. The perxenates are used in analytical chemistry as oxidizing agents. !33Xe and Хе 
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are produced by neutron irradiation in air cooled nuclear reactors. !??Xe has useful applications as a radioisotope. The element is available in sealed 
glass containers for about $20/ of gas at standard pressure. Xenon is not toxic, but its compounds are highly toxic because of their strong oxidizing 
characteristics. 

Ytterbium — (Ytterby, village in Sweden), Yb; at. wt. 173.04(3); at. по. 70; m.p. 819°С; b.p. 1196?C; sp. gr (o) 6.903 (В) 6.966; valence 2, 3. 
Marignac in 1878 discovered а new component, which he called ytterbia, in the earth then known as erbia. In 1907, Urbain separated ytterbia into 
two components, which he called neoytterbia and lutecia. The elements in these earths are now known as ytterbium and lutetium, respectively. These 
elements are identical with aldebaranium and cassiopeium, discovered independently and at about the same time by von Welsbach. Ytterbium occurs 
along with other rare earths in a number of rare minerals. It is commercially recovered principally from monazite sand, which contains about 0.03%. 
Ion-exchange and solvent extraction techniques developed in recent years have greatly simplified the separation of the rare earths from one another. 
The element was first prepared by Klemm and Bonner in 1937 by reducing ytterbium trichloride with potassium. Their metal was mixed, however, 
with KCl. Daane, Dennison, and Spedding prepared a much purer form in 1953 from which the chemical and physical properties of the element could 
be determined. Ytterbium has a bright silvery luster, is soft, malleable, and quite ductile. While the element is fairly stable, it should be kept in closed 
containers to protect it from air and moisture. Ytterbium is readily attacked and dissolved by dilute and concentrated mineral acids and reacts slowly 
with water. Ytterbium has three allotropic forms with transformation points at —13? and 795°C. The beta form is а room-temperature, face-centered, 
cubic modification, while the high-temperature gamma form is a body-centered cubic form. Another body-centered cubic phase has recently been 
found to be stable at high pressures at room temperatures. The beta form ordinarily has metallic-type conductivity, but becomes a semiconductor when 
the pressure is increased above 16,000 atm. The electrical resistance increases tenfold as the pressure is increased to 39,000 atm and drops to about 
80% of its standard temperature-pressure resistivity at a pressure of 40,000 atm. Natural ytterbium is a mixture of seven stable isotopes. Twenty six 
other unstable isotopes and isomers are known. Ytterbium metal has possible use in improving the grain refinement, strength, and other mechanical 
properties of stainless steel. One isotope is reported to have been used as a radiation source as a substitute for a portable X-ray machine where electricity 
is unavailable. Few other uses have been found. Ytterbium metal is available with a purity of about 99.9% for about $10/g. Ytterbium has а low acute 
toxic rating, but may present a carcinogenic hazard. 

Yttrium — (Ytterby, village in Sweden near Vauxholm), Y; at. wt. 88.90585(2); at. по. 39; m.p. 1522?C; b.p. 3345°С; sp. gr. 4.469 (25?C); valence 
3. Yttria, whichis an earth containing yttrium, was discovered Бу Gadolin in 1794. Ytterby is the site of a quarry which yielded many unusually minerals 
containing rare earths and other elements. This small town, near Stockholm, bears the honor of giving names to erbium, terbium, and ytterbium as well 
as yttrium. In 1843 Mosander showed that yttria could be resolved into the oxides (or earths) of three elements. The name yttria was reserved for the 
most basic one; the others were named erbia and terbia. Yttrium occurs in nearly all of the rare-earth minerals. Analysis of lunar rock samples obtained 
during the Apollo missions show a relatively high yttrium content. It is recovered commercially from monazite sand, which contains about 3%, and 
from bastnasite, which contains about 0.2%. Wohler obtained the impure element in 1828 by reduction of the anhydrous chloride with potassium. The 
metal is now produced commercially by reduction of the fluoride with calcium metal. It can also be prepared by other techniques. Yttrium has a silver- 
metallic luster and is relatively stable in air. Turnings of the metal, however, ignite in air if their temperature exceeds 400?C, and finely divided yttrium 
is very unstable in air. Yttrium oxide is one of the most important compounds of yttrium and accounts for the largest use. It is widely used in making 
YVO; europium, and Ү,О, europium phosphors to give the red color in color television tubes. Many hundreds of thousands of pounds are now used 
in this application. Yttrium oxide also is used to produce yttrium-iron-garnets, which are very effective microwave filters. Yttrium iron, aluminum, 
and gadolinium garnets, with formulas such as Y ;Fe5O; and УЗАЈ О)», have interesting magnetic properties. Yttrium iron garnet is also exceptionally 
efficient as both a transmitter and transducer of acoustic energy. Yttrium aluminum garnet, with a hardness of 8.5, is also finding use as a gemstone 
(simulated diamond). Small amounts of yttrium (0.1 to 0.296) can be used to reduce the grain size in chromium, molybdenum, zirconium, and titanium, 
and to increase strength of aluminum and magnesium alloys. Alloys with other useful properties can be obtained by using yttrium as an additive. The 
metal can be used as a deoxidizer for vanadium and other nonferrous metals. The metal has a low cross section for nuclear capture. %Ү, one of the 
isotopes of yttrium, exists in equilibrium with its parent Sr, a product of atomic explosions. Yttrium has been considered for use as a nodulizer for 
producing nodular cast iron, in which the graphite forms compact nodules instead of the usual flakes. Such iron has increased ductility. Yttrium is also 
finding application in laser systems and as a catalyst for ethylene polymerization.It has also potential use in ceramic and glass formulas, as the oxide 
has a high melting point and imparts shock resistance and low expansion characteristics to glass. Natural yttrium contains but one isotope, 9? Y. Forty- 
three other unstable isotopes and isomers have been characterized. Yttrium metal of 99.9% purity is commercially available at a cost of about $5/g. 

Zinc — (Ger. Zink, of obscure origin), Zn; at. wt. 65.39(2); at. по. 30; m.p. 419.53°C; b.p. 907°C; sp. gr. 7.133 (25°C); valence 2. Centuries before 
zinc was recognized as a distinct element, zinc ores were used for making brass. Tubal-Cain, seven generations from Adam, is mentioned as being 
an "instructor in every artificer in brass and iron." An alloy containing 87% zinc has been found in prehistoric ruins in Transylvania. Metallic zinc 
was produced in the 13th century A.D. in India by reducing calamine with organic substances such as wool. The metal was rediscovered in Europe 
by Marggraf in 1746, who showed that it could be obtained by reducing calamine with charcoal. The principal ores of zinc are sphalerite or blende 
(sulfide), smithsonite (carbonate), calamine (silicate), and franklinite (zinc, manganese, iron oxide). Canada, Japan, Belgium, Germany, and The 
Netherlands are suppliers of zinc ores. Zinc is also mined in Alaska, Tennessee, Missouri, and elsewhere in the U.S. Zinc can be obtained by roasting 
its ores to form the oxide and by reduction of the oxide with coal or carbon, with subsequent distillation of the metal. Other methods of extraction are 
possible. Naturally occurring zinc contains five stable isotopes. Twenty-five other unstable isotopes and isomers are recognized. Zinc is a bluish-white, 
lustrous metal. It is brittle at ordinary temperatures but malleable at 100 to 150°C. It is a fair conductor of electricity, and burns in air at high red heat 
with evolution of white clouds of the oxide. The metal is employed to form numerous alloys with other metals. Brass, nickel silver, typewriter metal, 
commercial bronze, spring brass, German silver, soft solder, and aluminum solder are some of the more important alloys. Large quantities of zinc are 
used to produce die castings, used extensively by the automotive, electrical, and hardware industries. An alloy called Prestal&, consisting of 78% zinc 
and 22% aluminum is reported to be almost as strong as steel but as easy to mold as plastic. It is said to be so plastic that it can be molded into form 
by relatively inexpensive die casts made of ceramics and cement. It exhibits superplasticity. Zinc is also extensively used to galvanize other metals 
such as iron to prevent corrosion. Neither zinc nor zirconium is ferromagnetic; but ZrZn, exhibits ferromagnetism at temperatures below 35 К. Zinc 
oxide is a unique and very useful material to modern civilization. It is widely used in the manufacture of paints, rubber products, cosmetics, 
pharmaceuticals, floor coverings, plastics, printing inks, soap, storage batteries, textiles, electrical equipment, and other products. It has unusual 
electrical, thermal, optical, and solid-state properties that have not yet been fully investigated. Lithopone, a mixture of zinc sulfide and barium sulfate, 
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is an important pigment. Zinc sulfide is used in making luminous dials, X-ray and TV screens, and fluorescent lights. The chloride and chromate are 
also important compounds. Zinc is an essential element in the growth of human beings and animals. Tests show that zinc-deficient animals require 
50% more food to gain the same weight as an animal supplied with sufficient zinc. Zinc is not considered to be toxic, but when freshly formed ZnO 
is inhaled a disorder known ав the oxide shakes or zinc chills sometimes occurs. It is recommended that where zinc oxide is encountered good ventilation 
be provided. The commercial price of zinc in January 2002 was roughly 40¢/lb ($90 kg). Zinc metal with a purity of 99.999966 is priced at about $5/g. 

Zirconium — (Syriac, zargun, color of gold), Zr; at. wt. 91.224(2); at. no. 40; m.p. 1855°С; b.p. 4409?C; sp. gr. 6.506 (20°С); valence +2, +3, 
and +4. The name zircon may have originated from the Syriac word zargono, which describes the color of certain gemstones now known as zircon, 
jargon, hyacinth, jacinth, or ligure.This mineral, or its variations, is mentioned in biblical writings. These minerals were not known to contain this 
element until Klaproth, in 1789, analyzed a jargon from Sri Lanka and found a new earth, which Werner named zircon (silex circonius), and Klaproth 
called Zirkonerde (zirconia). The impure metal was first isolated by Berzelius in 1824 by heating a mixture of potassium and potassium zirconium 
fluoride in a small iron tube. Pure zirconium was first prepared in 1914. Very pure zirconium was first produced in 1925 by van Arkel and de Boer 
by aniodide decomposition process they developed. Zirconium is found in abundance in S-type stars, and has been identified in the sun and meteorites. 
Analyses of lunar rock samples obtained during the various Apollo missions to the moon show a surprisingly high zirconium oxide content, compared 
with terrestial rocks. Naturally occurring zirconium contains five isotopes. Thirty-one other radioactive isotopes and isomers are known to exist. 
Zircon, 715104, the principal оге, is found in deposits in Florida, South Carolina, Australia, South Africa, and elsewhere. Baddeleyite, found in Brazil, 
is an important zirconium mineral. It is principally pure ZrO,in crystalline form having a hafnium content of about 1%. Zirconium also occurs in some 
30 other recognized mineral species. Zirconium is produced commercially by reduction of the chloride with magnesium (the Kroll Process), and by 
other methods. It is a grayish-white lustrous metal. When finely divided, the metal may ignite spontaneously in air, especially at elevated temperatures. 
The solid metal is much more difficult to ignite. The inherent toxicity of zirconium compounds is low. Hafnium is invariably found in zirconium ores, 
and the separation is difficult. Commercial-grade zirconium contains from 1 to 396 hafnium. Zirconium has a low absorption cross section for neutrons, 
and is therefore used for nuclear energy applications, such as for cladding fuel elements. Commercial nuclear power generation now takes more than 
90% of zirconium metal production. Reactors of the size now being made may use as much as а half-million lineal feet of zirconium alloy tubing. 
Reactor-grade zirconium is essentially free of hafnium. Zircaloy® is an important alloy developed specifically for nuclear applications. Zirconium 
is exceptionally resistant to corrosion by many common acids and alkalis, by sea water, and by other agents. It is used extensively by the chemical 
industry where corrosive agents are employed. Zirconium is used as a getter in vacuum tubes, as an alloying agent in steel, in surgical appliances, 
photoflash bulbs, explosive primers, rayon spinnerets, lamp filaments, etc. It is used in poison ivy lotions in the form of the carbonate as it combines 
with urushiol. With niobium, zirconium is superconductive at low temperatures and is used to make superconductive magnets, which offer hope of 
direct large-scale generation of electric power. Alloyed with zinc, zirconium becomes magnetic at temperatures below 35 K. Zirconium oxide (zircon) 
has a high index of refraction and is used as a gem material. The impure oxide, zirconia, is used for laboratory crucibles that will withstand heat shock, 
for linings of metallurgical furnaces, and by the glass and ceramic industries as a refractory material. Its use as a refractory material accounts for a large 
share of all zirconium consumed. Zirconium tungstate is an unusual material that shrinks, rather than expands, when heated. While this compound has 
been known for more than 30 years, it is only now that it is being studied to determine the nature of this unusual behavior. A few other compounds 
are known to possess this property, but they tend to shrink in one direction, while they stretch out in others in order to maintain an overall volume. 
Zirconium tungstate shrinks in all directions over a wide temperature range of from near absolute zero to +777°С. This material is being considered 
foruse in very small computer chips, which are subject to severe temperature changes. It is also being considered for use in composite materials where 
thermal expansion may be a problem. Zirconium of about 99,5% purity is available at a cost of about $2000/kg or about $4/g. 
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The compounds in this table were selected оп the basis of their laboratory and industrial importance, as well as their value in illustrating trends in 
the variation of physical properties with position in the periodic table. An effort has been made to include the most frequently encountered inor- 
ganic substances; a limited number of organometallics are also covered. Many, if not most, of the compounds that are solids at ambient temperature 
can exist in more than one crystalline modification. The information given here applies to the most stable or common crystalline form. In cases 


PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS 


where two or more forms are of practical importance, separate entries will be found in the table. 


Compounds are arranged primarily in alphabetical order by the most commonly used name. However, adjustments are made in many instances in 
order to bring closely related compounds together. For example, hydrides of elements such as boron, silicon, and germanium are grouped together 
immediately following the entry for the parent element, since they would otherwise be scattered throughout the table. Likewise, the oxoacids of an 
element are given in one group whenever a strict alphabetical order would separate them (e.g., sulfuric acid and fluorosulfuric acid). The Formula 


Index following the table provides another means of locating a compound. There is also an index to CAS Registry Numbers. 
The following data fields appear in the table: 


Data were taken from a wide variety of reliable sources, including monographs, treatises, review articles, evaluated compilations and databases, 


Name: Systematic name for the substance. The valence state of a metallic element is indicated by a Roman numeral, e.g., copper in 
the +1 state is written as copper(I) rather than cuprous, iron in the +3 state is ігоп(Ш) rather than ferric. 

Formula: The simplest descriptive formula is given, but this does not necessarily specify the actual structure of the compound. For 
example, aluminum chloride is designated as AICL, even though a more accurate representation of the structure in the solid phase 
(and, under some conditions, in the gas phase) is Al,Cl,. A few exceptions are made, such as the use of Hg,*? for the шегсигу(1) ion. 
CAS Registry Number: Chemical Abstracts Service Registry Number. An asterisk (*) following the CAS RN for a hydrate indi- 
cates that the number refers to the anhydrous compound. In most cases the generic CAS RN for the compound is given rather than 
the number for a specific crystalline form or mineral. 

Mol. Weight: Molecular weight (relative molar mass) as calculated with the 1997 IUPAC Recommended Atomic Weights. The 
number of decimal places corresponds to the number of places in the atomic weight of the least accurately known element (e.g., one 
place for lead compounds, two places for compounds of selenium, germanium, etc.); a maximum of three places is given. For com- 
pounds of radioactive elements for which IUPAC makes no recommendation, the mass number of the isotope with longest half-life 
is used, and the result is rounded to the nearest integer. 

Physical Form: The crystal system is given, when available, for compounds that are solid at room temperature, together with color 
and other descriptive features. Abbreviations are listed below. 

mp: Normal melting point in °С. The notation “ір” indicates the temperature at which solid, liquid, and gas are in equilibrium at 
a pressure greater than one atmosphere (i.e., the normal melting point does not exist). When available, the triple point pressure 
is listed. 

bp: Normal boiling point in °С (referred to 101.325 kPa or 760 mmHg pressure). The notation “єр” following the number indicates 
the temperature where the pressure of the vapor in equilibrium with the solid reaches as 101.325 kPa. See Reference 8, p. 23, for 
further discussion of sublimation points and triple points. A notation “sublimes” without a temperature being given indicates that 
there is a perceptible sublimation pressure above the solid at ambient temperatures. 

Density: Density values for solids and liquids are always in units of grams per cubic centimeter and can be assumed to refer to tem- 
peratures near room temperature unless otherwise stated. Values for gases are the calculated ideal gas densities in grams per liter at 
25°С and 101.325 kPa; the unit is always specified for a gas value. 

Aqueous Solubility: Solubility is expressed as the number of grams of the compound (excluding any water of hydration) that will 
dissolve іп 100 g of water. The temperature іп °С is given as a superscript. Solubility at other temperatures can be found for many 
compounds in the table “Aqueous Solubility of Inorganic Compounds at Various Temperatures" in Section 8. 

Qualitative Solubility: Qualitative information on the solubility in other solvents (and in water, if quantitative data are unavailable) 
is given here. The abbreviations are: 


i insoluble 

sl slightly soluble 
5 soluble 

vs very soluble 


and in some cases the primary literature. Some of the most useful references for the properties covered here are listed below. 


Ac 
ace 
acid 
alk 
amorp 
anh 
aq 

blk 


List of Abbreviations 


acetyl brn brown dec decomposes 
acetone bz benzene dil dilute 

acid solutions chl chloroform diox dioxane 

alkaline solutions col colorless eth ethyl ether 
amorphous conc concentrated EtOH ethanol 

anhydrous cry crystals, crystalline exp explodes, explosive 
aqueous cub cubic flam flammable 

black cyhex cyclohexane gl glass, glassy 
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List of Abbreviations (continued) 


gm green peth petroleum ether temp temperature 
he hydrocarbon solvents pow powder tetr tetragonal 
hex hexagonal prec precipitate thf tetrahydrofuran 
hp heptane pur purple tol toluene 
hex hexane py pyridine tp triple point 
hyd hydrate reac reacts with trans transition, transformation 
hyg hygroscopic refrac refractory tricl triclinic 
i insoluble in rhom rhombohedral trig trigonal 
liq liquid 8 soluble in unstab unstable 
MeOH methanol silv silvery viol violet 
mono monoclinic sl slightly soluble in visc viscous 
octahed octahedral soln solution vs very soluble in 
oran orange sp sublimation point wh white 
orth orthorhombic stab stable xyl xylene 
os organic solvents subl sublimes yel yellow 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
1 Actnium Ac 7440-34-8 227 Sik meal cub 1051 3198 10 
2 Actnium bromide АсВг; 33689-81-5 467 wh hex cry 800 subl 5.85 580 
3 Actnium chbride AcCl, 22986-54-5 333 wh hex cry 960 subl 481 
4 Actnium f 10106 АСР; 33689-80-4 284 wh hex cry 7.88 i HO 
5 Асіпішті iodide Acl, 33689-82-6 608 wh cry 580 
6 Actnium oxide Ас,0; 12002-61-8 502 wh hex cry 1977 9.19 ін,0 2 
7 Auminum Al 7429-90-5 26.982  sil-wh тев] cub cry 660.32 2519 2.70 i Н,0: s acid, ak ње 
8 Auminum ammonium suf ab ANH (504); 7784-25-0 237.148 wh powder SIH ,0; i EDH 5 
9 Auminum ammonium suf ав dodecahydrae АМН „(50,); · 1290 7784-26-1 453.331  colcry or powder 94,5 »280 dec 1.65 5,0; i EDH a 
0 Auminum antmonide ABb 25152-52-7 148.742 cub cry 1065 4.26 Ё 
1 Aluminum arsenide AAs 22831-42-1 101.903  oran cub cry; hyg 1740 3.76 © 
2 Auminum borat 2А,0,-В,0; 11121-16-7 273.543  needbs 21050 i H,0 © 
3 Auminum boride AB; 12041-50-8 48604 powder »920 dec 319 s ФИНО! 2 
4 Auminum borohydride А(ВН ,); 16962-07-5 71.510 fam lq -64.5 44.5 геас Н,0 = 
5 Auminum bromat попаћудгав A(BrO +); - 9H,0 11126-81-1* 572.826 wh hyg cry 62 »100 dec $ Њ0 > 
6 Auminum bromide Авг; 7727-15-3 266.694  wh-yelmonoclcry; hyg 975 255 32 reac HO; s bz, bl 2 
7 Aluminum bromide hexahydrab ABr ,- 6H,0 7784-11-4 374785  colyelhyg cry 93 2.54 S ЊО, ЕН, CS, 9 
8 Auminum carbide А6; 1299-86- 143.958  yelhex cry 2100 »2200 dec 2.36 reac Н,0 © 
9 Aluminum chbrae попаћудгав А(СО +). - 9H,0 15477-33-5 439472 hyg cry vs Н,0, s EDH 2 
20 Auminum chbride ACI, 7446-70-0 133340 wh hex cry or powder; hyg 192.6 180 sp 2.48 45.15 S bz, ct, chl ” 
21 Auminum chbride ћехаћудгав ACI, - 6H,0 7784-13-6 241431  colhyg cry 100 dec 2.398 45.125 5 EOH, eh ° 
22 Auminum diaceat A(OH)(C ,H,0,); 142-03-0 162.078 wh amorp powder i H,0 Е 
23 Auminum ећапове А(С ,Н,0), 555-15-9 162.163 Iq, condenses b wh sold 140 reac Н,0: slxyl > 
24 А ттит f Lioride АР, 7784-18- 83.977 wh hex cry =2250 p (220 MPa) 1276 sp 3.10 0.50% 2 
25 Auminum f loride monohydrat AF 3 - H0 32287-65-3 101.992 от cry 217 0.505 [el 
26 Auminum f uoride tihydrae AF , - 3H,0 15098-87-0 138.023 wh hyg cry 1.914 0.50% б 
27 Aluminum hexaf иогозИсав nonahydrae AL(SIF;), - 9H,0 17099-70-6 642329 hex prisms >500 dec 580 ° 
28 Auminum hydride АН; 7784-21-6 30.006 со!һех cry >150 dec reac Н,0 < 
29 Auminum hydroxide ДОН); 21645-51-2 78.004 wh amorp powder 2.42 i H50; s ak, acid S 
30 Айтілшті hydroxychbride AL(OH)CI 29,0 1327-41-9 210483 (15010 580 ct 
31 Aluminum hypophosphit АН ,P0,); 7784-22-7 221.948 сту powder 220 dec i H50; s ak, acid z 
32 Auminum iodide А; 7784-23-8 407.695 wh taf b5 188.28 382 3.98 reac Н,0 Я 
33 Auminum iodide hexahydrab Al, 69,0 10090-53-6 515.786 yelhyg cry powder vs Н,0; s ЕОН, eh б 
34 Auminum ack A(C 0) 18917-91-4 294.192 powder vs Н,0 © 
35 Aluminum nitat A(NO 5), 13473-90-0 212997 wh hyg sold dec 68.925 vs EDH; slace ” 
36 Auminum nitab попаћудгав АМО з), - 99,0 7784-27-2 375434 wh hyg mono cry 73 135 dec 172 68.925 vs EDH; i pyr = 
37 Auminum nitide AN 24304-00-5 40.989 ble-wh hex cry 3000 3.255 reac Н,0 2 
38 Auminum obab АС 4,H4,0;), 688-37-9 871.342 yelsold i B,0; s EDH, bz = 
39 Айтїпит рћозрћав АР0, 7784-30-7 121.953 wh rhomb pats »1460 2.56 i H50; slacid с 
40 Auminum me&phosphab A(PO 4, 32823-06-6 263.898  colpowder; tt 21525 2.78 i H,0 xd 
4 Auminum oxide (corundum) АБО: 1344-28-1 101.961 wh powder; hex 2053 “3000 3.97 i H0, os; slak 
42 Aluminum oxyhydroxide AD(OH) 14457-84-2 59.989  orhocry 3.44 i H50; s acid, ak 
43 Aluminum ранее АС ,:H4,000), 555-35-1 793.230 — wh-yelpowder i H,O, ЕН; 5 peh 
44 Auminum perchbra попаћудгав A(CD 4); - 99,0 14452-39-2 487.470 wh hyg cry 82 dec 20 182.40 
45 Auminum phosphide AP 20859-73-8 57.956 grn or yelcub cry 2550 2.40 reac Н,0 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
46 Auminum sebnide Al,Se, 1302-82-5 290.84 yelbrown powder 960 3.437 reac Н,0 
47 Aluminum 5 сай ALSiO; 2183-80-1 162046  gray-grn cry 3.145 
48 Aüminum silcae dihydrae А,0,.2510,.2Н,0 1332-58-7 258161  wh-yelpowder; ticl 2.59 i H,0, acid, ak 
49 Auminum starat АС , 1.09), 637-12-7 877.390 wh powder 115 1.070 i H0, ЮН, eh; s ak 
50 Auminum suf ab Al,(SO,)3 0043-01-3 242154 wh cry 1040 dec 38.5% i EOH 
51 Auminum suf ab освдесаћудгав Al,(SO,)3 - 189,0 7784-31-8 666.429  colmonoclcry 86 dec 1.69 38,525 2 
52 Auminum suf ide ALS, 1302-81-4 150.161 yetgray powder 1100 2.02 e 
53 Auminum 8 106 АЛ, 2043-29-7 436.76  gray-bk hex cry 54895 45 n 
54 Auminum біосуапав A(SCN) 5 538-17-0 201.232  yelpowder 5,0; i EDH, eh б 
55 Americium Am 7440-35-9 243 sil meal hex or cub 1176 2011 12 S acid Ё 
56 Атегїсшт(11) oxide Ат,0, 2254-64-17 534 hn hex cry 1177 S acid б 
57 Americium(Ill) bromide AmBr, 4933-38-1 483 wh orh cry 6.85 s Њ0 о 
58 Атегісішті( 1) chbride АтСі; 3464-46-5 349 pink hex cry 500 5.87 2 
59 Americium(II!) f boride AmF, 3708-80-0 300 pink hex cry 1393 9.53 = 
60 Атегісішті( 1) iodide Аті; 3813-47-3 624 yelorho cry 2:950 6.9 > 
61 Americium(IV) f 101188 AmF, 5947-41-8 319 hn monoclcry 7.23 2 
62 Americium(IV) oxide AmO, 2005-67-3 275 bk cub cry >1000 dec 11.68 s acid 9 
63 Ammonia Hs 7664-41-7 17.031 colgas -77.13 -33.33 0.696 g/L vs Н,0; s ЕОН, eh ° 
64 Ammonium асевв Н,С,Н.0, 631-61-8 77.083 — wh hyg cry 114 1.073 148 S EDH; slace 2 
65 Ammonium azide НАМ 2164-94-2 60.059  orhocry; fam 160 exp 1.346 20.230 ” 
66 Ammonium benzoat H,C7H;0> 1863-63-4 139452 wh cry or powder 198 1.26 S Н,0; sIEDH ° 
67 Ammonium hydrogen тайв H,C,H,0; 5972-71-4 151.118 000 cry 160 1.15 S Н,0; sIEOH Е 
68 Ammonium borat ttahydrab (МН,)8,0,-4Н,0 2228-87-4 263.377 bt cry 5,0; i EDH > 
69 Ammonium bromat H,BrO, 3843-59-9 145.941 colhex cry exp vs ЊО 2 
70 Ammonium bromide H,Br 2124-97-9 97.943 wh hyg et cry 542 dec 396 sp 2.429 78.35 S EOH, ace; sleh б 
7 Ammonium саргубе НАСаН О 5972-76-9 161.243 hyg monoclcry -15 reac Н,0: s EDH; i ch| bz б 
72 Ammonium carbamae H,COONH, 1111-78-0 78.071 сгу powder vs Н,0, s EDH ° 
73 Ammonium carbonab (МН,);00; 506-87-6 96.086 — colcry powder 58 dec 10015 2 
14 Ammonium сегїит(1)) suf ab btahydrab Н,Се(50,), - 49,0 21995-38-0" 422.343 monoclcry 58,0 ë 
75 Ammonium cerium(IV) nitab (МН,);Се(М0); 6774-21-3 548.223  red-oran cry vs Н,0 ct 
76 Ammonium сћргав H,CD з 0192-29-7 101.490 wh cry 102 ехр 80 28.70 2 
77 Ammonium chbride HCl 2125-02-9 53.492  colcub cry 520 p (dec) 338 sp 1.519 39.5% Я 
78 . Ammonium сћготав (МН Сто, 7788-98-9 152.071 уе! шу 185 dec .90 375 Slace, MeOH; i EDH ° 
79 Ammonium chromic suf ав dodecahydrab H4Cr(S0,); - 1290 0022-47-6 478.345  büe-violcry 94 dec .72 S Н,0, sIEDH о 
80 Ammonium coba(!l) phosphab CoNH,PO, 4590-13-7 171.943  red-violpowder (hyd) i H0; s acid ” 
81 Ammonium соба(11) suf ab ћехаћудгав (NH,),Co(S0,), - 6H,0 3586-38-4 395229 red monoclprisms .90 S H0; i EDH = 
82 Ammonium copper(I!) chbride CuCl, - 2NH,CI 10060-13-6* 241.434  yelhyg orh cry $ Њ0 2 
83 Ammonium copper(I!) chbride dihydrae CuCl, - 2NH,CI - 29,0 0060-13-6 277.464  ble-grn et cry 110 dec 1.993 $ H0, EOH 2 
84 Ammonium cyanide H,CN 2211-52-8 44056 сой cry dec 10 vs Н,0 с 
85 Ammonium dichromat (NH), Cr,O; 7789-09-5 252.065  oran-red monoclcry; hyg 180 dec 2.155 35.620 ма 
86 Ammonium dihydrogen агзепав Н,Н,А80, 3462-93-6 158975 8 cry 300 dec 2.311 52.725 
87 Ammonium dihydrogen рћозрћав Н,ЊРО, 7722-76-1 115026 wh èt cry 190 80 40.425 SIEOH; i ace 
88 Ammonium dihiocarbamab H,NH,CSS 513-74-6 110.204  yelorho cry 99 dec 45 580 
89 Ammonium f erric chromab H,Fe(Cr0,), 7789-08-4 305.871 red powder ін,0 
9% Ammonium f erric oxabe Пћудгав (NH);Fe(C;0,), - 3H,0 13268-42-3 428.063 (іп monoclcry; hyg “160 dec 1.780 vs H0; i EDH 
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91 Ammonium f erric suf ab dodecahydrae H,Fe(SO,), - 129,0 0138-04-2 482.194 colb violcry «37 171 vs Н,0; i EDH 
92 Ammonium f erricyanide tihydrab (NH,),Fe(CN), - 30 14221-48-8* 320.111 тей cry $ H,0; i EDH 
93 Ammonium f errocyanide Ићудгав (NH,),Fe(CN), - 3H,0 14481-29-9* 338.149  yelcry dec 5,0; i EDH 
94 Ammonium f errous suf ab hexahydrab (NH);Fe(S0,), - 6,0 0045-89-3 392141  blie-grn monoclcry “100 dec 1.86 5,0; i EDH 
95 Ammonium f Uoride ЊЕ 2125-01-8 37.037 wh hex cry; hyg dec 1.015 83.55 SIEOH 
96 Ammonium ttaf lioroborab Н,ВЕ, 3826-83-0 104.844 wh powder; от 487 dec 1.871 259 
97 Ammonium f 01084 опав H4S0,F 3446-08-7 117101  colneedes 245 S Н,0, EDH, MeOH 
98 Ammonium f ormab H,CHO, 540-69-2 63.057 hyg cry 116 1.27 1432 s EDH 2 
99 Ammonium hexachbroiridae(lV) (МН о rCls 6940-92-4 441.010 bk cry powder dec 2.856 1.0925 ње 
00 Ammonium hexachbroosmiae(IV) (NH,),0sCl, 2125-08-5 439.02 гей cry or powder Subl 2.93 $ Н,0, EOH n 
01 Ammonium hexachbropabdat(lV) (МН РАС 9168-23- 355.21  red-brn hyg cry dec 2.418 б 
02 | Ammonium һехаһготорВіпав(У) (NH;);PBr 6 7363-02-9 710.58 powder 145 dec 0.5920 Ё 
03 | Ammonium hexachbropatnak(IV) (МН РО в 6919-58-7 443.87  red-oran cub cry 380 dec 3.065 0.520 i EDH б 
04 Ammonium һеха! Loroaliminab ШАҒАН) 7784-19-2 195.087 cub cry 1.78 58,0 © 
05 Ammonium hexaf иогодаве (МА бабе 4639-94-2 237.828  colcub cry >200 dec 210 2 
06 Ammonium hexaf Lorogermanab (МН,);беҒ; 6962-47-35 222.68 wh cry 380 subl 2.564 S ЊО; i EDH 2 
07 Ammonium hexaf џогорћозрћав Н,РЕ, 6941-11-01: 163.003 wh сир cry 58 dec 2.180 vs H,0; s асе, EDH, MeOH » 
08 Ammonium hexaf цогозИсав (МАО 6919-19-20 178.153 wh cub or tig cry dec 2.011 22.7% i EOH, ace 2 
09 Ammonium hexaf џогог гсопав(М) (МН 5 6919-31-6 241.291 wh hex cry 154 580 un 
0 Ammonium hydrogen arsenat (МН,);НА50, 7784-44-3 176.004 wh powder 99 s Н,0 ° 
1 Ammonium hydrogen borat Ићудгав H,HB,0; · 3Н,0 0135-84-94. 228.332 colcry 225 $ Н,0 = 
2 Ammonium hydrogen сафопав Н,НСО, 1066-33-7 79.056 color wh prisms 107 dec .586 24,825 i ЮН, bz 2 
3 Ammonium hydrogen став (МН,)НС,Н,0, 3012-65-5 226.184  colcry 48 vs Н,0; 81ЕОН ° 
4 Ammonium hydrogen f иогіде Н,НЕ, 1341-49-7 57.044 wh orh cry 125 240 dec .50 60.220 5 
5 Ammonium hydrogen охаве топоћудгав H,HC;0, - Н,0 5972-72-5* 125.081  colrhomb cry dec 56 ЯН ›0, EOH > 
6 Аттопішт hydrogen рћозрћав (NH,)HPO, 7783-28-0 132055 wh cry 155 dec 619 69.525 i EDH, ace 2 
7 Ammonium hydrogen sebnae H,HSe0, 10294-60-7 162.01 тот cry dec 2.162 б 
8 Ammonium hydrogen suf ab H,HSO, 7803-63-6 115111 wh hyg cry 147 18 100? i EDH, ace, py б 
9 Ammonium hydrogen suf ide H,HS 12124-99-1 51.113 wh et or orb cry dec 17 1280 81406: i bz, eh © 
20 Ammonium hydrogen suf it Н,Н5О, 10192-30-0 99111  colcry dec 2.03 71.8) < 
21 Ammonium hydrogen hrtab H4C4H406 3095-65-6 167.117 wh cry 68 ЅІН ›0; s ak; i EDH ë 
22 Ammonium hydroxide H,0H 1336-21-6 35.046 — exisb ony in soh c 
23 | Ammonium hypophosphib Н,Н.РО, 7803-65-8 83.028 — wh hyg cry dec vs Н,0, sIEDH; i ace 2 
24 Ammonium 008 H,10; 13446-09-8 192.941 wh powder 150 33 3.8425 Я 
25 Ammonium iodide Hy 12027-06-4 144,943 wh et cry; hyg 551 dec 405 sp 2.514 178% SIEDH, MeOH = 
26 Ammonium &cbb H,C4H;0, 52003-58-4 107.108 colcry 92 S Н,0, EOH; sIMeOH; i ace, eh e 
27 Ammonium тей 0588 hexahydrab (NH,)W;0;, : 6Н,0 12028-48-7 188719 wh cry $ ЊО; i EDH ” 
28 Ammonium гпевуападав H,V0, 7803-55-6 116.979 wh-yelcry 200 dec 2.326 4.820 = 
29 Ammonium гпоубаав(М!) Btahydrab (NH;);Mo;0,, - 49,0 12054-85-2 1235.86 color grn-yelcry 90 dec 2.498 43 i EDH 2 
30 X Ammonium гпоубаорћозрћав (МН РО, - 12М00; 54723-94-3* 1876.35  yelcry pow dec 0.02 S ak; i acid 2 
31 Ammonium nickelchbride hexahydrae H,NiCI, - 6H,0 16122-03-5* 291.181  grn hyg cry 1.65 58,0 = 
32 Ammonium nickelsuf ав һехаһудгав (NH,);NI(SO,), - 69,0 7785-20-8 394.989  ble-grn cry dec 1.923 SIH ‚0; i EDH ix 
33 Ammonium nitat Н,М0; 6484-52-2 80.043 wh hyg cry; orh 210 dec 1.72 213% SIMeOH 
34 Ammonium nitit H,NO, 13446-48-5 64.044 wh-yelcry 60 exp 1.69 221% i eh 
35 Ammonium nitof erricyanide (NH,),Fe(CN),NO 14402-70-1 252.016  red-brn cry S Н,0, EOH 
36 Ammonium obat Ci H; 0; 544-60-5 299.493 yelbrn разв 21 S Н,0: slace 
37 Ammonium охаве (№Н,),С0, 1113-38-8 124.096  colsol 15 5.2025 
38 Ammonium охаве топоћудгав (NH,,C;0, - H;0 6009-70-7 142110 wh orh cry dec 1.50 5.20% SIEDH 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
39 Ammonium pamibe Н,С,Нэ СО, 593-26-0 273.455  yelwh powder 22 S ЊО; 5167, ху] i ace, EDH, ct 
40 Ammonium pen&borab etahydrae Н,В,0,-4Н,0 12007-89-5 272150 wh cry 7.038 
41 | Ammonium penachbrozincat (NH,),ZnCl, 14639-98-6 29677  hygorh cry 1.81 vs H,0 
42 Ammonium perchbrab H,CD , 7790-98-9 117490 wh orh cry dec, exp 1.95 24.5% S MeOH; sIEOH, ace; i eh 
43 Ammonium permanganat H,Mn0, 13446-10-1 136.975 purp rhomb cry 70 dec 2.22 7.95 
44 Ammonium peroxydisuf ав (МН,),5:0; 7727-54-0 228.204  monoclcry ог wh powder dec 1.982 83,525 
45 Ammonium регтһепав H,ReO, 13598-65-7 268.244  colpowder 3.97 6.2370 
46 Аттопіит phosphat tihydrae (МН,)РО, - 3Н,0 10361-65-6* 203.133 wh prisms 25.0% i асе 
47 Ammonium phosphib, dibasic, (NH,),HPO, - Н,0 51503-61-8 134.071 hyg cry 58,0 
monohydrat 
48 Ammonium рћозрћотоубдав (МН РО, - 12M00; · ЊО 54723-94-3 189436 уеісту or powder dec 0.02 
monohydrat 
49 Ammonium phosphoüngsbe dihydrab (NH,);PO, - 12W0; - 29,0 1311-90-6 2967.18 cry powder ЯН ›0 
50 Ammonium рісгав Н,С,Н,М,0, 131-74-8 246.135 — yelorh cry exp 1.72 ЯН ›0 
51 Ammonium salcyat Н,С,Н,0, 528-94-9 155.151 wh cry powder vs H0; $ EDH 
52 Ammonium sebnab (МН,)5560, 7783-21-3 179.04 wh monoclcry dec 2.194 1175 i EDH, ace 
53 Ammonium sebnib (NH,),Se0, 1183-19-9 163.04 wh or red hyg cry dec 1215 
54 Ammonium starat НАСА О; 1002-89-7 301.509 yelwh powder 22 0.89 SIH ›0, bz; s EDH, MeOH; i ace 
55 Ammonium suf amat Н,МН,50, 7773-06-0 114.125 wh hyg cry 131 160 dec vs Н,0; sIEDH 
56 Ammonium suf ab (№Н,),50, 7783-20-2 132141 wh or brn orh cry 280 dec iz 76.425 i EOH, ace 
57 Ammonium suf ide (МН,),5 2135-76-1 68.143 уеіогап cry =0 dec S ЊО, КОН, ak 
58 Ammonium suf it (МН,);50; 7026-44-7 116.141 wh hyg cry 64,2% 
59 Ammonium suf ië топоћудгав (NH45S0, - HO 7783-11-1 134156  colcry dec 141 64.22 i EDH, ace 
60 Ammonium àrtae (NH,)2C4H406 3164-29-2 184147 wh cry dec 601 58,0 
61 Ammonium elirab (МН,),1е0, 3453-06-0 227.68 wh powder dec 3.024 
62 Ammonium etachbroauminae H,ACI 4 7784-14-7 186.832 wh hyg sold 304 $ Н,0, eh 
63 Ammonium ёќасһргорёќпаё(11) (МН РС! , 3820-41-2 37297 тей cry dec 2.936 5,0; i EDH 
64 Ammonium etachbrozincab (NH); 2001, 4639-97-65 243.28 wh orh pats; hyg 150 dec .879 vs H,0 
65 Ammonium etahiotingsbe (МНОМ, 3862-78-7 348.18 огап cry dec 271 s Н,0 
66 Ammonium hiocyanae H,SCN 1762-95-4 76.122 со1һуд cry =149 dec 1.30 181% vs ЕОН; s ace; i chl 
67 | Ammonium hiosuf ab (МН,)5:0; 7783-18-8 148.207 wh cry 150 dec .678 vs H,0; i ЕОН, eh 
68 Ammonium tanium oxa&e глопоћудгав (NH),TiO(C,0,), - ЊО 0580-03-7 293.996 hyg cry vs ЊО 
69 Ammonium 110588(М/) (МН,) М0, 1120-25-5 3042.44 cry pow 23 5,0; i EDH 
70 | Ammonium џгапав(М!) (МН 007 7783-22-4 624.131  red-yelamorp powder i H0, ак; s acid 
71 Ammonium uranium f опде 00,(МН,);Ғ; 8433-40-4 419.135  grn-yelmonoclcry S ЊО; i EDH 
72 Ammonium мавгав H,C,H,CO, 42739-38-8 119.163 һуд cry 108 vs Н,0, EDH; s eh 
73 Ammonium zirconylcarbonat dihydrae (NH,4Zr0H(CO;),-2H,0 12616-24-9" 362.404 prisms; uns&bb 580 
74 Antmony 50 7440-36-0 121.760 siv meh| hex 630.63 1587 6.68 i dilacid 
75 Sibine SbH, 7803-52-3 124.784  colgas; f am -88 -17 5.100 g/L SIH ›0; s EDH 
76 Апітопу arsenide SbAs 12322-34-8 196.682 hex cry ~680 6.0 
77 Апітопу(і1) bromide SbBr, 7789-61-9 361.472  yelorh cry; hyg 96.6 280 4.35 reac Н,0; s ace, bz, chl 
78 Animony(lll) chbride SbCl, 10025-91-9 228418  colorh cry; hyg 734 220.3 3.14 98725 S acid, ЕОН, bz, ace 
79  Antmony(IIl) f Loride SbF, 7783-56-4 178.755 wh orh cry; hyg 292 «345 438 492% 
80 Аттопу(!) iodide 50, 7790-44-55. 502.473 red rhomb cry 168 401 4.92 reac Њ;0; s EDH, ace; i ct 
81 Аштолу(1) oxide (senarmonte) 50,0, 1309-64-4 291518  colcub cry 570 tans 1425 5.58 SIH 0; i os 
82 Antmony(III) oxide (мат) 50,0, 1309-64-4 291518 wh orh cry 655 1425 5.7 ЗІН ‚0; i os 
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8 Апітолу(11) oxychbride 50001 7791-08-4 173212 wh momo cry 170 dec reac Н,0; i EDH, eh 

84 Апїтопу(1ЇЇ) sebnide 50,56; 1315-05-5 480.40 (іп orh cry 611 5.81 5ІН,0 

85 Апітопу(і11) suf ab 50,(60,); 7446-32-4 531.711 wh cry powder; hyg dec 3.62 5ІН,0 

86 Апітопу( 1) suf ide 50,5, 1345-04-6 339.718  gray-bk от cry 550 4.562 i Н,0; s conc НСІ 

87  Antmony(lll) Бипде 50,16; 1327-50-0 626.32 gray cry 620 6.5 

88 — Antmony(III,V) oxide 50,0, 1332-81-6 307.518  yelorh cry 6.64 

89  Antmony(V) chbride SbCl; 7647-18-9 299.024 color yellq 4 140 dec 2,34 reac Н,0; $ ch| ct 

90  Antmony(V) f Lioride SbF; 7783-70-2 216.752 hyg visc 19 83 14 3.10 reac Н,0 2 

9 Antmony(V) dichbrotif Uoride SbCLF, 7791-16-4 249.660 visc Iq reac Н,0 ње 

92 Апітопу(\) oxide 50,0, 1314-60-9 323.517  yelpowder; cub dec 3.78 0.320 5 

93 Antmony(V) suf ide 50,5 1315-04-4 403.850  oran-yelpowder 75 dec 4.120 i H50; s acid, ak б 

94 Argon Ar 7440-37-1 39.948 — colgas -189.36 p (69 kPa) -185.85 1.633 g/L 5ІН,0 Ё 

95 Arsenic (gray) As 7440-38-2 74.922 gray meal rhomb 817 p (3.70 MPa) 603 sp 5.75 i H,0 б 

96 Агвіпе ASH; 7784-42-1 77.946 colgas -116 -62.5 3.186 g/L ЯН ›0 о 

97  Diarsine АН, 15942-63-9 153.875 unshbb Iq “100 2 

98 Arsenic acid HAsO, 7778-39-4 141.944 ехіѕБ опу in soh 2 

99 Arsenic acid hemihydrae HAsO, -0.5Н,0 7778-39-4* 150.951 wh hyg cry 355 =2 vs ЊО, EDH > 
200 Агѕепіоиѕ acid Н,А50; 13464-58-9 125.944  exisb опу in soh 2 
201 Arsenic 01100106 Абы, 13770-56-4 657.461 тей cry 137 Teac Н,0: s os un 
202 Arsenic hemisebnide As;Se 1303-35-1 228.80 bk cry i H0, os; dec acid, ak о 
203 Arsenic suf ide А5,5, 12279-90-2 427.950 red monoclcry 320 565 35 i Н,0: slbz; s ak = 
204 Аг$епїс(1Ї) bromide AsBr, 7784-33-0 314634  yelorh сту; hyg 311 221 3.40 reac Н,0: s hc, cb; vs eh, bz 2 
205 Агвеліс(ПІ) chbride АЗС 7784-34-1 181.280 со -16 130 2150 reac НО; vs ch] cb, eh ° 
206 ^ Arsenic(Ill) f Uoride ASF, 7784-35-2 131.917 coliq 58 57.8 27 reac Њ0; s EDH, eh, bz Е 
207 Агѕепіс(111) iodide Asl, 7784-45-4 455.635 гей hex cry 140.9 424 4.73 SIH 0, EOH, eh; 5 bz. bl > 
208 Агвеліс(ПІ) oxide (arsenolb) As;0, 1327-53-3 197.841 wh cub cry 274 460 3.86 2.05% 2 
209 Агѕепіс(111) oxide (chudett) Аѕ,0; 1327-53-3 197.841 wh monoclcry 313 460 3.74 2.055 5 dilacid, ak; i ЕОН б 
210 Агвеліс(ПІ) sebnide А5;56; 1303-36-2 386.72  brn-bk sold 260 4.75 i НЬО; $ ak б 
211 Аветс(11) suf ide А5,5, 1303-33-9 246.041 уеіогап monoclcry 310 707 3.46 i HO; s ak ° 
212 Агѕепіс(111) &uride As, Te; 12044-54- 532.64 bk monoclcry 621 6.50 < 
213 Arsenic(V) chbride AsCl; 22441-45-8 252486  sbbb atbw emp =-50 dec ë 
214 Arsenic(V) f uoride ASF; 7784-36-3 169.914  colgas -79.8 -52.8 6.945 g/L reac Њ;0; s ЕН, bz, ей c 
215 Arsenic(V) oxide А5,0; 1303-28-2 229.840 wh amorp powder 315 4.32 65.820 vs EDH 2 
216 Arsenic(V) sebnide As,S6; 1303-37-3 544.64 bk sold dec i H5O, EDH, eh; s ak Я 
217 hrsenic(V) suf ide А5,5, 1303-34-0 310173  brn-yelamorp sold dec i H0; s ak ~ 
218  Triehylarsenie As(0C;H;), 3141-12-6 210.103 14 166 1.21 e 
219 Ashlne At 7440-68-8 210 Cry 302 5 НМО,, 08 2 
220 Barium Ba 7440-39-3 137.327  sil-yelmeà| cub 727 1897 3.62 reac Н,0; sIEDH = 
221 Barium acebb Ba(C,H,0;); 543-80-6 255.416 wh powder 2.47 79.25 2 
222 Barium асейв monohydrae Ва(С,Нз0,), - ЊО 5908-64-5 273431 wh cry 110 dec 2.19 79,2% SIEDH 2 
223 Barium аштілав ВаА!,0, 12004-04-5 255288  hexcry 1827 = 
224 Barium azide Ва(М.), 18810-58-7 221.367  monoclcry; exp 4120 dec 2.936 17.320 SIEOH; i eh = 
225 Barium bromat monohydrat Ba(Br0,); - H0 10326-26-8 411.147 wh monoclcry 260 dec 3.99 0.83125 i ЕОН 
226 Barium bromide BaBr, 10553-31-8 297.135 wh ой cry 857 1835 4.781 100% 
227 Barium bromide dihydrae BaBr, · 29,0 7791-28-8 333.166 wh cry T5 dec 37 10025 $ MeOH; i EDH, ace, diox 
228 Barium carbide Вас 50813-65-5 161.348 gray bt cry dec 3.74 reac Н,0 
229 Barium carbonat Васо, 513-77-05: 197.336 wh orh cry 1555 4.2865 0.001420 s acid 
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САЅ Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
230 Barium chbrae Ва(С0 з), 3477-00-4 304.228 wh cry 414 37.95 SIEOH, ace 
231 Barium chbrab monohydrat Ba(CD ,), - H0 0294-38-9 322.244 wh monoclcry 120 dec 3.179 37.95 $ acid; sIEDH, ace 
232 Barium chbride BaCl, 0361-37-2 208232 wh orh сту; hyg 962 1560 3.9 37.025 
233 Barium chbride dihydrae BaCl, - 29,0 0326-27-9 244263 wh monoclcry =120 dec 3.097 37.05 i ЕН 
234 Barium chromab(V) Ba,(Cr0,); 2345-14-1 643.968  grn-bk hex cry 5.25 58,0 
235 Barium chromae(VI) Васто, 0294-40-3 253.321  yelorh cry 1380 4.50 0.000262 reac acid = 
236 Barium став monohydrab Ba,(C4H;0;), - ЊО 512-25-4 808.195  gray-wh cry S Н,0, acid ме 
237 Barium copper ytium oxide ВаСиҮ,0; 82642-06-6 458.682 дп cry; notsuperconducbr n 
238 Barium copper ytium oxide Ba; Cu. YO, 109064-29-1 666.194 bk sold; HT superconducbr о 
239 Barium copper ytium oxide Ba; Cu, YO, 114104-80-2 745.739 HT superconducbr Ё 
240 Barium copper ytium oxide Ва,Си,Ү,0,, 124365-83-9 1411.933 HT superconducbr б 
241 Вагит cyanide Ва(СМ), 542-62-1 189.361 wh cry powder vs H0; $ EDH о 
242 Barium dichromat dihydrae BaCr;0; - 2Н,0 10031-16-0 389.346  brn-red needbs dec reac Н,0 2 
243 Barium dihionae dihydrae BaS,0, - 29,0 13845-17-5 333486 wh cry 140 dec 454 22.120 ЗЇЕОН - 
244 Barium f errocyanide ћехаћудгав Ba,Fe(CN), - 6Н,0 13821-06-2* 594.694  yelmonoclcry 80 dec i НО, EDH > 
245 Barium f Loride BaF, 7787-32-8 175.824 wh cub cry 1368 2260 4.893 0.16125 2 
246 Barium f ormat Ва(СН0.); 541-43-5 227.362 су 3.21 S ЊО; i EDH 7 
247 Barium hexaboride ВаВ; 2046-08-1 202.193 bk cub cry 2070 4.36 i H50; s acid; i EDH o 
248 Barium hexaf liorosilcae BaSiF, 7125-80-3 279.403 wh orh needbs 300 dec 4.29 i H,0, EOH; slacid 2 
249 Barium hydride Ван; 3477-09-3 139.343 gray от cry 1200 4.16 reac Н,0 ” 
250 Barium hydrogen phosphat BaHPO, 0048-98-3 233.306 wh cry powder 400 dec 4.16 0.01520 S dilacid ° 
251 Barium hydrosuf ide Ва(Н5); 25417-81-6 203475  yelhyg cry $ Њ0 5 
252 Barium hydrosuf ide etahydrae Ba(HS), - 49,0 2230-74-9 275.536  yelrhomb cry 50 dec s Њ0 > 
253 Barium hydroxide Ba(OH), 7194-00-2 171.342 wh powder 408 4.9125 2 
254 Barium hydroxide monohydrat Ba(OH), - H,O 22326-55-2 189.357 wh powder 3.743 4,0125 S acid б 
255 Barium hydroxide ocbhydrae Ba(0H), - 8Н,0 2230-71-6 315.464 wh monoclcry 78 dec 218 4.9125 б 
256 Barium hypophosphie monohydrat Ba(H;P0,), - H,0 14871-79-5* 285.320  monoclphes 2.90 S H0; i EDH ° 
257 Barium iodab Ва(10,), 0567-69-8 487.132 wh cry powder 476 dec 5.23 0.03962 < 
258 Barium iodab monohydrab Ва(10;);. H,0 7787-34-0 505.148 cry 130 dec 5.00 0.039625 $ acid; i ЕОН ë 
259 Barium iodide Bal, 3718-50-8 391436 wh от cry 711 5.15 221% ct 
260 Barium iodide dihydrat Bal, · 29,0 7787-33-9 427167 сосу 740 dec 50 221% S EDH, ace 2 
261 Barium manganae(VI) ВаМп0, 7787-35-1 256.263  grn-gray hyg cry 4.85 0.000417 Я 
262 Barium me&borae monohydrat Ba(B0;), - Н,0 26124-86-7 240.962 wh powder »900 33 5ІН,0 б 
263 Barium moybdat ВаМо0, 7787-37-3 297.27 wh powder 450 4.975 0.002120 © 
264 Barium піобав Ва(М00:); 2009-14-2 419.136  yelorh cry 455 5.44 i H,0 ” 
265 Barium nitab Ва(М0;); 0022-31-84. 261.336 wh cub cry 590 3.24 10.3% sIEDH, ace = 
266 Barium nitide Вам, 2047-79-9 439.994 /yelbrn cry >500 (ес 478 reac Н,0 2 
267 Вапит 8 Ва(М0.); 3465-94-6 229.338  colhex cry 267 3.234 79,525 2 
268 Barium п monohydrat Ba(NO,), - Н,0 7787-38-4 247.353  yelwh hex cry 217 dec 3.18 79,525 i EDH с 
269 Barium охаһр BaC;0, 516-02-9 225.346 wh powder 400 dec 2.658 0.0075 22 
270 Barium охаве monohydrae BaC,0, - Н,0 3463-22-4 243.361 wh cry powder 2.66 0.007520 S acid 
271 Barium oxide Ва0 1304-28-5 153.326  wh-yelpowder; cub and hex 972 5.72(cub) 1.520 $ dilacid, EDH; i ace 
272 Barium perchbrab Ba(CD ,), 3465-95-7 336.227  colhex cry 505 3.20 312% vs EDH 
273 Barium perchbrae tihydrae Ba(CD ,), - 3H,0 0294-39-0 390273  colcry 2.74 312% S MeOH; sIEOH, асе; i eh 
274 Barium permanganat Ва(Мп0,); 7787-36-2 375.198  brn-violcry 200 авс 3.77 62.520 геас EDH 
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275 Barium peroxide Ba0, 1304-29-6 169.326  gray-wh bt cry 450 dec 4.96 0.09120 reac dilacid 

276 Barium теврһоѕрһав Ва(Р0;); 3466-20-1 295.271 wh powder 560 i Н,0: slacid 

277 Barium po&ssium сћготав BaK,(Cr0,); 27133-66-0 447.511  yelhex cry 3.63 vs H,0 

278 Barium pyrophosphab Ba,P,0; 3466-21-2 448.597 wh powder 430 39 0.008820 S acid 

279 Barium зеёпав BaSe0, 7787-41-09 280.29 wh rhomb cry dec 4.75 0.01520 

280 Вагит sebnide BaSe 1304-39-8 216.29 cub cry powder 780 5.02 геас Н,0 

281 Barium sebnie Ва5е0; 3718-59-7 26429 sold i НО 

282 Barium disilcab Ва5 0; 2650-28-1 273495 wh orh cry 420 3.70 2 
283 Barium тейзИсав BaSi0, 3255-26-0 213411 colrhomb powder 605 4.40 i Н,0; s acid ње 
204 Barium silcide Вась 1304-40-1 193.498 gray umps 180 reac Н,0 5 
285 Barium sodium niobab Ba;Na(Nb0,); 2323-03-4  1002.167 wh orh cry 437 540 i H,0 б 
286 Barium 5 лпав Ва5л0, 2009-18-6 304.035 сиб cry 7.24 ЯН ›0 Ё 
287 Barium заппав Ићудгав BaSn0, - 3Н,0 12009-18-6* 358.081 wh cry powder ЗІН ,0; s acid б 
288 Barium sbarab Ва(С- 1: 0) 6865-35-6 704.266 wh powder 160 1.145 i НО, EDH о 
289 Barium suf ав Ва50, 7727-43-7 233.391 wh orh cry 580 4.49 0.000312 i EOH 2 
290 Barium suf ide Ва5 21109-95-5 169.393  colcub cry or gray powder 2229 43 8,9425 2 
291 Barium suf it BaS0, 7787-39-5 217.391 wh monoclcry dec 4.44 0.00112 i ҒОН > 
292 Barium hrtab BaC,H,0; 5908-81-6 285.398 wh cry 2.98 $ ЊО; i EDH 2 
293 Barium etacyanopatnab(I!) etahydrab BaP{CN) , - 49,0 13755-32-3 50854 уе ромавгог cry 2.076 SIH 0; i EDH 9 
294 Barium etaiodomercurat(I!) BaHgl, 10048-99-4 845.54  yelred hyg cry vs Н,0, EDH o 
295 Barium hiocyanab Ba(SCN), 2092-17-3 253493 hyg cry 16725 S ace, MeOH, ЕОН = 
296 X Barium hiocyanae dihydrae Ba(SCN), - 2H,0 2092-17-35: 289.524 hyg wh cry 1675 s EDH 2 
297 Barium Піосуапав tihydrab Ba(SCN), - ЗЊО 68016-36-4 307.539 wh needes; hyg 2.286 167% s ЕОН о 
298 Barium hiosuf ab Ва5,0; 35112-53-9 249457 wh cry powder 220 dec 0.220 i EDH Е 
299 Barium hiosuf ab monohydrab Ва5,0, - H,0 7787-40-8 267.473 wh cry powder dec 35 0.2 i EDH > 
300 Barium thnab BaTiO, 12047-27-7 233192 wh et cry 625 6.02 i H,0 2 
301 Barium 0888 Ва!!0, 7787-42-0 38517 мһ èt cry 475 1730 5.04 0.00162 б 
302 Barium uranium oxide BaU,0, 10380-31-1 725.381  oran-yelpowder i Н,0; s acid б 
303 ^ Barium orhovanadat Ba,(V0,); 39416-30-3 641.859 hex cry 707 514 ° 
304 Barium zirconab BaZr0, 12009-21-1 276.549  gray-wh cub cry 2500 5.52 i H0, ak; slacid 2 
305 Berkelum ( œ f orm) Bk 7440-40-6 247 hex 050 14.78 ë 
306 PBerkelum (В f orm) Bk 7440-40-6 247 cub cry 986 13.25 а 
307 PBerylum Ве 7440-41-7 9.012 һех 287 2471 1.85 S acid, ak 2 
308 Вегуіит асеве Ве(С,Н.0,), 543-81-7 127101 wh cry 60 dec i H,0, EOH Я 
309 Бегуішті 2,4-penbnedioae Ве(СН,СОСНСОСН.), 10210-64-7 207.228  monoclcry powder 108 270 1168 #60; vs ЕОН, eh ~ 
310 _ Вегуџт auminae ВеА!,0, 12004-06-7 126.973 от cry 3.65 e 
311 Berylum auminum metsilcab Be,Al,(Si0,), 1302-52-9 537502 color grn-yelcry; hex 2.64 ” 
312 Berylum basic асейё Ве,0(С,Н.0,), 1332-52-1 406.312 wh cry 285 330 25 i Н,0; s eh, os = 
313 Berylum boride BeB, 12228-40-9 30.634 ref rac sold >1970 2 
314 Вегушт borohydride Ве(ВН,); 17440-85-6 36.682 sold 125 dec subl reac Н,0 2 
315 Berylum bromide ВеВг, 7787-46-4 168.820 от сту; hyg 508 520 3.465 vs Н,0; s EOH, руг = 
316 Вегуіит carbide Be,C 506-66-1 30.035 red cub cry >2100 dec 90 геас Н,0 ва 
317 Berylum carbonat btahydrab Весо, · 49,0 60883-64-9 93.085 wh sold 100 dec 0.360 

318  Berylum carbonat, basic Be.(0H);(C0,), 66104-24-3 181.069 wh pow i H50; s acid, ak 

319  Berylum chbride Весь 7787-47-5 79.917 — wh-yelorh cry; hyg 415 482 .90 71.55 S EDH, eh, ру; i bz, bl 

320 Вегуїшт f Uoride BeF, 7787-49-7 47.009 tt cry or gl hyg 552 1169 2.1 vs Н,0; зјЕОН 

321 Berylum f ormab Be(CHO,); 1111-71-3 99.047 powder >250 dec reac H,0; i os 

322 Вегуїшт hydride BeH, 7787-52-2 11.028 wh атогр sold 250 dec 0.65 reac Н,0: i eh, bl 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
323 Berylum hydrogen phosphat BeHPO, 3598-15-7 104.991 су ін,0 
324 Вегуїшп hydroxide Ве(ОН), 3327-32-7 43.027 wh powder or cry =200 dec 1.92 SIH 0, ак; s acid 
325  Berylum iodide Bel, 7787-53-3 262.821 hyg needbs 470 487 4.32 reac H0; s EDH 
326 Вегушт nitat tihydrae Be(N0,), - 3H,0 3597-99-4 187.068 yelwh hyg cry =30 dec 10720 s EDH 
327  Berylum nitide Ве. № 1304-54-7 55.050 gray ref rac cry; cub 2200 2.71 геас acid, ak 
328 Бегуішті oxide Ве0 1304-56-9 25.011 wh hex cry 2577 3.01 i H50; slacid, ak 2 
329 Вегуіит регсћргав btahydrab Be(CD 4), - 4H,0 7787-48-6 279.974 hyg cry 250 dec 1985 ме 
330 Вегушт зевпав btahydrab BeSe0, · 4H,0 0039-31-3 224.03 от cry 100 дес 2.03 vs ЊО n 
331 Berylum suf ab Ве50, 3510-49-1 105.076 со cry; hyg 1127 2.5 41.325 б 
332 Бегуішті suf ab etahydrae BeSO, · 4H,0 7787-56-6 177137 сод cry “100 dec 171 41.35 i EDH Ё 
333 Berylum suf ide Веб 3598-22-6 41.078  colcub cry dec 2.36 reac hotH ‚0 © 
334 Бізтиһ В 7440-69-93 208.980  gray-wh sof tmeal 271.40 1564 9.79 S acid © 
335 Бізтиһ arsenat BiAsO, 3702-38-0 347.900 wh mono cry 714 i Н,0: slconc HNO , 2 
336 Bismuh basic carbonat (81000, 5892-10-4 509.969 wh powder 6.86 i H0; s acid = 
337 Бізтиһ гот 6 BiBr, 7787-58-8 448692 yelcub cry 218 453 5.72 Teac Н,0; s dilacid, ace; i EDH > 
338 Бізтиһ tichbride БІСІ; 7787-60-2 315.338 yelwh cub cry; hyg 230 447 4.75 геас Н,0: s acid, EDH, ace 2 
339 Bismuh став ВЇС,Н,0, 813-93-4 398080 wh powder 3.458 i Н,0: $ІЕОН un 
340 Bismuh tif uoride BiF, 7787-61-3 265.975  wh-gray cub cry 125 900 8.3 i H,0 ° 
341 Bismuh pen&f џопде ВІР, 7787-62-4 303.972 wh et needes; hyg 154 230 5.55 reac Н,0 2 
342 Bismuh hydride BiH, 18288-22-7 212.004 с01088: unsabe -67 ж17 8.665 g/L Z 
343 Бізтиһ hydroxide В(ОН); 10361-43-0 260.002  wh-yelamorp powder 4.962 i H50; s acid ° 
344 Bismuh tiiodide Bil, 7787-64-6 589.693 bk hex cry 408.6 542 5.778 0.000782 s EDH Е 
345 Бізтиһ hexaf џого-2,4-репвпедоав Bi(CF,COCHCOCF.), 830.132 ром 96 > 
346 Bismuh тоубдав ВІ(Мо00)); 51898-99-8 897.77 топосІсгу 5.95 2 
347 Бізтиһ nitab penahydrab Bi(NO;); : 5H,0 10035-06-0 485071  colticlcry; hyg =75 dec 2.83 геас Н,0; s ace; i EDH [el 
348  Bismuh otat ВКС. H.;0;); 52951-38-9 1053.340 softyekbrn sold i H50; $ eh; 5102 б 
349  Bismuh oxaae Bi,(C,0,), 6591-55-5 682.018 wh powder i H,0, EDH; s dilacid e 
350 Віѕтий oxide Ві,0; 1304-76-53 465.959  yelmonoclcry or powder 817 1890 8.9 i H50; s acid < 
351 Bismuh oxybromide BiOBr 7787-57-7 304.883 colet cry 8.08 i H0, EDH; s acid S 
352 Bismuh oxychbride ВІ0СІ 7787-59-9 260.432 wh èt cry 7.72 i Н,0 (= 
353 Bismuh oxyiodide Bil 7787-63-5 351.883 тей bt cry >300 dec 7.92 ГНО, EOH, ch| s НО! 2 
354 Bismuh oxynitab BiONO, 10361-46-3 286.985 wh powder 260 dec 4.93 i H,0, ОН; s acid Я 
355  Bismuh phosphab BiPO, 10049-01-1 303.951  monoclcry 6.32 SIH ›0, dilacid; i EDH 5 
356 Bismuh poassium iodide К.В 41944-01-8 1253.704 тей cry reac Н,0; s ak iodide soh © 
357 PBismuh sebnide Бі,5е; 12068-69-8 654.84  bkhexcry 710 dec 75 i H,0 2 
358 Bismuh заппав репаћудгав Ві,(Ѕп0з)з · 590 12777-45-6 1008.162 wh cry i H,0 = 
359 PBismuh subnitae Bi;0(OH),(NO;), 1304-85-4 1461.987 hyg cry pow 260 dec 4.928 i H,0, EOH; s dilacid 2 
360 Bismuh suf ав Bi,(SO,), 7787-68-0 706.152 wh needs or powder 405 dec 5.08 reac Н,0, EDH = 
361 Bismuh suf ide Ві,5, 1345-07-9 514159  bk-brn orh cry 850 6.78 i H0; s acid j=) 
362 Бізтиһ вџпде Ві,Те; 1304-82-1 800.76 gray hex phbs 580 7.14 i H0; s EDH — 
363 Бізтиһ etoxide Bi,0, 12048-50-9 481.959  red-oran powder 305 5.6 reac Н,0 
364 Віѕтий thnab Bi,(TiO;), 12048-51-0 1171.516 wh от cry 7.85 
365 Bismuh tingsbe Bi,(WO,), 13595-87-4 116147 wh pow 
366 Бізтиһ vanadab ВМО, 14059-33-7 323.920 orh cry tans 500 6.25 #60; s acid 
367 Вогоп B 7440-42-8 10.811 bk rhomb cry 2075 4000 2.34 i Њ0 


іт? 


368  Diborane ВН; 9287-45-7 27.670  colgas; fam -165.5 -92.4 1.131 g/L reac Н,0 

369  Tetaborane(10) ВН 8283-93-7 53.323  colgas -121 18 2.180 g/L гвас Н,0 

370 Репврогапе(9) БН; 9624-22-7 63.126 fam Ід -46.6 60 0.60 reac hotH 0 

371 Penaborane(11) БН, 8433-84-6 65142  collq; unshbb -122 65 геас Н,0 

372 Hexaborane(10) АЙ 23777-80-2 74.945 со -62.3 108 dec 0.67 reac hotH ;0 

373 Hexaborane(12) БН, 2008-19-44 76.961 collq; unshbb -82.3 «80 reac Н,0 

374 опабогапе(15) ВН 9465-30-6 112.418  collq 26 

375 Decaborane(14) Већа 7702-41-9 122.221 wh orh cry 99.6 =213 0.94 ЅІН ,0; s EDH, bz, CS „, ct 2 
376 Вогапе carbonyl ВН:С0 3205-44-2 41,845 с01088 -137 -64 1.710 g/L гвас Н,0 ње 
377 Вогагіпе В.М.Н, 6569-51-3 80.501 со -58 53 0.824 геас Н,0 n 
378 Вогіс acid (orhoboric acid) H,BO, 0043-35-3 61.833  colticlcry 170.9 15 5,8025 SIEOH б 
379 Мейрогіс acid ( œ f orm) НВО, 3460-50-9 43.818 colorh cry; hyg 176 1.784 s Њ0 Ё 
380 Меврогіс acid (В f orm) НВ0, 3460-50-49 43.818 — colmonoclcry; hyg 201 2.045 580 б 
381 Mebboric acid ( y f orm) HBO, 3460-50-9 43.818 — colcub cry 236 2.487 580 © 
382 Теа џогобопс acid HBF, 6872-11-0 87.813 coliq 130 дес “18 48 Н,0, ЕОН 2 
303 Boron arsenide BAs 2005-69-55 85.733 cub cry 920 dec 522 2 
304 Вогоп tibromide BBr, 0294-33-4 250.523 collq; hyg -45 9 26 геас Н,0, ЕОН > 
385 Вогоп carbide B,C 2069-32-8 55255 hard bk cry 2350 >3500 2.50 1Н,0, acid 2 
386 Вогоп tichbride BCl, 0294-34-5 117.169 coliq or gas -107 12.65 4.789 g/L reac Н,0, EDH 9 
387 Tetachbrodiborane ВС 3701-67-2 163.433 collq; Гат -92.6 65 геас Н,0 о 
388 Вогоп tif 006 BF, 7637-07-2 67.806 colgas -126.8 -101 2.772 g/L $ Н,0 = 
389 Tetaf liorodiborane BF, 3965-73-6 97.616  colgas; fam -56 -34 3.990 g/L reac Н,0 2 
390 Вогоп од де Bl, 3517-10-7 391.524 wh needbs 49.7 209.5 3.35 i Н,0 ° 
391 PBoron nitide BN 0043-11-5 24,818 wh powder; hex or cub cry 2966 2.18 i H0, acid 5 
392 Вогоп oxide В,0; 1303-86-2 69.620 со1010г hex cry; hyg 450 2.55 2.220 s EOH > 
393 Boron phosphide BP 20205-91-8 41785 гей cub cry or powder 1125 dec reac Н,0, acid Z 
394 Вогоп suf ide В,5, 2007-33-9 117.820  yelamorp sold sof ens «320 “1.7 б 
395 Bromine Br, 7726-95-6 159.808 red Iq -72 58.8 3.1028 ЯН ›0 б 
396 Bromic acid НВгО; 7789-31-35 128.910 shb опу іп aq soh $ Н,0 ° 
397 Bromine oxide Br,0 21308-80-5 175.807 brn sold -17.5 dec < 
398 Bromine dioxide BrO, 21255-83-4 111.903 unshbb yelcry =0 dec ë 
399 Bromine azide ВИ 13973-87-0 121.924 гей cry; exp =45 ехр c 
400 Вготіпе chbride BrCI 13863-41-7 115.357 unsBbb red-brn gas =-66 =5 dec 4.715 g/L reac Н,0; s eh, 65, 2 
401 Вготіпе f Loride BrF 13863-59-7 98.902 unsBbb red-brn gas =-33 =20 dec 4.043 g/L Я 
402 Bromine tif Uoride ВІР, 7787-71-5 136.899  colhyg Iq 8.77 125.8 2.803 reac Н,0 ~ 
403 Bromine pentf Loride ВІР 7789-30-2 174.896 сод -60.5 40.76 2.460 reac HO (exp) e 
404 PBromylfuoride BrO;F 22585-64-4 130.901 соц -9 50 dec reac Н,0 2, 
405 Cadmium Cd 7440-43-54: 112.411  sil-wh mel 321.07 767 8.69 i Н,0: reac acid = 
406 Cadmium acebe Cd(C,H;0,), 543-90-8 230.500 colcry 255 2.34 s ЊО, ОН 2 
407 Cadmium acebe dihydrae Cd(C,H;0,), - 290 5743-04-47: 266.528 wh cry 130 dec 2.01 vs H0; $ EDH 2 
408 Cadmium antmonide CdSb 2014-29- 234171 от cry 456 6.92 = 
49 Cadmium arsenide СфА5, 2006-15-4 487.076 gray &t cry 721 6.25 id 
410 Cadmium azide Cd(N,); 4215-29-3 196.451 yelwh orh cry; exp exp 3.24 

411 Cadmium bromide СаВг, 7789-42-6 272.219 wh hex powder ог f akes; hyg 568 844 5.19 115% Slace, eh 

412 Cadmium bromide etahydrae CdBr, · 4H,O 3464-92-1 344.281  wh-yelcry 1155 S ace, EDH 

413 Cadmium carbonat СаСО, 513-78-0 172.420 wh hex cry 500 dec 4.258 i H50; s acid 

414 Cadmium chbrae dihydrae Cd(CD з), · 290 22750-54-5* 315.343  colhyg cry 80 dec 2.28 2.64) 

415 Cadmium chbride CdCl, 0108-64-2 183.316  rhomb cry; hyg 564 960 4.08 120% S ace; sIEOH; i eh 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
416 — Cadmium chbride hemipenthydrat CdCl, . 2.5H,0 7790-78-5 228.354 wh rhomb taf bb 3.327 120% S ace 
417 Cadmium chbride monohydrat CdCl, - ЊО 34330-64-8 201.331 wh cry 120% 
48 Cadmium сћготав CdCrO, 14312-00-6 228.405 увіот cry 45 i H,0 
419 — Cadmium cyanide Cd(CN); 542-83-6 164445 wh cub cry 223 1.715 
420 Cadmium 2-еһуһехапоав Са(С,Н, О), 2420-98-6 398.818 ром 
421 Cadmium f 01108 CdF, 7790-79-6 150408 cub cry 1110 1748 6.33 4.3625 5 acid; i EOH 2 
422 Cadmium hydroxide Ca(OH); 21041-95-2 146.426 wh tig or hex cry 130 dec 4.79 0.00015% s dilacid e 
423 Cadmium iodat Cd(10,), 7790-81-0 462.216 wh powder 6.48 0.09125 $ НМО, n 
424 Cadmium iodide Cdl, 7790-80-9 366.220 hex f akes 387 742 5.64 86.22 S EDH, eh, ace a 
425 Cadmium measilcab (4510, 13477-19-5 188495  grn monoclcry 1252 5.10 Ё 
426 Cadmium moybdat С4М00, 13972-68-4 272.35 со cry =900 dec 54 i H0; s acid © 
427 Cadmium піобав Cd,Nb,0, 12187-14-3 522.631 сир cry =1410 6.28 i H,0 © 
428 Cadmium nitat Cd(N0;); 10325-94-7 236420 wh cub cry; hyg 350 3.6 15625 s ОН 2 
429 Cadmium nitat etahydrae Cd(N0,), - 49,0 10022-68-1 308.482  colorh cry; hyg 59.5 2.45 15625 S EOH, ace = 
430 Cadmium охавё CdC;0, 814-88-0 200.430 wh sold 332 0.006075 > 
431 Cadmium охаве tihydrae CdC;0, - 3H,0 20712-42-9 254.476 wh amorp powder 340 dec 0.006025 i ЕОН; s dilacid 2 
432 Cadmium oxide С40 1306-19-0 128410  brn cub cry 1559 sp 8.15 i H,0; s dilacid un 
433 Cadmium perchbrae hexahydrab С4(С0 „; - 69,0 0326-28-0 419403 wh hex cry 2.37 191.525 ° 
434 Cadmium рћозрћав Cd.(PO,), 3477-17-3 527.176 ром 21500 i H,0 2 
435 Cadmium phosphide СФР 2014-28-7 399181 gr bt needes 700 5.96 $ ФИНО! ” 
436 Cadmium sebnab dihydrae CdSe0, · 29,0 0060-09-02: 291.40 orh cry 100 dec 3.62 7055 ° 
437 Cadmium sebnide CdSe 1306-24-7 191.37 wh cub cry 1240 5.81 i НО Е 
438 Cadmium suf ab CdS0, 0124-36-4 208475  colorh cry 1000 4.69 76.75 i EOH » 
439 Cadmium suf ae топоћудгав (050, · Њ0 7790-84-3 226.490  monoclcry 105 3.79 76.7% 2 
440 Cadmium suf ab осаћудгав (050,-8Н,0 5244-35-6 352.597  colmonoclcry 40 dec 3.08 76,725 б 
441 Cadmium suf ide CdS 1306-23-6 144.477  yekoran cub cry 1750 4.83 i H0; s acid б 
442 Cadmium Bliride CdTe 1306-25-8 240.01  brn-bkcub cry 1042 6.2 i H0, dilacid ° 
443 Cadmium Ма! џогобогав Cd(BF,); 4486-19-2 286.020  colhyg Iq 16 vs Н,0, ЕОН < 
444 Cadmium (лав CdTiO, 2014-14-1 208.276 от cry 6.5 S 
445 Cadmium üngs&e Само, 7790-85-4 360.25 wh monoclcry 8.0 i H50, acid; s NH,OH (= 
446 Сайт ба 7440-70-2 40.078 siu-wh тен! 842 1484 1.54 reac Н,0; i bz 2 
447 Сайит асевв Са(С,Нз0,), 62-54-4 158.167 wh hyg cry 160 dec 1.50 S Н,0; sIEDH Я 
448 Сабіит ace&e monohydrat Ca(C;H40,); - Н,0 5743-26-0 176.182 wh needes or powder “150 dec S Н,0, sIEDH б 
449 Сабит aliminab CaAl,0, 2042-68-1 158.039 wh monoclcry 1605 2.98 reac Н,0 © 
450 Catium аџтипав ( В f orm) Са. АБО, 2042-78-3 270193 wh cub cry; ref r 1535 3.04 i H,0 2 
451 Сайит агзепав Са(А50 7778-44-1 398072 wh powder dec 3.6 0.003620 5 dilacid = 
452 Сайит arsenit CaAs0, 52740-16-6 162.998 wh pow SIH ›0; s acid 2 
453 Catium boride Сав, 2007-99-7 1043944  refrac sold 2235 249 = 
454 Сайит bromide CaBr, 7789-41-5 199.886 rhomb cry; hyg 742 1815 3.38 15625 5 ЁОН, асв с 
455 Сабит bromide hexahydrab CaBr, . 6H,0 3477-20-6 307.977 wh hyg powder 38 dec 2.29 156% xd 
46 Сабит carbide Саб, 75-20-7 64.099  gray-bk orh cry 2300 2.22 reac Н,0 
457 Сайит carbonat (aragonit) CaCO, 471-34-1 100.087 wh от cry ог powder 825 dec 2.83 0.00066% s dilacid 
458 Catium carbonat (саб) CaCO, 471-34-1 100.087 wh hex cry or powder 1330 2.71 0.0006620 $ dilacid 
459 Сайт сћргав Ca(CD з), 0137-74-3 206.979 wh cry 340 19725 
460 Сайит chbrab dihydrae Ca(CD з), - 29,0 0035-05-9 243.010 wh monoclcry; hyg 100 dec 2.711 1975 s EDH 
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461 Сабит chbride CaCl, 10043-52-4 110.983 wh cub cry or powder; hyg 775 1935.5 2.15 81.35 vs EDH 
462  Catium chbride dihydrae CaCl, - 29,0 10035-04-8 147.014  hygf&kes or powder 175 dec 1.85 81.35 vs EDH 
463 Сайит chbride ћехаћудгав CaCl, · 69,0 7774-34-7 219.074 wh hex сту; hyg 30 dec 171 81.35 
464 Сайит chbride топоћудгав CaCl, - ЊО 13477-29-7 128.998 wh hyg cry 260 dec 2.24 81.325 5 ЕОН 
465 Сабішт сћготав dihydrae CaCrO, - 2H,0 13765-19-0 192402  yelorh cry 2.50 13.220 
466 Сабіит cyanamide CaCN, 156-62-7 80.102 — colhex cry “1340 subl 2.29 reac Н,0 
467 Сабит cyanide Са(СМ), 592-01-8 92.112 wh rhomb cry; hyg S Њ0, EDH 
468 Сабит dichromae tihydrae Сасљ0; - 3Н,0 14307-33-6* 310.112  red-oran cry 100 dec 2.37 vs ЊО; reac EDH; i eh, ct 2 
469 Catium 2-ehyhexanoab Са(С,Н, 05), 136-51-6 326.485 ром ње 
470 Catium f boride CaF, 7789-75-5 78.075 wh cub cry or powder 1418 2533.4 3.18 0.001625 slacid 5 
471 Сабшт f ormab Са(СН0;); 544-17-02 130113 от cry 300 dec 2.02 16.620 i EDH б 
472 Catium hexaf џого-2,4-репвпед!оав Ca(CF,COCHCOCF,), 121012-90-6 454.180 ром 135 Ё 
473 Сайит hexaf цогозИсав dihydrae CaSiF, - 2,0 16925-39-6 218185 со cry 2.25 0.52% i ace; reac hotH ‚0 б 
44 Сайит hydride Сан, 7789-78-8 42.094 gray orh cry or powder 1000 17 геас Н,0, EDH о 
475 Сабит hydrogen phosphat CaHPO, 7757-93-9 136.057 wh ticlcry dec 2.92 0.0225 i EDH 2 
476 Сабішт hydrogen phosphat dihydrab CaHPO, · 29,0 7789-77-7 172.088 топоссгу “100 dec 2.31 0.0225 i ЕН; $ dilacid 2 
477 Сабит hydroxide Ca(OH), 1305-62-0 74.093 sof thex cry =2.2 0.16020 S acid > 
478  Cabium hypochbrib Ca(0C) , 7778-54-3 142.982 ром 100 2.350 2 
479 Сабит hypophosphit Ca(H;P0,); 7789-79-9 170.055 wh monoclcry 300 dec 5,0; i EDH 9 
480 Сайит 0088 Са(!0.), 7789-80-2 389.883 wh monoclcry 4.52 0.306% $ HNO,; i EDH ° 
401 Catium iodide Са, 0102-68-8 293.887 hyg hex cry 783 3.96 215% S MeOH, ЕОН, ace; i eh = 
482 Сайит iodide hexahydrae Cal, · 6H,0 71626-98-7 401.978 wh hex needes or powder 42 dec 2.55 215% vs EDH 2 
483 Сайит me&borae Са(ВО,), 3701-64-49. 125.698 ром 0.1320 о 
484 Сабит тоубдав СаМо0, 7789-82-4 200.00 wh et cry 965 dec 4.35 0.001120 i EDH; s conc acid Е 
485 Сабішт nitat Са(М0;); 0124-37-55 164.087 wh cub cry; hyg 561 25 1445 S EDH, MeOH, ace » 
486 Сабит плав ttahydrab Ca(NO,), - 4H,0 3477-34-4 236.149 wh cry =40 dec 1.82 1445 S EDH, ace 2 
487 Сабит nitide CaN, 2013-82-0 148.247  red-brn cub cry 1195 2.67 S Н,0, acid; i EDH б 
488 Catium nitib Са(МО,), 3780-06-8 132089 — wh-yelhex cry; hyg 2.23 94.625 sIEDH © 
489  Cabium oxabe CaC;0, 563-72-4 128.097 wh cry powder 22 0.000612 ° 
490 Catium oxahb топоћудгав CaC;0, - HO 5794-28-5 146.112 сиб cry 200 dec 22 0.0006120 5 dilacid < 
41 Catium oxide Ca0 1305-78-8 56.077 — gray-wh cub cry 2898 3.34 reac Н,0: s acid ë 
492 Сабішт oxide silcab Са,0510, 2168-85-23 228.317 ref rac sold 2150 c 
493 Сайит 2,4-penanedioab Ca(CH;COCHCOCH,), 9372-44-2 238294 cry 175 dec 2 
494 Сайит perchbrae ба(С,); 3477-36-6 238978 wh cry 270 dec 2.65 188% s EDH Я 
495 Сабішт permanganat Са(Мп0,); 0118-76-06 277.949 ригр hyg cry 24 3312 reac EDH ~ 
496 Сабит peroxide Ca0, 1305-79-9 72.077 wh-yelBt сту; hyg ~200 dec 2.9 5ІН 0; s acid e 
497 Catium phosphab Са,(РО,), 7758-87-4 310.177 wh amorp powder 1670 314 0.0001220 i ЕН; $ dilacid ” 
498 Catium dihydrogen рћозрћав Ca(H;P0,), - Н0 0031-30-8 252068  colticlp&es 100 dec 2.220 SIH 0; s dilacid = 
monohydrab ” 
499 Сабит phosphide Ca,P, 1305-99-3 182482  red-brn hyg cry 21600 2.51 reac Н,0; i EDH, eh а 
500 Cabium ргорапоав Ca(C4H.0,); 4075-81-4 186219 топо cry, pow S Н,0: sIMeOH, ЕН; i ace, bz Е 
501 Catium ругорћозрћав Са,Р,0; 7790-76-35 254.099 wh powder 1353 3.09 #60; s dilacid di 
502  Cabium sebnab dihydrae CaSe0, -2Н,0 7790-74-1 219.07 wh monoclcry 2.75 8.33 
503 Сабит sebnide CaSe 1305-84-6 119.04  wh-brn cub cry 1400 dec 38 геас Н,0 
504 Сабит measilcab Са510, 1344-95-2 116.162 wh monoclcry 1540 2.92 i H,0 
505 Catium silcide CaSi, 12013-56-8 96.249 gray hex cry 1040 2.50 ісой H 0; reac hotH ‚0; s acid 
506 Catium silcide CaSi 12013-55-7 68.164 orh cry 1324 2.39 
507 Catium starat Са(С-,Н. 04, 1592-23-0 607.017  granuàr pow 180 i Н,0, EOH 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
508 Catium suf ab CaSO, 7778-18-9 136.142 от cry 1460 2.96 0.20525 
509 Сабит suf ав dihydrae CaSO, - 29,0 0101-41-4 172.172  monoclcry or powder 150 dec 2.32 0.20520 108 
510 Catium suf аё hemihydrae CaSO, -0.5Н,0 0034-76-1 145.149 wh powder 0.20525 
511 Catium suf ide CaS 20548-54-3 72.144  wh-yelcub сту; hyg 2524 2.59 ЯН ›0; i EDH 
512 Сайт suf ie dihydrae CaSO, - 29,0 0257-55-3 156.173 wh powder 0.007025 sIEDH; $ acid 
513 Сабит ebride Cale 2013-57-9 167.68 wh сир cry 1600 dec 4.87 2 
514 Сабит etahydroauminab Ca(AH ,); 6941-10-9 102.105 gray powder; f am reac H0; s hf; i eh, bz ме 
515 Сабшт Мосуапав btahydrab Ca(SCN), - 49,0 2092-16-2 228.306  hygrcry 160 dec vs H,0; s ЕН, ace n 
516 Сабіит hiosuf ab hexahydrab Са5,0, - 6H,0 0124-41-1 260.300  ticlory 45 dec 1.87 5,0; i EDH a 
517 Сайит ай CaTiO, 2049-50-2 135.943 cub cry 1980 3.98 Ё 
518 Сабіит tingsae Само, 7790-75-2 287.92 wh et cry 1620 6.06 0,218 S hotacid б 
519 Catium 2ігсопав CaZr0, 2013-47-7 179.300 ром 2550 о 
520 Calf ornium Cf 7440-71-3 25 hex or cub тев! 900 151 2 
521 Carbon (diamond) C 7782-40-3 12.001 colcub cry 4440 (12.4 GPa) 3.513 i H,0 4 
522 Carbon (graphit) C 7782-42-5 12.001 sof tbk hex cry 4489 p (10.3 MPa) 3025 sp 22 ін,0 > 
523 Carbon (f ubrene-C во) бө 99685-96-8 720.642  yelneedbs or pes >280 505 2 
524 Carbon (f u&rene-C 7) Сп 115383-22-7 840.749  red-brn sold >280 S bz, bl 9 
525 Fubrene f uoride СвоҒво 134929-59-2 1860.546 colphes 287 vs ace; $ hf; i chl © 
526 Carbon monoxide CO 630-08-0 28.010 — colgas -205.02 -191.5 1.145 g/L SIH ‚0; s ch| EDH 2 
527 Carbon dioxide CO, 124-38-9 44.010 с01088 -56.56 p -78.4 sp 1.799 g/L 58,0 ” 
528 Сагроп diseenide CSe, 506-80-9 169.93  yellq -43.7 125.5 2.6626 #60; vs cb, bl ° 
529 Carbon disuf ide CS, 75-15-0 76.143 color yellq -1121 46 1.2555 i Н,0; vs ЕН, bz, os Е 
530 Сагроп oxysebnide COSe 1603-84-5 106.97 — colgas; uns&bb -1244 -21.7 4.372 g/L reac Н,0 > 
531 Carbon oxysuf ide COS 463-58-1 60.076 — colgas -138.8 -50 2.456 g/L S H,0, EDH 2 
532 Carbon suf ide sebnide CSSe 5951-19-9 123.04  yellq -85 84.5 1.99 i H,0 о 
533 Carbon suf ide eliride CSTe 10340-06-4 171.68  red-yellq; 105808 -54 20 dec reac Н,0 б 
534 Carbon suboxide 00, 504-64-3 68.031 со!да5 -1113 6.8 2.781 g/L геас Н,0 ° 
535 Carbon subsuf ide 045; 627-34-9 100.164 red Iq -i 90 dec 1.27 геас Н,0 2 
536 — Carbonylbromide СОВг, 593-95-3 187.818  collq 64.5 25 геас Н,0 ë 
537 Carbonylchbride COCI, 75-44-5 98.915 — colgas -127.78 8 4.043 g/L SIH 0; s bz, bl ct 
538 Carbonylf uoride COF, 353-50-4 66.007 — colgas -111.26 -84.57 2.698 g/L геас Н,0 2 
539 Cyanogen CN, 460-19-5 52.034 — colgas -27.83 -21.1 2.127 g/L SIH 0, eh; s ЕОН Я 
540 Cyanogen bromide BrCN 506-68-3 105.922 wh hyg needbs 52 61.5 2.005 S H0, ЕОН, eh ^ 
541 Cyanogen chbride CC 506-77-4 61.470 с01085 -6.55 13 2513 g/L S H0, EOH, eh о 
542 Cyanogen f Loride FCN 1495-50-7 45016 colgas -82 -46 1.840 g/L ” 
543 Cyanogen iodide 0 506-78-5 152.922  colneedbs 146.7 1.84 S H0, ЕОН, eh = 
544  Cerium Ce 7440-45-1 140.116 silk тей) cub or hex 798 3443 6.770 S dilacid 2 
545 Cerium boride CeB, 2008-02-5 204.982 ble ref rac sold; hex 2550 4.87 i B,0, НСІ 2 
546 Cerium carbide бес; 2012-32-7 164137 тей hex cry 2250 5.47 геас Н,0 = 
547 Cerium nitide CeN 25764-08-3 154.123 ref rac cub cry 2557 7.89 ма 
548 Cerium silcide CeSi, 2014-85-6 196287 су 1620 5.31 i H,0 
549  Cerium(Il) hydride Сен, 3569-50-1 142.132 сир cry 5.45 reac Н,0 
550 — Cerium(I!) iodide Cel, 9139-47-0 393.925 bronze cry 808 
551 Сегішт(і1) suf ide CeS 2014-82-3 172.182  yelcub cry 2445 59 
552 Cerium(III) bromide СеВг, 4457-87-5 379.828 wh hex cry; hyg 733 1457 $ НО 
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553  Сепит(!) bromide ћераћудгав CeBr; · 79,0 7789-56-2 505.935 со1һу0 needes 732 S Н,0, ЕОН 

554  Cerium(llI) carbide Ce; C, 12115-63-8 316.264 уеп cub cry 1505 6.9 

555  Cerium(lIl) carbonab ћудгав Се›(С0.); - 59,0 72520-94-6 550.335 wh powder i H0; s dilacid 

556  Cerium(IlI) chbride CeCl, 7790-86-5 246.474 wh hex cry 817 3.97 S Н,0, EDH 

557 Сегішт(і11) chbride ћервћудгав CeCl, - 79,0 18618-55-8 372581  yelorh cry; Вуд 90 dec vs Н,0, EDH 

558 Cerium(lIl) f uoride CeF, 7758-88-5 197111 wh hex cry; hyg 1430 6.157 i H,0 

559 Cerium(Ill) iodide Cel; 7790-87-6 520.829  yelorh cry; Вуд 766 58,0 

560  Cerium(IlI) iodide попаћудгав Cel, - 9H,0 7790-87-6* 682.967 wh-red cry vs H0; $ EDH 2 
561 _ Сепит(!) nitae hexahydrae Ce(NO;), · 680 10108-73-3* 434222  cohred cry 150 dec 176% S ace ње 
562 _ Сепшт(И) oxide Се;0, 1345-13-7 328.230  yekgrn cub cry 2210 3730 6.2 i H0; s acid 5 
563  Cerium(lIl) suf ab осаћудгав Ce;(S0,), - 8H;0 13454-94-9 712.545 wh orh cry =250 dec 2.87 580 a 
564 — Cerium(lIl) suf ide Ce,S, 12014-93-6 376430 тей cub cry 2450 5.02 i H,0 Ё 
565 Cerium(IV) f bioride CeF, 10060-10-3 216.110 wh hyg powder 54000 dec 4.17 i H,0 б 
566 Cerium(IV) oxide (60, 1306-38-23: 172.115  wh-yelpowder; cub 2400 7.65 i H0, dilacid о 
567 Cerium(IV) suf ab etahydrae Се(50,), - 49,0 10294-42-5 404305 уеЮюгап orh cry 180 дес 3.91 9.6670 2 
568 Cesium (5 7440-46-2 132.905  sil-wh mel 28.5 671 1.93 reac Н,0 2 
569 Cesium асевв (8С,Н:0, 3396-11-0 191.949 hyg Штрѕ 194 10" » 
570 Cesium amide CsNH, 22205-57-8 148.928 wh et cry 3.70 2 
571 Cesium azide CsN, 22750-57-8 174.925 hyg et cry; exp 326 =3.5 2240 un 
572 Cesium bromat (5810, 3454-75-6 260807  colhex cry 441 3.83% о 
573 Cesium bromide CsBr 7787-69-1 212809 wh cub сту; hyg 636 21300 4.43 1235 S EOH; i ace = 
574 Cesium carbonat 05:00, 534-17-8 325.820 wh monoclcry; hyg 792 4.24 2615 S EOH, eh 2 
575 Cesium сћргав (800, 3763-67-2 216.356  colhex cry 3.57 7.7825 ° 
576 Cesium chbride CsC 7647-17-8 168.358 wh cub cry; hyg 645 1297 3.988 19125 s EDH Е 
577 Cesium cyanide CsC 21159-32-0 158.923 wh cub cry; hyg 350 3.34 vs НО > 
578 Cesium f bioride CsF 3400-13-0 151.903 wh cub cry; hyg 703 4.64 57325 S MeOH; i diox, py 2 
579 Сезїшпогтав CsCHO, 3495-36-1 177.923 wh cry 1.017 vs H,0 б 
580 Cesium hydride CsH 58724-12-2 133.913 wh cub cry; fam =170 dec 342 reac Н,0 б 
581 Cesium hydrogen carbonat CsHCO, 5519-28-5 193.922 rhom cry 175 dec 20915 s EDH о 
582 Cesium hydrogen f uoride CsHF, 2280-52-3 171.910 8 cry 170 3.86 2 
583 Cesium hydrogen suf ab (5150, 7789-16-4 229.977 colrhom prisms dec 3.352 $ Њ0 ë 
584 Cesium hydroxide CsOH 21351-79-1 149.912  wh-yelhyg cry 342.3 3.68 300% s EDH c 
585 Cesium iodab (510, 3454-81-4 307.807 wh mono cry 4.85 2,6% 2 
506 Cesium iodide Cs 7789-17-5 259.809  colcub cry; hyg 621 1280 451 84.85 s EDH, MeOH, ace Я 
587 Cesium mebborab (880, 92141-86-1 175.715 сиб cry 732 “3.7 ~ 
588 Cesium nitat CsNO, 7789-18-6 194.910 wh hex or cub cry 414 3.66 27.9% S ace; sIEDH e 
589 Cesium oxide (5,0 20281-00-9 281.810 уеюгап hex cry 490 4.65 vs HO 2, 
590 Cesium superoxide (50, 12018-61-0 164904 yelet cry 432 3.77 reac Н,0 = 
591 Cesium perchbrab (500, 13454-84-7 232.356 wh от cry; hyg 250 3.327 2.00% 2 
592 Cesium реподав (510, 13478-04-1 323.807 wh rhom prisms 4.26 225 2 
593 Cesium suf ав (5550, 10294-54-9 361.875 wh orh cry or hex prisms; hyg 005 4.24 182% i EOH, ace, py = 
594 Cesium suf ide ttahydrab (5,5-4Н,0 12214-16-3 369.939 wh hyg cry vs H,0 = 
595  Chbrine Cl, 7782-50-5 70.905 grn-yelgas -101.5 -34.04 2.898 g/L 5ІН,0 

596 — Hypochbrous acid HOC 7790-92-3 52.460 огп-ув| sabe опу in aq soh s Њ0 

597 Регсһбгіс acid HCD , 7601-90-3 100.459  colhyg Iq -112 =90 dec 1.77 s H,0 

598  Chbrine monoxide CLO 7791-21-1 86.904 уеп gas -120.6 22 3.552 g/L vs Н,0 

599 Chbrine dioxide 00, 10049-04-4 67.452  oran-grn gas -59 11 2.757 g/L 5ІН,0 

600 Chbrine tioxide (10, 17496-59-2 118.903 dark brn sold exp «25 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
601 Chbrine hexoxide (10, 12442-63-6 166901 red Iq 25 =200 геас Н,0 
602 Chbrine hepbxide CLO; 10294-48-1 182.901  coloiy Iq; exp -91.5 82 1.9 reac Н,0 
603 Chbrine f опде CF 7790-89-8 54.451  colgas -155.6 -101.1 2.226 g/L reac Н,0 
604 Chbrine tif Loride СЕ; 7790-91-2 92.448 gas -16.34 11.75 3.779 g/L reac Н,0 
605  Chbrine tif Loride oxide СОР, 30708-80-6 108447  collq -42 29 reac Н,0 
606 ^ Chbrine pen&f Loride CFs 13637-63-3 130445 colgas -103 -13.1 5.332 g/L 2 
607  Chbrylf џопде CO oF 13637-83-7 86.450  colgas -15 -6 3.534 g/L геас Н,0 ме 
606 Chbryltif uoride CDF; 38680-84-1 124447 601088 -81 -22 5.087 g/L reac Н,0 n 
609  Perchbrylf џопде CD F 7616-94-6 102.449  colgas -147 -46.75 4.187 g/L б 
610 Спрппе perchbrae 0060 , 27218-16-2 134.903 118808 Iq -117 =25 dec 1.810 Ё 
611 Chromium Cr 7440-47-3 51.996 — blie-wh meal cub 1907 2671 7.15 reac dilacid б 
612 Chromium antmonide CrSb 2053-12-2 173.756 hex cry 1110 741 © 
613 Chromium arsenide Ст,Аѕ 2254-85-2 178.914 В cry 7.04 2 
614 Chromium boride CrB 2006-79-0 62.807 refrac orh cry 2100 6.1 4 
615 Chromium boride CrB, 2007-16-8 73.618 ref rac sold; hex 2200 5.22 > 
66 Chromium boride СВ; 2007-38-4 292.414 8 cry 1900 6.10 2 
617 Chromium carbide Cr C, 2012-35-0 180.009 gray от cry 1895 6.68 9 
618 Chromium carbonyl Cr(CO)s 3007-92-6 220.056  colorh cry 130 dec subl 1.77 i Н,0, EOH; s eh, chl ° 
619 Chromium nitide Сом 2053-27-9 117.999 hex cry 1650 6.8 2 
620 Chromium nitide CrN 24094-93-7 66.003 (тау cub cry 1080 dec 59 ” 
621 Chromium phosphide CrP 26342-61-0 82.970 от cry 5.25 ° 
622 Chromium sebnide CrSe 2053-13-3 130.96 hex cry 21500 6.1 5 
623 Chromium silcide (1551 2018-36-9 184.074 сиб cry 1770 6.4 > 
624 Chromium silcide CrSi, 2018-09-6 108.167 gray hex cry 1490 4.91 2 
625 Спготит(1) aceab monohydrat Cr(C;H40,); - H,0 628-52-4* 188.100 red monoclcry 1.79 5ІН,0 б 
626 — Chromium(Il) bromide СтВг, 0049-25-9 211.804 wh monoclcry; ад soh бие 842 4.236 S Н,0, EDH б 
627 Спгоптит(1) chbride CrCl, 0049-05-5 122.901 hyg needbs; aq soh ble 814 1300 2.88 580 о 
628 Chromium(lI) chbride etahydrae Cr(H;0),Cl; - 4H,0 3931-94-7 267.023 ble hyg cry 51 dec 580 < 
629 Chromium(II) #иогіде СТР, 0049-10-2 89.993  blie-grn monoclcry 894 3.79 SIH 0; i EDH ë 
630 Chromium(Il) iodide Cri, 3478-28-9 305.805  red-brn cry; hyg 868 541 ct 
631 Chromium(I!) охаве топоћудгав CrC;0, - Н,0 814-90-4* 158.030  yelgrn powder 2.468 ЯН ›0 2 
632 Chromium(I!) suf ae репаћудгав CrS0, : 5H,0 3825-86-0 238436 bue cry 219 S dilacid; зјЕОН; i ace Я 
633 Chromium(II,II!) oxide (1,0, 2018-34-7 219.986 сиб cry 6.1 ° 
634 Спгопит(11) acebb Cr(C,H,0,)3 1066-30-4 229.127 Бют pwd 5ІН,0 © 
635 Сїготшит(11) асеве hexahydrae Cr(C,H,0,), - 6H,0 066-30-45: 337.220 бие needes $ Н,0 Z 
636  Chromium(Ill) bromide CrBr, 0031-25-1 291.708 dark grn hex cry 1130 4.68 S hotH ,0 = 
637 Спгопит(11) bromide hexahydrab (В) Cr(H;O) Br, 10031-25-1* 399.799  violhyg cry 5,0; i EDH, eh 2 
638 Слпотішті( ПІ) bromide hexahydrae (о) CrBr,(H,0), · 29,0 8721-05-6 399.799 от hyg cry $ Н,0, EOH 2 
639 — Chromium(IIl) chbride CrCl, 0025-73-7 158.354 purp hex phbs 1152 1300 dec 2.87 ЯН ›0 с 
640 Оїготит(11) chbride ћехаћудгав СгСІ,(Н,О) ЛСТ - 29,0 0060-12-5 266.445 (іп monoclcry; hyg S Н,0, EOH; slace; i eh 22 
641 — Chromium(II!) Шог 06 СІР; 7788-97-8 108991 (ІП needs 1400 38 i Н,0, EDH 
642  Chromium(lIl) f uoride tihydrae СТР, -3Н,0 6671-27-5 163.037 (т hex cry 22 ЯН ›0 
643 Chromium(IIl) hydroxide tihydrae Cr(OH); - 3Н,0 1308-14-1 157.063  blie-grn powder i H0; s acid 
64 Chromium(IIl) iodide бп 3569-75-0 432.709 dark grn hex cry 500 dec 5.32 ЯН ›0 
645 Сітотішті( ІІ) nitab СМО) 3548-38-4 238.011  grn hyg powder >60 dec vs НО 
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646 Chromium(lIl) пав попаһуагав СМО), - 9H,0 7789-02-8 400.148  grn-bk monoclcry 66.3 »100 dec 1.80 vs Н,0 
67 Chromium(lIl) oxide (1,0, 1308-38-9 151.990 grn hex cry 2329 53000 5.22 i H5O, EOH; slacid, ak 
648 Спготит(11) 2,4-penanedioab (ЦСН,СОСНСОСН:), 21679-31-2 349.320 red monoclcry 208 345 1.34 i H0; $ bz 
69 Chromium(lIl) phosphat CrPO, 7789-04-0 146.967 ble от cry »1800 46 i H0, acid, aqua regia 
650 Chromium(lIl) phosphae hemihepBhydrae СгРО, - 3.5H,0 84359-31-9 210.021  blie-grn powder 2.15 i H0; s acid 
651  Chromium(lII) phosphat hexahydrae CrPO, · 6Н,0 84359-31-9 255.059 мосу »500 dec 2.121 i H50; s acid, ak 
652  Chromium(lIl) po&ssium suf ab CrK(SO,), - 129,0 7788-99-0 499.405  viotbk cub cry 89 dec 1.83 5,0; i EDH 

dodecahydrab "9 
653 Chromium(III) suf ab (1:(50,), 0101-53-8 392183  red-brn hex cry 31 645 vs acid = 
654 Chromium(II!) suf ide (1,5, 2018-22-3 200190  brn-bk hex cry 38 x 
655 Chromium(lIl) euride Ст, Те; 2053-39-353 486.79 hex cry =1300 7.0 б 
656 Спготит(1У) chbride CrCl, 5597-88-3 193.807 gas, sabe athigh emp >600 dec 7.922 g/L > 
67 Chromium(IV) f Lioride CrF, 0049-11-3 127.990 grn cry 277 c 
658 — Chromium(IV) oxide (10, 2018-01-8 83.995  brn-bk bt powder “400 dec 4.89 i H0; s acid 2 
659 Chromium(V) f uoride CrF; 4884-42-5 146.988 тей orh cry 34 117 Z 
660  Chromium(VI) f uoride б 3843-28-2 165.986  yelsold; sabe atbw emp -100 dec 4 
661 Chromium(VI) oxide (10, 1333-82-0 99.994 red orh cry 197 =250 dec 2.7 16925 > 
662 Chromic acid H;CrO, 7738-94-5 118.010 ад soh опу 580 2, 
663 Chromylchbride Cr0,Cl, 4977-61-8 154.900 red Iq -96.5 117 1.91 reac Н,0; s ct, chl bz = 
664 Coba Со 7440-48-4 58.933 gray meh| hex or cub 495 2927 8.86 5 dilacid o 
665  Cobatantmonide CoSb 2052-42-55: 180.693 hex cry 202 8.8 = 
666 Cobalarsenic suf ide CoAsS 2254-82-9 165.921  siV-wh sold 76.1 2 
667 Cobalarsenide CoAs 27016-73-5 133.855 orh cry 180 8.22 © 
668 Cobalarsenide CoAs, 2044-42-7 208.776 monoclcry 72 я 
669  Cobatarsenide СоА5; 2256-04-1 283698 cub cry 942 6.84 e 
670 Cobatboride С0,8 2045-01-1 128.677 ref rac sold 280 8.1 ” 
671 Cobalboride Сов 2006-77-8 69.744 ref rac sold 460 7.25 reac Н,0, HNO, 5 
672  Cobatcarbonyl С0,(С0), 0210-68-1 341.947 огап cry 51 dec 1.78 i H0; s EDH, eh, CS , e 
673  Cobatphosphide Со,Р 2134-02-0 148.840 gray needbs 386 64 i H0; s HNO; о 
674  Cobatsilcide CoSi, 2017-12-8 115404 gray cub cry 326 49 S hotHCl < 
675  Cobatdisuf ide CoS, 2013-10-4 123.065 сир cry 43 = 
676 Cobatdodecacarbonyl Co,(CO),. 7786-31-1 571.854 bk cry 60 dec 2.09 = 
677 Coballl) aceit Со(с.Н,0;); 71-48-7 177.022 pink cry vs H,0; s EDH 7, 
678 _ Соба!) асеве btahydrab Со(С.Н;0.);. 490 6147-53-1 249.082 red топос!сгу 1.705 S ЊО, EOH, dilacid Я 
679 Сора() аштіпав CoALO, 3820-62-7 176.894 ble cub cry 4.37 i H,0 ж 
680 Cobafll) агзепав ocahydrab Co,(AsO,), - 89,0 24719-19-5 598.760 тей monoclneedes 400 dec 1000 dec 30 i H0; s dilacid Q 
681  Coba(ll) bromat ћехаћудгав Со(Вт0:); - 6H,0 3476-01-2 422.829 мосу -25 vs Н,0 2 
62 (00411) bromide СоВг, 7789-43-7 218.741 отт hex cry; hyg 678 4.91 11527 s MeOH, EOH, ace = 
63 Coballl) bromide hexahydrab CoBr, - 6H,0 3762-12-4 326.832 red hyg cry 47 dec 100 dec 246 1132 ” 
684 (00811!) carbonat Сосо, 513-79-1 118.942 ріпк rhomb cry 42 0.0001420 i EDH С 
685 Сора() chbride CoCl, 7646-79-9 129.838 ble hyg taf bb 740 1049 3.36 56.225 S ЁОН, eh, ace, py Š 
66 Coba[ll) chbride dihydrab CoCl, - 29,0 6544-92-6 165869 violble cry 2.477 56.225 ээ 
687 Соба!) chbride hexahydrae CoCl, - 6H,0 7791-13-1 237.929  pink-red monoclcry 87 dec 1.924 56.225 S ЕН, ace, eh 
688 Сора) chromae CoCrO, 24613-38-5 174.927 yelbrən от cry 24.0 i B,0; s acid 
689 Cobafll) сһготів СоСт,0, 3455-25-9 226.923  blie-grn cub cry 5.14 i H,0, conc acid 
690 Соба) cyanide Co(CN); 542-04-7 110.967 Бие hyg cry 1.872 i H,0 
691 Coballl) cyanide dihydrat Co(CN), - 29,0 20427-11-6 146.998  pink-brn needes i H0, acid 
692 Cobatll) f erricyanide Со Ее(СМ№» 4049-81-1 600.699 гей пев085 i H0, НОЈ s NH «ОН 
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САЅ Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
693  Cobafll) f Uoride CoF, 0026-17-2 96.930 red tt cry 1127 21400 4.46 145 S acid 
694 Coballl) f Uoride etahydrae Соб, - 49,0 3817-37-3 168.992 гей orh cry dec 2.22 1.4% 
695 Coballl) f ormat dihydrae Co(CHO,), - 2Н,0 6424-20-0 184.998 гей cry powder 140 dec 2.13 5.0320 i EDH 
696 (008111) hexaf џого-2,4-репвпефоав Co(CF,COCHCOCF;), 9648-83-0 473.035 ром 197 
697 (008111) hexaf  0гов сав hexahydrab CoSiF; - 6H,0 2021-68-0 309400 pał red cry 2.087 76.822 
698 (00811) hydroxide Со(ОН); 21041-93-0 92.948  büe-grn cry “160 dec 3.50 SIH ›0; s acid 2 
699  Cobatll) iodae Со(10;); 3455-28-2 408.738  bk-violneedes 200 авс 5.09 0.4620 ње 
700 Соба) iodide Сођ 5238-00-3 312.742 bk hex cry; hyg 520 5.60 203% n 
701 Coballl) iodide hexahydrat Col; - 6H,0 15238-00-3* 420.833 red hex prisms 130 dec 2.90 203% S EOH, eh, ace a 
702 Coballl) thnab CoTiO, 2017-01-5 154.798 grn rhomb cry 50 Ё 
703 Cobatl!) тоубдав CoMo0, 3762-14-6 218.87 bk monoclcry 1040 47 © 
704 Соба) nitae Со(М0.), 0141-05-6 182.942 pał red powder 100 dec 2.49 1035 © 
705 (00811!) nitae hexahydrab Со(М0.),-6Н,0 0026-22-9 291.034 red monoclcry; hyg =55 1.88 103% s EDH 2 
706 (00811) oxahb CoC;0, 814-89-1 146.952 pink powder 250 dec 3.02 0.003720 5 acid, МН,ОН - 
707 Coballl) охаве dihydrae CoC;0, - 29,0 5965-38-8 182.982 pink needbs dec 0.0037 slacid; s NH «ОН » 
708  Coba(ll) oxide С00 1307-96-6 74.932 gray cub cry 1830 6.44 i H0; s acid 2 
709  Coba(ll) регсћргав Со(С0,); 3455-31-7 257.833 гей needs 3.33 1135 i EDH, ace un 
710 Coballl) phosphat ochhydrab Со (РО; - 8Н,0 0294-50-5 510.865 pink amorp powder 277 i H0; s acid ° 
711 Coballl) po&ssium suf ab ћехаћудгав СоК,(50,),. 6Н,0 0026-20-7 437.349 red monoclcry 75 dec 2.22 vs H,0 2 
712 (00411) sebnae репаћудгав CoSe0, : 5H,0 4590-19- 291.97 red ticlcry dec 2.51 5515 ” 
713 000811) sebnide CoSe 1307-99-9 137.89  yelhex cry 1055 7.65 i H0, ak; s aqua regia ° 
714 Coballl) seenie dihydrab CoSe0, · 29,0 9034-13-0 221.92  ble-red powder iH,0 Е 
75 Coballl) orhosilcat 05510, 2017-08-2 209.950  red-violorh cry 1345 4.63 i H0; $ dilHCl > 
716 Coballl sannat С0,510, 2139-93-4 300.574  дїт-016 cub cry 6.30 i H,0; s ak 2 
717 000811) suf ab 050, 0124-43-3 154.997 гей orh cry >700 3.71 38.325 б 
718 Сора) suf аё ћераћудгав Со50, · 79,0 0026-24- 281103 pink monoclcry 41 dec 2.03 38.35 SIEDH, MeOH б 
719 Соба) suf ae топоһуагав Со50, · H,O 3455-34-0 173.012 red monoclcry 3.08 38.325 о 
720 Соба) suf ide CoS 1317-42-6 90.999 bk amorp powder 1182 5.45 #60; s acid < 
721 Coballl) ride Cole 2017-13-9 186.53 hex cry =8.8 S 
722 (00811!) hiocyanae Co(SCN), 3017-60-5 175.099 yetbrn pow 103% S EDH, MeOH, ace, eh (= 
723 Сора) hiocyanab Ићудгав Co(SCN), - 3Н,0 97126-35-7 229.145  violrhomb cry 1035 S EOH, eh, ace z 
724 (00811) ungshe CoWO, 2640-47-04: 306.77 ble monoclcry “7.8 i H50; s hotconc acid Я 
725 Сора ІП) oxide Co;0, 1308-06-1 240.798 bk cub cry 900 dec 6.11 i H0; s acid, ak ° 
726 Coballll) acebb Со(С,Нз0,)з 917-69-1 236.064 отт hyg cry 100 dec S Н,0, EDH © 
727 Coballll) ammonium etanitodiammine NH,[Co(NH,),(N0.),] 3600-89-0 295.054  red-brn orh cry 1.97 580 ” 
728 (00811) f опде Соб, 0026-18-3 115.928 brn hex cry 927 3.88 reac Н,0 = 
729 Сора ШІ) hexammine chbride Со(МН-),01, 0534-89-1 267.474 red monoclcry 171 S H0; i EOH 2 
730 (008111) hydroxide Co(OH), 1307-86-4 109.955 brn powder dec = 1Н,0: s acid = 
731 Соһа ШІ) nitat Со(М0-); 5520-84-0 244.948 отт cub cry; hyg =3.0 5 Н,0; геас 05 с 
732 СоһаШ) oxide Co;0; 1308-04-9 165.864  gray-bk powder 895 dec 5.18 i Н,0; s conc acid xd 
733 Coballll) oxide monohydrat (0,0, - 0 2016-80-7 183.880  brn-bk hex cry 150 dec i H0; s acid 
734 (008111) po&ssium nitit sesquihydrae С0К,(МО,),-1.5Н,0 13782-01-9* 479.284  yelcub cry 2.6 SIH 0; reac acid; i ЕОН 
735 (00811) suf ide С0,5, 1332-71-4 214.064 bk cub cry 48 reac acid 
736 (008111) пар (05110, 2017-38-8 229.731  grn-bk cub cry 5.1 $ conc НСІ 
737 Copper Cu 7440-50-8 63.546 тей тей] cub 1084.62 2562 8.96 sldilacid 
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Соррег(11) 2,4-pen&nedioab Cu(CH;COCHCOCH,), 3395-16-9 261.762 Іше powder 284 dec Subl SIH 0; s chl 

Copper nitide Cu,N 1308-80-1 204645 cub cry 300 dec 5.84 

Соррег(11) 2-ehyhexanoab Си(СаН 0), 149-11-1 349.953 ром 252 дес 

Copper phosphide Сир; 2019-11-3 125.494  monoclcry 2:900 420 

Copper silcide Cu,Si 2159-07-8 345.816 sold 825 

Соррег(1) асевв CuC,H;0; 598-54-9 122.590 colcry dec Subl reac H,0 

Соррег(ї) aceylde (150, 1117-94-8 151113 гей amorp powder; exp 

Copper(!) azide CuN, 4336-80-2 105.566 tt cry; exp 2 
Соррег(ї) bromide CuBr 7787-70-4 143450 wh cub cry; hyg 497 1345 4.98 0.001220 i ace ње 
Copper(I) chbride CuCl 7758-89-6 98999 wh cub cry 430 21400 414 0.004720 i EDH, ace 2 
Соррег(ї) cyanide CuCN 544-92-3 89.564 wh powder ог grn от cry 474 dec 29 i H,0, EOH; s КСМ soh б 
Соррег(ї) f иогіде CuF 13478-41-6 82.544 сир cry 741 Ё 
Copper(l) hydride CuH 13517-00-5 64554  red-brn sold 60 dec б 
Соррег(1) iodide Си 7681-65-4 190.450 wh сир cry 606 21290 5.67 0.000020? 1 dilacid о 
Соррег(ї) mercury iodide Cu; Hgl, 13876-85-2 835.30 гей cry powder tans ~60 (brn) i НО, EDH 2 
Соррег(!) oxide Cu,0 1317-39-1 143.091 red-brn cub cry 1235 1800 (ес 6.0 i H,0 £ 
Copper(l) seenide Cu,Se 20405-64-5 20605 ble-bk et cry 1113 6.84 i Н,0; s acid > 
Copper(I) suf ide (1,5 22205-45-4 159.158 blie-bk orh cry “1100 5.6 i Н,0: slacid 2 
Copper(l) suf ië monohydrat би50,. Н,0 225.172 су 3.83 ЗІН 0; s HCI un 
Copper(I) suf ib hemihydrae Cu;S0, - 0.5H,0 13982-53-1* 216.164  wh-yelhex cry ЗІН ;0; s acid, ак; i ЕОН, eh ° 
Соррег(!) eliride Сите 2019-52-2 254.69 ble hex cry 1127 46 = 
Соррег(ї) біосуапав CuSC 1111-67-77. 121.630  wh-yelamorp powder 1084 2.85 i H0, dilacid, EDH, ace; s eh 2 
Соррег(1,11) suf iè dihydrat Си50;. CuSO, · 29,0 3814-81-8 386.797 тей prisms or powder 1,0, EOH; 5 НСІ ° 
Copper(!l) aceit Cu(C;H40;); 142-71-2 181.635  blie-grn Вуд powder Е 
Соррег(11) асевв meharsenib Cu(C;H,0;), -3Cu(As0;) 12002-03-8 1013.795 grn cry powder i H50; геас acid > 
Соррет(11) асевё monohydrae Cu(C,H,0,), - H,0 6046-93-41 199.650 (іп monoclcry 115 240 dec 1.88 S Н,0, EOH; sleh 2 
Соррег(11) acet/Ide Сиб, 2540-13-5 87.567  brn-bk sold; exp exp 100 б 
Соррег(11) arsenab Cus(As0,); 0103-61-4 468.476  blie-grn cry i H,0, EDH; s dilacid б 
Соррег(11) arsenit CuHAsO, 0290-12-7 187.474  yekgrn powder i H,0, EOH; s acid © 
Соррег(11) azide Cu(N,); 4215-30-6 147586 brn от cry; exp 226 2 
Соррег(11) basic acebe Cu(C,H40;),- CUO - 6H,0 52503-64-7 369.271  bue-grn cry or powder SIH ›0, EOH; s dilacid, МН „ОН ë 
Copper(!l) borat Сц(ВО,), 39290-85-2 149.166  ble-grn powder 3.859 #60; s acid c 
Соррег(1) bromide CuBr, 7789-45-9 223.354 bk monoclcry; hyg 498 900 4.710 126% S EDH, ace; i bz, eh 2 
Copper(Il) ривпоав monohydrae Cu(C,H;0,), - ЊО 540-16-9 255.756 (Іп monoclphbs $ ЊО, diox, bz; sIEOH Я 
Соррег(1) carbonat hydroxide CuCO, · Cu(OH), 2069-69-1 221116 (Іп monoclcry 200 dec 40 #60, EDH; $ dilacid ж 
Соррег(1) chbrae hexahydrab Cu(CD з), - 60 4721-21-2 338.539  ble-grn hyg cry 65 100 dec 16418 vs EDH e 
Соррег(11) chbride CuCl, 7447-39-4 134451 yetbrn monoclcry; hyg 630 dec 34 75.725 s ЕН, ace ” 
Соррег(11) chbride dihydrae CuCl, - 2H,0 0125-13-0 170.482 grn-ble orh cry; hyg 00 dec 2.51 75.720 vs EDH, MeOH; s асе; i eh = 
Соррег(1) chbride hydroxide Cu,(0H),CI 1332-65-6 213567 pał grn cry #60; s acid 2 
Соррег(1) сћготав CuCrO, 3548-42-0 179.540  red-brn cry i H30; s ЕОН = 
Copper(Il) chromit CuCr,0, 2018-10-9 231.536  gray-bk et cry 54 i H0, dilacid с 
Соррег(11) citae hemipenbhydrae Cu; C,H,0; - 2.5Н,0 0402-15-0 360.221  ble-grn cry 00 dec ЗІН ,0; s dilacid = 
Соррег(11) cyanide Cu(CN), 4763-77-0 115.580 grn powder i Н,0: s acid, ak 

Соррег(11) cycbhexanebuanoab Си(СаНу 0) 2218-80-6 402028 pow 26 dec 

Соррег(11) dichromat dihydrae CuCr,0, - 2H,0 3675-47-3 315565  red-brn ticlcry 2.286 vs H,0 

Соррег(1) ећаповв Cu(C;H;0); 2850-65-9 153.667 ble hyg sold 20 dec 108 

Соррег(11) ећуасерасеве Cu(CH,C0,CHC0CH;); 4284-06-1 321813 ром 192 s EDH 

Соррег(11) f errocyanide Cu;Fe(CN)s 3601-13-3 339.041  red-br cub cry or powder 22 i H0, acid, os 
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CAS Mol. Physical Density Qualitative 
Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
) ferrous suf ide CuFeS, 1308-56-1 183.523 yelet cry 950 42 #60, HCI s НМО, 
) f Loride CuF, 7789-19-7 101.543 wh monoclcry 836 1676 4.23 
uoride dihydrae CuF, - 29,0 3454-88-1 137.574 ble monoclcry 130 dec 2.934 
) formae Си(СНО,), 544-19-4 153.581 ble cry 108 
ormab btahydrab Си(СНО,),-4Н,0 5893-61-8 225.641 bue monoclcry SIEOH; i os 
hexaf lioro-2,4-pen&nedioab Cu(CF,COCHCOCF,), 4781-45-4 477.648 су 98 220 dec S MeOH, ace, bl 2 
hexaf liorosilcab etahydrae CuSiF, - 49,0 2062-24-7 277.684 ble monoclcry dec 2.56 SIEDH ме 
) hydroxide Cu(OH), 20427-59-2 97.561 — blie-grn powder 3.37 i H0; s acid, conc ak n 
) 10088 Cu(10;); 3454-89-2 413.351 grn mono cry dec 5.241 S dilacid a 
10448 топоћудгав Cu(10,), - Н0 3454-90-5 431.367 bue ticlcry 248 dec 4.072 s ЧИН ,50, Ё 
mojlbdae CuMo0, 3767-34-5 223.48 от cry 5500 34 © 
) nitab Cu(N0,); 3251-23-8 187.555 bue-grn orh cry; hyg 255 subl S diox; reac eh © 
nitae hexahydrab Cu(NO,), - 6H,0 3478-38-1 295647 ble rhomb cry; hyg 2.07 s EDH 2 
) п ав tihydrab Cu(N0,), - 39,0 0031-43-3 241.602 ble rhomb cry 114 170 dec 2.32 vs EDH = 
0 ) овав С4(С,,Н::05), 1120-44-1 626.453  büe-grn sold i Н,0: sIEOH; s eh » 
1 ) oxabb CuC,0, 814-91-5 151.565  ble-wh powder 310 dec i EDH, eb; s NH ,0H 2 
2 охавв hemihydrab CuC,0, - 0.560 814-91-55: 144.573 bue-wh cry 200 dec S МН,ОН 9 
3 ) oxide CuO 1317-38-0 79.545 bk powder or monoclcry 1446 6.31 i H50, EDH; s dilacid ° 
4 ) perchbrab Cu(CD ,); 13770-18-8 262.446 grn hyg cry 130 dec S eh, diox; i bz, ct 2 
5 perchbrae hexahydrab Cu(CD ,), · 69,0 10294-46-9 370.538 ble monoclcry; hyg 82 120 dec 2.22 vs EDH, НОАс, ace; sleh ” 
6 рћозрћав Cu,(P0,); 7798-23-4 380.581  ble-grn ticlcry i H50; s acid, МН,ОН ° 
7 phosphat Пћудгав Сш(Р0,);- 3H,0 10031-48-8 434.627  blie-grn orh cry i H50; s acid, NH,OH Е 
8 Sebnab penahydrab CuSe0, -5Н,0 10031-45-5 296.58 bue ticlcry 80 dec 2.56 s acid, NH,OH; slace; i EDH > 
9 ) sebnide CuSe 1317-41-5 142.51 bue-bk needes or phbs 550 dec 5.99 reac acid 2 
0 sebnib dihydrab CuSe0, · 29,0 15168-20-4 22654 ble оп cry 3.31 i H50; s acid, МН,ОН [el 
1 ) starat Си(С,5Н.,0,)» 660-60-6 630.485  blie-grn amorp powder =250 i Н,0, EOH, eh; $ py б 
2 ) suf ав CuSO, 7758-98-7 159.610 wh-grn amorp powder or rhomb 560 dec 3.60 i EDH 8 
cry 
3 suf ав репаћудгав CuSO, · 5H,0 7758-99-8 249.686 ble ticlcry 110 dec 2.286 s MeOH; sIEOH ë 
4 suf ab, basic Cu,(OH),SO, 1332-14- 354.731 дт rhomb cry 3.88 ГНО с 
5 ) suf ide CuS 1317-40-4 95.612 bk hex cry tans 507 4.76 i H50, EOH, dilacid, ak 2 
6 ) Brtab tihydrae CuC,H,0, - 3H,0 815-82-7 265.663  ble-grn powder SIH 0; s acid, ak Я 
7 ) euride CuTe 2019-23-7 191.15  yelorh cry tans «400 7.09 ~ 
8 ) &taf Џогобогав Cu(BF,), 4735-84-3 237155 sold 580 e 
9 ) 10588 Си 0, 3587-35-4 311.38  yekbrn powder 15 7 
) ипозве dihydrae CuWO, -2Н,0 13587-35-4* 347.41 (Іп powder i H50; sIHOAc; reac conc acid = 
) vanadab Cu(V0,); 2789-09-2 261.425 ром ” 
Ст 7440-51-9 247 Sik meal hex or cub 1345 “3100 13.51 c 
prosium Dy 7429-91-6 162.50 51 me&| hex 1412 2567 8.55 $ dilacid Е 
prosium boride DyB, 2310-43-9 205.74 Вау 2500 6.98 эн 
prosium nitide DyN 2019-88-4 176.51  cubcry 9.93 
prosium silcide DySi, 2133-07-2 218.67 от cry 5.2 
prosium(I!) chbride DyCl, 3767-31-2 233.41 bk cry 721 dec reac Н,0 
рговішті(11) iodide Dyl, 36377-94-3 41631 рир cry 659 reac Н,0 
рговїшт(111) bromide DyBr, 4456-48-5 402.21 wh hyg cry 879 580 
ргоѕішт(і1) chbride рус, 0025-74-8 268.86 увісгу 680 3.67 580 
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831 Dysprosium(II!) f опде DyF, 3569-80-7 219.50 grn cry 1154 

832 Dysprosium(II!) hydride DyH, 3537-09-2 65.52  hexcry 74 

833  Dysprosium(II!) iodide Dyl, 5474-63-2 543.21 от cry 978 

834 Dvisprosium(IIl) nitae penhhydrab Dy(N0,), - 5Н;0 10143-38-1* 438.59 уеісгу 88.6 208.425 

835 — Dysprosium(II!) oxide ру:0, 1308-87-8 373.00 — wh cub cry 2228 3900 7.81 S acid 

836  Dysprosium(lIl) suf ide Dy,S, 2133-10-7 421.20  red-brn monoclcry 6.08 

837  Einsbinium Es 7429-92-7 252 meal cub 860 

838 Erbium Er 7440-52-0 67.26 si meal hex 1529 2868 9.07 i H0; s acid 2 
839 Erbium boride ЕВ, 2310-44-0 21050  etcry 2450 70 ње 
840 Erbium bromide ЕВГ, 3536-73-7 406.97  violhyg cry 923 580 n 
841 Erbium chbride Есі; 0138-41-7 273.62  violmonoclcry; hyg 716 4.1 58,0 б 
842 Erbium chbride hexahydrae ErCl, - 60 0025-75-9 38171 pink hyg cry dec S Њ0; sIEDH Ё 
843 Erbium f uoride Е, 3760-83-35 224.26 pink orh cry 1147 7.8 i HO ^ 
844 Erbium hydride ЕН, 3550-53-3 70.28 hex cry “7.6 о 
845 Erbium iodide ЕП» 3813-42-8 547.97  violhex cry; hyg 1014 855 s Н,0 2 
846 X Erbium nitab репапудгае Er(NO,), - 5H,0 10168-80-6* 443.35 red cry 130 dec 240.825 5 ЁОН, асе 2 
847 Erbium nitide ErN 2020-21-2 8127  cubcry 10.6 > 
848 Erbium oxide Е,0, 2061-16-4 382.52 pink powder 2344 3920 8.64 i H0; s acid 2 
849 Erbium silcide Ебі, 2020-28-9 223.43 от cry 726 un 
850 Erbium suf ab Er,(S0,); 3478-49-4 62271 hyg powder dec 3.68 1320 о 
851 Erbium suf ab ocbhydrab Er,(S0,), · 8H,0 0031-52-4 766.83 ріпк monoclcry dec 320 1320 = 
852 Erbium suf ide Er,S; 2159-66-9 430.72  red-brn monoclcry 1730 6.07 2 
853 Erbium випде ИГ 2020-39-2 717.32 orh cry 1213 741 ° 
854 Europium Eu 7440-53-1 151.964 solisiu mehl cub 822 1529 5.24 reac Н,0 5 
855 Europium boride НВ; 2008-05-8 216.830 сир cry =2600 4.91 > 
856 Europium nitide EuN 2020-58-5 165.971 cub cry 8.7 2 
857 Europium silcide EuSi, 2434-24-1 208135 bt cry 1500 5.46 б 
858 Ешгорішт(і1) bromide EuBr, 3780-48-8 311.772 wh cry 683 $ Њ0 б 
859 Ешоршт(1) chbride EuCl, 3769-20-5 222869 wh от cry 731 49 $ НО ° 
860 Europium(Il) f опде EuF, 4077-39-5 189.961  grn-yelcub cry 241300 6.5 2 
861  Europium(Il) iodide Eul, 22015-35-6 405.773 дп cry 580 s НО ë 
862 Ешоршт(1) sebnide EuSe 2020-66-5 230.92 brn cub cry 6.45 c 
863  Europium(Il) suf ав EuS0, 0031-04-6 248.028  colorh cry 4.99 i НО 2 
864 Еигорїшт(!) suf ide EuS 2020-65-4 184.030 сир cry 5.7 Я 
85 Ешторит(И) 08 EuTe 2020-69-8 279.56 bk cub cry 1526 6.48 = 
866  Europium(IlI) bromide EuBr, 3759-88-1 391.676 gray cry dec 58,0 e 
867 Еигорїшт(1!) chbride EuCl, 0025-76-0 258.322  grn-yelneedes 623 4.89 ” 
868  Europium(IlI) chbride hexahydrae EuCl, - 66,0 3759-92-7 366.413  wh-yelhyg cry 850 4.89 58,0 = 
869 Europium(II) f uoride ЕШР, 3765-25-8 208.959 wh hyg cry 1276 ін,0 2 
870 Еџгоршит(И) nitae ћехаћудгав Eu(N0,), - 69,0 0031-53-5 446.070  wh-pink hyg cry 85 dec 1935 2 
871  Europium(IlI) oxide Eu,0, 1308-96-9 351.926 pink powder 2291 3790 742 i Н,0; s acid = 
872 Europium(IIl) suf ав Eu,(S0.); 3537-15-0 592119 рав pink cry 4.99 2.120 id 
873 — Europium(Ill) suf аё освпуагае Eu,(S0,), - 8H,0 0031-52-4 736.241 pink cry 375 dec 2.120 

8/4  Fermium Fm 7440-72-4 257 тей! 1527 

875 Florine F, 7782-41-4 37.997 рав yelgas -219.67 р -188.12 1.553 g/L reac Н,0 

876 Fluorine monoxide F,0 7783-41-7 53.996  colgas -223.8 -144.75 2.207 g/L ЯН ›0 

877 Fuorine dioxide Р.О, 7783-44-0 69.996 gas, sabe опу atbw emp -154 -57 2.861 g/L 

878 Florine nitat FNO, 7789-26-6 81003  colgas -175 -46 3.311 g/L reac Н,0, EDH, eh; s ace 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
879 Florine perchbrae FOCD , 0049-03-3 118.449  colgas; exp -167.3 -16 4.841 g/L reac Н,0 
880 Francium Fr 7440-73-5 223 shortlved ака! meal 27 
881 Gadolnium Gd 7440-54-2 157.25 sil meal hex 1313 3273 7.90 s dilacid 
882  Gadolnium boride Сав, 2008-06-9 222.12  bk-brn cub cry 2510 5.31 
883 байоіпішті nitide GdN 25764-15-2 171.26 сш cry 9.10 
884 Gadolnium silcide 005), 2134-75-7 213.42 от cry 5.9 2 
885  Gadolnium(ll) iodide Gdl, 3814-72-7 411.06 bronze cry 831 e 
886  Gadolnium(ll) sebnide GdSe 2024-81-6 236.21 сир cry 2170 8.1 n 
887 Gadolnium(II!) bromide GdBr, 3818-75-2 396.96 wh monoclcry; hyg 770 4.56 б 
888  Gadolnium(II!) chbride GdCl, 0138-52-0 263.61 wh monoclcry; hyg 609 4.52 $ Њ0 Ё 
889  Gadolnium(II!) chbride hexahydrae баст, - 69,0 9423-81-5 371.70  colhyg cry 2.424 580 б 
890 Gadolnium(llI) f boride GdF; 3765-26-9 21425 wh cry 1231 © 
891 Gadolnium(II!) iodide Gdl; 3572-98-0 537.96  yelcry 925 2 
892 байоіпішті( ПІ) nitae hexahydrae Gd(NO,), - 6Н,0 9598-90-4 451.36 hyg ticlcry 91 dec 2.33 19025 s EDH - 
893  Gadolnium(II!) nitae репаћудгав Gd(NO,), - 5H,0 52788-53-1 433.34 wh cry 92 dec 241 190% > 
894  Gadolnium(lIl) oxide 60,0; 2064-62-9 36250 wh hyg powder 2339 3900 7.07 i H0; s acid 2 
895 байоіпішті( ПІ) suf a& освпудгав Gd;(S0,), · 8Н,0 3450-87-8 746.81 со!топосісгу 400 dec 4.14 2,320 9 
896 байоїшит(11) suf ide 04,5; 2134-77-9 41070  yelcub cry 6.1 © 
897 — Gadolnium(II!) вийде Gd;Te, 2160-99-5 697.30  orhcry 255 77 2 
898 башт ба 7440-55-3 69.723  siV Ід or gray orh cry 29.771 p 2204 5.91 Teac ak ” 
899 башт antmonide GaSb 2064-03-8 191.483 сир cry 712 5.6137 ° 
900 башт arsenide GaAs 1303-00-0 144645 gray cub cry 238 5.3176 Е 
901 Galum nitide GaN 25617-97-4 83.730 gray hex cry >2500 61 » 
92 Galum phosphide GaP 2063-98-8 100697  yelcub cry 457 4.138 2 
903 Galum suboxide Ga,0 2024-20-3 155445  brn powder >660 >800 dec 4.77 б 
904 Galum(I) chbride басу, 24597-12-4 140.628 wh orh cry 724 535 2.74 б 
905 баішт(11) sebnide бабе 2024-11-2 148.68 hex cry 960 5.03 о 
906 аш) зи ide баб 2024-10-1 101.789 hex cry 965 3.86 < 
907 (аш) euride GaTe 2024-14-5 197.32  monoclcry 824 5.44 ë 
908 байш 11) 2,.4-penhnedioab Ga(CH;COCHCOCH;); 4405-43-7 367.047 wh powder 193 Subl 142 (= 
909 (аша) bromide GaBr, 3450-88-9 309.435 wh orh cry 1215 279 3.69 2 
910 баіит(і11) chbride GaCl, 3450-90-3 176.081  colneedés ог 015010 77.9 201 2.47 Я 
911 байш (1) f Uoride бағ; 7783-51-9 126.718 wh powder or colneedes >1000 447 ін,0 б 
92  Galum(III) f Uoride tihydrae бағ, - 3H,0 22886-66-4 180.764 wh cry »140 dec 5ІН;0 о 
913 Galum(III) hydride GaH, 3572-93-5 72.747 visc lq -15 =0 dec ” 
914  Galum(llI) hydroxide Са(ОН), 2023-99-35 120.745  unsbbb prec = 
915  Galum(lIl) iodide Gal, 3450-91-4 450436 monoclcry 212 340 45 2 
916 баш (1) пїав ба(М0;); 3494-90-1 255.738 wh cry powder $ Н,0, EDH, eh 2 
917  Galum(lll) oxide ба,0, 2024-21-4 187444 wh cry 1806 76.0 5 hotacid т 
918 баша 11) oxide hydroxide барон 20665-52-5 102.730 orh cry 5.23 ма 
919  Galum(lIl) sebnide Ga,Se, 2024-24-7 376.33 сиб cry 937 4.92 
920  Galum(lll) suf ав ба,(50,); 3494-91-2 427637 hex cry 
921  Galum(III) suf ae ochdecahydrae ба,(50.); - 18H,0 3780-42-2 751.912  ochhed cry 8 Н,0, ЕОН 
922  Galum(III) suf ide Ga,S, 2024-22-5 235.644  monoclcry 1090 37 
923 (аш) 806 (88, їе: 2024-27-0 52225  cubcry 790 5.57 
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924 Germanium Ge 7440-56-4 72.61 gray-wh cub cry 938.25 2833 5.3234 i H0, dilacid, ak 

925 Germane GeH, 7782-65-2 76.64 _ colgas; fam -165 -88.1 3.133 g/L i Њ0 

926 Digermane Ge; Hs 3818-89-8 15127 coliq; fam -109 29 1.98109 

927 Trigermane бе; 4691-44-2 22589  collq -105.6 1105 2.20105 i Н,0 

928 etagermane Ge,Hio 4691-47-5 300.52 со 176.9 Ше 

929  Pen&germane Ge;Hi; 5587-39-0 37515  collq 234 i H,0 

930  Bromogermane GeH,Br 3569-43-2 155.54  collq 342 52 2.34 геас Н,0 

931 Chbrogermane бен;СІ 3637-65-5 111.09 со -52 28 1.75 reac Н,0 2 
932 СпргоШ Џџогодегтапе GeF.Cl 4188-40-0 165.06 088 -66.2 -20.3 6.747 g/L ње 
933 Dibromogermane GeH,Br, 3769-36-3 23443  collq -15 89 2.80 reac Н,0 n 
934 Dichbrogermane GeH,Cl, 5230-48-5 145.53  collq -68 69.5 1.90 reac Н,0 б 
935  Dichbrodif иогодегтапе GeF,Cl, 24422-21-7 181.51 colgas -51.8 -2.8 1419 g/L Ё 
936 — Риогодегтапе GeH,F 3537-30-9 94.63 colgas 3.868 g/L reac Н,0 б 
937 lodogermane бен; 3573-02-43 20254 14 -15 =90 reac Н,0 о 
938 Тпрготодегтапе GeHBr, 4779-70-5 31333  collq -25 dec reac Н,0 2 
939  Trichbrogermane бенсі, 1184-65-2 79.98 14 -71 75.3 1.93 reac Н,0 2 
940 Trichbrof иогодегтапе бесьЕ 24422-20-6 97.97 1 -49.8 375 > 
941 Mehybermane GeH,CH, 1449-65-6 90.67 colgas -158 -23 3.706 g/L 2 
942  Germanium(ll) bromide GeBr, 24415-00-7 232.42  yelmonoclcry 122 150 dec reac Н,0 un 
943 Germanium(I!) chbride бесі; 0060-11-4 43.51 wh-yelhyg powder dec reac HO; s eh, bz o 
944  Germanium(lI) f Lioride GeF, 3940-63-1 0.51 — wh orh cry; hyg 110 130 dec 3.64 reac Н,0 = 
945  Germanium(lI) iodide Gel, 3573-08-5 326.42  oran-yelhex cry 550 dec 5.4 reac Н,0 2 
946 X Germanium(ll) oxide Ged 20619-16-3 88.61 bk sold 700 dec о 
947 XGermanium(lI) sebnide бебе 2065-10-0 51.57 gray orh cry or brn powder 667 5.6 Е 
948  Germanium(ll) suf ide GeS 2025-32-0 04.68 gray от cry 615 41 > 
949 Germanium(|!) 81106 GeTe 2025-39-7 200.21 cub cry 725 6.16 i H0; $ conc HNO, 2 
950 — Germanium(IV) bromide GeBr, 3450-92-5 39223 wh cry 26.1 186.35 3.132 reac Н,0 б 
91 Germanium(IV) chbride бесі, 0038-98-9 21442  collq -51.50 86.55 1.88 Teac Њ0; s bz, ей, ЕОН, ct б 
952 Germanium(IV) f uoride GeF, 7783-58-6 148.60 с01088 -15 р -36.5 5р 6.074 g/L геас Н,0 © 
953  Germanium(IV) iodide Gel, 3450-95-8 58023  red-oran cub cry 146 377 4.322 reac Н,0 < 
954 Germanium(IV) nitide Ge;N, 2065-36-0 273.86 orh cry 900 dec i H0, acid, aqua regia ë 
955 Germanium(IV) oxide бе0; 1310-53-8 104.61 м hex cry 1115 4.25 i H,0 c 
956 Germanium(IV) sebnide GeSe, 2065-11-1 230.53 уеюгап orh cry 707 dec 4.56 2 
957 бегташит(М) suf ide 665, 2025-34-2 13674 bk orh cry 530 3.01 Я 
958 бой Au 7440-57-5 196.967  softyelmebl 1064.18 2856 193 s aqua regia ж 
959 Вготоашгіс acid penbhydrae HAUBr, -5Н,0 7083-68-0 607.667  red-brn hyg cry 27 S Н,0, EOH e 
960 Chbroauric acid btahydrab HAuCI, - 4H,0 6903-35-8 411.847  yelmonoclcry; hyg =3.9 vs Н,0, EDH; s eh ” 
961 боШ) bromide AuBr 0294-27-6 276.871  yetgray et cry 165 dec 8.20 ін,0 = 
962 Goll) chbride AuCI 0294-29-8 232420 yelorh cry 289 dec 7.6 0.000031% 2 
963 боІ) cyanide AuCN 506-65-0 222.985  yelhex cry dec 72 i Н,0, EOH, eh, dilacid 2 
964 0001) iodide Au 0294-31-2 323.871  yetgrn powder; et 120 dec 8.25 i Њ0; s CN soh = 
965 Goh(I)sufide Au,S 1303-60-2 425.999  brn-bk cub cry; unshbb 240 dec =11 i H,O, acid; s aqua regia = 
966 00101) bromide AUBr, 0294-28-7 436.679  red-br monoclcry “160 dec S Њ0, EOH 

97 00101) chbride AuCl, 3453-07-1 303.325 red monoclcry >160 dec 47 6820 

968 00001) cyanide tihydrae Au(CN), · 3Н,0 535-37-5 329.065 wh Вуд cry 50 dec vs H,0; sIEDH 

99 000011) f uoride AUF, 4720-21-9 253.962  oran-yelhex cry >300 subl 6.75 

970  Got(lll) hydroxide Au(OH), 1303-52-2 247.989 brn powder =100 dec i H0; s acid 

971 00001) iodide Au 31032-13-0 577.680 08808 grn powder 20 dec 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
972 00101) oxide Au,0; 1303-58-8 441331  brn powder =150 dec i Н,0; s acid 
973 00101) sebnab Au;(S60,), 10294-32-3 822.8 ув гу i Н,0; s acid 
974 боШҚІІ) sebnide Au,Se, 1303-62-4 630.8 bk amorp sold dec 4.65 5 aqua regia 
975 00001) suf ide Au,S; 1303-61-3 490.131  uns&bb bk powder 200 dec 
976  Haf nium H 7440-58-6 78.49 gray meh| hex 2233 4603 33 s НЕ 
977 Haf nium boride Hf B, 2007-23-7 200. gray hex cry 3100 0.5 2 
978 Haf nium(IV) bromide Hf Br, 3777-22-55 498. wh cub cry 424 p 323 sp 4.90 ме 
979 Haf nium carbide Hf C 2069-85-1 90.50 ref rac cub cry =3000 2.2 n 
980  Hafnium(IV) chbride Hf C) 3499-05-3 320.30 wh monoclcry 432p 317 sp reac Н,0 a 
981 Haf nium f Uoride Hf F, 3709-52-9 25448 wh monoclcry 2970 970 sp 71 Ё 
982 Haf nium hydride НІҢ 2770-26-2 80.5 ref rac ВЕ cry 14 б 
983 Haf nium iodide Hf ) 3777-23-6 686. yetoran cub cry 449 р 394 sp 5.6 © 
904 Haf nium nitide НЕМ 25817-87-2 92.50 уеЮт cub cry 3305 38 2 
985 Haf nium oxide Hf 0, 2055-23-1 210.49 wh cub cry 2774 9.68 i H,0 - 
986 Haf nium oxychbride освћудгав Hf OC} · 8Н,0 4456-34-93 40952 wh èt cry dec $ НО > 
907 Haf nium phosphide Hf P. 2325-59-6 20946  hexcry 9.78 2 
988 Haf nium sebnide Hf Se 2162-21-54: 336.41 бт hex cry 7.46 9 
989 Haf nium orhosilcae Hf Sid, 3870-13-8 27057 lt cry 7.0 о 
990 Haf nium silcide Hf Si 2401-56-8 234.66 gray от cry “1700 76 2 
991 Haf nium suf ae Hf (50), 5823-43-5 370.60 wh cry 2500 dec ” 
992 Haf nium suf ide НЕ 8855-94-2 24262  purp-brn hex cry 6.03 ° 
993 Нешт He 7440-59-7 4.003 colgas -268.93 0.164 g/L sIH ,0; i EDH Е 
994 Ноітішт Но 7440-60-0 164.930 sil meal hex 1474 2700 8.80 s dilacid » 
995 Ноітішт bromide HoBr, 3825-76-8 404642  yelhyg cry 919 1470 2 
996 Нотіит chbride HoCl, 0138-62-2 271.288  yelmonoclcry; hyg 718 1500 37 $ Њ0 о 
997 Holmium f Loride HoF; 3760-78-6 221.925  pink-yelorh cry; hyg 1143 >2200 7.664 s H,0 б 
998 Ноітішті iodide Hol, 3813-41-7 545.643  yelhex cry 994 54 о 
999 — Holmium nitide HoN 2029-81-1 178.937 сир cry 10.6 < 
000 Hohium oxide 0,0, 2055-62-8 377.859  yelcub cry 2330 3900 8.41 S acid ë 
001 Hohium silcide HoSi, 2136-24-2 221101 hex cry 74 ct 
002 Ноһтішті suf ide 0,9, 2162-59-3 426.059  yekoran monoclcry 5.92 2 
003 Hydrazine ЫН, 302-01-2 32.05  coloiy Iq 14 113.55 1.0036 vs Н,0, EDH, MeOH Я 
004 Нуйгагіпе hydrae H; - ЊО 7803-57-8 50.060 fuming Iq -51.7 119 1.030 vs Н,0, EDH; i ch] eh ° 
005  Hydrazine hydrobromide Н, - HBr 3775-80-9 112.957 wh monoclcry f &kes 84 =190 dec 23 S H,0, EDH © 
006 Нудгагіпе hydrochbride Н, HCI 2644-70-4 68.506 wh от cry 89 240 dec 15 $ H,0; i os ” 
007  Hydrazine dihydrochbride Н, - 2HCI 5341-61-7 104.966 wh orh cry 198 dec 142 S Н,0; sIEDH = 
008 Hydrazine hydroiodide Н, - HI 0039-55-1 159.957 hyg cry 125 58,0 2 
009 Нудгагіпе nitab LH, - HNO, 3464-97-6 95.058  monoclcry; exp 70 vs H,0 2 
010  Hydrazine suf ав Н, - HS0, 0034-93-2 130.125  colorh cry 254 1.378 SIH 0; i EDH т 
011  Hydrazoic acid HN, 7782-79-8 43.028 — collq; exp -80 35.7 58,0 22 
012  Hydroxy&mine H,NOH 7803-49-8 33.030 wh orh f &kes ог needbs 33.1 58 121 vs Н,0, MeOH 
013  Hydroxy&mine suf ab (Н,МОН), - Н,50, 0039-54-0 164.139 су 170 vs Н,0 
014 Hydrogen H, 1333-74-0 2.016 colgas;fhm -259.34 -252.87 0.082 g/L 5ІН,0 
015 Hydrogen bromide HBr 0035-10-6 80.912 с01085 -86.80 -66.38 3.307 g/L vs H0; $ EDH 
016 Hydrogen chbride HC 7647-01-0 36.461 colgas -114.17 -85 1.490 g/L vs Н,0 
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017 Hydrogen chbride dihydrae НСІ. 2H,0 13465-05-9 72.492 сод -17.7 1.46 

018 Hydrogen cyanide HCN 74-90-8 27.026 — collq -13.29 26 0.684 vs HO, EDH; sleh 

019 Hydrogen f опде HF 7664-39-3 20.006 colgas -83.35 20 0.818 g/L vs Н,0, ЕОН, sleh 

020 Hydrogen iodide HI 10034-85-2 127.912 color yelgas -50.76 -35.55 5.228 g/L vs Н,0: $ os 

021 Hydrogen peroxide Н,0; 7722-84-1 34.015  collq -0.43 150.2 1.44 vs Н,0 

022 Hydrogen sebnide Н,5е 7783-07-5 80.98 с01085; f am -65.73 -41.25 3.310 g/L 58,0 

023 Hydrogen suf ide Н,5 7783-06-4 34.082  colgas; fam -85.5 -59.55 1.393 g/L $ Њ0 

024 Hydrogen disuf ide Н,5; 13465-07-1 66148 со 70.7 1.334 2 
025 Hydrogen tlride Н,Те 7783-09-7 129.62  colgas -49 -2 5.298 g/L S H0, ЕОН, ak ње 
026 Indium n 7440-74-6 114.818 sof twh meal 156.60 2072 7.31 s acid 5 
027 Indium antmonide nSb 1312-41-0 236.578 bk cub cry 525 5.7747 б 
028 Indium arsenide nAs 1303-11-3 189.740 gray cub cry 942 5.67 i acid Ё 
029 Indium nitide n 25617-98-5 128825  hexcry 1100 6.88 ^ 
030 Indium phosphide nP 22398-80-7 145.792 bk cub cry 1062 481 slacid о 
031 1пбїшт(!) bromide nBr 4280-53-6 194.722 огап-гей orh cry 290 656 4.96 reac Н,0 2 
032 Indium(!) chbride nCl 3465-10-6 150.271  yelcub cry 211 608 4.19 reac Н,0 2 
033 Indium(!) iodide n 3966-94-4 241.722 от cry 364.4 712 5.32 > 
034  Indium(ll) bromide nBr, 21264-43-7 274.626 orh cry 422 геас Н,0 2 
035  Indium(Il) chbride nCl 3465-11-7 185.723  colorh cry 235 3.64 геас Н,0 un 
036  Indium(Il) suf ide nS 2030-14-7 146.884  red-brn orh cry 692 5.2 о 
037 Іпаішті( ГІ) bromide nBr, 3465-09-3 354.530 hyg yetwh monoclcry 420 4,74 41420 = 
038 Indium(II!) chbride nCl, 0025-82-8 221.176 yelmonoclcry; hyg 583 40 195.1% s EOH 2 
039  Indium(llI) f uoride nF, 7783-52-0 171.813 wh hex cry; hyg 1170 »1200 4.39 SIH ›0; s dilacid о 
040 Indium(IHl) f Uoride tihydrae nF; - 3H,0 4166-78-0 225859 wh cry 100 dec 580 Е 
041 Indium(II!) hydroxide n(OH), 20661-21-6 165.840 сир cry 44 > 
042 Indium(II!) iodide nl, 3510-35-5 495.531 yetred monoclcry; hyg 207 4.69 130822 2 
043 Indium(III) oxide 1,0, 1312-43-2 277.634 yelcub cry 1912 718 i H50; s hotacid б 
044 Indium(IlI) perchbrae освпудгав n(CD ,); - 89,0 3465-15-1 557.291 wh cry =80 200 dec б 
045  Indium(IlI) phosphat nPO, 4693-82-4 209.789 wh от cry 49 i H,0 о 
046 Indium(II!) sebnide 56; 1312-42-1 466.52 рк hex cry 660 5.8 < 
047 Indium(Il) suf ab n(S0,)3 3464-82-9 517827  hyg wh powder 3.44 1172 ë 
048 Indium(Ill) suf ide nS, 2030-24-9 325.834 огап cub cry 1050 4.45 c 
049  Indium(lIl) eüride n Tes 1312-45-4 612.44 bk cub cry 667 5.75 2 
050 lodine N 7553-56-2 253.809 pble-bk pats 113.7 184.4 4.933 0.032 S bz, EDH, eh, ct, chl Я 
051  lodic acid НІ0; 7782-68-50 175.910  colorh cry 110 dec 4.63 30825 i EDH, eh = 
052 Periodic acid dihydrae НО, · 29,0 0450-60-9 227.940  monoclhyg cry 122 dec S H0, EDH; sleh e 
053 Iodine btoxide 204 2399-08-5 317.807  yelcry 85 dec 4.2 5ІН,0 ” 
054  lodine penbxide 205 2029-98-0 333.806 hyg wh cry =300 dec 4.98 253.420 i EDH, eh, CS , = 
055 lodine nonaoxide 40 73560-00-6 651.613 hyg yelpowder 75 dec 2 
056 lodine bromide Br 7789-33-5 206.808 bk orh cry 40 116 dec 43 S H0, EOH, eh 2 
057 lodine chbride Cl 7790-99-0 162.357 тей cry or oiy Iq 27.39 100 dec 3.24 reac Н,0; s EOH = 
058 lodine tichbride Cl 865-44-1 233.262  yelticlcry; hyg 101 p (16 am) 64 sp dec 32 reac Н,0; s ЕН, bz = 
059 lodinefuoride Ë 13873-84-2 1453902  disproportonabs atroom emp 

060  lodine tif Loride Р, 22520-96-3 183.899  yelsold, 5808 atbw emp -28 dec 

061 lodine penaf џопде F; 7783-66-6 221.896  yellq 9.43 100.5 3.19 reac Н,0 

062  lodine hepaf џопде Б 16921-96-3 259.893  colgas 65p 4.8 sp 10.62 g/L 58,0 

063 Iridium r 7439-88-5 192.217 _ siv-wh meal cub 2446 4428 22.5 s aqua regia 

064 110111) suf ide ;5 12136-42-4 480632 от cry 10.2 
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CAS Mol. Physical Density Solubility Qualitative 

No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
065  Iridium(IIl) bromide rBr, 0049-24-8 431.929 red-brn monoclcry 6.82 i H0, acid, ak 
066  Iridium(Ill) bromide btahydrae rBr, - 49,0 10049-24-8* 503391  grn-brn cry 5,0; i EDH 
067 — Iridium(III) chbride rCl, 0025-83-9 298.575 brn monoclcry 763 dec 5.30 i H,0, acid, ak 
068 110101) f џопде ІР, 23370-59-4 249212 bk hex cry 250 dec «8.0 i Н,0, dilacid 
069 Iridium(II!) iodide rk 7790-41-2 572.930 dark brn monoclcry =7.4 i H0, acid, bz, chl $ ak 
070 1101) oxide 50, 1312-46-60 432.432 blie-bk cry 1000 dec i H0; sIhotHCI 2 
071 Iridium(IV) chbride rCl, 0025-97-5 334028  brn hyg sold “700 dec S H,0, EDH ме 
072 Iridium(IV) oxide (0, 2030-49-8 224216 brn èt cry 1100 dec 11.7 n 
073 Iridium(IV) suf ide (5, 2030-51-2 256.349 от cry 93 б 
074 Iridium(VI) f Uoride IF; 7783-75-7 306.207  yelcub сту; Вуд 44 53.6 48 reac Н,0 Ё 
075 Iron Fe 7439-89-6 55.845 — sil-wh or gray met 1538 2861 7.87 $ dilacid б 
076  Ferrocene Ғе(С-Н.); 102-54-5 186.031 огап пееав 1725 249 i B,0; s EDH, eh, bz, ФИНМО з o 
077 Iron pen&carbonyl Ғе(С0); 3463-40-6 195.896  yeloiy Iq; fam -20 103 1.490 i Н,0; 5 eh, bz, ace 2 
078 Iron nonacarbonyl Fe,(CO), 5321-51-4 363.781  oran-yelcry 100 dec 2.85 = 
079 Iron dodecacarbonyl Fe (СО), 2088-65-2 503.656 bk cry 140 2.00 > 
080 Iron hydrocarbonyl FeH,(CO), 7440-90-3 169.902  collq; unsabe -70 dec S ak 2 
081 Iron arsenide FeAs 2044-16-5 130.767 gray orh cry 030 7.85 9 
082 Iron boride FeB 2006-84-7 66.656 refr sold; orh 650 = о 
083 Iron boride Ғе,В 2006-86-92 122501 refr sold; et 389 73 2 
084 Iron carbide Fe.C 2011-67-5 179.546 gray cub cry 227 7.694 ” 
085 Iron phosphide FeP 26508-33-8 86.819 тот cry 6.07 ° 
086 Iron phosphide Fe;P 1310-43-6 142664 gray hex needbs 370 6.8 i H0, dilacid, ak Е 
087 Iron phosphide Fe;P 2023-53-9 198.509 gray sold 100 6.74 i НО > 
088 Iron disuf ide FeS, 1317-66-4 119.977 bk cub cry >600 dec 5.02 i HO 2 
089 Iron silcide FeSi 2022-95-6 83.931 gray cub cry 410 6.1 б 
090 Iron silcide FeSi, 2022-99-0 112016 gray су 220 4.74 б 
091 |гоп(И) аџттав Fe(AD ,), 2068-49-4 173.806 bk cub cry 43 ° 
092 Ігоп(11) агзепав Ғе(А50,); 0102-50-8 445.373 grn pow i Н,0 < 
093 Iron(Il) arsenae hexahydrab Fe;(As0,), : 69,0 10102-50-8* 553465 grn amorp pow dec i H0; s acid ë 
094 1гоп(11) bromide FeBr, 7789-46-0 215.653 yetbrn hex cry; hyg 69 dec 4.636 120% vs EDH ct 
095 1гоп(11) bromide hexahydrae РеВг, . 6Н,0 3463-12-2 323.744 дт hyg cry 27 dec 4.64 120% 5 ЕОН 2 
096  Iron(Il) carbonae FeCO, 563-71-3 115.854  gray-brn hex cry 39 0.00006220 Я 
097  Iron(Il) chbride FeCl, 7758-94-3 126.750 wh hex cry; hyg 677 1023 3.16 65.025 vs EDH, асе; 5107 б 
098 |гоп(И) chbride dihydrae FeCl, - 29,0 6399-77-2 162.781  wh-grn monoclcry 120 dec 2.39 65.05 © 
099 |гоп(И) chbride ttahydrab FeCl, - 49,0 3478-10-9 198.812 grn monoclcry 105 dec 1.93 65.025 s EOH ” 

00 Iron(1H) chromit FeCr,O, 1308-31-2 223.835 bk cub cry 5.0 = 

01 Iron(Il) f Uoride FeF, 7789-28-8 93.842 wh et cry 1100 4.09 SIH ;0; s dilHF; i EDH, eh 2 

02 1гоп(1) f Uoride etahydrae FeF, · 49,0 3940-89-1 165.904  colhex cry 220 2 

03 1г01(1) hydroxide Fe(OH), 8624-44-7 89.860 — wh-grn hex cry 3.4 0.00005220 т 

04 1гоп(11) iodide Fel, 7783-86-0 309.654  red-violhex cry; hyg 587 53 S H0, EOH, eh 22 

05 1Ігоп(11) iodide etahydrae Fel, - 4Н,0 7783-86-0* 381.716 bk hyg taf bb 90 dec 2.87 S H,0, EDH 

06 Iron(Il) moybdae FeMo0, 3718-70-2 215.78  brn-yelmonoclcry 1115 5.6 i H,0 

07  |топ(И) nitab Ғе(М0,); 4013-86-6 179.854 grn sold 87.55 

08 Iron(I) nitae hexahydrab Ғе(М0;);. 6H,0 14013-86-6* 287.946 grn sold 60 dec 87.55 

09 |гоп(!) охаве dihydrae FeC;0, - 29,0 6047-25-2 179.894  yelcry 150 dec 2.28 0.07825 S acid 
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0 |гоп(!) oxide FeO 1345-25-1 71.844 bk cub cry 1377 6.0 i H0, ak; s acid 

1 |гоп(И) perchbrab Fe(CD ,), 13933-23-8 254.745  grn-wh hyg needs »100 dec 21025 

2 1гоп(11) phosphat осаћудгав Ғе:(Р0,);. 89,0 14940-41-1 501.600 огау-рие monoclcry; hyg 2.58 i H0; s acid 

3 Iron(ll) sebnide FeSe 1310-32-3 134.81 bk hex cry 6.7 i Н50 

4 1гоп(11) orhosilcab Fe;Si0, 10179-73-4 203.774 brn orh cry 4.30 

5 1гоп(1) suf ав FeSO, 7720-78-7 151.909 wh от cry; hyg 3.65 29.5% 

6 Iron(Il) suf ae monohydrat FeSO, - H,0 17375-41-6 169.924 — wh-yelmonoclcry 300 dec 3.0 29.5% 

7 iron(II) suf ab hepahydrab FeSO, - 7H,0 7782-63-0 278.015  blie-grn monoclcry =60 dec 1.895 29.5% i EOH 2 

8 10001) suf ide FeS 1317-37-9 87.911 colhex or et cry; hyg 1188 dec 47 i H50; reac acid ње 

9 Iron(Il) anahe Ғе(Та0.); 513.737  brnt cry 7.33 5 
20 |гоп(!) апар РеС,Н,0, 203.916 wh cry 0.88 vs acid; s МН,ОН a 
21 1гоп(11) euride Бете 2125-63-2 18345 lt cry 914 6.8 Ё 
22  |топ(И) hiocyanae tihydrae Fe(SCN), - 3Н,0 6010-09-9 226.057 grn monoclcry S ЊО, EOH, eh б 
23 1гоп(11) tanab Бепо, 2168-52-4 151.710 bk rhomb cry 21470 4,72 о 
24 1гоп(11) ипозвв FeWo, 3870-24- 303.68 топоссгу 751 2 
25 |гоп(И И) oxide Fe;0, 1317-61-9 231.533 bk cub cry or amorp powder 1597 5.17 i H50; s acid 2 
26 1гоп(111) асевё, basic FeOH(C,H,0,); 0450-55-2 190.941  brn-red amorp powder i H0; s EOH, acid » 
27 1гоп(11) 2,4-pen&nedioab Fe(CH;COCHCOCH,), 4024-18-1 353469 гей-огап cry 179 5.24 SIH ‚0; s os 2 
28 |гоп(1!) arsenał dihydrae FeAsO, - 29,0 0102-49-5 230.795  grn-brn powder dec 3.18 i H,0; s dilacid un 
29 |гоп(И |) bromide ҒеВг; 0031-26-2 295557 dark red hex cry; hyg dec 45 4555 5 EOH, eh o 
30 1гоп(11) chbride FeCl, 7705-08-04: 162.203 grn hex cry; hyg 304 “316 2.90 91,225 S EOH, eh, ace = 
31  Ноп(Ш) chbride hexahydrat FeCl, . 6H,0 0025-77-1 270.294 уеіогап monoclcry; hyg 37 dec 1.82 91,225 S EOH, eh, ace 2 
32 1гоп(1) сћгоглав Ғе (Сг0,); 0294-52-7 459.671  yelpowder i Н,0, EOH; s acid о 
33 |гоп(И|) став репаћудгав FeC,H;0; · 590 3522-50-7 335.021 red-brn cry S 0; i EDH Е 
34 1гоп(11) dichromate Fe(Cr,0;), 0294-53-8 759.654  red-brn sold S Н,0, acid > 
35 1гоп(11) f errocyanide Fe,[Fe(CN);], 4038-43-8 859229 dark bue powder 1.80 i H,0, dilacid, os 2 
36 1гоп(11) f Uoride FeF, 7783-50-8 112.840 grn hex cry »1000 3.87 5.9225 i EDH, eh, bz б 
37 1гоп(11) f Uoride tihydrae FeF, - ЗЊО 5469-38-2 166.886 yelbrn et cry 23 5.9225 б 
38 1гоп(1І) f ormae Fe(CHO.), 555-76-0 190.897  red-yelcry pow S ЊО; sIEOH © 
39 1гоп(11) hydroxide Fe(OH), 1309-33-7 106.867  yelmonoclcry 312 2 
40 1гоп(111) hydroxide oxide FeO(0H) 20344-49-4 88852  red-brn orh cry 4.26 i H0; s acid ë 
41 |гоп(И|) nitab Fe(N0,); 0421-48-44 241860 cry 82.520 а 
42 1гоп(11) nitab ћехаћудгав Ғе(М0,);. 6Н,0 3476-08-92 349.951  violcub cry 35 dec 82.520 2 
43 1гоп(111) nitae попаћудгав Ғе(М0:);. 9Н,0 7782-61-8 403.997  violgray hyg cry 47 dec 1.68 82.520 vs EDH, ace Я 
44 |ron(IlI) oxaae Ре,(С,0,) 9469-07-9 375.747  yelamorp powder 100 дес S Н,0, acid; i ak ~ 
45 |гоп(И|) oxide Ғе,0; 1309-37-1 159.688  red-brn hex cry 1565 5.25 #60; s acid e 
46 |топ(И) phosphat dihydrab Ғер0,.2Н,0 0045-86-0 186.847  gray-wh orh cry 2.87 i H,0; s HCI ” 
47 |топ(И) ругорћозрћав попаћудгав Fe,(P;0;), · 9Н,0 0058-44-3 907348  yelpowder i Н,0; s acid = 
48 |гоп(1Ї) ћурорћозрћје Fe(H;P0;); 7783-84-8 250.811 wh-gray powder i H,0 2 
49 |топ(И) sodium ругорћозрћав FeNaP;0; 0045-87-1 252.778 wh pow 15 i H,0; s НСІ 2 
50 |топ(И) suf ав Fe;(S0,), 0028-22-5 399.881  gray-wh rhomb cry; hyg 3.10 440% SIEOH; i ace = 
51 1гоп(111) sufab попаћудгав Fe,(SO,), - 9H,0 3520-56-4 562.018  yelhex cry 400 dec 24 44020 = 
52 1гоп(1) hiocyanae monohydrae Fe(SCN), - ЊО 4119-52-2 248110 red hyg cry dec S H0, EOH, ace; i b| chl 
53  Ноп(Ш) тевуападав Fe(V0,), 65842-03-7 352665  gray-brn powder i Н,0, EDH; s acid 
54 Krypbn Kr 7439-90-9 83.80 colgas -157.38 р (73.2 КРа) -153.22 3.425 g/L 5ІН,0 
55 Krypbn dif џопде KrF, 3773-81-4 121.80 сайд cry =25 dec 3.24 reac Н,0 
56 Lanhanum La 7439-91-0 138.906 siv me&| hex 918 3464 6.15 s dilacid 
57  Lanhanum boride LaB, 2008-21-8 203.772 bk cub cry; ref rac 2715 4.76 
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CAS Mol. Physical Density Solubility Qualitative 

No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
58 Lanhanum bromide LaBr, 3536-79-3 378.618 wh hex cry; hyg 788 541 58,0 
59  Lanhanum carbide ЕД) 2071-15-7 162.927 tt cry 2360 5.29 
60 Lanhanum carbonat освћудгав La,(C0,), - 89,0 6487-39-4 601.960 wh cry powder 26 i H0; s dilacid 
61 Lanhanum chbride LaCl, 0099-58-8 245.264 wh hex cry; hyg 859 3.84 95,725 
62  Lanhanum chbride hephhydrab LaCl, - 79,0 20211-76-1 371.371 wh Нету; hyg 91 dec 95.725 $ EDH 
63 Гапдапит f Uoride LaF, 3709-38-1 195.901 wh hex cry; hyg 1493 59 i H0, acid 2 
64 Гапдапит hydride Ган, 3864-01-2 141.930 bk cub cry 5.36 ме 
65  Lanhanum hydroxide La(0H), 4507-19-8 189.928 wh amorp sold dec 0.000020% n 
66  Lanhanum iodat 1а(10;); 3870-19-4 663.614 со1сту 17 б 
67  Lanhanum iodide Lal, 3813-22-4 519619 wh orh cry; hyg 778 5.6 $ Њ0 Ё 
68  Lanhanum nitab ћехаћудгав La(NO.), - 6H,0 0277-43-7 433.012 wh hyg ticlcry «40 dec 20025 vs EDH; s ace © 
69 Lanhanum nitide LaN 25764-10-7 152.913 сир cry 6.73 © 
70 |апћапит oxide (8,0; 1312-81-8 325.809 wh amorp powder 2304 3620 6.51 i H50; s dilacid 2 
71 Lanhanum silcide LaSi, 2056-90-5 195.077 gray et cry 5.0 = 
72 Lanhanum suf ab nonahydrae [а,(50,)з - 99,0 0294-62-9 728.139 hex cry 2.82 2.720 i КОН > 
73 Lanhanum suf ide 1455, 2031-49-1 374.009 гей cub cry 2110 49 2 
74 (апһапит suf ide LaS 2031-30-0 170.972  yelcub cry 2300 5.61 un 
75 Lawrencium Lr 22537-19-5 262 meal 1627 ° 
76 Lead Pb 7439-92-1 207.2 01188-дгау mebl cub 327.46 1749 113 S conc acid 2 
77  Lead(ll) acebe Pb(C,H,0,); 301-04-2 3253 wh cry 280 dec 3.25 44.320 Z 
T8 1в84(11) асеве tihydrae Pb(C;H40,), - ЗЊО 6080-56-4 420.3 colcry 75 dec 2.55 vs Н,0; sIEOH ° 
79  Lead(ll) асевв, basic Pb(C,H40,)2 - 2Pb(OH), 1335-32-6 807.7 wh pow dec 6.39 Е 
80  Lead(ll) antmonat Pb,(Sb0,); 13510-89-9 9931 oran-yelpowder 6.58 i H,0, dilacid > 
81 Lead(II) агзепав Pb.(As0,), 3687-31-8 8994 wh cry 1042 dec 5.8 i H0; s HNO; 2 
82 Lead(II) arsenit Pb(As0,), 10031-13- 4210 wh powder 5.85 #60; s dilHNO 4 [el 
83  Lead(ll) azide Pb(N,); 13424-46-9 2912  colorh needbs; exp exp =350 47 0.0236 vs HOAc б 
84 1в84(11) богав топоћудгав РО(ВО,),-Н,0 10214-39-8 3108 wh powder 500 dec 56 #60; s dilHNO , ° 
85 Lead(|I) бготав monohydrat РЬ(ВгО.), - ЊО 10031-21-7 481.0 colcry “180 dec 5.53 1.3320 < 
86  Lead(ll) bromide PbBr, 10031-22-8 3670 wh orh cry 371 892 6.69 0.97525 i EDH S 
87  Lead(ll) бивпоав Pb(C4H;0,); 819-73-8 3814 colsold «90 i Н,0: s dilHNO з (= 
88  Lead(Il) carbonab РОСО, 598-63-0 267.2 colorh cry “315 dec 6.6 i HO z 
89  Lead(ll) carbonab, basic Pb(OH), - 2PbCO, 1319-46-6 775.6 wh hex cry 400 dec 26.5 i H0, EOH; s acid Я 
90 1ва4(11) chbrae Pb(CD 4), 10294-47-0 374. colhyg cry 230 dec 3.9 14418 vs EDH ° 
91 Lead(I) chbride РЫСЬ 7758-95-4 278. wh оф пееа or powder 501 951 5.98 1.0825 S ak © 
92 Lead(II) chbride f uoride PbCF 13847-57-9 2617 Всгу 7.05 0.03520 2, 
93 1вад(1) сћготав PbCrO, 7758-97-6 323.2 yetoran топоссгу 844 6.12 0.000017? зак, dilacid = 
94 1ва4(11) chromae(VI) oxide PbCrO, - PbO 18454-12-1 546.4 red powder ін,0 2 
95 Lead(I!) став tihydrae Pb.(C,H.0;), - ЗЊО 512-26-5 1053.8 wh cry powder $ Н,0, sIEDH = 
96  Lead(Il) cyanide Pb(CN), 592-05-2 259.2 wh-yelpowder SIH 0; reac acid с 
97 1ваа(11) 2-ehyhexanoab Pb(C;H,«C0,); 301-08-6 493.6 visc iq 1.56 — 
98 Lead(II) f Loride PbF, 7783-46-2 2452 wh orh cry 830 1293 8.44 0.06702 
99 1ваа(11) f огобогав Pb(BF,), 13814-96-5 380.8 sabè ony in aq soh 58,0 

200  Lead(ll) f ormae Pb(CHO,); 811-54-1 297.2 wh prisms or needbs 190 dec 4.63 1.616 i ЕОН 

201 Lead(I!) hexaf lioro-2,4-penbnedioae Pb(CF,COCHCOCF.), 19648-88-5 6213 cry 155 210 

202  Lead(ll) hydrogen arsenat PbHAsO, 7784-40-9 347.1 wh monoclcry 280 dec 5.943 i Н,0; s HNO,, ak 
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203  Lead(ll) hydrogen phosphat PbHPO, 5845-52-0 303.2 wh monoclcry dec 5.66 
204  Lead(l) hydroxide Pb(OH), 9783-14-3 — 2412 wh powder 145 dec 7.59 0.0001220 5 acid 
205 Lead(I) iodae Pb(I0,), 25659-31-8 5570 wh orh cry 6.50 0.002525 
206  Lead(ll) iodide Pbl, 0101-63-0 461.0 уе х cry or powder 410 872 dec 6.16 0.07625 i EDH 
207  Lead(ll) act РО(С-Н,0:)» 8917-82-3 385.3 wh cry powder S Н,0, hotEDH 
208  Lead(Il) moybdae PbMoO, 0190-55-3 3671 уй cry “1060 67 i Н,0: s НМО,, NaOH 
209  Lead(ll) піобаё Pb(NbOs), 2034-88-7 489.0 rhomb or et cry 1343 6.6 ГНО 
210  Lead(ll) nitab РО(МО,), 0099-74-8 33.2  colcub cry 470 4.53 59,725 SIEDH 2 
2111 1вай(11) овав Pb(C, H.,0,); 1120-46-3 7701 wax-lke sold 1Н,0: s EDH, bz, eh ње 
212 Lead(I) охаве РОС,0, 814-93-7 2952 wh powder 300 dec 5.28 0.0002520 S dilHNO , 5 
213 1вай(11) oxide (Iharge) PbO 1317-36-8 223.2 red ВЕ cry tans b massicot489 9.35 i Н,0, ОН; s dilHN0 , б 
214 1еаа(11) oxide (massico) PbO 1317-36-8 223.2 yelorh cry 897 9.64 i H,0, EDH; s dilHNO + Ё 
215  Lead(ll) oxide hydrae ЗРОО-Н,0 1311-11-1 687.6 — wh powder 7.41 i Н,0: s dilacid б 
216 1вай(11) 2,4-pen&nedioab Р (СН,С0СНСОСН,), 5282-88-9 4054 cry 143 © 
217 Lead(ll) perchbrab Pb(CD „) 3453-62-8 4061 wh cry 441% 2 
218 Lead(I) perchbrae tihydrae Pb(CD ,); - ЗЊО 3637-76-8 4601 wh cry 100 dec 26 4415 s EOH 2 
219 Lead(I) phosphat Pb.(PO,); 7446-27-7 8115 мп hex cry 1014 7.01 #60, EDH > 
220  Lead(Il) hypophosphie Pb(H;PO,); 0294-58-3 337.2 hyg cry powder dec ЗІН ‚0; i EDH 2 
221  Lead(ll) me&silcab PbSi0, 0099-76-0 283.8 wh monoclcry powder 764 6.49 i H0, os 9 
222 Lead(I!) orhosilcab Pb,Si0, 3566-17-1 506.5 топосісгу 743 7.60 o 
223 Lead(I!) hexaf uorosilcat dihydrae PbSiF, - 2H,0 1310-03-8 385.3 соосу dec vs H,0 = 
224 Lead(I!) зевпав PbSe0, 7446-15-3 350.2 от cry 6.37 0.0132 $ conc acid 2 
225  Lead(ll) sebnide PbSe 2069-00-0 286.2 gray cub cry 1078 8.1 i H0; s HNO; о 
226  Lead(ll) зерлір PbSe0, 7488-51-9 3342 wh monoclcry 5500 7.0 i H,0 Е 
227 Lead(II) sodium hiosuf ab Ма,РО(б,0.), 0101-94-7 6356 wh cry 5 > 
228  Lead(ll) звагав РЕ(С ан 0), 1072-35-1 774.1 wh powder “100 14 1Н,0: s hotEOH 2 
229 Lead(ll) suf ав PbSO, 7446-14-2 303.3 от cry 1087 6.29 0.004425 i acid; slak б 
230  Lead(ll) suf ide PbS 1314-87-0 239.3 bk powder or si cub cry 1113 7.60 i H,0; s acid б 
231 .Lead(ll) suf ib Р050, 7446-10-8 2873 wh powder dec i H,0; s HNO, о 
232 Lead(I!) anake Pb(Ta0s), 2065-68-8 665. orh cry 7,9 i Н,0 < 
233  Lead(ll) eliride PbTe 1314-91-6 334.8 gray cub cry 924 8.164 i H0, acid ë 
234  Lead(ll) hiocyanae Pb(SCN), 592-87-0 323.4 wh-yelpowder 3.82 0.0520 c 
235 Lead(I) hiosuf ab PbS)0, 3478-50-7 3193 wh cry dec 5.18 i H0; s acid 2 
236  Lead(ll) thnab PbTiO, 2060-00-3 303. yelet cry 7,9 i Н,0: reac НСІ Я 
237  Lead(ll) 010588 (50718) PbWO, 7759-01-5 455.0 уе cry 1130 8.24 0.0320 S ak = 
238  Lead(ll) ипозве (гаѕрів) PbWO, 7759-01-5 455.0 топос!сгу tans 400 846 0.0320 S ak e 
239 |вад(!!) тевуапааав Pb(VO,), 0099-79-3 405. yelpowder 160; reac HNO, 2, 
240  Lead(ll) zirconab PbZrO, 2060-01-4 346.4 colorh cry Е i H0, ак; s acid = 
241 Lead(lI,IV) oxide Рр;0; 1314-27-8 462.4 рк monoclcry ог red amorp 530 dec 10.05 i Н,0: s ak; reac conc НСІ 2 
powder 
242  Lead(ll,ll,I V) oxide 0,0, 1314-41-6 685.6 тей сгу 830 8.92 i Н,0, ОН; s hotHCl Š 
243 Lead(IV) асевв РЫ(С,Нз0,), 546-67-8 4434 colmonoclcry “175 223 гвас Н,0, EDH; s bz, chl за 
244 .Lead(lV) bromide PbBr, 13701-91-2 526.8  unshbb Iq 
245  Lead(IV) chbride PbCl, 13463-30-4 3490  yeloiy Iq -15 =50 dec 
246 Lead(IV) f loride PbF, 7783-59-7 283.2 wh et cry; hyg =600 6.7 
247  Lead(IV) oxide PbO, 1309-60-0 2392 теа bt cry or brn powder 290 dec 9.64 
248 Lihium Li 7439-93-2 6.941 sof tsiv-wh meal 180.50 1342 0.534 reac Н,0 
249 Lihium асевв LiC,H,0, 546-89-4 65.985 су 286 45.05 vs EDH 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
250  Lihium асейв dihydrab LiC,H,0, - 29,0 6108-17-4 102.016 wh rhomb cry 58 dec 13 45.05 s EOH 
251 Lihium auminum hydride LiAH , 6853-85-3 37.955  gray-wh monoclcry >125 dec 0.917 reac Н,0, EDH; s eh, hf 
252 Lihium amide LINH, 7782-89-0 22.964 8 cry 380 118 гвас Н,0 
253 Lihium arsenab Li,AsO, 3478-14-3 159.743 colorh cry 3.07 SIH ›0; s HOAc 
254 lihium azide ШЕ 9597-69-4 483961 hyg monoclcry; exp 1.83 vs Н,0 
255  Lihium me&borab LIBO, 3453-69-5 49.751 wh monoclcry; hyg 849 2.18 vs H,0; s EDH 2 
256 Lihium borohydride LiBH, 6949-15-8 21.784 wh-gray от cry or powder 268 380 dec 0.66 S ak, eh, hf e 
257 Lihium bromide LiBr 7550-35-8 86.845 wh cub cry; hyg 552 21300 3.464 181% 5 EOH, eh 5 
258 Lihium сагопав Li; CO, 554-132 73.891 wh monoclcry 723 1300 dec 241 1.30% s acid; i ЕОН a 
259 Lihium chbrab LiCD 4 3453-71-9 90.392  colhyg rhom пеедез 127.6 300 dec 1.119 459% vs ЕОН: slace Ё 
260  Lihium chbride LiCl 7447-41-8 42.394 wh cub cry ог powder; hyg 610 1383 2.07 84,525 S EOH, ace, py © 
261 Lihium chromae dihydrab Li;CrO, · 29,0 7789-01-7 165.906  yelorh cry; hyg 75 dec 2.15 48 Н,0; 5 ЕОН © 
262  Lihium dichromae dihydrae Li,Cr,0; - 29,0 0022-48-7 265.901 уенеа hyg cry 130 dec 2.34 vs Н,0 2 
263  Lihium dihydrogen phosphat LiH,PO, 3453-80-0 103328  colhyg cry >100 2.461 126° = 
264 Lihium f errosilcon LiFeSi 64082-35-5 90.872 dark brit cry геас Н,0 > 
265 Lihium f boride LiF 7789-24-4 25.939 wh cub cry or powder 848.2 1673 2.640 0.134% S acid 2 
266  Lihium f ormae monohydrat Li(CHO.) - Н,0 6108-23-2 69.974 — colwh cry 1.46 58,0 un 
267  Lihium hydride LiH 7580-67-8 7.949 gray cub cry or powder; hyg 688.7 0.78 reac Н,0, EDH © 
268  Lihium hydroxide LiOH 1310-65-2 23.948 colet cry 471.1 1626 1.45 12:55 SIEDH 2 
269 Lihium hydroxide monohydrat ШОН - HO 1310-66-3 41.964 wh monoclcry or powder 151 12.55 SIEOH ” 
270 Lihium iodat 110, 13765-03-2 181.843 wh Вуд hex cry 4.502 77.9% i EDH ° 
271 Lihium iodide Li 10377-51-2 133.845 wh cub cry; hyg 469 1171 4.06 1655 Е 
272 Lihium iodide tihydrae Lil - 3H,0 7790-22-9 187891 wh hyg cry 73 2,38 16525 vs EDH, ace > 
273 Lihium niobab LiNbO, 12031-63-9 147.845 wh hex cry =1240 4.30 2 
274 .Lihium nitab LINO, 7790-69-4 68.946 со!һех cry; hyg 253 2.38 10225 5 ЕОН б 
275 Lihium nitide Li,N 26134-62-3 34.830 теа hex cry 813 1.27 reac Н,0 б 
276 Lihium пе monohydrae LINO, - H,0 13568-33-7* 70.962 — colneedbs »100 1.615 139.55 vs EDH e 
277 Lihium phosphat РО, 0377-52-3 115.794 wh orh cry 1205 2.46 0.02725 < 
278 Lihium oxide 1,0 2057-24-8 29881 wh cub cry 1570 2.013 S 
279 Lihium perchbrae LiCD , 7791-03-9 106.392 wh orh cry or powder 236 430 dec 2.428 58.725 S ЕН, ace, eh (= 
280  Lihium peroxide Li,0; 2031-80-0 45.881 wh hex cry 2.31 s ЊО; i EDH 2 
281 Штит зеблав monohydrat Li,Se0, - H,0 7790-71-8 174.86 — monoclcry 2.56 vs НО Я 
282 Lihium mesilcae 11510; 0102-24-6 89.966 wh orh needs 201 2.52 i coll Н,0: reac dilacid б 
283 Lihium suf ав 11,50, 0377-48-7 109.946 wh monoclcry; hyg 859 2.21 34.25 © 
284 Lihium suf ae monohydrat 1,50,-Н,0 0102-25-7 127.961 colcry 130 dec 2.06 34.255 SIEDH 2 
285 Lihium suf ide [155 2136-58-2 45.948 wh cub cry; hyg 372 1.64 = 
286  Lihium һіосуапав ШСМ 556-65-0 65.025 wh hyg cry 120% 2 
287 аут Lu 7439-94-3 174.967 sil meal hex 663 3402 9.84 s dilacid = 
288 шут boride ШВ, 2688-52-7 218211  etcry 2600 «7.0 j=) 
289  Luetum bromide LuBr, 4456-53-2 414.679 wh hyg cry 025 vs НО xd 
290  Luetum chbride LuCl, 0099-66-8 281.325 wh monoclcry; hyg 925 3.98 58,0 
291 Luttum f Loride ШЕ; 3760-81-1 231.962 от cry 182 2200 8.3 i HO 
292 Іш шт iodide Lul, 3813-45-1 555.680 brn hex cry; hyg 050 =5.6 vs Н,0 
293 Lubtum nitide LuN 2125-25-6 188.974 сир cry 11.6 
294 Lubtum oxide Lu,0, 2032-20-1 397.932 wh cub cry or powder 2427 3980 941 
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295  Lubtum suf ab ochhydrab Lu,(SO,)3 - 8Н,0 3473-77-3 782247 wh cry vs Н,0 

296  Luetum suf ide 115; 2163-20-1 446.132 gray rhomb cry 1750 dec 6.26 

297  Luetum випае Lu, Tes 2163-22-3 732.73 от cry 78 

298 Magnesium 9 7439-95-4 24305  siv-wh meal 650 1090 1.74 5 dilacid 

299 Magnesium aceat 0(С-Н0.); 142-72-3 142.394 wh orb/mclcry 323 dec 1.50 65.6% 

300 Magnesium асевв ttahydrab 0(С-Н.0,),-4Н,0 6674-78-65 214.454  colmonoclcry; hyg 80 dec 145 65.65 vs EDH 

301 Magnesium amide g(NH,); 7803-54-5 56.350 wh powder; f am dec 1.39 reac Н,0 

302 Magnesium antmonide 050; 2057-75-9 316.435 hex cry 1245 3.99 2 
303 Magnesium boride gB; 2007-25-9 45.927 hex cry 800 dec 2.57 ње 
304 Magnesium bromat ћехаћудгав g(BrO,), - 6H,0 7789-36-8 388.201  colcub cry 200 dec 2.29 9825 n 
305 Magnesium bromide gBr, 7789-48-2 184413 wh hex cry; hyg 711 3.72 10225 б 
306 Magnesium bromide hexahydrat Br, - 6H,0 3446-53-2 292.204 со!топосісгу 165 dec 2.0 102% s EDH Ё 
307 Magnesium carbonab 000, 546-93-0 84314 wh hex cry 990 3.05 0.1820 i EDH; $ acid б 
308 Magnesium сћргав hexahydrab 0(С0 „), - 6H,0 3446-19-0 299298 wh Вуд cry =35 dec 1.80 1425 5ЇЕОН С 
309 Magnesium chbride 001, 7786-30-35 95.210 wh hex Баг bb; hyg 714 1412 2.325 56.025 2 
310 Magnesium chbride ћехаћудгав 0С1, - 60 7791-18-6 203.301 wh hyg cry =100 dec 1.56 56.0% 5 ЕОН £ 
311 agnesium сћготав hephhydrab gCr0, · 7H,0 13423-61-5* 266.405  yelrhom cry 1.695 54,805 > 
312 Magnesium f Loride gF, 7783-40-6 62.302 wh èt cry 1263 2227 3.148 0.013% 2 
313 Magnesium f ormae dihydrae 0(СН0,);. 29,0 6150-82-9 150.370 wh cry dec 5,0; i EDH 9 
314 Magnesium germanide 0,06 1310-52-7 121.22 сир сту 1117 3.09 о 
315 Magnesium hydride gH, 7693-27-8 26.321 мп et cry 327 1.45 геас Н,0 = 
316 Magnesium hydrogen phosphat Нпудгав ОНРО, - 3H,0 7757-86-0 174.331 wh powder 550 dec 2.13 SIH 0; s dilacid 2 
317 Magnesium hydroxide 0(ОН), 1309-42-8 58.320 wh hex cry 350 2.37 0.000692 s dilacid ° 
318 Magnesium iodat ttahydrab (105), - 49,0 7790-32-1* 446.172 colmono cry 210 dec 3.3 11.12 Е 
319 Magnesium iodide gl; 10377-58-9 278.114 wh hex cry; hyg 634 4.43 146% > 
320 Magnesium iodide освпудгав gl, - 8Н,0 7790-31-02: 422.236 wh от cry; hyg 41 dec 2.10 1465 s EOH 2 
321 agnesium nitab 0(М0,); 10377-60-3 148.314 wh cub cry 223 71.225 С 
322 Magnesium nita dihydrab 00303), - 20 15750-45-5 184.345 wh cry “100 dec 1.45 71.2% 5 ЕОН © 
323 Magnesium nitat hexahydrab 00903), - 69,0 13446-18-9 256.406  colmonoclcry; hyg =95 dec 146 71.225 5 ЕОН о 
324 Magnesium nitide 08, 12057-71-5 100.928  yelcub cry 21500 dec 2.71 2 
325 Magnesium п tihydrab 00902), - 3H,0 15070-34-5 170.362 wh hyg prisms 100 dec 129.925 $ EDH S 
326 Magnesium охавв 000, 547-66-0 112.324 wh pdw 0.03825 c 
327 Magnesium охаве dihydrab 9650, - 2H,0 6150-88-5 148.354 wh powder 0.03825 i ЕН; $ dilacid 2 
328 Magnesium oxide 00 1309-48-4 40.304 wh cub cry 2825 3600 3.6 ЗІН ‚0; i EDH Я 
329 Magnesium регсћбгав ((СО.,); 0034-81-8 223205 wh hyg powder 250 dec 22 10025 ~ 
330 Magnesium perchbrab ћехаћудгав 0(С0 4), - 60 3446-19-0 331.297 wh hyg cry 190 dec 1.98 100% s EOH e 
331 адпезит permanganat hexahydrab g(Mn0,), - 6H,0 0377-62-5 370.268 bue-bk cry dec 2.18 580 ” 
332 Magnesium peroxide 00, 1335-26-8 56.304 wh cub cry 100 dec =3.0 i H,0; $ dilacid = 
333 Magnesium phosphat penhhydrab 04РО,),-5Н,0 7757-87-15 352.934 wh cry 400 dec 0.000092 $ dilacid 2 
334 Magnesium phosphat осаћудгав 04РО,),-8Н,0 3446-23-6 406.980 wh monoclcry 2.17 0.000092 s acid = 
335 Magnesium ругорћозрћав Ићудгав 0Р0; - ЗЊО 0102-34-8 276.600 wh powder 100 dec 2.56 i H0; s acid с 
336 Magnesium phosphide 03Р, 2057-74-8 134.863  yelcub cry 2.06 reac Н,0 = 
337 Magnesium sebnab ћехаћудгав gSe0, · 6Н,0 3446-28-1 275.35 wh monoclcry 1.928 55.525 

338 Magnesium sebnide 056 1313-04-8 103.27 brn cub cry 42 reac Н,0 

339 Magnesium sebnib hexahydrab gSe0, - 6H,0 5593-61-0 259.36 — colhex cry 2.09 i H0; s dilacid 

340 Magnesium metsilcab 0510; 3776-74-4 100.389 wh monoclcry =1550 dec 3.19 i Н,0, sIHF 

341 agnesium orhosilcae 05510, 26686-77-1 140.694 wh orh cry 1897 321 i Њ0 

342 Magnesium tisilcab 051305 4987-04-53 260.862 wh pow i Н,0, EOH 
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CAS Mol. Physical Density Solubility Qualitative 

No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
343 Magnesium hexaf liorosilcab hexahydrae gSiF, - 6Н,0 60950-56-3 274.472 wh cry 120 dec 1.79 39.318 i EDH 
344 Magnesium silcide 0251 22831-39-6 76.696 gray cub cry 1102 1.99 reac Н,0 
345 Magnesium sannide g,sn 1313-08-2 167.320 ble cub cry 71 3.60 s H,O, dil HCI 
346 Magnesium suf ab 050, 7487-88-9 120.369  colorh cry 1127 2.66 35.725 
347 Magnesium suf ab топопуагае 9S0, - ЊО 4168-73-1 138.384  colmonoclcry 150 dec 2.57 35.75 
348 Magnesium suf ab hepahydrab 050, - 79,0 0034-99-8 246.475  colorh cry 150 dec 1.67 35.725 SIEOH 2 
349 Magnesium suf ide 05 2032-36-9 56.371  red-brn cub cry 2226 2.68 reac Н,0 ме 
350 Magnesium suf it tihydrae 950, - 3Н,0 9086-20-5 158.415  colorh cry 242 0.79% n 
351 agnesium suf іе ћехаћудгав 950, - 69,0 3446-29-2 212.461 wh hex cry 200 dec 1.72 0.7925 i ЕОН б 
352 Magnesium hiosuf ab hexahydrab 05,0, · 6H,0 3446-30-5 244.527 colcry 170 dec 1.82 9355 i EDH Ё 
353 Magnesium thnab 0110, 1312-99-8 120170  colhex cry 565 3.85 б 
354 Magnesium 00588 0//0, 3573-11-0 27214 wh monoclcry 6.89 0.0162 i EDH © 
355 Manganese n 7439-96-5 54.938 hard gray mebl 246 2061 73 s dilacids 2 
356 Manganese antmonide nSb 2032-82-5 176698 hex cry 840 6.9 = 
357 Manganese antmonide n;Sb 2032-97-2 231.636 tt cry 948 7.0 > 
358 Manganese boride nB 2045-15-7 65.740  orhcry 890 6.45 2 
359 Manganese boride nB, 2228-50-1 76560 hex cry 827 53 un 
360 Manganese boride nB 2045-16-8 120.687  red-brn et cry 580 7.20 © 
361 Manganese carbide nC 2266-65-8 176.825 ref rac sold 520 6.89 2 
362 Manganese carbonyl na(CO)io 0170-69-41 389.977  yelmonoclcry 154 1.75 i Н,0; $ os Z 
363 Manganese phosphide nP 2032-78-9 85.912 от cry 147 5.49 ° 
364 Manganese phosphide nP 2333-54-9 140850 hex cry 327 6.0 Е 
365  Маподапезе(!) асейё etahydrab п(С,Нз0), - 4H,0 6156-78-1 245.087 тей monoclcry 80 1.59 S Н,0, EDH > 
366 Мапдапезе(!) &taborae осаћудгав пВ,0,-8Н,0 2228-91-0 354.300 red sold i H,0, EDH; $ dilacid 2 
367  Manganese(ll) bromide nBr, 3446-03-2 214.746 pink hex cry 698 4.385 1515 б 
368 Мапдапеѕе(11) bromide etahydrae nBr, - 49,0 0031-20-6 286.808 red hyg cry 64 dec 151% б 
369 Мапдапеѕе(11) carbonae пСО, 598-62-9 114.947 pink hex cry »200 dec 3.70 0.000082 s dilacid © 
370 Мапдапеве(1) chbride nCl; 1113-01-5 125.843 pink tig сту; hyg 650 1190 2.977 77.325 $ ру, EDH; i eh < 
371 апдапев6(!) chbride ёїаһуйгаё 101, - 49,0 3446-34-9 197.905 гей monoclcry; hyg 87.5 1.913 77.35 $ EOH; i eh S 
372 Маподапеѕе(11) dihydrogen phosphat n(H;P0,), - 29,0 8718-07-5 284944 colhyg cry 5,0; i EDH ct 

dihydrab 2 
3⁄3 Мапдапезе(!) f опде nF, 7782-64-1 92.935 red et cry 930 3.98 1.0225 i ЕОН Я 
374 Маподапеѕе(11) hydroxide n(OH), 8933-05-6 88.953 pink hex cry dec 3.26 0.0003420 ж 
375 Мапдапвве(11) iodide nl, 7790-33-2 308.747 wh hex cry; hyg 638 5.04 $ ЊО, EOH e 
376 Manganeseé(Il) iodide etahydrae nl, - 49,0 7790-33-2* 380.809 red cry 48 Н,0, s ЕОН Z 
377 Мапдапеѕе(11) moybdat ПМо0, 4013-15-51. 214.88 yelmonoclcry 4.05 = 
3⁄8 Manganese(Il) nitab n(N0,); 0377-93-2 178.948  colorh cry; hyg 22 1615 S diox, ЋЕ ” 
379 Мапдапезе() nita ћехаћудгав n(NO,), · 6Н,0 0377-66-9 287.040 rose monoclcry 28 dec 18 1615 vs EDH а 
380 Мапдапеве(11) nitae etahydrae n(N0,), - 49,0 20694-39-7 251.010 pink hyg cry 37.1 dec 243 161% s EDH Е 
381 апдапеве(11) охайв dihydrae 0,0, -2Н,0 6556-16-7 178.987 wh cry powder 150 dec 2.45 0.03220 S acid d 
382  Manganese(ll) oxide nO 1344-43-0 70.937 (т cub cry or powder 1839 5.37 i Н,0; s acid 
383  Manganese(!l) perchbrab ћехаћудгав n(CD ,), - 6H,0 15364-94-0 361.930 pink hex cry 2.10 
384 Мапдапеѕе(11) ругорћозрћав n;P0; 53731-35-4 283.819 wh monoclcry 1196 3.71 i HO 
385  Manganese(!!) me&silcae 1510, 7759-00-4 131.022 тей orh cry 1291 348 Ше 
386 Мапдапев6(11) orhosilcae 1,510, 13568-32-6 201.960 от cry 411 i H,0 
387 Manganese(ll) sebnide 156 1313-22-0 133.90 gray cub cry 1460 5.45 i H,0 
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388 Мапдапеѕе(11) suf ab п50, 7785-87-7 151.002 wh от cry 700 850 дес 3.25 63.75 

389 Мапдапеѕе(11) suf ae monohydrat 150,-Н,0 0034-96-5 169.017 гей monoclcry 2.95 63.725 i EDH 

390 Мапдапезе() suf ab etahydrae 150,.4Н,0 0101-68-50 223.063 red monoclcry 38 dec 2.26 63.7% i EOH 

391 anganese(Il) suf ide (© f orm) nS 8820-29-6 87.004  grn cub cry 1610 4.0 #60; s dilacid 

392 Manganese(ll) suf ide (B f orm) ns 8820-29-6 87.004 red cub cry 3.3 i H50; s dilacid 

393 Мапдапезе(1) suf ide (y f orm) ns 8820-29-6 87.004 red hex cry =3.3 #60; $ dilacid 

394 Маподапеѕе(11) uride nTe 2032-88- 182.54 hex cry 21150 6.0 

395 Мапдапеѕе(11) івпав ПТІ0; 2032-74-5 150.803 red hex cry 1360 4.55 2 
396 _ Мапдапезе(!) 10888 nWO, 3918-22-4 302.78 wh monoclcry 72 0.005420 ње 
397 Мапдапеве(11,11) oxide nO, 1317-35-7 228.812 brn èt cry 1567 4.84 i H0; $ НСІ 5 
398 Малдапеве(!1) f Loride ПЕ; 7783-53-1 111.933 тей monoclcry; hyg >600 dec 3.54 геас Н,0 б 
399 Manganese(III) hydroxide nO(OH) 1332-63-4 87.945 bk monoclcry 250 dec 243 i H,0 Ё 
400 Manganese(III) oxide n0, 1317-34-6 157.874 bk cub cry 1080 dec =5.0 i H,0 б 
401  Manganese(IV) oxide 10, 1313-13-9 86.937 bk tt cry 535 dec 5.08 i Н,0, HNO, © 
402  Manganese(VIl) oxide 1,0, 2057-92-0 221.872 grn oil exp 59 95 exp 2.40 vs Н,0 2 
403  Mendebvium d 7440-11-1 258 ebl 827 2 
404 Mercury g 7439-97-6 200.59 heavy si Iq -38.837 p 356.73 13.5336 i HO > 
405  Mercury(l) асевв Hg,(C,H,0,), 631-60-7 519.27 colscaks dec SIH ‚0; i EOH, eh 2 
406 Мегсигу(!) broma Hg;(Br0.); 3465-33-3 656.98  colcry dec i H50; slacid 9 
407  Mercury(l) bromide Но,Вг, 5385-58-7 560.99 wh et cry or powder 407 7.307 i Н,0, EDH, eh o 
408  Mercury(I) carbonat Hg; C0, 6824-78-8 46119  yelbrn cry 130 dec 0.0000045 — i EDH = 
409  Mercury(l) chbrae 0:(00 4), 0294-44-7 568.08 wh rhom cry =250 dec 6.409 SIH 0; s EDH 2 
410  Mercury(I) chbride Hg; Cl; 0112-91-1 472.09 wh et cry 525 p 383 sp 716 0.000425 i EDH, eh о 
411 егсигу(!) f boride Hg;F; 3967-25-4 439.18 уе!сш cry 570 dec subl 8.73 reac Н,0 Е 
412 Мегсигу(!) iodide Hol; 5385-57-6 654.99  yelamorp powder 290 7.70 i Н,0, EDH, eh » 
413 Мегсигу() nitab Ho,(N0;); 0415-75-5 52549 су ЗІН ,0 2 
414 Мегсигу(!) nitae dihydrae 0:(М0:),-2Н,0 1182-86-17 561.22  colcry 70 dec 48 ЯН ›0 б 
415 Mercury(I) nitié 0:(М0,), 3492-25-6 49319  yelcry 100 dec 7.3 геас Н,0 б 
416 Мегсшу() охаве Но,С,0, 2949-11-3 48920 су i H0; sIHNO , ° 
417 Мегсигу(!) oxide 0:0 5829-53-5 417.18 prob mixtire of HgO«Hg 100 dec 9.8 i H0; s HNO; 2 
418 Мегсигу(!) perchbrae etahydrab 0:(00 „); · 49,0 65202-12-2 67214 cry 64 442% ë 
419  Mercury(l) suf ae Hg550, 7783-36-0 497.24 — wh-yelcry powder 7.56 0.05125 S dilHNO , c 
420 Мегсигу(!) ћосуапав 0:5СМ); 517.35  colpow dec 0.03% s НСІ KCNS 2 
421 ercury(I) 11058 Hg,WO, 38705-19-0 64902 yelamorp sold dec i H,0, EOH Я 
422 Мегсшу(1) асевв Hg(C,H40;); 1600-27-7 318.68 — wh-yelcry or powder 179 dec 328 2510 s EOH ~ 
423 Мегсигу() amide chbride g(NH;)CI 10124-48-8 25207 wh sold Subl 5.38 i H0, EDH; s warm acid e 
424 Мегсигу(1) bromat Hg(Br0,); 26522-91-8 45639 су 130 dec 0.15 s acid ” 
425  Mercury(Il) bromide gBr, 7789-47-1 360.40 wh rhomb cry or powder 236 322 6.05 0.6125 51011 s ЕОН, MeOH = 
426 Мегситу(И) chbrab ((С0:); 367.49 wh needbs dec 4.998 25 2 
427  Mercury(Il) chbride ТИЙ 7487-94-7 271.50 wh orh cry 276 304 5.6 7.315 5102, s EDH, MeOH, ace, eh = 
428 Мегсиу(1) chromae gCrO, 13444-75-2 316.58 гей monoclcry 6.06 ЯН ›0 = 
429 Мегешу(1) cyanide 0(СМ), 592-04-1 252.62 colet cry 320 dec 4.00 1145 S EOH; зјећ id 
430 Мегешу(1) dichromae 0010, 7789-10-8 416.58 гей cry powder i H50; s acid 

431 ercury(Il) f uoride OF, 7783-39-3 238.59 wh cub cry; hyg 645 dec 8.95 reac Н,0 

432 Мегсигу(1) f uminat 0(СМО), 628-86-4 284.62 gray cry exp 4.42 ЗІН ,0; s ЕН, МН „ОН 

433  Mercury(Il) hydrogen arsenat gHAsO, 7784-37-4 340.52 yelpowder i Н,0; s acid 

434 Мегсшу(1) iodae 0(10;); 7783-32-6 550.40 wh powder 175 dec i H,0 

435 Мегсшу(1) iodide gl, 7774-29-0 454.40 тей et cry or powder 259 354 6.28 0.005525 SIEDH, ace, eh 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
436 Мегсигу(!) птав H0(N0,); 10045-94-0 324.60  colhyg cry 79 43 s H,0; i EDH 
437  Mercury(!l) nitae dihydrae На(МО.), - 290 10045-94-0* 360.63  monoclcry 478 $ Њ0 
438  Mercury(Il) nitae monohydrat Hg(N0,), - H,O 7783-34-8 342.62  wh-yelhyg cry 43 S Н,0, dilacid 
439 Mercury(I!) охавв HgC;0, 3444-13-1 288.61 рма 165 dec i H,0 
440 Мегсигу(!) oxide HgO 21908-53-2 216.59 тей or yelorh cry 500 dec 11.14 i H,0, EDH; $ dilacid 
441 ercury(Il) oxide suf ab (Hg,05)50, 1312-03-4 729.83  yelpow i H50; s acid 2 
442 Мегсигу(1) oxycyanide Hg(CN), - HgO 1335-31-5 46921 wh ой cry exp 4.44 11.45 ње 
443  Mercury(Il) perchbrae tihydrab Но(СО „; · 3Н,0 7616-83-35 45354 cry n 
444 Мегсигу(1) phosphat На (РО; 7782-66-3 79171 wh-yelpowder i Н,0, EOH; s acid a 
445 Мегсигу(!) sebnide HgSe 20601-83-6 279.55 gray cub cry subl 821 i H,0 Ё 
446 Mercury(II) suf ав HgS0, 7783-35-9 296.65 wh monoclcry 6.47 геас Н,0 б 
447 Мегсигу(1) suf ide (back) HgS 1344-48-5 232.66 bk cub cry or powder 850 7.70 i H0; s acid, EDH о 
448 Мегсигу(1) suf ide (red) HgS 1344-48-5 232.66 red hex cry tans b bk HgS 344 8.17 i Н,0, acid; s aqua regia 2 
449  Mercury(Il) euride HgTe 12068-90-5 32849 gray cub cry 673 8.63 = 
450 Мегсигу(1) hiocyanae Но(5СМ), 592-85-8 316.76 топос гу “165 dec 3.11 0.070% $ ФИНО! > 
451 ercury(Il) 100588 HgWO, 37913-38-5 448.43  yelcry dec i Н0, EDH 2 
452 Moybdenum 0 7439-98-7 95.94  gray-bk meal cub 2623 4639 102 i H0, dilacid, ak 9 
453 Моубаепит boride 0,B 2006-99-4 202.69 ref rac bt cry 2000 9.2 © 
454 Моубдепит boride 0,8, 2007-97-5 24594  refrac hex cry 1600 “72 2 
455 Моубдепит carbide oC 2011-97-1 07.95 ref rac sold; cub 2577 2 
456 Moybdenum carbide 0,0 2069-89-5 203.80 gray orh cry 2687 9.18 ° 
457 Movybdenum hexacarbonyl 0(С0), 3939-06-5 264.00 wh orh cry 148 155 dec 1.96 i Н,0; s bz; sleh Е 
458 Moybdenum nitide oN 2033-19-1 09.95 hex cry 1750 9.20 > 
459 Моубдепит nitide oN 2033-31-7 205.89 gray cub cry 790 dec 9.46 2 
460 Moybdenum phosphide oP 2163-69-8 26.91 bk hex cry 7.34 б 
461 оубдепит silcide 051, 2136-78-6 5211 gray et cry 21900 6.2 i H0; s HF б 
462 Моүдепит(1) bromide oBr, 3446-56-5 255.75  yelred cry 900 dec о 
463 Moybdenum(II) chbride КЕЙ 3478-17-6 66.85 уе шу 530 авс < 
464  Molbdenum(lI) iodide ol, 4055-74-4 349.75 bk hyg cry 5.278 ë 
465  Mol/bdenum(l!l) bromide оВт; 3446-57-6 335.65 grn hex cry 977 4.89 i H,0 ct 
466 Mol/bdenum(lIl) chbride 061; 3478-18-7 202.30 dark red monoclcry 1027 3.74 i H,0 z 
467 Moybdenum(II!) f uoride OF; 20193-58-2 52.94  brn hex cry >600 4.64 i H,0 Я 
468 Моубаепит(И!) iodide 015 4055-75-5 476.65 bk sold 927 i H,0 б 
469  Mol/bdenum(lIl) oxide 0,0, 1313-2927 239.88 gray-bk powder i H0; slacid © 
470  Molbdenum(IV) bromide оВг, 3520-59-7 415.56 су dec reac Н,0 ” 
471 oybdenum(IV) chbride об 3320-71-35 23775 bk cry >170 dec гвас Н,0 = 
472 Moybdenum(IV) f Uoride OF, 23412-45-5 1193 grn cry dec reac Н,0 2 
473 Moybdenum(IV) oxide 00, 8868-43-4 27.94  brn-violet cry “1100 dec 6.47 5ІН,0 2 
474  Moybdenum(IV) sebnide 056; 2058-18-3 253.86 gray hex cry »1200 6.90 с 
475  Molbdenum(IV) suf ide 05; 1317-33-5 60.07 bk powder or hex cry 1750 5.06 i Н,0; s conc acid xd 
476  Molbdenum(IV) euride oTe, 2058-20-7 351.14 gray hex cry 77 
477 Моубаепит(\) chbride 001, 0241-05- 27320 0-0 monoclcry; hyg 194 268 2.93 5 EOH, eh 
478  Molbdenum(V) f Lioride oF; 3819-84-6 90.93  yelmonoclcry 67 213.6 35 
479  Molbdenum(V) oxytichbride oOCl, 3814-74-9 21830 bk monoclcry 297 subl reac Н,0 
480 Moybdenum(VI) acid топоћудгав Н,Мо0, · Н,0 7782-91-4 79.97 wh powder 3.1 SIH ›0; s ak 
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481 oybdenum(VI) f Loride МОР, 7783-77-9 209.93 wh cub cry or collg; hyg 175 34.0 2.54 reac Н,0 

482 Moybdenum(VI) oxyetaf lioride MoOF, 14459-59-7 187.93 vokte sold 98 86.0 

483 Moybdenum(VI) oxyetachbride М00С1, 13814-75-0 253.75 (іп hyg powder 101 

484 Moybdenum(VI) dioxydichbride Mo0,Cl, 13637-68-8 198.84 уеіогап sold =175 3.31 reac Н,0 

485  Mol/bdenum(VI) oxide Мо0, 1313-27-5 143.94  wh-yelrhomb cry 801 155 4.70 0.1420 S conc acid 

486 Moybdenum(VI) me&phosphab Мо(Р0:); 133863-98-6 569.77 уе ромаег 3.28 i H0, acid 

487 Neodymium d 7440-00-8 144.24 sil meal hex 1021 3074 7.01 

488 Neodymium boride dB, 2008-23-0 20911 bk сиб cry 2610 4.93 2 
489 Neodymium bromide (Вг, 3536-80-6 383.95  violorh cry; hyg 682 540 53 $ Њ0 ње 
490 Neodymium chbride (сі, 0024-93-8 250.60 чісіһех cry 758 600 443 100% vs EOH; i eh, chl n 
491 Neodymium chbride hexahydrae dCl, - 69,0 3477-89-9 358.69 purp cry 124 dec 23 10025 s EOH б 
492 Neodymium f 0106 ОР, 3709-42-7 201.24  violhex cry; hyg 1377 2300 6.51 i Н,0 Ё 
493 Neodymium iodide dl, 3813-24-6 524.985 grn от cry; hyg 784 5,85 580 б 
494 Neodymium nitab d(NO.); 0045-95- 330.26  violhyg. cry 1525 s EOH о 
495 Neodymium nitae ћехаћудгав d(NO;); - 6,0 4517-29-4 438.35  purp hyg cry 152% S EDH, ace 2 
496 Neodymium nitide dN 25764-11-8 15825 bk cub cry 7.69 £ 
497 Neodymium oxide 0,0, 1313-97-9 336.48 ble hex cry; hyg 2233 3760 7.24 #60; s dilacid > 
498 Neodymium suf ab 0,(50,)3 3477-91-35 576.67 pink needbs “700 dec 7.120 2 
499 Мске(!) perchbrae hexahydrat i(CD ,), - 6H,0 13637-71-3* 365.685 (ІП hex needes 140 158.825 S EDH, ace 9 
500  Neodymium suf ide 0,5; 2035-32-4 384.68 от cry 2207 5.46 ° 
501 Міске(І) phosphab ochhydrab ІХРО,),.8Н,0 10381-36-9* 510.145 (ІП phbs S acid = 
502  Nicke(ll) sebnae hexahydrab iSe0, · 69,0 15060-62-5* 309.74 grn bt cry 2.314 35.520 2 
503 Neodymium euride 016; 2035-35-7 671.28 gray от cry 377 70 о 
504 Neon le 7440-01-9 20.180  colgas -248.61 p (43 kPa) -246.08 0.825 g/L 5ІН,0 Е 
505  Nepünium р 7439-99-8 237 sii meal 644 20.2 s HCI > 
506  Nepünium(IV) oxide p0, 2035-79-9 269 grn cub cry 2547 114 2 
507 Міске i 7440-02-0 58.693 wh mebl cub 455 2913 8.90 i H0; sldilacid б 
508  Nickelantmonide 150 2035-52-8 180.453 һех cry 147 8.74 С 
509  Nickelarsenide iAs 27016-75-7 133.615 hex cry 967 7.77 о 
510  Nickelboride iB 2007-02-2 186.891 ref rac sold 156 8.17 < 
511 Nickelboride iB 2007-00-0 69.504 огт ref rac sold 035 743 S 
512 Nickelboride iB 2007-01-1 128198  refrac sold 125 7.90 c 
513  Nickelcarbonyl (С0), 3463-39-3 170.734 сод -19.3 43 (exp =60) 1.31 i H50; s ЕОН, bz, ace, ct 2 
514 Nickelphosphide iP 2035-64-2 148.361 hex cry 100 7.33 Я 
515 Nickelsilcide iSi 2059-14-2 145473 от cry 255 7.40 = 
516 Nickelsilcide iSi; 2201-89-7 114.864 cub cry 993 4.83 e 
517 Меке) ammonium suf ab hexahydrab i(NH,),(S04), - 6Н,0 5699-18-06 394.989  ble-grn cry 1.923 6.520 i EDH ” 
518 Міске(11) arsenał ocbhydrab i(As0,); - 89,0 7784-48-7 598.040  yekgrn powder dec 4.98 i H0; s acid = 
519 Nicke[ll) bromide iBr, 3462-88-9 218.501 yelhex cry; hyg 963 subl 5.10 13120 2, 
520  Nicke[ll) bromide Ићудгав Во - ЗЊО 13462-88-9* 272.547  yelkgrn hyg cry 200 dec vs Н,0; s ЕОН, eh = 
521 Nicke[ll) carbonat 100, 3333-67-3 118.702 (іп rhomb cry 4.39 0.004320 $ dilacid = 
522 Nicke(ll) chbride сі, 7718-54-9 129.598  yelhex cry; hyg 1009 p 985 sp 351 67.55 s EOH ээ 
523 Міске(П) chbride hexahydrae ІСІ, - 6H,0 7791-20-0 237689 grn monoclcry 67.55 s EDH 

524 Nicke[ll) cyanide ttahydrab (СМ), -4Н,0 13477-95-7 182.789 grn р 200 dec i H50; sldilacid; s МН «ОН 

525 Nickel(II) f Uoride iF, 10028-18-9 96.690 уе cry 1474 47 2.565 i EDH, eh 

526 Nicke(II) hydroxide (ОН), 12054-48-7 92.708 от hex cry 230 авс 44 0.00015% 

527 Міске() hydroxide monohydrat ЦОН),-Н,0 36897-37-7 110.723  grn powder 0.00015? 5 dilacid 

528  Nicke(ll) 1008 10103), 13477-98-0 408.498  yelneedbs 5.07 1.19 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
529 Міске() iodide il; 3462-90-3 312502 bk hex cry; ћуд 780 subl 5.22 1545 
530 Nicke[ll) iodide hexahydrat il; - 6H,0 7790-34-3 420.593 grn monoclcry; hyg 154% vs EDH 
531 Nicke(II) п ав (М0-); 3138-45-9 182.702 grn cry 99.225 s EDH 
532 Nicke[ll) пав hexahydrab (МО), · 6Н,0 3478-00-7 290.794 grn monoclcry; hyg 56 dec 2.05 99.225 s EOH 
533 Nicke[ll) oxide 10 1313-99-1 74.692 grn cub cry 1955 6.72 i Н,0; s acid 
534 Nicke[ll) sebnide iSe 1314-05-2 137.65  yelgrn hex cry 980 72 2 
535 Міске(П) suf ab 150, 7786-81-4 154.757  grn-yelorh cry 840 dec 401 40.425 e 
536  Nicke(!l) suf аё hepahydrab 150, - 79,0 0101-98-1 280.863 grn orh cry 1.98 40.425 $ ЕОН n 
537 Nicke[ll) suf ab hexahydrat iSO, - 6H,0 0101-97-0 262.848  blie-grn et cry “100 dec 2.07 40.425 SIEOH б 
538  Nicke(ll) suf ide 15 6812-54-7 90.759 yelhex cry 976 55 i Н,0 Ё 
539  Nicke(!l) hiocyanae i(SCN), 3689-92-4 174.859 grn pwd 55.025 © 
540 Меке (1) {впав то, 2035-39-1 154.558 бт hex cry 50 © 
541 Nickel(II II!) suf ide iS, 2137-12-1 304.344 cub cry 995 4.77 2 
542 Міске(ШІ) oxide 10, 1314-06-35 165.385  gray-bk cub cry =600 dec i H50; s hotacid = 
543 Міске(Ш) suf ide iS; 2035-72-2 240.212 hex cry 787 5.87 > 
544 Niobium b 7440-03-1 92.906 (тау meal cub 2477 4744 8.57 i acid 2 
545 Niobium boride bB 2045-19-1 103.717 gray orh cry 2270 75 9 
546 Niobium boride bB, 2007-29-3 114.528 gray hex cry 3050 6.97 ° 
547 Niobium carbide bC 2069-94-2 104.917 gray cub cry 3608 4300 7.82 i H,O, acid 2 
548 Niobium carbide 050 2011-99-3 197.824 ref rac hex cry 3080 78 ін,0 ” 
549 Niobium nitide bN 24621-21-4 106.913 gray cry; cub 2300 8.47 i НСІ acid ° 
550 Niobium phosphide bP 2034-66-1 123.880 tt cry 6.5 Е 
551 Niobium silcide 051, 2034-80-9 149.077 gray hex cry 1950 5.7 > 
552 Niobium(ll) oxide bO 2034-57-0 108.905 gray cub cry 1936 7.30 2 
553 Niobium(Ill) bromide bBr, 5752-41-7 332.618 dark brn sold subl б 
554 Niobium(lIl) chbride ӘСІ, 3569-59-0 199.264 bk sold б 
555 Niobium(II!) f uoride bF, 5195-53-6 149.901 ble cub cry 42 ° 
556 Niobium(IV) chbride ӘСІ, 3569-70-5 234.717  viotbk monoclcry 215 subl 32 < 
557 Niobium(IV) f Loride bF, 3842-88-1 1683900 bk t cry; hyg >350 dec 4.01 ë 
558  Niobium(IV) iodide bl, 3870-21-8 600.524 gray orh cry 503 56 ct 
559 Niobium(IV) oxide 00, 2034-59-2 124.905 wh et cry or powder 1901 59 2 
560  Niobium(IV) зевтае bSe, 2034-77-4 250.83 gray hex cry >1300 6.3 Я 
561  Niobium(IV) suf ide bS, 2136-97-9 157038 bk rhomb cry 44 ° 
562 Niobium(IV) euride bTe, 2034-83-2 34811 hex cry 7.6 © 
563  Niobium(V) bromide bBr, 3478-45-0 492.426 oran orh cry 254 360 4.36 $ H0, EOH ” 
564 Niobium(V) chbride ЫС; 0026-12-7 270.170 yelmonoclcry; hyg 204.7 254.0 2.78 гвас Н,0: $ НС] ct = 
565 Niobium(V) f uoride bF; 7783-68-8 187898  colmonoclcry; hyg 80 229 2.70 reac Н,0; 5105 ,, chl 2 
566  Niobium(V) iodide bl, 3779-92-5 727.428  yekbk monoclcry =200 dec 5.32 2 
567  Niobium(V) oxide 0,0, 1313-96-8 265.810 wh orh cry 1512 46 1Н,0: s HF т 
568  Niobium(V) oxybromide bOBr, 4459-75-7 348.617 уеНтп cry 54320 dec subl xd 
569  Niobium(V) oxychbride 0061, 3597-20-1 215263 wh et cry subl 3.72 
570  Niobium(V) dioxyf boride bO;F 5195-33-2 143.903 wh cub cry 40 
5/1 Nitogen n 7727-37-9 28.013 с01085 -210.00 -195.79 1.145 g/L SIH ‚0; i EDH 
572 Nitamide ONH; 7782-94-7 62028 unshbDb wh cry 72 dec S ЊО, EOH, ace, eh; i chl 
573 Nitic acid НМО, 7697-37-2 63.013 collq; hyg -41.6 83 1.55 vs H,0 
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574 Nitous acid HNO, 7782-77-6 47.014 5808 опу in soh 

575 Nitous oxide „0 0024-97-2 44.012  colgas -90.8 -88.48 1.799 g/L ЗІН ‚0; s EDH, eh 

576  Nitic oxide 0 0102-43-9 30.006 colgas -163.6 -151.74 1226 g/L 5ІН,0 

577 Nitogen dioxide 0, 0102-44-0 46.006 brn gas; equilwih N ‚0, see №0, 1.880 g/L геас Н,0 

578  Nitogen tioxide 0; 0544-73-7 Т6.011 ble sold ог Iq (bw emp) -101.1 =3 dec 1.42 геас Н,0 

579 Nitogen btoxide 0, 0544-72-66 92.011  collg; equilwih МО › -9.3 21.15 1.4520 геас Н,0 

580  Nitogen penbxide „05 0102-03-1 108.010 со!һех cry 33 sp 20 $ chi 510 

581 Nitogen tibromide Br, 5162-90-0 253.719  unsbbb sold exp -100 2 
582  Nitogen tichbride Cl, 0025-85-1 120.365  yeloiy 19; exp -40 71 1.653 i Н,0; s С5,, bz, ct ње 
583  Nitogen tif uoride F, 7783-54-2 71.002  colgas -206.79 -128.75 2.902 g/L 1Н,0 n 
504 Nitogen tiiodide ls 3444-85-4 394.720  unsbbb bk cry; exp б 
585  Nitogen chbride dif цопае CF, 3637-87-14 87.457  colgas -195 -67 3.575 g/L Ё 
586  Chbramine Н.С! 0599-90-35 51.476 уві -66 S Н,0, ЕН, eh; 512, ССІ , ^ 
587  Flüoramine ЊЕ 5861-05-9 35.021 unshbb gas 1.431 g/L © 
588 Dif lioramine HF, 0405-27-3 53.012 с01088 -116 -23 2.167 g/L Z 
589 cis-Dif Uorodiazine "P 3812-43-6 66.010 с01088 «-195 -105.75 2.698 g/L 2 
590 tans-Dif Uorodiazine Р, 3776-62-0 66.010 с01088 -172 -111.45 2.698 g/L » 
591  Tetaf uorohydrazine WF 0036-47-2 104.007  colgas -164.5 -74 4.251 g/L 2 
592 Nitosylbromide OBr 3444-87-6 109.910 164 gas -56 = 4.492 g/L геас Н,0 un 
593 Nitosylchbride OCI 2696-92-6 65.459  yelgas -59.6 -55 2.676 g/L reac Н,0 o 
594 Nitosylf џопде OF 7789-25-5 49.004  colgas -132.5 -59.9 2.003 g/L = 
595 Trifuoramine oxide ОБ, 3847-65-9 87.001 с01085 -161 -87.5 3.556 g/L 2 
596 Nitylchbride С! 3444-90-1 81.459 с01088 -145 -15 3.330 g/L о 
597 Nitylf Uoride СЕ 0022-50-1 65.004  colgas -166 -72.4 2.657 g/L reac Н,0 Е 
598  Nitogen sebnide 964 2033-88-4 371.87 red monoclcry; hyg exp 42 i H0, eh, EDH; slbz, CS , > 
599  Nobelum 0 0028-14-5 259 тей! 827 2 
600 Osmium Os 7440-04-2 190.23  blie-wh тев hex 3033 5012 22.59 s aqua regia б 
601 Osmium carbonyl 0s,(CO),. 5696-40-9 906.81 уеісгу 3.48 б 
602  Osmium(Ill) bromide OsBr, 59201-51-3 42994 dark gray cry 340 dec о 
603 05тішті( ПІ) chbride 0801, 3444-93-4 296.59 gray cub cry >450 dec i H0; s HNO; 2 
604  Osmium(IV) chbride 0801, 0026-01-4 33204  red-bk orh cry 450 sp 4.38 reac Н,0 ë 
605 Osmium(IV) f Loride OsF, 54120-05-7 266.22  yelcry 230 c 
606 Osmium(IV) oxide 080, 2036-02-1 22223 уеп et cry 114 i H0, acid 2 
607 Osmium(V) f Uoride ОЗЕ, 31576-40-6 285.22 ble cry 70 225.9 reac Н,0 Я 
608 Osmium(VI) f Lioride OsF, 3768-38-2 30422  yelcub cry 33.2 475 41 reac Н,0 ~ 
609 Osmium(VIII) oxide 050, 20816-12-0 25423  yelmonoclcry 41 135 51 6.4420 e 
610 Oxygen 0, 7782-44-7 31.999  colgas -218.79 -182.95 1.308 g/L SIH ‚0, EOH, os ” 
611 Ozone 0, 0028-15-6 47.998 ble gas -193 -111.35 1.962 g/L 5ІН,0 = 
612 Pahdium Pd 7440-05-3 0642 siv-wh mel cub 1554.9 2963 12.0 s aqua regia 2 
613  Pabdium(Il) suf ide PdS 2125-22-3 38.49 gray et cry 6.7 2 
614  Pabdium(Il) bromide PdBr, 3444-94-5 266.23  red-bk monoclcry; hyg 250 dec =5.2 i H,0 = 
615  Pahdium(lI) chbride PdCl, 7647-10-1 77.33 тей rhomb cry; hyg 679 40 S Н,0, EOH, ace = 
616 Pakdium(I!) f boride PdF, 3444-96-7 44.42 violet cry; hyg 952 5.76 reac Н,0 

617 Pakdium(I!) iodide Pdl, 7790-38-7 360.23 bk cry 360 dec 6.0 #60, EOH, eh 

618 Pabdium(ll) nitae Pd(NO;), 0102-05-3 230.43 brn hyg cry dec SIH ‚0; s dilHNO , 

619  Pabdium(Il) oxide Рао 1314-08-5 22.42  grn-bk et cry 750 dec 83 i H0, acid; slaqua regia 

620 Phosphorus (whib) P 7723-14-0 30.974 colwaxlke cub cry 44.15 280.5 1.823 i H50; 8107, EDH, ch| s CS , 

621 Phosphorus (red) P 7723-14-0 30.974  red-violamorp powder 590 p 431 sp 2.16 i H0, os 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
622 Phosphorus (back) Р 7723-14-0 30.974 bk orh cry or amorp sold 610 2.69 108 
623  Phosphine РН, 7803-51-2 33.998  colgas; f am -133.8 -87.75 1.390 g/L i H,0; sIEOH, eh 
624 Diphosphine P.H, 3445-50-6 65.980 со -99 63.5 dec геас Н,0 
625  Diphosphorus etachbride PCI, 3497-91-1 203.759  coloil Iq -28 “180 dec 
626 Diphosphorus etaf Loride РЕ, 3824-74-3 137.942 с01085 -86.5 -6.2 5.638 g/L 
627  Diphosphorus etaiodide Poly 3455-00-0 569.566 red ticlneedks 125.5 dec 3.89 2 
628 Phosphonium chbride PH,CI 24567-53-1 70.459 (45 -21 sp 2.880 g/L reac Н,0 ме 
629  Phosphonium iodide PH, 2125-09-6 161.910 colet cry 18.5 62.5 2.86 геас Н,0, EDH n 
630 Phosphoric acid (orhophosphoric acid) ЊРО, 7664-38-2 97.995  colvisc 19 42.4 407 54820 s EOH б 
631  Phosphonic acid (phosphorous acid) Н-РО, 3598-36-2 81.996 wh hyg cry 74.4 200 1.65 309° vs EDH Ё 
632  Phosphinic acid (hypophosphorous acid) НРН,0, 6303-21-5 65.997 һуа cry ог coloiy Iq 26.5 130 149 vs HO, EDH, eh © 
633 Меврһоѕрһогіс acid НРО, 37267-86-0 79.980 (15010; hyg SIH 0; s EDH © 
634  Hypophosphoric acid „Р,05 7803-60-35 161.976  colorh cry 73 dec vs HO 2 
635  Diphosphoric acid (pyrophosphoric acid) „Р,0; 2466-09-353 177.975 wh су 71.5 70923 = 
636 Пі uorophosphoric acid РО 3779-41-4 101.978  collq 2-94 110 dec 1.583 reac Н,0 » 
637  Hexaf огорћозрћопс acid HPF, 6940-81-1 145.972  coloil Iq 25 dec reac Н,0 2 
638  Florophosphonic acid H;PFO, 3537-32-1 99.986  colvisc Iq <-70 1.82 vs HO 9 
639 Phosphorus nitide P.N, 2136-91-3 162.955 /yelbrn sold 800 dec iH,0; $ os © 
640 Phosphorus sesquisuf ide Р,5, 1314-85-8 220.093  yelgrn orh cry 172.5 407 2.03 i Н,0: s bz vs CS, 2 
641 Phosphorus ћерази! ide Р,5, 2037-82-0 348.357  pab yelmonoclcry 312 523 2.19 5165; ” 
642  Phosphonitilc chbride timer (РКСІ,); 940-71-6 347.657 wh hyg cry 128.8 1.98 reac Н,0 ° 
643 Рһоѕрһогиѕ(111) bromide РВг, 7789-60-8 270.686  collq -41.5 173.2 28 reac Н,0, EDH; s ace, CS ; Е 
644  Phosphorus(llI) dibromide f uoride РВЉЕ 5597-39-4 209.780  collq -115 78.5 > 
645 Рповрїогив(11) bromide dif џопде PBrF, 5597-40-7 148.875  colgas -133.8 -16.1 6.085 g/L 2 
646 Рһоѕрһогиѕ(111) chbride PCI, 7719-12-2 137332 СОО -93.6 76.1 1.574 reac Н,0, ЕН; s bz, ch| eh [el 
647 Рһоѕрһогиѕ(111) dichbride f uoride PCLF 5597-63-4 120.877  colgas -144 13.85 4.941 g/L б 
648 Рһоѕрһогиѕ(111) chbride dif џопде PCF, 4335-40-1 104424  colgas -164.8 -47.3 4.268 g/L о 
649 Рһоѕрһогиѕ(111) f uoride PF, 1183-55-3 87.969 — colgas -151.5 -101.8 3.596 g/L reac Н,0 < 
650 Рһоѕрһогиѕ(111) iodide РІ; 3455-01-1 411.687 гей-огап hex cry; hyg 61.2 227 dec 4.18 reac Н,0; s EDH S 
651  Phosphorus(lIl) oxide Р,0, 1314-24-5 109.946 colmonoclcry or Iq 23.8 173 243 reac Н,0 (= 
652 Tetaphosphorus(II!) hexoxide РАЈЕ 2440-00-5 219.891 sof twh cry 23.8 1754 2 
653 Рїоврїїоги8(1) seenide Р;56; 1314-86-9 298.83  oran-red cry 245 «380 1.31 reac Н,0; s bz, ct, CS ;, ace Я 
654  Phosphorus(!ll) suf ide Р,5; 2165-69-4 158.146  yelsold 290 490 reac Н,0; s EDH, eh, CS ; б 
655  Phosphorus(V) bromide PBr, 7789-69-7 430.494 yelorh cry, Donnay “100 dec 3.61 reac Н,0, EDH; s CS „ ct © 
656 Рпозрїїогив(У) etabromide f loride PBr,F 369.588 рав yelcry 87 dec ” 
657  Phosphorus(V) dibromide tif цопае PBr,F, 3445-58-4 247.777  yekred Iq -20 15 dec = 
658 Phosphorus(V) chbride PCl; 0026-13-8 208238 wh-yeltt cry; hyg 167 p 160 sp 2.1 reac Н,0: s CS,, ct 2 
659  Phosphorus(V) etachbride f Uoride PCLF 3498-11-8 191.783 coliq -59 30 dec = 
660 — Phosphorus(V) tichbride dif uoride РСЕ, 158704-27-9 175.329 collq -63 с 
661  Phosphorus(V) dichbride tif Uoride PCLF, 3454-99-4 158.874  colgas -125 71 6.494 g/L xd 
662  Phosphorus(V) chbride ма uoride PCF, 142421 colgas -132 -43.4 5.821 g/L 
663 Phosphorus(V) f ioride PF, 7647-19-0 125.966 colgas -93.8 -04.6 5.149 g/L reac Н,0 
664  Phosphorus(V) oxide РАЈЕ 1314-56-3 141.945 wh orh cry; hyg 562 605 2.30 геас Н,0, ЕОН 
665  Phosphorus(V) sebnide P,S6; 1314-82-5 456.75  bk-purp amorp sold reac hotH 0, ct; i CS , 
666 Рһоѕрһогиѕ(\) suf ide Р,5, 1314-80-3 222.278 діп-убіһуд cry 285 515 2.03 reac Н,0: s CS, 
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667 Рһоѕрһопіс dif џопде РОР,Н 4939-34-5 85.978 vohib Iq >-120 =60 (gas uns&b) 

668 Phosphoric tibromide (phosphoryl РОВг, 7789-59-5 286.685  faintoran phbs 55 191.7 2.022 reac Н,0; s bz, eh, chl 
bromide) 

669 Phosphoric dibromide chbride POBr,Cl 3550-31-7 242.234  yelsold 31 165 

670 Phosphoric dibromide f Uoride РОВЉЕ 4014-19-8 225.779 со -117.2 1101 

671 Phosphoric bromide dichbride POBrCl, 3455-03-3 197.782 collq 11 136.5 21044 

672 Phosphoric bromide dif uoride РОВТҒ; 4014-18-7 164.874 coliq -84.8 31.6 

673 Phosphoric bromide chbride f Loride РОВГСЕ 4518-81-1 181.328 coliq 79 

674  Phosphoric tichbride (phosphoryl POCI, 0025-87-3 153.331 collq 1.18 105.5 1.645 геас Н,0, EDH 
chbride) 

675 Phosphoric dichbride f uoride POCLF 3769-76-1 136876  collq -80.1 529 

676 Phosphoric chbride dif цопае POCF ; 3769-75-0 120.423  с01088 -96.4 3.1 4.922 g/L 

677 Phosphoric tif boride (phosphorylf џопде) POF, 3478-20-1 103.968  colgas -39.1 р -39.7 8р 4.250 g/L геас Н,0 

678 Phosphoric tiodide (phosphoryliodide) POI, 3455-04-4 427.686 мосу 53 

679 Рћозрћогоћос tibromide PSBr, 3931-89-3 302.752 уеісгу 37.8 212 dec 2.85 

680 Phosphorohioc dibromide f џопде PSBr,F 3706-10-0 241846 уе -15.2 125.3 

681  Phosphorohioc bromide dif џопде PSBrF, 3706-09-7 180.941 уе -136.9 35.5 

682  Phosphorohioc tichbride Р5СІ; 3982-91-0 169.398  fuming 10 -36.2 125 1.635 reac Н,0; s bz, cb, chl CS , 

683  Phosphorohioc dichbride f Lioride PSCLF 155698-29-6 152.943  collq -96.0 64.7 

684  Phosphorohioc chbride dif Loride PSCF ; 2524-02-9 136.490  colgas -155.2 63 5.579 g/L 

685  Phosphorohioc tif uoride PSF, 2404-52-6 120035  colgas -148.8 -52.25 4.906 g/L 

686 Phosphorohioc tiiodide PSl; 63972-04-3 443.753 уеісгу 48 dec 

687 Рипип Pt 7440-06-4 195.08 — siv-gray тев! cub 1768.4 3025 215 i acid; s aqua regia 

688 Ри пит(1) bromide РВг; 13455-12-4 354.89  red-brn powder 250 dec 6.65 ін,0 

689 Рипит(1) chbride PCI; 10025-65-7 265.98 (ІП hex cry 581 dec 6.0 i Н,0, EDH, eh; $ НСІ 

690 Ри пит(1) iodide РІ; 7790-39-8 448.89 bk powder 325 dec 6.4 i HO 

691 Patnum(I!) oxide PD 12035-82-4 211.08 bk tt cry 325 dec 14.1 i H,0, ЕОН, s aqua regia 

692  Pàtnum(!l) suf ide РБ 12038-20-9 22714 tt cry 10.25 

693 Рипит(1) bromide РВг; 25985-07-3 434.79  grn-bk cry 200 авс 

694 Рипит(1) chbride PCI, 25909-39-1 301.44  grn-bk cry 435 авс 5.26 

695 Ри пит(1У) bromide PBr, 68938-92-1 514.60  brn-bkcry 180 dec 0.4120 SIEOH, eh 

696  Phtnum(IV) chbride РОГ, 37773-49-2 336.89  red-brn cub cry 327 dec 4.30 14255 

697  Phtnum(IV) chbride penBhydrab РСІ,-5Н,0 3454-96-1 426.97 red cry 2.43 s H0, EOH 

698  Pàtnum(IV) f Uoride PF, 3455-15-7 271.07 red cry 600 

699  Pàtnum(IV) iodide Рі, 7790-46-7 702.70  brn-bk powder 130 dec $ Н,0 

700  Patnum(IV) oxide PD, 1314-15-4 227.08 bk hex cry 450 11.8 i Н,0; s conc acid, dilak 

701 Patnum(IV) suf ide PB, 2038-21-0 259.21 hex cry 7.85 

702  Ptnum(VI) f loride РЕ, 3693-05-5 309.07 тей cub cry 61.3 69.1 =4.0 

703  cis-Diamminedichbrop&tnum P(NH 4),01, 5663-27-1 300.04  yelsold 270 dec 0.253% 

704 tans-Diamminedichbropatnum Р(МН ,),Cl; 4913-33-8 300.04 pał yelsold 270 dec 0.03625 s DMF, DMSO 

705  Hexachbrop&tnic acid hexahydrae H;PCI · 6H,0 6941-12-1 517.80 brn-yelhyg cry 60 2.43 14018 vs EDH 

706  Pàtnum silcide РБ! 2137-83-6 22316 orh cry 1229 12.4 

707 Рибпішт Ри 7440-07-5 244 siv-wh meal топос! 640 3228 19.7 

708  Pubnium nitide Pu 2033-54-4 258 gray cub cry 2550 144 

709  Pübnium(lI) oxide Рио 2035-83-5 260 cub cry 14.0 

710 Pubnium(II!) bromide PuBr, 5752-46-2 484 grn orh cry 681 6.75 580 

711  Pubnium(lIl) chbride PuCl, 3569-62-5 350 grn hex cry 760 5.71 58,0 

712  Pubnium(lIl) f uoride PuF, 3042-83-6 301 purp hex cry 1396 9.33 i H0; slacid 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
713  Pubnium(IIl) iodide Pul; 13813-46-2 625 grn orh cry; hyg TIT 6.92 $ НО 
714 Рибпішт(і) oxide Ри0, 12036-34-9 536 bk cub cry 10.5 
715  Pubnium(IV) f опде PuF, 13709-56-3 320 red-brn monoclcry 1027 71 
716 Pubnium(IV) oxide РиО, 12059-95-9 276 yetbrn cub cry 2400 11.5 
717  Pubnium(VI) f boride Рибе 13693-06-6 358 red-brn orh cry 52 5.08 
718 Pobnium Po 7440-08-6 209 Sik meal cub 254 962 9.20 2 
719  Pobnium(IV) chbride PoCl, 10026-02-5 351 yelhyg cry =300 390 S H0, EDH, ace ме 
720  Pobnium(IV) oxide РоО, 7446-06-2 241 yelcub cry 500 dec 8.9 n 
721  Po&ssium K 7440-09-7 39.098 sof tsiv-wh meal cub 63.5 759 0.89 геас Н,0 о 
722  Po&ssium acebb КОН, 127-08-2 98.142 wh hyg cry 309 1.57 2695 s EDH; i eh Ё 
723 Poassium aluminat tihydrae КАБО, -3Н,0 12003-63-3* 250.204 wh orh cry 218 vs ЊО; i EDH б 
724 Po&ssium аштїпит 51сав KABI ;0; 1327-44-2 278.332 colmonoclcry 2.56 ін,0 © 
725  Po&ssium аштїпит suf ab КА(50 ,); 10043-67-1 258.207 wh hyg powder 5.920 2 
726  Po&ssium auminum suf ab додесаћудгав KA(SO ,), - 129,0 7784-24-9 474.391 colcry =100 dec 1.72 5,020 = 
727  Po&ssium amide КМН, 17242-52-3 55121 wh/yelgrn hyg cry 335 геас Н,0, ЕОН > 
708  Po&ssium агзепав Қ-А50, 13464-36-3 256.215 сосу 2.8 125% 2 
729  Po&ssium arsenit КА50; 13464-35-2 146.019 wh hyg pow S Н,0; sIEDH 9 
730  Po&ssium azide КМ, 20762-60-1 81.118 et cry; exp 2.04 49.777 ° 
731 Poassium borohydride KBH, 13762-51-1 53.941 wh cub cry =500 dec 1.1 $ Н,0 2 
732 Poassium bromat KBrO; 7758-01-2 167.000 wh hex cry 434 dec 327 8.1725 i ОН ” 
733  Po&ssium bromide KBr 7758-02-3 119.002  colcub сту; hyg 734 1435 2.74 67.85 SIEOH ° 
734 Pothssium carbonab K,C0, 584-08-7 138.206 wh monoclcry; hyg 898 dec 2.29 1115 i EDH Е 
735  Po&ssium сатопав sesquihydrae К,С0,-1.5Н,0 6381-79-9 165.229  granu&r cry 11120 > 
736  Po&ssium сћргав КСО; 3811-04-93 122.549 wh monoclcry 368 dec 2.32 8.6125 2 
737  Po&ssium chbride KCl 7447-40-7 74551 wh cub cry 71 1.988 35.55 i eh, ace б 
738  Po&ssium сћготав KCrO, 7789-00-6 194191  yelorh cry 975 2.73 65.0% б 
739  Po&ssium суапав KCNO 590-28-3 81.115 — wh èt cry “700 dec 2.05 155 SIEDH о 
740  Po&ssium cyanide KCN 151-50-8 65.116 wh cub cry; hyg 634 1.55 69,920 SIEOH < 
741 Po&ssium dichromab KCr,0; 7778-50-09 294.185  oran-red ticlcry 398 =500 dec 2.68 15.12 ë 
742 Po&ssium dihydrogen arsenat КН,А80, 7784-41-0 180.034 colcry 288 287 1% i EDH ct 
743  Po&ssium dihydrogen phosphab КЊРО, 7778-77-0 136085 wh et cry 253 2.34 25.025 SIEOH z 
744 Pokssium f erricyanide К.Ре(СМ), 3746-66-2 329.244 гей cry dec 1.89 48.825 Я 
745  Po&ssium f errocyanide Ићудгав K,Fe(CN), - 3H,0 4459-95-1 422.388  yelmonoclcry 60 дес 1.85 36.025 i EOH, eh ^ 
746  Po&ssium f 01106 KF 7789-23-3 58.096 wh cub cry 858 1502 2.48 102% © 
747 Po&ssium f uoride dihydrae KF - 2,0 3455-21-5 94.127 monoclcry 41 dec 25 10225 ” 
748 Poassium f огобогае KBF, 4075-53-7 125.903  colorh cry 530 2.505 0.5525 SIEDH = 
749 Pobssium f Џоговпвав Ктаћ, 6924-00-8 392.134  colcry 730 5.24 0.5) 2 
750  Po&ssium f ormat KCHO, 590-29-4 84.116 — colhyg cry 167 1.91 33118 2 
751 Ровѕѕіит hexachbroosmae(IV) K,OsCl, 6871-60-6 481.14 red cub cry vs H,0; sIEOH с 
752  Po&ssium hexachbrop&tnae КРСТ, 6921-30-5 485.99  yekoran cub cry 250 dec 3.50 0.77% i EDH ма 
753  Po&ssium hexacyanocobabb К.Со(СМ), 3963-58-1 332.332 уе топоссгу dec 1.91 vs H0; i EDH 
754  Po&ssium hexaf uoromanganat(IV) К,МпЕ, 6962-31-65 247.125  yelhex cry reac Н,0 
755  Pohssium һеха! liorosilcae K,SiF, 6871-90-2 220.273 wh cry dec 227 0.08420 i EDH 
756  Po&ssium hexaf liorozirconae(V) К,ЛЕ, 6923-95-8 283.411  colmono cry 3.48 0,782 
757  Po&ssium hydride KH 7693-26-7 40.106 сир cry 143 reac Н,0 
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758  Po&ssium hydrogen arsenab К,НА80, 21093-83-4 218.125  colmono prisms 300 авс 18.79 i EDH 

759  Po&ssium hydrogen arsenit KAsO, - НА50, 10124-50-2 253.947 wh hyg powder 580 

760  Po&ssium hydrogen carbonat КНСО, 298-14-6 100.115 — colmonoclcry 2100 dec 2.17 36.225 i EDH 

761  Po&ssium hydrogen f lioride КНЕ, 7789-29-9 78.103 со cry 238.9 237 39.220 i EDH 

762  Po&ssium hydrogen phosphat К,НРО, 7758-11-4 174.176 wh hyg cry dec 16825 s EDH 

763  Po&ssium hydrogen phosphib K;HPO, 13492-26-7 158177 wh hyg powder dec 17020 i EDH 

764  Po&ssium hydrogen sebnie КН5е0; 7782-70-9 167.06 hyg orh cry »100 dec S ЊО; sIEDH 

765  Po&ssium hydrogen suf ab КН50, 7646-93-7 136.170 wh monoclcry; hyg =200 2.32 50.625 2 
766  Po&ssium hydrogen suf ide KHS 1310-61-8 72.172 wh hex сту; hyg 2450 1.69 S H,0, EDH ње 
767  Po&ssium hydrogen suf ide hemihydrae KHS - 0.5H,0 1310-61-8* 81.179  wh-yelhyg cry =175 17 48 Н,0, ЕОН n 
768  Po&ssium hydrogen suf ib КН50; 7773-03-7 120170 wh cry powder 190 dec 49% i EDH б 
769  Po&ssium hydrogen &rtae КНС,Н,0, 868-14-4 188.177 wh cry 1.98 0.5720 S acid, ak; i EDH Ё 
770  Po&ssium hydroxide KOH 1310-58-3 56.105 wh rhomb cry; hyg 406 1327 2.044 1215 S EOH; s MeOH б 
771  Po&ssium ћурорћозрћје КН,РО, 7782-87-8 104.087 wh hyg cry dec vs H0; $ EDH о 
772  Po&ssium 10088 КІ0; 7758-05-6 214001 wh monoclcry 560 dec 3.89 9.2225 2 
773  Po&ssium iodide К 7681-11-0 166.003  colcub cry 681 1323 3.12 1485 SIEOH 2 
774 Ройв5ішті iron(II!) oxabe tihydrae К.Ёе(С,0,3-3Н,0 491.243  grn mono cry 100 230 dec 2.133 47 i EDH » 
775 Poassium тапдапав K,Mn0, 10294-64-1 197.133 огт cry 190 dec S Н,0: reac НСІ 2 
776 Ройв5ішті тевагзепае КА50; 19197-73-0 162.018 wh sold 660 un 
777  Po&ssium mebbisul ib К,5,0, 16731-55-8 222326 wh powder 2150 dec 23 49.55 reac acid; i ЕОН o 
778 Poassium теврогав КВ0, 13709-94-9 81.908 wh hex cry «23 = 
779  Po&ssium тоубдав К,Мо0, 13446-49-6 238.14 wh hyg cry 919 23 1835 i EDH 2 
780  Po&ssium пюБав КМОО, 12030-85-2 180.002 wh rhomb cry “1100 4.64 i H,0 ° 
781  Po&ssium nitat КМО, 7757-79-1 101.103  colrhomb cry or powder 337 400 dec 2.11 38.325 i EDH Е 
782  Po&ssium nitib КМО, 7758-09-0 85.104 wh hyg cry 441 537 ехр 1.915 312% SIEOH > 
783 Poassium oxabe K,C,0, 583-52-8 166.216 wh pwd 5ІН,0 2 
784  Po&ssium охайв monohydrae К,С,0,-Н,0 6487-48-55 184.231 сосу 160 dec 2.13 36.420 б 
785  Po&ssium oxide К.О 12136-45-7 94.196 gray cub cry 350 dec 2.35 S H0, EOH, eh б 
786  Po&ssium регготаё KBrO, 22207-96-1 183.000 wh cry 275 дес 4.2125 о 
787  Po&ssium регсћргав KCD , 7778-74-7 138.549  colorh cry; hyg 525 2.52 2.085 2 
788  Po&ssium реподав КІ0, 7790-21-8 230.001 со cry 582 ехр 3.618 0.5125 ë 
789  Po&ssium permanganab КМп0, 7722-64-7 158.084 purp от cry dec 2.7 7.6025 reac EDH c 
790  Po&ssium peroxide КО, 17014-71-0 110.196 — yelamorp sold 490 reac Н,0 2 
791 Pohssium persuf ab К,5,0, 7727-21-1 270.324  colcry =100 dec 248 47% Я 
792  Po&ssium рћозрћав KPO, TT18-53-2 212266 wh orh cry; hyg 1340 2.564 10625 i EDH ~ 
793  Po&ssium ругорћозрћав tihydrab K,P,0; - 3H,0 7320-34-55 384.383  colhyg cry 1090 2.33 vs H0; i EDH e 
794 Pobssium pyrosuf ab К,5,0, 7790-62-7 254.325  colneedes =325 2.28 $ Н,0 2, 
795  Po&ssium sebnab К,560, 7790-59-2 22116 wh powder 3.07 11425 = 
796  Po&ssium sebnide Кобе 1312-74-9 157.16 тей cub cry; hyg 800 2.29 $ Њ0 2 
797  Po&ssium 5ебпір К,560, 10431-47- 205.16 wh hyg cry 875 dec 2175 ЅІЕОН 2 
798  Po&ssium siver cyanide KAg(CN), 506-61-6 199.000 wh cry $ Њ0 = 
799 Pohssium эвппав tihydrab K,Sn0, - 3H,0 12142-33-5* 298.951 colcry 3.20 vs ЊО; i EDH ix 
800  Po&ssium suf ab К,50, 7778-80-5 174.261 wh orh cry 1069 2.66 12.0% i EH 

801  Po&ssium suf ide KS 1312-73-8 110.263  red-yelcub cry; hyg 948 1.74 S Н,0, EOH; i eh 

802  Po&ssium suf ide репаћудгав KS . 58,0 37248-34-3 200.339  colrhomb cry 60 vs Н,0, EDH; i eh 

803  Po&ssium suf ib К,50, 10117-38-1 158.261 со!һех cry 1062 SIEDH 

804  Po&ssium suf ie dihydrae К,50,-2Н,0 7790-56-9 194.292 wh monoclcry dec 107? SIEDH; dec dilacid 

805  Po&ssium superoxide КО, 12030-88-5 71.097 yelet cry; hyg 380 2.16 reac Н,0 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
806 Poassium Ёшгав(У!) tihydrae K,Te0, - 3H,0 15571-91-2* 32384 wh cry powder $ Њ0 
807  Po&ssium &lrie К,1е0, 7790-58-1 253.80 wh hyg cry 24460 dec vs Н,0 
808 Pohssium ёѓарогав репвћудгав K,B,0, · 59,0 1332-77-0 323.513 wh cry powder 16.530 SIEDH 
809  Po&ssium ttachbroaurat dihydrae KAuCI, - 2Н,0 13682-61-6 413.907 увітопосісгу S H0, EOH, eh 
810  Po&ssium &tachbropàtnab КРСТ, 10025-99-7 415.09 ріпк-гей tt cry 500 dec 3.38 S H,0; i EDH 
811  Po&ssium etacyanop&tnat(II) tihydrae К.Р(СМ),-3Н,0 562-76-5* 431.39 — colrhomb prisms $ Њ0 2 
812  Po&ssium etaiodomercurae(!l) но, 7783-33-7 786.40 — yelhyg cry 4.29 vs H,0; s EDH, eh, ace ме 
813  Po&ssium hiocyanae KSC 333-20-0 97.182 colt cry; hyg 173 500 dec 1.88 238% s EDH n 
814 Po&ssium hiosuf ав К,5,0, 10294-66-3 190.327  colhyg cry 1655 i EDH a 
815  Po&ssium tanab K,TiO, 12030-97-6 174.062 wh от cry 1515 3.1 геас Н,0 Ё 
816  Po&ssium tiiodide monohydrat Kl, H,0 7790-42-3 437.827 бт monoclcry; hyg 225 dec 3.5 S H,0; reac ЕОН, eh б 
817  Po&ssium hiocarbonab K,CS, 26750-66-3 186.406 yelred hyg cry vs ЊО © 
818 Po&ssium tingsbe KWO, 7790-60-5 326.04 hyg cry 921 3.12 vs H,0; i EDH 2 
819  Po&ssium игапав К.О, 7790-63-8 666.251 oran cub cry 6.12 #60; s acid = 
820 Praseodymium Pr 7440-10-0 140.908 siv mel hex 931 3520 6.77 » 
821 Praseodymium boride PrB; 2008-27-4 205.774 bk cub cry 2610 4.84 2 
822  Praseodymium bromide PrBr, 3536-53-3 380.620 (Іп hex cry; hyg 693 5.28 58,0 9 
823 Praseodymium chbride РГО; 0361-79-2 247.266 grn hex needbs; hyg 786 40 96.125 $ EDH ° 
824 Praseodymium chbride hephhydrab РГО. 79,0 0025-90-8 373.373 grn cry 110 dec 96.125 s EDH 2 
825  Praseodymium f uoride РГЕ; 3709-46-1 197.903 grn hex cry 1395 6.3 ” 
826  Praseodymium iodide Pri, 3813-23-5 521.621 от hyg cry 737 =5.8 58,0 о 
827  Praseodymium nitat Pr(NOs), 0361-80-5 326.923 pał grn hyg cry 1655 s EOH Е 
828  Praseodymium nitae hexahydrae Pr(N0,), - 6H,0 5878-77-0 435.014 (ІП needs 1655 S EOH, ace > 
829 Praseodymium nitide PrN 25764-09-4 154.915 сир cry 7.46 2 
830  Praseodymium oxide Рг,0; 2036-32-7 329.813 wh hex cry 2183 3760 6.9 о 
831 Ргазеодуптит silcide PrSi, 2066-83-0 197.079 tt cry 712 5.46 б 
832  Praseodymium suf ide Pr,S, 2038-13-0 378.013 сир cry 765 54 ° 
833 Praseodymium tliride Ре Тез 2038-12-95 664.62 cub cry 500 “7.0 < 
834 Promehium Pm 7440-12-2 145 Sik meal hex 042 3000 7.26 ë 
835  Pro&ctnium Pa 7440-13-3 231.036 shiny me&l et or cub 572 15.4 ct 
836  Pro&ctnium(V) chbride Раб 3760-41-23 408.300  yelmonoclcry 306 3.74 2 
837 Radium Ва 7440-14-4 226 wh meal cub 700 5 Я 
838 Radium bromide ВаВг, 0031-23-9 386 wh orh cry 728 5.79 70.620 s EDH ° 
839 Radium chbride Васі, 0025-66-8 297 wh orh cry 000 49 24.520 5 ЕОН © 
840 Radium f Uoride Вар, 20610-49-5 264 wh cub cry 6.7 ” 
841 Radium nitae Ra(N0,); 0213-12-4 350 cry 13.9 = 
842 Radium suf ae RaS0, 7446-16-4 322 wh cry i Н,0, acid 2 
843 Radon Rn 0043-92-2 222 001088 -71 -61.7 9.074 g/L 5ІН,0 2 
844 Rhenium Re 7440-15-5 186.207  sil-gray meal 3186 5596 208 i HCI т 
845 Perrhenic acid HReO, 3768-11-1 251.213  exisb ony in soh vs Н,0, 08 нэ 
846 Rhenium carbonyl Ве>(С0) 4285-68-8 652.515  yelwh cry 170 dec 2.87 505 
847 Вїепит(1) bromide ReBr, 3569-49-8 425.919  red-brn monoclcry 500 subl 6.10 S ace, MeOH, EDH 
848 Rhenium(Ill) chbride ReCl, 3569-63-6 292.565  red-bk hyg cry 500 dec 4.81 s H,0 
849 Вїепшит(11) iodide Rel; 5622-42-1 566920 bk sold dec 
850 Rhenium(IV) chbride ReCl, 3569-71-6 328.018  purp-bk cry; hyg 300 dec 49 
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851 Rhenium(IV) f uoride ReF, 15192-42-4 262.201 ble et cry >300 subl 7.49 

852 Rhenium(IV) oxide Ве0, 12036-09-8 218206 gray orh cry 900 dec 114 

853 Rhenium(IV) suf ide Веб, 12038-63-0 250.339  ticlcry 7.6 

854 Rhenium(IV) euride ReTe; 12067-00-4 441.41 orh cry 8.50 

855 Rhenium(V) bromide ReBr; 30937-53-2 585.727 Ыт sold 110 dec 

856 Rhenium(V) chbride Веб 39368-69-9 363.471  brn-bk sold 220 49 гвас Н,0 

857 Rhenium(V) f опде ReF; 30937-52-1 281.199  yelgrn sold 48 221.3 

858  Rhenium(V) oxide Re;0; 2165-05-8 452.411  ble-bk et cry =? = 
859 Вһепішт(\1) chbride Весь 31234-26-1 398.923  red-grn sold 29 ње 
860  Rhenium(VI) dioxydif Loride Re0,F, 81155-18-2 256203 colcry 156 n 
861  Rhenium(VI) f Uoride ReF, 0049-17-9 300197  yellg or cub cry 18.5 33.8 4.06(сгу) 5 НМ0; б 
862 Rhenium(VI) oxide Һе0; 1314-28-9 234205  redcub cry 400 dec 6.9 i H0, acid, ak < 
863 Вїепит(У!) oxybtachbride ReOCI, 3814-76-1 344.017 brn cry 29.3 223 reac Н,0 б 
864  Rhenium(VI) oxyetaf 01106: ReOF, 7026-29-8 278200 ble sold 108 1717 о 
865  Rhenium(VII) f опде Re; 7029-21-9 319.196 yelcub cry 48.3 73.7 4.32 2 
866  Rhenium(VIl) oxide Re;0; 1314-68-7 484410  yelhyg cry 297 360 6.10 S Н,0, EOH, eh, diox, ру £ 
867 Rhenium(VII) tioxychbride Re0,Cl 7791-09-5 269.658  collq 45 128 3.87 reac Н,0 > 
868  Rhenium(VII) tioxyf иогіде ВеО, 42246-24-2 253.203  yelsold 147 164 2 
869 Rhenium(VII) Шохуй boride ReO;F, 57246-89-6 275.201  yelsold 90 1854 reac Н,0 un 
870  Rhenium(VII) oxypen&f 01106 ReOF; 23377-53-9 297.198 cream sold 43.8 73.0 о 
871 Rhenium(VII) suf ide Re,S; 2038-67-4 596.876 — brn-bk tt cry 4.87 i H,0 = 
872 Rhodium Rh 7440-16-6 102.906 — siv-wh meal cub 1964 3695 12.4 | acid, slaqua regia 2 
873 Rhodium carbonylchbride Rh(CO);Cl ; 4523-22-9 388.757  red-oran cry 124 505 о 
874 Rhodium dodecacarbonyl Rh,(C0); 9584-30-6 747743 red hyg cry 2.52 reac Н,0 Е 
875 Rhodium(ll) chbride RhCl, 0049-07-7 209.264 red monoclcry 117 5.38 i НЬО; s ak > 
876 Rhodium(II!) f огї де ШЕ 60804-25-3 159.901 red hex cry 54 2 
877 Rhodium(lIl) iodide Елі; 5492-38-3 483.619 bk monoclcry; hyg 64 б 
878 Впойшит(11) oxide Rh,0, 2036-35-0 253.809 gray hex cry 1100 dec 82 б 
879  Rhodium(ll) suf ав Rh,(S0,); 0489-46-0 494.002  red-yelsold >500 dec ° 
880 Rhodium(IV) oxide RhO, 2137-27-8 134905 bk èt cry 7.2 2 
881  Rhodium(VI) f Loride RhF, 3693-07-7 216.896 bk cub cry “70 34 ë 
882 Rubidium Rb 7440-17-7 85.468 softsiy meal cub 39.30 688 1.53 reac Н,0 c 
883 Rubidium acebb RbC;H40; 563-67-7 144.512 wh hyg cry 246 vs ЊО 2 
884 Rubidium auminum suf ав RbA(SO ,), 3530-57-89 304.577 hex cry 531 1.6020 i EDH Я 
885 Rubidium auminum suf ab dodecahydrae RbA(SO ,); · 129,0 7784-29-4 520.761  colcub cry =100 dec “1,9 5,0; i EDH ~ 
886  Rubidium azide RDN, 22756-36-1 127488 tt cry; exp 317 2.79 107% e 
887 Rubidium bromat RbBrO, 3446-70-3 213.370 cub cry 430 3.68 2.9525 ” 
888 Rubidium bromide RbBr 7789-39-1 165372 wh cub сту; hyg 682 1340 3.35 1165 = 
889 Rubidium carbonab Rb,CO, 584-09-8 230.945  colmonoclcry; hyg 837 22320 2 
890  Rubidium сћбгав RbCD , 3446-71-4 168.919  colcry 319 6.6325 = 
891 Rubidium chbride RbCI 7791-11-9 120.921 wh cub сту; hyg 715 1390 2.76 93.925 ЗЇЕОН = 
892 Rubidium сћгоглав Rb,Cr0, 3446-72-55 286930  yelrhom cry 3.518 76.225 м 
893 Rubidium cyanide RbCN 9073-56-4 111.486 wh cub cry 23 5,0; i EDH, eh 

894 Rubidium f џопде RbF 3446-74-7 104466 wh cub cry; hyg 833 1410 32 3002 i EDH 

895 Rubidium hydrogen f 0106 РОНЕ, 2280-64-7 124.473 et cry 188 33 

896 Rubidium f ormat ВОСНО, 3495-35-0 130.486 wh hyg cry dec 

897 Rubidium hydride RbH 3446-75-8 86.476 wh сир cry; fam =170 dec 2.60 reac Н,0 

898 Rubidium hydrogen carbonat RbHCO, 9088-74-5 146.485 wh rhomb cry 175 dec 1162 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100 g ЊО Solubility 
899 Rubidium hydrogen suf ab RbHSO, 15587-72-1 182.540  colmonoclcry 208 29 s Њ0 
900 Rubidium hydroxide RbOH 1310-82-3 102.475  gray-wh orh cry; hyg 382 32 1738 s EOH 
901 Rubidium iodat RbIO, 13446-76-9 260.370 топо or cub cry dec 4.33 2.4405 vs НСІ 
902 Rubidium iodide ВЫ 7790-29-6 212.372 wh cub cry 642 1300 3.55 1655 s EDH 
903 Rubidium nitae ІШІН 13126-12-0 147.473 wh hex cry; hyg 305 341 65.0% 
904 Rubidium oxide Rb,0 18088-11-4 186.935 уеп cub cry; hyg 400 dec 40 reac Н,0 2 
905 Rubidium perchbrae RbCD , 13510-42-4 1843919 wh Вуд cry 281 600 авс 28 155 ње 
906 Rubidium peroxide Rb,0, 23611-30-5 202935 wh orh cry 38 reac Н,0 n 
907 Rubidium seenide Rb,Se 31052-43-4 249.90 wh сиб cry 733 3.22 геас Н,0 a 
908  Rubidium suf ab Rb,SO, 7488-54-2 267.000 wh от cry 1050 3.6 50.825 Ё 
909 Rubidium suf ide Rb,S 31083-74-6 203.002 wh cub cry 425 2.91 s H,0 б 
910 Rubidium superoxide НОО, 2137-25-6 117.467 tt cry 412 23.0 © 
911 Ruhenium Ви 7440-18-8 101.07 — siv-wh mel hex 2334 4150 121 | acid, aqua regia 2 
912 Ruhenium dodecacarbonyl Ви (С0),5 5243-33-1 639.33 огап cry 150 dec = 
913  Ruhenium(IlI) 2,4-penanedioab Ru(CH,COCHCOCH,), 4284-93-6 398.39  red-brn cry 230 » 
914 Ruhenium(III) bromide RuBr, 4014-88- 340.78 brn hex cry >400 dec 53 2 
915 Вийепїшт(ЇЇЇ) chbride RuCl, 0049-08-8 207.43 brn hex cry >500 dec 31 1Н,0: s ЕОН un 
916  Ruhenium(Ill) f Uoride Вик; 51621-05-7 58.07 brn rhomb cry >600 dec 5.36 ° 
917  Ruhenium(Ill) iodide Ви, 3896-65-6 48178  bkhexcry 6.0 2 
918  Ruhenium(IV) f Loride RuF, 71500-16-8 77.06 yelcry reac Н,0 ” 
919  Ruhenium(IV) oxide Ви0; 2036-10-1 33.07 — gray-bk et cry 7.05 i H0, acid ° 
920 Ruhenium(V) f uoride RuF; 4521-18-7 96.06 grn monoclcry 86.5 227 3.90 Е 
921 Ruhenium(VI) f Loride Рибе 3693-08-8 215.06 dark brn от cry 54 3.54 reac Н,0 > 
922 Ruhenium(VIIl) oxide RuO, 20427-56-9 65.07 — yelmonoclprisms 254 40 3.29 1719 vs cb; reac EDH 2 
923 Samarium Sm 7440-19-9 5036 si тей! rhomb 1074 1794 7.52 б 
924 Samarium boride SmB, 2008-29-6 215.23 ref rac sold 2580 5.07 б 
925 Затапит silcide SmSi, 2300-22-0 206.53 от cry 5.14 ° 
926 Samarium(ll) bromide SmBr, 50801-97-3 31047  brnory 669 reac Н,0 < 
927 Затапит(!) chbride SmCl, 3874-75-4 221.27 brn cry 855 3.69 reac Н,0 S 
928  Samarium(ll) f Uoride SmF, 5192-17-3 188.36 purp cry reac Н,0 (= 
929  Затапит(!) iodide Sml, 32248-43-4 40417 grn cry 520 reac Н,0 2 
930 батагшт(1!) bromide SmBr, 3759-87-0 390.07 увісгу 640 reac Н,0 Я 
931  Samarium(lIl) chbride SmCl, 0361-82-7 256.72  yelcry 682 4.46 93.85 ° 
932 Samarium(Ill) chbride hexahydrab SmCl, - 69,0 3465-55-9 36481  yelcry dec 2.38 93.825 © 
933 Samarium(Ill) f Uoride SmF, 3765-24-7 207.36 wh cry 1306 гвас Н,0 ” 
934 Samarium(Ill) iodide Sml; 3813-25-7 531.07 огап cry 850 reac Н,0 = 
935  Samarium(lIl) пав 5т(М0:), 0361-83-8 336.38  yelwh hyg sold 1445 5 EDH 2 
936 Samarium(Ill) nitae hexahydrae Sm(NO,), - 68,0 3759-83-6 444.47 рав yelcry 78 5 Н,0, МеОН, асе = 
937  Samarium(lIl) oxide 5,0; 2060-58-1 348.72 yelwh cub cry 2269 3780 76 с 
938  Samarium(lIl) suf ав ochhydrab 5т,(50,) - 8H,0 3465-58-2 733.03  yelcry 2.93 2.6720 xd 
939 Samarium(Ill) suf ide 51,5; 2067-22-0 396.92  gray-brn cub cry 1720 5.87 
940 Samarium(IIl) 8106 Sm,Te, 2040-00-5 683.52 от cry 7.31 
941 Scandium Sc 7440-20-2 44.956 sil meal hex 1541 2836 2.99 
942 Scandium boride ScB, 2007-34-0 66.578 refrac sold 2250 3.17 
943 Scandium bromide ScBr, 3465-59-3 284668 wh hyg cry 969 9.33 s НО 
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944 Scandium chbride ScCl, 10361-84-9 151.314 wh hyg cry 967 24 5,0; i EDH 

945 Scandium f uoride Sty 13709-47-2 101.951 wh powder 1515 5ІН,0 

946 Scandium hydroxide Sc(OH), 17674-34-9 95.978 colamorp sol i H,0; s dilacid 

947 Scandium nitat 56(МО.), 13465-60-6 230.971 wh cry 169% s EDH 

948 Scandium oxide 56,0; 12060-08-1 137.910 wh cub cry 2485 3.064 S conc acid 

949 Scandium suf ide S65, 12166-29-9 186.110  yelorh cry 1775 2.91 

950 Scandium ebride 56,16; 12166-44-8 472.71 bk hex cry 5.29 

951 Sebnium ( a f orm) Se 7782-49-2 78.96 тей monoclcry 221 685 4,39 i H,0, ЕОН, 5160 2 
952  Sebnium (gray) Se 7782-49-2 78.96 (тау me&lc cry; hex 220.5 685 481 i H0, CS, ње 
953  Sebnium (viteous) Se 7782-49-2 78.96 bk amorp sold tans b gray Se 180 685 4.28 i H0; 5165, 5 
954 Sebnic acid H,Se0, 7783-08-6 44.97 wh hyg sold 58 260 dec 2.95 vs Н,0; reac ЕОН a 
955  Sebnous acid Н,5е0; 7783-00-8 28.97 wh hyg cry 70 dec 3.0 vs H0; $ EDH Ё 
956 Sebnium dioxide 860, 7446-08-4 10.96 — wh tt needs or powder 340p 315 sp 3.95 26422 S EOH, MeOH; slace б 
957 Sebnium tioxide 860, 13768-86-0 26.96 wh et cry; hyg 118 Subl 344 S Н,0, os © 
958 бебпішті bromide SejBr, 7789-52-8 317.73 red iq 225 dec 3.60 reac Н,0: s CS,, chl z 
959 Sebnium chbride Se;Cl, 10025-68-0 228.83  yelbrn oil Iq -85 130 dec 2.774 reac Н,0: s CS,, bz, cb, chl 2 
960 Sebnium ttabromide SeBr, 7789-65-35 398.58 огап-гей cry 123 reac Н,0: s CS,, chl » 
961 Sebnium etachbride 860), 10026-03-6 220.77 wh-yelcry 305 p 191.4 sp 2.6 геас Н,0 2 
962  Sebnium ttaf 101106: SeF, 13465-66-2 5495 со -10 106 2.75 reac H0; vs EOH, eh un 
963  Sebnium hexaf lioride SeF, 7783-79-1 92.95  colgas -34.6 p -46.6 sp 7.887 g/L i H,0 о 
964 Ѕевпішт oxybromide SeOBr, 7789-51-7 254.77  red-yelsold 416 220 авс 3.38 reac Н,0; s С5,, bz, ct = 
965 Sebnium oxychbride 8600), 7791-23-3 65.86 color yellq 85 177 244 reac Н,0: s ct, chl bz, bl 2 
966  Sebnium oxyf онде Se0F, 7783-43-9 32.96 со 15 125 28 reac Н,0 ° 
967 Ѕевпішт dioxydif џопде Se0,F, 14984-81-7 48.96 01088 299.5 -8.4 6.089 g/L геас Н,0 5 
968  Sebnium suf ide 565; 7488-56-4 43.09 red-yelcry 100 #60; s acid > 
969  Sebnium suf ide 58,5; 75926-26-0 350.32 огап needbs 215 244 S CS,; 5102 2 
970 Зевтит suf ide 86,5, 75926-28-2 44410 red cry 113 dec 3.29 $ bz; 5165; б 
971 Sebnium suf ide 569, 75926-30-6 537.89 огап cry 21.5 5 (5, б 
972 Silcon Si 7440-21-3 28.086 gray cry or brn amorp sold 414 3265 2.3290 i Н,0, acid; s ak © 
973 Sihne SiH, 7803-62-5 32118 — colgas;fàm -185 -111.9 1.313 g/L reac Н,0: i EOH, bz < 
974 Disihne Si; Hs 1590-87-0 62.219  colgas; fam -132.5 -143 2.543 g/L reac Н,0, ct, ch] s EDH, bz ë 
975 Trisibne SH, 7783-26-8 92.321 fam Iq -117.4 52.9 0.739 reac Н,0 c 
976 Tetasiane ИН 7783-29-1 122.421 coliq; f àm -89.9 08.1 0.792 reac Н,0 2 
977 2-Siftisiane Si Hi 3597-87-0 122.421 со -99.4 01.7 0.792 reac Н,0 Я 
978 Penhsihne ЗЕН 4868-53-2 152.523 со -72.8 532 0.827 reac Н,0 = 
979 2-Siybtasihne 5, 4868-54-3 152523 со -109.9 462 0.820 геас Н,0 e 
980 2,2-215 15 ле ЗН 5947-57-6 152.523  collq -57.8 34.3 0.815 reac Н,0 2 
981 Hexasibne SisH;, 4693-61-9 182624 collq -44.7 93.6 0.847 геас H,0 = 
982 2-Siybenhsihne Ни 4868-55-4 182.624 со -78.4 85.2 0.840 2 
983 3-Silpenasibne Ни 4868-55-4 182.624 collq -69 79.5 0.843 reac Н,0 2 
984 Hepthsihne Si; Hi 4693-65-3 212.726 collq -30.1 226.8 0.859 reac Н,0 = 
985 Cycbpentsihne Si Hi, 289-22-5 150.507 со -105 94.3 0.963 геас Н,0 ва 
986  Cycbhexasibne SisH;; 291-59-8 180.608 collq 16.5 226 геас Н,0 

987  Bromosiàne SiH,Br 3465-73-1 111014 colgas -94 1.9 4.538 g/L 

988  Bromotichbrosiàne 81С1,8г 3465-74-2 214.348 со -62 80.3 1.826 reac Н,0 

989  Chbrosiàne SiH,CI 3465-78-6 66563 с01085 -118 -304 2.721 g/L 

990  Chbrotif Lorosiàne SiCF , 4049-36-6 120.534  colgas -138 -70.0 4.927 g/L reac Н,0 

991 Dibromodichbrosiane SiBr; Cl; 3465-75-3 258.799 СОО -45.5 104 2472 reac Н,0 
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CAS Mol. Physical Density Solubility Qualitative 

No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 

992 Dibromosiàne бін, Вт; 3768-94-0 189.910 19 -10.1 66 

993 Dichbrosiane SiH,Cl, 4109-96-0 101.007  colgas; f am -122 83 4.129 g/L reac Н,0 

994 Dichbrodif uorosihne SICI,F, 8356-71-3 1363988  colgas -44 -32 5.599 g/L reac Н,0 

995 Dif Uorosibne УНР, 3824-36-7 68.099  colgas -122 “ИЯ 2.783 g/L 

996  Diiodosi&ne ЯНЬ 3760-02-6 283911 coliq -1 150 

997 Fuorosihne SIHF 3537-33-2 50108 colgas -98.6 2.048 g/L 2 
998 – |одоз ле 5193 3598-42-0 158.014  collq -57 45.6 ње 
999  Tetabromosiàne SiBr, 7789-66-4 347.702 colf uming Iq 5.39 154 28 reac Н,0 5 
2000  Tetachbrosibne 510), 0026-04-7 169.897 со uming Iq -68.74 57.65 15 reac Н,0 a 
2001  Tetaf џогоз ле SiF, 7783-61-14 104.080  colgas -90.2 -86 4.254 g/L reac Н,0 Ё 
2002  Tetaiodosi&ne Sil, 3465-84-4 535.704 wh powder 120.5 287.35 44 б 
2003 Tribromosihne SiHBr, 7789-57-3 268.806 fam Iq -73 109 27 reac Н,0 © 
2004  Tribromochbrosiàne 5Вг;С1 3465-76-4 303.251  collq -20.8 127 2.497 reac Н,0 2 
2005 Trichbrosiane SiHCl, 0025-78-2 135452 fuming Iq -128.2 33 1.331 геас Н,0 = 
2006  Trichbrof џогоз ле SICI,F 4965-52-7 153.442 с01085 12.25 6.272 g/L > 
2007  Trichbroiodosibne УСЫ 3465-85-5 261.348 coliq -60 113.5 reac Н,0 2 
2008 Тпїйогозїйпе СІНЕ; 3465-71-9 86.089 с01085 -131 -95 3.519 g/L un 
2009  Triiodosi&ne SiHl, 3465-72-0 409.807 14 8 220 dec © 
2010  Disibxane (5ІН;),0 3597-73-4 78218 gas -144 -152 3.197 g/L 2 
2011 Metsilcic acid Н,510; 7699-41-4 78100 wh amorp powder i H0; s HF ” 
2012  Orbosilcic acid H,Si0, 0193-36-9 96.116 ехіѕ5 ony in soh ° 
2013 Fuorosilcic acid ЊУ 6961-83-4 144.092 shbb ony іп aq soh 580 Е 
2014 5їїсоп carbide (hexagona) SiC 409-21-2 40.097 hard grn-back hex cry 2830 3.16 i H0, ЕОН > 
2015 5їїсоп nitide 51, 2033-89-5 140.284 gray ref rac sold; hex 1900 317 2 
2016 5їїсоп monoxide 510 0097-28-6 44.085 bk cub cry, sabe >1200 2.18 б 
2017 5їїсоп dioxide ( o-quart) 510, 4808-60-7 60.085  colhex cry tans b be quart 573 2950 2.648 i H0, acid; s HF б 
2018  Silcon dioxide ( B-quart) 510, 4808-60-7 60.085 со!һех cry tans b Наут 867 2950 2,533900 i Н,0, acid; s HF о 
2019 Silcon dioxide (tidymib) 510, 5468-32-3 60.085  colhex cry tans crisbbale 1470 2950 2.265 i H0, acid; s HF < 
2020 Silcon dioxide (crisbbalb) 510, 4464-46-1 60.085  colhex cry 1722 2950 2.334 i H0, acid; s HF S 
2021 Silcon dioxide (viteous) 510; 60676-86-0 60.085 со!һатогр sold “1700 2950 2.196 i H0, acid; s HF (= 
2022 5їїсоп monosuf ide SiS 2504-41-5 60.152 уенеа hyg powder 2:900 940 1.85 геас Н,0 2 
2023 Silcon disuf ide SiS, 3759-10-9 92.218 wh rhomb cry 1090 subl 2.04 геас Н,0, EDH; i bz Я 
2024 Siver Ag 7440-22-4 107.868 siv meal cub 961.78 2162 10.5 ° 
2025 Siver azide AgN, 3863-88-2 149.888 от cry; exp exp «250 49 0.000812 © 
2026 Siver зи Uoride АФЕ 1302-01-8 234.734  yelhex cry 100 dec 8.6 геас Н,0 ” 
2027  SiVer(I) acebb AgC; H0; 563-63-3 166.912 wh пеев or powder dec 3.26 1.0420 = 
2028  Siler(l) асеу де 0,0, 7659-31-6 239.757 wh powder; exp 2 
2029 Siler(l) arsenał Ag,AsO, 13510-44-6 462524 гей cub cry dec 6.657 0.00085 $ NH,OH = 
2030 Siler(l) асе 06 АдС,Н 13092-75-6 132.897 wh powder; exp j=) 
2031 Siver(l) bromat AgBr0, 7783-89-3 235.770 wh В cry 360 dec 5.21 0.19325 xd 
2032 Siver(I) bromide AgBr 7785-23-1 187.772  yelcub cry 432 1502 6.47 0.0000145 iacid 
2033  Siler(I) carbonat Ag; C0, 534-16-7 275.745  yelmonoclcry 218 6.077 0.003620 S acid 
2034 — Siver(I) сћргав AgCD , 7783-92-8 191319 wh cry 230 210 dec 4.430 17.625 8ЇЕОН 
2035 Siver(I) chbride AgCl 7783-90-6 143.321 wh cub cry 455 1547 5.56 0.000195 
2036 5йет() chbrib AgCD ; 7783-91-7 175.320  yelcry 105 exp 0.5525 
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2037 — Siver(!) chromab Ag;CrO, 7784-01-2 331.730  brn-red monoclcry 5.625 0.000014? 

2038  Siler(I) став Ag, C, H0; 126-45-4 512.705 wh cry powder i Н,0: s HNO, 

2039 Siler(I) cyanide AgCN 506-64-9 133.886 — wh-gray hex cry 320 dec 3.95 0.0000011 i EDH, dilacid 

2040 Siler(I) dichromae Х0,01,0, 7784-02-3 431.724 тей cry 4.770 ЯН ›0 

2041  Siver(l) diehytlihiocarbama Ag(C; H5); NCS, 1470-61-7 256.140 ром 173 S py 

2042 Siler(I) f Uoride AgF 7775-41-9 126.866  yelbrn cub cry; hyg 435 1159 5.852 17220 

2043  Siler(I) hexaf lioroantmonae AgSbF, 26042-64-8 343.618 ром 

2044 Siver(!) hexaf џогоагзепав AgAsF; 2005-82-2 296.780 pow 2 
2045 Siler(I) hexaf џогорћозрћав АдРЕ, 26042-63-7 252.832 ром 102 dec ње 
2046 Siver(l) hydrogen f oride AgHF, 2249-52-4 146.873 "уд cry dec n 
2047 Siler(I) 0088 Ад! 0; 7783-97-3 282770 wh от cry >200 5.53 0.05325 б 
2048 Siler(I) iodide Ag 7783-96-2 234772  yelpowder; hex 550 1506 5.68 0.000003 i acid Ё 
2049 Siler(I) ache monohydrat АдС,Н,0, · Н,0 128-00-7 214.954 gray cry powder 5ІН,0, EOH б 
2050 Siuer(l) me&phosphab АдРО, 3465-96-8 186.840 grn 0858 490 6.37 #60; s НМО,, МН,ОН С 
2051 Siler(I) поураав Ад,М00, 3765-74-7 375.67  yelcub cry 483 6.18 ЯН ›0 2 
2052 Siver(l) nitae AgNO, 7761-88-8 169.873 colrhomb cry 212 440 dec 4,35 23425 SIEOH, ace 2 
2053 Siler(l) nitib AgNO, 7783-99-5 153.874 yelneedes 140 dec 4.453 0.415% i EDH; reac acid » 
2054 — Siver(I) охаве Ag,C,0, 533-51-7 303.755 wh cry powder exp 140 5.03 0.004320 2 
2055 Siver(l) oxide Ag; 0 20667-12-3 231.735  brn-bk cub cry «200 dec 72 0.0025 i EDH; s acid, ak 9 
2056 51ег(1) perchbrae AgCD , 7783-93-9 207.319  colcub сту; ћуд 486 dec 2.806 55825 $ bz, ру, os о 
2057 51ег(І) perchbrae monohydrae AgCD ,- H,0 14242-05-8 225.334 hyg wh cry 43 dec 5582 = 
2058 — Siver(I) permanganat AgMn0, 7783-98-4 226.804  violmonoclcry dec 4.49 0,9118 геас EDH 2 
2059 Siler(I) рћозрћав АФРО, 7784-09-0 418576  yelpowder 849 6.37 0.0064 sldilacid о 
2060 5ішет(!) picrae monohydrat АдС,НМ0, - Н,0 146-84-9 353.979  yelcry 5ІН,0, EOH; i chl eh Е 
2061 5161) sebnae Ag,Se0, 7784-07-8 358.69 orh cry 5.72 0.11820 > 
2062  Siler(l) sebnide Ад, 568 1302-09-6 294.70 gray hex needbs 880 8.216 i H,0 2 
2063  SiVer(l) 5680 0,560, 7784-05-6 342.69 пеейзш 530 >550 dec 5.930 SIH ›0; s acid б 
2064 Siler(l) suf ab Ав;50, 10294-26-5 311.800  colcry or powder 652 5.45 0.8425 б 
2065 Siver(l) suf ide А5 21548-73-2 247.802  gray-bk orh powder 825 7.23 i H0; s acid © 
2066  Siler(I) suf № Ag;S0, 13465-98-0 295800 wh cry 100 dec 0.0004620 5 acid, МН,ОН < 
2067 5ійет(1) випае Ag; Te 12002-99-2 343.34 bk orh cry 955 8.4 ë 
2068  Siler(I) вЕајодоглегсигав(И) Ag; Hgl, 7784-03-4 923.94 yelet cry tans b red cub. «40 6.1 i H0, dilacid c 
2069  Siver(I) hiocyanae AgSCN 1701-93-5 165.952 wh powder dec Ше 2 
2070  SiVer(l) hiosuf at Ag,S,0, 23149-52-2 327.866 wh cry dec SIH ‚0; s NH,OH Я 
2071 Siler(Il) oxide Ag0 1301-96-8 123.867 gray powder; monoclor cub »100 dec 755 0.002725 S ak; reac acid ~ 
2072 SiVer(l) 10888 Ag; WO, 13465-93-5 463.57 увісгу 620 0.015 5 НМО,, МН,ОН e 
2073 Siler(ll) f boride AgF, 7783-95-1 145.865 wh or gray hyg cry 690 4.58 геас Н,0 ” 
2074 Siler(Il) oxide (А0202) А00, 25455-73-6 247.735  gray-bk cub cry »100 744 i H0; s acid, МН,ОН = 
2075 Sodium a 7440-23-5 22.990 solllsiv met cub 97.80 883 0.97 геас Н,0 2, 
2076 Sodium acebb aC; H40; 127-09-3 82.084  colcry 3282 1.528 50.425 2 
2077 Sodium acebt tihydrae aC; H0, · ЗЊО 6131-90-4 136.079 сосу 58 dec 1.45 50.425 SIEDH = 
2078 Sodium auminab 830), 1302-42-7 81.971 wh orh cry; hyg 1650 4.63 vs H,0; i EDH = 
2079 Sodium alminum hydride ЗАН , 13770-96-2 54.004 wh hyg sold 174 dec 1.24 i eh; s hf 

2080 Sodium alminum suf ab dodecahydrae aA(SO 4), - 129,0 10102-71-3 458.283  colcry «60 1.61 39,72 i EDH 

2081 Sodium amide ан, 7782-92-65 39.013 wh-grn orh cry 210 500 dec 1.38 reac Н,0 

2082 Sodium ammonium phosphat ttahydrab aNH,HPO, · 490 13011-54-6 209.069 топоссгу =80 dec 1.54 S ЊО; i EDH 

2083 Sodium arsenit аА50; 7784-46-65 129.911  wh-gray hyg powder 1.87 vs H,0; i EDH 

2084 Sodium azide ам, 26628-22-8 65010 — colhex cry 300 dec 1.846 40.820 SIEOH; i eh 
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CAS Mol. Physical Density Solubility Qualitative 

No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
2085 Sodium borohydride aBH, 16940-66-2 37.833 wh cub cry; hyg 400 dec 1.07 5520 reac EDH 
2086 Sodium бготав аВгО. 7789-38-0 150.892  colcub cry 381 3.34 39,425 i EDH 
2087 Sodium bromide аВг 7647-15-6 102.894 wh cub cry 747 1390 3.200 94.625 s EOH 
2088 Sodium bromide dihydrae авг - 29,0 13466-08-5 138.925 wh cry 36 дес 218 94.625 sIEDH 
2089 Sodium carbonat 8,00; 497-19-8 105.989 wh hyg powder 858.1 2.54 30,725 i EDH 
2090 Sodium carbonat десаћудгав а,00;. 100 6132-02-1 286142 colcry 34 dec 1.46 30.725 i EH 2 
2091 Sodium carbonat monohydrat а,С0, - H0 5968-11-6 124.005  colorh cry 100 dec 2.25 30.72 i EDH ме 
2092 Sodium chbrae aCD з 1115-09-9 106.441  colcub cry 248 >300 dec 25 10025 sIEDH n 
2093 Sodium chbride ас! 7647-14-5 58.443  colcub cry 800.7 1465 217 36.05 SIEDH a 
2094 Sodium chbrie асо, 7758-19-2 90.442 wh hyg cry “180 dec 647 Ё 
2095 Sodium chromat 8,010, 7775-11-3 161.974  yelorh cry 792 2.72 87.6% sIEOH б 
2096 Sodium chromab ttahydrab а,Ст0, - 49,0 10034-82-9 234.035 yelhyg cry dec 87.6% SIEDH © 
2097 Sodium став dihydrae а, С НО; - 29,0 6132-04-3 294.099 wh cry 150 dec vs H,0; i EDH, eh 2 
2098 Sodium суапав асмо 917-61-3 65.007 — colneedbs 550 1.89 S ЊО; sIEOH; i eh = 
2099 Sodium cyanide aCN 143-33-9 49.008 wh cub сту; hyg 563 1.6 58.220 SIEOH > 
2100 Sodium cyanoborohydride авн (СМ) 25895-60-7 62.843 wh hyg powder 240 dec 1.12 vs Н,0: $ hf; ЅІЕОН; i bz, eh 2 
2101 Sodium dichromab a Cr,0; 10588-01-9 261.968 red hyg cry 357 400 dec 1875 un 
2102 Sodium dihydrogen рћозрћав aH;PO, 7558-80-7 119.977  colmono cry 200 dec 94.925 © 
2103 Sodium dihydrogen phosphat monohydrat aH;PO, -Н,0 10049-21-5 137.993 wh hyg cry 100 dec 94.925 i EDH 2 
2104 Sodium dihydrogen phosphae dihydrab aH;PO, - 2H,0 13472-35-0 156008  colorh cry 60 dec 1.91 94.925 i EDH ” 
2105 Sodium dihydrogen hypophosphab a; H;P,0, - 6Н,0 7782-95-8* 314.031 топо phes 110 dec 1.849 2.0% i EDH ° 

hexahydrab я 
2106 Sodium dihydrogen ругорћозрћав a; H;P;0; 7758-16-9 2213939 wh powder 220 dec 21.9 58,0 e 
2107 Sodium dihionab 8,5,0, 7775-14-6 174110 — gray-wh pow 52 dec 24.120 SIEDH ” 
2108 Sodium dihionae dihydrae 8,50,.2Н,0 7631-94-05 242139  colorh cry 110 dec 219 15.19 i EDH 5 
2109 Sodium ећапове aC; H.O 141-52-6 68.050 — wh-yelhyg pow reac H0; s EDH б 
2110 Sodium f erricyanide monohydrat a;Fe(CN), - Н0 14217-21-1* 298.933 тей hyg cry S ЊО; i EDH o 
2111 Sodium f errocyanide десаћудгав a,Fe(CN), - 109,0 3601-19-9 484.061  yelmonoclcry =50 dec 1.46 2020 108 < 
2112 Sodium Гіюгійе aF 7681-49-4 41.988  colcub or et cry 996 1704 2.78 4,13% i EDH ë 
2113 Sodium ttaf џогобогав aBF, 3755-29-8 109.795 wh orh prisms 384 247 10820 SIEDH с 
2114 Sodium f uorophosphat а РОДЕ 0163-15-2 143.950 ром 2, 
2115 Sodium f ormat асно, 141-53-7 68.008 wh hyg cry 257.3 dec 1.92 94.925 SIEOH Я 
2116 Sodium germanae 8,060, 2025-19-3 6659 wh mono hyg cry 1003 3331 ж 
2117 Sodium Пехарготор ав(1У) ћехаћудгав a;PBr , · 6H,0 39277-13-9 82857 су e 
2118 Sodium hexachbroiridab(IV) hexahydrab ajlrCl; - 69,0 9567-78-3 559.004 су 600 дес Z 
2119 Sodium hexachbropatnae(IV) а, РОГ; 6923-58-3 453.77  yelhyg cry 5316 $ EDH = 
2120 Sodium hexachbropàtnab(IV) ћехаћудгав а, РОГ , - 6H,0 6923-58-3 561.87  yelcry 110 dec 2.50 5316 $ EOH; i eh ” 
2121 Sodium hexaf  огоа тав a AF 5 3775-53-6 209.941  colmonoclcry; tans cub 560 1009 2.97 i H,0 c 
2122 Sodium hexaf иогоапітопав aSbFs 6925-25-0 258.740 wh cub cry 3.375 129? S EDH, ace Е 
2123 Sodium hexaf liorophosphae monohydrat аРЕ, - HO 20644-15-9 185.969  colorh cry 2.369 1030 S EOH, MeOH, ace d 
2124 Sodium hexaf Uorosilcab а о Бе 6893-85-9 188.056 wh hex cry dec 21 0.6720 i EDH 
2125 Sodium ћехаптособаве (111) a,Co(NO,); 4649-73-1 403.935 — yetbrn cry pow vs H,0; sIEOH 
2126 Sodium hydride ан 7646-69-7 23.998 чу cub cry; fam 425 dec 1.39 reac Н,0, ЕОН 
2127 Sodium hydrogen arsenat a;HAsO, 7778-43-0 185908 wh pow =195 dec 5170 SIEDH 
2128 Sodium hydrogen arsenał ћервћудгав a;HAsO, · 79,0 0048-95-0 312.014 wh monoclcry =50 dec 1.87 51% SIEOH 
2129 Sodium hydrogen carbonat ансо, 144-55-8 84.007 wh monoclcry «50 dec 220 10.3% i EOH 
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2130 Sodium hydrogen f uoride aHF, 1333-83-1 61.995 wh hex cry »160 dec 2.08 3.2520 

2131 Sodium hydrogen рћозрћав a;HPO, 7558-79-4 141.959 wh hyg powder 17 11.85 

2132 Sodium hydrogen рћозрћав dodecahydrae а,НРО, - 12H,0 10039-32-4 358.143 colcry =35 dec 215 11.85 i EDH 

2133 Sodium hydrogen phosphat hepahydrab a;HPO, - 7Н,0 7782-85-6 268.066  colcry “1.7 11.8% i EDH 

2134 Sodium hydrogen suf ab аН50, 7681-38-1 120.062 wh hyg cry =315 2.43 28.5% 

2135 Sodium hydrogen suf ae топоћудгав aHSO, - Н,0 10034-88-5 138.077 wh monoclcry 2.10 28.525 геас EOH 

2136 Sodium hydrogen suf ide аН5 16721-80-5 56.064  colrhomb cry 350 1.79 S Н,0, EOh, eh 

2137 Sodium hydrogen suf ide dihydrae 8Н5-2Н,0 16721-80-5 92095 yelhyg needs 55 dec vs Н,0, EDH, eh 2 
2138 Sodium hydrogen suf ib аН50; 7631-90-65 104.062 wh cry 148 S Н,0; sIEDH ње 
2139 Sodium hydroxide аон 1310-73-2 39.997 wh от cry; hyg 323 388 243 100% S EDH, MeOH 5 
2140 Sodium hypochbrie aCD 7681-52-9 74442 8808 in aq soh anh f orm exp 79.925 б 
2141 Sodium hypochbrie penbhydrab 8а0С1-5Н,0 10022-70-5 164.518 рав grn orh cry 18 16 s Њ0 Ё 
2142 Sodium 10088 810, 7681-55-2 197.892 wh от cry dec 4.28 9,4725 i EDH ^ 
2143 Sodium iodide а! 7681-82-5 149.894 wh сир cry; hyg 660 304 3.67 1845 S EOH, ace о 
2144 Sodium bismuhae aBiO, 12232-99-4 279.968  yekbrn hyg cry i coll Н,0, reac acid z 
2145 Sodium meabisuf iË 8,50, 7681-57-4 190109 wh cry 66.725 SIEOH 2 
2146 Sodium meaborab аВ0, 7775-19-1 65.800 wh hex cry 966 434 246 s H0 > 
2147 Sodium messilcat 8,510, 6834-92-0 122.064 wh amorp sold; hyg 1089 2.61 S coll ‚0; reac hotH ,0 2 
2148 Sodium moybdat a; Mo0, 7631-95-0 205.92  colcub cry 687 «3.5 65.025 un 
2149 Sodium тоурдав dihydrae а,Мо0, · 240 10102-40-6 241.95 cry powder 100 dec «3.5 65.0% ° 
2150 Sodium niobab aNbO, 12034-09-2 163.894  rhomb cry 1422 455 i H,0 = 
2151 Sodium nita амо; 7631-99-4 84.995  colhex cry; hyg 307 2.26 91.225 SIEDH, MeOH 2 
2152 Sodium nitit амо, 7632-00-0 68.996 — wh от сту; hyg 271 >320 dec 247 84.825 SIEDH; reac acid о 
2153 Sodium nitoprusside dihydrae a;[Fe(CN);NO] - 29,0 13755-38-9 297.949 red cry 1.72 4016 SIEDH Е 
2154 Sodium огћомападав а VO, 13721-39-6 183.909  colhex prisms 860 5,0; i EDH > 
2155 Sodium охавв 8,0,0, 62-16-0 133.999 wh powder 2:250 dec 2.34 3.6125 i EH 2 
2156 Sodium oxide а,0 1313-59-353 61.979 wh amorp powder 1132 дес 227 reac Н,0 б 
2157 Sodium регрогав etahydrae aBO, · 49,0 7632-04-4 153.861 wh cry 60 дес гвас Н,0 б 
2158 Sodium perchbrae асо , 7601-89-0 122.441 wh orh cry; hyg 480 dec 2.52 205% о 
2159 Sodium регсћбгав monohydrat aCD ,-Н,0 7791-07-3 140456 wh hyg cry “130 dec 2.02 205% 2 
2160 Sodium periodat 810, 7790-28-5 213892 wh et cry “300 dec 3.86 14.45 S acid ë 
2161 Sodium periodat tihydrae 810, -3Н,0 3472-31-6 267.938 wh hex cry 175 dec 3.22 14.425 c 
2162 Sodium permanganat Ићудгав аМпо, · ЗЊО 10101-50-5* 195.972  red-bk hyg cry 170 dec 247 14420 reac EDH 2 
2163 Sodium peroxide 8,0, 1313-60-6 77.979  yelhyg powder 675 2.805 геас Н,0 Я 
2164 Sodium perrhenae aReO, 3472-33-8 273495 су 300 5.39 ~ 
2165 Sodium persuf ab 8,50, 7715-27-14 238.107 wh hyg cry vs Н,0; reac ЕОН e 
2166 Sodium phosphab dodecahydrab 8,Р0,-12Н,0 0101-89-0 380424  colhex cry “75 62 14.4% i EDH ” 
2167  Chbrinabd tisodium phosphab а:Р0,. Na0C 56802-99-4 238383 wh cry 255 = 
2168 Sodium phosphinab аЊРО, 7681-53-0 87.979 мһ cry 100% 2 
2169 Sodium phosphinae monohydrat aH;PO, - HO 0039-56-2 105.994  colhyg cry 310 dec 10025 s EOH 2 
2170 Sodium po&ssium hrtab etahydrae 8КС,Н,0,-4Н,0 304-59-6 282.220 wh cry “70 dec anh at130 19 vs H,0; i EDH = 
2171 Sodium pyrophosphab 8,Р,0, 7722-88-5 2653902  colcry 988 2.53 7.095 = 
2172 Sodium зевпав a;Se0, 3410-01-0 188.94  colorh cry 58,525 

2173 Sodium зевпав decahydrab а›5е0, · 109,0 0102-23-5 369.09 wh cry 61 58.55 

2174 Sodium sełnide 8,56 1313-85-5 124.94 атогр sold 2875 2.62 reac Н,0 

2175 Sodium sebnie 8,560; 0102-18-8 172.94 wh èt cry 89.85 i EDH 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
2176 Sodium starał aC Ha О» 822-16-2 306.460 wh pow SIH ›0, EOH; vs hotH ,0 
2177 Sodium зисстав ћехаћудгав aC, H,0, - 68,0 150-90-3 270.144 сту pow 120 dec 20 i EDH 
2178 Sodium suf ab а,50, 7757-82-6 142.044 wh orh cry or powder 884 27 28.15 i EDH 
2179 Sodium suf ab decahydrab a;S0, · 109,0 7727-73-3 322.197  colmonoclcry 32 dec 1.46 28.125 i EDH 
2180 Sodium suf ide 8,5 1313-82-2 78.046 wh cub сту; hyg 1172 1.856 20.625 SIEOH; i eh 
2181 Sodium suf ide nonahydrae a5 · 9H,0 1313-84-4 240484  wh-yelhyg cry =50 dec 143 20.65 SIEOH; i eh 2 
2182 Sodium suf ide pen&hydrab aS - 5H,0 1313-83-3 168.122  colorh cry 120 dec 1.58 20.625 S EOH; i eh ме 
2183 Sodium suf ie 8,50; 7757-83-7 126.044 wh hex cry dec 2.63 30.7% i EDH n 
2184 Sodium suf ib hep&hydrae aS0, - 7,0 0102-15-5 252151 wh топос!сгу; unsabe 1.56 30.725 SIEDH a 
2185 Sodium superoxide 80, 2034-12-7 54.989  yelcub cry 552 22 reac Н,0 Ё 
2186 Sodium вигав 8,160, 0101-83-4 237.58 wh powder 0.8 б 
2187 Sodium 8 8,160; 0102-20-2 221.58 wh rhomb prisms ЯН ›0 © 
2188 Sodium Btaborab 8,8,0, 1330-43-4 201.220 colglsold; hyg 743 1575 24 3.9 SIMeOH 2 
2189 Sodium etaborae десаћудгав а,В,0, · 10Н,0 1303-96-4 381.373 wh monoclcry 75 dec 1.73 3.17% i EDH = 
2190 Sodium Btaborab репаћудгав 8-В,0,-5Н,0 2045-88-4 291296 hex cry dec 1.88 3.175 > 
2191 Sodium Btaborab etahydrae a;B,0; · 49,0 2045-87-3 273281 wh monoclcry 1.95 3.175 2 
2192 Sodium etachbroauminae ЗАС! , 7784-16-93 191.783 от cry 2.01 58,0 9 
2193 Sodium etachbroaurae(!!I) dihydrae aAuCI, -2Н,0 3874-02-7 397.799  oran-yelrhom cry 100 dec 150" S EDH, eh © 
2194 Sodium  аспргорайаас (11) tihydrae а,Расі, - 3H,0 3820-53-6 348.26  brn-red hyg cry vs НО; s EDH 2 
2195 Sodium  аспргорв лав(1) etahydrae a;PCI · 49,0 0026-00-35 454.93 гей prisms 100 S H,0, EDH ” 
2196 Sodium Ма oroberyab a;BeF, 3871-27-7 130.986 от cry 575 2.47 ЯН ›0 ° 
2197 Sodium hiocyanab aSCN 540-72-7 81.074  colhyg cry 287 1515 Е 
2198 Sodium hiophosphae dodecahydrab а:Р0,5.12Н,0 0101-88-9 396.191 Пех hyg taf bb 60 vs hotH ;0 > 
2199 Sodium hiosuf ab 8,50, 7772-98-7 158110  colmono cry 100 dec 1.69 76.45 i EOH 2 
2200 Sodium hiosuf ab репаћудгав 8,5,0,.5Н,0 0102-17-7 248486 сосгу «50 dec 1.69 76.425 i EH о 
2201 Sodium timeaphosphat a. (РО) 7785-84-4 305.885 wh cry 2.49 22 С 
2202 Sodium timehphosphab ћехаћудгав a. (PO,), - 6Н,0 7785-84-4 413.976  tickrhom hyg prisms 53 1.786 22 i EDH о 
2203 Sodium Проурћозрћав а, РО о 7758-29-4 367.864 wh hyg pow 622 205 < 
2204 Sodium tngshb a,W0, 3472-45-2 29382 wh rhom cry 695 4.18 74.25 ë 
2205 Sodium tngshb dihydrab a,W0, - 2H,0 0213-10-2 329.85 wh от cry 100 dec 3.25 74.255 i EDH ct 
2206 Sodium шапа (МІ) monohydrat 8:0,0,-Н,0 3721-34-1 652.049  yelpow i Н,0: s acid 2 
2207 Sodium vanadat(V) амо, 3718-26-8 121.930  colmono prisms 630 215 Я 
2208 Sodium vanadat(V) btahydrae амо, - 49,0 3718-26-8 193.992 yelwh cry pow 215 б 
2209 Stontum Sr 7440-24-6 87.62 siv-wh meal cub т 1382 2.64 reac Њ0; s EDH о 
2210  Stontum arsenit etahydrae Sr(As0,), - 49,0 0378-48-0 37352 wh pow SIH ‚0, EOH; soldilacid ” 
2211 Stontum bromab monohydrat Sr(Br0,), - Њ0 4519-18-7 361.44  yelhyg mono cry 120 dec 3.773 39,025 = 
2212 Stontum bromide SrBr, 0476-81-0 247.43 wh et cry 657 4.216 107% 2 
2213  Stontum bromide hexahydrae SrBr, · 69,0 7789-53-9 355.52 colhyg cry 88 dec 107% s EDH; i eh 2 
2214 Stontum carbide SiC, 2071-29-3 111.64 bk tt cry >1700 3.19 i H,0 т 
2215 Stontum carbonat 5160, 1633-05-2 147.63 wh orh cry; hyg 1494 35 0.0003420 $ dilacid ма 
2216  Stontum chbrae Sr(CD 3), 7791-10-8 254.52 colcry 120 dec 3.15 17625 SIEOH 
2217 Stontum chbride 501, 0476-85-4 158.53 wh сир cry; hyg 874 1250 3.052 54.725 
2218 Stiontum chbride hexahydrab 5161, - 69,0 0025-70-4 266.62  colhygcry 100 dec 1.96 54,725 5 ЕОН 
2219 Stontum сћготав 51010, 7789-06-2 203.61 уеітопосісту dec 39 0.10620 S dilacid 
2220 Stontum cyanide dihydrae Sr(CN), - 49,0 211.72 wh hyg cry dec vs Н,0 
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2221 Stontum f errocyanide penadecahydrat SrFe(CN), - 159,0 569.80 уеітопо cry 50 

2222 Stontum f Lioride SrF, 7783-48-4 25.62 wh cub cry or powder 1477 2460 4.24 0.0212 $ dilacid 

2223 Stontum f ormab Sr(CH0;), 592-89-2 7766 — wh cry 71.9 2.693 9,10 

2224 Stontum f ormab dihydrab Sr(CH0;), - 2H,0 6160-34-5 213.69  colrhom cry 100 dec 2.25 91" i EDH, eh 

2225  Stontum hexaboride 518; 2046-54-7 5249 bk cub cry 2235 3.39 i H0; s HNO; 

2226 Згомит hydride SrH, 3598-33-9 89.64 orh cry 1050 3.26 reac Н,0 

2227  Stontum hydroxide Sr(OH), 8480-07-4 21.64  colorh cry; hyg 535 710 dec 3.625 2.2595 

2228  Stontum iodae 51(10,), 3470-01-4 437.43 Шоу 5.045 0.16525 

2229 Stontum iodide Srl, 0476-86-5 341.43 wh hyg cry 538 1773 dec 4.55 1775 

2230 Stontum iodide hexahydrae Srl, - 69,0 73796-25-5 449.52  wh-yelhex cry; hyg 120 dec 44 177% s EOH 

2231 Stontum niobab SrNb;O, 2034-89-8 369.43 monoclcry 225 5.11 iB,0 

2232 Stontum nitat Sr(N0,); 0042-76-9 211.63 wh сир cry 570 645 2.99 80.225 SIEOH, асе 

2233 Stontum nitide SrN, 2033-82-8 290.87 ref rac sold 200 reac Н,0; $ НСІ 

2234 Stontum nitib Sr(N0,); 3470-06-9 79.63  wh-yelhyg needs 240 dec 28 72.130 

2235 Stontum oxide 50 1314-11-0 03.62 — colcub cry 2531 5.1 геас Н,0 

2236  Stontum perchbrab Sr(CD 4), 3450-97-0 286.52  colhyg cry 30625 $ EDH, MeOH 

2237  Stontum permanganat tihydrab Sr(Mn0,), - 3H,0 379.54 pur cub cry 175 dec 2.15 25078 

2238  Stontum peroxide 510, 1314-18-7 19.62 wh èt cry; unsabe 215 dec 4.78 reac Н,0 

2239 Stontum рћозрћав Sr( P0); 7446-28-8 452.80 wh powder 0.00001129 ^ s acid 

2240 Ѕіопіит зебпав SrSe0, 7446-21-1 230.58 от cry 425 0.11520 S hotHCl 

2241 Stontum sebnide SrSe 1315-07-7 66.58 wh cub cry 600 4.54 

2242 Stontum orhosilcae 55910, 3597-55-2 267.32 от cry 45 

2243 Stontum silcide 5191, 2138-28-2 43.79  siV-gray cub cry 100 3.35 

2244 Stontum suf ав 5150, 7759-02-6 83.68 wh orh cry 606 3.96 0.013525 i ЕН; slacid 

2245  Stontum suf ide 515 1314-96-1 19.69 gray cub cry 2226 3.70 SIH 0; s acid 

2246  Stontum suf ір 5150, 3451-02-0 67.68 — сојсту dec 0.001525 s Н,50,, НСІ 

2247 Stontum випае SrTe 2040-08-3 215.22 wh cub cry 4.83 

2248 Ѕіопіит hiosuf ab репаћудгав 515,0;.5Н,0 5123-90-7 289.83 mono needbs 100 dec 247 36.35 i EDH 

2249 Stontum thnab SrTiO, 2060-59-2 83.49 wh cub cry 2080 54 1Н,0 

2250  Stontum 010588 50, 3451-05-35 335.46 сой cry dec 6.187 0.1415 i EDH 

2251 Sufur (rhombic) S 7704-34-9 32.066 — yelorh cry 95.3 (tans b monoc) 444.60 2.07 i Н,0: sIEDH, bz, eh; $ CS , 

2252 Sulur (monoclnic) S 7704-34-9 32.066 yelmonoclneedbs, sabe 115.21 444.60 2.07 i Н,0, sIEDH, bz, eh; s CS , 
95.3-120 

2253 Suf uric acid Н,50, 7664-93-9 98080 союу 10.31 337 18 vs НО 

2254 Регохуѕиї uric acid Н,50; 7722-86-3 114.079 wh cry; unsabb 45 dec vs Н,0 

2255  Nitosy&uf uric acid НМ050, 7782-78-7 127.078 prisms 73 dec reac Н,0; 5 Н,50, 

2256  Chbrosuf onic acid SO,(0H)CI 7790-94-5 116.525  colyellq -80 152 1.75 геас Н,0; 5 ру 

2257 Fuorosuf onic acid SO,(OH)F 7789-21-1 100.070  collq -89 163 1.726 reac Н,0 

2258 Suf urous acid Н,50; 7782-99-2 82.080 ехіѕБ опу іп soh soh of SO, in HO 

2259 Sufamic acid H,NSO.H 5329-14-6 97.095  orhcry =205 dec 2.15 14,70 81406: i eh 

2260 Suf иг dioxide S0, 7446-09-5 64.065  colgas -75.5 -10.05 2.619 g/L S ЊО, EOh, eh, chl 

2261 Suf ur tioxide S0, 7446-11-9 80.064 coliq 16.8 45 1.92 гвас Н,0 

2262 Suf ur bromide SSBr, 13172-31-1 223.940 гей oiy Iq -46 »25 dec 2.63 reac Н,0 

2263 Sulur chbride SSCI, 10025-67-9 135.037 yelred oiy Iq -77 137 1.69 reac Н,0; s EDH, bz, eh, ct 

2264 Sufur f boride SSF, 16860-99-4 102429  colgas -164.6 -10.6 4.174 g/L reac Н,0 

2265 Suf ur f boride FSSF 13709-35-8 102429  colgas -133 15 4.174 g/L геас Н,0 

2266 Sulur dichbride SCl, 10545-99-0 102.971 red visc Iq -122 59.6 1.62 reac Н,0 

2267 Sufur Ма Loride SF, 7783-60-0 108060  colgas -125 -40.45 4.417 g/L reac Н,0 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
2268 Suf ur hexaf Loride SF; 2551-62-4 146.056  colgas -50.7 p -63.8 sp 5.970 g/L SIH ›0; 5 EDH 
2269 Suf ur bromide репа! џопде SF,Br 15607-89-3 206.962 colgas -79 31 8.459 g/L 
2270 Sulur chbride penaf 101106 SEC 13780-57-9 162.511  colgas -64 -19.05 6.642 g/L 
2271 Suf ur decaf попде Sy 5714-22-7 254116 14 -52.7 30; dec 150 2.08 i H,0 
2272 Suf urylamide (МН,)50, 7803-58-9 96110 от pats 93 250 авс vs Н,0; 5ІЕОН 
2273 Suf urylchbride 50:61; 7791-25-5 134.970 coliq -51 69.4 1.680 reac Н,0; s bz, b| eh 2 
2274 Suf urylf 0108 50, 2699-79-8 102062  colgas -135.8 -554 4472 g/L ЯН ,0, EOH; s bl ct ње 
2275 Pyrosuf urylchbride 5,0561 7791-27-7 215.034 со uming Iq -37 151 1.837 reac Н,0 n 
2276  Thionylbromide SOBr, 507-16-4 207.873  yellq -50 140 reac Н,0 a 
2277  Thionylchbride 5001, 7719-09-7 118.970 уе uming Iq -101 75.6 1.631 гвас Н,0: s bz, cb, chl Ё 
2278  Thionylf иогіде SOF, 7783-42-8 86.062 с01088 -129.5 -43.8 3.518 g/L reac Н,0; s bz, eh б 
2279 Suf ur f uoride hypof Lorie F;SOF 5179-32-5 162055  colgas -86 -35.1 6.624 g/L © 
2280 Тапашт а 7440-25-7 180.948 gray тей] cub 3017 5458 64 reac HF 2 
2281 Tanam auminide aAl, 2004-76-1 261.893 gray ref rac powder “1400 7.02 i H0, acid, ak = 
2282 Тапашт boride aB 2007-07-7 191.759  refrac orh cry 2040 42 > 
2283 Tanam boride aB; 2007-35-1 202570 bk hex cry 3140 12 i H0, acid, ak 2 
2284 Тапвит carbide aC 2070-06-3 192.959  goti-brown powder; cub 3880 4780 43 S НЕ-НМО, mixtire 9 
2285 Тапвит carbide а, 2070-07-4 373.907  refrac hex cry 3327 51 о 
2286 Тапаџт nitide а 2033-62-4 194.955 bk hex cry 3090 37 i H0; slaqua regia; reac ak 2 
2287 Тапашт silcide aSi, 2039-79-1 237.119 gray powder 2200 9.14 ” 
2288 Tanhum(IV) oxide 40, 2036-14-5 212.47 et cry 0.0 ° 
2289 Tanhlim(IV) sebnide aSe; 2039-55-3 338.87 hex cry 6.7 Е 
2290 Tanhum(IV) suf ide aS, 2143-72-55: 245.080 bk hex cry >3000 6.86 i HO » 
2291  TanBum(IV) випае ale, 2067-66-2 436.15  monoclcry 94 2 
2292  TanBum(V) bromide aBr, 3451-11-1 580468  yelcry powder 265 349 4.99 б 
2293  Tan&um(V) chbride аб 7721-01-9 358.212  yelmonoclcry; hyg 216 239.35 3.68 reac Њ;0; s EDH б 
2294  TanBum(V) f uoride aF, 7783-71-3 275.940 wh monoclcry; hyg 95.1 229.2 50 S Н,0, eh; 5105 , ct о 
2295 Tanhum(V) iodide al; 4693-81-3 815470 bk hex сту; hyg 496 543 5.80 < 
2296 Tanhum(V) oxide 4,0, 1314-61-0 441.893 wh тото cry or powder 1784 82 i H0, ЮН, acid; s HF ë 
2297  Technetum C 7440-26-8 98 hex cry 2157 4265 11 ct 
2298  Technetum(V) f Uoride CF; 31052-14-9 193 yelsold 50 dec z 
2299  Technetum(VI) f Uoride CF; 3042-93-80 212 yelcub cry 374 55.3 30 Я 
2300  Teürium e 3494-80-9 27.60  gray-wh rhomb cry 449.51 988 6.24 i Н,0, bz, CS, ° 
2301  Teüric(VI) acid Н;Те0; 7803-68-1 229.64 wh monoclcry 136 3.07 50,130 © 
2302  Teürous acid H,Te0, 0049-23-7 77.61 wh cry 40 dec 3.0 ЗІН ,0; s dilacid, ak 2 
2303 Тешгішті dioxide е0, 7446-07-3 59.60 — wh orh cry 733 1245 5.9 i H50; s ak, acid = 
2304 Teurium tioxide 60, 3451-18-8 75.60 уеюгап cry 430 5.07 i HO 2 
2305 Telrium dibromide eBr, 7789-54-0 287.41 grn-brn hyg cry 210 339 reac НО; s eh; slchl 2 
2306 Telirium dichbride есі, 0025-71-5 98.51 bk amorp sold; hyg 208 328 6.9 reac Њ;0; i ct т 
2307 Тешгішт etabromide eBr, 0031-27-3 447.22  yekoran monoclcry 388 =420 dec 43 reac Н,0; s eh 22 
2308  Teürium etachbride ЕСІ, 0026-07-0 269.41 wh monoclcry; hyg 224 387 3.0 reac Њ;0; s EOH, bl 
2309 Тешгішт ttaf 10106 eF, 5192-26-4 20359  colcry 129 195 dec reac Н,0 
2310 Тешішт etaiodide el, 7790-48-90 635.22 bk orh cry 280 5.05 reac Н,0; slace 
2311 Теџпит hexaf опде eF; 7783-80-4 241.59  colgas -37.6 р -38.9 sp 9,875 g/L reac Н,0 
2312 Terbium b 7440-27-9 158.925 sil meh| hex 1356 3230 8.23 
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2313 Terbium chbride 001, 0042-88-23 265.283 wh от cry; hyg 588 4.35 58,0 

2314 Terbium chbride ћехаћудгав bCl, - 6H,0 3798-24-8 373374 hyg cry 4,35 vs Н,0 

2315  Terbium iodide bl, 3813-40-6 539638 hex cry; hyg 957 =5.2 580 

2316  Terbium nitat b(NOs), 0043-27-3 344.940 pink hyg sold 157% s EDH 

2317 Terbium nitat hexahydrab (№); - 69,0 3451-19-9 453.031  colneedbs 89 S H0, ЕОН, ace 

2318  Terbium nitide bN 2033-64-6 172.932 сиб cry 955 

2319 Terbium oxide 0,0, 2036-41-8 365.849 wh cub cry 2303 7.91 

2320  Terbium silcide 05), 2039-80-4 215.096 от cry 6.66 2 
2321 Terbium suf ide 0,5, 2138-11-23 414.049 сиб cry 6.35 ње 
2322 Тһаішт 7440-28-0 204.383 sollble-wh meal 304 1473 11.8 i Н,0: reac acid 5 
2323  Thalum(l) асећв D;H40; 563-68-8 263.427 hyg wh cry 131 3.68 S Н,0, EDH б 
2324  Thalum(l) бготав BrO , 4550-84-6 332.285  colneedbs 120 dec 0.4930 s EDH Ё 
2325  Thalum(l) bromide Br 7789-40-4 284287  yelcub cry 460 819 75 0.05920 б 
2326  Thalum(l) carbonae CO, 6533-73-9 468776 wh monoclcry 272 741 4.6920 i EDH о 
2327  Thalum(l) chbrab CD 3453-30-0 287.834  colhex cry 55 3.9220 2 
2328  Thalum(l) chbride Cl 7791-12-0 239.836 wh cub cry 430 720 7.0 0.3320 i EDH 2 
2329 Thalum(!) chromab 2010, 524.761 уеісгу 0.00320 814010, ak > 
2330  Thalum(l) cyanide С 3453-34-4 230401 wh hex phes 6.523 S Н,0, acid, EDH 2 
2331  Thalum(l) ehanobb СНО 20398-06-5 249.443  cbudy Iq -3 130 дес 3.49 геас Н,0 un 
2332  Thalum(l) f Uoride F 7789-27-7 223.381 wh orh cry 326 826 8.36 245% о 
2333  Thalum(l) f ormat CHO, 992-98-3 249.401 hygcolneedbs 101 4.97 vs Н,0: s MeOH = 
2334  Thalum(l) hexaf џогорћозрћав РЕ, 60969-19-9 349.347 wh сир cry 46 2 
2335  Thalum(l) hydroxide DH 2026-06-1 221.390  yelneedbs 139 dec 7.44 34.318 о 
2336  Thalum(l) 10088 10; 4767-09-0 379285 wh needbs 0.058 SIHNO з Е 
2337 Thalum(I) iodide | 7790-30-9 331.287 yelcry powder 4417 824 74 0.008520 i EDH > 
2338  Thalum(I) mojbdae M00, 34128-09-1 568.71  yelwh cub cry i H,0 2 
2339  Thalum(l) nitab МО, 0102-45-1 266.388 wh cry 206 450 dec 555 9.5520 i EDH б 
2340 Thalum(I) nitie МО, 3826-63-6 250.389 сиб cry 5.7 32.15 © 
2341  Thalum(l) охавв 0,0, 30737-24-7 496.786 wh powder 6.31 1.8320 ° 
2342  Thalum(l) oxide 0 1314-12-1 424.766 Бк rhomb сту; hyg 579 “1080 952 s ЊО, ЕОН < 
2343 Thalum(I) perchbrab DD , 3453-40-2 303.834 colorh cry 48 19,730 ë 
2344  Thalum(l) sebnab 2960, 7446-22-2 551.73 orh cry >400 6.875 2,820 i EDH, eh c 
2345 Thalum(!) sebnide „бе 5572-25-5 487.73 gray phbs 340 i H0, acid 2 
2346  Thalum(l) suf ab 50, 7446-18-6 504.831 wh rhomb prisms 632 6.77 5,475 Я 
2347 Thalum(lI) suf ide ES 1314-97-2 440.833  büe-bk cry 448 1367 8.39 0.0220 slak; s acid = 
2348 Тһаїшт(1!) bromide ttahydrat Br 4. 4H,0 3701-90-1 516157  yelorh cry 3.65 S H,0, EDH e 
2349 Thalum(III) chbride Cl, 3453-32-2 310.741 monoclcry 155 47 vs H,0, EOH, ef ” 
2350  Thalum(!lI) chbride etahydrae Cl, 49,0 13453-32-2* 382.803 от cry 3.00 58,0 = 
2351 Thalum(IMll)fuoride F; 7783-57-5 261.378 wh orh cry; hyg 550 dec 8.65 reac Н,0 2 
2352  Thalum(!ll) nitab МО 3); 3746-98-0 390.398 colcry reac H,0 2 
2353  Thalum(lIl) oxide 0; 1314-32-5 456.765 brn cub cry 834 102 i H50; reac acid = 
2354 Thalum(III) suf ав „(50,)» 6222-66-5 696.958  colbaf bb reac Н,0 ix 
2355  Thalum seenide Be 2039-52-0 283.34 bk sold 330 i H0, acid 

2356 Thorium ћ 7440-29-1 232.038  softgray-wh meal cub 1750 4788 117 S acid 

2357 Thorium hydride hH, 6689-88-6 234054 8 cry 9.5 

2358 Thorium boride ПВ; 2229-63-9 296.904 ref rac sold 2450 6.99 

2359  Thorium(IV) bromide hBr, 3453-49-1 551.654 wh hyg cry 679 6520 

2360 Thorium carbide hC 2012-16-7 244.049 сир cry 2500 10.6 reac Н,0 
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Мо. Мате Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 

2361 Thorium dicarbide hC, 2071-31-7 256.059 yelmonoclcry “2650 90 геас Н,0 

2362  Thorium(IV) chbride hCl, 0026-08-1 373.849  gray-wh et needs; hyg TIO 921 4.59 S H,0, EDH 

2363  Thorium(IV) f Uoride hF, 3709-59-6 308.032 wh monoclcry; hyg 1110 1680 6.1 

2364  Thorium(IV) iodide hl, 7790-49-0 739.656  wh-yelmonoclcry 570 837 

2365  Thorium(IV) nitab tahydrae h(N0,), - 49,0 33088-16-3 552419 wh hyg cry 500 dec 19120 s EDH 

2366 Thorium nitide hN 2033-65-7 246.045 ref rac cub cry 2820 11.6 reac Н,0 2 
2367 Thorium(IV) oxide 10, 1314-20-1 264.037 wh cub cry 3390 4400 10.0 i Н,0, ak; slacid ње 
2368  Thorium(IV) sebnide hSe, 60763-24-8 389.96 от cry 8.5 n 
2369 Thorium orhosilcae 1510, 4553-44-7 324.122 brn èt cry 6.7 a 
2370 Thorium silcide hSi, 2067-54-8 288.209 tt cry 1850 7,9 Ё 
2371  Thorium(IV) suf ав nonahydrae h(S0,), - 9Н,0 0381-37-0 586.303 wh monoclcry dec 28 4,220 б 
2372  Thorium(IV) suf ide 15, 2138-07-7 296.170 dark brn cry 1905 7.30 i H50; s acid © 
2373 Thulum т 7440-30-4 168.934 sil meh| hex 1545 1950 9.32 s dilacid 2 
2374 Тһшит bromide тг, 4456-51-0 408.646 wh hyg cry 954 s НО 4 
2375 Thulum chbride mCl, 3537-18-3 275292  yelhyg cry 824 $ Њ0 > 
2376  Thulum chbride hephhydrab mCl, - 79,0 3778-39-7 401.399 hyg cry S Н,0, EDH 2 
2377  Thulum f Lioride mF, 3760-79-7 225.929 wh cry 1158 s НО 9 
2378  Thulum iodide ml, 3813-43-9 549.647 yelhyg cry 1021 ° 
2379  Thulum nitat т(МО.), 4985-19-4 354.949 дт hyg sold 2125 s EOH 2 
2380 Ташит nitab penBhydrae m(NO;); - 5H,0 36548-87-5 445.025 grn hyg cry s H,0, ЕОН, ace Z 
2381 Thulum oxide m;0, 2036-44-1 385.866 — grn-wh cub cry 2341 3945 8.6 slacid ° 
2382 Тіп (gray) $n 7440-31-5 118.710 сир cry tans b wh Sn 13.2 2602 5.769 Е 
2383 Тіп (whib) $n 7440-31-5 118.710 sil et cry 231.93 2602 7.265 > 
2384 Sbnnane SnH, 2406-52-2 122.742 unshbb colgas -146 -51.8 5.017 g/L 2 
2385 Mehybhnnane SnH,CH; 1631-78-3 136.769  colgas 0 5.590 g/L reac Н,0 б 
2386  Tin(Il) асевь Sn(C,H,0,); 638-39-1 236.799 wh orh cry 183 subl 2.31 s dilHCI A 
2387 Tin(Il) bromide SnBr, 0031-24-0 278.518  yelpowder 215 639 5.12 850 S EOH, eh, ace о 
2388  Tin(Il) chbride 500), 1112-99-8 189615 wh orh cry 2471 623 3.90 17810 S EDH, ace, eh; i ху! < 
2389  Tin(Il) chbride dihydrae SnCl, · 29,0 0025-69-1 225.646 wh monoclcry 37 dec 2.71 178" S EOH, NaOH; vs НСІ ë 
2390 Тіп) f Uoride SnF, 7783-47-3 156.707 wh monoclcry; hyg 213 850 4.57 5,0; i EDH, eh, chl ct 
2391 Тіп(1) hexaf uorozirconab SnzrF; 2419-43-1 323.924 су 421 58,0 2 
2392 Тіп(1) hydroxide Sn(OH), 2026-24-3 152.725 wh amorp sold Я 
2393 Tin(ll) iodide Snl, 0294-70-9 372519  red-oran powder 320 714 5.28 0.982 s bz, 611 CS, б 
2394 Tin(ll) охавё Sn6;0, 814-94-8 206729 wh powder 280 dec 3.56 i H0; s dilHCl © 
2395 Tin(II) oxide SnO 21651-19-4 134709 ble-bk et cry 1080 dec 6.45 i H,0, EOH; s acid ” 
2396  Tin(Il) ругорћозрћав Sn,P,0; 5578-26-4 411363 wh amorp powder 400 dec 4.009 i Н,0; s conc acid = 
2397 Тіп() sebnide SnSe 1315-06-6 197.67 gray orh cry 861 6.18 i Н,0; s aqua regia 2 
2398  Tin(ll) suf ав 5150, 7488-55-3 214.774 wh orh cry 378 dec 4.15 18.819 2 
2399 Тіп(1) suf ide 515 1314-95-0 150.776 gray orh cry 880 1210 5.08 i Н,0; s conc acid с 
2400 Тіп) апар SnC,H,0; 815-85-0 266.781 wh cry powder S Н,0, dil HCI нэ 
2401 Tin(Il) elride SnTe 12040-02-7 246.31 gray cub cry 790 6.5 

2402  Tin(IV) bromide SnBr, 7789-67-5 438326 wh cry 29.1 205 3.34 vs Н,0, s EDH 

2403  Tin(IV) chbride SnCl, 7646-78-8 260.521 colf uming Iq -34.07 114.15 2.234 reac Н,0; s EDH, ct, bz, ace 

2404 Tin(IV) chbride penahydrat SnCl, · 59,0 10026-06-9 350.597  wh-yelcry 56 dec 2.04 vs H0; $ EDH 

2405 Tin(IV) сћготав Зп(Ст0 38455-77-5 350.697  brn-yelcry powder dec 580 
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2406  Tin(IV) f Uoride SnF, 7783-62-2 194704 whet cry 705 subl 4.78 reac Н,0 

2407  Tin(IV) iodide Snl, 7790-47-8 626.328  yekbrn cub cry 143 364.35 4.46 reac Н,0; s EOH, bz, ch| eh 

2408 Tin(IV) oxide Sn0, 18282-10-5 150.709 gray et cry 1630 6.85 i H,0, EDH; s hotconc ак 

2409 Tin(IV) sebnide SnSe, 20770-09-6 276.63  red-brn cry 650 550 i Н,0 s ak, conc acid 

2410  Tin(IV) ѕевпів Зп(5е0;) 7446-25-55 372.63 cry powder i Н,0: s hotHCI 

2411 Tin(IV) suf ide 515; 1315-01-1 182.842 gollyelhex cry 600 dec 45 i Н,0; s ak, aqua regia 

2412 Ti&nium i 7440-32-6 47.867 gray тей] hex 1668 3287 4.506 

2413  Ti&nium hydride iH; 7704-98-5 49.883 gray-bk powder =450 dec 3.75 i H,0 2 
2414 Тійпішті boride iB, 2045-63-5 69.489 gray ref rac sold; hex 3225 4,38 ње 
2415 Тійпішті carbide 10 2070-08-55 59.878 сир cry 3067 493 i H0; s HNO, 5 
2416 Tihnium nitide i 25583-20-4 61.874  yelbrn cub cry 2950 521 i Н,0; s aqua regia б 
2417 Тійпішт phosphide iP 2037-65-9 78.841 gray hex cry 990 4.08 Ё 
2418  Ti&nium silcide iSi, 2039-83-7 104038 bk orh cry 500 40 i H0, acid, ak; s НЕ ^ 
2419  Ti&nium(I) bromide iBr, 3783-04-5 207.675 bk powder 40 reac Н,0 о 
2420  Ti&nium(ll) chbride 10, 0049-06-06 118.772 bk hex cryc 035 1500 3.13 reac НО; s EDH; i ch] eh z 
2421 Ti&nium(lI) iodide il; 3783-07-8 301.676 bk hex cry 5.02 reac Н,0 2 
2422 Titnium(Il) oxide 10 2137-20-1 63.866 cub cry 750 4.95 > 
2423  Ti&nium(II) suf ide iS 2039-07-5 79.933 brn hex cry 780 3.85 5 conc acid 2 
2424 Тійпішті( ПІ) bromide iBr, 3135-31-4 287.579  ble-bk hex cry 580 un 
2425  Ti&nium(IIl) chbride 101, 7705-07-9 154.225  red-violhex cry; hyg 425 dec 960 2.64 reac Н,0 o 
2426  Ti&nium(Ill) f Uoride ЇЕ, 3470-08-1 104862  violhex cry 200 1400 2.98 i H0, dilacid, ak = 
2427 Tianium(IIl) oxide 10, 1344-54-3 143.732  violhex cry 842 4.406 S hotHF 2 
2428 Тійпішті( ПІ) suf ав 1(50,), 0343-61-0 383.925 grn cry 1Н,0, ОН; s dilHCI о 
2429  Ti&nium(Ill) suf ide 15; 2039-16-6 191.932 bk hex cry 3.56 Е 
2430 Татит(И У) oxide i40; 2065-65-5 223.598 bk monoclcry TIT 4.24 > 
2431  Ti&nium(IV) bromide iBr, 7789-68-6 367.483 yetoran cub cry; hyg 39 230 3.37 reac Н,0 2 
2432  TiBnium(IV) chbride ІСІ, 7550-45-0 189678 color yellq -24.12 136.45 1.73 reac Н,0; s EDH б 
2433  Ti&nium(IV) f uoride ЇЕ, 7783-63-3 123.861 wh hyg powder 284 subl 2.798 reac НО; s ЕН, ру б 
2434  Ti&nium(IV) iodide il, 7720-83-4 555.405 тей hyg powder 150 377 43 reac Н,0 © 
2435 Папигт(М) oxide 10; 3463-67-7 79.866 wh et cry 1843 4.23 i H0, dilacid; s conc acid < 
2436 Tihnium(IV) охуви ав monohydrat 1050, · ЊО 13825-74-6* 177.945 colorh cry 2.71 геас Н,0 ë 
2437  Ti&nium(IV) suf ab i(S0,), 3693-11-3 239.994  wh-yelhyg cry 150 dec 580 c 
2438  Ti&nium(IV) suf ide 15, 2039-13-3 111.999 yelbrn hex cry; hyg 3.37 S Н,50, 2 
2439  Tungsen W 7440-33-7 183.84  gray-wh mel cub 3422 5555 93 Я 
2440  Tungstc acid HWO, 7783-03-1 249.85 уе!атогр powder 100 dec 5.5 i H0, acid; $ ak ~ 
2441 Типозвп boride WB 2007-10-2 378.49  refrac bk powder 2670 6.0 i HO e 
2442 Tungsbn boride WB 2007-09-49. 194.65 bk ref rac powder 2665 5.2 i H,0 ” 
2443  Tungsen boride W.B. 2007-98-6 421.74 ref rac sold 2365 10 i H,0 = 
2444 Типозеп carbide WC 2070-13-2 379.69 ref rac hex cry =2800 4.8 i H,0 2 
2445  Tungsen carbide WC 2070-12-1 195.85 gray hex cry 2785 56 i H0; s HNOJHF 2 
2446  Tungsen carbonyl W(CO); 4040-11-0 — 351.90 мһ cry 170 dec subl 2.65 i Н,0; $ os = 
2447  Tungsen nitide WN, 60922-26-1 21185  hexcry 600 dec 11 = 
2448  Tungsen nitide WN 2033-72-6 381.60 gray cub cry dec 78 

2449  Tungsen silcide WSi, 2039-88-2 240.01  ble-gray ВЕ cry 2160 9.3 i H,0 

2450  Tungsen silcide W,Si, 2039-95-1 1003.46  ble-gray ref rac sold 2320 44 

2451  Tungsen(ll) bromide WBr, 3470-10-5 343.65  yelpowder 400 dec 

2452  Tungsen(ll) chbride WCl, 3470-12-7 254.75  yelsold 2500 dec 58,0 

2453  Tungsen(ll) iodide WI, 3470-17-2 437.65  orancry 6.79 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100gH,0 Solubility 
2454  Tungsen(lIl) bromide WBr, 5163-24-3 423.55 bk hex cry >80 dec i H,0 
2455  Tungsen(lIl) chbride ДЕЙ 20193-56-0 20020 тей 5010 550 dec Subl reac Н,0 
2456  Tungsen(IV) bromide WBr, 4055-81-3 503.46 bk orh cry 240 subl reac Н,0 
2457  Tungsen(IV) chbride WCl, 3470-13-8 325.65 bk hyg powder 450 dec 4.62 reac Н,0 
2458  Tungsen(IV) f uoride WF, 3766-47-7 259.83 red-brn cry >800 dec 
2459  Tungsen(IV) iodide Wl, 4055-84-6 691.46 Бк powder dec reac Н,0; s EOH; i ей chl 2 
2460  Tungsen(IV) oxide WO, 2036-22-5 215.84 bue monoclcry 1500 dec 10.8 i H0, os ме 
2461  Tungsen(IV) sebnide WSe, 2067-46-8 34176 gray hex cry 92 n 
2462  Tungsen(IV) suf ide WS, 2138-09-9 247.97 gray hex cry 1250 dec 7.6 i Н,0, HC] ak a 
2463  Tungsen(IV) випае WTe, 2067-76-4 439.04 gray от cry 1020 943 Ё 
2464  Tungsen(V) bromide WBr, 3470-11-6 583.36 brn-bk hyg sold 286 333 б 
2465  Tungsen(V) chbride МО 3470-14-9 36110 — bk hyg cry 242 286 reac Н,0 © 
2466  Tungsen(V) ећапове (СНО) 62571-53-3 40914 ром 105(0.05 mmHg) S Ёс 2 
2467  Tungsen(V) f uoride WF, 9357-83-6 278.83  yelsold >80 dec = 
2468 Tungsen(V) oxytibromide WOBr, 20213-56-3 43955 dark brn et cry = > 
2469  Tungsen(V) oxytichbride WOCI, 4249-98-0 306.20 grn èt cry = 2 
2470 Типозви(М!) bromide WBr, 3701-86-5 663.26  ble-bk cry 309 9 
2471  Tungsen(VI) chbride WCl, 3283-01-7 396.56 ригр hex cry; hyg 275 346.75 3.52 S EOH, os ° 
2472  Tungsen(VI) dioxydibromide WO,Br, 3520-75-7 375.65 red cry 440 subl 2 
2473  Tungsen(VI) dioxydichbride WO;Cl; 3520-76-8 286.74  yelorh cry 265 4.67 i H,0 ” 
2474  Tungsen(VI) Шохуа 00106 ШЙ 4447-89-3 469.65 (Іп monoclcry 400 авс 6.39 ° 
2475 Tungsbn(VI)foride WF, 7783-82-6 297.83  colgas 23 174 12.17 g/L reac Н,0 Е 
2476  Tungsen(VI) oxide МО 1314-35-8 231.84  yelpowder 1472 72 i H50; slacid; s ak > 
2477 Типозви(М!) oxyetabromide WOBr, 3520-77-9 51946 red tt cry 277 327 =5.5 reac Н,0 2 
2478  Tungsen(Vl) oxyetachbride WOCI, 3520-78-0 341.65 теа hyg cry 21 227.55 11.92 reac Н,0: s bz, CS, о 
2479  Tungsen(VI) oxyetaf Loride WOF, 3520-79-1 275.83 wh monoclcry 106 185.9 5.07 reac Н,0 б 
2480  Tungsen(VI) suf ide WS, 2125-19-8 280.04 brn powder ЗІН ,0; s ak о 
2481 Uranium U 7440-61-1 238.029 siv-wh orh cry 1135 4131 9.1 < 
2482 Uranium boride UB, 2007-36-2 259.651 ref rac sold 2430 2.7 ë 
2483 Uranium boride UB, 2007-84-0 281273 ref rac sold 2530 9.32 i H,0 ct 
2484 Uranium carbide UC 2070-09-6 250.040 gray cub cry 2790 2 
2485 Uranium carbide UC, 2071-33-9 262.050 gray В cry 2350 4370 1.3 reac Н,0; sIEOH Я 
2486 Uranium carbide UC, 2076-62-9 512090 gray cub cry 21100 dec 27 б 
2487 Uranium nitide UN 25658-43-9 252.036 gray cub cry 2805 43 i НО © 
2488 Uranium nitide ОМ, 2033-83-9 518.078 сиб cry dec 13 2 
2489  Uranium(llI) bromide UBr, 3470-19-4 477.741 теа hyg cry 727 58,0 = 
2490 Uranium(Ill) chbride UCI, 0025-93-1 344.387 grn hyg cry 837 5.51 vs Н,0: i bz, ct 2 
2491  Uranium(!ll) f oride ЏЕ, 3775-06-9 295.024 bk hex cry dec 8.9 i H0; s acid 2 
2492  Uranium(lll) hydride UH; 3598-56-6 241.053  gray-bk cub cry 14 с 
2493  Uranium(lIl) iodide Ul, 3775-18-3 618.742 bk hyg cry 766 s H,0 22 
2494  Uranium(IV) bromide UBr, 3470-20-7 557.645 бт hyg cry 519 S Н,0, EDH 
2495  Uranium(lV) chbride ИСІ, 0026-10-5 379.840 grn ocbhed cry 590 791 4.72 reac Н,0; s EDH 
2496  Uranium(IV) f опде UF, 0049-14-6 314023 grn monoclcry 1036 1417 6.7 0.0125 $ conc acid, ak 
2497 Uranium(IV) iodide Ul, 3470-22-9 745.647 bk hyg cry 506 S Њ0, EDH 
2498  Uranium(IV) oxide 00, 1344-57-6 270.028  brn cub cry 2827 10.97 i H0, dilacid; s conc acid 
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2499  Uranium(IV,V) oxide 0,0, 2037-15-29 1096.111 сиб cry 112 

2500  Uranium(V) bromide UBr; 3775-16-1 637.549 brn hyg cry reac Н,0 

2501  Uranium(V) chbride UCI, 3470-21-8 415.293 brn hyg cry 287 reac Н,0 

2502  Uranium(V) f uoride UF; 3775-07-0 333.021 pał blie et cry; hyg 348 5.81 s H,0 

2503  Uranium(V,Vl) oxide 0,05 1344-59-8 842.082  grn-bk orh cry 1300 dec 8.38 

2504  Uranium(VI) chbride UCI, 3763-23-0 450.745 green hex cry 177 3.6 

2505  Uranium(VI) f uoride UF, 7783-81-5 352019 wh monoclsold 640p 56.5 sp 5.09 геас Н,0; s cb, chl 

2506 Uranium(Vl) oxide UO, 1344-58-7 286.027  oran-yelcry “7.3 i H50; s acid 2 
2507  Uranium(Vl) oxide monohydrat UO, - ЊО 2326-21-5 304.043  yelorh cry 570 dec 7.05 ње 
2508 Uranium peroxide dihydrae UO, · 29,0 9525-15-6 338.057  yelhyg cry 115 dec i HO 5 
2509  Uranylchbride 10:61, 7791-26-6 340333  yelorh cry; Вуд 577 vs Н,0; s EOH, ace; i bz б 
2510 Огапу uoride UO;F, 3536-84-0 308.025  yelhyg sold 64,420 ibz Ё 
2511 Uranylnitab UO,(NO,); 0102-06-4 394037 уеісгу 12725 s eh ^ 
2512 Uranylnitae ћехаћудгав UO;(NO,), - 6,0 3520-83-7 502.129  yelorh cry; Вуд 60 118 dec 281 1275 S EDH, eh © 
2513  Uranylsuf ав 10,50, 1314-64-3 366.091  yelcry 2 
2514  Uranylsuf ab tihydrab 00,50, - 3Н,0 20910-28-5 420438  yelcry 3.28 1521 ЗЇЕОН 2 
2515 Vanadium V 7440-62-2 50.942  gray-wh тев| cub 1910 3407 6.0 i H50; s acid » 
2516 Vanadium boride VB 2045-27-1 61.753 ref rac sold 2250 i H,0 2 
2517 Vanadium boride VB, 2007-37-3 72.564 ref rac sold 2450 un 
2518 Vanadium carbide үс 2070-10-9 62.953  refrac bk cry; cub 2810 5.77 i НО o 
2519 Vanadium carbide VC 2012-17-8 113.894 hex cry 2167 = 
2520 Vanadium carbonyl Ү(С0) 20644-87-5 219.002  büe-grn cry; f am 60 dec subl 2 
2521  Vanadium nitide VN 24646-85-3 64.949 Бк powder; cub 2050 6.13 i Н,0; s aqua regia о 
2522 Vanadium silcide Үбі, 2039-87-1 107.113 mealc prisms 4.42 s HF Е 
2523 Vanadium silcide у;5і 2039-76-8 180.911 сиб cry 1935 5.70 > 
2524  Vanadium(Il) bromide VBr, 4890-41-6 210.750  oran-brn hex cry 800 subl 4.58 reac Н,0 2 
2525 Мапайшт(11) chbride ҮС, 0580-52-6 121.847 (ІП hex pes “1350 910 subl 323 reac НО; s EDH, eh б 
2526 Vanadium(l1) f Loride VF, 3842-80-3 88.939 ble hyg cry reac Н,0 б 
2527  Мапаашт(11) iodide VI, 5513-84-5 304.751  red-violhex cry 800 subl 5.44 reac Н,0 © 
2528 Vanadium(I!) oxide мо 2035-98-2 66.941 от cry 1789 5.758 S acid 2 
2529 Vanadium(Il) suf ae hephhydrab Ү50,-7Н,0 36907-42-3 273.112 мосу ë 
2530  Vanadium(IlI) 2,4-penbnedioab V(CH.COCHCOCH;), 3476-99-8 348266 brn cry “185 Subl “1.0 S МЕОН, ace, bz chl c 
2531 Vanadium(III) bromide МВг, 3470-26-3 290.654  gray-brn hyg cry 4.00 reac Н,0 2 
2532 Vanadium(Ill) chbride VCl, 7718-98-1 157.300  red-violhex cry; hyg 500 dec 3.00 reac Н,0; s ЕН, eh Я 
2533 Vanadium(III) f Loride VF, 0049-12-4 107.937  yekgrn hex cry 21400 subl 3.363 i H,0, EDH ~ 
2534  Vanadium(IlI) f Uoride Ићудгав VF, · 3H,0 10049-12-4* 161.983 (іп rhomb cry =100 dec ЯН ›0 e 
2535 Vanadium(Ill) iodide Vl, 5513-94-7 431655  brn-bk rhomb cry; hyg 521 геас Н,0 ” 
2536 Уапайшт(1) oxide МО, 1314-34-7 149.881 Бк powder 2067 4.87 i Њ0 = 
2537  Vanadium(IlI) suf ab V,(S0,); 3701-70-7 390.074  yelpowder 5400 dec ЯН ›0 2 
2538  Vanadium(IlI) suf ide VS, 1315-03-3 198.081  grn-bk powder dec 47 i Н,0: s hotHCI 2 
2539  Vanadium(IV) bromide VBr, 3595-30-7 370.558 unshbb magena cry -23 dec = 
2540 Vanadium(IV) chbride VCl, 7632-51-1 192.753  unshbb red Iq -25.7 148 1.816 reac Н,0; s ЕН, eh = 
2541 Vanadium(|V) f Uoride VF, 0049-16-8 126.936 дт hyg powder 325 dec subl 3.15 vs Н,0 

2542  Vanadium(IV) oxide VO, 2036-21-4 82.941 ble-bk powder 1967 4.339 i Н,0: s acid, ak 

2543  Vanadium(V) f boride VF, 7783-72-54: 145.934 coliq 19.5 48.3 2.50 reac Н,0 

2544  Vanadium(V) oxide МО, 1314-62-1 181.880 yelbrən orh cry 670 1800 dec 3.35 0.0725 5 conc acid, ak; i EOH 

2545  Vanadylbromide VOBr 3520-80-2 146845  violcry 480 dec 

2546  Vanadylchbride VOCI 3520-87-1 102.394 brn orh cry 127 1.72 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C gem? g/100g ЊО Solubility 
2547  Vanadyldibromide VOBr, 3520-89-3 226.749 уеНтп cry 180 dec 
2548  Vanadyldichbride VOCI; 0213-09-9 137.846  grn hyg cry 380 dec 2.88 reac Њ;0; s EDH 
2549  Vanadyldif џопде МОБ, 3814-83-0 104.938  yelcry 
2550  Vanadylsebnie ћудгав VOSe0, - Н,0 133578-89-9 211.92 огт ticlpaes 3.506 
2551  Vanadylsuf ab dihydrab Ү050,.2Н,0 27774-13-6 199.036 ше cry powder s Њ0 
2552  Vanadyltibromide VOBr, 3520-90-6 306.653 deep red Iq 180 dec reac Н,0 2 
2553  Vanadyltichbride VOCI, 7727-18-6 173.299 fuming red Iq -79 127 1.829 reac Н,0; s MeOH, eh, ace ме 
2554  Vanadyltif uoride VOF, 3709-31-4 123.936  yelhyg powder 300 480 2.459 reac Н,0 5 
2555  Waer НО 7732-18-5 18.015 со 0.00 100.0 0.9970 S EDH, MeOH, ace a 
2556 Xenon Xe 7440-63-3 131.29  colgas -111.79 p (81.6 kPa) -108.12 5.366 g/L 5ІН,0 Ё 
2557 Xenon tioxide Хе0; 3776-58-44: 179.28  colorh cry ехр =25 4.55 580 б 
2558 Xenon btoxide Хе0, 2340-14-6 195.29 yelsold; exp -35.9 =0 dec © 
2559 Xenon dif uoride Хеђ, 3709-36-9 169.29 со cry 129.03 р 114.35 5р 4.32 SIH ;O 2 
2560 Xenon Баѓ иогіде XeF, 3709-61-0 207.28  colmonoclcry 117.10 р 115.75 5р 4.04 reac Н,0 = 
2561 Xenon hexaf 01186 Хе 3693-09-9 245.28 со!топосісгу 49.5 75.6 3.56 reac Н,0 > 
2562 Xenon dioxydif џопде Xe0,F, 3875-06-4 20129  colorh cry 30.8 exp 410 2 
2563 Xenon oxyetaf џопде Хебе, 3774-85-1 22328  collq -46.2 317% геас Н;0 un 
2564 Xenon f опде hexaf uororuhenat XeFRuF; 22527-13-5 365.35  yelgrn monoclcry 110 3.78 ° 
2565 Xenon f Loride undecaf uoroantmonab XeFSD,F,,, 5364-10-0 602.79 yelmonoclcry 63 3.69 2 
2566 Xenon f опде hexaf Uoroarsenab Xe;F,AsF; 50432-32-1 508.49  yelgrn monoclcry 99 3.62 reac Н,0 ” 
2567 Xenon f oride hexaf lioroantmonae XeF ође; 39797-63-2 424.04  yelgrn monoclcry “110 3.92 ° 
2568 Xenon tif Џопде undecaf uoroantmonab Хе SbF, 35718-37-7 640.79 уеңтп ticlcry 82 3.98 Е 
2569 Xenon репа! џопде hexaf Џогоагзепав XeF;AsF, 20328-94-3 415.19 wh monoclcry 130.5 351 > 
2570 Xenon репа! џопде hexaf Џогогићепав Хег,ВиЕ, 39796-98-0 441.34 grn orh су 152 3.79 2 
2571 Yerbium Үр 1440-64-4 73.04 — sil mel cub 819 1196 6.90 5 dilacid б 
2572  Yerbium silcide YbSi, 2039-89-3 229.21 hex cry 7.54 б 
2573  Yerbium(lI) bromide YbBr, 25502-05-0 332.85 уе су 673 reac Н,0 о 
2574 Үнгшт(1) chbride YbCI, 3874-77-6 243.95 grn cry 721 5.27 reac Н,0 < 
2575 Ytbrbium(Il) iodide Ybl, 9357-86-9 426.85 bk cry 712 reac Н,0 S 
2576 Үвгбішт(111) chbride ҮрС!, 0361-91-8 27940 wh hyg powder 875 580 (= 
2577  Yerbium(IlI) chbride hexahydrat YbCI, - 68,0 9423-87-1 387.49 от hyg cry 150 dec 2.57 vs НО z 
2578  Yerbium(lII) f Uoride УБЕ: 3760-80-0 23004 wh cry 1157 8.2 i Н,0 Я 
2579 Yerbiumi(II!) nitat Yb(NO,), 3768-67-7 359.06  colhyg sold 239% s EOH ° 
2580  Yerbium(llI) oxide Yb,0, 1314-37-0 394.08  colcub cry 2355 4070 92 5 dilacid © 
2501  Yerbium(IlI) suf ab ocahydrab Үр,(50,),-8Н,0 0034-98-7 778.39  colcry 33 38.420 ” 
2582 Ytium Y 7440-65-5 88.906 <і meal hex 1522 3345 447 Teac Н,0; s dilacid = 
2583 Упит auminum oxide МАО 2005-21-9 593.619 от cub cry 245 2 
2584 Упит antmonide YSb 2186-97-9 210.666 сир cry 2310 5.97 = 
2585  Ytium arsenide YAs 2255-48-0 163.828 сир cry 5.59 с 
2586 Упит boride YB, 2008-32-1 153.772 ref rac sold 2600 3.72 ы 
2587  Ytium bromide YBr, 3469-98-2 328.618  colhyg cry 904 83.330 
2588 Упит carbide ҮС, 2071-35-1 112.927  refrac sold =2400 4.13 
2589 Упит сагропаё tihydrat Ү,(С0.),-3Н,0 5970-44-5 411.885  red-brn powder i H0; s dilacid 
2590 Упит chbride ҮС! 0361-92-9 195.264 wh monoclcry; hyg 721 261 75.120 
2591 Упит f uoride ҮЕ, 3709-49-4 145.901 wh hyg powder “1150 40 1Н,0 
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2592 Ytium nitae Ү(М0-); 10361-93-0 274.921 wh hyg sold 1495 s ОН 

2593 Ytium nitat btahydrab Y(NO,), - 49,0 13773-69-8 346.982  red-wh prisms 2.68 1495 

2594 Ytium плав hexahydrab Y(NO,), - 6Н;0 13494-98-9 383.012 hyg cry 149% 

2595 Упит oxide Ү,0, 1314-36-94. 225.810 wh cry; cub 2438 5.03 s dilacid 

2596 Упит phosphide YP 12294-01-8 119.880 cub cry 244 

2597 Ytium suf ab освћудгав Ү,(50,),-8Н,0 7446-33-5 610.125 red monoclcry 2.6 7.4118 

2598 Упит suf ide Ү,5, 12039-19-9 274010 уе! 01 cry 1925 3.87 

2599 Zinc Zn 7440-66-6 65.39 — blie-wh mel hex 419.53 907 7.14 S acid, ak 2 
2600 Zinc асеве dihydrae Zn(C,H50,), - 290 5970-45-6 219.51 wh powder 237 dec 1.735 30.020 s ЕОН ње 
2601 Zinc ammonium suf ав Zn(NH,),(S0,); 7783-24-6 293.59 wh cry 9.220 n 
2602 Zinc antmonide 2150 2039-35-9 187.15  sil-wh orh cry 565 6.33 геас Н,0 б 
2603 Zinc агзепав 2п3(Аѕ0,), 3464-44-35 474.01 wh powder 0.000078 ^ s acid, ak Ё 
2604 Zinc arsenał ochhydrab Zn,(AsO,), - 8Н,0 3464-45-4 618.13 wh monoclcry 3.33 0.000078 ^ s acid, ak б 
2605 Zinc arsenide ZNAS, 2006-40-5 346.01 ром 1015 5.528 о 
2606 Zinc arsenit Zn(As0,), 0326-24-6 27923  colpowder i H0; s acid 2 
2607 Zinc borat 3210 · 28;0; 27043-84-1 383.41 wh amorp powder 3.64 ЗІН ;0; s dilacid 2 
2608 Zinc bora hemihep&hydrae 2210 -3В,0,-3.5Н,0 2513-27-8 434.69 wh cry 980 4.22 i H,0 > 
2609 Zinc borae penbhydrae 2210 -38,0,-5Н,0 2536-65-1 461.72 wh pow 3.64 0.00725 5ІНСІ 2 
2610 Zinc bromat ћехаћудгав Zn(Br0;), · 69,0 3517-27-6 42929 wh hyg sold 100 2.57 vs Н,0 9 
2611 Zinc bromide ZnBr, 1699-45-8 225.20 wh hex cry; hyg 394 697 45 488% vs EDH; s eh o 
2612 Zinc capry&e 20(С,Н, О), 557-09-5 351.80 wh hyg cry 136 5ІН,0 = 
2613 Zinc carbonat 2100; 3486-35-9 25.40 wh rhomb cry 140 dec 44 0.00009120 5 dilacid, ak 2 
2614 Zinc carbonae hydroxide 3Zn(OH), - 22100; 12070-69-8 54901 wh pow о 
2615 Zinc chbrab Zn(CD ,); 10361-95-2 23229  yelhyg cry 60 dec 2.15 2002 Е 
2616 Zinc chbride 2101, 1646-85-7 36.29 wh hyg cry 290 732 2.907 40825 S ЁОН, ace > 
2617 Zinc сһготав ZnCrO, 13530-65-9 81.38 yelprisms 316 3.40 3.08 S acid; i ace 2 
2618 Zinc chromit 21050, 12018-19-8 233.38 отт cub cry 5.29 б 
2619 Zinc став dihydrae Zn(C,H;0;), - 29,0 546-46-3 610.40 — colpowder ЗІН ;0; s dilacid, ak б 
2620 Zinc cyanide Zn(CN); 557-21-1 17.42 wh powder 1.852 0.0004720 геас acid © 
2621 Zinc dihionab 215,0, 7779-86-4 93.52 wh amorp sold 200 dec 4020 < 
2622 Zinc f uoride ZnF, 7783-49-5 03.39 wh et needbs; hyg 872 1500 49 1555 ë 
2623 Zinc f Uoride btahydrab ZnF, - 4H,0 3986-18-0 75.45 wh orh cry 2.30 1.5525 c 
2624 Zinc f Џогобогав ћехаћудгав Zn(BF,), - 6H,0 27860-83-9 347.09 hex cry 212 48 Н,0, 8 ЕОН 2 
2625 Zinc f ormab dihydrae Zn(CHO,), - 29,0 5970-62-7 9146 мһ cry 2.207 5.220 i ОН Я 
2626 Zinc hexaf uorosilcab ћехаћудгав ZnSiF, - 6H,0 6871-71-54: 31556 wh cry 580 = 
2627 Zinc hydroxide Zn(OH), 20427-58-1 99.41  colorh cry 125 dec 3.05 0.00004220 e 
2628 Zinc iodab 21(10,), 7790-37-6 415.20 wh cry powder 0.6425 ” 
2629 Zinc iodide 21, 0139-47-6 319.20 wh hyg cry 446 625 4.74 4385 5 EOH, eh = 
2630 Zinc hurab 21(С-,Н,,0,), 2452-01-9 46401 wh powder 128 5ІН,0 2 
2631 Zinc тоубдав ZnMoO, 3767-32-3 225.33 wh èt cry >700 43 i Н,0 2 
2632 Zinc nitat Zn(NO;); 7779-88-6 89.40 wh powder 120% с 
2633 Zinc nitab hexahydrab Zn(N0,), - 69,0 0196-18-6 297.49  colorh cry 36 dec 2.067 12025 vs EDH = 
2634 Zinc nitide Zn,N; 1313-49-1 224.18 — blie-gray cub cry 700 dec 6.22 i HO 

2635 Zinc nitie Zn(NO;), 0102-02-0 57.40 hyg sold reac Н,0 

2636 Zinc obab Zn(C,,H4,0)), 557-07-3 628.30 wh powder 70 dec i H0; s EDH, eh, bz 

2637 Zinc хай ZnC;0, 547-68-2 53.41 wh pwd 0.002675 

2638 Zinc охаве dihydrab ZnC;0, · 2,0 4255-07-6 89.44 wh powder 100 dec 2.56 0.002625 s dilacid 

2639 Zinc oxide 700 1314-13-2 81.39 wh powder; hex 1974 56 #60; s dilacid 
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CAS Mol. Physical Density Solubility Qualitative 
No. Name Formula Reg No. Weight Form mp/°C bp/^C [9 стз g/100gH,0 Solubility 
2640 Zinc 2,4-pen&nedioab Zn(CH;COCHCOCH;), 14024-63-6 263.61 су 137 dec SIH 0; s EDH 
2641 Zinc perchbrae ћехаћудгав Zn(CD ,), · 69,0 10025-64-6 372.38 ий cub cry; hyg 106 dec 22 121.3% s EDH 
2642 Zinc permanganat hexahydrab Zn(Mn0,), - 6H,0 23414-72-4 411.35 bk orh сту; hyg 2.45 S Н,0; reac ЕН 
2643 Zinc peroxide 210, 1314-22-3 97.39 yetwh powder »150 dec 212 exp 1.57 i Н,0: reac acid, EDH, ace "9 
2644 Zinc phosphab Zn.(PO,), 7779-90-0 386.11 wh monoclcry 900 40 i Њ0 = 
2645 Zinc phosphat etahydrae 2п3(РО,), - 49,0 7543-51-3 458.17 — colorh cry 3.04 i H,0, EDH; $ dilacid, ak % 
2646 Zinc phosphide Zn,P; 1314-84-7 258.12 gray су 1160 4.55 i НЬО, EDH; reac acid; s bz б 
2647 Zinc pyrophosphab Zn;P;0, 7446-26-6 304.72 wh cry powder 3.75 i H0; s dilacid > 
2648 Zinc sebnab penahydrab 21560, · БЊО 13597-54-1 298.42 Шу 50 dec 2.59 63.425 c 
2649 Zinc sebnide ZnSe 1315-09-9 44.35 уеһей cub cry »1100 subl 5.65 #60; s dilacid 2 
2650 Zinc orhosilcab 21,510, 13597-65-4 222.86 wh hex cry 1509 41 i H0, dilacid Z 
2651 Zinc зевпје ZnSe0, 13597-46-1 92.35 wh pow 4 
2652 Zinc sbarab Zn(C , H;;0,); 557-05-1 63233 wh powder 130 1.095 1,0, EOH, eh; s bz » 
2653 Zinc suf ab 2150, 7733-02-0 61.45  colorh cry 680 dec 38 57.7% 2, 
2654 Zinc suf ав monohydrat 2150,-Н,0 7446-19-7 79.47 wh monoclcry 238 dec 3.20 57.75 i EDH = 
2655 Zinc suf аё hepahydrab ZnSO, · 7H,0 7446-20-0 287.56 — colorh cry 100 dec 1.97 57.725 i EDH © 
2656 Zinc зи ide (sphabrib) ZnS 1314-98-3 97.46 gray-wh cub cry 1700 4.04 i H,0, EDH; s dilacid = 
2657 Zinc suf ide (ший) 215 1314-98-3 9746 мп hex cry 1700 4.09 i H0; s dilacid 2 
2658 Zinc suf ib dihydrae ZnSO, · 29,0 7488-52-0 181.49 wh powder 200 dec 0.22425 i EDH © 
2659 Zinc bride ZnTe 1315-11-3 192.99 тей сиб cry 1239 5.9 i Н50 ж 
2660 Zinc hiocyanae Zn(SCN); 557-42-6 181.56 wh hyg cry SIH 0; s EDH e 
2661  Zirconium Zr 7440-67-7 91.224  gray-wh mel hex 1855 4409 6.52 S hotconc acid 2 
2662 Zirconium boride ZB, 2045-64-6 112.846 gray ref rac sold; hex 3245 6.17 5 
2663 Zirconium carbide 210 2020-14-3 103.235 gray ref rac sold; cub 3532 6.73 SHF б 
2664  Zirconium(lI) chbride 7101, 3762-26-06 162429 bk cry 772 dec 316 reac Н,0 о 
2665 ?ігсопішті(11) hydride ИН 7704-99-6 93.240 gray et cry 800 dec 56 i HO < 
2666  Zirconium(IV) bromide ZiBr, 3777-25-8 410840 wh cub cry 450 р 360 sp 3.98 ғ 
2667  Zirconium(IV) chbride Zrel, 0026-11-6 233.035 wh monoclcry; hyg 437 p 331 sp 2.80 reac Н,0: s EOH, eh = 
2668  Zirconium(IV) f lioride ЛЕ, 7783-64-4 167.218 wh monoclcry 932p 912 sp 4.43 155 7, 
2669  Zirconium(IV) hydroxide Zr(0H), 4475-63-9 159.254 wh amorp powder dec 3.25 i H0; s acid Я 
2670  Zirconium(IV) iodide 71, 3986-26-06 598.842 огап cub cry; hyg 499 р 431 sp 4.85 vs Н,0 ж- 
2671 Zirconium(IV) nitae pen&hydrab Zr(N0,), - 5H,0 3746-89-9 429320 wh Вуд cry 100 dec vs Н,0, s EDH Q 
2672  Zirconium(IV) oxide 710, 1314-23-4 123.223 wh amorp powder 2709 5.68 i H50; slacid 2 
2673  Zirconium(IV) огп081 сав 71510, 0101-52-7 183308 wh èt cry 1540 dec 46 i Н,0, acid = 
2674  Zirconium(IV) suf ab 7(50)); 4644-61-2 283.351 wh hyg cry 410 dec 322 S Н,0; sIEDH ” 
2675  Zirconium(IV) suf ав etahydrae Zr(S0,); - 490 7446-31-3 355.413 wh et cry 100 dec 2.80 vs H,0 а 
26/6  Zirconium(IV) suf ide 715, 2039-15-52 155.356  red-brn hex cry 1480 3.82 i H,0 Š 
2677 Zirconium nitide ZN 25658-42-8 105231 yelcub cry 2960 7.09 S conc HF; sldilacid чилж 
2678 Zirconium phosphide ZrP, 2037-80-8 153.172 от cry =54 
2679 Zirconium silcide ZrSi, 2039-90-6 147395 gray powder 1620 4.88 i Н,0, aqua regia; s HF 
2680  Zirconylchbride 2г0С1, 7699-43-6 178.128 wh sold 250 dec 8 ЊО, ОН 
2681  Zirconylchbride ocahydrae 2100), - 89,0 3520-92-8 322.251 bt cry 400 dec 1.91 vs Н,0, EDH 


PHYSICAL PROPERTIES OF THE RARE EARTH METALS 
K.A. Gschneidner, Jr. 


Table 1 
Data for the Trivalent Ions of the Rare Earth Elements 


Electronic configuration for R?* 


Spectroscopic 

Rare Atomic Atomic No. 4f ground state 

earth Symbol no. уул electrons S L J symbol 
Scandium Sc 21 44.955910 0 — — -- — 
Yttrium Y 39 88.90585 0 — — — — 
Lanthanum La 57 138.9055 0 — — — — 
Cerium Ce 58 140.115 1 1/2 3 5/2 26; 
Praseodymium Pr 59 140.90765 2 1 5 4 ЗН. 
Neodymium Nd 60 144.24 3 3/2 6 9/2 Тор 
Promethium Pm 61 (145) 4 2 6 4 МА 
Samarium Sm 62 150.36 5 5/2 5 5/2 Hsn 
Europium Eu 63 151.965 6 3 3 0 TF 
Gadolinium Gd 64 157.25 Я 7/2 0 7/2 55. 
Terbium Tb 65 158.92534 8 3 3 6 ТЕ, 
Dysprosium Dy 66 162.50 9 5/2 5 15/2 Hisn 
Holmium Ho 67 164.93032 10 2 6 8 5, 
Erbium Er 68 167.26 11 3⁄2 6 15/2 45 
Thulium Tm 69 168.93421 12 1 5 6 ЗН, 
Ytterbium Yb 70 173.04 13 1/2 3 7/2. Ер 
Lutetium Lu 71 174.967 14 — — — — 


Note: For additional information, see Goldschmidt, Z.B., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. 
and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978; DeLaeter, J.R., and Heumann, K.G., J. Phys. Chem. Ref. Data, 20,1313,1991; 
Pure Appl. Chem., 66, 2423, 1994. 


а 1993 standard atomic weights. 


Table 2 
Crystallographic Data for the Rare Earth Metals at 24?C (297 K) or Below 


Rare Metallic radius Atomic 

earth Crystal Lattice constants(A) СМ = 12 volume Density 

metal structure? а, b, Co (A) (cm?/mol) (g/cm?) 
а5с hep 3.3088 - 5.2680 1.6406 15.039 2.989 
ay hep 3.6482 - 5.7318 1.8012 19.893 4.469 
aLa dhcp 3.7740 -- 12.171 1.8791 22.602 6.146 
Се? Їсс 4,859 - - 1.725 17.29 8.16Р 
ВСе dhcp 3.6810 — 11.857 1.8321 20.947 6.689 
ҮСес Їсс 5.1610 -- — 1.8247 20.696 6.770 
ОРГ dhcp 3.6721 — 11.8326 1.8279 20.803 6.773 
аха dhcp 3.6582 — 11.7966 1.8214 20.583 7.008 
aPm dhcp 3.65 - 11.65 1,811 20.24 7.264 
aSm rhombd 3.62904 - 26.207 1.8041 20.000 7.520 
Eu bcc 4.5827 — — 2.0418 28.979 5.244 
аса һер 3.6336 -- 5.7810 1.8013 19.903 7.901 
a’ Tbe ortho 3.605* 6.244* 5.706* 1.784* 19.34* 8.219* 
o Tb һер 3.6055 -- 5.6966 1.7833 19.310 8.230 
ору! ortho 3.595f 6.184! 5.678! 1.7744 19.00! 8.551! 
ору hcp 3.5915 — 5.6501 1.7740 19.004 8.551 
Ho hcp 3.5778 - 5.6178 1.7661 18.752 8.795 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 2 
Crystallographic Data for the Rare Earth Metals at 24?C (297 K) or Below (continued) 


Rare Metallic radius Atomic 
earth Crystal Lattice constants(A) СМ = 12 volume Density 
metal structure? а, b, Co (А) (cm?/mol) (g/cm?) 
Er һер 3.5592 - 5.5850 1.7566 18.449 9.066 
Tm һер 3.5375 — 5.5540 1.7462 18.124 9.321 
ayYbs hep 3.87998 - 6.38598 1.94518 25.0678 6.9035 
BYb Їсс 5.4848 -- — 1.9392 24.841 6.966 
Lu hcp 3.5052 — 5.5494 1.7349 17.779 9.841 


Note: For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 
8, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1986; Gschneidner, K.A., Jr., Pecharsky, V.K., Cho, Jaephil 
and Martin, S.W., Scripta Mater., 1996, to be published. 


а hcp = hexagonal close-packed; P64/mmc, hP2, АЗ, Mg-type; dhcp = double-c hexagonal close-packed; P64/mmc, ҺР4, АЗ”, aLa-type; fcc = face- 
centered cubic; Fm3m, cF4, A1, Cu-type; rhomb = rhombohedral; R3m, hR3, aSm-type; bcc = body-centered cubic; Im3m, с12, А2, W-type; ortho 
= orthorhombic; Cmcm, oC4, о/ Dy-type. 

^ At 77 K (-196°C). 

* Equilibrium room temperature (standard state) phase. 

4 Rhombohedral is the primitive cell. Lattice parameters given are for the nonprimitive hexagonal cell. 

4 At 220 K (-53°С). 

t At 86 K (-187°C). 


g At 23°С. 
Table 3 
Crystallographic Data for Rare Earth Metals at High Temperature 

Rare Metallic radius Atomic 

earth Lattice Temp. СХ-8 СМ = 12 volume Density 

metal Structure parameter (À) (°C) (A) (A) (cm?/mol) (g/cm?) 
BSc bec 3.73 (est.) 1337 1.62 1.66 15.6 2.88 
BY bec 4.102 1478 1.78 1.83 20.8 4.28 
BLa Їсс 5.303 325 — 1.875 22.45 6.187 
yLa bec 4.26 887 1.84 1.90 23.3 5.97 
ӛСе bcc 4.12 751 1.78 1.84 21.1 6.65 
ВРг bcc 4.13 821 1.79 1.84 21.2 6.64 
BNd bec 4.13 883 1.79 1.84 21.2 6.80 
BPm bcc 4.10 (est.) 890 1.78 1.83 20.8 6.99 
BSm hcp а = 3.6630 4506 — 1.8176 20.450 7.353 

с = 5.8448 

ySm bcc 4.10 (est.) 922 1.77 1.82 20.8 7.25 
BGd bec 4.06 1265 1.76 1.81 20.2 7.80 
BTb bec 4.078 1289 1.76 1.81 20.3 7.82 
BDy bec 4.038 1381 1.75 1.80 19.7 8.23 
YYb bcc 4.44 7636 1.92 1.98 26.4 6.57 


Note: Тһе rare earths Eu, Ho, Er, Tm, and Lu are monomorphic. For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in 
Handbook on the Physics and Chemistry of Rare Earths, Vol. 8, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, 
Amsterdam, 1986, 1. 


а Determined by extrapolation to 0% solute of a vs. composition data for R-Mg alloys at 24?C and corrected for thermal expansion to temperature 
given. 

b The hcp phase was stabilized by impurities and the temperature of measurement was below the equilibrium transition temperature (see Table 4). 

* The bcc phase was stabilized by impurities and the temperature of measurement was below the equilibrium transition temperature (see Table 4). 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 4 
High Temperature Transition Temperatures and Melting Point of Rare Earth Metals 


Transition I Transition II 

Rare (о – p)? (B- ү)? Melting 
earth Temp. Temp. point 

metal (°С) Рһавев (C5) Phases (С°) 
5с 1337 һер 1 Бсс — — 1541 
Y 1478 һер 1 bec — — 1522 
Lab 310 dhcp — fcc 865 fcc 1 bee 918 
Ceed 139 dhcp — fcc (B - y) 726 fcc 1 bee (y - 6) 798 
Pr 795 dhcp 1 bcc — — 931 
Nd 863 dhcp 1 bcc — — 1021 
Pm 890 dhcp 1 bec — -- 1042 
Sme 734 rhom — hcp 922 hcp 1 bec 1074 
Eu — — — — 822 
Gd 1235 hcp 1 Бсс — — 1313 
Tb 1289 hcp 1 Бсс — — 1356 
Dy 1381 hcp 1 Бсс — — 1412 
Ho — — — — 1474 
Er — — — — 1529 
Tm — — — — 1545 
Yb 795 fcc 1 bec (В - y) — — 819 
Lu — — — — 1663 


Note: For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 
8, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1986; Gschneidner, K.A., Jr., Pecharsky, V.K., Cho, Jaephil 
and Martin, S.W., Scripta Mater., 34, 1717, 1996. 


For all the transformations listed, unless otherwise noted. 
On cooling, fcc — dhcp (B — о), 260°C. 

с Те 1 y equilibrium transition temperature is 10 + 5°C. 
4 On cooling, fcc — dhcp (y — В), —16°С. 

° On cooling, hcp > rhomb (В — о), 727°C. 


тов 


ТаМе5 
Low Temperature Transition Temperatures of the Rare Earth Metals 
Rare earth Cooling Rare earth Heating 
metal Transformation °C K metal Transformation °C K 
Ce ү | -16 257 Се ap -148 125 
yo oO -172 101 о > В+у —104 169 
poa —228 45 po» 139 412 
Tb а > x —53 220 Yb о ә В 7 280 
Dy a> a’ -187 86 
Yb poa -13 260 


Note: For additional information, see Beaudry, B.J. and Gschneidner, K.A., Jr., in Handbook on the Physics and Chemistry of Rare Earths, 
Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 173. Koskenmaki, D.C. and 
Gschneidner, K.A., Jr., 1978, in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, 
L., Eds., North-Holland Physics, Amsterdam, 1978, 337. Gschneidner, K.A., Jr., Pecharsky, V.K., Cho, Jaephil and Martin, S.W., 
Scripta Mater., 34, 1717, 1996. 


а The В 1 y equilibrium transition temperature is 10 + 5°C (283 + 5K). 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 6 
Heat Capacity, Standard Entropy, Heats of Transformation, and Fusion of the Rare Earth Metals 


Heat Standard 

Rare capacity at entropy Heat of transformation Heat of 

earth 298K E (kJ/mol) fusion 

metal (J/mol K) (J/mol K) trans. 1 AH, trans. 2 АН,2 (kJ/mol) 
Sc 25.5 34.6 о1ф 4.00 — — 14.1 
Y 26.5 444 о1ф 4.99 — — 11.4 
Та 2741 56.9 о1ф 0.36 Bly 3.12 6.20 
Ce 26.9 72.0 Bly 0.05 Ү16 2,99 5.46 
Pr 212 732 о1ф 3.17 — — 6.89 
Nd 21.5 71.5 о1 В 3.03 — — 7.14 
Pm 27.38 71.63 о1ф 3.04 - -- TI 
Sm 29.5 69.6 о1 В 0.22 Bly 3.11 8.62 
Eu 27.7 77.8 — — — — 9.21 
Gd 37.0 68.1 о1ф 3.91 — — 10.0 
Tb 28.9 732 о1ф 5.02 — — 10.79 
Dy 27.7 75.6 о1ф 416 — — 11.06 
Ho 272 75.3 — — — — 17.04 
Er 28.1 732 — — — — 19.9 
Tm 27.0 74.0 -- - — — 16.8 
Yb 26.7 59.9 Bly 1.75 - — 7.66 
Lu 26.9 51.0 — — — — 229 


Note: For additional information, see Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M., Kelley, K.K., and Wagman, D.D., Selected Values of the Thermodynamic 
Properties of the Elements, ASM International, Metals Park, Ohio, 1973; Wagman, D.D., Evans, W.H., Parker, V.B., Schumm, R.H., Halow, I., Bailey, S.M., 
Churney, K.L., and Nuttall, R.L., The NBS Tables of Chemical Thermodynamic Properties, J. Phys. Chem. Ref. Data, Vol. 11, Suppl 2, 1982; Amitin, E.B., 
Bessergenev, W.G., Kovalevskaya, Yu. A., and Paukov, LE., J. Chem. Thermodyn., 15, 181, 1983; Amitin, E.B., Bessergenev, W.G., Kovalevskaya, Yu. A., and 
Paukov, LE., J. Chem. Thermodyn., 15, 181, 1983. 


? Estimated. 


Table 7 
Vapor Pressures, Boiling Points, and Heats of Sublimation of Rare Earth Metals 


Heat of 
Rare Temperature in ?C? for a vapor pressure of Boiling sublimation 
earth 105 atm 10-5 atm 104 atm 107 atm point? at 25°C 
metal (0.001 Pa) (0.101 Pa) (10.1Pa) (1013 Pa) (°C) (kJ/mol) 
Sc 1036 1243 1533 1999 2836 377.8 
У 1222 1460 1812 2360 3345 4247 
Га 1301 1566 1938 2506 3464 431.0 
Се 1290 1554 1926 2487 3443 422.6 
Pr 1083 1333 1701 2305 3520 355.6 
Nd 955 1175 1500 2029 3074 327.6 
Pm — — — — 3000» 348^ 
Sm 508 642 835 1150 1794 206.7 
Eu 399 515 685 964 1529 175.3 
Gd 1167 1408 1760 2306 3273 3975 
Tb 1124 1354 1698 2231 3230 388.7 
Dy 804 988 1252 1685 2567 290.4 
Ho 845 1036 1313 1771 2700 300.8 
Ег 908 1113 1405 1896 2868 3171 
Тт 599 748 964 1300 1950 2322 
Yb 301 400 541 776 1196 1521 
Lu 1241 1483 1832 2387 3402 421.6 


Note: For additional information, see Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M., Kelley, K.K., and Wagman, D.D., Selected Values of the Thermodynamic 
Properties of the Elements, ASM International, Metals Park, Ohio, 1973 and Beaudry, B.J. and Gschneidner, K.A., Jr., in Handbook on the Physics and Chemistry 
of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 173. 


? [nternational Temperature Scale of 1990 (ITS-90) values. 
5 Estimated. 
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Note: For additional information, see McEwen, K.A., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 
S., in Ferromagnetic Materials, Vol. 1, Wohlfarth, E.P., Ed., North-Holland Physics, Amsterdam, 1980, 183; Pecharsky, V.K., Gschneidner, K.A., Jr. and Fort, D., Phys. Rev. B, 47, 5063, 1993; Pecharsky, V.K., Gschneidner, 


e 


Е 


Каге 
еагіһ 
metal 


BYb 
Lu 


Table 8 
Magnetic Properties of the Rare Earth Metals 


Effective magnetic moment Néel temp. Тұ Curie 
XA X 106 Paramagnetic Ferromagnetic (K) temp. 65 (K) 
at298K at -298 K at -0 К Easy Hex Cubic Tc Polycryst. 
(emu/mol) Theory? Obs. Theory^ Obs. axis sites sites (K) k lc or avg. 
295.2 — — — — — — — — 
187.7 — — — — — — — — 
95.9 — — — — — — — — 

105 — — — — — — — — — — - 
2,270 2.54 2.52 2.14 — — — 14.4 — — — -50 
2,500 2.54 2.61 2.14 — — 13.7 12.5 — — — -41 
5,530 3.58 3.56 3.20 246 а 0.03 - - -- -- 0 
5,930 3.62 3.45 3.27 2:26 b 19.9 7.5 — 0 5 3.3 

- 2.68 - 2.40 - - - - - 
1,2784 0.85 1.74 0.71 0.59 а 109 14.0 - 

30,900 7.94 8.48 7.0 5.9 <110> - 90.4 - - - 100 
185,000* 7.94 7.98 7.0 7.63 30? toc — — 293.4 317 317 317 
170,000 9.72 9.77 — — — 230.0 — — 195 239 224 

— — — 9.0 9.34 b — — 219.5 
98,000 10.64 10.83 — — -- 180.2 - - 121 169 153 
- - - 10.0 10.33 а - - 90.58 

72,900 10.60 11.2 10.0 10.34 b 132 — 19.5 73.0 88.0 83.0 

48,000 9.58 9.9 9.0 9.1 30? toc 85 — 18.7 61.7 32.5 422 

24,700 7.56 7.61 7.0 7.14 с 58 -- 32.0 410 -17.0 2.3 

674 = — — -- = 255 ЕЕЕ — 

182.9 -- -- — — — — — — 


K.A., Jr. and Fort, D., 1996, to be published; Steward, A.M. and Collocott, S.J., J. Phys.: Condens. Matter, 1, 677, 1988. 


gd + 0). 
gJ. 


At 38 T and 4.2 K. 


At 290 K. 
At 350 K. 


On cooling Тс = 89.6 К and on warming Тс = 91.5 К. 


1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 411 and Legvold, 
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Table 9 
Room Temperature Coefficient of Thermal Expansion, Thermal Conductivity, Electrical Resistance, and Hall Coefficient 


Hall coefficient 


Rare Expansion o; х 106) Thermal Electrical resistance (R, x 1012) 

earth (°C) conductivity (АО-ст) (У-ст/А-Ое) 

metal ба ас Ороу (Wi cm-K) Pa Ре Ppoly R a К Крау 
aSc 7.6 15.3 10.2 0.158 70.9 26.9 56.24 — — -0.13 
ay 6.0 19.7 10.6 0.172 72.5 35.5 59.6 -0.27 -1.6 -- 
aLa 4.5 27.2 12.1 0.134 — — 61.5 — — -0.35 
bCe — — — — — — 82.8 — — — 
ҮСе 6.3 — 6.3 0.113 — — 74.4 — — +1.81 
aPr 4.5 11.2 6.7 0.125 — — 70.0 — — +0.709 
aNd 7.6 13.5 9.6 0.165 — — 64.3 — — +0.971 
oPm gb 166 119 0.155 — — 755 — — — 
oSm 9.6 19.0 12.7 0.133 — — 94.0 — — -0.21 
Eu 35.0 — 35.0 0.1395 — — 90.0 — - +24.4 
аса 9.19 10.09 9.4 0.105 135.1 121.7 131.0 —10 -54 -4.484 
aTb 9.3 12.4 10.3 0.111 123.5 101.5 115.0 -1.0 -3.7 — 
ару 7.1 15.6 9.9 0.107 111.0 76.6 92.6 -0.3 -3.7 - 
Но 7.0 19.5 11.2 0.162 101.5 60.5 814 402 -32 — 
Er 7.9 20.9 12.2 0.145 94.5 60.3 86.0 40.3 -3.6 — 
Tm 8.8 22.2 13.3 0.169 88.0 47.2 67.6 — — -1.8 
BYb 26.3 — 26.3 0.385 -- -- 25.0 -- -- 43.77 
Lu 4.8 20.0 9.9 0.164 76.6 34.7 58.2 40.45 -2.6 -0.535 


Note: For additional information, see Beaudry, В. 7. and Gschneidner, K.A., Jr., in Handbook on the Physics апа Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., 
Eds., North-Holland Physics, Amsterdam, 1978, 173 and McEwen, K.A., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., 
Eds., North-Holland Physics, Amsterdam, 1978, 411. 


а Calculated from single crystal values. 
b Estimated. 

° At 100°C. 

3 At 77°C. 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 10 
Electronic Specific Heat Constant (y), Electron-Electron (Coulomb) Coupling Constant (17), Electron- 
Phonon Coupling Constant (À), Debye Temperature at 0 K(05), 
and Superconducting Transition Temperature 


Rare 05 (K) from Superconducting 
earth Y Heat Elastic temperature 
metal (mJ/mol-K?) и“ À capacity constants (K) 
aSc 10.334 0.16 0.30 345.3 — 0.050? 
ay 7.878 0.15 0.30 244.4 258 1.35 
aLa 9.45 0.08 0.76 150 154 5.10 
BLa 11.5 — -- 140 — 6.00 
aCe 12.8 - — 179 — 0.022* 
ОРГ 20 — 1.074 155% 153 -- 
aNd f -- 0.864 15:75 163 -- 
оРт — — — 1599 — — 
asm 8.1 € 1.58 — 0.814 1625 169 — 

Eu f — — f 118 — 
оса 4.48 — 0.30 169 182 -- 
о/Ть 3.71 — 0.344 169.6 177 - 

o Dy 4.9 — 0.324 192 183 - 

Но 2.1 -- 0.304 175% 190 — 

Er 8.7 — 0.334 176.9 188 -- 

Tm f — 0.364 179° 200 -- 
Үр 3.30 - — 117.6 118 — 

BYb 8.36 — — 109 — — 

Lu 8.194 0.14 0.31 183.2 185 0.022^ 


Note: For additional information, see Sundstróm, L.J., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr., and 
Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 379, Scott, T., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 
1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 591, Probst, C. and Wittig, J., in Handbook on the 
Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 749, 
and Tsang, T.-W.E., Gschneidner, K.A., Jr., Schmidt, F.A., and Thome, D.K., Phys. Rev., B, 31, 235, 1985. Collocott, S.J., Hill, R.W. and 
Stewart, A.M., J. Phys. F, 18, L223, 1988. НШ, ЕМ. and Gschneidner, K.A., Jr., J. Phys. Е, 18, 2545, 1988. Skriver, H.L. and Mertig, I., Phys. 
Rev. B, 41, 6553, 1990. Collocott, S.J. and Stewart, A.M., J. Phys.: Condens. Matter, 4, 6743, 1992. Pecharsky, V.K., Gschneidner, K.A., Jr. 
and Fort, D., Phys. Rev. B, 47, 5063, 1993. 


At 18.6 GPa. 

At 11 GPa. 

At 2.2 GPa. 

Calculated value. 

Estimated. 

Heat capacity results have been reported, but the resultant у and Өр values are unreliable because of the presence of impurities and/or there was no 
reliable procedure or model to correct for the magnetic contribution to the heat capacity. 


ош о со» 


- 


22 


Based on the values reported for the purer Sm sample (IV). 
At 4.5 GPa. 


= 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 11 
Room Temperature Elastic Moduli and Mechanical Properties 


Mechanical properties (MPa) 


Elastic moduli (GPa) Yield 

Rare Young's strength Ultimate Uniform Reduction Recryst. 
earth (elastic) Shear Bulk Poisson's 0.2% tensile elongation in area temp. 
metal modulus modulus modulus ratio offset strength (96) (96) (°С) 
5с 74.4 291 56.6 0.279 1734 2553 5.08 8.08 550 
Y 63.5 25.6 412 0.243 42 129 34.0 -- 550 
aLa 36.6 14.3 27.9 0.280 126? 130 7.92 — 300 
ВСе - - - -- 86 138 - 24.0 — 
ҮСе 33.6 13.5 21.5 0.24 28 117 22.0 30.0 325 
ОРГ 37.3 14.8 28.8 0.281 73 147 15.4 67.0 400 
ома 41.4 16.3 31.8 0.281 71 164 25.0 72.0 400 
aPm 46> 18> 339 0.28» - — — -- 400» 
asm 49.7 19.5 37.8 0.274 68 156 17.0 29.5 440 
Ей 18.2 7.9 8.3 0.152 -- - -- — 300 
аса 54.8 21.8 37.9 0.259 15 118 37.0 56.0 500 
aTb 55.7 22.1 38.7 0.261 - -- -- — 500 
ару 61.4 24.7 40.5 0.247 43 139 30.0 30.0 550 
Но 64.8 26.3 40.2 0.231 - -- -- — 520 
Er 69.9 28.3 44.4 0.237 60 136 11.5 11.9 520 
Tm 74.0 30.5 44.5 0.213 -- -- — — 600 
BYb 23.9 9.9 30.5 0.207 7 58 43.0 92.0 300 
Іш 68.6 272 47.6 0.261 -- -- -- — 600 


Note: For additional information, see Scott, T., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, 
L., Eds., North-Holland Physics, Amsterdam, 1978, 591. 


а Value is questionable. 
b Estimated. 
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Table 12 
Liquid Metal Properties Near the Melting Point 


Magnetic Spectral emittance 

Rare Surface Heat Thermal susceptibility Electrical at À = 645 nm 
earth Density tension Viscosity capacity conductivity xx 104 resistivity AVLos? £ Temp. range 
metal (g/cm?) (N/m) (centipoise) (J/mol K) (W/cm K) (emu/mol) (ист) (%) (%) (°С) 

5с 2.80 0.954 -- 44.25 - — — — — 

Y 4.24 0.871 — 43.1 — — — — 36.8 1522-1647 

La 5.96 0.718 2.65 34.3 0.238 1.20 133 -0.6 25.4 920-1287 

Се 6.68 0.706 3.20 37.7 0.210 9.37 130 +1.1 32.2 877-1547 

Рг 6.59 0.707 2.85 43.0 0.251 17.3 139 —0.02 28.4 931-1537 

ма 6.72 0.687 — 48.8 0.195 18.7 151 -0.9 39.4 1021-1567 

Рш 6.95 0.6809 - 509 -- -- 1609 — — 

Sm 7.16 0.431 -- 50.2» -- 18.3 182 -3.6 43.7 1075 

Eu 4.87 0.264 -- 38.1 -- 97 242 -4.8 -- 

Gd 7.4 0.664 — 372 0.149 67 195 -2.0 34.2 1313-1600 

Tb 7.65 0.669 — 46.5 — 82 193 -3.1 — 

Dy 8.2 0.648 — 49.9 0.187 95 210 —4.5 29.7 1412-1437 

Ho 8.34 0.650 — 43.9 — 88 221 -7.4 — 

Er 8.6 0.637 — 38.7 — 69 226 -9.0 372 1529-1587 

Tm 9.09 — — 41.4 — 41 235^ -6.9 — 

Yb 6.21 0.320 2.67 36.8 — — 113 -5.1 — 

Lu 9.3 0.940 -- 47.99 — -- 224 -3.6 -- 


Note: For additional information, see Van Zytveld, J., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 12, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 
1989, 357. Stretz, L.A. and Bautista, R.G., in Temperature, Its Measurement and Control in Science and Industry, Vol. 4, part I, H.H. Plumb, Ed., Instrument Society of America, Pittsburgh, 
1972, 489. King, T.S., Baria, D.N., and Bautista, R.G., Met. Trans. B, 7, 411, 1976. Baria, D.N., King, T.S., and Bautista, R.G., Met. Trans. B, 7, 571, 1976. 


а Volume change on freezing. 
b Estimated. 
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PHYSICAL PROPERTIES OF THE RARE EARTH METALS (continued) 


Table 13 
Ionization Potentials (Electronvolts) 


I IH Ш ТУ У 
Каге Neutral Singly Doubly Triply Quadruply 
earth atom ionized ionized ionized ionized 

Sc 6.56144 12.79967 24.75666 73.4894 91.65 
Y 6.217 12.24 20.52 60.597 77.0 
La 5.5770 11.060 19.1773 49.95 61.6 
Ce 5.5387 10.85 20.198 36.758 65.55 
Pr 5.464 10.55 21.624 38.98 57.53 
Nd 5.5250 10.73 2251 40.41 - 
Рт 5.554 10.90 22.3 41.1 -- 
5ш 5.6437 11.07 23.4 41.4 -- 
Eu 5.6704 11.241 24.92 42.7 — 
Gd 6.1500 12.09 20.63 44.0 — 
Tb 5.8639 11.52 21.91 39.79 — 
Dy 5.9389 11.67 22.8 41.47 — 
Ho 6.0216 11.80 22.84 42.5 — 
Er 6.1078 11.93 22.74 42.7 — 
Tm 6.18431 12.05 23.68 42.7 — 
Yb 6.25416 12.1761 25.05 43.56 — 
Lu 5.42585 13.9 20.9594 45.25 66.8 


Note: For references, see the table “Ionization Potentials of Atoms and Atomic Ions” in Section 10. 


Table 14 
Effective Ionic Radii (A)? 


Rare 
earth R^ R= R+ 

ion CN=6 CN=8 CN=6 CN=8 CN=12 CN=6 CN=8 
Sc — — 0.745 0.87 1.116 — — 

Y — — 0.900 1.015 1.220 — — 
La — — 1.045 1.18 1.320 — — 
Ce — — 1.010 1.14 1.290 0.80 0.97 
Pr — — 0.997 1.14 1.286 0.78 0.96 
Nd — — 0.983 1.12 1.276 — — 
Pm — — 0.97 1.10 1.267 — — 
Sm 1.19 1.27 0.958 1.09 1.260 — — 
Eu 1.17 1.25 0.947 1.07 1.252 — — 
Gd — — 0.938 1.06 1.246 — — 
Tb — — 0.923 1.04 1.236 0.76 0.88 
Dy — — 0.912 1.03 1.228 — — 
Ho — — 0.901 1.02 1.221 — — 
Er — — 0.890 1.00 1.214 — — 
Tm — — 0.880 0.99 1.207 — — 
Yb 1.00 1.07 0.868 0.98 1.199 — — 
Lu — — 0.861 0.97 1.194 — — 


Note: For additional information, see Shannon, R.D. and Prewitt, C.T., Acta Cryst., 25, 925, 1969 and Shannon, R.D. and Prewitt, C.T., Acta Cryst., 
26, 1046, 1970. 


? Radius of O% is 1.40 Å for a coordination number (CN) of 6. 
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MELTING, BOILING, AND CRITICAL TEMPERATURES ОЕ THE ELEMENTS 


This table summarizes the melting point fm, normal boiling point ђ, and critical temperature t, (on the ITS-90 scale) for the elements for which 
data are available. А “tp” after a value indicates a solid-liquid-gas triple point, and “sp” indicates a sublimation point, where the vapor pressure of the 
solid phase reaches 101.325 kPa (1 atm). Transition temperatures between allotropic forms are included for several elements. References may be found 
in the tables Physical Constants of Inorganic Compounds and Critical Constants. 


Name t, °C t °C „°С Мате t °C t,/°C t °C 
Actinium 1051 3198 Molybdenum 2623 4639 

Aluminum 660.32 2519 Neodymium 1021 3074 

Americium 1176 2011 Neon -248.59 -246.08 -228.7 
Antimony 630.63 1587 Neptunium 644 

Argon -189.35 -185.85 -122.28 Nickel 1455 2913 

Arsenic (gray) 817 tp (3.70 MPa) 603 sp 1400 Niobium 2477 4744 

Astatine 302 Nitrogen -210.00 -195.79 -146.94 
Barium 727 1897 Nobelium 827 

Berkelium (о form) 1050 Osmium 3033 5012 

Berkelium (p form) 986 Oxygen -218.79 -182.95 -118.56 
Beryllium 1287 2471 Palladium 1554.9 2963 

Bismuth 271.40 1564 Phosphorus (white) 44.15 280.5 721 
Boron 2075 4000 Phosphorus (red) 590 tp 431 sp 721 
Вготіпе -72 588 315 Phosphorus (black) 610 

Cadmium 321.07 767 Platinum 1768.4 3825 

Calcium 842 1484 Plutonium 640 3228 

Californium 900 Polonium 254 962 

Carbon (graphite) 4489 ір (10.3 MPa) 3825 sp Potassium f 63.5 759 1950 
Carbon (diamond) 4440 (12.4 GPa) Praseodymium 931 3520 

Cerium 798 3443 Promethium 1042 3000 

Cesium 28.5 671 1665 Protactinium 1572 

Chlorine -101.5 -34.04 143.8 Radium 700 

Chromium 1907 2671 Radon -71 -61.7 104 
Cobalt 1495 2927 Rhenium 3186 5596 

Copper 1084.62 2562 Rhodium 1964 3695 

Curium 1345 =3100 Rubidium 39.30 688 1820 
Dysprosium 1412 2567 Ruthenium 2334 4150 

Einsteinium 860 Samarium 1074 1794 

Erbium 1529 2868 Scandium 1541 2836 

Europium 822 1529 Selenium(vitreous) 180 (trans to gray) 685 

Fermium 1527 Selenium (gray) 220.5 685 1493 
Fluorine -219.67 tp -188.12 -129.02 Silicon 1414 3265 

Francium 27 Silver 961.78 2162 

Gadolinium 1313 3273 Sodium 97.80 883 2300 
Gallium 29.771 tp 2204 Strontium 777 1382 

Germanium 938.25 2833 Sulfur (rhombic) 95.3 (trans to топо) 444.60 1041 
Gold 1064.18 2856 Sulfur (monoclinic) 119.6 444.60 1041 
Hafnium 2233 4603 Tantalum 3017 5458 

Helium -268.93 -267.96 Technetium 2157 4265 

Holmium 1474 2700 Tellurium 449.51 988 

Hydrogen -259.34 -252.87 -240.18 Terbium 1356 3230 

Indium 156.60 2072 Thallium 304 1473 

Iodine 113.7 184.4 546 Thorium 1750 4788 

Iridium 2446 4428 Thulium 1545 1950 

Iron 1538 2861 Tin (gray) 13.2 (trans to white) 2602 

Krypton -157.38 tp (73.2 kPa) -153.22 -63.74 Tin (white) 231.93 2602 

Lanthanum 918 3464 Titanium 1668 3287 

Lawrencium 1627 Tungsten 3422 5555 

Lead 327.46 1749 Uranium 1135 4131 

Lithium 180.50 1342 2950 Vanadium 1910 3407 

Lutetium 1663 3402 Xenon -111.79 tp (81.6 kPa) -108.12 16.62 
Magnesium 650 1090 Ytterbium 819 1196 

Manganese 1246 2061 Yttrium 1522 3345 

Mendelevium 827 Zinc | 419.53 907 

Мегсигу -38.8371р 256.73 1477 Zirconium 1855 4409 
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HEAT CAPACITY OF THE ELEMENTS АТ 25?C 


This table gives the specific heat capacity (cy) in J/g К and the molar heat capacity (С) in J/mol К at a temperature of 25°C and a pressure of 100 
kPa (1 bar or 0.987 standard atmospheres) for all the elements for which reliable data are available. 


Ср с, Ср с, 

Мате J/g K J/mol K Name J/g K J/mol K 
Actinium 0.120 272 Molybdenum 0.251 24.06 
Aluminum 0.897 24.200 Neodymium 0.190 27.45 
Antimony 0.207 25.23 Меоп 1.030 20.786 
Агвоп 0.520 20.786 Nickel 0.444 26.07 
Arsenic 0.329 24.64 Niobium 0.265 24.60 
Barium 0.204 28.07 Nitrogen (N;) 1.040 29.124 
Beryllium 1.825 16.443 Osmium 0.130 24.7 
Bismuth 0.122 25.52 Oxygen (О) 0.918 29.378 
Boron 1.026 11.087 Palladium 0.246 25.98 
Bromine (Вг;) 0.226 36.057 Phosphorus (white) 0.769 23.824 
Cadmium 0.232 26.020 Platinum 0.133 25.86 
Calcium 0.647 25.929 Potassium 0.757 29.600 
Carbon (graphite) 0.709 8.517 Praseodymium 0.193 27.20 
Cerium 0.192 26.94 Radon 0.094 20.786 
Cesium 0.242 32.210 Rhenium 0.137 25.48 
Chlorine (CL) 0.479 33.949 Rhodium 0.243 24.98 
Chromium 0.449 23.35 Rubidium 0.363 31.060 
Cobalt 0.421 24.81 Ruthenium 0.238 24.06 
Copper 0.385 24.440 Samarium 0.197 29.54 
Dysprosium 0.170 217 Scandium 0.568 25.52 
Erbium 0.168 28.12 Selenium 0.321 25.363 
Europium 0.182 27.66 8Шсоп 0.705 19.789 
Fluorine (Еэ) 0.824 31.304 Silver 0.235 25.350 
Gadolinium 0.236 37.03 Sodium 1.228 28.230 
Gallium 0.371 25.86 Strontium 0.301 26.4 
Germanium 0.320 23.222 Sulfur (rhombic) 0.710 22.15 
Gold 0.129 25.418 Tantalum 0.140 25.36 
Hafnium 0.144 25.73 Tellurium 0.202 25.73 
Helium 5.193 20.786 Terbium 0.182 28.91 
Holmium 0.165 27.15 Thallium 0.129 26.32 
Hydrogen (H5) 14.304 28.836 Thorium 0.113 26.230 
Indium 0.233 26.74 Thulium 0.160 27.03 
Iodine (15) 0.145 36.888 Tin (white) 0.228 27.112 
Iridium 0.131 25.10 Titanium 0.523 25.060 
Iron 0.449 25.10 Tungsten 0.132 2427 
Krypton 0.248 20.786 Uranium 0.116 27.665 
Lanthanum 0.195 27.11 Vanadium 0.489 24.89 
Lead 0.129 26.650 Xenon 0.158 20.786 
Lithium 3.582 24.860 Ytterbium 0.155 26.74 
Lutetium 0.154 26.86 Yttrium 0.298 26.53 
Magnesium 1.023 24.869 Zinc 0.388 25.390 
Manganese 0.479 26.32 Zirconium 0.278 25.36 
Mercury 0.140 27.983 


VAPOR PRESSURE ОЕ THE METALLIC ELEMENTS 
C. B. Alcock 


This table gives coefficients in an equation for the vapor pressure of 65 metallic elements in both the solid and liquid 
state. Vapor pressures in the range 10-10 to 10? Ра (10-15 to 10? atm) are covered. The equation is: 


for p in pascals: log (p/Pa) = 5.006 + А + ВТ! + ClogT + DT? 
for p in atmospheres: log(p/atm) = А + BT! + ClogT + РТ, where Т is the temperature in K 


This equation reproduces the observed vapor pressures to an accuracy of +5% or better. Reprinted with permission of 
the publisher, Pergamon Press. 


REFERENCE 
Alcock, C. B., Itkin, V. P., and Horrigan, M. K., Canadian Metallurgical Quarterly, 23, 309, 1984. 


Element, Temperature 
state A B C D range 
Li sol 5.667 -8310 298-m.p. 
Li liq 5.055 -8023 m.p.-1000 
Na sol 5.298 -5603 298-m.p. 
Na liq 4.704 -53TT m.p.-700 
K sol 4.961 -4646 298-m.p. 
Kliq 4.402 -4453 m.p.-600 
Rb sol 4.857 -4215 298-m.p. 
Rb liq 4.312 -4040 m.p.-550 
Cs sol 4.711 -3999 298-m.p. 
Cs liq 4.165 -3830 m.p.-550 
Be sol 8.042 -17020 -0.4440 298-m.p. 
Be liq 5.786 -15731 m.p.-1800 
Mg sol 8.489 -7813 -0.8253 298-m.p. 
Ca sol 10.127 -9517 -1.4030 298-m.p. 
Sr sol 9.226 -8572 -1.1926 298-m.p. 
Ba sol 12.405 -9690 -2.2890 298-m.p. 
Ba liq 4.007 -8163 m.p.-1200 
Al sol 9.459 -17342 -0.7927 298-m.p. 
Alliq 5.911 -16211 m.p.-1800 
Ga sol 6.657 -14208 298-m.p. 
Ga liq 6.754 -13984 -0.3413 т.р.-1600 
In sol 5.991 -12548 298-m.p. 
In liq 5.374 -12276 m.p.-1500 
ТІ sol 5.971 -9447 298-m.p. 
Tl liq 5.259 -9037 m.p.-1100 
Sn sol 6.036 -15710 298-m.p. 
Sn liq 5.262 -15332 m.p.-1850 
Pb sol 5.643 -10143 298-m.p. 
Pb liq 4.911 -9701 m.p.-1200 
Sc sol 6.650 -19721 0.2885 -0.3663 298-m.p. 
Sc liq 5.795 -17681 m.p.-2000 
Y sol 9.735 -22306 -0.8705 298-m.p. 
Y liq 5.795 -20341 m.p.-2300 
La sol 7.463 -22551 -0.3142 298-m.p. 
La liq 5.911 -21855 т.р.-2450 
Ті sol 11.925 -24991 -1.3376 298-m.p. 
Ti liq 6.358 -22747 т.р.-2400 
Zr sol 10.008 -31512 -0.7890 298-m.p 
Zr liq 6.806 -30295 m.p.-2500 
Hf sol 9.445 -32482 -0.6735 298-m.p. 
V sol 9.744 -27132 -0.5501 298-m.p. 
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VAPOR PRESSURE OF THE METALLIC ELEMENTS (continued) 


Element, Temperature 
state A B C D range 

V liq 6.929 -25011 m.p.-2500 
Nb sol 8.822 -37818 -0.2575 298-2500 
Ta sol 16.807 -41346 -3.2152 0.7437 248-2500 
Cr sol 6.800 -20733 0.4391 -0.4094 298-2000 
Mo sol 11.529 -34626 -1.1331 298-2500 
W sol 2.945 -44094 1.3677 298-2350 
W sol -54.527 -57687 -12.2231 2200-2500 
Mn sol 12.805 -15097 -1.7896 298-m.p. 
Re sol 11.543 -40726 -1.1629 298-2500 
Fe sol 7.100 -21723 0.4536 -0.5846 298-m.p. 
Fe liq 6.347 -19574 m.p.-2100 
Ru sol 9.755 -34154 -0.4723 298-m.p. 
Os sol 9.419 -41198 -0.3896 298-2500 
Co sol 10.976 -22576 -1.0280 298-m.p. 
Co liq 6.488 -20578 m.p.-2150 
Rh sol 10.168 -29010 -0.7068 298-m.p. 
Rh liq 6.802 -26792 m.p.-2500 
Ir sol 10.506 -35099 -0.7500 298-2500 
Ni sol 10.557 -22606 -0.8717 298-m.p. 
Ni liq 6.666 -20765 m.p.-2150 
Pd sol 9.502 -19813 -0.9258 298-m.p. 
Pd liq 5.426 -17899 m.p.-2100 
Pt sol 4.882 -29387 1.1039 -0.4527 298-m.p. 
Pt liq 6.386 -26856 m.p.-2500 
Cu sol 9.123 -17748 -0.7317 298-m.p. 
Cu liq 5.849 -16415 m.p.-1850 
Ag sol 9.127 -14999 -0.7845 298-m.p. 
Ag liq 5.752 -13827 m.p.-1600 
Au sol 9.152 -19343 -0.7479 298-m.p. 
Au liq 5.832 -18024 m.p.-2050 
Zn sol 6.102 -6776 298-m.p. 
Zn liq 5.378 -6286 m.p.-750 
Cd sol 5.939 -5799 298-m.p. 
Cd liq 5.242 -5392 m.p.-650 
Hg liq 5.116 -3190 298-400 
Ce sol 6.139 -21752 298-m.p. 
Ce liq 5.611 -21200 m.p.-2450 
Pr sol 8.859 -18720 -0.9512 298-m.p. 
Pr liq 4.772 -17315 т.р.-2200 
Nd sol 8.996 -17264 -0.9519 298-m.p. 
Nd liq 4.912 -15824 m.p.-2000 
Sm sol 9.988 -11034 -1.3287 298-m.p. 
Eu sol 9.240 -9459 -1.1661 298-m.p. 
Gd sol 8.344 -20861 -0.5775 298-m.p. 
Gd liq 5.557 -19389 m.p.-2250 
Tb sol 9.510 -20457 -0.9247 298-m.p. 
Tb liq 5411 -18639 m.p.-2200 
Dy sol 9.579 -15336 -1.1114 298-т.р. 
Но sol 9.785 -15899 -1.1753 298-m.p. 
Er sol 9.916 -16642 -1.2154 298-m.p. 
Er liq 4.668 -14380 m.p.-1900 
Tm sol 8.882 -12270 -0.9564 298-1400 
Yb sol 9.111 -8111 -1.0849 298-900 
Lu sol 8.793 -22423 -0.6200 298-m.p. 
Lu liq 5.648 -20302 m.p.-2350 
Th sol 8.668 -31483 -0.5288 298-m.p. 
Th liq -18.453 -24569 6.6473 т.р.-2500 
Pa sol 10.552 -34869 -1.0075 298-m.p. 
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VAPOR PRESSURE OF THE METALLIC ELEMENTS (continued) 


Element, Temperature 
state A B C D range 
Paliq 6.177 -32874 m.p.-2500 
U sol 0.770 -27729 2.6982 -1.5471 298-m.p. 
U liq 20.735 -28776 -4.0962 т.р.-2500 
Np sol 19.643 -24886 -3.999] 298-m.p. 
Np liq 10.076 -23378 -1.3250 m.p.-2500 
Pu sol 26.160 -19162 -6.6675 298-600 
Pu sol 18.858 -18460 -4.4720 500-m.p. 
Pu liq 3.666 -16658 m.p.-2450 
Am sol 11.311 -15059 -1.3449 298-m.p. 
Cm sol 8.369 -20364 -0.5770 298-m.p. 
Cm liq 5.223 -18292 m.p.-2200 
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DENSITY OF MOLTEN ELEMENTS AND REPRESENTATIVE SALTS 


This table lists the liquid density at the melting point, p,, , for elements that are solid at room temperature, as well as for some representative salts 
of these elements. Densities at higher temperatures (up to the ах given in the last column) may be estimated from the equation 


p) = Рь - k(t-tm) 


where t, is the melting point and А is given in the fifth column of the table. If a value of fmax is not given, the equation should not be used to extrapolate 
more than about 209С beyond the melting point. 

Data for the elements were selected from the primary literature; the assistance of Gernot Lang in compiling these data is gratefully acknowledged. 
The molten salt data were derived from Reference 1. 


REFERENCE 
l. Janz,G.J., Thermodynamic and Transport Properties of Molten Salts: Correlation Equations for Critically Evaluated Density, Surface Tension, 


Electrical Conductance, and Viscosity Data, J. Phys. Chem. Ref. Data, 17, Suppl. 2, 1988. 
2. Nasch, P. M., and Steinemann, S. G., Phys. Chem. Liq., 29, 43, 1995. 


Formula Name КС px fg cem? k/g cm? °C-1 aix 
Ag Silver 961.78 9.320 0.0009 1500 
AgBr Silver(I) bromide 432 5.577 0.001035 667 
AgCl Silver(I) chloride 455 4.83 0.00094 627 
Agl Silver(I) iodide 558 5.58 0.00101 802 
AgNO, Silver(I) nitrate 212 3.970 0.001098 360 
Ag5SO, Silver(I) sulfate 652 4.84 0.001089 TIO 
Al Aluminum 660.32 2.375 0.000233 1340 
AIBr; Aluminum bromide 97.5 2.647 0.002435 267 
AICI, Aluminum chloride 192.6 1.302 0.002711 296 
All, Aluminum iodide 188.32 3.223 0.0025 240 
As Arsenic 817 5.22 0.000544 

Au Gold 1064.18 17.31 0.001343 1200 
B Boron 2075 2.08 

Ba Barium 727 3.338 0.000299 1550 
ВаВљ Barium bromide 857 3.991 0.000924 900 
BaCl, Barium chloride 962 3.174 0.000681 1081 
BaF, Barium fluoride 1368 4.14 0.000999 1727 
Bal, Barium iodide 711 4.26 0.000977 975 
Be Beryllium 1287 1.690 0.00011 

BeCl, Beryllium chloride 415 1.54 0.0011 473 
BeF, Beryllium fluoride 552 1.96 0.000015 850 
Bi Bismuth 271.40 10.05 0.00135 800 
ВІВг; Bismuth bromide 218 4.76 0.002637 927 
ВІСІ; Bismuth chloride 230 3.916 0.0023 350 
Ca Calcium 842 1.378 0.000230 1484 
СаВг, Calcium bromide 742 3.111 0.0005 791 
CaCl, Calcium chloride 775 2.085 0.000422 950 
СаЕ, Calcium fluoride 1418 2.52 0.000391 2027 
Cal, Calcium iodide 783 3.443 0.000751 1028 
Cd Cadmium 321.07 7.996 0.001218 500 
CdBr, Cadmium bromide 568 4.075 0.00108 720 
CdCl, Cadmium chloride 564 3.392 0.00082 807 
Саг, Cadmium 10414е 387 4.396 0.001117 700 
Се Cerium 799 6.55 0.000710 1460 
CeCl, Сегішті(Ш) chloride 817 3.25 0.00092 950 
СеЕ; Cerium(IID fluoride 1430 4.659 0.000936 1927 
Со Cobalt 1495 7.75 0.00165 1580 
Cr Chromium 1907 6.3 0.0011 2100 
Cs Cesium 28.44 1.843 0.000556 510 
CsBr Cesium bromide 636 3.133 0.001223 860 
CsCl Cesium chloride 645 2.79 0.001065 906 
CsF Cesium fluoride 703 3.649 0.001282 912 
CsI Cesium iodide 621 3.197 0.001183 907 
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DENSITY ОЕ MOLTEN ELEMENTS AND REPRESENTATIVE SALTS (continued) 


Formula Name ес р,/8 cem? k/g cm? 9С-1 ax 
CsNO3 Cesium nitrate 414 2.820 0.001166 491 
Cs SO, Cesium sulfate 1005 24 0.00095 1530 
Са Соррег 1084.62 8.02 0.000609 1630 
CuCl Copper(1) chloride 430 3.692 0.00076 585 
ру Dysprosium 1411 8.37 0.00143 1540 
DyCl, Dysprosium(IID chloride 680 3.62 0.00068 987 
Er Erbium 1529 8.86 0.00157 1700 
Eu Europium 822 5.13 0.0028 980 
Fe Iron 1538 6.98 0.000572 1680 
FeCl, Tron(II) chloride 677 2.348 0.000555 877 
Ga Gallium 29.76 6.08 0.00062 400 
СаВг; Gallium(III) bromide 121.5 3.116 0.00246 135 
GaCl, Gallium(III) chloride 77.9 2.053 0.002083 141 
Gal; Gallium(III) iodide 212 3.630 0.002377 252 
Gd Gadolinium 1314 7.4 

GdCl, Gadolinium(III) chloride 609 3.56 0.000671 1007 
С; Gadolinium(III) iodide 925 4.12 0.000908 1032 
Ge Germanium 938.25 5.60 0.00055 1600 
Hf Hafnium 2233 12 

HgBr; Мегсигу(П) bromide 236 5.126 0.003233 319 
Несі, Мегсигу(П) chloride 276 4.368 0.002862 304 
Hegel, Мегсигу(П) iodide 259 0:222. 0.003235 354 
Ho Holmium 1472 8.34 

In Indium 156.60 7.02 0.000836 500 
InBr; Indium(III) bromide 420 3.121 0.0015 528 
InCl, Indium(III) chloride 583 2.140 0.0021 666 
Inl, Indiunm(III) iodide 207 3.820 0.0015 360 
Ir Iridium 2446 19 

K Potassium 63.38 0.828 0.000232 500 
KBr Potassium bromide 734 2.127 0.000825 930 
ка Potassium chloride 771 1.527 0.000583 939 
КЕ Potassium fluoride 858 1.910 0.000651 1037 
KI Potassium iodide 681 2.448 0.000956 904 
КМО, Potassium nitrate 337 1.865 0.000723 457 
La Lanthanum 920 5.94 0.00061 1600 
LaBr; Lanthanum bromide 788 4.933 0.000096 912 
LaCl, Lanthanum chloride 859 3.209 0.000777 973 
LaF; Lanthanum fluoride 1493 4.589 0.000682 2177 
Lal, Lanthanum iodide 778 4.29 0.001110 907 
Li Lithium 180.5 0.512 0.00052 285 
LiBr Lithium bromide 552 2.528 0.000652 739 
LiCl Lithium chloride 610 1.502 0.000432 781 
LiF Lithium fluoride 848.2 1.81 0.000490 1047 
Lil Lithium iodide 469 3.109 0.000917 667 
LiNO; Lithium nitrate 253 1.781 0.000546 441 
11,804 Lithium sulfate 859 2.003 0.000407 1214 
Lu Lutetium 1663 9.3 

Mg Magnesium 650 1.584 0.000234 900 
MgBr, Magnesium bromide 711 2.62 0.000478 935 
MgCl, Magnesium chloride 714 1.68 0.000271 826 
Мер Magnesium iodide 634 3.05 0.000651 888 
Mn Manganese 1246 5.95 0.00105 1590 
MnCl, Manganese(II) chloride 650 2.353 0.000437 850 
Mo Molybdenum 2623 9.33 

Na Sodium 97.80 0.927 0.00023 600 
NaBr Sodium bromide TAT 2.342 0.0008 16 945 
NaCO; Sodium carbonate 858.1 1.972 0.000448 1004 
NaCl Sodium chloride 800.7 1.556 0.000543 1027 
NaF Sodium fluoride 996 1.948 0.000636 1097 
Nal Sodium iodide 660 2.742 0.000949 912 
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DENSITY ОЕ MOLTEN ELEMENTS AND REPRESENTATIVE SALTS (continued) 


Formula Name ес Pm/g cem? Кр, cm? °C- ax 
NaNO, Sodium nitrate 307 1.90 0.000715 370 
Na5SO, Sodium sulfate 884 2.069 0.000483 1077 
Nd Neodymium 1016 6.89 0.00076 1350 
Ni Nickel 1455 7.81 0.000726 1700 
NiCl, Nickel(II) chloride 1009 2.653 0.00066 1057 
Os Osmium 3033 20 

Pb Lead 327.46 10.66 0.00122 700 
PbBr Lead(II) bromide 371 5.73 0.00165 600 
PbCl, Геаа(П) chloride 501 4.951 0.0015 710 
РЫ, Lead(II) iodide 410 5.691 0.001594 697 
Pd Palladium 1554.9 10.38 0.001169 1700 
Pr Praseodymium 931 6.50 0.00093 1460 
РІСІ; Praseodymium chloride 786 3.23 0.00074 977 
Р Platinum 1768.4 19.77 0.0024 2200 
Pu Plutonium 640 16.63 0.001419 950 
Rb Rubidium 39.31 1.46 0.000451 800 
RbBr Rubidium bromide 682 2.715 0.001072 907 
Rb;CO; Rubidium carbonate 837 2.84 0.000640 1007 
RbCI Rubidium chloride 715 2.248 0.000883 923 
RbF Rubidium fluoride 833 2.87 0.00102 1067 
RbI Rubidium iodide 642 2.904 0.001143 902 
RbNO; Rubidium nitrate 305 2.519 0.001068 417 
Rb,SO, Rubidium sulfate 1050 2.56 0.000665 1545 
Re Rhenium 3186 18.9 

Rh Rhodium 1964 10.7 0.000895 2200 
Ru Ruthenium 2334 10.65 

S Sulfur 115.21 1.819 0.00080 160 
Sb Antimony 630.63 6.53 0.00067 745 
SbCl, Antimony(III) chloride 73.4 2.681 0.002293 TI 
SbCl; Antimony(V) chloride 4 2.37 0.001869 77 
551, Antimony(III) iodide 168 4.171 0.002483 322 
Sc Scandium 1541 2.80 

Se Selenium 221 3.99 

Si Silicon 1414 2:57 0.000936 1500 
Sm Samarium 1072 7.16 

Sn Tin 231.93 6.99 0.000601 1200 
SnCl, Tin(ID chloride 247 3.36 0.001253 480 
SnCl, Tin(IV) chloride -33 2.37 0.002687 138 
Sr Strontium TTI 6.980 

SrBr, Strontium bromide 657 3.70 0.000745 1004 
SrCl, Strontium chloride 874 2.727 0.000578 1037 
SrF, Strontium fluoride 1477 3.470 0.000751 1927 
511, Strontium iodide 538 4.085 0.000885 1026 
Ta Tantalum 3017 15 

ТаСІ; Tantalum(V) chloride 216 2.700 0.004316 457 
Tb Terbium 1359 7.65 

Te Tellurium 449.51 5.70 0.00035 600 
ThCl, Thorium chloride TIO 3.363 0.0014 847 
ThF, Thorium fluoride 1110 6.058 0.000759 1378 
Ti Titanium 1668 4.11 

ТІСІ, Titanium(IV) chloride -25 1.807 0.001735 137 
TI Thallium 304 11.22 0.00144 600 
TIBr Thallium(T) bromide 460 5.98 0.001755 647 
TICI Thallium(I) chloride 430 5.628 0.0018 642 
TII Thallium(I) iodide 441.8 6.15 0.001761 737 
ТІМО; Thallium(I) nitrate 206 4.91 0.001873 279 
Т!,50, Thallium(I) sulfate 632 5.62 0.00130 927 
Tm Thulium 1545 8.56 0.00050 1675 
U Uranium 1135 17.3 

ОС Uranium(IID chloride 837 4.84 0.007943 1057 
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DENSITY ОЕ MOLTEN ELEMENTS AND REPRESENTATIVE SALTS (continued) 


Formula Name ес px fg cem? k/g cm? °C-1 ax 
ПС, Uranium(IV) chloride 590 3.572 0.001945 667 
UF, Uranium(IV) fluoride 1036 6.485 0.000992 1341 
V Vanadium 1910 5.5 

w Tungsten 3422 17.6 

Y Yttrium 1526 4.24 

ҮС Yttrium chloride 721 2.510 0.0005 845 
Yb Ytterbium 824 6.21 

Zn Zinc 419.53 6.57 0.0011 700 
ZnBr, Zinc bromide 394 3.47 0.000959 602 
ZnCl, Zinc chloride 290 2.54 0.00053 557 
Znl, Zinc iodide 446 3.878 0.00136 588 
ZnSO, Zinc sulfate 680 3.14 0.00047 987 
Zr Zirconium 1855 5.8 

ZrCly Zirconium chloride 437 1.643 0.007464 492 
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MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS 


When a material is placed in a magnetic field H, a magnetization (magnetic moment per unit volume) M is induced in the material which is related 
to H by M = кН, where x is called the volume susceptibility. Since H and М have the same dimensions, к is dimensionless. A more useful parameter 
is the molar susceptibility Xm , defined by 


Xm = КИ, = K М/р 


where Vm is the molar volume of the substance, М the molar mass, and р the mass density. When the cgs system is used, the customary units for Xm 
аге cm? тог; the corresponding SI units аге m? mol. 

Substances that have no unpaired electron orbital or spin angular momentum generally have negative values of% and are called diamagnetic. Their 
molar susceptibility varies only slightly with temperature. Substances with unpaired electrons, which are termed paramagnetic, have positive Хр and 
show a much stronger temperature dependence, varying roughly as 1/7. The net susceptibility of a paramagnetic substance is the sum of the 
paramagnetic and diamagnetic contributions, but the former almost always dominates. 

This table gives values of Xm for the elements and selected inorganic compounds. АП values refer to nominal room temperature (285 to 300 К) 
unless otherwise indicated. When the physical state (s - solid, 1 — liquid, g — gas, aq - aqueous solution) is not given, the most common crystalline 
form is understood. An entry of “Ferro.” indicates a ferromagnetic substance. 

Substances are arranged in alphabetical order by the most common name, except that compounds such as hydrides, oxides, and acids are grouped 
with the parent element (the same ordering used in the table “Physical Constants of Inorganic Compounds"). 

In keeping with customary practice, the molar susceptibility is given here in units appropriate to the cgs system. These values should be multiplied 
by 4m to obtain values for use in SI equations (where the magnetic field strength H has units of A пт). 
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Name Formula Xm/10$ cm? mol! Name Formula Ха/105 cm? mol! 
Aluminum А] +16.5 Arsenic (yellow) As -23.2 
Aluminum trifluoride AIF; -13.9 Arsine (g) А8Н, -352 
Aluminum oxide Al0O3 -37 Arsenic(III) bromide АЅВгз -106 
Aluminum sulfate Al,(SO4)3 -93 Arsenic(III) chloride AsCl, -72.5 
Ammonia (g) NH; -16.3 Arsenic(III) iodide Asl, -142.2 
Ammonia (aq) NH; -18.3 Arsenic(III) oxide Аѕ,О; -30.34 
Ammonium acetate МН,С-Н.О, -411 Агвешс(1П) sulfide А5253 -70 
Ammonium bromide NH,Br -47 Barium Ba +20.6 
Ammonium carbonate (NH45CO, -42.5 Barium bromide BaBr; -92 
Ammonium chlorate NH4CIO, -42.1 Barium bromide dihydrate BaBr,2H,O -119.3 
Ammonium chloride NH,Cl -36.7 Barium carbonate ВаСО, -58.9 
Ammonium fluoride МЊЕ -23 Barium chloride ВаСІ, -72.6 
Ammonium iodate МНО; -62.3 Barium chloride dihydrate _ BaCl,-2H,O -100 
Ammonium iodide NH,I -66 Barium fluoride BaF, -51 
Ammonium nitrate NH,NO; -33 Barium hydroxide Ba(OH), -53.2 
Ammonium sulfate (NH45SO, -67 Barium iodate Ba(IO3); -122.5 
Ammonium thiocyanate NH4SCN -48.1 Barium iodide Вађ -124.4 
Antimony Sb -99 Barium iodide dihydrate Ва1,2Н;О -163 
Stibine (g) SbH; -34.6 Barium nitrate Ва(ХО;), -66.5 
Antimony(III) bromide SbBr; -1114 Barium oxide BaO -29.1 
Antimony(III) chloride SbCl, -86.7 Barium peroxide ВаО, -40.6 
Antimony(III) fluoride SbF; -46 Barium sulfate BaSO, -65.8 
Antimony(III) iodide 551, -147.2 Beryllium Be -9.0 
Antimony(III) oxide 55,05 -69.4 Beryllium chloride ВеСІ, -26.5 
Antimony(IIT) sulfide 55,5, -86 ВегуШшп hydroxide Be(OH); -23.1 
Antimony(V) chloride SbCl, -120.5 Beryllium oxide BeO -11.9 
Argon (g) Ar -19.32 Beryllium sulfate Ве5О, -37 
Arsenic (gray) As -5.6 Bismuth Bi -280.1 
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MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS (continued) 


Name 


Bismuth tribromide 
Bismuth trichloride 
Bismuth fluoride 
Bismuth hydroxide 
Bismuth triiodide 


Bismuth nitrate pentahydrate 


Bismuth oxide 
Bismuth phosphate 
Bismuth sulfate 
Bismuth sulfide 
Boron 
Diborane (g) 
Boric acid (orthoboric acid) 
Boron trichloride 
Boron oxide 
Bromine (1) 
Bromine (g) 
Bromine trifluoride 
Bromine pentafluoride 
Cadmium 
Cadmium bromide 
Cadmium bromide 
tetrahydrate 
Cadmium carbonate 
Cadmium chloride 
Cadmium chromate 
Cadmium cyanide 
Cadmium fluoride 
Cadmium hydroxide 
Cadmium iodate 
Cadmium iodide 
Cadmium nitrate 


Cadmium nitrate tetrahydrate 


Cadmium oxide 
Cadmium sulfate 
Cadmium sulfide 
Calcium 
Calcium bromide 
Calcium carbonate 
Calcium chloride 
Calcium fluoride 
Calcium hydroxide 
Calcium iodate 
Calcium iodide 
Calcium oxide 
Calcium sulfate 
Calcium sulfate dihydrate 
Carbon (diamond) 
Carbon (graphite) 
Carbon monoxide (g) 
Carbon dioxide (g) 
Cerium (В) 
Cerium(II) sulfide 
Cerium(IID chloride 
Cerium(IID fluoride 
Cerium(IID sulfide 
Cerium(IV) oxide 
Cerium(IV) sulfate 
tetrahydrate 


Formula 


ВІВг; 
ВІСІ; 
ВЕ, 
ВОН), 
Bil, 
Bi(NO3)3-5H,O 
Ві,О; 
ВІРО, 
Bi,(SO4)3 
Bis; 

B 

В.Н, 
Н;ВО; 
ВСІ; 

Вг, 

Br; 

ВтЕ, 
ВгЕ; 

Са 

СаВт, 
CdBr,-4H,O 


Сасо; 
CdCl, 
CdCrO, 
Cd(CN); 
CdF, 
Саон), 
сайо,), 
Cdl, 
Cd(NO;); 
С4(МО:),4Н:0 
CdO 
CdSO, 
CdS 

Ca 

СаВг; 
СаСО; 
Сасђ 
СаЕ, 
Са(ОН); 
Са(ТОз)› 
Cal, 

CaO 
Са5О, 
CaSO,4:2H,O 
С 


Се5 

CeCl, 

СеЕ, 

Се;5; 

СеО, 
Се(50,):4Н:0 


Ха/105 cm? тог! 


-147 
-26.5 
-61.2 
-65.8 

-200.5 

-159 
-83 
-TI 

-199 

-123 

-6.7 
-21.0 
-34.1 
-59.9 
-38.7 
-56.4 
-73.5 
-33.9 
-45.1 
-19.7 
-87.3 

-131.5 


-46.7 
-68.7 
-16.8 
-54 
-40.6 
-41 
-108.4 
-117.2 
-55.1 
-140 
-30 
-59.2 
-50 
+40 
-73.8 
-38.2 
-54.7 


Name 


Cesium 
Cesium bromate 
Cesium bromide 
Cesium carbonate 
Cesium chlorate 
Cesium chloride 
Cesium fluoride 
Cesium iodide 
Cesium superoxide 
Cesium sulfate 
Chlorine (1) 
Chlorine trifluoride (g) 
Chromium 
Chromium(II) chloride 
Chromium(III) chloride 
Сїїгопи (11) fluoride 
Chromium(III) oxide 
Chromium(III) sulfate 
Chromium(VI) oxide 
Cobalt 
Соба) bromide 
Cobalt(IT) chloride 
Cobalt(IT) chloride 
hexahydrate 
Cobalt(II) cyanide 
Cobalt(IT) fluoride 
Cobalt(IT) iodide 
Cobalt(IT) sulfate 
Cobalt(IT) sulfide 
Cobalt(ILIIT) oxide 
Cobalt(III) fluoride 
Cobalt(III) oxide 
Copper 
Соррег(1) bromide 
Соррег(1) chloride 
Соррег(1) cyanide 
Соррег(1) iodide 
Соррег(1) oxide 
Соррег(П) bromide 
Соррег(П) chloride 


Copper(II) chloride dihydrate 


Соррег(П) fluoride 


Соррег(П) fluoride dihydrate 


Соррег(П) hydroxide 

Соррег(П) nitrate trihydrate 

Соррег(П) nitrate 
hexahydrate 

Соррег(П) oxide 

Соррег(П) sulfate 

Соррег(П) sulfate 
pentahydrate 

Соррег(П) sulfide 

Dysprosium (0) 

Dysprosiunx[IIT) oxide 

Dysprosium(III) sulfide 

Erbium 

Erbium oxide 

Erbium sulfate octahydrate 

Erbium sulfide 
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Formula 


Cs 
СѕВгО; 
CsBr 
Cs,CO; 
CsClO3 
CsCl 
CsF 
CsI 
С50, 
Св,50, 
СІ, 
CIF; 

Cr 
СІСІ, 
CrCl, 
CrF; 
Cr,03 
Сг›(504)з 
CrO; 
Co 
СоВг» 
CoCl, 
СоСЬ-6Н›О 


Со(СМ), 
СоЁ, 

Col, 

Со5О, 

Со5 

Co304 

Сов; 

Со:О, 

Си 

CuBr 

CuCl 

CuCN 

Cul 

Cu,0 

CuBr, 
CuCl, 
CuCl,-2H,O0 
Саб 

Сир 260 
Cu(OH), 
Cu(NO4),.3H;0 
Си(МО);- 660 


СаО 
CuSO, 
Си50, 5ЊО 


CuS 

Dy 

Dy;O; 

Руз; 

Ег 

Ег,О, 
Ег(5О);8Н;О 
Er,S, 


Xm/10$ cm? mol! 


429 
-75.1 
-67.2 

-103.6 
-65 
-56.7 
-44,5 
-82.6 

+1534 

-116 
-40.4 
-26.5 

+167 
+7230 
+6350 
+4370 
+1960 
+11800 
+40 
Ferro. 
+13000 
+12660 
+9710 


+3825 
+9490 
+10760 
+10000 
+225 
+7380 
+1900 
+4560 
-5.46 


+685 
+1080 
+1420 
+1050 
+1600 
+1170 
+1570 
+1625 


+238 
+1330 
+1460 


-2.0 
+98000 
+89600 
+95200 
+48000 
+73920 
+74600 
+77200 


MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS (continued) 


Name 


Europium 
Europium(IT) bromide 
Europium(II) chloride 
Europium(ID fluoride 
Europium(I]) iodide 
Europium(II) sulfide 
Europium(IID oxide 
Europium(III) sulfate 
Gadolinium (350 K) 
Gadolinium(IID) chloride 
Gadolinium(III) oxide 
Gadolinium(III) sulfate 
octahydrate 
Gadolinium(IID sulfide 
Gallium 
Gallium suboxide 
Gallium(ID sulfide 
Gallium(III) chloride 
Gallium(IID sulfide 
Germanium 
Germane (g) 
Germanium(ID oxide 
Germanium(ID sulfide 
Germanium(IV) chloride 
Germanium(IV) fluoride 
Germanium(IV) iodide 
Germanium(IV) oxide 
Germanium(IV) sulfide 
Gold 
Gold(I) bromide 
Gold(1) chloride 
Gold(D iodide 
Gold(III) chloride 
Hafnium 
Hafnium oxide 
Helium (g) 
Holmium 
Holmium oxide 
Hydrazine (1) 
Hydrogen (1, 20.3 K) 
Hydrogen (g) 
Hydrogen chloride (1) 
Hydrogen chloride (aq) 
Hydrogen fluoride (1) 
Hydrogen fluoride (aq) 
Hydrogen iodide (s, 195 K) 
Hydrogen iodide (1, 233 K) 
Hydrogen iodide (aq) 
Hydrogen peroxide (1) 
Hydrogen sulfide (g) 
Indium 
Indium(I) chloride 
Indium(ID chloride 
Indium(ID sulfide 
Indium(IIT) bromide 
Indium(IID) chloride 
Indium(IID oxide 
Indium(IID sulfide 
Iodine 


Formula 


Eu 

EuBr, 
EuCl, 
EuF, 

Eul, 

EuS 
Eu,0; 

Eu (S014); 
Gd 

GdCl, 
С4:0, 
Gd,(SO4)3-8H,0 


Gd5S, 
Ga 
Ga,O 
GaS 
GaCl, 
Са,9; 
Ge 
Сен, 
GeO 
GeS 
Сес 
GeF, 
Gel, 
GeO, 
GeS, 
Au 
AuBr 
AuCl 
Aul 
AuCl, 
Hf 
HfO, 
He 
Ho 
Но,О; 
NH, 
н, 
н, 
НСІ 


Хт/105 cm? mol! 


+30900 
+26800 
+26500 
+23750 
+26000 
+23800 
+10100 
+10400 
+185000 
+27930 
+53200 
+53280 


+55500 
-21.6 


-171 
-34.3 
-53.9 
-28 
-61 
-67 
-91 

-112 

+71 
-23 
-2.02 
+72900 
+88100 
-201 
-5.44 
-3.99 
-22.6 
-22 
-8.6 
-9.3 
-47.3 
-48.3 
-50.2 
-17.3 


Name 


Iodic acid 

Iodine pentoxide 

Iodine chloride 

Iodine trichloride 

Iodine pentafluoride 

Iridium 

Tridium(IID chloride 

Iridium(IV) oxide 

Iron 

Iron(II) bromide 

Iron(II) carbonate 

Iron(II) chloride 

Iron(II) chloride tetrahydrate 

Поп(П) fluoride 

Iron(II) iodide 

Iron(II) oxide 

Tron(ID sulfate 

Iron(II) sulfate monohydrate 

Iron(II) sulfate heptahydrate 

Iron(II) sulfide 

Поп(Ш) chloride 

Поп(Ш) chloride hexahydrate 

Поп(Ш) fluoride 

Iron(III) fluoride trihydrate 

Iron(III) nitrate nonahydrate 

Krypton (g) 

Lanthanum (00) 

Lanthanum oxide 

Lanthanum sulfate 
nonahydrate 

Lanthanum sulfide 

Lead 

Lead(II) acetate 

Lead(II) bromide 

Lead(II) carbonate 

Lead(II) chloride 

Lead(II) chromate 

Lead(II) fluoride 

Lead(II) iodate 

Lead(II) iodide 

Lead(II) nitrate 

Lead(II) oxide 

Lead(II) phosphate 

Lead(II) sulfate 

Lead(II) sulfide 

Lithium 

Lithium bromide 

Lithium carbonate 

Lithium chloride 

Lithium fluoride 

Lithium hydride 

Lithium hydroxide (aq) 

Lithium iodide 

Lithium sulfate 

Lutetium 

Magnesium 

Magnesium bromide 

Magnesium carbonate 

Magnesium chloride 
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Formula 


НІО; 

ІСІ 

ІСІ; 

IF; 

Ir 

ІСІ; 

НО, 

Ее 

ЕеВг, 
ЕеСО, 
FeCl, 
FeCl,-4H,O 
FeF, 

Fel, 

FeO 

FeSO, 
FeSO,-H,O 
FeSO,:7H,O 
FeS 

FeCl, 
FeCl,-6H,O 
FeF; 
FeF3-3H,O 
Ғе(МО;);9Н;О 
Кг 

Га 

Га,О; 
La,(SO4)3-9H,O 


LaS, 

Pb 
Pb(C;H505); 
РЬВг, 
РЬСО, 
PbCl, 
РЬС:О, 
РЬЕ, 
РЬПО5) 
РЫ, 
Pb(NO3); 
PbO 
Pb3(PO4)2 
PbSO, 
PbS 


Ха/105 cm? mol! 


-48 
-79.4 
-54.6 
-90.2 
-58.1 
425 
-14.4 
4224 
Ferro. 
+13600 
+11300 
+14750 
+12900 
+9500 
+13600 
+7200 
+12400 
+10500 
+11200 
+1074 
+13450 
+15250 
+13760 
+7870 
+15200 
-29.0 
+95.9 
-78 
-262 


MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS (continued) 


Name 


Magnesium fluoride 
Magnesium hydroxide 
Magnesium iodide 
Magnesium oxide 
Magnesium sulfate 
Magnesium sulfate 
monohydrate 
Magnesium sulfate 
heptahydrate 
Manganese 
Manganese(II) bromide 
Manganese(II) carbonate 
Manganese(II) chloride 
Manganese(II) chloride 
tetrahydrate 
Manganese(II) fluoride 
Manganese(II) hydroxide 
Manganese(II) iodide 
Manganese(II) oxide 
Manganese(II) sulfate 
Manganese(II) sulfate 
monohydrate 
Manganese(II) sulfate 
tetrahydrate 
Manganese(II) sulfide 

(о form) 
Manganese(II) sulfide 

(В form) 
Manganese(ILIIT) oxide 
Manganese(1II) fluoride 
Мапгапезе(Ш) oxide 
Manganese(IV) oxide 
Mercury (s, 234 K) 
Mercury (1) 

Mercury(I) bromide 
Mercury(I) chloride 
Mercury(I) fluoride 
Mercury(I) iodide 
Mercury(I) nitrate 
Mercury(I) oxide 
Mercury(I) sulfate 
Mercury(II) bromide 
Мегсигу(П) chloride 
Мегсигу(П) cyanide 
Мегсигу(11) fluoride 
Mercury(II) iodide 
Мегсигу(П) nitrate 
Мегсигу(П) oxide 
Мегсигу(П) sulfate 
Мегсигу(П) sulfide 
Мегсигу(П) thiocyanate 
Molybdenum 
Molybdenum(III) bromide 
Molybdenum(IID chloride 
Molybdenum(II]) oxide 
Molybdenum(IV) bromide 
Molybdenum(IV) chloride 
Molybdenum(IV) oxide 
Molybdenum(V) chloride 


Formula 


MgF, 
Mg(OH), 
Mel, 

MgO 
MgSO, 
MgSO,:H;0 


MgSO,-7H,0 


Mn 

MnBr, 
МаСО; 
MnCl, 
MnCl,-4H,O 


MnF, 
Mn(OH); 
Миг, 

MnO 
MnSO, 
MnSO,:H,O 


MnSO,-4H,O 
MnS 
MnS 


МО, 
Мар; 
Мп,О, 
MnO, 
Hg 

Hg 
Hg3Br; 
Hg;Cl 
Hg; 
Не» 
Не,(МОҙ); 
Hg;O 
Не›804 
HgBr, 
HgCl, 
Hg(CN); 
Ноћу 
Hgl, 
Hg(NO3), 
HgO 
HgSO, 
Hgs 
Hg(SCN); 
Mo 
MoBr; 
MoCl, 
Мо,О, 
МовВг, 
МОСІ, 
MoO, 
MoCl, 


Хт/105 cm? mol! 


-22.7 
-22.1 
-111 
-10.2 
-42 
-61 


-135.7 


+511 
+13900 
+11400 
+14350 
+14600 


+10700 
+13500 
+14400 

+4850 
+13660 
+14200 


+14600 
+5630 
+3850 


+12400 
+10500 
+14100 
+2280 
-24.1 
-33.5 
-105 
-120 
-106 
-166 
-121 
-76.3 
-123 
-94.2 
-82 


Name Formula 
Molybdenum(VT) fluoride MoF, 
Molybdenum(VI) oxide MoO, 
Neodymium (o) Nd 
Neodymium fluoride NdF, 
Neodymium oxide М4:0, 
Neodymium sulfate Nd5(SO4, 
Neodymium sulfide №553 
Neon (g) № 
Neptunium Np 
Nickel Ni 
Nickel(II) bromide NiBr; 
Nickel(ID chloride КІСІ, 
Nickel(ID chloride МІСІ,-6Н,О 

hexahydrate 
Nickel(IT) fluoride МЕ, 
Nickel(II) hydroxide МОН) 
Nickel(ID iodide Nil, 
Nickel(II) nitrate hexahydrate МІ(МО;),-6Н-О 
Nickel(IT) oxide NiO 
Nickel(II) sulfate NiSO, 
Nickel(ID sulfide NiS 
Nickel(III) sulfide Ni4S, 
Niobium Nb 
Niobium(V) oxide МЬ,0; 
Nitrogen (5) № 
Nitric acid (1) HNO; 
Nitrous oxide (g) №0 
Nitric oxide (s, 90 К) NO 
Nitric oxide (1, 118 K) NO 
Nitric oxide (g) NO 
Nitrogen dioxide (g, 408 К) МО, 
Nitrogen trioxide (g) №03 
Nitrogen tetroxide (g) М.О, 
Osmium Os 
Oxygen (s, 54 K) О, 
Oxygen (1, 90 К) О, 
Oxygen (5) О, 
Ozone (1) О, 
Palladium Pd 
Palladium(II) chloride PdCl, 
Phosphorus (white) P 
Phosphorus (red) P 
Phosphine (g) PH; 
Phosphoric acid (aq) HPO, 
Phosphorous acid (aq) HPO; 
Phosphorus(III) chloride (1) РСІ; 
Platinum Pt 
Platinum(II) chloride РІСІ, 
Platinum(IIT) chloride РІСІ; 
Platinum(IV) chloride РІСІ, 
Platinum(IV) fluoride РЕ, 
Plutonium Pu 
Plutonium(IV) fluoride PuF, 
Plutonium(IV) oxide РиО, 
Plutonium(VI) fluoride Ри 
Potassium K 
Potassium bromate KBrO; 
Potassium bromide KBr 
Potassium carbonate KCO; 
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Ха/105 cm? mol! 


-26.0 
+3 
+5930 
+4980 
+10200 
+9990 
+5550 
-6.96 
+575 
Ferro. 
+5600 
+6145 
+4240 


+2410 
+4500 
+3875 
+4300 
+660 
+4005 
+190 
+1030 
+208 
-10 
-12.0 
-19.9 
-18.9 
+19.8 
+114.2 
+1461 
+150 
-16 
-23.0 
+11 
+10200 
+7699 
+3449 
+6.7 
+540 
-38 
-26.66 
-20.77 
-26.2 
-43.8 
-42.5 
-63.4 
+193 
-54 
-66.7 
-93 
+445 
+525 
+1760 
+730 
+173 
+20.8 
-52.6 
-49.1 
-59 


MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS (continued) 


Name 


Potassium chlorate 
Potassium chloride 
Potassium chromate 
Potassium cyanide 
Potassium ferricyanide 
Potassium ferrocyanide 
trihydrate 
Potassium fluoride 
Potassium hydrogen sulfate 
Potassium hydroxide (aq) 
Potassium iodate 
Potassium iodide 
Potassium nitrate 
Potassium nitrite 
Potassium permanganate 
Potassium sulfate 
Potassium sulfide 
Potassium superoxide 
Potassium thiocyanate 
Praseodymium (o) 
Praseodymium chloride 
Praseodymium oxide 
Praseodymium sulfide 
Protactinium 
Rhenium 
Rhenium(IV) oxide 
Rhenium(IV) sulfide 
Rhenium(V) chloride 
Rhenium(VI) oxide 
Rhenium(VII) oxide 
Rhodium 
Rhodium(IID chloride 
Rhodium(IID oxide 
Rubidium 
Rubidium bromide 
Rubidium carbonate 
Rubidium chloride 
Rubidium fluoride 
Rubidium iodide 
Rubidium nitrate 
Rubidium sulfate 
Rubidium superoxide 
Ruthenium 
Ruthenium(IIT) chloride 
Ruthenium(IV) oxide 
Samarium (о) 
Samarium(II) bromide 
Samarium(IID bromide 
Samarium(III) oxide 
Samarium(IID sulfate 
octahydrate 
Samarium(IID sulfide 
Scandium (0) 
Selenium 
Selenium dioxide 
Selenium bromide 
Selenium chloride (1) 
Selenium hexafluoride (g) 
Silicon 


Formula 


KCIO, 

КСІ 

K,CrO, 

KCN 

K;Fe(CN), 
К.Ее(СМ),3НО 


КЕ 
KHSO, 
KOH 
KIO; 
KI 
КМО; 
KMnO, 
К,50, 
К,5 
КО, 
KSCN 
Pr 
РІСІ; 
Рг,О, 
Рг,5, 
Ра 

Ке 
ReO, 
Ке5, 
ReCl, 
ReO; 
Re;0; 
Rh 
RhCl, 
Rh,O3 
Rb 
RbBr 
ВЬ,СО, 
RbCl 
RbF 
RbI 
RbNO; 
КЬ,5О, 
RbO, 
Ru 
RuCl, 
RuO, 
Sm 
SmBr, 
SmBr, 
5т,О; 
Sm,(SO4)3-8H,O 


$11253 
5с 

5е 
SeO, 
Se;Br; 
Se; CL 
8еЕ, 
51 


106 cm? mol! 


-42.8 
-38.8 
-3.9 
-37 
+2290 
-172.3 


-23.6 
-49.8 
-22 

-63.1 
-63.8 
-33.7 
-23.3 


+3230 
-48 
+5530 
+44.5 
+8994 
+10770 
+277 
+67 
+44 
+38 
+1225 
+16 
-16 
+102 


Маше 


Silane (2) 

Disilane (g) 
Tetramethylsilane (1) 
Tetraethylsilane (1) 
Tetrabromosilane (1) 
Tetrachlorosilane (1) 
Silicon carbide 
Silicon dioxide 
Silver 

Silver(I) bromide 
Silver(I) carbonate 
Silver(I) chloride 
Silver(I) chromate 
Silver(I) cyanide 
Silver()) fluoride 
Silver(I) iodide 
Silver(I) nitrate 
Silver(D nitrite 
Silver(I) oxide 
Silver(I) phosphate 
Silver(I) sulfate 
Silver(I) thiocyanate 
Silver(ID oxide 
Sodium 

Sodium acetate 
Sodium bromate 
Sodium bromide 
Sodium carbonate 
Sodium chlorate 
Sodium chloride 
Sodium dichromate 
Sodium fluoride 


Sodium hydrogen phosphate 


Sodium hydroxide (aq) 
Sodium iodate 
Sodium iodide 
Sodium nitrate 
Sodium nitrite 
Sodium oxide 
Sodium peroxide 
Sodium sulfate 
Sodium sulfate decahydrate 
Sodium sulfide 
Sodium tetraborate 
Strontium 
Strontium bromide 
Strontium bromide 
hexahydrate 
Strontium carbonate 
Strontium chlorate 
Strontium chloride 
Strontium chloride 
hexahydrate 
Strontium chromate 
Strontium fluoride 
Strontium hydroxide 
Strontium iodate 
Strontium iodide 
Strontium nitrate 
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Formula 


SiH, 
SijHg 
(CH3)4Si 
(C;H3)4Si 
SiBr, 
SiCl, 

SiC 

510; 

Ав 

AgBr 
Ag,CO3 
AgCl 
Ag5CrO, 
AgCN 
AgF 

Agl 
AgNO; 
AgNO, 
Ag,O 
Ag;PO, 
Ас:50, 
AgSCN 
AgO 

Na 
МаС,Н:О, 
МаВтО; 
NaBr 
NaCO; 
NaClO; 
NaCl 
Na,Cr,0, 
NaF 

Na HPO, 
NaOH 
NalO3 
Nal 
NaNO; 
NaNO, 
Na,O 
Ма:О, 
NaS O4 
Na,SO,:10H,O 
Na,S 
Na,B,07 
Sr 

SrBr, 
SrBr,-6H,O 


SrCO, 
Sr(CIO4); 
SrCl, 
SrCl,-6H,0 


SrCrO, 
SrF, 
Sr(OH); 
5710) 
511, 
Sr(NO4); 


Xm/10$ cm? mol! 


-20.4 
-37.3 
-74.80 
-120.2 
-126 
-87.5 
-12.8 
-29.6 
-19.5 
-61 
-80.90 


MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS (continued) 


Name 


Strontium oxide 
Strontium peroxide 
Strontium sulfate 
Sulfur (rhombic) 
Sulfur (monoclinic) 
Sulfuric acid (1) 
Sulfur dioxide (g) 
Sulfur trioxide (1) 
Sulfur chloride (1) 
Sulfur dichloride (1) 
Sulfur hexafluoride (g) 
Thionyl chloride (1) 
Tantalum 
Tantalum(V) chloride 
Tantalum(V) oxide 
Technetium 
Tellurium 

Tellurium dibromide 
Tellurium dichloride 
Tellurium hexafluoride (g) 
Terbium (0) 

Terbium oxide 
Thallium 

Thallium(T) bromate 
Thallium(T) bromide 
Thallium(D carbonate 
Thallium(D chlorate 
Thallium(1) chloride 
Thallium(1) chromate 
Thallium(1) cyanide 
Thallium(D fluoride 
Thallium(D iodate 
Thallium(1) iodide 
Thallium(D nitrate 
Thallium(D nitrite 
Thallium(1) sulfate 
Thallium(1) sulfide 
Thorium 
Thorium(IV) oxide 
Thulium 

Thulium oxide 

Tin (gray) 

Tin(II) chloride 
Тіп(1) chloride dihydrate 
Tin(II) oxide 

Tin(IV) bromide 
Tin(IV) chloride (1) 
Tin(IV) oxide 
Titanium 
Titanium(II) bromide 
Titanium(II) chloride 
Titanium(II) iodide 
Titanium(II) sulfide 
Titanium(III) bromide 
Titanium(IID chloride 
Titanium(IID fluoride 
Titanium(III) oxide 
Titanium(IV) chloride 
Titanium(IV) oxide 


Formula 


SrO 
SrO, 
515О, 
5 

5 
Н,5О, 
50, 
SSCL 
SCl, 
SFe 
5ОСІ, 
Та 
таста 
Та:О, 
Тс 

Те 
TeBr; 
TeCl, 
TeFg 
Tb 
ТЬ,О; 
ТІ 
ТІВтО; 
ТІВг 
Tl CO; 
ТІСІО; 
ТІСІ 
TLCrO, 
TICN 
TIF 
ТПО; 
TII 
TINO, 
TINO, 
ТІ,5О, 
ТЬ$ 
Тһ 
ThO, 
Tm 
Tm,0; 
Sn 
SnCl, 
SnCl,-2H,O 
SnO 
SnBr, 
SnCl, 
SnO, 
Ti 
ТіВт» 
ТІСІ, 
Til, 
TiS 
TiBr; 
ТІСІ; 
ТЕ» 
Ті,0; 
ТІСІ, 
TiO; 


Хт/105 cm? mol! 


-35 
-32.3 
-57.9 
-15.5 
-14.9 
-39 
-182 
-28.54 
-62.2 
-49.4 
-44 
-44,3 
+154 
+140 
-32 
+115 
-38 
-106 
-94 
-66 
+170000 
478340 
-50 
-75.9 
-63.9 
-101.6 
-65.5 
-57.8 
-39.3 
-49 
-44,4 
-86.8 
-82.2 
-56.5 
-50.8 
-112.6 
-88.8 
+97 
-16 
+24700 
+51444 
-37.4 
-69 
-91.4 
-19 
-149 
-115 
-41 
+151 
+720 
+484 
+1790 
+432 
+660 
+1110 
+1300 
+132 
-54 
+5.9 


Маше 


Tungsten 

Tungsten carbide 
Tungsten(II) chloride 
Tungsten(IV) oxide 
Tungsten(IV) sulfide 
Tungsten(V) bromide 
Tungsten(V) chloride 
Tungsten(VI) chloride 
Tungsten(VI) fluoride (о) 
Tungsten(VI) oxide 
ranium 

ranium(IIT) bromide 
ranium(IIT) chloride 
ranium(III) hydride 
ranium(III) iodide 
ranium(IV) bromide 
ranium(IV) chloride 
ranium(IV) fluoride 
ranium(IV) oxide 
ranium(VI) fluoride 
ranium(VI) oxide 
Vanadium 
Vanadium(II) bromide 
Уапайішт Т) chloride 
Vanadium(IIT) bromide 
Vanadium(IID chloride 
Vanadium(IID fluoride 
Vanadium(IID oxide 
Vanadium(IID) sulfide 
Vanadium(IV) chloride 
Vanadium(IV) oxide 
Vanadium(V) oxide 
Water (s, 273 K) 
Water (1, 293 K) 
Water (1, 373 K) 
Water (g, 373 K)) 
Xenon (g) 

Ytterbium (В) 

Yttrium (00) 

Yttrium oxide 

Yttrium sulfide 

Zinc 

Zinc carbonate 


Cic ccce cod 


Zinc chloride 

Zinc cyanide 

Zinc fluoride 

Zinc hydroxide 

Zinc iodide 

Zinc oxide 

Zinc phosphate 

Zinc sulfate 

Zinc sulfate monohydrate 

Zinc sulfate heptahydrate 

Zinc sulfide 

Zirconium 

Zirconium carbide 

Zirconium nitrate 
pentahydrate 

Zirconium(IV) oxide 
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Formula 


Ү,0; 

Zn 

?лСО; 
ZnCl, 
Zn(CN) 
?лЕ, 
Zn(OH); 
71, 

?лО 
2п3(РО4)2 
ZnSO, 
ZnSO,:H;O 
72180, 70 
718 

Zr 

7ІС 
Zr(NO3)4:5H,O 


ZrO, 


Хъһ/106 cm? mol! 


INDEX ОЕ REFRACTION OF INORGANIC LIQUIDS 


This table gives the index of refraction n of several inorganic substances in the liquid state at specified temperatures. The measurements refer to 
ambient atmospheric pressure except for substances whose normal boiling points are greater than the indicated temperature; in this case the pressure 
is the saturated vapor pressure of the substance. All values refer to a wavelength of 589 nm unless otherwise indicated. Entries are arranged in 
alphabetical order by chemical formula as normally written. 

Data on the index of refraction at other temperatures and wavelengths may be found in Reference 1. 


REFERENCES 


1. Wohlfarth, C., and Wohlfarth, B., Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, 
III/38A, Martienssen, W., Editor, Springer-Verlag, Heidelberg, 1996. 
2. Francis, A.W., J. Chem. Eng. Data, 5, 534, 1960. 


Formula Name °C n 
Ar Argon -188 1.2312 
AsCl, Arsenic(III) chloride 16 1.604 
BBr3 Boron tribromide 16 1.312 
BrF; Bromine trifluoride 25 1.4536 
ВгЕ; Вготіпе pentafluoride 25 1.3529 
Br; Bromine 15 1.659 
COS Carbon oxysulfide 25 1.3506 
СО, Carbon dioxide 24 1.6630 
CS, Carbon disulfide 20 1.62774 
СО; Carbon suboxide 0 1.453 
CL Chlorine 20 1.3834 
CrO;CL Chromyl chloride 23 1.524 
Ее(СО); Iron pentacarbonyl 14 1.523 
GeBr, Germanium(IV) bromide 26 1.6269 
GeCl, Germanium(IV) chloride 25 1.4614 
HBr Hydrogen bromide 10 1.325 
HCN Hydrogen cyanide 20 1.26136 
НСІ Hydrogen chloride 18 1.32874 
HCIO, Perchloric acid 50 1.3819 
HF Hydrogen fluoride 25 1.1574 
HI Hydrogen iodide 16 1.466 
HNO; Nitric acid 25 1.393 
H, Hydrogen -253 1.1096 
Н,О Water 20 1.33336 
Н,О, Hydrogen peroxide 28 1.4061 
H5S Hydrogen sulfide -80 1.460 

20 1.3682 
Н,50, Sulfuric acid 20 1.4183 
H5S, Hydrogen disulfide 20 1.630 
He Helium -269 1.02451* 
Kr Krypton -157 1.3032* 
NH, Ammonia -77 1.3944 

20 1.3327 
МО Nitric oxide -90 1.330 
М, Nitrogen -196 1.19876^ 
NH, Hydrazine 22 1.470 
№0 Nitrous oxide 25 1.238 
О, Oxygen -183 1.2243* 
PBr; Рһоврһогив(Ш) bromide 25 1.687 
РС Рһоврһогив(Ш) chloride 21 1.5122 
PH, Phosphine 17 1.317 
Р,О, Рһоврһогив(Ш) oxide 27 1.540 
5 Sulfur 125 1.9170 
SCL Sulfur dichloride 14 1.557 
5Е, Sulfur hexafluoride 25 1.167 
SOCI, Thionyl chloride 10 1.527 
50, Sulfur dioxide 25 1.3396 
SO,Cl, Sulfuryl chloride 12 1.444 
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INDEX OF REFRACTION OF INORGANIC LIQUIDS (continued) 


Formula Name °C n 
SO; Sulfur trioxide 20 1.40965 
SSCL Sulfur chloride 20 1.671 
SbCl; Antimony(V) chloride 22 1.5925 
SiBr, Tetrabromosilane 31 1.5685 
SiCl, Tetrachlorosilane 25 1.41156 
SnBr, Tin(IV) bromide 31 1.6628 
SnCl, Tin(IV) chloride 25 1.5086 
ТІСІ, Titanium(IV) chloride 18 1.6076 
Xe Xenon -112 1.3918* 

а At 581 nm 
b At578 nm 
* At546nm 
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PHYSICAL AND OPTICAL PROPERTIES ОЕ MINERALS 


The chemical formula, crystal system, density, hardness, and index of refraction of some common minerals are given in this table. Entries are 
arranged alphabetically by mineral name. The columns are: 


* Formula: Chemical formula for a typical sample of the mineral. Composition often varies considerably with the origin of the sample. 

e Crystal system: tricl = triclinic; monocl = monoclinic; orth = orthorhombic; tetr = tetragonal; hex = hexagonal; rhomb = rhombohedral; 
cub = cubic. 

* Density: Typical density in g/cm?. Individual samples may vary by a few percent. 

e Hardness: On the Mohs’ scale (range of 1 to 10, with talc = 1 and diamond = 10). 

* Indexofrefraction: Values are given for the three coordinate axes in the order of least, intermediate, and greatest index. For cubic crystals there 
isonly asingle value. See Reference 1 for details on the axis systems. Variations of several percent, depending on the origin and exact composition 
of the sample, are common. 


REFERENCES 


1. Deer, W.A., Howie, R.A., and Zussman, J., An Introduction to the Rock-Forming Minerals, 2nd Edition, Longman Scientific & Technical, 
Harlow, Essex, 1992. 

2. Carmichael, R.S., Practical Handbook of Physical Properties of Rocks and Minerals, CRC Press, Boca Raton, FL, 1989. 

3. Donnay, J.D.H., and Ondik, H.M., Crystal Data Determinative Tables, Third Edition, Volume 2, Inorganic Compounds, Joint Committee on 
Powder Diffraction Standards, Swarthmore, PA, 1973. 


Crystal Density Hard- Index of refraction 
Name Formula system g/cm? ness no пр пу 

Acanthite AgS orth 72 2.3 
Actinolite СажМа Бе) 5 у О (ОНЕ) monocl 3.23 5.5 1.624 1.655 1.664 
Aegirine NaFe(Si03)5 monocl 3.58 6 1.763 1.800 1.815 
Akermanite Ca,MgSi,0, tetr 2.94 55 1.632 1.640 
Alabandite MnS cub 4.0 3.8 
Albite МаА15 5 О; tricl 2.63 6.3 1.527 1.531 1.538 
Allanite (Ca,Mn,Ce,La, Y, Th); (Fe, Ti ( ALFe) 

O-OH(Si,07)(SiO4) monocl 3.8 5.8 1.75 1.78 1.80 
Allemontite SbAs hex 6.0 35 
Almandine Ее; А1,5і;О |; cub 4.32 6.8 1.830 
Altaite PbTe cub 8.16 3 
Aluminite Al,(SO4)(OH)4:7H,0 monocl 1.74 1.5 1.459 1.464 1.470 
Alunite (К,Ма)А1;(5О)) (ОН); rhomb 2.8 3.8 1:572 1.592 
Alunogen А1,(504)з:18Н,О monocl 1.69 1.8 1.467 1.47 1.478 
Amblygonite (Li,Na)AI(PO,4)(F,OH) tricl 3.1 5.8 1.591 1.604 1.613 
Analcite МаА15:,О,-Н,0 cub 2.27 9:5 1.486 
Anatase TiO; tetr 4.23 5.8 2.488 2.561 
Andalusite ALOSiO, orth 3.15 7.5 1.635 1.639 1.644 
Andesine NaAISi404,CaAI ,515О, tricl 2.67 6.3 1.550 1.553 1.557 
Andorite РЬА 256356 rhomb 2:35 33 
Andradite Са:(Ее,Ті);51;О |; cub 3.86 6.8 1.887 
Anglesite PbSO, orth 6.29 2.8 1.877 1.883 1.894 
Anhydrite Са50, orth 2.96 29 1.570 1:375 1.614 
Ankerite Ca(Fe,Mg,Mn)(CO3); rhomb 3.0 3.8 1.529 1.720 
Anorthite CaAl,Si,Og tricl 2.76 6.3 1.577 1.585 1.590 
Anorthoclase (Na, K)AISi;0 tricl 2.58 6 1.523 1.528 1.529 
Anthophyllite (Мо, Ее),5і;О,(ОН,Е); rhomb 321 5.8 1.645 1.658 1.668 
Apatite Ca;(PO,4)3(OH,F,Cl) hex 3.2 5 1.645 1.648 
Apophyllite KFCa,Sig039:8H,O tetr 2:35 4.8 1.535 1.536 
Aragonite CaCO; orth 2.83 33 1.531 1.680 1.686 
Arcanite KSO, orth 2.66 1.494 1.494 1.497 
Argentite AgS orth 72 2.3 
Arsenolite As,03 cub 3.86 1.5 1.755 
Arsenopyrite FeAsS monocl 6.1 5.8 
Atacamite Cu,(OH)3Cl rhomb 3.76 3.3 1.831 1.861 1.880 
Augelite Al (PO (OH); monocl 2.70 4.8 1.574 1.576 1.588 
Augite (Са Mg.Fe, ЛА (5, AD;Og monocl 3.38 6 1.703 1.707 1.738 
Autunite Ca(UO;5;)(PO4),- 10H20 tetr 3:3 2.3 1.553 1577 
Axinite (Са Мп,Ео ЗЈАЂВОЈУЦО (ОН) tricl 331 6.8 1.684 1.691 1.694 
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PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Crystal Density Hard- Index of refraction 
Name Formula system g/cm? ness no пу пу 

Azurite Cu4(OH);(CO4); monocl 3.71 3.8 1.730 1.758 1.838 
Baddeleyite ZrO, monocl 5.7 6.5 2.13 2.19 2.20 
Barite Ва5О, orth 4.49 3.3 1.636 1.637 1.648 
Benitoite BaTi(SiO4, rhomb 3.65 6.3 1.757 1.804 
Bertrandite Be4Si;0;(OH); rhomb 2.6 6 1.589 1.602 1.613 
Beryl Be;3AL(SiO3)s hex 2.64 7.8 1.582 1.589 
Beryllonite NaBe(PO), monocl 2.81 5.8 1.552 1.558 1.561 
Biotite К(Ме,Ее),А151,О,6(ОН,Е)» monocl 3.0 2.8 1.595 1.651 1.651 
Bismuthinite Ві,5; orth 6.78 2 
Bixbyite (Мп,Ее),О; cub 4.95 6.3 
Bloedite Ма-Ме(504)»4Н;О monocl 2.25 2.8 1.483 1.486 1.487 
Boehmite МО(ОН) orth 3.44 3.8 1.64 1.65 1.66 
Boracite Mg;B;O;4Cl rhomb 2.94 7.3 1.66 1.66 1.67 
Borax Ма:В,О--10Н:О monocl 1.73 2.3 1.447 1.469 1.472 
Bornite CusFeS, cub 5.07 3 
Boulangerite Pb;Sb,S;, monocl 6.1 2.8 
Bournonite РЬСи555, rhomb 5.83 2.8 
Braggite PtS tetr 10.2 
Braunite (Мп,51),О; tetr 4.78 6.3 
Bravoite (Ni,Fe)S, cub 4.62 5.8 
Breithauptite NiSb hex =8.7 5.5 
Brochantite Cu4(SO, (OH); monocl 3.79 3.8 1.728 1.771 1.800 
Bromyrite AgBr cub 6.47 2.5 2.253 
Brookite TiO; orth 4.23 5.8 2.583 2.584 2.700 
Brucite Mg(OH), hex 2.37 2.5 1.575 1.59 
Bunsenite NiO cub 6.72 5.5 
Cacoxenite Ее,(РО,)(ОН),:12Н:0 һех 2.3 3.5 1.580 1.646 
Calcite СаСО; һех 2.71 3 1.486 1.658 
Caledonite Cu;Pbs(SO4)4 (COS) (OH)g rhomb 5.76 2.8 1.818 1.866 1.909 
Calomel Не-СІ, tetr 7.16 1.5 1.973 2.656 
Cancrinite (Na,Ca, K) [Al6Si6024] 

(СО,,5О,,С1,ОН),-Н:0 һех 2.42 5.5 1.495 1.509 
Carnalite KMgCl,-6H,0 rhomb 1.60 2.5 1.466 1.475 1.494 
Carnotite K5(UO5)((VO4),.3H;0 rhomb 15 1.75 1.92 1.95 
Cassiterite SnO, tetr 6.85 65 2.006 2.097 
Celestite 515О, orth 3.96 ЭЭ 1.622 1.624 1.631 
Celsian ВаА1,51,О; monocl 3.25 6.3 1.583 1.588 1.594 
Cerargyrite AgCl cub 5.56 2.5 2.071 
Cerussite РЬСО, orth 6.6 33 1.804 2.076 2.079 
Cervantite $5504 orth 6.64 4.5 
Chabazite Ca[ALbSi4O;;]-6H;O trig 2.08 4.5 1.482 
Chalcanthite CuSO,. 5ЊО tricl 2.29 2.5 1.514 1:537 1.543 
Chalcocite Cus orth 5.6 2.8 
Chalcopyrite CuFeS, tetr 4.2 3.8 
Chiolite Маз АБЕ 4 tetr 3.00 3.8 1.342 1.349 
Chlorite (Mg,Al,Fe) (55, АБ О (ОН), 6 monocl 3.0 255 1.61 1.62 1.62 
Chloritoid ҒеАЦО-(5104) (OH), monocl 3.66 6.5 1.717 1.721 1.726 
Chondrodite Mg(OH,F),2Mg5SiO, monocl 3:21 6.5 1.604 1.615 1.634 
Chromite FeCr,04 cub 5.0 5:5 2.16 
Chrysoberyl BeALO,; orth 3.65 8.5 1.746 1.748 1.756 
Chrysocolla CuSiO;-2H,O rhomb 2.4 2 1.575 1.597 1.598 
Cinnabar HgS hex 8.17 2.3 2.814 3.143 
Claudetite As,03 monocl 3.74 2.5 1.87 1.92 2.01 
Clinohumite Ме(ОН,Е),4Мв:510, monocl 321 6 1.633 1.647 1.668 
Clinozoisite Ca, А155і;0| ХОН) monocl 3.30 6.5 1.693 1.700 1.712 
Cobaltite CoAsS cub «6.1 5.5 
Colemanite Са:ВО||-5Н;О monocl 2.42 4.5 1.586 1.592 1.614 
Columbite (Fe,Mn)(Nb,Ta),0¢ rhomb 5.20 6 
Connellite Си) (80 СЦОН) ЗЊО ћех 3.36 3 1.731 1.752 
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Мате 


Copiapite 
Coquimbite 
Cordierite 
Corundum 
Cotunnite 
Covellite 
Cristobalite 
Crocoite 
Cryolite 
Cryolithionite 
Cubanite 
Cummingtonite 
Cuprite 
Danburite 
Datolite 
Daubreelite 
Derbylite 
Diamond 
Diaspore 
Digenite 
Diopside 
Dioptase 
Dolomite 
Douglasite 
Dyscrasite 
Eddingtonite 
Eglestonite 
Emplectite 
Enargite 
Enstatite 
Epidote 
Epsomite 
Erythrite 
Eucairite 
Euclasite 
Eudialite 


Eulytite 
Euxenite 
Fayalite 
Ferberite 
Fergussonite 
Fluorite 
Forsterite 
Franklinite 
Gahnite 
Galaxite 
Galena 
Galenabismuthite 
Ganomalite 
Gaylussite 
Gehlenite 
Geikielite 
Gibbsite 
Glauberite 
Glauconite 


Glaucophane 
Gmelinite 


Formula 


(Ее,Ме)Ее,(50,)(ОН),:20Н,0 

Ре 50) УЊО 

Ађ(Ма,Ее) 5 1 АО 18 

ALO; 

РЬСЬ 

CuS 

SiO, 

РЬС:О, 

Naz AlFe 

Ма ЉАЊЕ 

CuFe;S; 

(Mg,Fe);SigO? (OH); 

CuO 

CaSi,B,0¢ 

CaBSiO4(OH) 

Cr;FeS, 

FegTigSb,O;, 

C 

AIO(OH) 

Си „S 

CaMgSi,0¢ 

СиЅіО,(ОН), 

СаМе(СОҙ); 

K;FeCl,2H;0 

AgsSb 

ВаА1,51і;О|0:4Н;О 

Hg,OCl, 

CuBiS, 

Си,А85, 

MgSiO, 

Ca;AL(ALFe)OH(SiO,), 

MgSO,:7H,O 

(Co,Ni)3(AsO4)2-8H,O 

CuAgSe 

BeAISiO,(OH) 

(Na,Ca,Ce);(Fe,Mn)(Zr, Ti) (Si309); 
(OH,Cl) 

Bi4Si;0;; 

СҮ,Са,Се,О,ТЕЮКМЬ,Та,ТО,О, 

Fe5SiO, 

FeWO, 

(Y,Er,Ce,Fe)(Nb,Ta,Ti)O4 

CaF, 

Mg5SiO, 

?лЕе;О, 

ZnAl,O4 

MnALO,; 

PbS 

PbBi,S, 

(Са,РЬ)5СОН,С1) (5150: 

Na,Ca(CO3)-5H,0 

Са,А1,51О; 

MgTiO; 

Al(OH), 

Ма:Са(5О,)» 

(K,Na,Ca); (Fe, ALMg), 0515 3Alo 7 
ООН); 

Na;Mg;ALSigO;; (OH); 

(СаМа›)[А15$14О15]-6Н5О 


Crystal 
system 


tricl 
hex 
rhomb 
hex 
orth 
hex 
hex 
monocl 
monocl 
cub 
rhomb 
monocl 
cub 
rhomb 
monocl 
cub 
rhomb 
cub 
orth 
cub 
monocl 
rhomb 
rhomb 
orth 
rhomb 
rhomb 
cub 
rhomb 
rhomb 
monocl 
monocl 
orth 
monocl 
orth 
monocl 


hex 
cub 
rhomb 
orth 
monocl 
tetr 

cub 
orth 
cub 
cub 
cub 
cub 
rhomb 
hex 
monocl 
tetr 

hex 
monocl 
monocl 


monocl 


monocl 
hex 
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Density 
g/cm? 


2.13 
2.1 
2.66 
3.97 
5.98 
4.8 
2.33 
6.12 
2.97 
2.77 
4.11 
3.4 
6.0 
3.0 
2.98 
3.81 
4.53 
3.51 
3.4 
5.55 
3.30 
3:5 
2.86 
2.16 
9.74 
2.8 
8.4 
6.38 
4.5 
3.19 
3.44 
1.67 
3.06 
7.7 
3.1 


3.0 

6.6 

5.5 

4.30 
7.51 
5.7 

3.18 
3.21 
5.21 
4.62 
4.04 
7.60 
7.04 
5.6 

1.99 
3.04 
3.85 
2.42 
2.80 


2Л 
3.19 
2.10 


Hard- 
ness 


2.8 
2.5 


PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Index of refraction 


По 


1.52 
1.54 
1.540 
1.761 
2.199 


1.484 
2.29 

1.338 
1.340 


1.650 


1.63 
1.624 


2.45 
2.418 
1.694 


1.680 
1.65 

1.500 
1.488 


1.541 
2.49 


1.656 
1.733 
1.433 
1.626 


1.651 


1.623 
2.05 
2.2 
1.827 


2.1 
1.434 
1.635 
2.36 
1.805 
1.92 
3.91 


1.910 
1.444 
1.658 
1.95 
1.57 
1.515 


1.60 
1.634 
1.477 


пр 


1.54 
1.56 
1.549 
1.769 
2.217 


1.487 
2.36 
1.338 


1.660 


1.63 
1.652 


2.45 


1.715 


1.687 
1.70 

1.679 
1.500 


1.553 


1.662 
1.755 
1.455 
1.661 


1.655 


1.600 


1.869 


1.651 


1.945 
1.516 
1.669 
2.31 
1.57 
1.535 


1.63 
1.645 
1.485 


ny 
1.59 
1.553 


2.260 


1.557 


1.669 
1.765 
1.461 
1.699 
1.671 


1.615 


1.879 


1.670 


1.523 


1.59 


1.536 


1.63 
1.648 


PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Crystal Density Hard- Index of refraction 

Name Formula system g/cm? ness no ng ny 
Goethite FeO(OH) orth 4.3 53 2.268 2.401 2.457 
Goslarite 7150, 70 orth 1.97 23 1.457 1.480 1.484 
Greenockite CdS cub 4.8 33 2.506 2.529 
Grossularite Са; А1,5іО| cub 3.59 6.8 1.734 
Gummite UO, H;O orth 7.05 3.8 
Gypsum CaSO,2H;0 monocl 2.32 2 1.520 1.525 1.530 
Halite NaCl cub 2.17 2 1.544 
Hambergite Be,(OH)(BO3) rhomb 2.36 7.5 1.56 1.59 1.63 
Hanksite Ма КО ЈСО С ћех 2.56 33 1.461 1.481 
Harmotome Ва|А1,51,О,,|:6Н:О monocl 2.44 4.5 1.506 1.507 1.511 
Hausmannite Mn30, tetr 4.84 25 2.15 2.46 
Haüyne (Na,Ca)4.gAl¢Sig024(SO4,S) 1-2 cub 2.47 5.8 1.502 
Hedenbergite CaFeSi,0¢ monocl 3.53 6 1.721 1.727 1.746 
Helvite Мп4Ве;51;О |25 cub 3.32 6 1.739 
Hematite ҒеО; һех 5.25 6 2.91 3.19 
Hemimorphite Zn4Si,O;(OH),-H;O rhomb 3.45 5 1.614 1.617 1.636 
Hercynite Ее(АЮ.)> cub 4.3 7.8 1.835 
Herderite CaBe(PO,)(Fe,OH) monocl 2.98 5.3 1.592 1.612 1.621 
Hessite Ав,Те orth 8.4 2.5 
Heulandite (Ca,Na5,K;)[ AbSi;O;s]-6H5O monocl 22 3.8 1.498 1.498 1.506 
Hopeite 7л-(РО,):4Н:О orth 3.0 22 1.58 1.59 1.59 
Hornblende Ca;(Mg,Fe),AI(Si;AIO,;) (OH); monocl 3.24 9:9 1.67 1.67 1.69 
Huebnerite Мао monocl 7.2. 4.3 2.17 2.22 2:32 
Humite Mg(OH,F),.3Mg;SiO, orth 33 6 1.625 1.636 1.657 
Huntite Mg;Ca(CO3)4 trig 2.70 
Hydrogrossularite Ca3Al,Si,0g(Si04) |-m(OH) am cub 3.4 6.8 1.70 
Hydromagnesite 3MgCO;-Mg(OH),.3H;O monocl 2.24 29 1.523 1.527 1.545 
Шие КАМЗБАО (ОН), monocl 2.8 1.5 1.56 1.59 1.59 
Ilmenite FeTiO; rhomb 4.72 99 
Iodyrite AgI hex 5.68 1.5 2.21 2.22 
Jacobsite MnFe;0, cub 4.87 7.8 2.3 
Jadeite МаА15:О, monocl 3.34 6 1.649 1.654 1.663 
Jamesonite PbyFeSb¢S д monocl 5.63 2.5 
Jarosite КЕе-(5О)) ХОН); rhomb 3.09 3 1.715 1.820 
Kainite KMg(SO,)C1-3H,O monocl 2,15 2.8 1.494 1.505 1.516 
Kaliophylite KAISiO, hex 2.61 6 1.532 1.537 
Kaolinite AlL,Si,0 (ОН), шісі 2.65 2.3 1.549 1.564 1.565 
Kernite Na,B,07-4H,O monocl 1.95 2.5 1.454 1.472 1.488 
Kieserite MgSO,.H;O monocl 2.57 23 1.520 1.533 1.584 
Kyanite ALDOSiO, tricl 3.59 6.3 1.715 1.722 1.731 
Lanarkite РЬ(5ОрО monocl 6.92 2.3 1.928 2.007 2.036 
Lanthanite (Га,Се) (СО): 840 rhomb 2,72 2.8 1.52 1.587 1.613 
Laumontite Ca,[AlgSi4,0,45]- 16H50 monocl 2.3 3.3 1.508 1.517 1.519 
Laurionite Pb(OH)CI rhomb 6.24 3:3 2.08 2.12 2.16 
Lawsonite CaA1,(OH),Si1,07-H,O rhomb 3.08 6 1.655 1.675 1.685 
Lazulite (Ме,Ее)А1,ФО,) (ОН) monocl 3.23 5.8 1.615 1.64 1.650 
Lazurite Na4SSi4ALl0;; cub 2.42 53 1.500 
Leadhillite Pb4(SO4(CO3; (ОН) monocl 6.55 2.8 1.87 2.00 2.01 
Lepidocrocite FeO(OH) orth 4.26 5 1.94 2.20 2.51 
Lepidolite K5(Li, AD)s.c[Sig ; Ab, ,O59I( OH.F)4 monocl 2.85 3:3 1.536 1.565 1.566 
Leucite KAISi;0g tetr 2.49 5.8 1.510 
Levyne (Ca,Na;)ALSi,O;,.6H;O rhomb 2.10 4.5 1.496 1.501 
Litharge PbO tetr 9:35 2 2.535 2.665 
Loellingite ҒеАв; rhomb 7.40 2:9 
Maghemite Fe;0, cub 4.88 7.8 2.63 
Magnesite MgCO; hex 3.05 4 1.536 1.741 
Magnetite Fe404 cub 5.17 6 2.42 
Malachite Cu (OH), (COS) monocl 4.05 3.8 1.655 1.875 1.909 
Manganite MnO(OH) monocl =4.3 4 2.25 2.25 2.53 
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Мате 


Manganosite 
Marcasite 
Marialite 
Marshite 
Mascagnite 
Matlockite 
Meionite 
Melanterite 
Melilite 
Mellite 
Mendipite 
Mesolite 
Metacinnabar 
Microcline 
Miersite 
Millerite 
Mimetite 
Minium 
Mirabilite 
Moissanite 
Molybdenite 
Monazite 
Monetite 
Monticellite 
Montmorillonite 


Montroydite 
Mordenite 
Muscovite 
Nantokite 
Natrolite 
Nepheline 
Newberyite 
Niccolite 
Norbergite 
Nosean 
Oldhamite 
Oligoclase 
Olivenite 
Olivine 
Opal 
Orpiment 
Orthoclase 
Orthopyroxene 
Paragonite 
Parisite 


Pectolite 
Penfieldite 
Pentlandite 
Percylite 
Periclase 
Perovskite 
Petalite 
Pharmacosiderite 
Phenakite 
Phillipsite 
Phlogopite 
Phosgenite 
Piemontite 


PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Formula 


MnO 

Ее5, 

Ха, А1; $19 О24 С 

Cul 

(NH4)50, 

PbCIF 

Са,А15516О, СО; 

FeSO,-7H,O 

(Ca,Na)>(Mg,Fe,Al,Si)307 

АђСљ»О 180 

РОС 

Ма:Са:(А1551:О 10)3 8H;O 

HgS 

КА!$13 Оз 

AgI 

NiS 

Pb;(AsO4,PO4)3Cl 

Pb304 

Na,SO,:10H,0 

SiC 

MoS, 

(Ce,La,Th)PO, 

CaHPO, 

Ca(Mg,Fe)SiO, 

(0.5Са Мај) ;( ALMg,Fe)4 
[Gi, ADgOsoI(OH)4:4H50 

HgO 

(№а,К,Са)[А1,51,04]-79,0 

КА1,5і;АІО((ОН,Е); 

CuCl 

Ма,А1,51;О|0:2Н,О 

Ма;КА1,514О16 

MgHPO,-3H,0 

NiAs 

Mg(OH,P), Mg;SiO, 

Ма; А16516О:45О, 

Са5 

([NaSi]os.o.7[CaAl]o 1.9.3) AISi;Og 

Cu;(AsO4(OH) 

(Mg,Fe)Si0, 

SiO,.nH;O 

А$253 

KAISi;Os 

(Mg,Fe)SiO; 

МаА1,5іАІО (ОН) 

(Ce,La,Na)FCO;-CaCO, 

Ca,NaH(Si0;)3 

РЬ,С1(ОН)» 

(Fe,Ni)oSg 

PbCuCl,(OH), 

MgO 

CaTiO, 

ПА Оо 

Fes(AsO4)(OH).5H,0 

Be5SiO, 

К(Сар, 5,Na);[Al5Si5O;5]-6H50 

KMg;3AI1Si;0;9(OH,F) 

РЬ,(СО-)С1, 

Ca,(Mn,Fe,A1l)30(Si,07)(Si04)(OH) 


Crystal 
system 


cub 
cub 

tetr 

cub 
orth 
tetr 

tetr 
monocl 
tetr 

tetr 
rhomb 
orth 
cub 
monocl 
hex 
hex 
hex 

tetr 
monocl 
hex 
hex 
monocl 
tricl 
orth 


monocl 
orth 
orth 
monocl 
cub 
orth 
hex 
orth 
hex 
orth 
cub 
cub 
tricl 
rhomb 
rhomb 
amorp 
monocl 
monocl 
rhomb 
monocl 
hex 
tricl 
hex 
cub 
cub 
cub 
cub 
monocl 
cub 
rhomb 
monocl 
monocl 
tetr 
monocl 
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Density 
g/cm? 


5.37 
5.02 
2.56 
5.67 
1.77 
7.05 
2.78 
1.89 
3.00 
1.64 
7.24 
2.26 
7.70 
2.56 
5.68 
5.5 

7.24 
8.9 

1.46 
3.16 
5.06 
52 

2.92 
3.18 


2.5 
11.14 
2.13 
2.83 
4.14 
2.23 
2.61 
2.13 
7.77 
321 
2.35 
2.59 
2.64 
42 
3.81 
1.9 
3.46 
2.56 
3.6 
2.85 
4.42 
2.88 
6.6 
4.8 


3.6 

3.98 
2.42 
2.80 
2.98 
22 

2.83 
6.13 
3.49 


Нага- 
ness 


9:5 
6.3 
5:5 
25 
2.3 
2.8 
3:9 
2 

3:9 
2.3 
2;5 


Index of refraction 


По 


1.541 
2.346 
1.520 
2.006 
1.559 
1.47 

1.639 
1.511 
2.24 

1.506 


1.522 
2.20 


2.128 


1.394 
2.648 


1.787 
1.587 
1.647 


1:55 

2:37 

1.478 
1.563 
1.930 
1.478 
1.534 
1.514 


1.565 
1.495 
2.137 
1.539 
1.77 
1:73 
1.44 
2.40 
1.523 
1.709 
1.572 
1.672 
1.603 
2.13 


2.05 

1:735 
2.34 

1.506 
1.690 
1.654 
1.494 
1.560 
2.118 
1.762 


пр 


1.548 


1.523 
2.145 
1.595 
1.48 

1.645 
1.539 
2.27 


1.526 


2.147 


1.396 
2.691 


1.789 
1.61 
1.655 


1.57 
2.50 
1.480 
1.596 


1.481 
1.538 
1.517 


1.573 


1.543 
1.80 
1.76 


2.81 

1.527 
1.712 
1.602 
1.771 
1.610 
2.21 


1.511 


1.670 
1.497 
1.597 
2.145 
1.773 


пу 


1.533 


1.49 


1.530 


1.398 


1.840 
1.640 
1.664 


1.57 
2.65 
1.482 
1.602 
1.491 
1.533 
1.592 
1.547 
1.85 
1.78 
3.02 
1.531 
1.723 
1.605 


1.639 


1.519 


1.505 
1.598 


1.796 


PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Crystal Density Hard- Index of refraction 
Name Formula system g/cm? ness no пу пу 

Pigeonite (Mg,Fe,Ca)(Mg,Fe)Si O6 monocl 3.38 6 1.702 1.703 1.728 
Pollucite CsAISi,06 tetr 2.9 6.5 1.517 
Polybasite (Ас,Са)|65555 | monocl 6.1 25 
Powellite Ca(Mo,W)O, tetr 4,35 3.8 1.971 1.980 
Prehnite СаА УВО (ОН) rhomb 2.93 6.3 1.622 1.628 1.648 
Proustite Ag3AsS3 thomb 5.57 2.3 2.792 3.088 
Pseudobrookite Fe;TiO; rhomb 4.36 6 2.38 2.39 242 
Psilomelane ВаМп,О, (ОН), rhomb 4.71 5.5 
Pumpellyite Ca; Ab(ALFe,Mg)[Si;(O,OH);] 

(SiO (OH,O), monocl 3:21 2: 1.688 1.695 1.705 
Pyrargyrite Ag3SbS3 rhomb 5.85 2:5 2.88 3.08 
Pyrite Ее5, сир 5.02 6.3 
РугосШоге NaCaNb,O,F cub 5.3 5.3 
Pyrochroite Mn(OH); hex 3.26 2.5 1.68 1.72 
Pyrolusite MnO, tetr 5.08 6.3 
Pyromorphite Pb;(PO4,AsO,)3Cl hex 7.04 3.8 2.048 2.058 
Pyrope М9;А1,5130} cub 3.58 6.8 1.714 
Pyrophyllite ALSijO;y(OH); monocl 2.78 1.5 1.545 1.579 1.599 
Pyrrhotite Fe;Ss hex 4.62 4 
Quartz SiO, hex 2.65 7 1.544 1.553 
Rammelsbergite МА orth 74 5.8 
Raspite PbWO, monocl 8.46 2.8 1.27 1.27 1.30 
Realgar AS4S4 monocl 3.5 1.8 2.538 2.684 2.704 
Rhodochrosite МаСО; һех 3.70 3.8 1.597 1.816 
Rhodonite (Mn,Fe,Ca)SiO; orth 3.48 6 1.725 1.729 1.737 
Riebeckite Na Fe;(Sig022)(OH) monocl 3.3 5 1.675 1.683 1.694 
Rutile TiO; tetr 4.23 6.2 2.609 2.900 
Safflorite (Со,Ее)Ав, rhomb 7.3 4.8 
Samarskite (Y,Er,Ce,U,Ca,Fe,Pb, Th) 

(Nb,Ta,Ti,Sn),0¢ rhomb 5.69 5.5 2.200 
Sapphirine (Ме,Ее),А1,О,810, monocl 3.49 7.5 1.709 1.712 1.715 
Scapolite (Na,Ca)JJALl(ALSi)4SigO»4 

(CLF,OH,CO;,SO,) tetr 2.64 9:5 1.551 1:373 
Scheelite CaWO, tetr 6.06 4.8 1.920 1.936 
Scolecite СаА1,51;О|0:3Н;О monocl 2.27 5 1.510 1.518 1.519 
Scorodite Fe(AsO4)-2H;O rhomb 3.28 3.8 1.784 1.795 1.814 
Sellaite Моћ; tetr 3.15 5 1.378 1.390 
Senarmontite 55,03 cub 5.58 2.3 2.087 
Serpentine Mg3Si,Os(OH)4 monocl 2.55 3 1.55 1.56 1.56 
Siderite ЕеСО, һех 3:9 4.3 1.635 1.875 
Sillimanite ALOSiO, rhomb 3.25 7 1.658 1.660 1.660 
Skutterudite (Co,Ni)As; cub 6.8 5.8 
Smithsonite ZnCO, rhomb 4.4 4.3 1.621 1.848 
Sodalite Ха; А165165 ОС cub 2.30 5.8 1.485 
Sperrylite PtAs, cub 10.58 6.5 
Spessartite Мп; А1,51О |» cub 4.19 6.8 1.800 
Sphalerite ZnS cub 4.0 3.8 2.369 
Sphene СаТі510,(О,ОН,Е) monocl 3.50 5 1.90 1.95 2.03 
Spinel MgALO, cub 3.55 7.8 1719 
Spodumene LiAISi,0¢ monocl 3:13 6.8 1.656 1.662 1.671 
Stannite Cu;FeSn, tetr 4.4 4 
Staurolite (Fe,Mg.Zn),( ALFe,Ti)9Og 

[(Si,ADO4]4(0,0H)> monocl 3.79 75 1.743 1.747 1.755 
Stercorite Na(NH,)H(PO,)-4H,O tricl 1.62 2 1.439 1.442 1.469 
Stibiotantalite Sb(Ta,Nb)O, rhomb 6.6 5.5 2.38 2.41 2.46 
Stibnite 5,8; orth 4.56 2 
Stilbite NaCa,[A1;Si,3036]-14H,O monocl 2.2 3.8 1.492 1.499 1.503 
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PHYSICAL AND OPTICAL PROPERTIES OF MINERALS (continued) 


Name 
Stilpnomelane 


Stolzite 
Strengite 
Strontianite 
Struvite 
Sulfur 
Sylvanite 
Sylvite 

Talc 

Tantalite 
Tapiolite 
Tellurobismuthite 
Terlinguaite 
Tetrahedrite 
Thenardite 
Thermonatrite 
Thomsenolite 
Thorianite 
Thorite 
Topaz 
Torbernite 
Tourmaline 


Tremolite 
Trevorite 
Tridymite 
Triphyllite-Lithiophyllite 
Troegerite 

Troilite 

Trona 

Turquois 
Ullmannite 
Uraninite 
Uvarovite 
Valentinite 
Vanadinite 
Variseite-Strengite 
Vaterite 
Vermiculite 


Vesuvianite 


Villiaumite 
Vivianite 
Wagnerite 
Wavellite 
Whewellite 
Willemite 
Witherite 
Wolframite 
Wollastonite 
Wulfenite 
Wurtzite 
Xenotime 
Zeunerite 
Zincite 
Zircon 
Zoisite 


Formula 


(K,Na,Ca)o (Fe, Mg)sSigAI 
(О.ОН)>7-2Н.О 

PbWO, 

ЕеРО,2Н,О 

SrCO; 

Mg(NH4)(PO4)-6H;O 

S 

(Ag, Au)Te; 

КСІ 

Мєе,51,О, (OH); 

(Fe,Mn)(Ta,Nb),0¢ 

ЕеТа:О, 

Ві,Те; 

Hg;OCl 

(Cu,Fe) 125645 13 

Na,SO, 

Na,CO;-H,0 

NaCaAIF,-H,0 

ThO, 

ThSiO, 

ALbSiO4(OH,F); 

Си(00,),ФРО,),:8Н,О 

Na(Mg,Fe,Mn,Li,Al)3A1¢Sig0 | 
(B03); 

Са; Ма 5 О (ОНЕ) 

NiFe;O, 

SiO; 

Li(Fe,Mn)PO, 

(00;)(АЗО,); 12H50 

FeS 

Ма,Н(СО,),2Н,О 

Си(АЦе) (РО) (ОН)-4Н,О 

NiSbS 

UO, 

Ca4Cr5Si40;5 

8,0; 

РБ МОС 

(ALFe)(PO,)-2H;O 

СаСО; 

(Ме,Са), (Mg. Ее, А1) (А1,54);О01 
(ОН),8Н,О 

Сао (Мз,Ее)>А14($1507)5($104)5 
(ОН), 

NaF 

Fe4(PO),-8H5O 

Mg,(PO,)F 

ALl(OH);(PO4);:5H50 

CaC;0,:H5O 

Zn5SiO, 

BaCO, 

(Fe,Mn)WO, 

CaSiO, 

РЬМоО, 

ZnS 

YPO, 

Си(00,)ХАч0,),10Н-О 

ZnO 

71510, 

Са:А155і;0| ХОН) 


Crystal 
system 


monocl 
tetr 
orth 
orth 
rhomb 
orth 
monocl 
cub 
monocl 
rhomb 
tetr 

hex 
monocl 
cub 
orth 
orth 
monocl 
cub 

tetr 
rhomb 
tetr 


rhomb 
monocl 
cub 
hex 
rhomb 
tetr 

hex 
monocl 
tricl 
cub 
cub 
cub 
orth 
hex 
rhomb 
hex 


monocl 


tetr 

cub 
monocl 
monocl 
rhomb 
cub 
hex 
orth 
monocl 
monocl 
tetr 

hex 

tetr 

tetr 

hex 

tetr 
rhomb 
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Density 
g/cm? 


2.8 
8.2 
2.87 
35 
171 
2.07 
8.16 
1.99 
2.71 
7.95 
7.9 
7.74 
8.73 
4.9 


3.26 


Нага- 
ness 


Index of refraction 


По 


1.585 
2.19 

1.707 
1.518 
1.495 
1.958 


1.490 
1.545 
2.26 
2.27 


2.35 


1.468 
1.420 
1.407 
2.200 
1.8 

1.618 
1.582 


1.62 
1.599 
2.3 
1.475 
1.68 
1.59 


1.412 
1.70 


1.865 
2.18 

2.350 
1.635 
1.550 


1.542 


1.72 

1.327 
1.598 
1.568 
1.527 
1.491 
1.691 
1.529 
2.26 

1.628 
2.283 
2.356 
1.721 
1.606 
2.013 
1.94 

1.695 


пр 


1.665 
2.27 

1.719 
1.666 
1.496 
2.038 


1.592 
2.32 
2.42 


2.64 


1.475 
1.506 
1.414 


1.620 
1.592 


1.65 
1.612 


1.476 
1.68 
1.630 


1.492 
1.73 


2.35 

2.416 
1.654 
1.645 


1.556 


1573 


1.629 
1.572 
1.535 
1.554 
1.719 
1.676 
2.32 

1.639 
2.403 
2.378 
1.816 


2.029 
1.99 
1.699 


пу 


1.665 
1.741 
1.668 


1.504 
2.245 


1.595 


2.43 


2.66 


1.483 


1.524 
1.415 


1.627 


1.622 
1.479 
1.69 


1.540 
1.75 


2.35 


1.668 


1.556 


1.652 
1.582 
1.553 
1.650 


1.677 


2.42 
1.642 


1.711 


CRYSTALLOGRAPHICDATAONMINERALS 


Thistablecontainsx-raycrystallographicdataonabout400commonminerals, as wellasselectedcrystallineelements. Entries arearranged 
alphabeticallybymineralname.Thecolumnsare: 


Name:Commonnameofthemineral. 
Formula:Chemicalformulaforatypicalsampleofthemineral.Compositionoftenvariesconsiderablywiththeoriginofthesam ple. 
Crystalsystem:tricltriclinic;monocl=monoclinic;orth=orthorhombic;tetr=tetragonal;hex=hexagonal;rhomb=rhombo hedral;cubic=cubic. 
Structuretype:Prototypeforthestructuralarrangementofthecrystallographiccell. 

Z:Numberofformulaunitspertheunitcell. 

a, b, c:LengthsofthecelledgesinA(1A=10 ет). 

a, B, y:Anglesbetweencellaxes. 
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[ЖАЫ 


Мате 


Acanthite 
Acmite(Aegirine) 
Akermanite 
Alabandite 


Almandine(Almandite) 


Altaite 
Aluminum 
Alunite 
Analcite 
Anatase 
Andalusite 
Andradite 
Anglesite 
Anhydrite 
Annite 
Anorthite 
Anthophyllite 
Antimony 
Aragonite 
Arcanite 
Argentite 
Argentopyrite 
Arsenic 
Arsenolite 
Arsenopyrite 
Azurite 
Baddeleyite 
Banalsite 
Barite 
Berlinite 
Beryl 
Berzelianite 
Bismite 
Bismuth 
Bismuthinite 
Bixbyite 
Boehmite 
Borax 
Bornite(metastable) 
Breithauptite 
Brochantite 
Bromargyrite 
Bromellite 
Brookite 
Brucite 


Formula 


AgS 
NaFe(SiO 4)» 
Ca,MgSi,0, 
Mns 

Fe 4AbSi40;; 
PbTe 

Al 
KAI3(SO4)(OH)¢ 
МаА15:,О,-Н,0 
TiO; 

ALOSiO, 
CasFe,SisO > 
PbSO, 

CaSO, 


КҒез[А151;0 о КОН); 


СаАђ 550; 
Мг5іО;(ОН); 
Sb 

СаСО, 

К,50, 

AgS 

АвЕе;5; 

Аз 

А8:0, 

FeAsS 
Cu4(OH); (CO); 
ZrO, 
ВаМа;А1,514О16 
Ва5О, 

МРО, 
Be3Al,(SiO3)¢ 
Cu,Se 

Ві,0; 

Ві 

Ві,5; 

Mn;O; 
AIO(OH) 
Ма,В,О,10Н,О 
Cu ;FeS, 

NiSb 
Cu,SO,(OH), 
AgBr 

BeO 

TiO, 

Mg(OH), 


Crystal 
system 


monocl 
monocl 
tetr 
cubic 
cubic 
cubic 
cubic 
rhomb 
cubic 
tetr 
orth 
cubic 
orth 
orth 
monocl 
tricl 
orth 
rhomb 
orth 
orth 
cubic 
orth 
rhomb 
cubic 
tricl 
monocl 
monocl 
orth 
orth 
hex 
hex 
cubic 
monocl 
rhomb 
orth 
cubic 
orth 
monocl 
cubic 
hex 
monocl 
cubic 
hex 
orth 
hex 


Structure 
type 


diopside 
melilite 
rocksalt 
garnet 
rocksalt 
copper 


garnet 

barite 
anhydrite 
1Мтіса 
primitivecell 


arsenic 
aragonite 
arcanite 


arsenic 
diamond 


baddeleyite 


barite 
Qc-quartz 
beryl 


pseudo-orth 
arsenic 

stibnite 
thalliumtrioxide 
lepidocrocite 


niccolite 


rocksalt 
zincite 


cadmiumiodide 


бээ о9мюьг. N 


@ t2 ысын 


соо» + + сы 


EN 


тою Ф роо RO LO NL OTT TID 


а/А 


4.228 
9.658 
7.8435 
5.223 
11.526 
6.4606 
4.049 
6.982 
13.733 
3.785 
7.7959 
12.048 
8.480 
6.991 
10.29 
8.177 
18.61 
4.2996 
5.741 
5.772 
4.870 
6.64 
3.760 
11.074 
5.760 
5.008 
5.1454 
8.50 
8.878 
4.942 
9.215 
5.85 
7.48 
4.5367 
11.150 
9.411 
2.868 
11.858 
10.94 
3.942 
13.066 
5.7745 
2.6979 
5.456 
3.147 


ЫА 


6.928 
8.795 


9.85 


9.182 


А 


7.862 
5.294 
5.010 


17.32 


9.514 
5.5583 


6.958 
6.238 
5.39 
14.169 
5.24 
11.2516 
4.959 
7.483 


6.45 
10.555 


5.785 
10.336 
5.3107 
16.72 
7.152 
10.97 
9.192 


5.83 
11.8383 
3.981 


3.700 
12.197 


5.155 
6.022 


4.3772 
5.143 
4.769 


93.17 ? 


90.00? 


105.1? 
115.85? 


112.23? 
92.45? 
99.23? 


112.99 


106.68? 


103.27? 


91.22? 


90.00? 
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8СТ-Р 


Мате 


Bunsenite 
Bustamite 
Cadmiumtelluride 
Cadmoselite 
Calcite 
Calomel 
Carbonate-apatite 
Cassiterite 
Cattierite 
Celestite 
Celsian 
Cerianite 
Cerussite 
Cervantite 
Chalcanthite 
Chalcocite 
Chalcopyrite 
Chlorapatite 
Chlorargyrite 
Chloritoid 
Chloromagnesite 
Chondrodite 
Chrysoberyl 
Cinnabar 
Claudetite 
Clausthalite 
Clinoenstatite 
Clinoferrosilite 
Clinohumite 
Clinozoisite 
Cobaltolivine 
Cobaltoxide 
Cobaltsulfide 
Cobalttitanate 
Cobalticalcite 
Cobaltite 
Coesite 
Coffinite 
Colemanite 
Coloradoite 
Cooperite 
Copper 
Corundum 
Cotunnite 
Covellite 


Formula 


NiO 
CaMn(SiO3)5 
CdTe 
CdSe 
CaCO; 
Hg Cl, 
Cajo(PO4)¢CO3-H,O 
SnO, 
CoS, 
515О, 
BaALSi;Og 
СеО, 
РЬСО, 
55:0, 
CuSO,:5H,O 
CuS 
CuFeS; 
Са (РОЈС 
AgCl 
Беда О О ОН) 
MgCl, 
2Mg,SiO4-MgF, 
ВеА!,О, 
HgS 
А8:0, 
PbSe 
MgSiO, 
FeSiO,; 
4Mg,SiO,-MgF, 
Ca,Al,(Si04);0H 
Co 510, 
CoO 
CoS 
CoTiO 3 
CoCO, 
CoAsS 
SiO, 
0510, 
CajB4O; -5H;O0 
HgTe 
PtS 
Cu 
АО; 
РЬСЬ 
CuS 


Crystal 
system 


cubic 
tricl 
cubic 
hex 
rhomb 
tetr 
hex 
tetr 
cubic 
orth 
monocl 
cubic 
orth 
orth 
tricl 
orth 
tetr 
hex 
cubic 
monocl 
rhomb 
monocl 
orth 
hex 
monocl 
cubic 
monocl 
monocl 
monocl 
monocl 
orth 
cubic 
cubic 
rhomb 
rhomb 
cubic 
monocl 
tetr 
monocl 
cubic 
tetr 
cubic 
rhomb 
orth 
hex 


Structure 
type 


rocksalt 


sphalerite 
zincite 
calcite 


apatite 
rutile 


pyrite 
barite 


fluorite 
aragonite 


apatite 
rocksalt 


olivine 
cinnabar 


rocksalt 


olivine 
rocksalt 
sphalerite 
ilmenite 
calcite 
NiSbS 


zircon 
sphalerite 


face-centeredcubic 
corundum 


N 


ы © 
SO b ONP D pp pO pocos eA T ito E pO pO O ES P ови во вљљо p OA со» 


а/А 


4.177 
7.736 
6.4805 

4.2977 
4.9899 
4.478 
9.436 
4.738 
5.5345 
8.359 
8.627 
5.4110 
6.152 
5.424 
6.1045 
11.881 
5.2988 
9.629 
5.5491 
9.48 
3.632 
7.89 
5.4756 
4.149 
5.339 
6.1255 
9.620 
9.7085 
13.68 
8.887 
4.782 
4.260 
5.339 
5.066 
4.6581 
5.60 
7.152 
6.995 
8.743 
6.4600 
3.4699 
3.6150 
4.7591 
4.535 
3.792 


ЫА 


7.157 


5.352 
13.045 


8.436 
11.76 


10.72 
27.323 


5.48 


4.743 
9.4041 


12.984 
8.825 
9.0872 
4.75 


5.581 
10.301 


12.379 


11.264 


7.62 


А a 


13.824 90.52? 


7.0021 
17.064 
10.910 

6.883 

3.188 


6.866 
14.408 


5.195 

4.804 

5.949 97.57? 
13.491 
10.434 

6.777 


18.18 

17.795 

10.29 
4.4267 
9.495 
4.5405 


5.188 

5.2284 
10.27 
10.14 

6.003 


13.918 
14.958 


7.152 
6.263 
6.102 


6.1098 
12.9894 


9.05 
16.34 


94.58? 


115.20? 


107.28? 


101.77? 


109.03? 


94.277? 
108.33? 
108.43? 


100.83? 
115.93? 


120.00? 


110.12? 


103.87? 


71.43? 
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6SI-P 


Crystal Structure 


Name Formula system type Z alA МА СЈА a В Y 
Cristobalite( о) SiO, tetr 4 4.971 6.918 
Cristobalite( B) SiO, cubic 8 7.1382 
Cryolite Naz AlFe monocl 2 5.40 5.60 7.176 90.18? 
Cubanite CuFe,S3 orth 4 6.46 11.12 6.23 
Cummingtonite (Mg,Fe,Mn) (540) )ОНу monocl tremolite 2 9.522 18.223 5.332 101.92° 
Cuprite Cu,0 cubic 2 4.2696 
Danburite СаВ,51-О; orth 4 8.04 8.77 7.74 
Datolite CaBSiO,(OH) monocl 4 9.62 7.60 4.84 90.15° 
Daubreeite FeCrS, cubic spinel 8 9.966 
Diamond C cubic diamond 8 3.5670 
Diaspore AIO(OH) orth 4 4.401 9.421 2.845 
Dickite Al,Si,05(OH)4 monocl 4 5.150 8.940 14.736 103.58° 
Digenite Cu, 798 cubic deformedfluorite 4 5.5695 
Diopside СаМв(5105)» monocl diopside 4 9.743 8.923 5.251 105.93? 
Dioptase CuSiO;(OH); rhomb phenacite 18 14.61 7.80 
Dolerophanite Cu,0(SO,) monocl 4 8.334 6.312 7.628 108.4° 
Dolomite СаМе(СО;); rhomb calcite 3 4.8079 16.010 
Dravite NaMg;AIgB5SigO;;(OH)4 rhomb tourmaline 3 15.942 7.224 
Elbaite NaLiAL 67B3Sig027(OH)4 rhomb tourmaline 3 15.842 7.009 
Enargite Си;Аѕ84 orth 2 6.426 7.422 6.144 
Enstatite MgSiO, orth 16 8.829 18.22 5.192 
Epidote Ca; AL (ALFe)OH(SIO,); monocl 2 8.89 5.63 10.19 115.40? 
Epsomite MgSO,-7H,O orth 4 11.86 11.99 6.858 
Eskolaite Cr;04 rhomb corundum 6 4.9607 13.599 
Eucairite AgCuSe orth 10 4.105 20.35 6.31 
Euclase А1ІВеЅіО (ОН) топос] 4 4.763 14.29 4.618 100.25? 
Famatimite CusSbS, tetr 2 5.384 10.770 
Fayalite Fe,SiO4 orth olivine 4 4.817 10.477 6.105 
Fe-Cordierite Fe;AL(AISi;O;g) orth cordierite 4 9.726 17.065 9.287 
Fe-Gehlenite Са,Ее,5105 tetr melilite 2 7.54 4.855 
Fe-Indialite Ее-А1;(А1615О14) һех Бегуі 2 9.860 9.285 
Fe-Leucite KFeSi,0¢ tetr 16 13.205 13.970 
Fe-Microcline КЕебі;Оу tricl 4 8.68 13.10 7.340 90.75? 116.05? 86.23? 
Fe-Sanidine КРре5 О; monocl 4 8.689 13.12 7.319 116.10? 
Fe-Skutterudite FeAs, 95 cubic 8 8.1814 
Ferberite FeWO, monocl wolframite 2 4.732 5.708 4.965 90.00° 
Ferriannite KFe;[FeSi;O;9](OH); monocl 2 5.430 9.404 10.341 100.07? 
Ferroselite FeSe; orth marcasite 2 4.801 5.778 3.587 
Ferrotremolite CasFes[SisO,;](OH); monocl tremolite 2 9:97 18.34 5.30 104.50° 
Fluor-edenite МаСа;МоІА1513О-:1Е; monocl tremolite 2 9.847 18.00 5.282 104.83? 
Fluor-humite ЗМа 10 Моћ orth 4 10.243 20.72 4.735 
Fluor-norbergite Mg;SiO,.MgE, orth 4 8.727 10.271 4.709 
Fluor-phlogopite KMg;[AISi5O;o]F; monocl 1Мтіса 2 5.299 9.188 10.135 99.92 ? 
Fluor-richterite Na;CaMg;[SigO»;]F; monocl tremolite 2 9.823 17.96 5.268 104.33? 
Fluor-tremolite Ca,Mg;[SigO»;]F; monocl tremolite 2 9.781 18.01 5.267 104.52? 
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091-7 


Мате 


Fluorapatite 
Fluorite 
Forsterite 
Frohbergite 
Gahnite 
Galaxite 
Galena 
Galliumoxide 
Gehlenite 
Geikielite 
Gerhardite 
Gersdorfite 
Gibbsite 
Glauchroite 
Glaucodot 
Glaucophanel 
Glaucophanell 
Goethite 

Gold 
Goldmanite 
Goslarite 
Graphite 
Greenockite 
Greigite 
Grossularite 
Grunerite 
Gudmundite 
Gypsum 
Hafnia 

Halite 
Hambergite 
Hardystonite 
Hauerite 
Hausmannite 
Hawleyite 
Heazelwoodite 
Hedenbergite 
Hematite 
Hemimorphite 
Hercynite 
Herzenbergite 
Hessite 
Hexahydrite 
Highalbite(Analbite) 
Highargentite 


Formula 


Cas(PO4)4F 
СаЕ, 
Mg5SiO, 
FeTe, 
ZnAl,O4 
МпАКО, 
РЬ5 
Са 20; 
Ca,Al,SiO, 
MgTiO; 
Cu,(NO3)(OH)s 
NiAsS 
Al(OH); 
CaMnSiO, 
(Co,Fe)AsS 
Na ;МеҙАҺ8іО, (ОН); 
Ма ;МеҙАҺ8і;О, (ОН); 
FeO(OH) 
Au 
Ca; V5Si40;5 
ZnSO,7H;O 
С 
CdS 
Fe3S4 
Ca; AbSi50;; 
Fe;[SigO?;](OH), 
FeSbS 
CaSO4:2H,O 
НЮ, 
NaCl 
Be,(OH,F)BO, 
Ca,ZnSi,O, 
MnS, 
Мп:О, 
CdS 
№552 
CaFe(SiO4); 
Fe,0, 
Zn4(OH),Si,07-H,O 
Fe(AlO;), 
505 
Ag Te 
MgSO,:6H;O 
NaAISi 30; 
AgS 


Crystal 
system 


hex 
cubic 
orth 
orth 
cubic 
cubic 
cubic 
rhomb 
tetr 
rhomb 
orth 
cubic 
monocl 
orth 
orth 
monocl 
monocl 
orth 
cubic 
cubic 
orth 
hex 
hex 
cubic 
cubic 
monocl 
monocl 
monocl 
monocl 
cubic 
orth 
tetr 
cubic 
tetr 
cubic 
rhomb 
monocl 
rhomb 
orth 
cubic 
orth 
monocl 
monocl 
tricl 
cubic 


Structure 
type 


apatite 
fluorite 
olivine 
marcasite 
spinel 
spinel 
rocksalt 
corundum 
melilite 
ilmenite 


olivine 


tremolite 
tremolite 


face-centeredcubic 
garnet 

epsomite 

graphite 

zincite 

spinel 

garnet 

tremolite 


baddeleyite 
rocksalt 


melilite 
pyrite 


sphalerite 


diopside 
corundum 


spinel 
germaniumsulfide 


N 


N 


+ + o + ооо > шо + co £ гю осо Ë R + co t2 00 00 Ñ > + o Ë L ro iro. Ë £ o L £O S O Ë co 00 t9. + + ~ 


alA 


9.3684 
5.4638 
4.758 
5.265 
8.0848 
8.258 
5.9360 
4.9793 
7.690 
5.054 
6.075 
5.693 
9.719 
4.944 
6.64 
9.748 
9.663 
4.596 
4.0786 
12.070 
11.779 
2.4612 
4.1354 
9.876 
11.851 
9.572 
10.00 
5.68 
5.1156 
5.6402 
9.755 
7.87 
6.1014 
8.136 
5.833 
5.746 
9.854 
5.025 
8.370 
8.150 
4.328 
8.13 
10.110 
8.160 
6.269 


ЫА А 
6.8841 
10.214 5.984 
6.265 3.869 
13.429 
5.0675 
13.898 
13.812 5.592 
5.0705 8.6412. 
11.19 6.529 
28.39 5.64 
17.915 5.273 
17.696 5.277 
9.957 3.021 
12.050 6.822 
6.7079 
67120 
18.44 5.342 
5.93 6.73 
15.18 6.29 
5.1722 5.2948 
12.201 4.426 
5.01 
9.422 
7.134 
9.024 5.263 
13.735 
10.719 5.120 
11.190 3.978 
4.48 8.09 
7.212 24.41 
12.870 7.106 


93.54? 


94.57? 


102.78? 
103.67? 


101.77? 
90.00? 
113.83? 
99.18? 


104.23? 


111.99 
98.30? 
116.36? 


90.19? 
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Т9Т-? 


Мате 


Highbornite 
Highcarnegeite 
Highchalcocite 
Highclinoenstatite 
Highdigenite 
Highgermania 
Highleucite 
Highnaumanite 
Highsanidine 
Huebnerite 
Huntite 
Hydroxylapatite 
Ice 

Ilmenite 
Indialite(Cordierite) 
Тодагеугие 
Iron( o) 
Jacobsite 
Jadeite 

Jalpaite 
Johannsenite 
Kaliophilite 
Kalsilite 
Kaolinite 
Karelianite 
Keatite 

Kernite 
Kerschsteinite 
Klockmannite 
Knebelite 
Kyanite 
Larnite 

Laurite 
Lawrencite 
Lawsonite 
Lead 
Leonhardtite 
Lepidocrocite 
Lepidolite 
Leucite 

Lime 
Limeolivine 
Linnaeite 
Litharge 
Loellingite 


Formula 


Cu ;FeS, 
NaAISiO 4 

Cu 5 

MgsiO 3 

Cu 5 

GeO » 

KAISi 206 

Ag Se 

KAISi 30; 
MnWO, 
Mg3Ca(CO3), 
Ca;(PO4,OH 
Н,О 

FeTiO; 

Mg ;AL(AISIS0 8) 
Agl 

Fe 

МпЕе;О, 
МаА(510;); 
Ag, 5sCuoasS 
CaMn(SiO); 
KAISiO, 
KAISiO; 
Al,Si,05(OH)4 
У,О, 

510; 
Na,B,07-4H,O 
CaFeSiO; 
CuSe 
MnFeSiO, 
ALOSiO, 
Са,51О, 
RuS, 

FeCl, 


CaALSi,0,(OH),:H,O 


Pb 
MgSO,-4H,0 
FeO(OH) 


КАМЉАЈУЊО (ОН), 


КА15:5О, 
Сао 

Ca 58104, 
Co3S4 
PbO 
FeAs; 


Crystal 
system 


cubic 
cubic 
hex 
tricl 
cubic 
hex 
cubic 
cubic 
monocl 
monocl 
rhomb 
hex 
hex 
rhomb 
hex 
hex 
cubic 
cubic 
monocl 
tetr 
monocl 
hex 
hex 
tricl 
rhomb 
tetr 
monocl 
orth 
hex 
orth 
tricl 
monocl 
cubic 
rhomb 
orth 
cubic 
monocl 
orth 
monocl 
tetr 
cubic 
orth 
cubic 
tetr 
orth 


Structure 
type 


о–аџаг 


wolframite 

calcite 

apatite 

ilmenite 

beryl 

zincite 
body-centeredcubic 
spinel 


diopside 


diopside 


corundum 


olivine 
deformedcovellite 
olivine 


pyrite 


face-centeredcubic 


2M2mica 
rocksalt 
olivine 


spinel 


marcasite 


78 


омео УЗ RC ов. 


ЫА 


8.934 


13.031 
5.758 


8.564 
9.04 
8.959 
9.151 
11.146 
10.602 
7.848 
6.76 
5.836 
13.604 


12.525 
9:3 


11.371 


5.981 


А 


6.722 
5.170 


5.652 


7.177 
4.999 
7.816 
6.883 
7.3666 
14.055 
9.3517 
7.5005 


5.220 
11.756 
5.27 

8.522 
8.7032 
7.407 
14.002 
8.604 
15.676 
6.434 
17.25 
6.162 
5.564 
9.28 


17.58 
13.123 


7.905 

3.066 
20.0 

13.738 


6.782 


5.023 
2.882 


a 


88.27° 


91.68? 


89.92? 


70.03? 


115.98? 
91.18? 


107.50? 


105.00? 


104.87? 


108.83? 


101.25? 
94.55? 


90.85? 


98.00 ° 


91.01? 


89.93? 


105.97? 
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Name 


Lowalbite 
Lowbornite 
Lowcordierite 
Lowgermania 
Lownepheline 
Luzonite 
Mackinawite 
Magnesioriebeckite 
Magnesite 
Magnetite 
Malachite 
Maldonite 
Manganesesulfide( y) 
Manganesesulfide( В) 
Manganosite 
Marcasite 
Margarite 
Marialite 
Marshite 
Mascagnite 
Massicot 
Matlockite 
Maucherite 
Meionite 
Melanophlogite 
Melanterite 
Melonite 
Metacinnabar 
Miargyrite 
Microcline 
Miersite 
Millerite 
Minium 
Minnesotaite 
Mirabilite 
Mn-Indialite 
Molybdenite 
Molybdenum 
Molybdite 
Monteponite 
Monticellite 
Montroydite 
Mullite(2:1) 
Mullite(3:2) 
Muscovite 


Formula 


NaAISi 308 

Cu ;FeS, 

Mg ;AL(AISIS0 в) 
GeO » 

NaAISiO 4 
Cu4AsS4 

FeS 
Na,Mg;Fe;[SigO5; (ОН); 
MgCO; 

Резо, 
Cu;(OH);CO, 
AujBi 

MnS 

MnS 

MnO 

FeS, 
CaAL[AISi50;9]( OH); 
Na4AlSSi9O,4Cl 
Cul 

(NH4)550, 

PbO 

PbCIF 

Ni, Asg 
Ca,Al¢Sig¢024CO3 
SiO, 
FeSO,-7H,O 
NiTe, 

HgS 

AgSbS, 
KAISi;Os 

Agl 

NiS 

РЬ,О, 
Резо и О (ОН); 
Ма,5О,10Н,О 
Мп,А!;(А181;0 в) 
MoS, 

Mo 

MoO, 

CdO 

CaMgSiO, 

HgO 

2А1 ;04:S10; 

ЗА! ,03:2Si0, 
КА!,А151:О, СОН) 


Crystal 
system 


tricl 
tetr 
orth 
tetr 
hex 
tetr 

tetr 
monocl 
rhomb 
cubic 
monocl 
cubic 
hex 
cubic 
cubic 
orth 
monocl 
tetr 
cubic 
orth 
orth 
tetr 

tetr 

tetr 
cubic 
monocl 
hex 
cubic 
monocl 
tricl 
cubic 
rhomb 
tetr 
monocl 
monocl 
hex 
hex 
cubic 
orth 
cubic 
orth 
orth 
orth 
orth 
monocl 


Structure 
type 


an КМ 


rutile 


tremolite 
calcite 
spinel 


zincite 
sphalerite 
rocksalt 
marcasite 
2Mmica 


sphalerite 
arcanite 


clathratetype 4 


cadmiumiodide 


sphalerite 


sphalerite 


beryl 


molybdenite 


rocksalt 
olivine 


oo су во £ Ë L D ROR F ов вос p B= L tO B O d RR 2 P до Ë L ко осо ь оо O бо (У (У 00 по + 


2M2mica 


ЫА 


12.788 


17.062 


17.946 


11.974 


5.423 
8.92 


5.993 
4.755 


6.503 


4.111 
12.964 


9.42 
10.38 


13.858 


11.084 
5.518 
7.6909 
7.6876 

8.995 


«А a B 


7.160 94.27° 
21.88 

9.339 

2.8626 

8.330 
10.440 

5.030 

5.299 103.30° 
15.016 


116.57° 


3.240 98.75° 


6.432 


3.3876 
19.50 95.00 ° 
7.514 


10.636 
5.891 
7.23 

21.81 
7.652 


11.041 
5.308 


105.57° 


13.220 
7.222 90.62? 


98.63? 
115.92? 


3.152 
6.565 
19.4 100.00? 
12.83 107.75? 
9.297 
12.295 


3.697 


6.376 
3.519 
2.8883 
2.8842 


20.030 94.47 ° 


87.68° 


87.68° 
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Є9Т-Ӯ 


Мате 


Nacrite 
Nantokite 
Natroalunite 
Natrolite 
Neighborite 
Ni-Skutterudite 
Niccolite 

Nickel 
Nickelcarbonate 
Nickelolivine 
Nickelselenide 
Niter 

Norsethite 
Oldhamite 
Orpiment 
Orthoclase 
Orthoferrosilite 
Otavite 
Paracelsian 
Paragonite 
Pararammelsbergite 
Paratellurite 
Parawollastonite 


Pectolite 
Pentlandite 
Pentlandite 
Periclase 
Perovskite 
Petalite 
Petzite 
Phenacite 
Phlogopite 
Picrochromite 
Piemontite 
Platinum 
Polymidite 
Portlandite 
Powellite 
Protoenstatite 
Proustite 
Pseudowollastonite 
Pyrargyrite 
Pyrite 
Pyrolusite 
Pyrope 


Formula 


ALDSi;O;(OH)4 
CuCl 

МаА (80) (ОН) 
Ма;А1,51і;О|0:2Н;О 
МаМеЕ, 

NiAs? 95 

NiAs 

Ni 

МСО ; 

Ni 5104 

NiSe j 
BaMg(CO;), 

Са5 

А8:5, 

КАЈЗЊО; 

FeSiO; 

сасо; 
ВаА1,51:О; 
МаА1,А1515О,6СОН), 
МА% 

Тео» 

Са5 Оз 
Са;МаН(510;); 
Fes 25Міз 7598 

Ес) 75Ni 255% 
MgO 

CaTiO; 
11А151,Оцо 
АрзАџТе 

Ве; 510, 

КМ А ЗЊО (ОН), 
МеСі;О, 

Ca Al; sMn,  (510,):ОН 
Pt 

№554 

Са(ОН); 

CaMoO, 

MgSiO, 

Ag3AsS83 

CaSiO, 

AgsSbS, 

FeS, 

MnO, 
Mg3AbSi50;5 


Crystal 
system 


monocl 
cubic 
rhomb 
orth 
orth 
cubic 
hex 
cubic 
rhomb 
orth 
cubic 
orth 
rhomb 
cubic 
monocl 
monocl 
orth 
rhomb 
monocl 
monocl 
orth 
tetr 
monocl 
tricl 
cubic 
cubic 
cubic 
orth 
monocl 
cubic 
rhomb 
monocl 
cubic 
monocl 
cubic 
cubic 
hex 
tetr 
orth 
rhomb 
tricl 
rhomb 
cubic 
tetr 
cubic 


Structure 
type 


sphalerite 


perovskite 


niccolite 
face-centeredcubic 
calcite 

olivine 

pyrite 

aragonite 

calcite 

rocksalt 


enstatite 
calcite 


2М1тіса 


rocksalt 
perovskite 


phenacite 
1Мтіса 
spinel 


face-centeredcubic 
spinel 
cadmiumiodide 
scheelite 


pyrite 
rutile 


garnet 


N 


N 
оо с Ёоо оо» ыоМУоюь P а ANDAR 00 RR OO i p PD o RR RO Ë Ñ 0) 4 0 ове 


а/А 


8.909 
5.416 
6.974 
18.30 
5.363 
8.3300 
3.618 
3.5238 
4.5975 
4.727 
5.9604 
6.431 
5.020 
5.689 
11.49 
8.562 
9.080 
4.9204 
8.58 
5.13 
5.75 
4.810 
15.417 
7.99 
10.196 
10.095 
4.2117 
5.3670 
11.32 
10.38 
12.472 
5.326 
8.333 
8.95 
3.9231 
9.480 
3.5933 
5.226 
9.25 
10.816 
6.90 
11.052 
5.4175 
4.388 
11.459 


ЫА 


5.146 


18.63 
7.676 


10.121 
9.164 
9.59 

12.996 

18.431 
9.583 

8.89 
5.82 


7.321 
7.04 


7.6438 
5.14 


9.210 


5.70 


8.74 


11.78 


сІА 


15.697 


16.69 
6.60 
5.503 


5.034 


14.723 
5.915 


5.414 
16.75 


4.25 
7.193 
5.238 
16.298 
9.08 
19.32 
11.428 
7.613 
7.066 
7.02 


5.4439 
7.62 


8.252 
10.311 


9.41 


4.9086 

11.43 
5.32 
8.6948 

19.65 
8.7177 


2.865 


90.05? 


90.00? 


113.70? 


90.45? 
116.02? 


90.00? 
95.17? 


95.40? 


95.279 


105.90? 


100.17 ° 


115.70? 


90.80? 


102.47? 


90.00? 
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у91-Р 


Мате 


Pyrophanite 
Pyrophyllite 
Pyroxmangite 
Pyrrhotite 
Pyrrhotite 
Quartz( o) 
Quartz( В) 
Rammelsbergite 
Realgar 
Retgersite 
Rhodochrosite 
Rhodonite 
Riebeckite 
Rutile 
Safflorite 
Sanmartinite 
Sapphirine 
Scacchite 
Scheelite 
Schorl 
Selenium 
Selenolite 
Sellaite 
Senarmontite 
Shandite 
Shortite 
Siderite 
Silicon 
Sillimanite 
Silver 
Silvertelluridel 
SilvertelluridelI 
Smithsonite 
Sodaniter 
Sodiummelilite 
Sperrylite 
Spessartite 
Sphalerite 
Sphene 

Spinel 
Spodumene 
Spodumene( В) 
Staurolite 
Sternbergite 
Stibnite 


Formula 


MnTiO; 
АЪЗ О (ОН) 
МпРе(5105) 
FeoosoS 
FeosssS 

510; 

510; 

МА% 

AsS 
NiSO,-4H,O 
MnCO; 
MnSiO, 


NasFesFSisO; (OH); 


TiO; 
Coo s Feo 5 А 8; 
ZnWO, 
Мо:А1,0651О, 
MnCl, 

CaWO, 


Se 
SeO, 
MgF, 
55,03 
Мі: РЬ5; 
Ма›Са›(СОз); 
ЕеСО, 
Si 
ALOSiO, 
Ag 
Ag Te 
Ag „Те 
?лСО; 
МаМО; 
NaCaAISi О» 
Р.А; 
Мп: 1,510 |; 
ZnS 
CaTiSiO; 
MgALO, 
LiAl(Si03), 
LiAl(SiO3)y 
Бе; АЈ) 5 ДО (OH); 
AgFe5S, 
5595 


МаВе АЈ О» ОН), 


Crystal 
system 


rhomb 
monocl 
tricl 
hex 
hex 
hex 
hex 
orth 
monocl 
tetr 
rhomb 
tricl 
monocl 
tetr 
orth 
monocl 
monocl 
rhomb 
tetr 
rhomb 
hex 
tetr 

tetr 
cubic 
rhomb 
orth 
rhomb 
cubic 
orth 
cubic 
cubic 
cubic 
rhomb 
rhomb 
tetr 
cubic 
cubic 
cubic 
monocl 
cubic 
monocl 
tetr 
monocl 
orth 
orth 


Structure 
type 


ilmenite 
2М1тіса 


defectniccolite 
defectniccolite 


marcasite 


calcite 
tremolite 


marcasite 
wolframite 


scheelite 
tourmaline 


rutile 
arsenictrioxide 


calcite 
diamond 


face-centeredcubic 


calcite 
calcite 
melilite 
pyrite 
garnet 
sphalerite 


spinel 
diopside 


stibnite 


N 


зоб ВБ ос 


= 
DN WW 


EN 


Бою d оньс выосооы AROAN Ф ә оо о ш ь шо сою I2 ю IO сь 


alA 


5.155 
5.14 
7.56 
3.446 
3.440 
4.9136 
4.999 
4.757 
9.29 
6.782 
4.7771 
7.682 
9.729 
4.5937 
5.231 
4.691 
9.96 
3.711 
5.242 
16.032 
4.3642 
8.35 
4.621 
11.152 
5.576 
4.961 
4.6887 
5.4305 
7.4843 
4.0862 
5.29 
6.585 
4.6528 
5.0696 
8.511 
5.968 
11.621 
5.4093 
7.07 
8.080 
9.451 
7.5332 
7.90 
11.60 
11.229 


ЫА 


8.90 
17.45 


5.797 
13.53 


11.818 
18.065 
5.953 


5.720 
28.60 


11.03 


7.6730 


8.72 
8.387 
16.65 


12.675 
11.310 


сІА а 


14.18 
18.55 
6.67 84.00? 
5.848 
5.709 
5.4051 
5.4592 
3.542 
6.57 
18.28 
15.664 
6.707 92.36? 
5.334 
2.9618 
2.962 
4.925 
9.85 
17.59 
11.372 
7.149 
4.9588 
5.05 
3.050 


13.658 
712 
15.373 


57711 


15.025 
16.829 
4.809 


6.56 


5.208 
9.1540 
5.63 
6.63 
3.8389 


99.92 ° 
94.30? 


106.55? 


93.95? 
103.31? 


89.36? 
110.5? 


113.95? 


110.07? 


90.00? 


113.70? 


105.66? 
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С91-р 


Маше 


Stilleite 

Stishovite 

Stolzite 
Stromeyerite 
Strontianite 
Sulfur(monoclinic) 


Sulfur(orthorhombic) 
Sulfur(rhombohedral) 


Sylvite 

Syngenite 
Syntheticanorthite 
Syntheticanorthite 
Talc 

Tantalum 

Teallite 

Tellurite 
Tellurium 
Tellurobismuthite 
Tennantite 
Tenorite 
Tephroite 
Tetrahedrite 
Thenardite 
Thorianite 
Thorite 
Tiemannite 

Tin 

Titanium 
Titanium(M oxide 
Topaz 

Tremolite 
Trevorite 
Tridymite( В) 
Trogtalite 

Troilite 
Tschermakite 
Tungsten 
Tungstenite 
Turquois 
Umangite 
Uraninite 

Ureyite 

Uvarovite 

Uvite 

Vaesite 


Formula 


ZnSe 
SiO, 
PbWO, 
АвоозСш 075 
5:СО, 
5 
5 
5 
ка 
К-Са(5О)-Н;О 
CaAl 5515О, 
CaAl 5515О, 
MgsSi,O (OH); 
Та 
PbSnS, 
ТеО, 
Те 
ВЬТез 
CuipAs S15 
CuO 
Mn,SiO, 
Cuj2Sb,S 3 
NaSO, 
ThO, 
ThSiO; 
HgSe 
5п 
Ті 
Ті;О; 
АЬ5О,(ОН,Е), 


Ca)MgsSigO; (OH); 


NiFe;O, 
SiO, 
CoSe; 

FeS 
СаА1,5106 
w 

WS, 


СиА1<(РО,) (ОН) 4Н-О 


CusSe; 

UO, 
МаСт(510;) 
CasCr.,SisO | 


СаМе,А1:В;5і60,(ОН), 


NiS, 


Crystal 
system 


cubic 
tetr 

tetr 
orth 
orth 
monocl 
orth 
rhomb 
cubic 
monocl 
hex 
orth 
monocl 
cubic 
orth 
orth 
hex 
rhomb 
cubic 
monocl 
orth 
cubic 
orth 
cubic 
tetr 
cubic 
tetr 
hex 
rhomb 
orth 
monocl 
cubic 
hex 
cubic 
hex 
monocl 
cubic 
hex 
tricl 
tetr 
cubic 
monocl 
cubic 
rhomb 
cubic 


Structure 
type 


sphalerite 
rutile 
scheelite 


aragonite 
S8ringmolecules 
S8ringmolecules 
S6ringmolecules 
rocksalt 


2M 1 mica 
tungsten 
germaniumsulfide 
tellurite 

selenium 


tetrahedrite 


olivine 
tetrahedrite 
thenardite 
fluorite 
zircon 
sphalerite 


corundum 


tremolite 
spinel 


pyrite 
niccolite 


diopside 


molybdenite 


fluorite 
diopside 
garnet 
tourmaline 


pyrite 


ы 


ылымы 


48 
128 
18 


оо гю кє ю ю гю в в ою сю ARAARA c 2 £ £ Ñ) Q Q со Ё? го Ë go rp rn = 


alA 


5.6685 
4.1790 
5.4616 
4.066 
6.029 
11.04 
10.4646 
10.818 
6.2931 
9.775 
5.10 
8.22 
5.287 
3.3058 
4.266 
5.607 
4.4570 
4.3835 
10.190 
4.684 
4.871 
10.327 
5.863 
5.5952 
7.143 
6.0853 
5.8315 
2.953 
5.149 
8.394 
9.840 
8.339 
5.0463 
5.8588 
3.446 
9.615 
3.1653 
3.154 
7.424 
6.402 
5.4682 
9.550 
11.999 
15.86 
5.6873 


ЫА 


6.628 

8.414 
10.98 
12.8660 

7.156 


8.60 
9.158 


11.419 
12.034 


3.425 
10.636 


12.304 


8.792 


18.052 


8.661 


7.629 


8.712 


(ЈА 


2.6649 
12.046 
7.972 
5.107 
10.92 
24.4860 
4.280 


6.251 
14.72 

4.83 
18.95 


4.090 
5.463 
5.9290 

30.487 


5.129 
6.232 


9.821 
6.327 
3.1813 
4.729 
13.642 
4.649 
5.275 
8.2563 


5.877 
5.272 


12.362 
9.910 
4.276 
5.273 


7.19 


68.61? 


96.73 ? 


104.00? 


99.50 ? 


99.47? 


104.70? 


106.12? 


69.71? 


107.44? 


65.08? 
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991-7 


Мате 


Valentinite 
Vanthoffite 
Vaterite 
Villiaumite 
Violarite 
Willemite 
Witherite 
Wolframite 
Wollastonite 
Wulfenite 
Wurtzite 
Wustite 
Xenotime 
Zinc 
Zinctelluride 
Zincite 
Zinkosite 
Zircon 
Zoisite 


Formula 


55:0, 
MgSO,-3Na,SO,4 
CaCO, 

NaF 

FeNi,S, 

Zn5SiO, 

ВаСО, 
Еео5Мпо5МОд 
CaSiO, 

РЬМоО, 

ZnS 

Feo 9530 

ҮРО, 

Zn 
ZnTe 

ZnO 

ZnSO, 

71510, 

СаА СОЛО ОН 


Crystal 
system 


orth 
monocl 
hex 
cubic 
cubic 
rhomb 
orth 
monocl 
tricl 
tetr 
hex 
cubic 
tetr 
hex 
cubic 
hex 
orth 
tetr 
orth 


Structure 
type 


antimonytrioxide 


rocksalt 
spinel 
phenacite 
aragonite 
wolframite 


scheelite 

zincite 
defectrocksalt 
zircon 
hexagonalclosepack 
sphalerite 

zincite 

barite 

zircon 


~ 
о тм 5 Coin М 


N 
ARANEF ы 


alA 


4.914 
9.797 
7.135 

4.6342 
9.464 

13.94 
6.430 
4.782 
7.94 
5.435 
3.8230 

4.3088 
6.885 
2.665 

6.1020 
3.2495 
8.588 
6.604 

16.15 


ЫА 


12.468 
9.217 


8.904 
5.731 
7.32 


6.740 


5.581 


сІА 


5.421 
8.199 
8.524 


9.309 
5.314 
4.982 
7.07 
12.110 
6.2565 


5.982 
4.947 


5.2069 

4.770 

5.979 
10.06 


90.03° 


113.50? 


90.57? 
95.37? 


103.43? 
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CODATA KEY VALUES FOR THERMODYNAMICS 


The Committee on Data for Science and Technology (CODATA) has conducted a project to establish internationally agreed values for the 
thermodynamic properties of key chemical substances. This table presents the final results of the project. Use of these recommended, internally 
consistent values is encouraged in the analysis of thermodynamic measurements, data reduction, and preparation of other thermodynamic tables. 

The table includes the standard enthalpy of formation at 298.15 К, the entropy at 298.15 K, and the quantity H° (298.15 K)-H? (0). A value of 
О in the AZ? column for an element indicates the reference state for that element. The standard state pressure is 100000 Pa (1 bar). See the reference 
for information on the dependence of gas-phase entropy on the choice of standard state pressure. 

Substances are listed in alphabetical order of their chemical formulas when written in the most common form. 

The table is reprinted with permission of CODATA. 


REFERENCE 


Cox, J. D., Wagman, D. D., and Medvedev, V. A., CODATA Key Values for Thermodynamics, Hemisphere Publishing Corp., New York, 1989. 


ДҮН? (298.15 К) S? (298.15 K) H? (298.15 K)-H? (0) 

Substance State kJ-mol! J.K--mol! kJ-mol! 
Ag cr 0 42.55 + 0.20 5.745 + 0.020 
Ag g 284.9 t 0.8 172.997 + 0.004 6.197 + 0.001 
Ag* aq 105.79 + 0.08 73.45 + 0.40 
AgCl cr -127.01 + 0.05 96.25 + 0.20 12.033 + 0.020 
Al cr 0 28.30 + 0.10 4.540 + 0.020 
Al g 330.0 + 4.0 164.554 + 0.004 6.919 + 0.001 
АГ? aq -538.4 + 1.5 -325 + 10 
AIF; cr -1510.4 + 1.3 66.5 + 0.5 11.62 + 0.04 
АБО, сг, corundum -1675.7 + 1.3 50.92 + 0.10 10.016 + 0.020 
Ar g 0 154.846 + 0.003 6.197 + 0.001 
В cr, rhombic 0 5.90 + 0.08 1.222 + 0.008 
В g 565+5 153.436 + 0.015 6.316 + 0.002 
BF, g -1136.0 + 0.8 254.42 + 0.20 11.650 + 0.020 
В,О, cr -1273.5 + 1.4 53.97 + 0.30 9.301 + 0.040 
Ве cr 0 9.50 + 0.08 1.950 + 0.020 
Be g 324 + 5 136.275 + 0.003 6.197 + 0.001 
ВеО сг -609.4 + 2.5 13.77 + 0.04 2.837 + 0.008 
Вг g 111.87 € 0.12 175.018 + 0.004 6.197 + 0.001 
Br aq -121.41 € 0.15 82.55 + 0.20 
Br, 1 0 152.21 + 0.30 24.52 + 0.01 
Br, g 30.91 = 0.11 245.468 + 0.005 9.725 + 0.001 
С cr, graphite 0 5.74 € 0.10 1.050 + 0.020 
С g 716.68 + 0.45 158.100 + 0.003 6.536 + 0.001 
CO g -110.53 + 0.17 197.660 + 0.004 8.671 + 0.001 
CO, g -393.51 + 0.13 213.785 + 0.010 9.365 + 0.003 
СО, аа, undissoc. -413.26 + 0.20 119.36 € 0.60 
(ода ад -675.23 + 0.25 -50.0 € 1.0 
Ca cr 0 41.59 + 0.40 5.736 + 0.040 
Ca g 177.8 € 0.8 154.887 + 0.004 6.197 + 0.001 
Ca? aq -543.0 + 1.0 -56.2 + 1.0 
Сао cr -634.92 t 0.90 38.1 £0.4 6.75 * 0.06 
Cd cr 0 51.80 + 0.15 6.247 € 0.015 
Cd g 111.80 + 0.20 167.749 + 0.004 6.197 + 0.001 
Cd? aq -75.92 + 0.60 -72.8 + 1.5 
CdO cr -258.35 + 0.40 54.8 1.5 8.41 + 0.08 
Са50,:8/3Н,О cr -1729.30 + 0.80 229.65 + 0.40 35.56 + 0.04 
CI g 121.301 = 0.008 165.190 + 0.004 6.272 + 0.001 
Cr aq -167.080 + 0.10 56.60 + 0.20 
clo, aq -128.10 + 0.40 184.0 + 1.5 
Cl, g 0 223.081 + 0.010 9.181 + 0.001 
Cs cr 0 85.23 + 0.40 7.711 + 0.020 
Cs g 76.5 + 1.0 175.601 + 0.003 6.197 + 0.001 
Cs* aq -258.00 + 0.50 132.1 + 0.5 


5-1 


Substance 


CODATA KEY VALUES FOR THERMODYNAMICS (continued) 


State 


, tetragonal 


, undissoc. 


, undissoc. 


‚ red 


AH? (298.15 К) 


kJ-mol! 


0 

337.4 + 1.2 

64.9 + 1.0 

-771.4 1.2 

79.38 + 0.30 
-335.35 + 0.65 
0 

0 

372 +3 
-1190.20 + 0.50 
-580.0 + 1.0 
217.998 + 0.006 
0 
-36.29 + 0.16 
-689.93 + 0.20 
-92.31 + 0.10 
-273.30 + 0.70 
26.50 + 0.10 
-1299.0 + 1.5 
-16.3 + 1.5 
-886.9 + 1.0 

0 

-285.830 + 0.040 
-241.826 + 0.040 
-1302.6 + 1.5 
-20.6 + 0.5 
-38.6 + 1.5 
-1094.8 + 0.8 
-1072.8 + 0.8 
0 

0 

61.38 + 0.04 
170.21 + 0.20 
-90.79 + 0.12 
166.87 + 0.50 
-265.37 + 0.40 
-743.09 + 0.40 
106.76 = 0.04 
-56.78 + 0.05 
0 

62.42 + 0.08 

0 

89.0 +0.8 
-252.14 + 0.08 
0 

0 

159.3 + 1.0 
-278.47 + 0.08 
0 
147.1 + 0.8 
-467.0 + 0.6 
-1124.2 + 1.2 
-601.60 + 0.30 
472.68 + 0.40 
-45.94 + 0.35 
-133.26 + 0.25 
-206.85 + 0.40 


5° (298.15 К) 
J-K mol! 


33.15 + 0.08 
166.398 + 0.004 
-98 +4 
109.2 + 0.4 
158.751 + 0.004 
-13.8 £ 0.8 
202.791 + 0.005 
31.09 + 0.15 
167.904 + 0.005 
301.9 + 1.0 
39.71 + 0.15 
114.717 + 0.002 
0 
198.700 + 0.004 
98.4 + 0.5 
186.902 + 0.005 
173.779 + 0.003 
206.590 + 0.004 
-33.5 + 1.5 
67+5 

131.7 £ 3.0 
130.680 + 0.003 
69.95 + 0.03 
188.835 + 0.010 
92.5 + 1.5 
205.81 + 0.05 
126+5 

89.95 + 0.60 
162.4 + 0.6 
126.153 + 0.002 
75.90 + 0.12 
174.971 + 0.005 
-36.19 + 0.80 
70.25 + 0.30 
65.74 + 0.80 
191.6 + 0.8 
200.70 + 0.20 
180.787 + 0.004 
106.45 + 0.30 
116.14 + 0.30 
260.687 + 0.005 
64.68 + 0.20 
160.341 + 0.003 
101.20 + 0.20 
164.085 + 0.003 
29.12 + 0.20 
138.782 + 0.010 
12.24 + 0.15 
32.67 + 0.10 
148.648 + 0.003 
-137 £4 

572 + 0.5 

26.95 + 0.15 
153.301 + 0.003 
192.77 + 0.05 
111.17 £0.40 
146.70 + 0.40 


H? (298.15 K)-H? (0) 


К] тој! 


5.004 + 0.008 
6.197 + 0.001 


16.86 + 0.08 
6.518 + 0.001 


8.825 + 0.001 
4.636 + 0.020 
7.398 + 0.001 
17.29 +0.10 

7.230 + 0.020 
6.197 + 0.001 


8.648 + 0.001 
8.640 + 0.001 


8.599 + 0.001 
8.657 + 0.001 


8.468 + 0.001 
13.273 + 0.020 
9.905 + 0.005 


9.957 + 0.010 
13.52 + 0.04 

6.197 + 0.001 
9.342 + 0.008 
6.197 + 0.001 
9.117 + 0.025 
23.35 + 0.20 


26.070 + 0.030 
6.197 + 0.001 


13.196 + 0.040 
10.116 = 0.001 
7.088 + 0.020 
6.197 + 0.001 


6.197 + 0.001 
4.632 + 0.040 
6.197 + 0.001 


4.998 + 0.030 
6.197 + 0.001 


9.91 + 0.06 
5.160 + 0.020 
6.197 + 0.001 
10.043 + 0.010 


Substance 


CODATA KEY VALUES FOR THERMODYNAMICS (continued) 


State 


, white 


, rhombic 


, alpha quartz 
, White 


, tetragonal 
, tetragonal 


, rutile 


, gamma 


AH? (298.15 К) 


kJ-mol! 


0 

0 

107.5 € 0.7 
-240.34 + 0.06 

0 

249.18 + 0.10 
-230.015 + 0.040 
0 

0 

316.5 + 1.0 

144.0 + 2.0 

58.9 + 0.3 

0 
195.2 + 0.8 
0.92 + 0.25 
-919.97 + 0.40 
0 
80.9 + 0.8 
-251.12 + 0.10 
0 
277.17 + 0.15 
-296.81 + 0.20 
-909.34 + 0.40 
128.60 + 0.30 
0 

450 + 8 
-1615.0 + 0.8 
-910.7 + 1.0 

0 

301.2 + 1.5 
-8.9 + 1.0 
-280.71 + 0.20 
-577.63 + 0.20 
0 

602 +6 
-1226.4 + 3.5 
0 
473 +3 

-763.2 + 3.0 
-944.0 + 0.8 

0 

533 +8 
-1085.0 + 1.0 
-1019.0 + 1.5 
-1223.8 + 1.2 
-3574.8 + 2.5 
0 

0 
130.40 + 0.40 
-153.39 + 0.20 
-350.46 + 0.27 


5° (298.15 К) 
J-.K mol! 


191.609 + 0.004 
51.30 + 0.20 
153.718 + 0.003 
58.45 + 0.15 
146.328 + 0.003 
161.059 + 0.003 
-10.90 + 0.20 
205.152 + 0.005 
41.09 + 0.25 
163.199 + 0.003 
218.123 + 0.004 
280.01 + 0.50 
64.80 + 0.30 
175.375 + 0.005 
18.5 + 1.0 
148.50 + 0.60 
76.78 + 0.30 
170.094 + 0.003 
121.75 + 0.25 
32.054 + 0.050 
167.829 + 0.006 
248.223 + 0.050 
18.50 + 0.40 
228.167 + 0.010 
18.81 0.08 
167.981 + 0.004 
282.76 + 0.50 
41.46 + 0.20 
51.18 + 0.08 
168.492 + 0.004 
-16.7 + 4.0 

57.17 + 0.30 
49.04 + 0.10 
51.8 + 0.5 
190.17 + 0.05 
65.23 + 0.20 
30.72 + 0.10 
180.298 + 0.010 
353.2 + 4.0 
50.62 + 0.30 
50.20 + 0.20 
199.79 + 0.10 
71.03 + 0.20 
-98.2 + 3.0 
96.11 + 0.40 
282.55 + 0.50 
169.685 + 0.003 
41.63 € 0.15 
160.990 + 0.004 
-109.8 + 0.5 
43.65 + 0.40 


H° (298.15 К)-Н? (0) 


К] тој! 


8.670 + 0.001 
6.460 + 0.020 
6.197 + 0.001 


6.197 + 0.001 
6.725 + 0.001 


8.680 + 0.002 
5.360 + 0.015 
6.197 + 0.001 
8.904 + 0.001 
14.10 € 0.20 
6.870 + 0.030 
6.197 + 0.001 


20.050 + 0.040 
7.489 + 0.020 
6.197 + 0.001 


4.412 + 0.006 
6.657 + 0.001 
10.549 + 0.010 


9.132 + 0.002 
3.217 + 0.008 
7.550 + 0.001 
15.36 + 0.05 

6.916 = 0.020 
6.323 + 0.008 
6.215 + 0.001 


8.736 + 0.020 
8.384 + 0.020 
6.35 + 0.05 
6.197 + 0.003 
10.560 + 0.020 
4.824 + 0.015 
7.539 + 0.002 
21.5 + 0.5 
8.68 + 0.05 
6.364 + 0.020 
6.499 + 0.020 
11.280 + 0.020 


14.585 + 0.050 
42.74 + 0.10 
6.197 + 0.001 
5.657 + 0.020 
6.197 + 0.001 


6.933 + 0.040 


STANDARD THERMODYNAMIC PROPERTIES ОЕ CHEMICAL SUBSTANCES 


This table gives the standard state chemical thermodynamic properties of about 2500 individual substances in the crystalline, liquid, and gaseous 
states. Substances are listed by molecular formula in a modified Hill order; all substances not containing carbon appear first, followed by those that 
contain carbon. The properties tabulated are: 


АД? Standard molar enthalpy (heat) of formation at 298.15 К іп kJ/mol 
AG? Standard molar Gibbs energy of formation at 298.15 К іп kJ/mol 
S° Standard molar entropy at 298.15 K in J/mol K 

C, Molar heat capacity at constant pressure at 298.15 K in J/mol K 


The standard state pressure is 100 kPa (1 bar). The standard states are defined for different phases by: 


° The standard state of a pure gaseous substance is that of the substance as a (hypothetical) ideal gas at the standard state pressure. 
° The standard state of a pure liquid substance is that of the liquid under the standard state pressure. 
° The standard state of a pure crystalline substance is that of the crystalline substance under the standard state pressure. 


An entry of 0.0 for AH? for an element indicates the reference state of that element. See References 1 and 2 for further information on reference 
states. A blank means no value is available. 

The data are derived from the sources listed in the references, from other papers appearing in the Journal of Physical and Chemical Reference 
Data, and from the primary research literature. We are indebted to M. V. Korobov for providing data on fullerene compounds. 
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S-S 


Crystal Liquid Gas 
АН" 446% 5: с, АВ" A G° 5° с, АН" 446% 5: б, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Substances not containing carbon: un 
AC Actinium 0.0 56.5 272 406.0 366.0 188.1 20.8 = 
Ag Silver 0.0 42.6 254 284.9 246.0 173.0 20.8 ё 
AgBr Silver(l) bromide -100.4 -96.9 107.1 524 > 
AgBrO, Silver(l) bromate -10.5 713 151.9 ж 
AgCI Silver(l) chloride -127.0 -109.8 96.3 50.8 о 
AgCI0; Silver(I) chlorate -30.3 64.5 142.0 = 
AgCI0, Silver(l) perchlorate -311 = 
AgF Silver(l) fluoride -204.6 я 
АДЕ, Silver(l fluoride -360.0 2 
Agl Silver(l) iodide -61.8 -66.2 15.5 56.8 = 
Ад0, Silver(l) 100816 -171.1 -93.7 49.4 102.9 к 
AgNO; Silver(l) nitrate -124.4 -33.4 40.9 93.1 z 
Ag; Disilver 410.0 358.8 251.1 37.0 > 
Ag,Cr0, Silver(I) chromate -731.7 -641.8 217.6 142.3 = 
Ag,0 Silver(l) oxide -31Л -112 213 65.9 a 
А00, Silver(Il) oxide -24.3 216 17.0 88.0 = 
А90, Silver(IIl) oxide 33.9 1214 00.0 © 
Ag,0,S Silver(l) sulfate -715.9 -618.4 200.4 131.4 Жэ 
А5 Silver(I) sulfide (argentite) -32.6 -40.7 440 76.5 = 
А Aluminum 0.0 28.3 244 330.0 289.4 164.6 214 = 
АВ.Н,, Aluminum borohydride -16.3 145.0 289.1 194.6 13.0 147.0 379.2 m 
AIBr Aluminum monobromide -40 -42.0 239.5 35.6 Ч 
АВГ. Aluminum bromide -527.2 180.2 100.6 -425.1 8 
AICI Aluminum monochloride -47.7 -74.1 228.1 35.0 б 
AICI, Aluminum dichloride -331.0 = 
AICI; Aluminum chloride -704.2 -628.8 109.3 911 -583.2 2 
AIF Aluminum monofluoride -258.2 -283.7 215.0 31.9 < 
АР, Aluminum fluoride -1510.4 -1431.1 66.5 151 -1204.6 -1188.2 2171 62.6 б 
AIF,Na Sodium tetrafluoroaluminate -1869.0 -1827.5 345.7 105.9 Р 
АН Aluminum monohydride 259.2 2312 187.9 29.4 м 
АН, Aluminum hydride -46.0 30.0 40.2 е 
AIH,K Potassium aluminum hydride -183.7 5 
АН, Lithium aluminum hydride -116.3 -44.7 78.7 83.2 = 
АН,Ма Sodium aluminum hydride -15.5 2 
А Aluminum monoiodide 65.5 36.0 б 
All, Aluminum iodide -313.8 -300.8 159.0 98.7 -207.5 = 
А Aluminum nitride -318.0 -287.0 20.2 30.1 ^ 
AIO Aluminum monoxide 912 65.3 218.4 30.9 
АМОР Aluminum phosphate -1733.8 -1617.9 90.8 93.2 
АР Aluminum phosphide -166.5 
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Crystal Liquid Gas 

A, H° A, G° 5% t, A,H° A,& 5% [^ АД” A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
AIS Aluminum monosulfide 200.9 150.1 230.6 33.4 
А; Dialuminum 485.9 433.3 233.2 36.4 9 
А; Вг; Aluminum hexabromide -970.7 < 
АБС Aluminum hexachloride -1290.8 -1220.4 490.0 Z 
А, Aluminum hexafluoride -2628.0 с 
All; Aluminum hexaiodide -516.7 > 
А,0 Aluminum oxide (Al,0) -130.0 -159.0 259.4 45.7 = 
А,0, Aluminum oxide (corundum) -1675.7 -1582.3 50.9 79.0 - 
ALS, Aluminum sulfide -724.0 116.9 105.1 = 
Am Americium 0.0 = 
Ar Argon 0.0 154,8 20.8 z 
As Arsenic (gray) 0.0 351 24.6 302.5 261.0 1742 20.8 © 
А5 Arsenic (yellow) 14.6 =| 
АвВг, Агветс(1) bromide -197.5 -130.0 -159.0 363.9 79.2 5 
ASCl, Arsenic(Ill) chloride -305.0 -259.4 216.3 -261.5 -248.9 3272 ТЫ > 
ASF, Агѕепіс(11) fluoride -821.3 -774.2 181.2 126.6 -785.8 -770.8 289.1 65.6 < 
Азба Gallium arsenide -71.0 -67.8 64.2 46.2 5 
ASH; Arsine 66.4 68.9 222.8 38.1 == 
АЗН.О, Arsenic acid -906.3 я 
Asl; Arsenic(Ill) iodide -582 -594 2131 105.8 388.3 80.6 ° 
Asln Indium arsenide -58.6 -53.6 151 478 = 
А50 Arsenic monoxide 70.0 = 
А; Diarsenic 2222 1719 239.4 35.0 = 
As,0; Arsenic(V) oxide -924.9 -782.3 105.4 1165 m 
А5,5; Агѕепіс(11) sulfide -169.0 -168.6 163.6 116.3 © 
At Astatine 0.0 = 
Au Gold 0.0 474 254 366.1 326.3 180.5 20.8 Q 
AuBr Gold(l) bromide -14.0 Е 
AuBr, 001001) bromide -53.3 < 
КІСІ Gold(l) chloride -34.7 A 
AuCl, боја( ) chloride -117.6 > 
AuF, Gold(Ill) fluoride -363.6 = 
AuH Gold hydride 295.0 265.7 2112 29.2 Nn 
Aul Gold(l) iodide 0.0 g 
Au, Digold 515.1 36.9 2 
В Boron (B-rhombohedral) 0.0 59 114 565.0 521.0 153.4 20.8 > 
BBr Bromoborane(1) 238.1 195.4 225.0 32.9 2 
ВВг, Boron tribromide -239.7 -238.5 229.7 -205.6 -232.5 324.2 67.8 2 
ВСІ Chloroborane(1) 149.5 120.9 213.2 317 n 
BCIO Chloroxyborane -314.0 
BCl, Boron trichloride -4212 -387.4 206.3 106.7 -403.8 -388.7 290.1 62.7 
ВС50; Cesium metaborate -972.0 -915.0 104.4 80.6 
BF Fluoroborane(1) -122.2 -149.8 200.5 29.6 


175 


ВЕО Fluorooxyborane -607.0 

BF, Boron trifluoride -1136.0 -1119.4 2544 

BF,H,N Aminetrifluoroboron -1353.9 

ВЕЊР Trihydro(phosphorus иог 06) огоп -854,0 

BF,Na Sodium tetrafluoroborate -1844.7 -1750.1 1453 120.3 E 
BH Borane(1 442.7 412.7 171.8 292 = 
BHO, Metaboric acid (B, monoclinic) -794.3 -723.4 38.0 -561.9 -551.0 240.1 42.2 > 
BH, Borane(3 892 93.3 188.2 36.0 ё 
ВН;0; Вогіс acid -1094.3 -968.9 90.0 86.1 -994.1 > 
ВНК Potassium borohydride -227.4 -160.3 106.3 96.1 ж 
BH,Li Lithium borohydride -190.8 -125.0 75.9 82.6 z 
BH,Na Sodium borohydride -188.6 -123.9 101.3 86.8 - 
Bl, Boron triiodide ПА 20.7 349.2 70.8 = 
BKO, Potassium metaborate -981.6 -923.4 80.0 66.7 8 
BLIO, Lithium metaborate -1032.2 -976.1 51.5 59.8 < 
BN Boron nitride -2544 -2284 148 19.7 647.5 614.5 212.3 29.5 = 
ВМа0, Sodium metaborate -977.0 -920.7 73.5 65.9 ме 
В0 Boron monoxide 25.0 -4.0 203.5 29.2 2 
ВО, Вогоп dioxide -300.4 -305.9 229.6 43.0 2 
ВО,80 Rubidium metaborate -971.0 -913.0 94.3 741 = 
BS Boron monosulfide 342.0 288.8 216.2 30.0 2 
В; Diboron 830.5 714.0 201.9 30.5 = 
ВСІ, Tetrachlorodiborane -523.0 -464.8 262.3 137.7 -490.4 -460.6 3574 954 © 
BF, Tetrafluorodiborane -1440.1 -1410.4 317.3 79.1 = 
B,H; Diborane 36.4 876 232.1 56.7 = 
B;0, Diboron dioxide -454.8 -462.3 242.5 573 = 
B0; Boron oxide -1273.5 -1194.3 54.0 62.8 -843.8 -832.0 279.8 66.9 = 
В,5; Boron sulfide -240.6 100.0 111.7 67.0 ка 
ВН Borazine -541.0 -392.7 199.6 ° 
ВН Tetraborane(10) 66.1 184.3 280.3 932 б 
B,Na,0, Sodium tetraborate -3291.1 -3096.0 189.5 186.8 m 
В.Н, Pentaborane(9) 42.7 171.8 1842 151.1 73.2 173.6 280.6 99.6 = 
BH Pentaborane(11) 732 103.3 230.6 321.0 130.3 < 
B; His Hexaborane(10) 56.3 94.6 2113 296.8 125.7 о 
ВН Мопабогапе (15) 158.4 357.5 364.9 187.0 Р 
ВН Decaborane(14) 473 2328 350.7 186.1 e 
Ba Barium 0.0 62.5 28.1 180.0 146.0 170.2 208 с 
BaBr, Barium bromide -757.3 -736.8 146.0 5 
BaCl, Barium chloride -855.0 -806.7 123.7 751 - 
BaCl,H,0, Barium chloride dihydrate -1456.9 -1293.2 203.0 > 
BaF, Barium fluoride -1207.1 -1156.8 96.4 712 б 
Ван, Barium hydride -177.0 -138.2 63.0 46.0 9 
BaH,0, Barium hydroxide -944.7 

Bal, Barium iodide -602.1 

ВаМ,0, Barium nitrite -768.2 

ВаМ,0; Barium nitrate -988.0 -792.6 2140 151.4 


Crystal Liquid Gas 
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АВ" 446% $° б, АВ" A G° 5° с, АН" 446% $° с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Ва0 Barium oxide -548.0 -520.3 724 473 -112.0 

Ва0,5 Barium sulfate -1473.2 -1362.2 32.2 101.8 аз 
Ва5 Barium sulfide -460.0 -456.0 78.2 494 < 
Ве Beryllium 0.0 95 16.4 324.0 286.6 136.3 20.8 т” 
BeBr, Beryllium bromide -353.5 08.0 69.4 с 
Весь Beryllium chloride -490.4 -445.6 75.8 624 > 
Веђ, Beryllium fluoride -1026.8 -979.4 534 51.8 = 
Вен,0; Beryllium hydroxide -902.5 -815.0 45.5 62.1 - 
Bel; Beryllium iodide -192.5 21.0 ты = 
Ве0 Beryllium oxide -609.4 -580.1 13.8 25.6 S 
Ве0,5 Beryllium sulfate -1205.2 -1093.8 17, 85.7 = 
Веб Beryllium sulfide -2343 340 340 ° 
Bi Bismuth 0.0 56.7 255 207.1 168.2 187.0 20.8 = 
ВІСІ0 Bismuth oxychloride -366.9 -322.1 120.5 5 
ВІСІ» Bismuth trichloride -379.1 -315.0 177.0 105.0 -265.7 -256.0 358.9 79.7 > 
ВЇН:0, Bismuth hydroxide -711.3 < 
Bil, Bismuth triiodide -175.3 5 
Bi; Dibismuth 219.7 36.9 == 
В1,0, Bismuth oxide -573.9 -493.7 151.5 113.5 ж 
8,055 Bismuth sulfate -25443 ° 
Bi,S; Bismuth sulfide -143.1 -140.6 200.4 122.2 = 
Bk Berkelium 00 = 
Вг Bromine (atomic) 111.9 82.4 175.0 20.8 = 
BrCI Bromine chloride 14.6 -10 240.1 35.0 = 
BrCl,Si Bromotrichlorosilane 350.1 90.9 © 
BrCs Cesium bromide -405.8 -391.4 113.1 52.9 = 
BrCu Соррег(ї) bromide -104.6 -100.8 96.1 547 a 
BrF Bromine fluoride -93.8 -109.2 229.0 33.0 = 
BrF, Bromine trifluoride -300.8 -240.5 178.2 124.6 -255.6 -229.4 292.5 66.6 = 
ВІР. Bromine pentafluoride -458.6 -351.8 225.1 -428.9 -350.6 320.2 99.6 A 
BrGe Germanium monobromide 235.6 37.1 » 
BrGeH; Bromogermane 274.8 56.4 E^ 
BrH Hydrogen bromide -96.3 -53.4 198.7 29.1 DN 
BrHSi Bromosilylene -464.4 Я 
ВН. $1 Bromosilane 262.4 52.8 2 
BrH,N Ammonium bromide -270.8 -175.2 113.0 96.0 > 
Brl lodine bromide 40.8 37 258.8 36.4 2 
Brin Indium(l) bromide -175.3 -169.0 113.0 -56.9 -94.3 259.5 36.7 а 
BrK Potassium bromide -393.8 -380.7 95.9 523 un 
ВКО. Potassium bromate -360.2 -271.2 149.2 105.2 

ВКО, Potassium perbromate -287.9 -1744 170.1 1202 

BrLi Lithium bromide -351.2 -342.0 743 


BrNO Nitrosyl bromide 82.2 82.4 273.7 45.5 
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BrNa Sodium bromide -361.1 -349.0 86.8 514 -143.1 -177.1 241.2 36.3 

BrNa0; Sodium bromate -334.1 -242.6 28.9 

BrO Bromine monoxide 125.8 109.6 233.0 34.2 

BrO, Bromine dioxide 152.0 155.0 271.1 45.4 

BrRb Rubidium bromide -394.6 -381.8 10.0 52.8 Е 
BrSi Bromosilyldyne 209.0 38.6 = 
ВІТІ Thallium(l) bromide -173.2 -167.4 20.5 -37.7 > 
Br, Bromine 0.0 1522 75.7 30.9 34 245.5 36.0 2 
Br;Ca Calcium bromide -682.8 -663.6 30.0 > 
Врба Cadmium bromide -316.2 -296.3 212 76.7 ж 
Br,Co Cobalt(Il) bromide -220.9 79.5 о 
Br,Cr Chromium(Il) bromide -302.1 = 
Br,Cu Copper(Il) bromide -141.8 m 
Вг,Ее їгоп(1) bromide -249.8 -238.1 40.6 я 
Br,H,Si Dibromosilane 309.7 65.5 < 
Br,Hg ercury(Il) bromide -170.7 -153.1 72.0 = 
Br, Hg, егсигу() bromide -206.9 -181.1 218.0 к 
Br.Mg agnesium bromide -5243 -503.8 17.2 4 
Вг,Мп anganese(Il) bromide -384.9 2 
Br,Ni ickel(Il) bromide -212.1 = 
Br,Pb Lead(Il) bromide -278.7 -261.9 61.5 80.1 Q 
Br;Pt Platinum(Il) bromide -82.0 = 
Br,S, Sulfur bromide -13.0 © 
Br,Se Selenium dibromide 210 = 
Br,Sn in(Il) bromide -243.5 ж 
Br;Sr Strontium bromide -717.6 -697.1 135.1 75.3 = 
Br,Ti itanium(Il) bromide -402.0 s 
Br,Zn Zinc bromide -328.7 -312.1 138.5 

Br,Ce Сегішті( ШІ) bromide -891.4 ° 
Br,CISi ribromochlorosilane 377.1 95.3 б 
Вг,ду Пуврговїшт(1) bromide -836.2 m 
Вере гог(11) bromide -268.2 E 
Вг,ба башт) bromide -386.6 -359.8 180.0 < 
Br,HSi ribromosilane -355.6 -336.4 248.1 -317.6 -328.5 348.6 80.8 о 
Brain ndium(IIl) bromide -428.9 -282.0 Р 
Вг,ОР Phosphoric tribromide -458.6 359.8 89.9 e 
BrP Phosphorus(Ill) bromide -184.5 -175.7 240.2 -139.3 -162.8 348.1 76.0 = 
Br,Pt Platinum(IIl) bromide -120.9 5 
Вг.Ве Rhenium(Ill) bromide -167.0 - 
Већи Ruthenium(Ill) bromide -138.0 > 
Br,Sb Апіітопу(1) bromide -259.4 -239.3 207.1 -194.6 -223.9 372.9 80.2 ГЭ 
Br,Sc Scandium bromide -743.1 9 
Већ Тїїатит(1) bromide -548.5 -523.8 176.6 101.7 

Br,Ge Germanium(IV) bromide -347.7 -331.4 280.7 -300.0 -318.0 396.2 101.8 

ВиРа Protactinium(IV) bromide -824.0 -787.8 234.0 

Br,Pt Platinum(IV) bromide -156.5 


01:5 


Crystal Liquid Gas 
АН? 4,6% 5% t, A, H° A G° 5% [^ A, H° A G° 5% с, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Br,Si etrabromosilane -457.3 -443.9 277.8 -415.5 -431.8 377.9 971 

Br,Sn in(IV) bromide -377.4 -350.2 264.4 -314.6 -331.4 411.9 103.4 а 
Br,Te ellurium tetrabromide -190.4 < 
Br,Ti itanium(IV) bromide -616.7 -589.5 243.5 131.5 -549.4 -568.2 398.4 100.8 2 
Br,V Vanadium(lV) bromide -336.8 с 
Вг, г Zirconium(IV) bromide -160.7 > 
BrP Phosphorus(V) bromide -269.9 = 
Br;Ta antalum(V) bromide -598.3 - 
BrW ungsten(VI) bromide -348.5 = 
Ca Calcium 0.0 416 25.9 1778 144.0 154.9 20.8 S 
CaCl, Calcium chloride -795.4 -748.8 108.4 72.9 = 
CaF, Calcium fluoride -1228.0 -1175.6 68.5 67.0 © 
Сан, Calcium hydride -1815 -1425 414 410 =] 
сан; О; Calcium hydroxide -985.2 -897.5 83.4 87.5 5 
Cal; Calcium iodide -533.5 -528.9 142.0 > 
СаМ,0, Calcium nitrate -938.2 -142.8 193.2 1494 < 
CaO Calcium oxide -634.9 -603.3 38.1 42.0 5 
Ca0,S Calcium sulfate -1434.5 -1322.0 106.5 99.7 == 
CaS Calcium sulfide -482.4 -477.4 56.5 47.4 я 
Са,0,Р, Calcium phosphate -4120.8 -3804.7 236.0 2218 ° 
Cd Cadmium 0.0 51.8 260 111.8 167.7 20.8 E 
CdCl, Cadmium chloride -391.5 -343.9 15.3 747 = 
CdF, Cadmium fluoride -700.4 -647.7 77.4 = 
CdH,0, Cadmium hydroxide -560.7 -473.6 96.0 m 
Cdl, Cadmium iodide -203.3 -2014 61.1 80.0 © 
Сао Cadmium oxide -258.4 -228.7 548 43.4 = 
С40,5 Cadmium sulfate -933.3 -822.7 230 996 a 
CdS Cadmium sulfide -161.9 -156.5 64.9 Е 
CdTe Cadmium telluride -92.5 -92.0 00.0 = 
Се Cerium (у, fcc) 0.0 72.0 26.9 423.0 385.0 191.8 23.1 A 
Сесі, Cerium(Ill) chloride -1060.5 -984.8 51.0 87.4 > 
Cel; Cerium(IIl) iodide -669.3 = 
Се0, Cerium(IV) oxide -1088.7 -1024.6 62.3 61.6 Nn 
CeS Cerium(Il) sulfide -459.4 -4515 78.2 50.0 Я 
Се,0; Cerium(Ill) oxide -1796.2 -1706.2 50.6 114.6 2 
0 Californium 0.0 > 
C Chlorine (atomic) 121.3 105.3 165.2 21.8 2 
CICs Cesium chloride -443.0 -4145 012 52.5 а 
(1080, Cesium perchlorate -443.1 -314.3 75.1 108.3 un 
CICu Соррег(ї) chloride -1372 -119.9 86.2 48.5 

CIF Chlorine fluoride -50.3 -51.8 217.9 324 

СЇЕО, Perchloryl fluoride -23.8 48.2 279.0 64.9 

CIF, Chlorine trifluoride -189.5 -163.2 -123.0 281.6 63.9 
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СЇЕ,5 Sulfur chloride pentafluoride -1065.7 

(106 Germanium monochloride 1552 1242 247.0 36.9 

Сібен; Chlorogermane 263.7 54.7 

CIH Hydrogen chloride -92.3 -95.3 186.9 29.1 

CIHO Hypochlorous acid -18.7 -66.1 236.7 37.2 Е 
СІНО, Perchloric acid -40.6 = 
CIH,Si Chlorosilane 250.7 51.0 > 
ОНД Ammonium chloride -3144 -202.9 94.6 84.1 2 
CIH,NO, Ammonium perchlorate -295.3 -88.8 186.2 » 
CIH,P Phosphonium chloride -145.2 ж 
Cll odine chloride -23.9 -13.6 135.1 17.8 -5.5 247.6 35.6 z 
Clin ndium(l) chloride -186.2 -75.0 z 
CIK Potassium chloride -436.5 -408.5 82.6 51.3 -214.6 -2333 239.1 36.5 = 
CIKO; Potassium chlorate -397.7 -296.3 143.1 100.3 8 
CIKO, Potassium perchlorate -432.8 -303.1 151.0 1124 š 
CILi Lithium chloride -408.6 -384.4 59.3 48.0 = 
СПО, Lithium perchlorate -381.0 ме 
CINO Nitrosyl chloride 517 66.1 261.7 44.7 2 
CINO, itryl chloride 12.6 54.4 272.2 53.2 z 
CINa Sodium chloride -411.2 -384.1 72.1 50.5 = 
СІМа0; Sodium chlorite -307.0 a 
СІМа0; Sodium chlorate -365.8 -262.3 123.4 = 
CINaO, Sodium perchlorate -383.3 -2549 1423 © 
(10 Chlorine oxide 101.8 98.1 226.6 31.5 = 
CIOV Vanadyl chloride -607.0 -556.0 75.0 ж 
(10, Chlorine dioxide 102.5 120.5 256.8 42.0 = 
(10, Chlorine superoxide (0100) 89.1 105.0 263.7 46.0 em 
(10,80 Rubidium perchlorate -4372 -306.9 61.1 c 
CIRb Rubidium chloride -435.4 -407.8 95.9 52.4 = 
(151 Chlorosilylidyne 189.9 36.9 б 
СІТІ ТпаШит()) chloride -204. -184.9 113 50.9 -67.8 m 
Cl, Chlorine 0.0 2231 339 = 
Cl;Co Соба) chloride -312.5 -269.8 09.2 78.5 < 
(1,0г Chromium(Il) chloride -3954 -356.0 153 712 a 
(1,010, Chromyl chloride -579.5 -510.8 221.8 -538.1 -501.6 329.8 84.5 2 
Cl,Cu Copper(Il) chloride -220. -175.7 08.1 719 e 
Cl;Fe Iron(Il) chloride -341.8 -302.3 18.0 76.7 с 
С1,Н,51 Dichlorosilane 285.7 60.5 5 
CI; Hg Mercury(Il) chloride -224.3 -178.6 46.0 = 
СЪН0» Mercury(l) chloride -265.4 -210.7 91.6 > 
Cl;Mg Magnesium chloride -641.3 -591.8 89.6 714 б 
Cl;Mn Мапаапеве(1) chloride -401.3 -440.5 18.2 72.9 9 
СМ Nickel(Il) chloride -305.3 -259.0 97.7 717 

(10 Chlorine monoxide 80.3 97.9 266.2 45.4 

С1;05 Thionyl chloride -245.6 121.0 -2125 -198.3 309.8 66.5 

(1,0,5 Sulfuryl chloride -394.1 134.0 -364.0 -320.0 311.9 77.0 


21:85 


Crystal Liquid Gas 

АН? A,& 5% C, A,H° A,& 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
(1,050 Uranyl chloride -1243.9 -1146.4 150.5 107.9 
СІР» Lead(Il) chloride -359.4 -3141 136.0 а 
СЫР Platinum(Il) chloride -123.4 < 
(1,5 Sulfur dichloride -50.0 т” 
CLS, Sulfur chloride -59.4 с 
050 їп(П) chloride 25. > 
CLSr Strontium chloride -828.9 -781.1 114.9 75.6 = 
СП itanium(Il) chloride -513.8 -464.4 87.4 69.8 - 
Cl;Zn Zinc chloride -415. -369.4 1115 113 -266.1 = 
СІ, Zirconium(ll) chloride -502.0 S 
Cl Or Chromium(Ill) chloride -556.5 -486.1 123.0 91.8 = 
С: бу Dysprosium(III) chloride -1000.0 ° 
СЇЕГ Erbium chloride -998.7 100.0 =] 
CI Eu Europium(Ill) chloride -936.0 5 
Cl.Fe ron(Ill) chloride -399.5 -334.0 142.3 96.7 > 
(1,в4. Gallium(Ill) chloride -524.7 -454.8 142.0 < 
Cl Gd Gadolinium(IIl) chloride -1008.0 88.0 5 
СНУ richlorosilane -539.3 -482.5 221.6 -513.0 -482.0 313.9 15.8 қ 
СБНо Holmium chloride -1005.4 88.0 я 
Сп ndium(lll) chloride -537.2 -374.0 ° 
СЫП ridium(Ill) chloride -245.6 = 
са Lanthanum chloride -1072.2 108.8 = 
Сш Lutetium chloride -945.6 -649.0 E 
Cl, Nitrogen trichloride 230.0 m 
ClNd eodymium chloride -1041.0 113.0 © 
CIOP Phosphoric trichloride -597.1 -520.8 222.5 138.8 -558.5 -512.9 325.5 84.9 = 
И Уападу! trichloride -734.7 -668.5 244.3 -695.6 -659.3 344.3 89.9 Q 
СІ,05 Osmium(lll) chloride -190.4 Е 
СЫР Phosphorus(IIl) chloride -319.7 -272.3 2171 -287.0 -267.8 311.8 71.8 < 
CI Pr Praseodymium chloride -1056.9 100.0 A 
С.Р! Platinum(lll) chloride -182.0 > 
Cl,Re Rhenium(Ill) chloride -264.0 -188.0 123.8 924 E^ 
CI Rh Rhodium(Ill) chloride -299.2 DN 
Cl,Ru Ruthenium(Ill) chloride -205.0 Я 
(1550 Antimony(Ill) chloride -382.2 -323.7 184.1 107.9 2 
(1:56 Scandium chloride -925.1 > 
ClSm Samarium(lll) chloride -1025.9 2 
CT Terbium chloride 29970 2 
СТІ Titanium(Ill) chloride -720.9 -653.5 139.7 97.2 un 
СТІ Thallium(IIl) chloride -315.1 
АШ Thulium chloride -986.6 
ClU Uranium(IIl) chloride -866.5 -799.1 159.0 102.5 
CI V Vanadium(!Il) chloride -580.7 -511.2 131.0 93.2 


615 


ChY Yttrium chloride -1000.0 -750.2 75.0 

Cl,Yb Ytterbium(Ill) chloride -959.8 

Cl,Ge Germanium(IV) chloride -531.8 -462.7 245.6 -495.8 -457.3 347.7 96.1 

CLHf Hafnium(IV) chloride -990.4 -901.3 190.8 120.5 -884.5 

CI Pa Protactinium(IV) chloride -1043.0 -953.0 192.0 Е 
CI Pb Lead(IV) chloride -329.3 = 
СІРІ Platinum(IV) chloride -231.8 > 
(1,51 etrachlorosilane -687.0 -619.8 239.7 145.3 -657.0 -617.0 330.7 90.3 2 
Cl,Sn in(IV) chloride -511.3 -440.1 258.6 165.3 -471.5 -432.2 365.8 98.3 > 
Cl,Te ellurium tetrachloride -326.4 138.5 ж 
СТ horium(lV) chloride -1186.2 -1094.1 190.4 120.3 -964.4 -932.0 390.7 107.5 z 
СІЛТІ itanium(IV) chloride -804.2 -737.2 252.3 145.2 -763.2 -726.3 353.2 95.4 = 
(1,0 Uranium(IV) chloride -1019.2 -930.0 1971 122.0 -809.6 -786.6 419.0 m 
ЛІ Vanadium(IV) chloride -569.4 -503.7 255.0 -525.5 -492.0 362.4 96.2 А 
С Zirconium(IV) chloride -980.5 -889.9 181.6 119.8 š 
CI Nb iobium(V) chloride -797.5 -683.2 210.5 148.1 -703.7 -646.0 400.6 120.8 = 
CLP Phosphorus(V) chloride -443.5 -374.9 -305.0 364.6 112.8 к 
CI Pa Protactinium(V) chloride -1145.0 -1034.0 238.0 < 
Cl;Ta antalum(V) chloride -859.0 = 
ClU Uranium(VI) chloride -1092.0 -962.0 285.8 175.7 -1013.0 -928.0 431.0 = 
ЕШ ungsten(VI) chloride -602.5 -513.8 a 
Cm Curium 0.0 = 
C Cobal 0.0 30.0 24.8 424.7 380.3 179.5 23.0 о 
Соб; Cobalt(!l) fluoride -692.0 -647.2 82.0 68.8 = 
CoH,0, Соба) hydroxide -539.7 -454.3 79.0 ж 
Col, Cobalt(1I) iodide -88.7 = 
боМ,0; Cobalt(|l) nitrate -4205 s 
CoO Cobalt(Il) oxide -237.9 -214.2 53.0 55.2 © 
Со0,5 Cobalt(Il) sulfate -888.3 -182.3 118.0 = 
CoS Соба (И) sulfide -82.8 б 
(0,5, Cobalt(IIl) sulfide -147.3 m 
Соз0, Соһа (И) oxide -891.0 -774.0 102.5 123.4 = 
Cr Chromium 0.0 23.8 234 396.6 351.8 174.5 20.8 < 
СІР, Сїготит(1) fluoride -778.0 б 
СІР, Chromium(lIl) fluoride -1159.0 -1088.0 93.9 78.7 Р 
Cri, Chromium(Il) iodide -156.9 e 
Сп, Chromium(Ill) iodide -205.0 е 
(10, Chromium(IV) oxide -598.0 5 
(10, Chromium(VI) oxide -292.9 266.2 56.0 - 
CrO,Pb Lead(II) chromate -930.9 > 
Cr;Fe0, Chromium iron oxide -1444.7 -1343.8 146.0 133.6 ГЭ 
(1,0, Chromium(lll) oxide -1139.7 -1058.1 81.2 118.7 9 
(1,0, Chromium(Il,Ill) oxide -1531.0 

(8 Cesium 0.0 85.2 32.2 76.5 49.6 175.6 20.8 

CsF Cesium fluoride -553.5 -525.5 92.8 514 

CsF,H Cesium hydrogen fluoride -923.8 -858.9 135.2 87.3 
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Crystal Liquid Gas 
A,H° A,& 5% t, A,H° A,& 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CsH Cesium hydride -54.2 
CsHO Cesium hydroxide -416.2 -371.8 104.2 69.9 -256.0 -256.5 254.8 49.7 а 
CsHO,S Cesium hydrogen sulfate -1158.1 < 
CsH;N Cesium amide -118.4 т” 
Csl Cesium iodide -946.6 -340.6 123.1 528 с 
(510, Cesium nitrate -506.0 -406.5 155.2 > 
(50, Cesium superoxide -286.2 = 
Cs,0 Cesium oxide -345.8 -308.1 146.9 76.0 - 
Cs,0,8 Cesium sulfite -1134.7 = 
Cs,0,S Cesium sulfate -1443.0 -1323.6 211.9 134.9 S 
(5559 Cesium sulfide -859.8 = 
Си Соррег 00 33.2 244 337.4 297.7 166.4 20.8 © 
CuF, Copper(Il) fluoride -542.7 =| 
CuH,0, Copper(II) hydroxide -449.8 5 
Cul Соррег(1) iodide -67.8 -69.5 96.7 54.1 » 
CuN;0s Copper(Il) nitrate -302.9 < 
CuO Copper(Il) oxide -157.3 -129.7 42.6 42.3 5 
Си0,5 Соррег(1) sulfate -771.4 -662.2 109.2 == 
Cu0,W Соррег(1) tungstate -1105.0 23 
CuS Copper(Il) sulfide -53.1 -53.6 66.5 47.8 ° 
CuSe Copper(Il) selenide -39.5 = 
Cu, Dicopper 484.2 431.9 241.6 36.6 = 
Cu,0 Copper(l) oxide -168.6 -146.0 93.1 63.6 = 
Cu,S Copper(!) sulfide -79.5 -86.2 20.9 76.3 m 
Dy Dysprosium 0.0 15.6 277 290.4 254,4 196.6 20.8 © 
Dyl Dysprosium(lll) iodide -620.5 = 
Dy,0; Dysprosium(lll) oxide -1863.1 -1771.5 49.8 116.3 a 
Er Erbium 0.0 73.2 28.1 317.1 280.7 195.6 20.8 = 
ЕР, Erbium fluoride -1711.0 = 
Er,0, Erbium oxide -1897.9 -1808.7 55.6 108.5 A 
Es Einsteinium 0.0 > 
Fu Europium 0.0 778 277 175.3 1422 188.8 20.8 E^ 
Eu)0; Ешорішті( ШІ) oxide -1651.4 -1556.8 46.0 1222 22 
Eu,0, Europium(Il,III) oxide -2212.0 -2142.0 205.0 Я 
Е Fluorine (atomic) 794 62.3 158.8 22.7 2 
Ғба Gallium monofluoride -251.9 333 > 
FGe Germanium monofluoride -33.4 34.7 2 
FGeH, Fluorogermane 252.8 51.6 2 
ЕН Hydrogen fluoride -299.8 -273.3 -275.4 173.8 n 
Н.Я Fluorosilane 238.4 414 
FH,N Ammonium fluoride -464.0 -948.7 72.0 65.3 
F odine fluoride -05.7 -118.5 236.2 33.4 
Fin ndium(l) fluoride -203.4 
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ЕК Potassium fluoride -567.3 -537.8 66.6 49.0 

FLi Lithium fluoride -616.0 -587.7 35.7 41.6 

FNO itrosyl fluoride -66.5 -51.0 248.1 413 

FNO, itryl fluoride 260.4 49.8 

FNS hionitrosyl fluoride (NSF) 259.8 44.1 Е 
FNa Sodium fluoride -516.6 -546.3 514 46.9 = 
ҒО Fluorine oxide 109.0 105.3 2164 32.0 > 
FO, Fluorine superoxide (FOO) 25.4 39.4 259.5 44.5 2 
FRb Rubidium fluoride -557.7 > 
FSi Fluorosilylidyne 71 -24.3 225.8 32.6 ж 
ЕТІ hallium(l) fluoride -324.7 -182.4 о 
F; Fluorine 0.0 202.8 31.3 = 
ШЕ ron(Il) fluoride -711.3 -668.6 87.0 68.1 m 
РНК Potassium hydrogen fluoride -927.7 -859.7 104.3 76.9 я 
БНМ Difluoramine 252.8 434 < 
F;HNa Sodium hydrogen fluoride -920.3 -0522 90.9 75.0 = 
F;HRb Rubidium hydrogen fluoride -922.6 -055.6 120.1 79.4 к 
F;Mg Magnesium fluoride -11242 -1071.1 572 61.6 4 
Р Difluoroamidogen 43.1 578 249.9 41.0 2 
FN, cis-Difluorodiazine 69.5 = 
БА trans-Difluorodiazine 82.0 б 
ЕШ ickel(Il) fluoride -651.4 -604.1 73.6 64.1 = 
F,0 Fluorine monoxide 245 418 2475 43.3 © 
F,0S hionyl fluoride 278.7 56.8 = 
Р,0, Fluorine dioxide 192 58.2 271.2 624 ж 
[0,5 Sulfuryl fluoride 284.0 66.0 = 
Р,0,0 Uranyl fluoride -1653.5 -1557.4 135.6 103.2 m 
БРБ Lead(Il) fluoride -664.0 -617.1 1105 

ЕЗ Difluorosilylene -619.0 -628.0 252.7 43.9 = 
F,Sr Strontium fluoride -1216.3 -1164.8 824 70.0 б 
Fn Zinc fluoride -764.4 -713.3 737 65.7 m 
Баба Gallium(lIl) fluoride -1163.0 -1085.3 84.0 = 
F;Gd Gadolinium(Ill) fluoride -1297.0 < 
F;HSi Trifluorosilane 271.9 60.5 о 
ЕШ! Holmium fluoride -1707.0 Р 
Р, Nitrogen trifluoride -132.1 -90.6 260.8 53.4 > 
БП Neodymium fluoride -1657.0 Со 
F,0P Phosphoric trifluoride -1254.3 205.8 2854 68.8 5 
F4 Phosphorus(lIl) fluoride -958.4 -936.9 273.1 58.7 - 
F,Sb Antimony(lIl) fluoride -915.5 > 
F;Sc Scandium fluoride -1629.2 -1555.6 92.0 -1247.0 234.0 300.5 67.8 ГЭ 
ЕШ батагїшт() fluoride -1778.0 9 
ИШ Тпогит( ) fluoride -1166.1 160.6 3392 733 

И Uranium(Ill) fluoride -1502.1 -1433.4 1234 95.1 -1058.5 051.9 331.9 743 

FAY Yttrium fluoride -1718.8 -1644.7 100.0 -1288.7 271.8 311.8 70.3 

F,Ge Germanium(IV) fluoride -1190.2 150.0 301.9 
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Crystal Liquid Gas 

АВ" 446% 5: с, АВ" A G° 5° с, АН" 446% 5: с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
F Hf Hafnium fluoride -1930.5 -1830.4 113.0 -1669.8 
Ғ.М Tetrafluorohydrazine -84 79.9 301.2 79.2 а 
F,Pb Lead(IV) fluoride -941.8 < 
FS Sulfur tetrafluoride -763.2 -722.0 299.6 77.6 т” 
F,Si Tetrafluorosilane -1615.0 -1572.8 282.8 73.6 с 
ИШ Тпопит(М) fluoride -2097.8 -2003.4 142.0 110.7 -1759.0 -1724.0 341.7 93.0 > 
F, Uranium(lV) fluoride -1914.2 -1823.3 151.7 116.0 -1598.7 -1572.7 368.0 91.2 5 
И Vanadium(IV) fluoride -1403.3 - 
F Xe Xenon tetrafluoride -261.5 = 
Fr Zirconium(IV) fluoride -1911.3 -1809.9 104.6 103.7 S 
F; odine pentafluoride -864.8 -822.5 -751.7 327.7 992 z 
Е.М iobium(V) fluoride -1813.8 -1699.0 160.2 134.7 -1739.7 -1673.6 321.9 971 о 
БР Phosphorus(V) fluoride -15944 -1520.7 300.8 84.8 = 
Ғ-Та antalum(V) fluoride -1903.6 5 
БУ Vanadium(V) fluoride -1480.3 -1373.1 175.7 -1433.9 -1369.8 320.9 98.6 » 
ЕБН,М,51 Ammonium hexafluorosilicate -2681.7 -2365.3 280.2 228.1 < 
РГ ridium(VI) fluoride -579.7 -461.6 247.7 -544.0 -460.0 357.8 211 5 
F K,Si Potassium hexafluorosilicate -2956.0 -2798.6 226.0 "d 
F Mo Molybdenum(VI) fluoride -1585.5 -1473.0 2597 169.8 -1557.7 -14722 350.5 20.6 ж 
F,Na,Si Sodium hexafluorosilicate -2909.6 -2754.2 207.1 187.1 ° 
[50 Osmium(VI) fluoride 246.0 358.1 20.8 = 
F Pt Platinum(VI) fluoride 235.6 348.3 22.8 = 
Р; Sulfur hexafluoride -1220.5 -1116.5 291.5 97.0 = 
F Se Selenium hexafluoride -1117.0 -1017.0 313.9 10.5 m 
F Si, Hexafluorodisilane -2427.0 -2299.7 219.1 129.5 -2383.3 -2307.3 391.0 29.9 © 
Бете ellurium hexafluoride -1318.0 = 
FU Uranium(VI) fluoride -2197.0 -2068.5 221.6 166.8 -2147.4 -2063.7 377.9 29.6 Q 
FW ungsten(VI) fluoride -1747.7 -1631.4 251.5 -1721.7 -1632.1 341.1 19.0 Е 
Fe ron 0.0 273 251 4163 370.7 180.5 25.7 = 
Fel, гоп(1) iodide -113.0 = 
= ын о 
Fel, ron(Ill) iodide 710 > 
ҒеМо0, гоп(1) molybdate -1075.0 -975.0 129.3 1185 = 
Ғе0 ron(Il) oxide -272.0 DN 
Ғе0,5 гоп(1) sulfate -928.4 -820.8 107.5 100.6 Я 
Fe0,W гоп(1) tungstate -1155.0 -1054.0 131.8 114.6 2 
Ғе5 гоп(1) sulfide -100.0 -100.4 60.3 50.5 > 
FeS, ron disulfide -178.2 -166.9 52.9 62.2 2 
Fe)0; гоп(11) oxide -8242 -7422 87.4 103.9 2 
Fe,0,Si ron(Il) orthosilicate -1479.9 -1379.0 145.2 132.9 un 
Ғе0, гоп(1,11) oxide -11184 -1015.4 146.4 1434 
Fm Fermium 0.0 
Fr Francium 0.0 954 
Ga Gallium 0.0 0.0 40.8 26.1 5.6 212.0 233.7 169.0 2533 


11:85 


бан:0, Gallium(IIl) hydroxide -964.4 -831.3 100.0 

Gal, Gallium(IIl) iodide -238.9 205.0 100.0 

GaN Gallium nitride -110.5 

ба0 Gallium monoxide 279.5 253.5 231.1 32.1 

GaP Gallium phosphide -88.0 m 
GaSb Gallium antimonide -41.8 -38.9 76.1 48.5 = 
ба, Digallium 438.5 > 
ба,0 Gallium suboxide -356.0 2 
ба,0, Gallium(Ill) oxide -1089.1 -998.3 85.0 92.1 > 
ба Gadolinium 0.0 68.1 37.0 397.5 359.8 194.3 21.5 ж 
60,0; Gadolinium(IIl) oxide -1819.6 106.7 zi 
Ge Germanium 0.0 311 23.3 372.0 381.2 167.9 30.7 = 
GeH;l lodogermane 283.2 515 m 
бен, Germane 90.8 1134 2171 45.0 я 
Gel, Germanium(lV) iodide -141.8 -144.3 271.1 -56.9 -106.3 428.9 104.1 2 
GeO Germanium(Il) oxide -261.9 -2372 50.0 -46.2 -73.2 224.3 30.9 = 
060, Germanium(lV) oxide -580.0 -5214 39.7 52.1 к 
бер Germanium phosphide -21.0 -17.0 63.0 4 
(65 Germanium(!l) sulfide -69.0 -71.5 71.0 92.0 42.0 234.0 33.7 2 
GeTe Germanium(Il) telluride 20.0 = 
бе; Digermanium 473.1 416.3 252.8 35.6 a 
бе; Digermane 1373 162.3 = 
бе;Н, rigermane 193.7 226.8 © 
Н Hydrogen (atomic) 218.0 203.3 1147 20.8 = 
HI Hydrogen iodide 26.5 17 206.6 29.2 = 
НО, odic acid -230.1 = 
НК Potassium hydride -577 = 
HK0 Potassium hydroxide -424.6 -379.4 81.2 68.9 -232.0 -229.7 238.3 49.2 m 
НКО,5 Potassium hydrogen sulfate -1160.6 -1031.3 138.1 g 
HLi Lithium hydride -90.5 -68.3 20.0 27.9 о 
НиО Lithium hydroxide -487.5 -4415 428 496 -229.0 -234.2 214.4 46.0 m 
H midogen 351.5 345.6 1812 292 = 
НМО; Nitrous acid -19.5 -46.0 2541 45.6 < 
НМО, Nitric acid -1741 -80.7 155.6 109.9 -133.9 -73.5 266.9 54.1 о 
HN, Hydrazoic acid 264.0 327.3 140.6 294.1 328.1 239.0 43.7 Р 
НМа Sodium hydride -56.3 -33.5 40.0 36.4 e 
HNa0 Sodium hydroxide -425.8 -379.7 644 59.5 -191.0 -193.9 229.0 48.0 = 
НМа0,5 Sodium hydrogen sulfate -1125.5 -992.8 113.0 5 
HNa,0,P Sodium hydrogen phosphate -1748.1 -1608.2 150.5 135.3 т 
НО Hydroxyl 39.0 342 183.7 29.9 > 
HORb Rubidium hydroxide -418.8 -373.9 94.0 69.0 -238.0 -239.1 248.5 49.5 ГЭ 
HOTI Thallium(!) hydroxide -238.9 -195.8 88.0 9 
НО, Hydroperoxy 10.5 22.6 229.0 34.9 

НОР Metaphosphoric acid -948.5 

HO,RbS Rubidium hydrogen sulfate -1159.0 

НО,Ве Perrhenic acid -762.3 -656.4 158.2 
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Crystal Liquid Gas 

АД" 446% 5: с, АВ" A G° 5° с, АН" 446% 5: б, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
HRb Rubidium hydride -52.3 
HS Mercapto 142.7 113.3 195.7 32.3 un 
HSi Silylidyne 361.0 < 
HTa, Tantalum hydride -32.6 -69.0 79.1 90.8 Z 
H, Hydrogen 0.0 130.7 28.8 “> 
H, Potassium amide -128.9 > 
Н.КОР Potassium dihydrogen phosphate -1568.3 -1415.9 134.9 116.6 = 
ЊИМ Lithium amide -179.5 - 
Н;М0 Magnesium hydride -75.3 -35.9 31.1 35.4 = 
H,Mg0; Magnesium hydroxide -924.5 -033.5 63.2 77.0 S 
Њ Amidogen 184.9 194.6 195.0 33.9 = 
H;NNa Sodium amide -123.8 -64.0 76.9 66.2 © 
H,NRb Rubidium amide -113.0 =] 
Н,М,0, Nitramide -89.5 5 
Н,М0, Nickel(II) hydroxide -529.7 -447.2 88.0 > 
Н,0 Water -285.8 -2371 70.0 753 -241.8 -228.6 188.8 33.6 < 
Н,0; Hydrogen peroxide -187.8 -1204 109.6 89.1 -136.3 -105.6 232.7 434 5 
Н,0;5п Tin(Il) hydroxide -561.1 -491.6 155.0 == 
H,0,Sr Strontium hydroxide -959.0 ж 
Н,0,7п Zinc hydroxide -641.9 -553.5 81.2 ° 
H,0,Si Metasilicic acid -1188.7 -1092.4 134.0 = 
Н,0,5 Sulfuric acid -814.0 -690.0 156.9 138.9 = 
H,0,Se Selenic acid -530.1 = 
Н,5 Hydrogen sulfide -20.6 -33.4 205.8 342 m 
HS; Hydrogen disulfide -18.1 84.1 155 515 © 
H,Se Hydrogen selenide 29.7 15.9 219.0 34.7 = 
H,Sr Strontium hydride -180.3 о 
Н,Те Hydrogen telluride 99.6 Е 
H,Th horium hydride -139.7 -100.0 50.7 36.7 < 
H,Zr Тігсопішті(11) hydride -169.0 -128.8 35.0 31.0 A 
Н.51 odosilane 210.9 544 > 
Н; Ammonia -45.9 -16.4 1928 35.1 E^ 
HNO Hydroxylamine -1142 DN 
H,0,P Phosphinic acid -604.6 -595.4 = 
ЊОР Phosphonic acid -964.4 2 
Н,0,Р Phosphoric acid -1284.4 -1124.3 10.5 106.1 -1271.7 -1123.6 150.8 145.0 > 
ЊР Phosphine 54 135 210.2 37.1 2 
Н:50 Stibine 145.1 147.8 232.8 414 2 
H,U Uranium(IIl) hydride -127.2 -72.8 63.7 49.3 9 
НАМ Ammonium iodide -201.4 -112.5 17.0 
H,N; Hydrazine 50.6 149.3 1212 98.9 95.4 1594 238.5 484 
НО; Ammonium nitrite -256.5 
H,N,0, Ammonium nitrate -365.6 -183.9 511 139.3 
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HN, Ammonium azide 115.5 274.2 1125 
Н,0,51 Orthosilicic acid -1481.1 -1332.9 192.0 
H,0;P; Diphosphoric acid -2241.0 -2231.7 
Н.Р; Diphosphine -5.0 20.9 
H,Si Silane 34.3 56.9 204.6 42.8 и 
H,Sn Stannane 162.8 188.3 227.7 49.0 - 
H,N0 Ammonium hydroxide -361.2 -254.0 165.6 154.9 > 
Н.М0.5 Ammonium hydrogen sulfite -768.6 2 
Н-М0,5 Ammonium hydrogen sulfate -1027.0 > 
Н;5і; Disilane 80.3 127.3 272.7 80.8 2 
Н,М,0,5 Ammonium sulfate -1180.9 -901.7 220.1 187.5 zi 
H;Si; Trisilane 925 120.9 = 
H,N,0,P Ammonium hydrogen phosphate -1566.9 188.0 m 
„МР Ammonium phosphate -1671.9 я 
Не Helium 0.0 126.2 20.8 < 
Hf Hafnium 0.0 43.6 25.7 6192 576.5 186.9 208 = 
НО, Hafnium oxide -1144.7 -1088.2 59.3 60.3 к< 
Но ercury 0.0 15.9 28.0 614 31.8 175.0 20.8 2 
Нађ ercury(Il) iodide -105.4 -101.7 180.0 2 
HgO ercury(Il) oxide -90.8 -58.5 70.3 441 = 
Н00,5 егсигу() sulfate -707.5 ? 
HgS ercury(Il) sulfide (red) -58.2 -50.6 82.4 48.4 = 
HgTe ercury(Il) telluride -42.0 © 
Но, Dimercury 108.8 68.2 288.1 374 = 
Hol; егсигу(1) iodide -121.3 -111.0 233.5 ж 
Н00,5 егсигу() sulfate -743.1 -625.8 200.7 132.0 = 
Но Holmium 0.0 75.3 21.2 300.8 2648 195.6 208 E 
Но,0, Holmium oxide -1880.7 -1791.1 58.2 115.0 ка 
lodine (atomic 106.8 10.2 180.8 20.8 g 
In Indium(|) iodide -116.3 -120.5 30.0 75 -37.7 267.3 36.8 о 
К Potassium iodide -327.9 -324.9 06.3 52.9 m 
КО, Potassium 100816 -501.4 -418.4 51.5 106.5 = 
KO, Potassium periodate -4672 -361.4 75.7 < 
Li Lithium iodide -270.4 -270.3 86.8 51.0 б 
Ма Sodium iodide -287.8 -286.1 98.5 52.1 Р 
Ма0, Sodium iodate -481.8 92.0 e 
Ка0, Sodium periodate -429.3 -323.0 63.0 с 
0 odine monoxide 126.0 102.5 239.6 329 5 
Вр Rubidium iodide -833.8 -328.9 18.4 532 - 
TI hallium(l) iodide -123.8 -1254 21.6 Tl > 
2 odine (rhombic) 0.0 16.1 54.4 62.4 19.3 260.7 36.9 б 
„Мо Magnesium iodide -364.0 -358.2 29.7 9 
Ni Nickel(II) iodide -78.2 
Рр Lead(Il) iodide -175.5 -173.6 74.9 114 
pon in(Il) iodide -143.5 
aSr Strontium iodide -558.1 81.6 
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Crystal Liquid Gas 

АВ" 446% 5: с, АВ" A G° 5° с, АН" 446% $° с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
221 Zinc iodide -208.0 -209.0 161.1 
aln ndium (Ill) iodide -238.0 -120.5 а 
за Lanthanum iodide -668.9 < 
Шш Lutetium 100106 -548.0 Z 
aP Рповрїїогив(11) iodide -45.6 374.4 78.4 с 
aRU Ruthenium(lll) iodide -65.7 > 
Kn Ал топу(1) iodide -100.4 = 
‚РЇ Platinum(IV) iodide -12.8 - 
„Si etraiodosilane -189.5 = 
К in(IV) iodide 84.9 446.1 105.4 x 
All itanium(IV) iodide -875.7 -371.5 249.4 125.7 -277.8 = 
aV Vanadium(lV) iodide -122.6 ° 
m Zirconium(IV) iodide -481.6 
n ndium 0.0 578 26.7 243.3 208.7 173.8 208 5 
nO ndium monoxide 387.0 364.4 236.5 32.6 > 
nP ndium phosphide -88.7 -77.0 59.8 45.4 < 
ns ndium(Il) sulfide -138.1 -131.8 67.0 238.0 5 
пр ndium antimonide -30.5 -25.5 86.2 49.5 344.3 "d 
п, Diindium 380.9 я 
1,0, ndium(IIl) oxide -925.8 -830.7 1042 92.0 ° 
1;5; ndium(Ill) sulfide -427.0 -412.5 163.6 118.0 2 
П, 16, ndium(IV) telluride -175.3 = 
r ridium 0.0 355 251 665.3 617.9 193.6 20.8 = 
(0, ridium(IV) oxide -2741 573 m 
(5, ridium(lV) sulfide -138.0 ° 
155: ridium(IIl) sulfide -234.0 = 
K Potassium 0.0 64.7 296 89.0 60.5 160.3 20.8 Q 
KMnO0, Potassium permanganate -837.2 -737.6 71.7 117.6 = 
КМО, Potassium nitrite -369.8 -306.6 52.1 1074 = 
КМО, Potassium nitrate -494.6 -394.9 33.1 96.4 A 
KNa Potassium sodium 6.3 > 
КО, Potassium superoxide -204.9 -2394 16.7 77.5 E^ 
К, Dipotassium 123.7 87.5 249.7 37.9 R 
[40] Potassium oxide -361.5 Я 
КО, Potassium peroxide -4941 -425.1 02.1 2 
К,0,5 Potassium sulfate -1437.8 -1321.4 75.6 1315 > 
KS Potassium sulfide -380.7 -364.0 05.0 2 
КОР Potassium phosphate -1950.2 2 
Кг Krypton 0.0 164.1 20.8 9 
la Lanthanum 0.0 56.9 274 431.0 393.6 1824 22.8 
LaS Lanthanum monosulfide -456.0 -451.5 73.2 59.0 
ЕТІН Lanthanum oxide -1793.7 -1705.8 1273 108.8 
Li Lithium 0.0 29.1 24.8 159.3 126.6 138.8 208 
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LINO, Lithium nitrite -372.4 -302.0 96.0 

LINO; Lithium nitrate -483.1 -381.1 90.0 

Li, Dilithium 215.9 174.4 197.0 36.1 

0 Lithium oxide -597.9 -561.2 37.6 541 

11,0, Lithium peroxide -634.3 m 

10.51 Lithium metasilicate -1648.1 -15572 79.8 99.1 = 

0,5 Lithium sulfate -1436.5 -1321.7 1151 117.6 > 

[155 Lithium sulfide -441.4 2 

Li,0,P Lithium phosphate -2095.8 > 

Lr Lawrencium 0.0 ж 

Lu Lutetium 0.0 510 26.9 427.6 387.8 184.8 20.9 zi 

110, Lutetium oxide -1878.2 -1789.0 110.0 101.8 - 
d endelevium 0.0 m 
g agnesium 0.0 327 24.9 1474 112.5 148.6 20.8 8 
0М,0, agnesium nitrate -790.7 -589.4 164.0 1419 < 
00 agnesium oxide -601.6 -569.3 27.0 37.2 = 
00,5 agnesium sulfate -1284,9 -1170.6 91.6 96.5 к 
00,96 agnesium selenate -968.5 4 
05 agnesium sulfide -346.0 -341.8 50.3 45.6 2 
0» Dimagnesium 287.7 = 
00,51 agnesium orthosilicate -2174.0 -2055.1 95.1 118.5 a 
n anganese 0.0 32.0 26.3 280.7 238.5 173.7 20.8 = 
п№,05 апдапеѕе(11) nitrate -576.3 © 
nNaO, Sodium permanganate -1156.0 = 
nO anganese(Il) oxide -305.2 -362.9 59.7 454 ж 
nO; anganese(lV) oxide -520.0 -465.1 53.1 54.1 = 
10:51 anganese(Il) metasilicate -1320.9 -1240.5 89.1 86.4 s 
ns апдапезе() sulfide (ox form) -2142 -218.4 78.2 50.0 
пе anganese(Il) selenide -106.7 -111.7 90.8 51.0 ° 
п,0, anganese(Ill) oxide -959.0 -881.1 10.5 107.7 A 
n,0,Si anganese(Il) orthosilicate -1730.5 -1632.1 63.2 129.9 m 
n0, anganese(I, II!) oxide -1387.8 -1283.2 55.6 139.7 = 
0 olybdenum 0.0 28.7 241 658.1 612.5 182.0 20.8 < 
оМа;0, Sodium molybdate -1468.1 -1354.3 59.7 141.7 б 
00, olybdenum(IV) oxide -588.9 -533.0 46.3 56.0 Р 
00, olybdenum(VI) oxide -145.1 -668.0 771 75.0 e 
00,Pb 1ваа(1) molybdate -1051.9 -9514 66.1 119.7 с 
05; olybdenum(IV) sulfide -235.1 -225.9 62.6 63.6 5 
035! olybdenum silicide -125.2 -125.7 06.3 93.1 - 

N Nitrogen (atomic) 472.7 455.5 153.3 20.8 > 

NNaO; Sodium nitrite -358.7 -284.6 03.8 ГЭ 

NNaO; Sodium nitrate -467.9 -367.0 16.5 92.9 9 

NO Nitric oxide 91.3 87.6 210.8 29.9 

№, Nitrogen dioxide 332 513 240.1 372 

NO;Rb Rubidium nitrite -367.4 -306.2 72.0 

МОДА Rubidium nitrate -495.1 -395.8 473 1021 
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Crystal Liquid Gas 
A,H* 446% 5% C, A,H° A,& 5% [^ A, H° A G° 5% с, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
0.11 hallium(l) nitrate -243.9 -152.4 160.7 99.5 
Р Phosphorus nitride -63.0 171.5 1494 211.1 29.7 un 
N itrogen 00 1916 281 < 
:0 itrous oxide 81.6 103.7 220.0 38.6 Z 
„03 itrogen trioxide 50.3 86.6 1424 3147 72.7 с 
„0, itrogen tetroxide -19.5 97.5 209.2 142.7 114 99.8 3044 79.2 > 
„0,5г Strontium nitrite -162.3 = 
20; itrogen pentoxide -43.1 113.9 78.2 143.1 13.3 1171 355.7 95.3 НЕ 
рО, (844(1) nitrate -4519 = 
O Ra Radium nitrate -992.0 -796.1 222.0 S 
0591 Strontium nitrate -978.2 -780.0 94.6 149.9 = 
Ozn Zinc nitrate -483.7 о 
Na Sodium azide 217 93.8 96.9 76.6 =] 
бі, Silicon nitride -743.5 -642.6 01.3 5 
a Sodium 0.0 513 28.2 107.5 77.0 153.7 20.8 > 
80, Sodium superoxide -260.2 -2184 15.9 724 < 
а; Disodium 1421 103.9 230.2 37.6 5 
8,0 Sodium oxide -4142 -375.5 75.1 69.1 == 
а,0, Sodium peroxide -510.9 -447.7 95.0 89.2 ж 
8,0,5 Sodium sulfite -1100.8 -1012.5 145.9 120.3 ° 
a,0,Si Sodium metasilicate -1554.9 -1462.8 113.9 = 
8,0,5 Sodium sulfate -1387.1 -1270.2 149.6 128.2 = 
8,5 Sodium sulfide -364.8 -349.8 83.7 = 
b iobium 0.0 36.4 24.6 125.9 681.1 186.3 30.2 9 
00 iobium(ll) oxide -405.8 -378.6 48.1 413 © 
00, iobium(IV) oxide -796.2 -740.5 54.5 57.5 "i 
0,0; iobium(V) oxide -1899.5 -1766.0 1372 1321 a 
d eodymium 0.0 715 27.5 327.6 292.4 189.4 221 = 
0,0; leodymium oxide -1807.9 -1720.8 158.6 1113 < 
е leon 0.0 146.3 20.8 A 
| icke 0.0 29.9 26.1 429.7 384.5 182.2 23.4 > 
10,5 ickel(Il) sulfate -872.9 -159.7 92.0 138.0 E^ 
5 ickel(Il) sulfide -82.0 -79.5 53.0 47.1 R 
10, ickel(Ill) oxide -489.5 Я 
0 obelium 0.0 2 

0 Oxygen (atomic) 249.2 231.7 161.1 21.9 > 

ОР Phosphorus monoxide -28.5 -51.9 222.8 31.8 2 

OPb Lead(Il) oxide (massicot) -217.3 -187.9 68.7 45.8 2 

OPb Lead(Il) oxide (litharge) -219.0 -188.9 66.5 45.8 un 

OPd Palladium(|!) oxide -854 314 348.9 325.9 218.0 

ORa Radium oxide -523.0 

080; Rubidium oxide -339.0 

ORh Rhodium monoxide 385.0 


ETS 


05 Sulfur monoxide 63 -19.9 222.0 30.2 

05е Selenium monoxide 534 26.8 234.0 31.3 

0Si Silicon monoxide -99.6 -126.4 211.6 29.9 

05п Tin(Il) oxide -280.7 -251.9 57.2 44.3 15.1 -84 2321 31.6 

OSr Strontium oxide -592.0 -561.9 544 45.0 15 Е 
OTi Titanium(Il) oxide -519.7 -495.0 50.0 40.0 = 
от, Thallium(l) oxide -178.7 -147.3 126.0 > 
OU Uranium(Il) oxide 21.0 2 
ov Vanadium(!l) oxide -431.8 -404.2 38.9 45.4 > 
07п Zinc oxide -350.5 -320.5 43.7 40.3 ж 
0, Oxygen 0.0 205.2 294 о 
ОР Phosphorus dioxide -279.9 -281.6 252.1 39.5 z 
0,Pb Lead(IV) oxide -217.4 -2173 68.6 64.6 = 
0,80 Rubidium superoxide -278.7 я 
0,80, Rubidium peroxide -472.0 < 
0,Ru Ruthenium(IV) oxide -305.0 = 
0,5 Sulfur dioxide -320.5 -296.8 -300.1 248.2 39.9 к< 
0,56 Selenium dioxide 2254 2 
0,51 Silicon dioxide (c-quartz) -910.7 -856.3 415 444 -322.0 2 
0,5п in(IV) oxide -577.6 -515.8 49.0 52.6 = 
0,Те ellurium dioxide -322.6 -270.3 195 б 
0,7 horium(IV) oxide -1226.4 169.2 65.2 61.8 = 
0,11 itanium(IV) oxide -944.0 -888.8 50.6 55.0 © 
0,0 Uranium(IV) oxide -1085.0 031.8 77.0 63.6 -465.7 -4715 274.6 51.4 = 
Ом ungsten(IV) oxide -589.7 -533.9 50.5 56.1 ж 
Or Zirconium(IV) oxide -1100.6 042.8 504 56.2 = 
0, Ozone 142.7 163.2 238.9 39.2 E 
0,PbS Lead(Il) sulfite -669.9 ка 
0,PbSi Lead(Il) metasilicate -1145.7 062.1 109.6 90.0 g 
0,Рг, Praseodymium oxide -1809.6 1174 б 
0,Rh, Rhodium(Ill) oxide -343.0 103.8 m 
0,5 Sulfur trioxide -454.5 -374.2 70.7 -441.0 -373.8 113.8 -395.7 -371.1 256.8 50.7 = 
0,50 Scandium oxide -1908.8 8194 77.0 94.2 < 
0,SiSr Strontium metasilicate -1633.9 549.7 96.7 88.5 б 
0,5т, Samarium(IIl) oxide -1823.0 734.6 151.0 145 Р 
0.10, Terbium oxide -1865.2 15.9 e 
0,1, Titanium(Ill) oxide -1520.9 4342 78.8 974 с 
От Thulium oxide -1888.7 794,5 139.7 16.7 5 
0,0 Uranium(VI) oxide -1223.8 145.7 96.1 81.7 - 
OV, Vanadium (lll) oxide -1218.8 139.3 98.3 103.2 > 
0.W Tungsten(VI) oxide -842.9 -164.0 75.9 73.8 ГЭ 
03Ү; Yttrium oxide -1905.3 816.6 99.1 02.5 9 
0,Ү, Ytterbium(Ill) oxide -1814.6 726.7 133.1 115.4 

0,05 Osmium(VIII) oxide -394.1 -304.9 143.9 -337.2 -292.8 293.8 744 

O,PbS Lead(Il) sulfate -920.0 -813.0 148.5 03.2 

O,PbSe Lead(Il) selenate -609.2 -504.9 167.8 
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Crystal Liquid Gas 

A,H* 4,6% 5% t, A,H° A,& 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
0,Pb,Si Lead(Il) orthosilicate -1363.1 -1252.6 86.6 137.2 
0,Р 1ваа(1,1М) oxide -718.4 -601.2 211.3 146.9 аз 
O,RaS Radium sulfate -1471.1 -1365.6 38.0 < 
0,80,5 Rubidium sulfate -1435.6 -1316.9 974 1341 т” 
0,Ви Ruthenium(VIIl) oxide -239.3 -152.2 46.4 с 
0,557 Strontium sulfate -1453.1 -1340.9 17.0 > 
0,STI, Thallium(|) sulfate -931.8 -830.4 230.5 = 
0,571 Zinc sulfate -982.8 -871.5 10.5 992 - 
0,SiSr; Strontium orthosilicate -2304.5 -2191.1 53.1 1343 = 
0,SiZn, Zinc orthosilicate -1636.7 -15232 314 123.3 S 
0,SiZr Zirconium(lV) orthosilicate -2033.4 -1919.1 84.1 98.7 = 
O,Tizr Zirconium titanate -2024. -1915.8 16.7 1140 ° 
056, Antimony(V) oxide -971.9 -829.2 25.1 =] 
0;Та, Tantalum(V) oxide -2046.0 -19112 43.1 135. 5 
0,1, Titanium(IlI,IV) oxide -2459.4 -2317.4 29.3 154.8 > 
ОМ, Vanadium(V) oxide -1550.6 -1419.5 310 127.7 < 
ОМ Vanadium(Ill,IV) oxide -1933.0 -1803.0 63.0 5 
O;Re; Rhenium(VIl) oxide -1240. -1066.0 207.1 166. -1100.0 -994.0 452.0 == 
0,0, Uranium(lV, VI) oxide -3427. -8242.9 250.5 215.5 я 
0,552 Zirconium(IV) sulfate -2217. 172.0 ° 
0,0, Uranium(V,VI) oxide -3574.8 -3369.5 282.6 238.4 = 
04U, Uranium(lV, V) oxide -4510.4 -4275.1 334.1 293.3 = 
05 Osmium 0.0 32.6 24.7 791.0 745.0 192.6 20.8 = 
P Phosphorus (white) 0.0 414 238 316.5 280.1 163.2 20.8 m 
P Phosphorus (red) -17.6 22.8 21.2 © 
Р Phosphorus (black) -39.3 = 
Р, Diphosphorus 144.0 103.5 218.1 32.1 a 
P, etraphosphorus 58.9 24.4 280.0 67.2 = 
Ра Protactinium 0.0 51.9 607.0 563.0 198.1 22.9 = 
Pb Lead 0.0 64.8 264 195.2 162.2 1754 20.8 A 
PbS Lead(Il) sulfide -100.4 -98.7 912 495 > 
Ррбе Lead(Il) selenide -102.9 -101.7 102.5 50.2 E^ 
PbTe Lead(Il) telluride -10.7 -69.5 110.0 50.5 Nn 
Pd Palladium 0.0 37.6 26.0 378.2 339.7 167.1 20.8 g 
PdS Palladium(Il) sulfide -75.0 -67.0 46.0 2 
Рт Promethium 0.0 187.1 243 > 
Ро Polonium 0.0 2 
Pr Praseodymium 0.0 732 27.2 355.6 320.9 189.8 21.4 2 
Pt Platinum 0.0 41.6 25.9 565.3 520.5 1924 255 DN 
РІ5 Platinum(Il) sulfide -81.6 -76.1 55.1 43.4 
PIS; Platinum(lV) sulfide -108.8 -99.6 747 65.9 
Ри Plutonium 0.0 
Ва Radium 0.0 71.0 159.0 130.0 176.5 208 


ST-S 


Rb Rubidium 0.0 76.8 31.1 80.9 53.1 170.1 20.8 
Re Rhenium 0.0 36.9 25.5 769.9 724.6 188.9 20.8 
Rh Rhodium 0.0 31.5 25.0 556.9 510.8 185.8 21.0 
Rn Radon 0.0 176.2 20.8 
Ru Ruthenium 0.0 28.5 24.1 642.7 595.8 186.5 215 T" 
5 Sulfur (rhombic: 0.0 32.1 22.6 277.2 236.7 167.8 23.7 = 
5 Sulfur (monoclinic) 03 > 
SSi Silicon monosulfide 1125 60.9 223.7 329 2 
550 in(Il) sulfide -100.0 -983 77.0 493 > 
SSr Strontium sulfide -472.4 -467.8 68.2 487 ж 
STI; hallium(l) sulfide -97.1 -93.7 151.0 zi 
521 Zinc sulfide (wurtzite) -192.6 = 
521 Zinc sulfide (sphalerite) -206.0 -201.3 57.7 46.0 m 
5, Disulfur 128.6 79.7 228.2 325 я 
50 Antimony 0.0 45.7 25.2 262.3 222.1 180.3 20.8 2 
Sb, Diantimony 235.6 187.0 254.9 36.4 = 
5с Scandium 0.0 34.6 255 377.8 336.0 174.8 224 < 
Se Selenium (gray) 0.0 42.4 254 221.1 187.0 176.7 20.8 4 
5е Selenium (ог form) 6.7 221.1 2 
5е Selenium (vitreous) 50 221.1 = 
SeSr Strontium selenide -385.8 б 
Sell, hallium(l) selenide -59.0 -59.0 172.0 = 
SeZn Zinc selenide -163.0 -163.0 84.0 © 
Se; Diselenium 146.0 96.2 252.0 354 = 
Si Silicon 0.0 18.8 20.0 450.0 405.5 168.0 223 ж 
Si, Disilicon 594.0 536.0 229.9 344 = 
Sm Samarium 0.0 69.6 29.5 206.7 172.8 183.0 30.4 m 
$n in (white) 0.0 512 270 301.2 266.2 168.5 213 
Sn in (gray) -21 0.1 44.1 25.8 g 
Sr Strontium 0.0 55.0 26.8 1644 130.9 164.6 20.8 б 
а antalum 0.0 415 254 782.0 739.3 185.2 20.9 m 
b erbium 0.0 73.2 28.9 388.7 349.7 203.6 24.6 = 
C echnetium 0.0 678.0 181.1 20.8 < 
8 ellurium 0.0 49.7 25.7 196.7 157.1 182.7 20.8 a 
е; Ditellurium 168.2 118.0 268.1 36.7 2 
һ horium 0.0 518 273 602.0 560.7 190.2 20.8 e 
i itanium 0.0 30.7 25.0 473.0 428.4 180.3 24.4 = 
| ћа игл 0.0 642 26.3 1822 1474 181.0 208 5 
m hulium 0.0 74.0 270 2322 197.5 190.1 20.8 - 
U Uranium 0.0 50.2 277 533.0 488.4 199.8 23.7 > 
V Vanadium 0.0 28.9 243 5142 7544 182.3 26.0 ГЭ 
W ungsten 0.0 32.6 243 8494 8071 174.0 213 9 
Хе Хепоп 0.0 169.7 208 
Y Yttrium 0.0 444 26.5 421.3 381.1 179.5 25.9 
Yb Ytterbium 0.0 59.9 26.7 152.3 118.4 173.1 20.8 
Zn Zinc 0.0 41.6 254 130.4 948 161.0 208 
Zr Zirconium 0.0 39.0 254 608.8 566.5 1814 26.7 
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Crystal Liquid Gas 
АН? 4,6% 5% t, A,H° 4,64% 5% [^ A, H° A G° 5% с, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Substances containing carbon: N 
C Carbon (graphite) 0.0 57 8.5 716.7 6713 1581 20.8 % 
C Carbon (diamond) 1.9 2.9 24 61 ё 
CAgN Silver(I) cyanide 146.0 156.9 107.2 66.7 > 
CAg;0, Silver(l) carbonate -505.8 -436.8 167.4 112.3 ж 
СВаО, Barium carbonate -1213.0 -1134.4 1121 86.0 z 
СВе0, Beryllium carbonate -1025.0 52.0 65.0 = 
CBrCIF, Bromochlorodifluoromethane 318.5 746 = 
CBrCLF Bromodichlorofluoromethane 330.6 80.0 ж 
CBrCI, Bromotrichloromethane -414 85.3 < 
CBrF, Bromotrifluoromethane -648.3 69.3 = 
CBrN Cyanogen bromide 140.5 186.2 165.3 248.3 46.9 к 
СВгМ,0, Bromotrinitromethane 325 80.3 2 
CBr;CIF Dibromochlorofluoromethane 342.8 824 > 
CBr;Cl; Dibromodichloromethane 347.8 874 = 
CBr;F, Dibromodifluoromethane 325.3 17.0 a 
СВг,0 Carbonyl bromide -127.2 -96.2 -110.9 309.1 61.8 = 
CBr,CI Tribromochloromethane 357.8 89.4 ° 
СВЕ Tribromofluoromethane 345.9 844 Жэ) 
CBr, Tetrabromomethane 294 47.7 2125 1443 83.9 67.0 3581 91.2 S 
CCa0; Calcium carbonate (calcite) -1207.6 -1129.1 917 83.5 = 
CCa0, Calcium carbonate (aragonite) -1207.8 -1128.2 88.0 823 = 
CCd0; Cadmium carbonate -150.6 -669.4 92.5 Ф 
CCIFO Carbonyl chloride fluoride 276.7 52.4 = 
CCIF; Chlorotrifluoromethane -706.3 66.9 б 
CCIN Cyanogen chloride 112.1 138.0 131.0 236.2 45.0 T 
CCIN,O, Chlorotrinitromethane -27.1 18.4 2 
CCIF, Dichlorodifluoromethane -477.4 -439.4 300.8 723 < 
CCI,0 Carbonyl chloride -219.1 -204.9 283.5 57.7 б 
CCl, Trichloromethyl 59.0 Р 
CCIF Trichlorofluoromethane -301.3 -236.8 225.4 121.6 -268.3 78.1 Nn 
CCl, Tetrachloromethane -1282 130.7 -95.7 83.3 е 
СС00, Cobalt(!l) carbonate -713.0 5 
CCs;0, Cesium carbonate -1139.7 -1054.3 204.5 123.9 = 
CCuN Соррег(ї) cyanide 96.2 1113 84.5 2 
СЕМ Суаподеп fluoride 224.7 418 б 
СР,0 Carbonyl fluoride -639.8 46.8 9 
CF, Trifluoromethyl -477.0 -464.0 264.5 49.6 
СЕ Trifluoroiodomethane -587.8 307.4 70.9 
CF, Tetrafluoromethane -933.6 261.6 614 
СҒе0; Ігол(1) carbonate -740.6 -666.7 92,9 82.1 


LTS 


CFe, Iron carbide 25.1 20.1 104.6 105.9 

CH Methylidyne 595.8 

ОНВГСІЕ Bromochlorofluoromethane 304.3 63.2 

CHBrCl, Bromodichloromethane 316.4 67.4 

CHBrF, Bromodifluoromethane -424.9 295.1 58.7 > 
CHBr;CI Chlorodibromomethane 327.7 69.2 = 
CHBr,F Dibromofluoromethane 316.8 65.1 » 
CHBr, ribromomethane -223 -5.0 220.9 130.7 23.8 8.0 330.9 712 2 
CHCIF; Chlorodifluoromethane -482.6 280.9 55,9 > 
CHCLF Dichlorofluoromethane 293.1 60.9 ж 
CHCI; trichloromethane -134.1 -73.7 201.7 114.2 -102.7 6.0 295.7 65.7 “ 
CHCsO, Cesium hydrogen carbonate -966.1 = 
CHF Formyl fluoride 246.6 39.9 m 
CHF, rifluoromethane -695.4 259.7 51.0 8 
CHI, riiodomethane -181.1 251.0 356.2 75.0 < 
СНКО, Potassium formate -679.7 = 
СНКО, Potassium hydrogen carbonate -963.2 -863.5 115.5 к 
СН Hydrogen cyanide 108.9 125.0 112.8 70.6 135.1 124.7 201.8 35.9 2 
СНМО socyanic acid (HNCO) 238.0 44.9 2 
СНМ5 sothiocyanic acid 127.6 113.0 247.8 46.9 = 
СНҺ,0; rinitromethane -82.8 -134 435.6 1341 б 
CHNaO; Sodium formate -666.5 -599.9 103.8 82.7 = 
CHNa0, Sodium hydrogen carbonate -950.8 -851.0 101.7 876 ° 
CHO Oxomethyl (HCO) 43.1 28.0 224.7 34.6 = 
CH; Methylene 390.4 372.9 194.9 33.8 ж 
CH;BrCI Bromochloromethane 287.6 527 = 
CH;BrF Bromofluoromethane 276.3 49.2 2 
CH,Br, Dibromomethane 293.2 54.7 ка 
CH;CIF Chlorofluoromethane 2644 47.0 = 
CH,Cl, Dichloromethane -1242 177.8 101.2 -954 210.2 51.0 б 
CHF, Difluoromethane -452.3 246.7 42.9 m 
СН; Diiodomethane 68.5 90.4 174.1 134.0 119.5 95.8 309.7 57.7 = 
СН,М, Diazomethane 242.9 525 < 
CHN, Cyanamide 588 б 
СНО, Dinitromethane -104.9 -61.5 358.1 86.4 Р 
СН,0 Formaldehyde -108.6 -102.5 218.8 354 e 
(СН,0), Paraformaldehyde -177.6 = 
CH;0; Formic acid -425.0 -361.4 129.0 99.0 -378.7 5 
СН,5, rithiocarbonic acid 24.0 = 
СН, Methyl 145.7 147.9 1942 38.7 7 
СН.ВО Borane carbonyl -1112 -92.9 2494 595 ГЭ 
СН.Вг Bromomethane -59.8 -35.4 -26.3 246.4 42.4 9 
CH&CI Chloromethane -81.9 234.6 40.8 

CH,CI,Si Methyltrichlorosilane 262.8 163.1 -528.9 351.1 102.4 

СЮЕ Fluoromethane 222.9 375 

СНЫ lodomethane -13.6 163.2 126.0 14.4 2541 44.1 


80-5 


Crystal Liquid Gas 

A,H* 4,6% 5% t, АД” 4,64% 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CHNO Formamide -254.0 -193.9 
CH,NO, Nitromethane -112.6 -14.4 171.8 106.6 -80.8 282.9 55.5 o 
CH,NO, Methyl nitrite “66.1 < 
CH,NO; Methyl nitrate -156.3 -43.4 2174 157.3 -122.0 305.8 76.6 т” 
СН, Methane -14.6 -50.5 186.3 35.7 с 
CH,N; Ammonium cyanide 04 1340 > 
СНО Urea -333.1 -245.8 5 
СН. №55 Thiourea -89.1 22.9 - 
CH,N,0, Nitroguanidine 2924 = 
CH,0 Methanol -2392 -166.6 126.8 81.1 -201.0 -162.3 239.9 441 = 
CH,S Methanethiol -46.7 -7.1 169.2 90.5 -22.9 -9.3 255.2 50.3 = 
СН, Methylamine -47.3 35.7 150.2 1021 -22.5 32.7 242.9 50.1 © 
CH;NO, Ammonium hydrogen carbonate -8494 -665.9 120.9 =] 
СНЫ Guanidine -56.0 5 
СН,М,5 Hydrazinecarbothioamide 24.7 » 
СНО, 3-Amino-1-nitroguanidine 224 < 
CH&CIN Methylamine hydrochloride -298.1 5 
ШІН Methylhydrazine 542 180.0 165.9 134.9 94,7 187.0 278.8 74 қ 
CH,Si Methylsilane 256.5 65.9 ж 
CHg,03 Mercury(l) carbonate -553.5 -468.1 180.0 ° 
C Cyanogen iodide 166.2 185.0 96.2 225.5 196.6 256.8 48.3 = 
Cl, Tetraiodomethane -392.9 474.0 391.9 95.9 = 
CK Potassium cyanide -113.0 -101.9 128.5 66.3 = 
CKNS Potassium thiocyanate -200.2 -178.3 124.3 88.5 m 
(К,0, Potassium carbonate -1151.0 -1063.5 1555 1144 © 
CLi,0, Lithium carbonate -1215.9 -1132.1 90.4 99.1 т 
СМ00; Magnesium carbonate -1095.8 -1012.1 65.7 75.5 a 
СМп0; Manganese(Il) carbonate -8941 -816.7 85.8 81.5 Е 
C Cyanide 437.6 407.5 202.6 29.2 = 
CNNa Sodium cyanide -87.5 -76.4 115.6 70.4 A 
CNNaO Sodium cyanate -405.4 -358.1 96.7 86.6 > 
СМО; Tetranitromethane 384 824 503.7 176.1 E^ 
CNa;0, Sodium carbonate -1130.7 -1044.4 135.0 1123 un 
C Carbon monoxide -1105 -137.2 197.7 291 Я 
COS Carbon oxysulfide -142.0 -169.2 231.6 415 2 
CO, Carbon dioxide -893.5 -894.4 2138 374 > 
CO;Pb Lead(Il) carbonate -699.1 -625.5 131.0 87.4 2 
CO,Rb, Rubidium carbonate -1136.0 -1051.0 181.3 117.6 2 
CO,Sr Strontium carbonate -1220.1 -1140.1 97.1 81.4 un 
со Thallium(|) carbonate -700.0 -614.6 155.2 
CO,Zn Zinc carbonate -812.8 -731.5 82.4 79.7 
CS Carbon monosulfide 234.0 184.0 210.6 29.8 
(5, Carbon disulfide 89.0 64.6 1513 76.4 116.7 67.1 237.8 45.4 


6C°S 


CSe, Carbon diselenide 164.8 

CSi Silicon carbide (cubic) -65.3 -62.8 16.6 26.9 

CSi Silicon carbide (hexagonal) -62.8 -60.2 16.5 26.7 

С, Dicarbon 831.9 715.9 199.4 43.2 

C;BrF; Bromopentafluoroethane -1064.4 > 
ДАНЫ 1,2-Dibromo-1-chloro-1,2,2-trifluoroethane -691.7 -656.6 = 
C,Br,F, 1,2-Dibromotetrafluoroethane -817.7 -789.1 > 
CBr, Tetrabromoethene 387.1 102.7 2 
СВ Hexabromoethane 441.9 1393 > 
С,Са Calcium carbide -59.8 -64.9 70.0 62.7 ж 
C,CaN, Calcium cyanide -184.5 zi 
C,Ca0, Calcium oxalate -1360.6 = 
СОБ Chlorotrifluoroethene -522.7 -505.5 -523.8 322.1 83.9 m 
C;CIF; Chloropentafluoroethane -1118.8 184.2 8 
С.С, 1,2-Dichloro-1,1,2,2-tetrafluoroethane -960.2 1117 -937.0 < 
С:61,0; Охају! chloride -367.6 -835.8 = 
2012 1,1,2-Trichloro-1,2,2-trifluoroethane -745.0 170.1 -716.8 к< 
ССМ richloroacetonitrile 336.6 96.1 2 
CCl, etrachloroethene -50.6 3.0 266.9 143.4 -10.9 2 
C;CLF, 1,1,1,2-Tetrachloro-2,2-difluoroethane -489.9 -407.0 382.9 123.4 = 
0501, 1,1,2,2-Tetrachloro-1,2-difluoroethane 173.6 a 
(,01,0 richloroacetyl chloride -280.8 -239.8 = 
МЕЙ Hexachloroethane -202.8 237.3 1982 -143.6 © 
СВМ rifluoroacetonitrile -497.9 298.1 77.9 = 
C;F, etrafluoroethene -820.5 -658.9 3001 80.5 ж 
C.F, Hexafluoroethane -1344.2 332.3 106.7 = 
С,НВг Bromoacetylene 253.7 55.7 2 
C; HBICIF, 1-Bromo-2-chloro-1,1,2-trifluoroethane -675.3 -644.8 ка 
C;HBrCIF, 2-Bromo-2-chloro-1,1,1-trifluoroethane -720.0 -690.4 g 
CHC Chloroacetylene 242.0 54.3 б 
С,НСІР, 1-Chloro-2,2-difluoroethene -315.5 -289.1 303.0 724 m 
C;HCLF 1,1-Dichloro-2-fluoroethene 313.9 76.5 = 
C;HCLF, 2,2-Dichloro-1 ,1,1-trifluoroethane 352.8 102.5 < 
C; HCl; richloroethene -43.6 228.4 1244 -9.0 3248 80.3 б 
C,HCI,0 richloroacetaldehyde -234.5 151.0 -196.6 Р 
C,HCI,0 Dichloroacetyl chloride -2804 -241.0 e 
C;HClO; richloroacetic acid -503.3 с 
C; HCl; Pentachloroethane -187.6 173.8 -142.0 5 
CHF Fluoroacetylene 2317 524 - 
CHF, rifluoroethene -490.5 > 
СНО; rifluoroacetic acid -1069.9 -1031.4 ГЭ 
CHF, Pentafluoroethane -1100.4 E 
CH; Acetylene 2274 209.9 200.9 44.0 

C,H,BrF, 2-Bromo-1,1,1-trifluoroethane -694.5 

С,Н,Вг, Cis-1,2-Dibromoethene 311.3 68.8 

CHBr, trans-1,2-Dibromoethene 313.5 70.3 
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Crystal Liquid Gas 

A,H* 4,6% 5% t, A,H° A G° 5% [^ АН? A6" 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CH,Br,Cl, 1,2-Dibromo-1,2-dichloroethane -36.9 
С,Н,Вг, 1,1,2,2-Tetrabromoethane 165.7 аз 
C,H,CIF, 2-Chloro-1,1,1-trifluoroethane 326.5 89.1 < 
C;H;Cl; 1,1-Dichloroethene -23.9 24.1 201.5 1113 28 25.4 289.0 67.1 т” 
8-сі; cis-1,2-Dichloroethene -26.4 198.4 116.4 46 289.6 651 с 
C;H;Cl; trans-1,2-Dichloroethene -243 273 195.9 116.8 5.0 28.6 290.0 66.7 > 
С,Н,01,0 Chloroacetyl chloride -283.7 -244.8 5 
C,H,CI,0, Dichloroacetic acid -496.3 - 
C,H,CI,NO 2,2,2-Trichloroacetamide -358.0 = 
СНС 1,1,1,2-Tetrachloroethane 356.0 102.7 S 
C,H;CI, 1,1,2,2-Tetrachloroethane -195.0 246.9 162.3 -1492 362.8 100.8 = 
CH,F, 1,1-Difluoroethene -335.0 266.2 60.1 ° 
МҰ cis-1,2-Difluoroethene 268.3 58.2 =] 
СОЊЕ! 1,1,1-Trifluoro-2-iodoethane -644.5 5 
СН cis-1,2-Diiodoethene -207.4 > 
С-Н,0 Ketene -67.9 -47.5 -48.3 247.6 51.8 < 
C,H;0; Glyoxal -212.0 -189.7 272.5 60.6 5 
C,H,0, Oxalic acid -829.9 109.8 91.0 -/31.8 -662.7 320.6 86.2 қ 
C;H,O,Sr Strontium formate -1393.3 я 
CH,S Thiirene 300.0 275.8 255.3 54,7 ° 
CHBr Bromoethene 79.2 81.8 275.8 555 m 
CHBrO Acetyl bromide -223.5 -190.4 = 
C,H,Br0, Bromoacetic acid -383.5 -338.3 337.0 80.5 = 
СС Chloroethene -94.1 594 14.6 37.2 53.6 264.0 53.7 9 
C,H.CIF, 1-Chloro-1,1-difluoroethane 307.2 825 © 
СНО Acetyl chloride -272.9 -208.0 200.8 117.0 -242.8 -205.8 295.1 67.8 "zj 
C,H.CI0, Chloroacetic acid -509.7 -427.6 -368.5 325.9 78.8 Q 
C;H.CLF 1,1-Dichloro-1-fluoroethane 320.2 88.7 Е 
C.H, Cl, 1,1,1-Trichloroethane -177.4 227.4 144.3 -144.4 323.1 93.3 < 
CH. Cl, 1,1,2-Trichloroethane -190.8 232.6 150.9 -151.3 337.2 89.0 A 
СОЊЕ Fluoroethene -138.8 > 
CHFO Acetyl fluoride -467.2 -442.1 E^ 
(5155, 1,1,1-Trifluoroethane -744.6 279.9 78.2 Nn 
(5155, 1,1,2-Trifluoroethane -730.7 Я 
C;H,F,0 2,2,2-Trifluoroethanol -932.4 -888.4 2 
C,H, lodoethene 285.0 57.9 > 
ІЛІК Acetyl iodide -163.5 -126.4 2 
C;H.K0; Potassium acetate -723.0 2 
С.Н; Acetonitrile 40.6 86.5 149.6 915 740 91.9 243.4 522 un 
C, HN Isocyanomethane 130.8 159.5 159.0 163.5 165.7 246.9 52.9 
C;H.NO Methyl isocyanate -92.0 
CHNO, Nitroethene 333 300.5 13.7 
АЛ Oxamic acid -661.2 -552.3 


Ies 


CHNS Methyl isothiocyanate 79.4 

C; H.Na0O; Sodium acetate -708.8 -607.2 123.0 79,9 

CH, Ethylene 524 68.4 219.3 42.9 

C;H,BrCI 1-Bromo-2-chloroethane 130.1 

C,H,Br, 1,1-Dibromoethane -66.2 327.7 80.8 Е 
С,Н,Вг, 1,2-Dibromoethane -79.2 223.3 136.0 -37.5 = 
C,H,CIF 1-Chloro-1-fluoroethane -313.4 > 
C;H,Cl; 1,1-Dichloroethane -158.4 -73.8 211.8 126.3 -127.7 -70.8 305.1 76.2 2 
C;H,Cl; 1,2-Dichloroethane -166.8 128.4 -126.4 308.4 78.7 > 
C;H,F; 1,1-Difluoroethane -497.0 282.5 67.8 2 
СН 1,2-Diiodoethane 93 75.0 zi 
CH,N,0, Oxamide -5044 -387.1 z 
CH,N,0; Ethanedial dioxime -90.5 m 
CANO, 1.1-Dinitroethane -1482 я 
СНО, 1,2-Dinitroethane -165.2 < 
CəH,N,S; Ethanedithioamide -20.8 83.0 = 
C;H,N, 1H-1,2,4-Triazol-3-amine 76.8 ме 
C; H0 Acetaldehyde -1922 -127.6 160.2 89.0 -166.2 -133.0 263.8 55.3 2 
C; H0 Oxirane -78.0 -11.8 153.9 88.0 -52.6 -13.0 242.5 47.9 2 
С,Н.0$ Thioacetic acid -216.9 -175.1 = 
С-Н,0» Acetic acid -484.3 -389.9 159.8 1233 -432.2 -374.2 283.5 63.4 Q 
C;H,0; ethyl formate -386.1 119.1 -8574 285.3 644 = 
С.Н,0, Peroxyacetic acid 824 © 
СНО; Glycolic acid -583.0 -504.9 318.6 87.1 = 
CH,S Thiirane 51.6 82.0 96.8 255.2 53.3 ж 
СНА Ethynylsilane 269.4 726 = 
C,H,Br Bromoethane -90.5 -25.8 198.7 100.8 -61.9 -23.9 286.7 64.5 m 
С.Н; С! Chloroethane -136.8 -59.3 190.8 104.3 -112.1 -60.4 276.0 62.8 

СНО 2-Chloroethanol -295.4 g 
C HF Fluoroethane 264.5 58.6 б 
С.Н; lodoethane -40.0 147 211.7 115.1 -8.1 192 306.0 66.9 m 
CH; Ethyleneimine 919 265 = 
С,Н.МО Acetamide -317.0 115.0 91.3 -238.3 < 
С,Н:МО N-Methylformamide 123.8 б 
СНО, itroethane -143.9 134.4 -103.8 320.5 79.0 Р 
C,H,NO, Glycine -528.5 -392.1 e 
C;H.NO, 2-Nitroethanol -350.7 с 
С.Н.МО, Ethyl nitrate -190.4 -1541 5 
CHNS hioacetamide -71.7 114 = 
С.Н, Ethane -84.0 -32.0 229.2 52.5 2 
CH Cd Dimethyl cadmium 63.6 139.0 201.9 132.0 01.6 146.9 303.0 б 
CH Hg Dimethyl mercury 50.8 1403 209.0 944 146.1 306.0 83.3 9 
СНО N-Methylurea -832.8 

СНМ, 1,2-Hydrazinedicarboxamide -498.7 

СНМ, Охају! dihydrazide -295.2 

CH ,0 Ethanol -277.6 -174.8 160.7 112.3 -234.8 -167.9 281.6 65.6 


cers 


Crystal Liquid Gas 

A,H° A,& 5% t, A,H° 4,64% 5% [^ A, H° A,&° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C;H,O Dimethyl ether -203.3 -1841 -112.6 266.4 64.4 
CH ,0S Dimethyl sulfoxide -204.2 -99.9 188.3 153.0 -151.3 un 
C;H,O; Ethylene glycol -460.0 163.2 148.6 -392.2 303.8 82.7 < 
С,Н0,5 Dimethyl sulfone -450.1 -302.4 142.0 -373.1 -272.7 310.6 100.0 2 
С-Н,0:5 Dimethyl sulfite -523.6 -483.4 с 
C H.O.S Dimethyl sulfate 27355 6870 2 
C; H,S Ethanethiol -73.6 -5.5 207.0 117.9 -46.1 -48 296.2 72.7 = 
CH,S Dimethyl sulfide -65.3 196.4 118.1 -37.4 286.0 74, - 
CH S; 12-Ethanedithiol -54.3 -9.7 = 
CH S; Dimethyl disulfide -62.6 235.4 1461 -247 x 
CH Zn Dimethyl zinc 23.4 201.6 129.2 53.0 z 
C,H, Ethylamine -74.1 130.0 -47.5 36.3 283.8 71.5 ° 
C,H; Dimethylamine -43.9 70.0 182.3 137.7 -18.8 68.5 273.1 70.7 =] 
C;H;NO Ethanolamine 195.5 5 
C; H,CIN Dimethylamine hydrochloride -289.3 » 
CHN; 1,2-Ethanediamine -63.0 172.6 -18.0 < 
ЖҮЙ 1,1-Dimethylhydrazine 48.9 206.4 198.0 164.1 84.1 5 
ЖҰТ 1,2-Dimethylhydrazine 52.7 922 - 
СНО, Ammonium oxalate -1123.0 226.0 ж 
С.Н00, Mercury(Il) oxalate -678.2 ° 
05, Diiodoacetylene 313.1 70.3 = 
Col, etraiodoethene 305.0 = 
5,0, Potassium oxalate -1346.0 = 
C,Mg0, Magnesium oxalate -1269.0 s 
CN; Cyanogen 285.9 306.7 241.9 56.8 © 
СМО rinitroacetonitrile 1837 = 
CNa,0, Sodium oxalate -1318.0 a 
C,0,Pb Lead(Il) oxalate -851.4 -750.1 146.0 105.4 = 
CF, Perfluoropropane -1783.2 < 
САН Malononitrile 186.4 265.5 A 
СНО, 2-Propynoic acid -1932 > 
C3H,0; 1,3-Dioxol-2-one -459.9 -418.6 E^ 
C3H,Cl, 1,2,3-Trichloropropene -101.8 Nn 
(515, 3,3,3-Trifluoropropene -6142 Я 
CHN Acrylonitrile 147.1 80.6 2 
С.Н,МО Oxazole -48.0 -15.5 > 
СНО |soxazole 421 786 2 
CH, Allene 905 2 
C.H, Propyne 84.9 9 
C.H, Cyclopropene 2771 
С-Н,С, 2,3-Dichloropropene -73.3 
СНО 1,1,1,3-Tetrachloropropane -208.7 
C5H,Cl, 1,2,2,3-Tetrachloropropane -2518 


55-8 


СНО 2,2,3,3-Tetrafluoro-1-propanol -1114.9 -1061.3 

С-Н.М, 1H-Pyrazole 105.4 179.4 

С-Н.М, Imidazole 49.8 132.9 

C.H, Acrolein 113 

C.H,0; 1,2-Propanedione -309.1 -271.0 m 
С-Н,0, Acrylic acid -303.8 145.7 = 
C,H,0; 2-Oxetanone -329.9 1753 1221 -282.9 » 
C. H,0, Ethylene carbonate -5715 133.9 -508.4 2 
С.Н,Вг cis-1-Bromopropene 7,9 408 > 
C;H;Br 3-Bromopropene 12.2 45.2 ж 
С.Н,8г0 Bromoacetone -181.0 zi 
C.H,C 2-Chloropropene -21.0 = 
СНС 3-Chloropropene 125.1 m 
С-Н,С10 Epichlorohydrin -148.4 131.6 -107.8 я 
C.H«CIO; 2-Chloropropanoic acid -5225 -475.8 < 
C,H,CI0, 3-Chloropropanoic acid -549.3 = 
С.Н,С00, Ethyl chloroformate -505.3 -462.9 к 
САНТО, Methyl chloroacetate -487.0 -444.0 2 
(НО 1,2,3-Trichloropropane -230.6 183.6 -182.9 2 
C.H; 3-lodopropene 53.7 915 = 
С-Н,0 lodoacetone -130.5 б 
С-Н,0, 3-lodopropanoic acid -460.0 = 
C.H Propanenitrile 155 119.3 517 © 
CHN 2-Propyn-1-amine 205.7 = 
C.H; Ethyl isocyanide 108.6 1417 ж 
бан М0 Acrylamide -212.1 110.6 -224.0 -130.2 = 
б-Н-М0; Nitroacetone -278.5 m 
C.H.NO, Methyl nitroacetate -464.0 

С-Н.М,0д Trinitroglycerol -370.9 -279.1 545.9 234.2 ° 
C.H; Propene 4.0 20.0 б 
C.H; Cyclopropane 352 53.3 104.5 2375 55.6 m 
CHBr 1,2-Dibromopropane -113.6 -71.6 = 
CHCl, 1,2-Dichloropropane, (+) -198.8 149.1 -162.8 < 
C HCl; 1,3-Dichloropropane -199.9 -159.2 б 
СН, 2,2-Dichloropropane -205.8 -173.2 Р 
C.H,CLO 2,3-Dichloro-1-propanol -381.5 -316.3 e 
С.НС0 1,3-Dichloro-2-propanol -385.3 -318.4 с 
C; Hil, 1,2-Diiodopropane 35.6 5 
СНЫ, 1,3-Diiodopropane -9.0 - 
С-Н,М,0, Propanediamide -546.1 > 
С-Н,М,0, N-(Aminocarbonyl)acetamide -544.2 -441.2 ГЭ 
С-Н,М,0, 1,1-Dinitropropane -163.2 -100.7 9 
С-Н,М,0, 1,3-Dinitropropane -207.1 

СНО, 2,2-Dinitropropane -1812 

С-Н,М,0, Hexahydro-1,3,5-trinitro-1,3,5-triazine 192.0 4824 230.2 

(4160 Allyl alcohol -171.8 138.9 -124.5 
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Crystal Liquid Gas 

A,H° A,& 5% t, АД” 4,64% 5% [^ A, H° A,&° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C3H0 Propanal -215.6 -185.6 304.5 80.7 
C3H0 Acetone -248.4 199.8 126.3 -217.1 -152.7 295.3 74.5 o 
C.H 0 ethyloxirane -123.0 196.5 120.4 -94.7 286.9 72.6 < 
С-Н,0 Oxetane -110.8 -80.5 т” 
(1,0, Propanoic acid -510.7 191.0 152.8 -455.7 с 
С.Н, Ethyl formate 1493 > 
СНО, ethyl acetate -445.9 141.9 -413.3 324.4 86.0 = 
б:Н;0, 1,3-Dioxolane -333.5 118.0 -298.0 НЕ 
С-Н,0,5 Thiolactic acid -468.4 = 
СНО 1,3,5-Trioxane -522.5 133.0 1114 -465.9 S 
C.H S Thietane 24.7 184.9 60.6 107.1 285.0 68.3 = 
C.H S ethylthiirane 113 45.8 о 
C.H S; 1,2-Dithiolane 0.0 47.7 313.5 86.5 = 
C.H S; 1,3-Dithiolane 10.0 54.7 323.3 84.7 5 
C.H;S; 1,3,5-Trithiane 80.0 130.4 336.4 111.3 > 
C.H;Br 1-Bromopropane -121.9 -87.0 < 
С.Н,Вг 2-Вготоргорапе -130.5 -994 5 
СНА 1-Chloropropane -160.5 -131.9 == 
ИТЕН 2-Chloropropane 4723 -144.9 ж 
САНТО, 3-Chloro-1,2-propanediol -525.3 ° 
C.H;CIO; 2-Chloro-1,3-propanediol -5175 = 
СНЕ 1-Fluoropropane -285.9 = 
СНЕ 2-Ниогоргорапе -293.5 = 
C.H; 1-lodopropane -66.0 -30.0 m 
С.Н, 2-lodopropane -74.8 -40.3 © 
C.H; Allylamine -10.0 = 
C.H; Cyclopropylamine 45.8 187.7 1474 77.0 a 
C.H;NO N,N-Dimethylformamide -239.3 150.6 -192.4 Е 
C.H;NO Propanamide -338.2 -259.0 = 
С.Н.МО, 1-Nitropropane -167.2 -1243 350.0 104.1 A 
C.H,NO, 2-Nitropropane -180.3 1703 -138.9 > 
CH;NO; Ethyl carbamate -517.1 156.4 -497.3 -446.3 ЕС 
C3H,NO, DL-Nlanine -563.6 Nn 
С.Н;МО, D-Alanine -561.2 Я 
CH;NO; L-Alanine -604.0 -465.9 2 
ІШТЕЙ B-Alanine -558.0 -424.0 > 
СНО; Sarcosine -5133 -367.3 2 
САМО, L-cysteine 55341 2 
C.H;NO, Propyl nitrate -2145 -174.1 362.6 123.2 un 
С.Н.МО, sopropyl nitrate -229.7 -191.0 
С:Н;МО, DL-Serine -739.0 
С-Н;М0; 1-Serine -132.1 
CH, Propane -120.9 -103.8 -234 270.3 73.6 
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С-Н,М,0 N-Ethylurea -357.8 

СНО N,N-Dimethylurea -319.1 

СНО N,N-Dimethylurea -312.1 

СНО, Oxymethurea -717.0 

C3H,0 1-Рторапо -302.6 193.6 143.9 -255.1 322.6 85.6 Е 
C3H,0 2-Propano -318.1 181.1 156.5 -272.6 309.2 89.3 = 
CH ,0 Ethyl methyl ether -216.4 309.2 93.3 > 
C. H,0; 1,2-Propylene glycol -501.0 190.8 -429.8 2 
СНО; 1,3-Propylene glycol -480.8 -408.0 » 
C; H,O; Ethylene glycol monomethyl ether 1714 ж 
C. H,0; Dimethoxymethane -377.8 244.0 162.0 -348.5 zi 
СНО, Glycerol -669.6 206.3 218.9 -577.9 = 
КУ 1-Propanethio -99.9 2425 144.6 -67.8 = 
C;H,S 2-Propanethio -105.9 233.5 145.3 -76.2 А 
C.H,S Ethyl methyl sulfide -91.6 239.1 144.6 -59.6 < 
C.H ,S; 1,3-Propanedithiol -794 -29.8 = 
САЊА rimethyl aluminum -136.4 -9.9 209.4 155.6 -74.1 ме 
(4168 rimethylborane -143.1 -32.1 238.9 -124.3 -35.9 314.7 88.5 2 
C.H,BO, rimethyl borate 189.9 2 
C,H,CISi rimethylchlorosilane -382.8 -246.4 218.2 -352.8 -243.5 369. = 
САНА Propylamine -101.5 164.1 -70.1 39.9 325.4 91.2 Q 
CHN sopropylamine -112.3 218.3 163.8 -83.7 322 3122 97.5 = 
C.H.N rimethylamine -45.7 208.5 137.9 -23.6 287. 91.8 © 
C.H, CIN Propylamine hydrochloride -854.7 = 
C.H, CIN rimethylamine hydrochloride -282.9 = 
CH, N; 1,2-Propanediamine, (+) -97.8 -53.6 = 
ТЕС rimethylsilane 331.0 1179 xl 
C.H,.BN rimethylamine borane -142.5 70.7 187.0 

C5H,.BN Aminetrimethylboron -2041 -79.3 218.0 ° 
CaCl Hexachloro-1,3-butadiene -24.5 A 
C.F, Perfluorocyclobutane -1542.6 m 
CaF io Perfluorobutane 127.2 = 
C,H;N; trans-2-Butenedinitrile 268.2 340.2 < 
ШІН Maleic anhydride -469.8 -398.3 a 
C,H,0, 2-Butynedioic acid -577.3 Р 
C,H,NO, 2-Nitrofuran -104.1 -28.8 e 
САВО, N-Bromosuccinimide -335.9 с 
C,H,CINO, N-Chlorosuccinimide -357.9 5 
C,H,N, Succinonitrile 139.7 191.6 145.6 209.7 - 
СНА Pyrazine 139.8 196.1 > 
САН Pyrimidine 145.9 195.7 б 
CHN, Pyridazine 224.9 278.3 9 
C H,N,0; Uracil -429.4 120.5 -302.9 

C H,N,0, Barbituric acid -634.7 

СНО Ғигап -62.3 1770 1148 -34.8 267.2 65.4 

C,H,0, Diketene -233.1 -190.3 
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Crystal Liquid Gas 

A,H° A,& 5% t, A,H° A,& 5% [^ A, H° A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
СНО Succinic anhydride -608.6 -527.9 
C4H.0, Maleic acid -789.4 160.8 137.0 -679.4 9 
СНО, Fumaric acid -811.7 168.0 1420 -675.8 < 
С.Н, Thiophene 80.2 181.2 123.8 14.9 126.1 278.8 72.8 Z 
СН; trans-2-Butenenitrile 95.1 34.3 с 
CH 3-Butenenitrile 1178 597 > 
C,H, 2-Methylacrylonitrile 126.3 = 
С.Н; Pyrrole 63.1 156.4 127.7 08.2 - 
C,H, Cyclopropanecarbonitrile 140.8 82.8 = 
C,H;NO, Succinimide -459.0 -375.4 S 
ШУ 4-Methylthiazole 67.9 11.8 < 
С,Н.М,0 Cytosine -221.3 132.6 о 
С.Н, 12-Butadiene 138.6 62.3 =] 
CH; 1,3-Butadiene 88.5 199.0 123.6 10.0 5 
C,H, 1-Butyne 1414 65.2 » 
С.Н, 2-Bulyne 1191 45.7 < 
C,H, Cyclobutene 56.7 5 
СНО; 2,5-Piperazinedione -446.5 == 
С,Н,0 Divinyl ether -39.8 -13.6 я 
СНО trans-2-Butenal -138.7 -100.6 ° 
ШІЛ trans-2-Butenoic acid = 
HO, Methacrylic acid 1611 = 
СНО, Vinyl acetate -3492 -3144 E 
CH 0, Methyl acrylate -362.2 2395 158.8 -333.0 m 
СНО; y-Butyrolactone -420.9 1414 -366.5 © 
СНО Acetic anhydride -6244 -572.5 = 
СНО Propylene carbonate -613.2 218.6 -582.5 a 
СНО, Succinic acid -940.5 167.3 153.1 -823.0 = 
СНО, Dimethyl охајаје -756.3 -708.9 = 
С.Н; 2,3-Dihydrothiophene 52.9 90.7 133.5 303.5 79.8 A 
С.Н 2,5-Dihydrothiophene 47.0 86.9 131.6 297.1 83.3 > 
С,Н,010 2-Chloroethyl vinyl ether -208.1 -170.1 E^ 
C,H;CIO, 2-Chlorobutanoic acid -575.5 a 
C,H,CI0, 3-Chlorobutanoic acid -556.3 = 
CH,CI0, 4-Chlorobutanoic acid -566.3 M 
C,H,CI0, Propyl chlorocarbonate -533.4 -492.7 > 
CHN Butanenitrile 58 33.6 2 
C,H;N 2-Methylpropanenitrile -13.8 23.4 2 
C,H,NO Acetone cyanohydrin -120.9 un 
C,H;NO 2-Pyrrolidone -286.2 
C,H;NO 2-Methyl-2-oxazoline -169.5 -130.5 
C,H;NO, Iminodiacetic acid -932.6 
ШИ Ethyl nitroacetate -4871 
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C,H;NO, L-Aspartic acid -973.3 

СНО Creatinine -238.5 

C, Hs 1-Butene -20.8 221.0 118.0 0.1 

C,H, cis-2-Butene -29.8 219.9 127.0 -7.1 

C,H, trans-2-Butene -83.3 -11.4 T 
САН; Isobutene -37.5 -16.9 = 
С.Н, Cyclobutane 37 277 > 
C,H, Methylcyclopropane 17 2 
С.Н,Вг, 1,2-Dibromobutane -142.1 -91.6 > 
C,H.Br, 1,3-Dibromobutane -148.0 ж 
C,H,Br, 1,4-Dibromobutane -140.3 -87.8 zi 
C,H,Br, 2,3-Dibromobutane -139.6 -102.0 = 
C,H,Br, 1,2-Dibromo-2-methylpropane -156.6 -113.3 m 
C,H,Cl, 1,3-Dichlorobutane -237.3 -195.0 8 
МЕЙ 1,4-Dichlorobutane -2298 -183.4 < 
С.Н,С10 Bis(2-chloroethyl) ether 220.9 = 
С.Н: 14-Diiodobutane -30.0 me 
СНО, Succinamide -5812 2 
СНО; Dimethylglyoxime -199.7 2 
CH N,0, L-Asparagine -789.4 = 
СНО N-Glyoylglycine -747.7 Q 
СНО, 1,4-Dinitrobutane -237.5 = 
СНО, Cyclotetramethylenetetranitramine 187.9 568.8 215.5 о 
C4H0 Ethyl vinyl ether -167.4 -140.8 = 
C4H0 1,2-Epoxybutane -168.9 230.9 147.0 ж 
C H,0 Butanal -2392 246.6 163.7 -204.8 343.7 103.4 = 
C,H,0 Isobutana -247.3 -215.7 2 
C,H,0 2-Butanone -2733 239.1 158.7 -238.5 339.9 101.7 ка 
СНО Tetrahydrofuran -2162 2043 124.0 -184.1 302.4 16.3 g 
C,H,0S S-Ethyl thioacetate -268.2 -228.1 о 
СНО, Butanoic acid -533.8 2222 178.6 -415.9 m 
C,H,O; 2-Methylpropanoic acid 173.0 = 
СНО, Propyl formate -500.3 -462.7 < 
C H, 0; Ethyl acetate -4793 257.7 170.7 -443.6 о 
C,H,O; Methyl propanoate 1712 Р 
СНО, 1,3-Dioxane -379.7 143.9 -340.6 e 
C H, 0; 1,4-Dioxane -353.9 210.2 152.1 -315.3 с 
C,H,0, 2-Methyl-1,3-dioxolane -386.9 -852.0 5 
С,Н,0,5 Sulfolane 180.0 - 
С.Н Tetrahydrothiophene -72.9 -34.1 45.8 309.6 92.5 > 
САН; 1,3-Dithiane -10.0 724 333.5 110.4 б 
САН; 1,4-Dithiane 0.0 84.5 326.2 109.7 9 
C H,Br 1-Bromobutane -143.8 -107.1 

C,H,Br 2-Bromobutane, (+) -154.9 -1203 

МШ?! 2-Bromo-2-methylpropane -1644 -1324 

C,H,Cl 1-Chlorobutane -1881 -1544 
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Crystal Liquid Gas 

A, H° A, G° 5% t, A,H° A,& 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C H,CI 2-Chlorobutane -192.8 -161.1 
C H,CI 1-Chloro-2-methylpropane -191.1 -159.3 un 
C H,CI 2-Chloro-2-methylpropane -211.3 -182.2 < 
C,H,CIO 2-Chloroethyl ethyl ether -335.6 -301.3 т” 
C,H, 1-lodo-2-methylpropane 162.3 с 
C,H, 2-lodo-2-methylpropane -107.5 -72.1 > 
М Cyclobutanamine 5.6 412 = 
СН, Pyrrolidine -41.1 204.1 156.6 -3.6 НЕ 
СУМО Butanamide -346.9 -282.0 = 
C H,N0 N-Methylpropanamide 179.0 = 
C H,N0 2-Methylpropanamide -368.6 -282.6 < 
C H,N0 N,N-Dimethylacetamide -278.3 175.6 -228.0 ° 
СНО Morpholine 164.8 5 
CHNO; 1-Nitrobutane -192.5 -143.9 369.9 115.1 > 
МҮШЕЛ 2-Nitroisobutane -2172 -177.1 > 
CHN0, Propyl carbamate -552.6 -471.4 < 
C,H NO, 4-Aminobutanoic acid -581.0 -441.0 5 
C,H,NO, 3-Nitro-2-butanol -390.0 == 
СНО 2-Methyl-2-nitro-1-propanol -410.1 я 
C,H,NO, DL-Threonine -758.8 ° 
C H,N0, L-Threonine -807.2 m 
C H,N.0; Creatine -537.2 < 
СІН, Butane -147.3 140.9 -125.7 = 
СН Isobutane -1542 -134.2 s 
C,HigHg Diethyl mercury 30.1 182.8 75.3 © 
CHAN, Piperazine -45.6 = 
СНО Trimethylurea -330.5 a 
СНО N-Nitrodiethylamine -106.2 -53.0 Е 
C,H44N,0, L-Asparagine, monohydrate -1086.6 = 
C H, 0 1-Butanol -327.3 225.8 177.2 -274.9 A 
C,H,,0 2-Butanol -342.6 214.9 196.9 -292.8 359.5 112.7 > 
C H, 0 2-Methyl-1-propanol -334.7 214.7 181.5 -283.8 ЕС 
C H, 0 2-Methyl-2-propanol -359.2 193.3 218.6 -312.5 326.7 113.6 9 
C H, 0 Diethyl ether -279.5 1724 175.6 -252.1 342.7 119.5 Я 
C H, 0 Methyl propyl ether -266.0 262.9 165.4 -238.1 2 
C H, 0 Isopropyl methyl ether -278.8 253.8 161.9 -252.0 > 
С.Н (05 Diethyl sulfoxide -268.0 -205.6 2 
CAO, 12-Butanediol, (s) 523.6 2 
C,H4,0; 1,3-Butanediol -501.0 -433.2 т 
С.Н. 0 1,4-Butanediol -505.3 223.4 200.1 -428.7 
C,H4,0; 2,3-Butanediol -541.5 213.0 -482.3 
СН об 2-Methyl-1,2-propanediol -539.7 
САН Ethylene glycol monoethyl ether 210.8 
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САН Ethylene glycol dimethyl ether -376.6 193.3 

С.Н (0; Dimethylacetal -420.6 -389.7 

САН tert-Butyl hydroperoxide -293.6 -245.9 

C H, 0, Diethylene glycol -6285 2448 -571.2 

0,1 60:59 Diethyl sulfite -600.7 -552.2 P 
С.Н 0,5 Diethyl sulfate -813.2 -756.3 = 
С.Н 1-Butanethiol -124.7 171.2 -88.0 > 
С.Н 2-Butanethiol -131.0 -96.9 2 
С.Н, 2-Methyl-1-propanethiol -132.0 -97.3 » 
CH, S 2-Methyl-2-propanethiol -140.5 -109.6 ж 
СН Diethyl sulfide -1194 269.3 1714 -03.5 368.1 117.0 zi 
САН 5 Methyl ргору! sulfide -118.5 2125 1716 -82.2 z 
ШУ Isopropyl methyl sulfide -1247 263.1 1724 -90.5 = 
Ü H.S; 1,4-Butanedithiol -105.7 -50.6 2 
C HS; Diethyl disulfide -120.1 305.0 204.0 -79.4 2 
CH Butylamine -127.6 179.2 -91.9 = 
СН Sec-Butylamine -137.5 -104.6 к 
УШ tert-Butylamine -150.6 1921 1210 2 
CH sobutylamine -132.6 183.2 -08.7 2 
МШ Diethylamine -103.7 169.2 -722 = 
C,H,,NO N,N-Dimethylethanolamine -253.7 -203.6 а 
C,H,,NO, Diethanolamine -493.8 233.5 -3971 = 
C.H, NO, ris(hydroxymethyl)methylamine -717.8 © 
СНВ etramethylammonium bromide -251.0 = 
САН СІМ Diethylamine hydrochloride -358.6 ж 
СНОМ etramethylammonium chloride -276.4 = 
С.Н etramethylammonium 100106 -203.9 m 
CH; № 2-Methyl-1,2-propanediamine -133.9 -90.3 c 
C,H,;Pb etramethyl lead 97.9 135.9 = 
САН 9! etramethylsilane -264.0 -100.0 277.3 204.1 -239.1 -99.9 359.0 143.9 A 
C,H,,Sn etramethylstannane -52.3 -18.8 m 
бін № Bis(2-aminoethyl)amine 254.0 2 
СМ; 2-Butynedinitrile 500.4 529.2 < 
СМО, іске! carbonyl -633.0 -588.2 3134 204.6 -602.9 -587.2 410.6 145.2 б 
С-Ғе0; Iron pentacarbonyl -774.0 -705.3 338.1 240.6 Р 
C. H;F;O; Hexafluoroacetylacetone -2286.7 м 
C:H.NO; 5-Nitro-2-furancarboxylic acid -516.8 Я 
СЫН, 1H-Purine 169.4 7 
СНО Hypoxanthine -110.8 145.6 134.5 - 
СНО, Xanthine -379.6 1611 1513 > 
СНО Uric acid -618.8 1732 166.1 б 
С-Н,0, Furfural -2015 1632 -1510 9 
C. H,0, 2-Furancarboxylic acid -498.4 -390.0 

САН, 3-Methyl-2,5-furandione -504.5 -4472 

СНЕ 05 1,1,1-Trifluoro-2,4-pentanedione -1040.2 -993.3 

СНМ Pyridine 100.2 1327 1404 


07-5 


Crystal Liquid Gas 

АН? 4,6% 5% t, АД” 4,64% 5% [^ A, H° A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CHNO 1H-Pyrrole-2-carboxaldehyde -106.4 
C; HN; Adenine 96.9 147.0 205.7 o 
СНО Guanine -183.9 < 
СН, cis-3-Penten-1-yne 226.5 т” 
C.H; trans-3-Penten-1-yne 228.2 с 
СН, 13-бусіоретіздіеле 1055 1343 > 
СНО, Thymine -462.8 150.8 -328.7 = 
б-Ң;0, Furfuryl alcohol -276.2 204.0 -211.8 - 
СНО, trans-1-Propene-1,2-dicarboxylic acid -8244 = 
СН 2-Methylthiophene 44.6 218.5 149.8 83.5 S 
С.Н 3-Methylthiophene 43.1 825 = 
CH;N trans-3-Pentenenitrile 80.9 25.7 ° 
C:H;N Cyclobutanecarbonitrile 103.0 474 =] 
СЫН;М 1-Methylpyrrole 624 03.1 5 
C;H,N 2-Methylpyrrole 23.3 740 » 
СН 3-Methylpyrrole 205 702 < 
С.Н;МО, Ethyl cyanoacetate 220.2 5 
СЫН; 1,2-Pentadiene 40.7 == 
С.Н, cis-1,3-Pentadiene 814 я 
СЫН; trans-1 ,3-Pentadiene 76.1 ° 
СЫН; 1,4-Pentadiene 05.7 = 
CH, 2.3-Penladiene 331 = 
C.H, 3-Methyl-1,2-butadiene 101.2 E 
C.H; 2-Methyl-1,3-butadiene 48.2 229.3 152.6 15.5 9 
СЫН; Cyclopentene 43 2012 1224 34.0 © 
СЫН; Spiropentane 157.5 193.7 134,5 85.2 = 
СЫН; ethylenecyclobutane 93.8 21.6 a 
СНО» Pentaerythritol tetranitrate -538.6 -387.0 614.7 294.8 = 
С-Н:0 Cyclopentanone -235.9 -192.1 = 
С-Н,0, 4-Pentenoic acid -430.6 A 
C;H,0. Allyl acetate 184.1 > 
C.H4O; Ethyl acrylate -370.6 -354.2 E^ 
C; H,O; ethyl trans-2-butenoate -382.9 -341.9 a 
(5,0, ethyl methacrylate 1912 = 
СНО; 2,4-Pentanedione -423.8 -382.0 2 
C. H,O; Dihydro-4-methyl-2(3H)-furanone -461.3 -406.5 > 
(5,0, Tetrahydro-2 Н-ругап-2-0пе -436.7 -379.6 2 
СНО Methyl acetoacetate -623.2 2 
СНО, Glutaric acid -960.0 un 
CS H4CIO; Propyl chloroacetate -515.5 -467.0 
СНОМ Pentanenitrile -33.1 10.5 
СНОМ 2,2-Dimethylpropanenitrile -39.8 232.0 179.4 -2.3 
СНОМ 1,2,5,6-Tetrahydropyridine 33.5 


ҚА 


С.Н,МО 2-Piperidinone -306.6 

ШІН N-Methyl-2-pyrrolidone -262.2 307.8 

CHNO; L-Proline -515.2 -366.2 

CHNO, D-Glutamic acid -1005.3 

C:H,NO, L-Glutamic acid -1009.7 zÀ 
СН 1-Pentene -46.9 262.6 154.0 -21.1 - 
C. His cis-2-Pentene -53.7 258.6 151.7 -27.6 > 
ШІ trans-2-Pentene -58.2 256.5 157.0 -31.9 2 
Cs Hio 2-Methyl-1-butene -61.1 254.0 1572 -35.2 » 
СН 3-Methyl-1-butene -515 253.3 156.1 -27.5 ж 
217 2-Methyl-2-butene -68.6 251.0 152.8 -41.7 о 
CsHio Cyclopentane -105.1 204.5 128.8 -76.4 z 
CsHio Methylcyclobutane -44.5 т 
СН Ethylcyclopropane 248 ж 
СН, 1,1-Dimethylcyclopropane -33.3 -8.2 š 
CsHio cis-1,2-Dimethylcyclopropane -26.3 = 
СН trans-1,2-Dimethylcyclopropane -30.7 нд 
СЕН, ВІ; 2,3-Dibromo-2-methylbutane -137.6 2 
Сын №0 N-Nitrosopiperidine -311 16.6 = 
С.Н,5М,0, N-Nitropiperidine -93.0 -445 = 
С-Н М0; L-Glutamine -826.4 

САН 0 Cyclopentanol -300.1 204.1 182.5 -242.5 362.9 = 
CH, 0 Pentanal -267.2 -228.4 © 
СНО 2-Pentanone -2973 1841 -2588 = 
САН О 3-Pentanone -296.5 266.0 190.9 -257.9 ж 
САН 0 3-Methyl-2-butanone -2995 268.5 179.9 -262.6 = 
С-Н,0 3,3-Dimethyloxetane -182.2 -148.2 xl 
САН (0 Tetrahydropyran -258.3 -2234 

С-Н05 S-Propyl thioacetate -294.5 -250.4 g 
СЕН 0; Pentanoic acid -559.4 259.8 210.3 -491.9 б 
СН 0; 2-Methylbutanoic acid -5545 m 
б-Н0; 3-Methylbutanoic acid -561.6 -510.0 = 
(5160, 2.2-Dimethylpropanoic acid -564.5 -491.3 < 
САН 0; Butyl formate 200.2 ГЭ 
САН 0» Propyl acetate 196.2 Р 
CH, 0, Isopropyl acetate -518.9 199.4 -481.6 n 
(5160 Ећу! propanoate -502.7 -463.4 е 
CH, Methyl butanoate 1982 5 
САН 0; (Ethoxymethyl)oxirane -296.5 = 
С-Н,0; 4-Methyl-1,3-dioxane -416.1 -376.9 > 
СЕН 0, Cis-1,2-Cyclopentanediol -485.0 б 
СЕН trans-1 ,2-Cyclopentanediol -490.1 9 
СЕН 0; Tetrahydrofurfuryl alcohol -435.7 -369.1 

САН 0, Diethyl carbonate -681.5 -637.9 

СЕН 00 Ethylene glycol monomethyl ether acetate 310.0 

СЕН Ећу! lactate 254.0 


cis 


Crystal Liquid Gas 

A,H* 4,6% 5% t, А,Н 4,64% 5% [^ АН? A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
(5160: Glycerol 1-acetate, (DL) -909.2 
САН, 05 D-Ribose -1047.2 o 
C. H0; D-xylose -1057.8 < 
С-Н 0, о-П-Агаріпоругапо56 -1057.9 т” 
CH, S Thiacyclohexane -106.3 218.2 163.3 -63.5 53.1 323.0 109.7 с 
С-Н, Cyclopentanethiol -89.5 256.9 165.2 -48.1 > 
C;H, Br 1-Bromopentane -1702 -128.9 5 
СНС 1-Chloropentane -2132 -1749 - 
СНС 1-Chloro-3-methylbutane -216.0 -179.7 = 
СНС 2-Chloro-2-methylbutane -235.7 -202.2 S 
СНС 2-Chloro-3-methylbutane -226.6 -185.1 = 
СН Cyclopentylamine -95.1 241.0 1812 -549 о 
СН Piperidine -86.4 210.0 179.9 -47.1 = 
C.H NO Pentanamide -379.5 -290.2 5 
С.Н. NO 2,2-Dimethylpropanamide -399.7 -3131 > 
СНАМО; 1-Nitropentane -2154 -1644 390.9 1371 < 
CHNO, Di-Valine -628.9 5 
СН, „№, L-Valine -617.9 -455.1 қ 
СНАМО; 5-Aminopentanoic acid -604.1 -460.0 ж 
СН, NO,S L-Methionine -577.5 -413.5 ° 
СНАМО, 2-Ethyl-2-nitro-1,3-propanediol -606.4 m 
C.H Penlane 11735 1672 1469 = 
С.Н); Isopentane -178.4 260.4 164.8 -153.6 = 
С.Н Neopentane -190.2 -168.0 ш 
СНО Butylurea -419.5 © 
СНОО tert-Butylurea -4174 = 
C.H, №0 N,N-Diethylurea -372.2 a 
СНО Tetramethylurea -262.2 Е 
СЫН №5 Tetramethylthiourea -38.1 44.9 = 
С:Н.0 1-Ретапо! -351.6 208.1 -294.6 A 
C;H,.0 2-Pentanol -365.2 -311.0 » 
С5Н.›0 3-Pentanol -368.9 239.7 -314.9 ЕС 
C;H,0 2-Methyl-1-butanol, (+) -356.6 -301.4 Nn 
С5Н.20 3-Methyl-1-butanol -356.4 -300.7 Я 
С5Н.›0 2-Methyl-2-butanol -379.5 2471 -329.3 2 
С5Н.20 3-Methyl-2-butanol, (+) -366.6 -313.5 > 
С-Н,0 2.2-Dimethyl-1-propanol -399.4 2 
САН 20 Butyl methyl ether -290.6 295.3 192.7 -258.1 2 
C;H,,0 Methyl tert-butyl ether -313.6 265.3 187.5 -283.7 un 
(5150 Ethyl propyl ether -303.6 295.0 197.2 -272.0 
C5H120, 1,5-Pentanedio -528.8 -450.8 
С5Н.20> 2,2-Dimethyl-1,3-propanediol -551.2 
Cs Hu, Diethoxymethane -450.5 -4147 


trs 


(5110, 1,1-Dimethoxypropane -443.6 

LR 2,2-Dimethoxypropane -459.4 -429.9 

С-Н 20; Diethylene glycol monomethyl ether 271.1 

САН 203 2-(Hydroxymethyl)-2-methyl-1,3-propanediol -744.6 

С5Н.20, Pentaerythritol -920.6 -776.7 и 
СН 0; Xylitol -1118.5 = 
б.Н,5 1-Pentanethiol -1513 -110.0 > 
С.Н, 2-Methyl-1-butanethiol, (+) -154.4 -114.9 2 
СЕН 9 3-Methyl-1-butanethiol -1544 -114.9 > 
СН 5 2-Methyl-2-butanethiol -162.8 290.1 198.1 -127.1 2 
(51159 3-Methyl-2-butanethiol -158.8 -121.3 zi 
САН 5 2,2-Dimethyl-1-propanethiol -1654 -129.0 = 
C;H,S Виу! methyl sulfide -142.9 307.5 200.9 -102.4 = 
Wi M tert-Buty! methyl sulfide -157.1 276.1 199.9 -121.3 я 
САН „5 Ethyl propyl sulfide -1448 309.5 198.4 -104.8 < 
C:H,S Ethyl isopropyl sulfide -156.1 -118.3 = 
СН. N Pentylamine 218.0 me 
СНА АМА, N--TetramethyImethanediamine -511 -18.2 2 
C. CIF; Chloropentafluorobenzene -858.4 -809.3 2 
C,Cl, Hexachlorobenzene -127.6 260.2 2012 -35.5 = 
бєє Hexafluorobenzene -991.3 280.8 221.6 -955.4 a 
Со Perfluorocyclohexene -1963.5 -1932.7 = 
C Perfluorocyclohexane -2406.3 -2370.4 © 
C;HCISO Pentachlorophenol -292.5 253.2 202.0 = 
C, HF, Pentafluorobenzene -852.7 -841.8 -806.5 ж 
C;HF;O Pentafluorophenol -10241 -1007.7 = 
CHF, 1,2,4,5-Tetrafluorobenzene -683.8 s 
МЕЙ 1,2,3-Trichlorobenzene -10.8 3.8 

СНС 1,2,4-Trichlorobenzene -63.1 -81 g 
(51401, 1,3,5-Trichlorobenzene -78.4 -134 б 
C H,N.0, 1,3,5-Trinitrobenzene -37.0 214.6 m 
Сан МО; 2,4,6-Trinitrophenol -217.9 239.7 = 
Сен МО; 2,4,6-Trinitro-1,3-benzenediol -467.5 < 
C;H,CINO; 1-Chloro-4-nitrobenzene -48.7 250.2 a 
Сен Сђ 0-Dichlorobenzene -175 1624 30.2 Р 
ЛЕЙ m-Dichlorobenzene -20.7 25.7 e 
Се p-Dichlorobenzene -42.3 1754 147.8 225 с 
Сен, СО 2,4-Dichlorophenol -226.4 -156.3 5 
С.Н 0-Difluorobenzene -330.0 222.6 159.0 -293.8 - 
CHF; m-Difluorobenzene -343.9 223.8 159.1 -309.2 > 
CHF; p-Difluorobenzene -342.3 157.5 -306.7 б 
Сен МО, 1,2-Dinitrobenzene -20 200.4 9 
Сен МО, 1,3-Dinitrobenzene -27.0 197.5 -36.0 

C H,N,0, 1,4-Dinitrobenzene -38.0 200.0 

Сен МО, 2,4-Dinitrophenol -232.7 -128.1 

(5,0, p-Benzoquinone -185.7 129.0 -122.9 


1428 


Crystal Liquid Gas 

A,H* 4,6% 5% t, A,H° A,& 5% C, АН? A,&° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C. H;Br Bromobenzene 60.9 219.2 154.3 
(51,501 Chlorobenzene 114 150.1 52.0 аз 
СНОО 2-Chlorophenol 188.7 < 
C H,CI0 3-Chlorophenol -206.4 -189.3 т” 
C H,CI0 4-Chlorophenol -197.7 -181.3 с 
Сен СМ 3,4-Dichloroaniline -89.1 > 
C. H.F Fluorobenzene -150.6 205.9 1464 41183 = 
Сен; lodobenzene 1172 205.4 158.7 164.9 - 
C H,N0; Nitrobenzene 12.5 185.8 68.5 348.8 120.4 = 
C H,N0; 3-Pyridinecarboxylic acid -344.9 -221.5 = 
C H,N0, 2-Nitrophenol -202.4 < 
C H;N; 1H-Benzotriazole 236.5 3855 ° 
СНО, 2,3-Dinitroaniline -17 =] 
СМО, 2,4-Dinitroaniline -67.8 5 
СНО, 2,5-Dinitroaniline -443 > 
CHINO, 2,6-Dinitroaniline -50.6 < 
СНО, 3,5-Dinitroaniline “38.9 5 
ба 1,5-Hexadiyne 3842 == 
C.H; Benzene 49.1 124.5 173.4 136.0 82.9 129.7 269.2 82.4 я 
C H,CIN 2-Chloroaniline -4.6 ° 
C H,CIN 3-Chloroaniline -20.3 198.7 = 
C H,CIN 4-Chloroaniline -33.3 147.3 < 
CH N,0, 2-Nitroaniline -26. 166.0 -94 63.8 = 
C H N.O; 3-Nitroaniline -38.3 158.8 -14.4 58.4 9 
C H МО; 4-Nitroaniline -42.0 167.0 -20.7 58.8 © 
C H 0 Phenol -165. 144.0 1274 -96.4 т 
СНО 2-Vinylfuran -10.3 27.8 a 
Сене p-Hydroquinone -364.5 136.0 -265.3 = 
Сене О; Pyrocatechol -854. -267.5 < 
C.H, 0; Resorcinol -368.0 -274,7 A 
C. HO; 1,2,3-Benzenetriol -551. -434.2 > 
СНО 1,2,4-Вепгепе о! -563.8 -444.0 E^ 
(510, 1,3,5-Benzenetriol -584.6 -452.9 a 
(51:0, 3,4-Dimethyl-2,5-furandione -581.4 = 
Сене О cis-1-Propene-1,2,3-tricarboxylic acid -1224.4 2 
(510, trans-1-Propene-1,2,3-tricarboxylic acid -1232.7 > 
CH S Benzenethiol 63.7 222.8 173.2 11.3 2 
СН Aniline 31.6 191.9 87.5 -7.0 317.9 107.9 2 
СЕЊА 2-Methylpyridine 56.7 158.6 992 DN 
САЊА 3-Methylpyridine 61.9 216.3 158.7 06.4 
СЕЊА 4-Methylpyridine 59.2 209.1 159.0 03.8 
C;H;N 1-Cyclopentenecarbonitrile 1115 56.5 
C H N; Adiponitrile 85.1 128.7 49.5 


Сӯ-6 


Сена; 1,2-Benzenediamine -0.3 

Сена Мр 1,3-Benzenediamine -7.8 154.5 159.6 

Сена; 1,4-Benzenediamine 30 

C, HN, Phenylhydrazine 141.0 217.0 202.9 

C H,N,S Bis(2-cyanoethyl) sulfide 96.3 À 
СеН0, Dimethyl maleate 263.2 = 
CH 0, L-Ascorbic acid -1164.6 > 
C6H0; Citric acid -1543.8 2 
Сен СО; Butyl trichloroacetate -545.8 -492.3 » 
САНС О; Isobutyl trichloroacetate -553.4 -500.2 ж 
C H,N Cyclopentanecarbonitrile 0.7 44.1 zi 
CHN 2,4-Dimethylpyrrole -422.3 z 
C H,N 2,5-Dimethylpyrrole -16.7 398 m 
CHNO; Triacetamide -610.5 -550.1 я 
МЕЛІ Nitrilotriacetic acid -1311.9 < 
C H N.O; L-Histidine -466.7 = 
СН, 1,5-Hexadiene 54.1 842 me 
M 3,3-Dimethyl-1-bulyne 784 2 
СН Cyclohexene -88.5 2146 148.3 -5.0 2 
СЕН 1-Methylcyclopentene -36.4 -3.8 = 
Сена 3-Methylcyclopentene -23.7 74 б 
СН 4-Methylcyclopentene -17.6 14.6 = 
CH, CLL,0, Bulyl dichloroacetate -550.1 -497.8 © 
CHO Cyclohexanone -2712 1822 -226.1 = 
Сен 0 2-Methylcyclopentanone -265.2 ж 
CH, 0 Mesityl oxide 2125 = 
C.H, 0, Ethyl trans-2-butenoate -420.0 -375.6 s 
С.Н 0; Methyl cyclobutanecarboxylate -395.0 -350.2 

С.Н (0; Ethyl acetoacetate 248.0 g 
Сен 0; Propanoic anhydride -679.1 -626.5 б 
С.Н, 0. Adipic acid -9943 m 
8,0; Diethyl oxalate -505.5 7420 = 
Сен, Ethylene glycol diacetate 310.0 < 
CHCI Chlorocyclohexane -207.2 -163.7 б 
СЫН 1010; Ethyl 4-chlorobutanoate -566.5 -513.8 Р 
G,H,,CI0, Propyl 3-chloropropanoate -537.6 -485.7 e 
648,010; Butyl chloroacetate -538.4 -487.4 с 
СН МО Caprolactam -3294 156.8 -239.6 5 
CH, NO 1-Methyl-2-piperidinone -293.0 - 
СН; 1-Нехепе -742 295.2 183.3 -43.5 > 
СН» cis-2-Hexene -83.9 -52.3 ГЭ 
СН» trans-2-Hexene -85.5 -53.9 9 
Сан cis-3-Hexene -78.9 -416 

СЕН trans-3-Hexene -86.1 -54.4 

СН» 2-Methyl-1-pentene -90.0 -594 

Сен 3-Methyl-1-pentene -78.2 -49.5 


9ү:< 


Crystal Liquid Gas 

A, H° A, G° 5% t, A,H° A,& 5% [^ A, H° A G° 5% с, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Сан 4-Methyl-1-pentene -80.0 -51.3 
Сан 2-Methyl-2-pentene -98.5 -66.9 аз 
СН, 3-Methyl-cis-2-pentene -945 -623 < 
На 3-Methyl-frans-2-pentene -94.6 -63.1 т” 
СН 4-Methyl-cis-2-pentene -870 -575 с 
Сан» 4-Methyl-frans-2-pentene -91.6 -61.5 > 
CH, 2-Ethyl-1-butene -87.1 -56.0 5 
СН» 2,3-Dimethyl-1-butene -93.2 -62.4 - 
Сан» 3,3-Dimethyl-1-butene -87.5 -60.3 = 
СН; 2,3-Dimethyl-2-butene -101.4 210.2 174.7 -68.1 S 
"M Cyclohexane -156.4 154.9 -123.4 = 
Сын» Methylcyclopentane -137.9 -106.2 ° 
САН; Ethylcyclobutane -59.0 2275 =] 
На 1,1,2-Trimethylcyclopropane -96.2 5 
CH; N,0,S; L-Cystine -1032.7 > 
С.Н NS, Thiram 402 301.7 < 
СеН0 Butyl vinyl ether -218.8 232.0 -182.6 5 
СеН0 Hexanal 280.3 2104 == 
Сен 0 2-Нехапопе -322.0 213.3 -218.9 ж 
СН.0 3-Нехапопе -320.2 305.3 216.9 -2116 ° 
СеН0 4-Methyl-2-pentanone 213.3 = 
Сен 0 2-Methyl-3-pentanone -325.9 -286.0 = 
51,50 3,3-Dimethyl-2-butanone -328.6 -290.6 = 
СеН0 Cyclohexanol -848.2 208.2 -286.2 m 
Сен 0 cis-2-Methylcyclopentanol -345.5 © 
(51150, Hexanoic acid -583.8 -511.9 = 
(51:50, Butyl acetate -529.2 227.8 -485.3 a 
Сен tert-Butyl acetate -554.5 231.0 -516.5 Е 
(5150, Isobutyl acetate 233.8 = 
С.Н :0; Ethyl butanoate 228.0 A 
СЕН О; ethyl pentanoate -5142 229.3 -471.1 » 
СЕН о; ethyl 2,2-dimethylpropanoate -530.0 257.9 -491.2 E^ 
СНО; Diacetone alcohol 2213 a 
Се ба Ethylene glycol monoethyl ether acetate 376.0 = 
Сен ба Paraldehyde -673.1 -631.7 2 
(51:96 B-D-Fructose -1265.6 > 
С.Н, D-Galactose -1286.3 2 
9,0, oc D-Glucose 12733 2 
С.Н: 20, D-Mannose -1263.0 un 
(51:06 1-Sorbose -1271.5 
СН. 9 Thiepane -65.8 79.4 363.5 131.3 
СН 29 Cyclohexanethiol -140.7 255.6 192.6 -96.2 
Сен Cyclopentyl methyl sulfide -109.8 -64.7 
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Сын ВІ 1-Bromohexane -1942 453.0 203.5 -148.3 

(5150 2-Chlorohexane -246.1 -204.3 

СеНа Cyclohexylamine -147.6 -104.0 

СЫН 2-Methylpiperidine, (+) -124.9 -84.4 

CIH, NO Hexanamide -397.9 -324.2 P 
C H, МО N-Butylacetamide -380.9 -305.9 = 
СН, №, DL-Leucine -640.6 » 
CHNO, Leucine -5373 2 
CH; NO; L-Leucine -637.4 200.1 -486.8 » 
СН. №, DL-Isoleucine -635.3 x 
ТЕТІ Tlsoleucine -537.8 о 
C.H. NO, L-Norleucine “630.1 = 
C H, NO; 6-Aminohexanoic acid -637.3 = 
Сен, Нехапе 1987 195.6 -166.9 я 
C Hu 2-Methylpentane -204.6 290.6 193.7 -174.6 2 
C Hu 3-Methylpentane -202.4 292.5 190.7 -171.9 = 
C Hu 2,2-Dimethylbutane -213.8 272.5 191.9 -185.9 к 
m 2,3-Dimethylbutane -2074 287.8 189.7 -178.1 2 
CIH, N, Azopropane 115 513 2 
C Ha №0, DL-Lysine -678.7 = 
C; Hu N40; D-Arginine -623.5 250.6 232.0 

C H, 0 1-Hexano -377.5 287.4 240.4 -315.9 = 
СНО 2-Нехапо -392.0 -3335 © 
C H 0 3-Нехапо -3924 286.2 = 
Сен 40 2-Methyl-1-pentanol 248.0 ж 
CH, 0 3-Methyl-2-pentanol 275.9 = 
(5Н40 4-Methyl-2-pentanol -394.7 273.0 m 
C H, 0 2-Methyl-3-pentanol -396.4 

C;H,40 3-Methyl-3-pentanol 2934 ° 
C;H,40 Dipropyl ether -328.8 323.9 221.6 -293.0 б 
(5140 Diisopropyl ether -351.5 216.8 -319.2 m 
СНО Butyl ethyl ether 159.0 2 
Сен. tert-Butyl ethyl ether -313.9 < 
Сен 405 Dipropyl sulfoxide -3294 -2549 ГЭ 
CIH, 0, 1,2-Hexanediol -577.1 -490.1 Р 
C .H,0, 1,6-Hexanediol -569.9 -548.6 -461.2 Un 
С.Н.,0; 2-Methyl-2,4-pentanediol 336.0 с 
Сен 40; Ethylene glycol monobutyl ether 281.0 5 
C.H,,0, 1,1-Diethoxyethane -491.4 -453.5 - 
(5,0, Ethylene glycol diethyl ether -451.4 259.4 -408.1 > 
(6140, Diethylene glycol monoethyl ether 301.0 ГЭ 
61405 Diethylene glycol dimethyl ether 274.1 9 
(6140, Trimethylolpropane -150.9 

C H, 0, Triethylene glycol -804.3 -725.0 

Сен 4045 Dipropyl sulfate -859.0 -792.0 

(51,406 баас 0! -1317.0 
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Crystal Liquid Gas 

A,H* 4,6% 5% t, A, H° A G° 5% [^ A, H° A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Сын 40; D-Mannitol -1314.5 
Сен 1-Hexanethiol -175.7 -129.9 аз 
Сен. 2-Methyl-2-pentanethiol -188.3 -148.3 < 
Сен 2,3-Dimethyl-2-butanethiol -187.1 -147.9 т” 
Сен Diisopropyl sulfide -181.6 313.0 232.0 -142.0 с 
CH. S Butyl ethyl sulfide -1723 -127.8 > 
CH, S Methyl pentyl sulfide -167.1 -121.8 = 
А Dipropyl disulfide -171.5 -118.3 - 
C.H, B riethylborane -194.6 9.4 336.7 241.2 -157.7 16.1 437.8 = 
CH. Dipropylamine 11561 2150 S 
Сен Diisopropylamine -178.5 -143.8 = 
Сен riethylamine -127.7 219.9 -92.7 ° 
CHL NO 2-Diethylaminoethanol -305.9 =] 
C H, NO; riethanolamine -664.2 389.0 -558.3 5 
C.H, № 1,6-Hexanediamine -205.0 » 
C H, МОР Hexamethylphosphoric triamide 321.0 < 
C H, 0Si, Hexamethyldisiloxane -815.0 -541.5 433.8 3114 -771.1 -534.5 535.0 238.5 5 
C; Mo0; Molybdenum hexacarbonyl -982.8 -877.7 325.9 242.3 -912.1 -856.0 490.0 205.0 "d 
CN, Tetracyanoethene 623.8 705.0 я 
GF, Perfluorotoluene -1311.1 355.5 262.3 ° 
Са Perfluoromethylcyclohexane -2931.1 353.1 -2897.2 m 
СБ Perfluoroheptane -3420.0 561.8 419.0 -3383.6 = 
C; H.F; 2,3,4,5,6-Pentafluorotoluene -883.8 306.4 225.8 -842.7 = 
C;H,CL,0 3-Chlorobenzoyl chloride -189.7 s 
СНО; 3,5-Dinitrobenzoic acid -409.8 © 
C;H,CI0 Benzoyl chloride -158.0 -103.2 = 
С,Н,С00, 2-Chlorobenzoic acid -404.5 -325.0 a 
СНО; 3-Chlorobenzoic acid -424.3 -842.3 Е 
C;H,CI0, 4-Chlorobenzoic acid -428.9 163.2 -341.0 < 
(5,555 (Trifluoromethyl)benzene 188.4 A 
С-Н. Benzonitrile 163.2 209.1 165.2 215.7 > 
C,H.NO Benzoxazole -242 448 E^ 
C,H.NO, 2-Nitrobenzoic acid -378.8 a 
СНО, 3-Nitrobenzoic acid -394.7 = 
C,H.NO, 4-Nitrobenzoic acid -392.2 2 
СНО; 2,4,6-Trinitrotoluene -63.2 2433 > 
СНА 1H-Benzimidazole 79.5 181.7 2 
CH N 1H-Indazole 151.9 243.0 2 
СНО, 1-Methyl-2,4-dinitrobenzene -66.4 332 un 
C; H0 Benzaldehyde -87.0 2212 172.0 -36.7 
C; H0; Benzoic acid -385.2 167.6 146.8 -294.0 
C;H,O; Salicylaldehyde 222.0 
C;H,O; 3-(2-Furanyl)-2-propenal -182.0 -105.9 
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СНО 2-Hydroxybenzoic acid -589.9 -494.8 

C;H;Br 4-Bromotoluene 12.0 

C;H;CI 2-Chlorotoluene 166.8 

C; H;CI (Chloromethyl)benzene -32.5 18.9 

C;H;F 4-Fluorotoluene -186.9 171.2 -147.4 > 
C;H;NO Benzamide -202.6 -100.9 = 
C;H;NO; Aniline-2-carboxylic acid -380.4 -296.0 > 
C;H;NO, Aniline-3-carboxylic acid -389.8 -283.6 2 
C;H;NO, Aniline-4-carboxylic acid -391.9 -296.7 » 
C;H;NO; 2-Nitrotoluene -9.7 ж 
C;H;NO, 3-Nitrotoluene -31.5 zi 
C;H;NO,; 4-Nitrotoluene -48.1 1723 31.0 = 
C;H;NO, (Nitromethyl)benzene -228 30.7 m 
CHNO, Salicylaldoxime -183.7 я 
CH, Toluene 12.4 1573 50.5 < 
СНО Phenylurea -218.6 = 
C;H,0 o-Creso -204.6 165.4 154.6 -128.6 < 
СНО m-Creso -194.0 212.6 224.9 -132.3 2 
СНО p-Creso -199.3 167.3 1502 -1254 2 
C;H,0 Benzyl alcohol -160.7 216.7 217.9 -100.4 = 
(-Н,0 Anisole -1148 -67.9 б 
C;Hj Benzylamine 342 944 = 
СН» 2-Methylaniline -63 56.4 167.6 351.0 1302 о 
CH, 3-Methylaniline -8.1 54.6 165.4 352.5 125.5 = 
CH, 4-Methylaniline -235 553 167.7 347.0 126.2 ж 
CH; A-Methylaniline 207.1 = 
C;Hj 1-Cyclohexenecarbonitrile 48.1 101.6 2 
СН» 2,3-Dimethylpyridine 9.4 243.7 189.5 67.1 2 
C;Hj 2,4-Dimethylpyridine 6.1 248.5 184.8 63.6 g 
C;Hj 2,5-Dimethylpyridine 87 248.8 184.7 66.5 A 
СН» 2,6-Dimethylpyridine 27 244.2 185.2 58.1 m 
C,H, 3,4-Dimethylpyridine 83 240.7 191.8 68.8 = 
C,H, 3,5-Dimethylpyridine 22.5 241.7 184,5 72.0 < 
CH, 0, Ethyl 2-pentynoate -301.8 -250.3 б 
С.Н. 0, Methyl 2-hexynoate -242.7 Р 
CH, CI 0, Isopentyl trichloroacetate -580.9 -523.1 e 
CHN Cyclohexanecarbonitrile -47.2 48 с 
СН» Bicyclo[2.2.1]heptane -95.1 -54.8 5 
C; Hi; 1-Methylbicyclo(3,1,0)hexane -332 17 т 
C; Hi Methylenecyclohexane -61.3 -25.2 > 
СН» Vinylcyclopentane -34.8 ГЭ 
СН» 1-Ethylcyclopentene -53.3 -19.8 9 
СНО 2-Methylenecyclohexanol -277.6 

C; H0; Butyl acrylate -422.6 251.0 -375.3 

C7Hi204 Diethyl malonate 285.0 

С.Н. 000, Butyl 2-chloropropanoate -571.7 -517.3 
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Crystal Liquid Gas 
A, H° A, G° 5% t, A, H° A,& 5% [^ A, H° A G° 5% с, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

C,H,,C10, Isobutyl 2-chloropropanoate -603.1 -549.6 

(5Н, 00, Butyl 3-chloropropanoate -557.9 -502.3 9 
C;H44CIO; Isobutyl 3-chloropropanoate -572.6 -517.3 < 
С.Н. 000, Propyl 2-chlorobutanoate -630.7 -578.4 2 
СН, Heptanenitrile -82.8 -31.0 с 
ШІ 1-Heptene -97.9 327.6 211.8 -62.3 > 
C; Hi, cis-2-Heptene -105.1 с 
СН trans-2-Heptene -109.5 2 
C; Hs cis-3-Heptene -104.3 = 
СН trans-3-Heptene -109.3 S 
C Hu 5-Methyl-1-hexene -100.0 -65.7 = 
СН Cis-3-Methyl-3-hexene -115.9 -794 © 
СНа trans-3-Methyl-3-hexene -112.7 -76.8 с 
C; Hu 2,4-Dimethyl-1-pentene -117.0 -83.8 5 
C; Hi 4,4-Dimethyl-1-pentene -110.6 -81.6 > 
СН 2,4-Dimethyl-2-pentene -123.1 -88.7 < 
СН cis-4,4-Dimethyl-2-pentene -105.3 -72.6 5 
C Hu trans-4,4-Dimethy|-2-pentene -121.7 -88.8 == 
CH. 2-Ethyl-3-methyl-1-butene -114.1 -79.5 x 
C; Hu 2,3,3-Trimethyl-1-butene -117.7 -85.5 ° 
M Cycloheptane -156.6 -118.1 = 
CH Methylcyclohexane -1901 1848 1547 = 
ИШ Ethylcyclopentane -1634 279.9 -126.9 = 
СН 1,1-Dimethylcyclopentane -1721 -138.2 m 
СН. cis-1,2-Dimethylcyclopentane -165.3 269.2 -129.5 © 
СН trans-1,2-Dimethylcyclopentane -171.2 -136.6 = 
СНа cis-1,3-Dimethylcyclopentane -170.1 -135.8 б 
СН, trans-1,3-Dimethylcyclopentane -168.1 -133.6 Е 
СН 1,1,2,2-Tetramethylcyclopropane -119.8 2 
C,H, Во 1,2-Dibromoheptane -212.3 -157.9 A 
CH 0 1-Heptanal -3115 335.4 230.1 -2638 > 
C;H,40 2-Heptanone 232.6 m 
СНО 3-Heptanone -2971 a 
CH, 0 4-Heptanone -298.3 = 
C;H40 2,2-Dimethyl-3-pentanone -356.1 -313.6 M 
C;H40 2,4-Dimethyl-3-pentanone -352.9 318.0 233.7 -311.3 > 
СНО Cis-2-Methylcyclohexanol -390.2 -327.0 2 
CH, 0 trans-2-Methylcyclohexanol, (+) -415.7 -352.5 2 
C;H,,0 cis-3-Methylcyclohexanol, (+) -416.1 -350.9 Un 
CH, 0 trans-3-Methylcyclohexanol, (+) -394.4 -3291 

CH, 0 cis-4-Methylcyclohexanol -413.2 -347.5 

CH, 0 trans-4-Methylcyclohexanol -433.3 -367.2 

СНО; Heptanoic acid -6102 265.4 -536.2 
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СНА Pentyl acetate 261.0 

СНО, Isopentyl acetate 248.5 

C;H40; Ethyl pentanoate -553.0 -505.9 

C; H0; Ethyl 3-methylbutanoate -571.0 -527.0 

СНО; Ethyl 2,2-dimethylpropanoate -577.2 -536.0 T 
CH, 0; Methyl hexanoate -540.2 -492.2 - 
СНО o-Methylglucoside -12333 > 
СІН Вг 1-Bromoheptane -218.4 -167.8 2 
СН Нерїапе -2242 2247 -187.6 > 
C; His 2-Methylhexane -229.5 323.3 222.9 -194.5 ж 
C; Hg 3-Methylhexane -226.4 -191.3 zi 
C; Hi 3-Ethylpentane -2249 3145 219.6 -189.5 = 
C; Hg 2,2-Dimethylpentane -238.3 300.3 221.1 -205.7 m 
C; His 2,3-Dimethylpentane -233.1 -198.7 я 
C; Hi 2,4-Dimethylpentane -234.6 303.2 2242 -201.6 < 
СН 3,3-Dimethylpentane -2342 -201.0 = 
C; His 2,2,3-Trimethylbutane -236.5 2922 213.5 -204.4 к< 
CH, О 1-Heptanol -403.3 2124 -336.5 2 
С.Н. 0 tert-Butyl isopropyl ether -392.8 -358.1 2 
CH, 0, 1,7-Heptanediol -5742 = 
CH, 0; 2,2-Diethoxypropane -538.9 -506.9 б 
С.Н. в 1-Heptanethiol -200.5 -149.9 = 
C,H,0; Phthalic anhydride -460.1 180.0 160.0 -371.4 © 
C,H,NO, 1H-Indole-2,3-dione -268.2 = 
CeH,0, Phthalic acid -182.0 207.9 188.1 ж 
С.Н0, sophthalic acid -803.0 -696.3 = 
СНО, erephthalic acid -816.1 -717.9 m 
C H,S Benzo[b]thiophene 100.6 166.3 

C H;N 1H-Indole 86.6 156.5 ° 
Сан; Styrene 103.8 182.0 147.9 б 
C H,0 Phenyl vinyl ether -26.2 22.7 m 
CH,O Acetophenone -142.5 -86.7 = 
CH,0, o-Toluic acid -416.5 174,9 < 
Са О; m-Toluic acid -426.1 163.6 a 
Са О; p-Toluic acid -429.2 169.0 Р 
СНО, Methyl benzoate -343.5 221.3 -287.9 e 
СНО, Methyl salicylate 249.0 с 
CHNO Acetanilide -209.4 179.3 5 
С.Н, 1,7-Octadiyne 3344 - 
СН Ethylbenzene -12.3 183.2 29.9 > 
Са 0-Xylene -244 186.1 191 ГЭ 
M m-Xylene 254 183.0 173 9 
СН p-Xylene -244 181.5 18.0 

C H, 0 2-Ethylphenol -208.8 -145.2 

C IH, 0 3-Ethylphenol -2143 -146.1 

C IH, 0 4-Ethylphenol -2244 206.9 -144.1 
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Crystal Liquid Gas 
АД" 446% 5: с, АВ" A G° 5° с, АВ" 446% 5: б, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

C H, 0 2,3-Xylenol -241.1 -157.2 

C IH, 0 2,4-Xylenol -228.7 -163.8 а 
C IH, 0 2,5-Xylenol -246.6 -161.6 < 
C IH, 0 2,6-Xylenol -237.4 -162.1 т” 
СН, 3,4-Xylenol -242.3 -157.3 с 
C IH, 0 3,5-Xylenol -244.4 -162.4 > 
C H, 0 Benzeneethanol 252.6 = 
(51:60 Ethoxybenzene -152.6 228.5 -101.6 - 
Сан (0; 1,2-Dimethoxybenzene -290.3 -223.3 = 
C H, N N-Ethylaniline 82 56.3 = 
CHa N N,N-Dimethylaniline 46.0 00.5 z 
Сан N 2,4-Dimethylaniline -392 © 
СНИМ 2,5-Dimethylaniline -38.9 о 
CoH N 2,6-Dimethylaniline 238.9 Б 
СН, 1-Octen-3-yne 140.7 » 
Cs Hio Cis-1,2-Divinylcyclobutane 1243 166.5 < 
Сан» trans-1,2-Divinylcyclobutane 101.3 143.5 5 
Сан № 2,2'-Azobis[isobutyronitrile] 228.9 == 
(51:50, 2,2,4,4- Tetramethyl-1,3-cyclobutanedione -379.9 -307.6 я 
CeHi4 Ethylidenecyclohexane -103.5 -59.5 ° 
ст Allylcyclopentane -64.5 -241 m 
C.H, CIN; Atrazine 1254 = 
СН 40; Butanoic anhydride 283.7 = 
(aH, О; 3-Methylbutyl 2-chloropropanoate -627.3 -575.0 s 
C H, 010, 3-Methylbutyl 3-chloropropanoate -593.4 -539.4 ° 
С.Н, № Octanenitrile -107.3 -50.5 = 
ТИ 1-Octene -1245 2410 -81.3 a 
CeHig cis-2-Octene -135.7 239.0 Е 
Са 6 trans-2-Octene -135.7 239.0 = 
Саны Cis-2,2-Dimethyl-3-hexene -126.4 -89.3 A 
Cilie trans-2,2-Dimethyl-3-hexene -144.9 -107.7 > 
СН 3-Ethyl-2-methyl-1-pentene -137.9 -100.3 E^ 
бас 2,4,4-Trimethyl-1-pentene -145.9 -110.5 a 
Саны 2,4,4-Trimethyl-2-pentene -1424 -104.9 == 
ШЕ Cyclooctane -167.7 -1244 2 
Саны Ethylcyclohexane -212.1 280.9 211.8 -171.5 > 
байс 1,1-Dimethylcyclohexane -218.7 267.2 209.2 -180.9 2 
Са 6 cis-1,2-Dimethylcyclohexane -211.8 2741 210.2 -172.1 2 
C, Hi; trans-1,2-Dimethylcyclohexane -218.2 273.2 209.4 -179.9 un 
бас cis-1,3-Dimethylcyclohexane -222.9 272.6 209.4 -184.6 

Сан trans-1,3-Dimethylcyclohexane -215.7 276.3 212.8 -176.5 

Са 6 cis-1,4-Dimethylcyclohexane -215.6 2714 212.1 -176.6 

Саны trans-1,4-Dimethylcyclohexane -2224 268.0 210.2 -184.5 
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Са Propylcyclopentane -188.8 310.8 216.3 -147.7 

Саны 1-Ethyl-1-methylcyclopentane -193.8 

Сане Cis-1-Ethyl-2-methylcyclopentane -190.8 

СН, trans-1-Ethy|-2-methylcyclopentane -195.1 -156.2 

байс Cis-1-Ethyl-3-methylcyclopentane -1944 F 
СН» trans-1-Ethy|-3-methylcyclopentane -196.0 - 
С,Н,0 Octanal -291.9 365.4 > 
(5160 2-Ethylhexanal -348.5 -299.6 ё 
C.H, 0 2-Octanone 273.3 » 
C H; О 2.2,4-Trimethyl-3-pentanone -381.6 -338.3 ж 
CH, 0, Octanoic acid -636.0 297.9 -5543 о 
C H, 0, 2-Ethylhexanoic acid -635.1 -559.5 = 
C.H, 0; Hexyl acetate 282.8 = 
CH, 0; Isobutyl isobutanoate -587.4 -542.9 ж 
C H,,0, Propyl pentanoate -583.0 -533.6 < 
CIH, 0, Isopropyl pentanoate -592.2 -544.9 = 
CH, 0, Methyl heptanoate -567.1 285.1 -515.5 к 
Сан Вг 1-Bromooctane -245.1 -189.3 2 
C4H4,CI 1-Chlorooctane -291.3 -238.9 2 
САН МО Octanamide -473.2 -362.7 = 
Са Octane -250.1 254.6 -208.5 a 
Сан 2-Methylheptane -255.0 356.4 252.0 -215.3 = 
OH, 3-Methylheptane, (5) -252.3 362.6 250.2 -212.5 =) 
ҰШ 4-Methylheptane -251.6 2511 -2119 = 
Сн 3-Ethylhexane -2504 -210.7 = 
Са 6 2,2-Dimethylhexane -261.9 -224.5 = 
Cau 2,3-Dimethylhexane -252.6 -213.8 m 
C His 2,4-Dimethylhexane -257.0 -2192 

бан 2,5-Dimethylhexane -260.4 249.2 -2225 g 
бан, 3,3-Dimethylhexane -257.5 246.6 -219.9 б 
C, His 3,4-Dimethylhexane -251.8 -212.8 m 
Сана 3-Ethyl-2-methylpentane -249.6 -211.0 2 
СН 3-Ethyl-3-methylpentane -252.8 -214.8 < 
Са 2,2,3-Trimethylpentane -256.9 -220.0 ГЭ 
ЫЗ 2,2,4-Trimethylpentane -259.2 239.1 -224.0 Р 
Сав 2,3,3-Trimethylpentane -253.5 2455 -216.3 СА 
Сан 2,3,4-Trimethylpentane -255.0 329.3 241.3 -217.3 е 
Сан 2,2,3,3-Tetramethylbutane -269.0 213.7 239.2 -226.0 5 
C H,,N, Azobutane -40.1 92 =i 
C H, 0 1-Octanol -426.5 305.2 -355.6 > 
CIH, 0 2-0ctanol 330.1 б 
CIH, 0 2-Ethyl-1-hexanol -432.8 347.0 317.5 -365.3 9 
СН 0 Dibutyl ether -377.9 278.2 -332.8 

C H,,0 Di-sec-butyl ether -401.5 -360.6 

С.Н,0 Di-fert-butyl ether -399.6 216.1 -362.0 

СеН,0 tert-Butyl isobutyl ether -4091 -369.0 
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Crystal Liquid Gas 

АН? 4,6% 5% t, A,H° A,& 5% [^ АН? A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C H, 0; 1,8-0ctanediol -626.6 
Сан 0; 2,5-Dimethyl-2,5-hexanediol -681.7 аз 
Сан 0 Diethylene glycol monobuty! ether 354.9 < 
СаН 0; Diethylene glycol diethyl ether 3414 т” 
СаН 405 Dibutyl sulfite -693.1 -625.3 с 
Сан 0; etraethylene glycol -981.7 428.8 -883.0 > 
САН S Dibutyl sulfide -220.7 405.1 284.3 -167.7 = 
CIH, S Di-sec-butyl sulfide -220.7 -167.7 - 
PS Di-tert-butyl sulfide -232.6 -188.8 = 
CIH, S Diisobutyl sulfide -2292 -180.5 S 
CIH, S; Dibutyl disulfide -222.9 -160.6 < 
CIH, S; Di-fert-butyl disulfide -255.2 -201.0 © 
C H, N Dibutylamine -206.0 292.9 -156.6 = 
CIH, N Diisobutylamine -218.5 -179.2 5 
C H, BrN etraethylammonium bromide -942.7 » 
C IH,0,Si Ethyl silicate 533.1 364.4 < 
C H, Pb etraethyl lead 52.7 464.6 307.4 09.6 5 
СН etraethylsilane 298.1 == 
CIH МО; oluene-2,4-diisocyanate 287.8 я 
C,H;N Quinoline 1412 200.5 ° 
C,H;N soquinoline 1443 216.0 196.2 204.6 m 
C,H;NO 2-Quinolinol -144.9 -255 = 
C,H;NO 8-Quinolinol 82.1 = 
Сон; пдепе 110.6 2153 186.9 163.4 9 
СНО, 2-(Acetyloxy)benzoic acid -815.6 © 
CoHig Cyclopropylbenzene 100.3 150.5 = 
CoHio ndan 115 234.4 190.2 60.3 a 
C; Hi СМО Diuron -329.0 = 
Сон № 2,2'-Dipyrrolylmethane 126.2 < 
C H, 0, Ethyl benzoate 246.0 A 
СН 0; Benzyl acetate 148.5 » 
CIH, NO; L-Phenylalanine -466.9 213.6 203.0 -312.9 m 
C.H. МО; 1-Туговіпе -685.1 214.0 2164 a 
На Propylbenzene -38.3 287.8 214.7 7.9 == 
Сан; Isopropylbenzene -41.1 210.7 40 2 
Сан 2-Ethyltoluene -464 13 > 
СН; 3-Ethyltoluene -48.7 -18 2 
СН; 4-Elhyltoluene 298 32 2 
C, Hi; 1,2,3-Trimethylbenzene -58.5 267.9 216.4 -9.5 9 
vM 1,2,4-Trimethylbenzene -61.8 215.0 -13.8 
Сану; 1,3,5-Trimethylbenzene -63.4 209.3 -15.9 
СН;0 2-|sopropylphenol -233.7 -182.2 
Сан 0 3-Isopropylphenol -252.5 -196.0 


4-|sopropylphenol -265.9 -209.4 
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Isopropylbenzene hydroperoxide -148.3 -78.4 

Ethyl 3,5-dimethylpyrrole-2-carboxylate -474.5 

Ethyl 2,4-dimethylpyrrole-3-carboxylate -463.2 

Ethyl 2,5-dimethylpyrrole-3-carboxylate -478.7 > 
Ethyl 4,5-dimethylpyrrole-3-carboxylate -470.3 - 
Isophorone 253.5 > 
Triacetin -1330.8 458.3 384.7 -1245.0 2 
3-Ethyl-2,4,5-trimethylpyrrole -09.2 » 
1-Nonyne 163 623 ж 
Nonanedioic acid -1054.3 zi 
2.2,6,6-Tetramethyl-4-piperidinone -334.2 -273.4 = 
Propylcyclohexane -237.4 311.9 242.0 -192.3 m 
10,30,5B-1,3,5-Trimethylcyclohexane -212.1 я 
2-Мопапопе -397.2 -340.7 2 
5-Nonanone -398.2 4014 303.6 -844.9 = 
2,6-Dimethyl-4-heptanone -408.5 297.3 -357.6 к 
Nonanoic acid -659.7 362.4 -577.3 2 
Butyl pentanoate -613.3 -560.2 2 
5ес-Вщу! pentanoate -624.2 -573.2 = 
Isobutyl pentanoate -620.0 -568.6 Q 
Methyl octanoate -590.3 -533.9 = 
N-Butylpiperidine -171.8 © 
2,2,6,6-Tetramethylpiperidine -206.9 -159.9 = 
Nonane -274.7 2844 -228.2 ж 
2.2-Dimethylheptane -288.1 = 
2,2,3-Trimethylhexane -282.7 m 
2,2,4-Trimethylhexane -282.8 

2.2,5-Trimethylhexane -293.3 g 
2,3,3-Trimethylhexane -281.1 A 
2,3,5-Trimethylhexane -284.0 -242.6 m 
2,4,4-Trimethylhexane -280.2 E 
3,3,4- Trimethylhexane -277.5 < 
3,3-Diethylpentane -275.4 278.2 -233.3 б 
3-Ethyl-2,2-dimethylpentane -272.7 Р 
3-Ethyl-2,4-dimethylpentane -269.7 e 
2,2,3,3-Tetramethylpentane -278.3 271.5 -237.1 е 
2,2,3,4-Tetramethylpentane -277.7 -236.9 5 
2.2,4,4- Tetramethylpentane -280.0 266.3 -241.6 = 
2,3,3,4-Tetramethylpentane -277.9 -236.1 > 
Tetraethylurea -403.0 б 
1-Nonanol -453.4 -376.5 9 
1,9-Nonanediol -657.6 

Tripropylamine -207.1 -161.0 

2-Quinolinecarbonitrile 246.5 


3-Quinolinecarbonitrile 2423 
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Crystal Liquid Gas 

АН? 4,6% 5% t, A,H° A G° 5% [^ АН? A,&° s° C, 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
СНО, 1,5-Dinitronaphthalene 29.8 
C44H4N;O, 1,8-Dinitronaphthalene 39.7 аз 
СО 1-Chloronaphthalene 54.6 212.6 119.8 < 
бү 2-Chloronaphthalene 554 1374 т” 
С.НИ 1-lodonaphthalene 161.5 233.8 с 
Сыны 2-lodonaphthalene 1443 235.1 > 
Ci H;NO, 1-Nitronaphthalene 42.6 1112 5 
Со Naphthalene 78.5 201.6 167.4 165.7 150.6 2241 333.1 131.9 НЕ 
СЫҢ; Aulene 2123 289.1 = 
Ci H4O 1-Naphthol -1215 166.9 -30.4 S 
С 6150 2-Naphthol -1241 -29.9 = 
СН 1-Naphthylamine 67.8 132.8 ° 
СНМ 2-Naphthylamine 60.2 1343 5 
City 1,2-Dihydronaphthalene 71.6 > 
M 1,4-Dihydronaphthalene 84.2 > 
C. H, 0 1-Tetralone -209.6 < 
C Ha; Dimethyl phthalate 303.1 5 
Cig yO, Dimethyl isophthalate -730.9 == 
С.Н 0, Dimethyl terephthalate -132.6 261.1 я 
СН 1,2,3,4-Tetrahydronaphthalene -29.2 217.5 26.0 ° 
Cua Butylbenzene -63.2 3212 2434 -11.8 m 
(Ти Sec-Butylbenzene, (+ -66.4 -184 = 
Са, tert-Butylbenzene -71.9 -23.0 = 
бии Isobutylbenzene -69.8 -21.9 s 
(Ши 1-Isopropyl-2-methylbenzene -73.3 © 
(Ти 1-Isopropyl-3-methylbenzene -78.6 = 
байн 1-Isopropyl-4-methylbenzene -18.0 236.4 a 
m 0-Diethylbenzene -68.5 Е 
СН m-Diethylbenzene -73.5 = 
СН p-Diethylbenzene -12.8 A 
СН, 3-Ethyl-1,2-dimethylbenzene -80.5 » 
TUM 4-Ethyl-1,2-dimethylbenzene -86.0 E^ 
СН. 2-Ethyl-1,3-dimethylbenzene -80.1 a 
Cua 2-Ethyl-1,4-dimethylbenzene -84.8 = 
M 1-Ethyl-2,4-dimethylbenzene -84.1 2 
Cua 1-Ethyl-3,5-dimethylbenzene -87.8 > 
Cua 1,2,4,5-Tetramethylbenzene -119.9 245.6 215.1 2 
С.Н,0 Thymo -3097 22185 2 
Саа Dipentene -50.8 249.4 -2.6 un 
Cats d-Limonene -54.5 2490 
(516 о-Ріпепе -16.4 283 
(016 B-Pinene НА 38.7 
Cio о-Тегріпеле -20.6 
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S В-Мугсепе 14.5 

байг cis, cis-2,6-Dimethyl-2,4,6-octatriene -24.0 

CigH О Ethylenediaminetetraacetic acid -1759.5 

СұН,0 Camphor, (ғ) -319.4 271.2 -267.5 

ИШ 1,1-Bicyclopentyl -178.9 > 
m cis-Decahydronaphthalene -219.4 265.0 232.0 -169.2 - 
CigHig trans-Decahydronaphthalene -230.6 264.9 228.5 -182.1 > 
Санио, Sebacic acid -1082.6 -921.9 2 
C. H, N Decanenitrile -158.4 -91.5 > 
СН» 1-Decene -173.8 425.0 300.8 -123.3 ж 
С.Н Cis-1,2-Di-tert-butylethene -163.6 о 
Со Butylcyclohexane -263.1 345.0 2710 -213.7 = 
C. H, 0; Decanoic acid -713.7 -684.3 -594.9 = 
Са Methyl попапоаје -616.2 -554.2 ж 
СА, МО; T-Nitrodecane -3515 < 
СН» Decane -300.9 314.4 -2495 = 
Сану 2-Methylnonane -309.8 420.1 313.3 -260.2 нд 
Сану 5-Methylnonane -307.9 423.8 3144 -258.6 2 
С НО 1-Decanol -478.1 370.6 -396.6 = 
C H,,0 Dipentyl ether 250.0 = 
Саро Diisopentyl ether 379.0 

C. H0; 1.10-Decanediol -678.9 = 
СұН»0; Ethylene glycol dibutyl ether 350.0 © 
Cio HS 1-Decanethio -309.9 -276.5 476.1 350.4 -211.5 = 
Со Dipentyl sulfide -266.4 -204.9 ж 
С 5 9 Diisopentyl sulfide -281.8 -221.5 = 
Сұ НМ Octyldimethylamine -232.8 m 
C,,H,0, 1-Naphthalenecarboxylic acid -333.5 -223.1 

СНО, 2-Naphthalenecarboxylic acid -3461 -232.5 ° 
ШІ! 1-Methylnaphthalene 56.3 254.8 2244 ^ 
M 2-Methylnaphthalene 449 220.0 196.0 106.7 m 
СНО; L-Tryptophan -415.3 251.0 238.1 2 
бића 1,1-Dimethylindan -53.6 -16 < 
СН 1-tert-Butyl-3-methylbenzene -109.7 о 
СН 1-fert-Butyl-4-methylbenzene -109.7 -57.0 Р 
СН, Pentamethylbenzene -144.6 -672 e 
M Spiro[5.5]undecane -244.5 -188.3 с 
M T-Undecene 3449 5 
C,,H,.0, Methyl decanoate -640.5 -573.8 - 
Ci Ho, Undecane -3272 344.9 -270.8 > 
C, H40 1-Undecanol -504.8 б 
С.Р Tris(perfluorobutyl)amine 418.4 9 
Сұң; Acenaphthylene 186.7 166.4 259.7 

C.) HN; Phenazine 237.0 328.8 

C H,0 Dibenzofuran -53 83.4 

СҢ Dibenzothiophene 120.0 205.1 


Crystal 
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A,H* 4,6% 5% t, A,H° [^ A, H° 
Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol J/molK kJ/mol 
0 Thianthrene 182.0 286.0 
Carbazole 101.7 200.7 un 
Acenaphthene 70.3 188.9 190.4 156.0 < 
Bipheny 994 209.4 198.4 181.4 т” 
trans-Azoxybenzene 243.4 342.0 с 
N-Nitrosodiphenylamine 2272 > 
Diphenyl ether -32.1 233.9 216.6 -14.9 52.0 Jg 
1-Naphthaleneacetic acid -359,2 - 
2-Naphthaleneacetic acid -371.9 = 
Diphenylamine 1302 2193 = 
2-Aminobiphenyl 93.8 1844 z 
4-Aminobiphenyl 81.0 ° 
p-Benzidine 70.7 = 
Diethyl phthalate -116.6 366.1 -688.4 5 
Cyclohexylbenzene -16.6 -16.7 » 
Diethyl 3,5-dimethylpyrrole-2,4-dicarboxylate -916.7 z 
3,9-Dodecadiyne 1978 5 
5,7-Dodecadiyne 181.5 "d 
1-tert-Buty|-3,5-dimethylbenzene -146.5 23 
Hexamethylbenzene -162.4 306.3 245.6 -77.4 ° 
Cyclohexylcyclohexane -273.7 -215.7 = 
Dodecanedioic acid -1130.0 -976.9 = 
Sucrose -2226.1 = 
B-D-Lactose -2236.7 ш 
1-Dodecene -226.2 360.7 -165.4 © 
Dodecanoic acid -774.6 404.3 -737.9 -642.0 = 
Methyl undecanoate -665.2 -593.8 a 
a-Lactose monohydrate -2404.1 Е 
1-Bromododecane -944.7 -269.9 = 
1-Chlorododecane -392.3 -321.1 A 
Dodecane -350.9 375:8 -289.4 > 
1-Dodecanol -528.5 438.1 -436.6 E^ 
Diethylene glycol dibutyl ether 452.0 DN 
ributylamine -281.6 Я 
ributyl phosphate 3794 2 
Xanthone -191.5 > 
Acridine 79.4 2732 2 
Phenanthridine 41.9 240.5 2 
Benzo[f]quinoline 50.6 233.7 Ф 
9H-Fluorene 89.9 207.3 203.1 175.0 
9-Acridinamine 592 
Benzophenone -34.5 224.8 54.9 
9-Methyl-9H-carbazole 05.5 201.0 
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Cutty Diphenylmethane 71.5 239.3 89.7 139.0 

C. H, N N-Benzylaniline 101.4 

С.Н № 4,4'-Diaminodiphenylmethane 270.9 

ЛІ Tridecanedioic acid -1148.3 

бай» 1-Tridecene 391.8 T 
C. H, 0; Methyl dodecanoate -693.0 -614.9 = 
m Tridecane 406.7 > 
C44 H0 1-Tridecanol -599.4 2 
СНО, 9,10-Anthracenedione -188.5 -75.7 > 
Сао; 9,10-Phenanthrenedione -154.7 -46.6 ж 
СНО, 1,4-Dihydroxy-9,10-anthracenedione -595.8 -471.7 zi 
M Anthracene 292 207.5 210.5 230.9 = 
CuHig Phenanthrene 16.2 215.1 220.6 207.5 m 
Сл Diphenylacetylene 312.4 225.9 8 
Сао; Benzil -153.9 -b55 < 
Слано, Benzoyl peroxide -369.4 -281.7 = 
С.Н cis-Stilbene 183.3 252.3 к 
СЫН» frans-Stilbene 36.9 2361 2 
CuHu 1,1-Diphenylethane 48.7 2 
СН 1,2-Diphenylethane 51.5 142.9 = 
C H> 1,3-Di-fert-butylbenzene -188.8 a 
С.Н 1,4-Di-fert-butylbenzene -212.0 = 
СМО Pentetic acid -2225.2 © 
С.Н Tetradecanenitrile -260.2 -174.9 = 
C H, 0; Tetradecanoic acid -833.5 432.0 -788.8 -693.7 ж 
С.Н,0; Methyl tridecanoate -717.9 -635.3 = 
Cu H, 0 1-Tetradecanol -629.6 388.0 -580.6 2 
C, H, 0, 2,2-Bis(4-hydroxyphenyl)propane -368.6 5 
СН 1,3-Di-fert-butyl-5-methylbenzene -245.8 E 
C О 2,6-Di-fert-butyl-4-methylphenol -410.0 -296.9 б 
СН, Decylcyclopentane -367.3 m 
0-1 50» Pentadecanoic acid -861.7 443.3 -811.7 -699.0 = 
Са НО, Methyl tetradecanoate -143.9 -656.9 < 
С.Н» 1-Pentadecanol -658.2 б 
C H; Fluoranthene 189.9 230.6 230.2 289.0 Р 
Ci Ho Pyrene 125.5 224.9 229.7 225.7 e 
(6504 Dibutyl phthalate -842.6 -750.9 с 
Саро о-Й-бішсо5е pentaacetate -2249.4 5 
Ci Ho 0, B-D-Glucose pentaacetate -2232.6 - 
Cis os Decylbenzene -218.3 -138.6 > 
CH; 1-Hexadecene -328.7 587.9 488.9 -248.4 б 
(41550, Hexadecanoic acid -891.5 4524 460.7 -838.1 -737.1 9 
Са Methyl pentadecanoate -771.0 -680.0 

C, авг 1-Вготоћехадесапе -444.5 -350.2 

Сыну Hexadecane -456.1 501.6 -374.8 

С.Н 1-Hexadecanol -686.5 422.0 -517.0 
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Crystal Liquid Gas 
A,H° A,& 5% t, A, H° A G° 5% [^ АН? A,&° s° C, 

Molecular Formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

C H, lN Tetrabutylammonium iodide -498.6 

CH. 0; Heptadecanoic acid -924.4 475.7 -865.6 аз 
m Benz[ajanthracene 170.8 293.0 < 
бий Chrysene 145.3 269.8 т” 
Са, 0-Terphenyl 298.8 274.8 337.1 369.1 с 
ба. р-Тегрїїепу! 163.0 285.6 278.7 279.0 > 
Саны Triphenylamine 234.7 326.8 Jg 
Сана ДР Triphenyl phosphate 397.5 356.2 - 
Са ће Triphenylphosphine 312.5 = 
C Has 1.3,5-Tri-tert-bulylbenzene -3200 S 
СаН,0, Oleic acid 577.0 = 
Сада Dibutyl зебасаје 619.0 © 
СаН;0; Stearic acid -947.7 501.5 -884.7 -781.2 5 
Са С] 1-Chlorooctadecane -5441 -446.0 7 
С На Octadecane -567.4 480.2 485.6 -414.6 > 
СН» rihexylamine -433.0 < 
C4 3,0 riphenylmethanol -25 5 
C, H, 0, Methyl oleate -734.5 -649.9 == 
C. H, 0; Methyl trans-9-octadecenoate -737.0 я 
СаНа Perylene 182.8 264.6 274.9 ° 
СаНа Benzo[a]pyrene 254.8 m 
Сана Diphenyl phthalate -489.2 = 
C, H, 0, Ethyl oleate -775.8 E 
Co Has D, Ethyl trans-9-octadecenoate -773.3 Un 
Cogs. Eicosanoic acid -1011.9 545.1 -940.0 -8124 © 
C4 H40;P ri-o-cresyl phosphate 570.0 578.0 = 
СУН Dibenz[a,h]Janthracene 2839 Q 
С-Н,0; trans-13-Docosenoic acid -960.7 Е 
0», 0; Butyl oleate -816.9 < 
СНО, Butyl stearate A 
СНз, Bis(2-ethylhexyl) phthalate 704.7 » 
(5415, Trioctylamine -585.0 E^ 
Costas 9,10-Diphenylanthracene 308.7 465.6 Nn 
байн 5-Butyldocosane -1135 -587.6 Я 
Са а 11-Butyldocosane -716.0 -593.4 M 
Сэ! 9,9'-Bianthracene 326.2 454.3 > 
Ca Ha 11-Decylheneicosane -848.0 -705.8 2 
M Dotriacontane 29683 6972 2 
бе Carbon (fullerene-Ceo) 2327.0 2302.0 426.0 520.0 2502.0 2442.0 544.0 512.0 9 
Cry Carbon (fullerene-C;,) 2555.0 2537.0 464.0 650.0 2755.0 2692.0 614.0 585.0 


THERMODYNAMIC PROPERTIES AS A FUNCTION ОЕ TEMPERATURE 
L. V. Gurvich, V. S. Iorish, V. S. Yungman, and O. V. Dorofeeva 


The thermodynamic properties Ç°(T), S? (T), H° (Т)-Н® (T), -[G? (Т)-Н% (T,)|/T and formation properties A; H° (T), A; G° (T), log Ку? (T) аге 
tabulated as functions of temperature in the range 298.15 to 1500 К for 80 substances in the standard state. The reference temperature, Т), is equal to 
298.15 K. The standard state pressure is taken as 1 bar (100,000 Pa). The tables are presented in the JANAF Thermochemical Tables format (Reference 
2). The numerical data are extracted from IVTANTHERMO databases except for C;H4O, С.Н,О, СНЕ, С,Н,О, C Hg, and СНМ, which are based 
upon TRC Tables. See the references for information on standard states and other details. 
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Order of Listing of Tables 


No. Formula Name State No. Formula Name State 
1 Ar Argon g 41 CuCly Copper dichloride cr, 1 
2 Br Bromine g 42 CuCly Copper dichloride g 
3 Br; Dibromine g 43 F Fluorine g 
4 BrH Hydrogen bromide g 44 Fy Difluorine g 
5 C Carbon (graphite) ст 45 ЕН Hydrogen fluoride g 
6 С Carbon (diamond) cr 46 Ge Germanium cr, | 
7 с, Dicarbon g 47 Ge Germanium g 
8 C; Tricarbon g 48 бео Germanium dioxide cr, 1 
9 СО Carbon oxide g 49 GeCl4 Germanium tetrachloride g 

10 CO, Carbon dioxide g 50 H Hydrogen g 

11 СН, Methane g 51 H> Dihydrogen g 

12 C,H, Acetylene g 52 HO Hydroxyl g 

13 CH, Ethylene g 53 H20 Water 1 

14 СН; Ethane g 54 H20 Water g 

15 C3H6 Cyclopropane g 55 I Todine g 

16 С.Н; Ргорапе 5 56 ђ Diiodine cr, 1 

17 C6H6 Benzene 1 57 L Diiodine g 

18 C6H6 Benzene g 58 IH Hydrogen iodide g 

19 Сун, Naphthalene сг, 1 59 к Potassium сг, 1 

20 СЫН; Naphthalene g 60 K Potassium g 

21 СН,О Formaldehyde g 61 K50 Dipotassium oxide cr, 1 

22 СН,О Methanol g 62 KOH Potassium hydroxide cr, 1 

23 C,H,O Acetaldehyde g 63 KOH Potassium hydroxide g 

24 C,H,O Ethanol g 64 КСІ Potassium chloride сг, 1 

25 С.Н,О, Acetic acid g 65 KCI Potassium chloride g 

26 С.Н,О Acetone g 66 № Dinitrogen g 

27 СНО Phenol g 67 NO Nitric oxide g 

28 CF, Carbon tetrafluoride g 68 NO; Nitrogen dioxide g 

29 CHF; Trifluoromethane g 69 NH3 Ammonia g 

30 CCIF, Chlorotrifluoromethane g 70 О Oxygen g 

31 CCLF, Dichlorodifluoromethane g 71 Ол Dioxygen g 

32 CHCIF, Chlorodifluoromethane g 72 5 Sulfur cr, 1 

33 СНМ Methylamine g 73 S Sulfur g 

34 СІ Chlorine g 74 S5 Disulfur g 

35 СІ, Dichlorine g 75 Sg Octasulfur g 

36 CIH Hydrogen chloride g 76 50» Sulfur dioxide g 

37 Cu Copper сг, 1 77 $1 5Шсоп cr 

38 Cu Copper g 78 Si Silicon g 

39 CuO Copper oxide cr 79 510) Silicon dioxide cr 

40 CuO Dicopper oxide cr 80 SiCl4 Silicon tetrachloride g 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 
TIK бг 89 -G*H*(T)yT H*H*(T,) AH? AG? Log K, 
1. ARGON Аг (g) 
298.15 20.786 154.845 154.845 0.000 0.000 0.000 0.000 
300 20.786 154.973 154.845 0.038 0.000 0.000 0.000 
400 20.786 160.953 155.660 2.117 0.000 0.000 0.000 
500 20.786 165.591 157.200 4.196 0.000 0.000 0.000 
600 20.786 169.381 158.924 6.274 0.000 0.000 0.000 
700 20.786 172.585 160.653 8.353 0.000 0.000 0.000 
800 20.786 175361 162.322 10.431 0.000 0.000 0.000 
900 20.786 177.809 163.909 12.510 0.000 0.000 0.000 
1000 20.786 179.999 165.410 14.589 0.000 0.000 0.000 
1100 20.786 181.980 166.828 16.667 0.000 0.000 0.000 
1200 20.786 183.789 168.167 18.746 0.000 0.000 0.000 
1300 20.786 185.453 169.434 20.824 0.000 0.000 0.000 
1400 20.786 186.993 170.634 22.903 0.000 0.000 0.000 
1500 20.786 188.427 171.773 24.982 0.000 0.000 0.000 
2. BROMINE Вг (g) 
298.15 20.786 175.017 175.017 0.000 111.870 82.379 -14,432 
300 20.786 175.146 175.018 0.038 111.838 82.196 -14,311 
400 20.787 181.126 175.833 2.117 96.677 75.460 —9.854 
500 20.798 185.765 177.373 4.196 96.910 70.129 —7.326 
600 20.833 189.559 179.097 6.277 97.131 64.752 —5.637 
700 20.908 192.776 180.827 8.364 97.348 59.338 -4.428 
800 21.027 195.575 182.499 10.461 97.568 53.893 —3.519 
900 21.184 198.061 184.093 12.571 97.796 48.420 -2.810 
1000 21.365 200.302 185.604 14.698 98.036 42.921 -2.242 
1100 21.559 202.347 187.034 16.844 98.291 37.397 -1.776 
1200 21.752 204.231 188.390 19.010 98.560 31.850 -1.386 
1300 21.937 205.980 189.676 21.195 98.844 26.279 -1.056 
1400 22.107 207.612 190.900 23.397 99.141 20.686 -0.772 
1500 22.258 209.142 192.065 25.615 99.449 15.072 -0.525 
3. DIBROMINE Вг, (2) 
298.15 36.057 245.467 245.467 0.000 30.910 3.105 -0.544 
300 36.074 245.690 245.468 0.067 30.836 2.933 -0.511 
332.25 36.340 249.387 245.671 1,235 pressure - 1 bar 
400 36.729 256.169 246.892 3.711 0.000 0.000 0.000 
500 37.082 264.406 249.600 7.403 0.000 0.000 0.000 
600 37.305 271.188 252.650 11.123 0.000 0.000 0.000 
700 37.464 276.951 255.720 14.862 0.000 0.000 0.000 
800 37.590 281.962 258.694 18.615 0.000 0.000 0.000 
900 37.697 286.396 261.530 22.379 0.000 0.000 0.000 
1000 37.793 290.373 264.219 26.154 0.000 0.000 0.000 
1100 37.883 293.979 266.763 29.938 0.000 0.000 0.000 
1200 37.970 297.279 269.170 33.730 0.000 0.000 0.000 
1300 38.060 300.322 271.451 37.532 0.000 0.000 0.000 
1400 38.158 303.146 273.615 41.343 0.000 0.000 0.000 
1500 38.264 305.782 275.673 45.164 0.000 0.000 0.000 


4. HYDROGEN BROMIDE HBr (g) 


298.15 29.141 198.697 198.697 0.000 —36.290 —53.360 9.348 
300 29.141 198.878 198.698 0.054 —36.333 —53.466 9.309 
400 29.220 207.269 199.842 2.971 —52.109 —55.940 7.305 
500 29.454 213.811 202.005 5.903 —52.484 —56.854 5.939 
600 29.872 219.216 204.436 8.868 —52.844 -57.694 5.023 
700 30.431 223.861 206.886 11.882 —53.168 —58.476 4.363 
800 31.063 227.965 209.269 14.957 —53.446 -59.214 3.866 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


4. HYDROGEN BROMIDE НВг (2) (continued) 


900 31.709 231.661 211.555 18.095 -53.677 -59.921 3.478 
1000 32.335 235.035 213.737 21.298 -53.864 -60.604 3.166 
1100 32.919 238.145 215.816 24.561 -54.012 -61.271 2.909 
1200 33.454 241.032 217.799 27.880 -54.129 -61.925 2.696 
1300 33.938 243.729 219.691 31.250 —54.220 -62.571 2.514 
1400 34.374 246.261 221.499 34.666 -54.291 -63.211 2.358 
1500 34.766 248.646 223.230 38.123 -54.348 -63.846 2.223 


5. CARBON (GRAPHITE) C (cr; graphite) 


298.15 8.536 5.740 5.740 0.000 0.000 0.000 0.000 
300 8.610 5.793 5.740 0.016 0.000 0.000 0.000 
400 11.974 8.757 6.122 1.054 0.000 0.000 0.000 
500 14.537 11.715 6.946 2.385 0.000 0.000 0.000 
600 16.607 14.555 7.979 3.945 0.000 0.000 0.000 
700 18.306 17.247 9.113 5.694 0.000 0.000 0.000 
800 19.699 19.785 10.290 7.596 0.000 0.000 0.000 
900 20.832 22.173 11.479 9.625 0.000 0.000 0.000 
1000 21.739 24.417 12.662 11.755 0.000 0.000 0.000 
1100 22.452 26.524 13.827 13.966 0.000 0.000 0.000 
1200 23.000 28.502 14.968 16.240 0.000 0.000 0.000 
1300 23.409 30.360 16.082 18.562 0.000 0.000 0.000 
1400 23.707 32.106 17.164 20.918 0.000 0.000 0.000 
1500 23.919 33.749 18.216 23.300 0.000 0.000 0.000 


6. CARBON (DIAMOND) С (cr; diamond) 


298.15 6.109 2.362 2.362 0.000 1.850 2.857 —0.501 
300 6.201 2.400 2.362 0.011 1.846 2.863 —0.499 
400 10.321 4.783 2.659 0.850 1.645 3.235 -0.422 
500 13.404 7.431 3.347 2.042 1.507 3.649 -0.381 
600 15.885 10.102 4.251 3.511 1.415 4.087 -0.356 
700 17.930 12.709 5.274 5.205 1.361 4.537 -0.339 
800 19.619 15.217 6.361 7.085 1.338 4.993 -0.326 
900 21.006 17.611 7.479 9.118 1.343 5.450 -0.316 
1000 22.129 19.884 8.607 11.277 1.372 5.905 —0.308 
1100 23.020 22.037 9.731 13.536 1.420 6.356 -0.302 
1200 23.709 24.071 10.842 15.874 1,484 6.802 -0.296 
1300 24.222 25.990 11.934 18.272 1.561 7.242 -0.291 
1400 24.585 27.799 13.003 20.714 1.646 7.675 -0.286 
1500 24.824 29.504 14.047 23.185 1.735 8.103 -0.282 


7.DICARBON С, (в) 


298.15 43.548 197.095 197.095 0.000 830.457 775.116 -135.795 
300 43.575 197.365 197.096 0.081 830.506 774.772 134.898 
400 42.169 209.809 198.802 4.403 832.751 755.833 98.700 
500 39.529 218.924 201.959 8.483 834.170 736.423 -76.933 
600 37.837 225.966 205.395 12.342 834.909 716.795 -62.402 
700 36.984 231.726 208.758 16.078 835.148 697.085 -52.016 
800 36.621 236.637 211.943 19.755 835.020 677.366 -44.227 
900 36.524 240.943 214.931 23.411 834.618 657.681 -38.170 
1000 36.569 244.793 217.728 27.065 834.012 638.052 -33.328 
1100 36.696 248.284 220.349 30.728 833.252 618.492 -29.369 
1200 36.874 251.484 222.812 34.406 832.383 599.006 -26.074 
1300 37.089 254.444 225.133 38.104 831.437 579.596 -23.288 
1400 37.329 257.201 227.326 41.824 830.445 560.261 -20.903 
1500 37.589 259.785 229.405 45.570 829.427 540.997 -18.839 
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THERMODYNAMIC PROPERTIES AS A FUNCTION ОҒ TEMPERATURE (continued) 


J/K-mol kJ/mol 
TIK ce 89 -G*H*(T)yT H*H*(T,) AH? AG? Log K, 
8. TRICARBON С; ($) 
298.15 42.202 237.611 237.611 0.000 839.958 774.249 —135.643 
300 42.218 237.872 237.611 0.078 839.989 773.841 -134.736 
400 43.383 250.164 239.280 4,354 841.149 751.592 -98.147 
500 44.883 260.003 242.471 8.766 841.570 729.141 -16.172 
600 46.406 268.322 246.104 13.331 841.453 706.659 -61.519 
700 47.796 275.582 249.807 18.042 840.919 684.230 -51.057 
800 48.997 282.045 253.440 22.884 840.053 661.901 -43.217 
900 50.006 287.876 256.948 27.835 838.919 639.698 -37.127 
1000 50.844 293.189 260.310 32.879 837.572 617.633 -32.261 
1100 51.535 298.069 263.524 37.999 836.059 595.711 -28.288 
1200 52.106 302.578 266.593 43,182 834.420 573.933 -24.982 
1300 52.579 306.768 269.524 48.417 832.690 552.295 -22.191 
1400 52.974 310.679 272.326 53.695 830.899 530.793 -19.804 
1500 53.307 314.346 275.006 59.010 829.068 509.421 -17.739 


9. CARBON OXIDE CO (g) 


298.15 29.141 197.658 197.658 0.000 -110.530 -137.168 24.031 
300 29.142 197.838 197.659 0.054 -110.519 -137.333 23.912 
400 29.340 206.243 198.803 2.976 -110.121 -146.341 19.110 
500 29.792 212.834 200.973 5.930 -110.027 -155.412 16.236 
600 30.440 218.321 203.419 8.941 -110.157 -164.480 14.319 
700 31.170 223.067 205.895 12.021 -110.453 -173.513 12.948 
800 31.898 227.217 208.309 15.175 -110.870 -182.494 11.915 
900 32.573 231.074 210.631 18.399 -111.378 -191.417 11.109 
1000 33.178 234.538 212.851 21.687 -111.952 -200.281 10.461 
1100 33.709 237.726 214.969 25.032 -112.573 -209.084 9.928 
1200 34.169 240.679 216.990 28.426 -113.228 -217.829 9.482 
1300 34.568 243.430 218.920 31.864 -113.904 -226.518 9.101 
1400 34.914 246.005 220.763 35.338 -114.594 -235.155 8.774 
1500 35.213 248.424 222.527 38.845 -115.291 —243.742 8.488 


10. САКВОХ DIOXIDE СО, (2) 


298.15 37.135 213.783 213.783 0.000 —393.510 —394.373 69.092 
300 37.220 214.013 213.784 0.069 —393.511 —394.379 68.667 
400 41.328 225.305 215.296 4.004 —393.586 -394.656 51.536 
500 44.627 234.895 218.280 8.307 -393.672 -394.914 41.256 
600 47.327 243.278 221.762 12.909 -393.791 -395.152 34.401 
700 49.569 250.747 225.379 17.758 -393.946 -395.367 29.502 
800 51.442 257.492 228.978 22.811 —394.133 —395.558 25.827 
900 53.008 263.644 232.493 28.036 —394.343 —395.724 22.967 
1000 54.320 269.299 235.895 33.404 —394.568 —395.865 20.678 
1100 55.423 274.529 239.172 38.893 —394.801 —395.984 18.803 
1200 56.354 279.393 242.324 44.483 -395.035 -396.081 17.241 
1300 57.144 283.936 245.352 50.159 -395.265 -396.159 15.918 
1400 57.818 288.196 248.261 55.908 -395.488 -396.219 14.783 
1500 58.397 292.205 251.059 61.719 —395.702 —396.264 13.799 


11. METHANE СН, (g) 


298.15 35.695 186.369 186.369 0.000 —74.600 —50.530 8.853 
300 35.765 186.590 186.370 0.066 —74.656 —50.381 8.772 
400 40.631 197.501 187.825 3.871 —77.703 —41.827 5.462 
500 46.627 207.202 190.744 8.229 -80.520 -32.525 3.398 
600 52.742 216.246 194.248 13.199 –82.969 -22.690 1.975 
700 58.603 224.821 198.008 18.769 -85.023 -12.476 0.931 
800 64.084 233.008 201.875 24.907 -86.693 -1.993 0.130 
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THERMODYNAMIC PROPERTIES AS A FUNCTION ОҒ TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K, 


11. МЕТНАМЕ CH, (2) (continued) 


900 69.137 240.852 205.773 31.571 —88.006 8.677 -0.504 
1000 73.746 248.379 209.660 38.719 -88.996 19.475 -1.017 
1100 71.919 255.607 213.511 46.306 -89.698 30.358 -1.442 
1200 81.682 262.551 217.310 54.289 -90.145 41.294 -1.797 
1300 85.067 269.225 221.048 62.630 -90.367 52.258 -2.100 
1400 88.112 275.643 224.720 71.291 -90.390 63.231 -2.359 
1500 90.856 281.817 228.322 80.242 -90.237 74.200 -2.584 


12. ACETYLENE С.Н, (g) 


298.15 44.036 200.927 200.927 0.000 227.400 209.879 —36.769 
300 44.174 201.199 200.927 0.082 227.397 209.770 -36.524 
400 50.388 214.814 202.741 4.829 227.161 203.928 -26.630 
500 54.751 226.552 206.357 10.097 226.846 198.154 -20.701 
600 58.121 236.842 210.598 15.747 226.445 192.452 -16.754 
700 60.970 246.021 215.014 21.704 225.968 186.823 -13.941 
800 63.511 254.331 219.418 27.931 225.436 181.267 —11.835 
900 65.831 261.947 223.726 34.399 224.873 175.779 —10.202 
1000 67.960 268.995 227.905 41.090 224.300 170.355 -8.898 
1100 69.909 275.565 231.942 47.985 223.734 164.988 -7.835 
1200 71.686 281.725 235.837 55.067 223.189 159.672 -6.950 
1300 73.299 287.528 239.592 62.317 222.676 154.400 -6.204 
1400 74.758 293.014 243.214 69.721 222.203 149.166 -5.565 
1500 76.077 298.218 246.709 77.264 221.774 143.964 —5.013 


13. ETHYLENE С.Н, (g) 


298.15 42.883 219.316 219.316 0.000 52.400 68.358 -11.976 
300 43.059 219.582 219.317 0.079 52.341 68.457 -11.919 
400 53.045 233.327 221.124 4.881 49.254 74.302 -9.703 
500 62.479 246.198 224.864 10.667 46.533 80.887 -8.450 
600 70.673 258.332 229.441 17.335 44.221 87.982 -7.659 
700 71.733 269.770 234.393 24.764 42.278 95.434 -7.121 
800 83.868 280.559 239.496 32.851 40.655 103.142 -6.734 
900 89.234 290.754 244.630 41.512 39.310 111.036 —6.444 
1000 93.939 300.405 249.730 50.675 38.205 119.067 -6.219 
1100 98.061 309.556 254.756 60.280 37.310 127.198 -6.040 
1200 101.670 318.247 259.688 70.271 36.596 135.402 -5.894 
1300 104.829 326.512 264.513 80.599 36.041 143.660 —5.772 
1400 107.594 334.384 269.225 91.223 35.623 151.955 —5.669 
1500 110.018 341.892 273.821 102.107 35.327 160.275 —5.581 


14. ЕТНАМЕ СН, (g) 


298.15 52.487 229.161 229.161 0.000 -84.000 -32.015 5.609 
300 52.711 229.487 229.162 0.097 -84.094 -31.692 5.518 
400 65.459 246.378 231.379 5.999 -88.988 -13.473 1.759 
500 77.941 262.344 235.989 13.177 -93.238 5.912 -0.618 
600 89.188 277.568 241.660 21.545 -96.779 26.086 -2.271 
700 99.136 292.080 247.835 30.972 -99.663 46.800 -3.492 
800 107.936 305.904 254.236 41.334 -101.963 67.887 -4.433 
900 115.709 319.075 260.715 52.525 -103.754 89.231 -5.179 
1000 122.552 331.628 267.183 64.445 -105.105 110.750 -5.785 
1100 128.553 343.597 273.590 77.007 -106.082 132.385 -6.286 
1200 133.804 355.012 279.904 90.131 -106.741 154.096 -6.708 
1300 138.391 365.908 286.103 103.746 -107.131 175.850 -7.066 
1400 142.399 376.314 292.178 117.790 -107.292 197.625 —7.373 
1500 145.905 386.260 298.121 132.209 —107.260 219.404 —7.640 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK с? 5° -(6С®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


15. CYCLOPROPANE С.Н; (g) 


298.15 55.571 237.488 237.488 0.000 53.300 104.514 -18.310 
300 55.941 237.832 237.489 0.103 53.195 104.832 -18.253 
400 76.052 256.695 239.924 6.708 47.967 122.857 -16.043 
500 93.859 275.637 245.177 15.230 43.730 142.091 -14.844 
600 108.542 294.092 251.801 25.374 40.405 162.089 —14.111 
700 120.682 311.763 259.115 36.854 37.825 182.583 —13.624 
800 130.910 328.564 266.755 49.447 35.854 203.404 -13.281 
900 139.658 344.501 274.516 62.987 34.384 224.441 -13.026 
1000 147.207 359.616 282.277 77.339 33.334 245.618 -12.830 
1100 153.749 373.961 289.965 92.395 32.640 266.883 -12.673 
1200 159.432 387.588 297.538 108.060 32.249 288.197 -12.545 
1300 164.378 400.549 304.967 124.257 32.119 309.533 -12.437 
1400 168.689 412.892 312.239 140.915 32.215 330.870 -12.345 
1500 172.453 424.662 319.344 157.976 32.507 352.193 -12.264 


16. PROPANE С.Н; (2) 


298.15 73.597 270.313 270.313 0.000 -103.847 -23.458 4.110 
300 73.931 270.769 270.314 0.136 —103.972 -22.959 3.997 
400 94.014 294.739 273.447 8.517 -110.33 15.029 -0.657 
500 112.591 317.768 280.025 18.872 -115.658 34.507 -3.605 
600 128.700 339.753 288.162 30.955 -119.973 64.961 -5.655 
700 142.674 360.668 297.039 44.540 -123.384 96.065 —7.168 
800 154.766 380.528 306.245 59.427 —126.016 127.603 -8.331 
900 165.352 399.381 315.555 75.444 -127.982 159.430 -9.253 
1000 174.598 417.293 324.841 92.452 -129.380 191.444 -10.000 
1100 182.673 434.321 334.026 110.325 -130.296 223.574 -10.617 
1200 189.745 450.526 343.064 128.954 -130.802 255.770 —11.133 
1300 195.853 465.961 351.929 148.241 —130.961 287.993 -11.572 
1400 201.209 480.675 360.604 168.100 -130.829 320.217 -11.947 
1500 205.895 494.721 369.080 188.460 -130.445 352.422 -12.272 


17. BENZENE СН, (1) 


298.15 135.950 173.450 173.450 0.000 49.080 124.521 -21.815 
300 136.312 174.292 173.453 .252 49.077 124.989 —21.762 
400 161.793 216.837 179.082 15.102 48.978 150.320 —19.630 
500 207.599 257.048 190.639 33.204 50.330 175.559 —18.340 


18. BENZENE СҮН, (2) 


298.15 82.430 269.190 269.190 0.000 82.880 129.750 —22.731 
300 83.020 269.700 269.190 0.153 82.780 130.040 -22.641 
400 113.510 297.840 272.823 10.007 77.180 146.570 -19.140 
500 139.340 326.050 280.658 22.696 73.740 164.260 -17.160 
600 160.090 353.360 290.517 37.706 70.490 182.680 -15.903 
700 176.790 379.330 301.360 54.579 67.910 201.590 -15.042 
800 190.460 403.860 312.658 72.962 65.910 220.820 -14.418 
900 201.840 426.970 324.084 92.597 64.410 240.280 -13.945 
1000 211.430 448.740 335.473 113.267 63.340 259.890 -13.575 
1100 219.580 469.280 346.710 134.827 62.620 277.640 -13.184 
1200 226.540 488.690 357.743 157.137 62.200 299.320 -13.029 
1300 232.520 507.070 368.534 180.097 62.000 319.090 -12.821 
1400 237.680 524.490 379.056 203.607 61.990 338.870 -12.643 
1500 242.140 541.040 389.302 227.607 62.110 358.640 —12.489 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(G*“H°(T))/T H*H*(T,) AH? AG? Log K; 


19. NAPHTHALENE C.H, (cr, 1) 


298.15 165.720 167.390 167.390 0.000 78.530 201.585 -35.316 

300 167.001 168.419 167.393 0.308 78.466 202.349 -35.232 

353.43 208.722 198.948 169.833 10.290 96.099 224.543 -33.186 
PHASE TRANSITION: A, Н = 18.980 kJ/mol, Дү, 5 = 53.702 J/K-mol, сг-1 

353.43 217.200 252.650 169.833 29.270 96.099 224.543 -33.186 

400 241.577 280.916 181.124 39.917 96.067 241.475 -31.533 

470 276.409 322.712 199.114 58.091 97.012 266.859 -29.658 


20. NAPHTHALENE CoH; (g) 


298.15 131.920 333.150 333.150 0.000 150.580 224.100 -39.260 
300 132.840 333.970 333.157 0.244 150.450 224.560 -39.098 
400 180.070 378.800 338.950 15.940 144.190 250.270 -32.681 
500 219.740 423.400 351.400 36.000 139.220 277.340 -28.973 
600 251.530 466.380 367.007 59.624 135.350 305.330 -26.581 
700 277.010 507.140 384.146 86.096 132.330 333.950 -24.919 
800 297.730 545.520 401.935 114.868 130.050 362.920 -23.696 
900 314.850 581.610 419.918 145.523 128.430 392.150 -22.759 
1000 329.170 615.550 437.806 177.744 127.510 421.700 -22.027 
1100 341.240 647.500 455.426 211.281 127.100 450.630 -21.398 
1200 351.500 677.650 472.707 245.932 126.960 480.450 -20.913 
1300 360.260 706.130 489.568 281.531 127.060 509.770 -20.482 
1400 367.780 733.110 506.009 317.941 127.390 539.740 -20.137 
1500 374.270 758.720 522.019 355.051 127.920 568.940 -19.812 


21. FORMALDEHYDE Н.СО (g) 


298.15 35.387 218.760 218.760 0.000 —108.700 -102.667 17.087 
300 35.443 218.979 218.761 0.066 -108.731 -102.630 17.869 
400 39.240 229.665 220.192 3.789 -110.438 -100.340 13.103 
500 43.736 238.900 223.028 7.936 -112.073 -97.623 10.198 
600 48.181 247.270 226.381 12.534 -113.545 -94.592 8.235 
700 52.280 255.011 229.924 17.560 -114.833 -91.328 6.815 
800 55.941 262.236 233.517 22.975 -115.942 -87.893 5.739 
900 59.156 269.014 237.088 28.734 -116.889 -84.328 4.894 
1000 61.951 275.395 240.603 34.792 -117.696 -80.666 4.213 
1100 64.368 281.416 244.042 41.111 —118.382 —16.929 3.653 
1200 66.453 287.108 247.396 47.655 —118.966 —73.134 3.183 
1300 68.251 292.500 250.660 54.392 —119.463 —69.294 2.784 
1400 69.803 297.616 253.833 61.297 —119.887 —65.418 2.441 
1500 71.146 302.479 256.915 68.346 —120.249 —61.514 2.142 


22. METHANOL СН;ОН (g) 


298.15 44.101 239.865 239.865 0.000 —201.000 —162.298 28.434 
300 44.219 240.139 239.866 0.082 —201.068 —162.057 28.216 
400 51.713 253.845 241.685 4.864 —204.622 —148.509 19.393 
500 59.800 266.257 245.374 10.442 —207.750 —134.109 14.010 
600 67.294 277.835 249.830 16.803 -210.387 -119.125 10.371 
700 73.958 288.719 254.616 23.873 -212.570 -103.737 7.741 
800 79.838 298.987 259.526 31.569 —214.350 -88.063 5.750 
900 85.025 308.696 264.455 39.817 -215.782 -72.188 4.190 
1000 89.597 317.896 269.343 48.553 -216.916 -56.170 2.934 
1100 93.624 326.629 274.158 57.718 —217.794 —40.050 1.902 
1200 97.165 334.930 278.879 67.262 —218.457 -23.861 1.039 
1300 100.277 342.833 283.497 77.137 -218.936 -7.624 0.306 
1400 103.014 350.367 288.007 87.304 -219.261 8.644 -0.322 
1500 105.422 357.558 292.405 97.729 -219.456 24.930 -0.868 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK ср 5° -(6®Н°(ТӘУТ Н°Н°(Т) AH? AG? Log K, 


23. ACETALDEHYDE  C;H40 (2) 


298.15 55.318 263.840 263.840 0.000 —166.190 -133.010 23.302 
300 55.510 264.180 263.837 0.103 -166.250 -132.800 23.122 
400 66.282 281.620 266.147 6.189 -169.530 -121.130 15.818 
500 76.675 297.540 270.850 13.345 -172.420 -108.700 11.356 
600 85.942 312.360 276.550 21.486 -174.870 -95.720 8.334 
700 94.035 326.230 282.667 30.494 -176.910 -82.350 6.145 
800 101.070 339.260 288.938 40.258 -178.570 -68.730 4.487 
900 107.190 351.520 295.189 50.698 -179.880 -54.920 3.187 
1000 112.490 363.100 301.431 61.669 -180.850 -40.930 2.138 
1100 117.080 374.040 307.537 73.153 -181.560 -27.010 1.283 
1200 121.060 384.400 313.512 85.065 -182.070 -12.860 0.560 
1300 124.500 394.230 319.350 97.344 -182.420 1.240 -0.050 
1400 127.490 403.570 325.031 109.954 -182.640 15.470 -0.577 
1500 130.090 412.460 330.571 122.834 -182.750 29.580 -1.030 


24. ETHANOL  C;H;OH (g) 


298.15 65.652 281.622 281.622 0.000 —234.800 -167.874 29.410 
300 65.926 282.029 281.623 0.122 -234.897 -167.458 29.157 
400 81.169 303.076 284.390 7.474 -239.826 -144.216 18.832 
500 95.400 322.750 290.115 16.318 -243.940 -119.820 12.517 
600 107.656 341.257 297.112 26.487 -247.260 -94.672 8.242 
700 118.129 358.659 304.674 37.790 -249.895 -69.023 5.151 
800 127.171 375.038 312.456 50.065 -251.951 -43.038 2.810 
900 135.049 390.482 320.276 63.185 -253.515 -16.825 0.976 
1000 141.934 405.075 328.033 77.042 -254.662 9.539 -0.498 
1100 147.958 418.892 335.670 91.543 -255.454 36.000 -1.709 
1200 153.232 431.997 343.156 106.609 -255.947 62.520 -2.721 
1300 157.849 444.448 350.473 122.168 -256.184 89.070 -3.579 
1400 161.896 456.298 357.612 138.160 -256.206 115.630 -4.314 
1500 165.447 467.591 364.571 154.531 -256.044 142.185 -4.951 


298.15 63.438 283.470 283.470 0.000 -432.249 -374.254 65.567 
300 63.739 283.863 283.471 0.118 -432.324 -373.893 65.100 
400 79.665 304.404 286.164 7.296 -436.006 -353.840 46.206 
500 93.926 323.751 291.765 15.993 -438.875 -332.950 34.783 
600 106.181 341.988 298.631 26.014 -440.993 -311.554 27.123 
700 116.627 359.162 306.064 37.169 -442.466 -289.856 21.629 
800 125.501 375.331 313.722 49.287 -443.395 -267.985 17.497 
900 132.989 390.558 321.422 62.223 -443.873 -246.026 14.279 
1000 139.257 404.904 329.060 75.844 -443.982 -224.034 11.702 
1100 144.462 418.429 336.576 90.039 -443.798 -202.046 9.594 
1200 148.760 431.189 343.933 104.707 -443.385 -180.086 7.839 
1300 152.302 443.240 351.113 119.765 -442.795 -158.167 6.355 
1400 155.220 454.637 358.105 135.146 -442.071 -136.299 5.085 
1500 157.631 465.432 364.903 150.793 -441.247 -114.486 3.987 


26. ACETONE  C;H;O (g) 


298.15 74.517 295.349 295.349 0.000 -217.150 -152.716 26.757 
300 74.810 295.809 295.349 0.138 -217.233 -152.339 26.521 
400 91.755 319.658 298.498 8.464 -222.212 -129.913 16.962 
500 107.864 341.916 304.988 18.464 -226.522 -106.315 11.107 
600 122.047 362.836 312.873 29.978 -230.120 -81.923 7.133 
700 134.306 382.627 321.470 42.810 -233.049 -56.986 4.252 
800 144.934 401.246 330.265 56.785 -235.350 -31.673 2.068 


5-68 


THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(G*“H°(T))/T H*H*(T,) AH? AG? Log K; 


26. ACETONE | С.Н,О (g) (continued) 


900 154.097 418.860 339.141 71.747 —237.149 —6.109 0.353 
1000 162.046 435.513 347.950 87.563 —238.404 19.707 —1.030 
1100 168.908 451.286 356.617 104.136 —239.283 45.396 -2.157 
1200 174.891 466.265 365.155 121.332 -239.827 71.463 —3.110 
1300 180.079 480.491 373.513 139.072 —240.120 97.362 -3.912 
1400 184.556 493.963 381.596 157.314 -240.203 123.470 -4.607 
1500 188.447 506.850 389.533 175.975 -240.120 149.369 -5.202 


27.PHENOL СНОО (g) 


298.15 103.220 314.810 314.810 0.000 —96.400 —32.630 5.720 
300 103.860 315.450 314.810 0.192 —96.490 —32.230 5.610 
400 135.790 349.820 319.278 12.217 —100.870 —10.180 1.330 
500 161.910 383.040 328.736 27.152 -104.240 12.970 -1.360 
600 182.480 414.450 340.430 44.412 -106.810 36.650 -3.190 
700 198.840 443.860 353.134 63.508 -108.800 60.750 -4.530 
800 212.140 471.310 366.211 84.079 —110.300 85.020 —5.550 
900 223.190 496.950 379.327 105.861 —111.370 109.590 —6.360 
1000 232.490 520.960 392.302 128.658 —111.990 134.280 —7.010 
1100 240.410 543.500 405.033 152.314 —112.280 158.620 —7.530 
1200 247.200 564.720 417.468 176.703 —112.390 183.350 —7.980 
1300 253.060 584.740 429.568 201.723 —112.330 208.070 -8.360 
1400 258.120 603.680 441.331 227.288 -112.120 233.050 —8.700 
1500 262.520 621.650 452.761 253.325 -111.780 257.540 —8.970 


28. CARBON TETRAFLUORIDE  CF,(g) 


298.15 61.050 261.455 261.455 0.000 —933.200 —888.518 155.663 
300 61.284 261.833 261.456 0.113 -933.219 -888.240 154.654 
400 72.399 281.057 264.001 6.822 -933.986 -873.120 114.016 
500 80.713 298.153 269.155 14.499 -934.372 -857.852 89.618 
600 86.783 313.434 275.284 22.890 -934.490 -842.533 73.348 
700 91.212 327.162 281.732 31.801 —934.431 -827.210 61.726 
800 94.479 339.566 288.199 41.094 -934.261 -811.903 53.011 
900 96.929 350.842 294.542 50.670 -934.024 —196.622 46.234 
1000 98.798 361.156 300.695 60.460 -933.745 -781.369 40.814 
1100 100.250 370.643 306.629 70.416 -933.442 -766.146 36.381 
1200 101.396 379.417 312.334 80.500 -933.125 -750.952 32.688 
1300 102.314 387.571 317.811 90.687 -932.800 —735.784 29.564 
1400 103.059 395.181 323.069 100.957 —932.470 —720.641 26.887 
1500 103.671 402.313 328.116 111.295 —932.137 —705.522 24.568 


29. TRIFLUOROMETHANE СНЕ; (2) 


298.15 51.069 259.675 259.675 0.000 —696.700 —662.237 116.020 
300 51.258 259.991 259.676 0.095 —696.735 —662.023 115.267 
400 61.148 276.113 261.807 5.722 —698.427 —650.186 84.905 
500 69.631 290.700 266.149 12.275 —699.715 —637.969 66.647 
600 76.453 304.022 271.368 19.593 —700.634 —625.528 54.456 
700 81.868 316.230 276.917 27.519 —701.253 —612.957 45.739 
800 86.201 327.455 282.542 35.930 —701.636 —600.315 39.196 
900 89.719 337.818 288.116 44.732 —701.832 —587.636 34.105 
1000 92.617 347.426 293.572 53.854 —701.879 —574.944 30.032 
1100 95.038 356.370 298.879 63.240 —701.805 —562.253 26.699 
1200 97.084 364.730 304.022 72.849 —701.629 —549.574 23.922 
1300 98.833 372.571 308.997 82.647 —701.368 —536.913 21.573 
1400 100.344 379.952 313.804 92.607 —701.033 —524.274 19.561 
1500 101.660 386.921 318.449 102.709 —700.635 —511.662 17.817 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


30. CHLOROTRIFLUOROMETHANE ССІЕ; (g) 


298.15 66.886 285.419 285.419 0.000 -707.800 -667.238 116.896 
300 67.111 285.834 285.421 0.124 -707.810 -666.986 116.131 
400 77.528 306.646 288.187 7.383 -708.153 -653.316 85.313 
500 85.013 324.797 293.734 15.532 -708.170 -639.599 66.818 
600 90.329 340.794 300.271 24.314 —707.975 —625.901 54.489 
700 94.132 355.020 307.096 33.547 —707.654 —612.246 45.686 
800 96.899 367.780 313.897 43.106 —707.264 —598.642 39.087 
900 98.951 379.317 320.536 52.903 —706.837 —585.090 33.957 
1000 100.507 389.827 326.947 62.880 —706.396 —571.586 29.856 
1100 101.708 399.465 333.108 72.993 —705.950 —558.126 26.503 
1200 102.651 408.357 339.013 83.213 —705.505 -544.707 23.710 
1300 103.404 416.604 344.668 93.517 -705.064 —531.326 21.349 
1400 104.012 424.290 350.084 103.889 —104.628 -517.977 19.326 
1500 104.512 431.484 355.273 114.316 -704.196 -504.660 17.574 


31. DICHLORODIFLUOROMETHANE  CCLF, (g) 


298.15 72.476 300.903 300.903 0.000 -486.000 -447.030 78.317 
300 72.691 301.352 300.905 0.134 -486.002 -446.788 77.192 
400 82.408 323.682 303.883 7.919 -485.945 -433.716 56.637 
500 89.063 342.833 309.804 16.514 -485.618 -420.692 43.949 
600 93.635 359.500 316.729 25.663 -485.136 -407.751 35.497 
700 96.832 374.189 323.909 35.196 -484.576 -394.897 29.467 
800 99.121 387.276 331.027 44.999 -483.984 -382.126 24.950 
900 100.801 399.053 337.942 55.000 -483.388 -369.429 21.441 
1000 102.062 409.742 344.596 65.146 -482.800 -356.799 18.637 
1100 103.030 419.517 350.969 75.402 -482.226 -344.227 16.346 
1200 103.786 428.515 357.061 85.745 -481.667 -331.706 14.439 
1300 104.388 436.847 362.882 96.154 -481.121 -319.232 12.827 
1400 104.874 444.602 368.445 106.618 -480.588 -306.799 11.447 
1500 105.270 451.851 373.767 117.126 -480.065 -294.404 10.252 


32. CHLORODIFLUOROMETHANE  CHCIF, (g) 


298.15 55.853 280.915 280.915 0.000 -475.000 -443.845 77.159 
300 56.039 281.261 280.916 0.104 —475.028 -443.652 77.246 
400 65.395 298.701 283.231 6.188 -476.390 -432.978 56.540 
500 73.008 314.145 287.898 13.123 -477.398 -422.001 44.086 
600 78.940 328.003 293.448 20.733 -478.103 -410.851 35.767 
700 83.551 340.533 299.294 28.867 -478.574 -399.603 29.818 
800 87.185 351.936 305.172 37.411 -478.870 -388.299 25.353 
900 90.100 362.379 310.956 46.280 -479.031 -376.967 21.878 
1000 92.475 371.999 316.586 55.413 -479.090 -365.622 19.098 
1100 94.433 380.908 322.033 64.761 -479.068 -354.276 16.823 
1200 96.066 389.196 327.289 74.289 -478.982 -342.935 14.927 
1300 97.438 396.941 332.352 83.966 -478.843 -331.603 13.324 
1400 98.601 404.206 337.228 93.769 —478.661 —320.283 11.950 
1500 99.593 411.044 341.923 103.681 -478.443 -308.978 10.759 


33. METHYLAMINE  CHsN (g) 


298.15 50.053 242.881 242.881 0.000 -22.529 32.734 —5.735 
300 50.227 243.196 242.893 0.091 -22.614 33.077 -5.759 
400 60.171 258.986 244.975 5.604 -26.846 52.294 -6.829 
500 70.057 273.486 249.244 12.121 -30.431 72.510 —7.575 
600 78.929 287.063 254.431 19.579 —33.364 93.382 -8.129 
700 86.711 299.826 260.008 27.873 -35.712 114.702 -8.559 
800 93.545 311.865 265.749 36.893 -37.548 136.316 -8.900 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K c? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


33. METHYLAMINE  CHsN (g) (continued) 


900 99.573 323.239 271.511 46.555 —38.949 158.138 -9.178 
1000 104.886 334.006 277.220 56.786 -39.967 180.098 -9.407 
1100 109.576 344.233 282.861 67.509 -40.681 201.822 -9.584 
1200 113.708 353.944 288.374 78.685 -41.136 224.240 —9.761 
1300 117.341 363.190 293.775 90.239 —41.376 246.364 —9.899 
1400 120.542 372.012 299.061 102.131 -41.451 268.504 -10.018 
1500 123.353 380.426 304.209 114.326 -41.381 290.639 -10.121 


34. CHLORINE CI(g) 


298.15 21.838 165.190 165.190 0.000 121.302 105.306 —18.449 
300 21.852 165.325 165.190 0.040 121.311 105.207 -18.318 
400 22.467 171.703 166.055 2.259 121.795 99.766 -13.028 
500 22.744 176.752 167.708 4.522 122.272 94.203 -9.841 
600 22.781 180.905 169.571 6.800 122.734 88.546 —7.709 
700 22.692 184.411 171.448 9.074 123.172 82.813 —6.179 
800 22.549 187.432 173.261 11.337 123.585 77.019 —5.029 
900 22.389 190.079 174.986 13.584 123.971 71.175 —4.131 
1000 22.233 192.430 176.615 15.815 124.334 65.289 -3.410 
1100 22.089 194.542 178.150 18.031 124.675 59.368 -2.819 
1200 21.959 196.458 179.597 20.233 124.996 53.416 -2.325 
1300 21.843 198.211 180.963 22.423 125.299 47.439 -1.906 
1400 21.742 199.826 182.253 24.602 125.587 41.439 -1.546 
1500 21.652 201.323 183.475 26.772 125.861 35.418 -1.233 


35. DICHLORINE СІ, (g) 


298.15 33.949 223.079 223.079 0.000 0.000 0.000 0.000 
300 33.981 223.290 223.080 0.063 0.000 0.000 0.000 
400 35.296 233.263 224.431 3.533 0.000 0.000 0.000 
500 36.064 241.229 227.021 7.104 0.000 0.000 0.000 
600 36.547 247.850 229.956 10.736 0.000 0.000 0.000 
700 36.874 253.510 232.926 14.408 0.000 0.000 0.000 
800 37.111 258.450 235.815 18.108 0.000 0.000 0.000 
900 37.294 262.832 238.578 21.829 0.000 0.000 0.000 
1000 37.442 266.769 241.203 25.566 0.000 0.000 0.000 
1100 37.567 270.343 243.692 29.316 0.000 0.000 0.000 
1200 37.678 273.617 246.052 33.079 0.000 0.000 0.000 
1300 37.778 276.637 248.290 36.851 0.000 0.000 0.000 
1400 37.872 279.440 250.416 40.634 0.000 0.000 0.000 
1500 37.961 282.056 252.439 44.426 0.000 0.000 0.000 


36. HYDROGEN CHLORIDE НСІ (g) 


298.15 29.136 186.902 186.902 0.000 -92.310 -95.298 16.696 
300 29.137 187.082 186.902 0.054 -92.314 -95.317 16.596 
400 29.175 195.468 188.045 2.969 -92.587 -96.278 12.573 
500 29.304 201.990 190.206 5.892 -92.911 -97.164 10.151 
600 29.576 207.354 192.630 8.835 -93.249 -97.983 8.530 
700 29.988 211.943 195.069 11.812 -93.577 -98.746 7.368 
800 30.500 215.980 197.435 14.836 -93.879 -99.464 6.494 
900 31.063 219.604 199.700 17.913 —94.149 —100.145 5.812 
1000 31.639 222.907 201.858 21.049 -94.384 -100.798 5.265 
1100 32.201 225.949 203.912 24.241 -94.587 -101.430 4.816 
1200 32.734 228.774 205.867 27.488 -94.760 -102.044 4.442 
1300 33.229 231.414 207.732 30.786 -94.908 -102.645 4.124 
1400 33.684 233.893 209.513 34.132 —95.035 -103.235 3.852 
1500 34.100 236.232 211.217 37.522 -95.146 -103.817 3.615 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


T/K 


37. COPPER Си (cr, |) 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1358 


1358 
1400 
1500 


38. COPPER 
298.15 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 


39. COPPER OXIDE = CuO (cr) 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


298.15 
300 
400 


J/K-mol kJ/mol 

e 5° -(G%*H°(T))/T H*H*(T,) AH? AG? 
24.440 33.150 33.150 0.000 0.000 0.000 
24.460 33.301 33.150 0.045 0.000 0.000 
25.339 40.467 34.122 2.538 0.000 0.000 
25.966 46.192 35.982 5.105 0.000 0.000 
26.479 50.973 38.093 7.728 0.000 0.000 
26.953 55.090 40.234 10.399 0.000 0.000 
27.448 58.721 42.322 13.119 0.000 0.000 
28.014 61.986 44.328 15.891 0.000 0.000 
28.700 64.971 46.245 18.726 0.000 0.000 
29.553 67.745 48.075 21.637 0.000 0.000 
30.617 70.361 49.824 24.644 0.000 0.000 
31.940 72.862 51.501 27.769 0.000 0.000 
32.844 74.275 52.443 29.647 0.000 0.000 

PHASE TRANSITION: Ays H = 13.141 kJ/mol, Aq, 5 = 9.676 J/K-mol, сг-1 

32.800 83.951 52.443 42.788 0.000 0.000 
32.800 84.950 53.403 44.166 0.000 0.000 
32.800 87.213 55.583 47.446 0.000 0.000 

Си (2) 
20.786 166.397 166.397 0.000 337.600 297.873 
20.786 166.525 166.397 0.038 337.594 297.626 
20.786 172.505 167.213 2.117 337.179 284.364 
20.786 177.143 168.752 4.196 336.691 271.215 
20.786 180.933 170.476 6.274 336.147 258.170 
20.786 184.137 172.205 8.353 335.554 245.221 
20.786 186.913 173.874 10.431 334.913 232.359 
20.786 189.361 175.461 12.510 334.219 219.581 
20.786 191.551 176.963 14.589 333.463 206.883 
20.788 193.532 178.380 16.667 332.631 194.265 
20.793 195.341 179.719 18.746 331.703 181.726 
20.803 197.006 180.986 20.826 330.657 169.270 
20.823 198.548 182.186 22.907 316.342 157.305 
20.856 199.986 183.325 24.991 315.146 145.987 
42.300 42.740 42.740 0.000 —162.000 -134.277 
42.417 43.002 42.741 0.078 —161.994 —134.105 
46.783 55.878 44.467 4.564 —161.487 -124.876 
49.190 66.596 47.852 9.372 -160.775 -115.803 
50.827 75.717 51.755 14.377 -159.973 -106.883 
52.099 83.651 55.757 19.526 -159.124 -98.102 
53.178 90.680 59.691 24.791 -158.247 -89.444 
54.144 97.000 63.491 30.158 -157.356 -80.897 
55.040 102.751 67.134 35.617 -156.462 —72.450 
55.890 108.037 70.615 41.164 -155.582 -64.091 
56.709 112.936 73.941 46.794 -154.733 -55.812 
57.507 117.507 77.118 52.505 -153.940 -47.601 
58.288 121.797 80.158 58.295 -166.354 -39.043 
59.057 125.845 83.070 64.163 -165.589 -29.975 

40. DICOPPER OXIDE Си,0 (cr) 

62.600 92.550 92.550 0.000 —173.100 -150.344 
62.721 92.938 92.551 0.116 -173.102 -150.203 
67.587 111.712 95.078 6.654 -173.036 -142.572 
70.784 127.155 99.995 13.580 -172.772 -134.984 


500 
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Log К, 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 


-52.185 
-51.821 
-37.134 
-28.333 
-22.475 
-18.298 
-15.171 
-12.744 
-10.806 
-9.225 
—1.910 
—6.801 
-5.869 
-5.084 


23.524 
23.349 
16.307 
12.098 
9.305 
7.320 
5.840 
4.695 
3.784 
3.043 
2.429 
1.913 
1.457 
1.044 


26.339 
26.152 
18.618 
14.101 


THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


40. DICOPPER OXIDE  Cu,O (cr) (continued) 


600 73.323 140.291 105.643 20.789 —172.389 —127.460 11.096 
700 75.552 151.764 111.429 28.235 -171.914 -120.009 8.955 
800 77.616 161.989 117.121 35.894 -171.363 -112.631 7.354 
900 79.584 171.245 122.629 43,755 -170.750 -105.325 6.113 
1000 81.492 179.729 127.920 51.809 —170.097 —98.091 5.124 
1100 83.360 187.584 132.992 60.052 —169.431 —90.922 4.317 
1200 85.202 194.917 137.850 68.480 -168.791 -83.814 3.648 
1300 87.026 201.808 142.507 77.092 -168.223 —76.756 3.084 
1400 88.836 208.324 146.978 85.885 —194.030 —68.926 2.572 
1500 90.636 214.515 151.276 94.858 —193.438 —60.010 2.090 


41. COPPER DICHLORIDE CuCl, (cr, D 


298.15 71.880 108.070 108.070 0.000 -218.000 -173.826 30.453 
300 71.998 108.515 108.071 0.133 -217.975 -173.552 30.218 
400 76.338 129.899 110.957 7.577 -216.494 -158.962 20.758 
500 78.654 147.204 116.532 15.336 -214.873 -144.765 15.123 
600 80.175 161.687 122.884 23.282 -213.182 -130.901 11.396 
675 81.056 171.183 127.732 29.329 -211.185 -120.693 9.340 
PHASE TRANSITION: Aq, H = 0.700 kJ/mol, Aq, 5 = 1.037 J/K-mol, ссп 
675 82.400 172.220 127.732 30.029 -211.185 -120.693 9.340 
700 82.400 175.216 129.375 32.089 -210.719 -117.350 8.757 
800 82.400 186.219 135.808 40.329 -208.898 -104.137 6.799 
871 82.400 193.226 140.207 46.179 -192.649 -94.893 5.691 
PHASE TRANSITION: Ay, H = 15.001 kJ/mol, Aq, 5 = 17.221 J/K-mol, с1-1 
871 100.000 210.447 140.207 61.180 -192.649 -94.893 5.691 
900 100.000 213.723 142.523 64.080 -191.640 -91.655 5.319 
1000 100.000 224.259 150.179 74.080 -188.212 -80.730 4.217 
1100 100.000 233.790 157.353 84.080 -184.873 -70.144 3.331 
1130.75 100.000 236.547 159.470 87.155 -183.867 -66.951 3.093 


42. COPPER DICHLORIDE CuCl, (g) 


298.15 56.814 278.418 278.418 0.000 -43.268 -49.883 8.739 
300 56.869 278.769 278.419 0.105 -43.271 -49.924 8.692 
400 58.992 295.456 280.679 5.911 -43.428 -52.119 6.806 
500 60.111 308.752 285.010 11.871 -43.606 -54.271 5.670 
600 60.761 319.774 289.911 17.918 -43.814 -56.385 4.909 
700 61.168 329.173 294.865 24.015 -44.060 -58.462 4.362 
800 61.439 337.360 299.677 30.147 -44.349 -60.500 3.950 
900 61.630 344.608 304.274 36.301 -44.688 -62.499 3.627 
1000 61.776 351.109 308.638 42.471 -45.088 -64.457 3.367 
1100 61.900 357.003 312.771 48.655 -45.566 -66.372 3.152 
1200 62.022 362.394 316.685 54.851 -46.139 -68.239 2.970 
1300 62.159 367.364 320.395 61.060 -46.829 -10.053 2.815 
1400 62.325 371.976 323.916 67.284 -60.784 -11.404 2.664 
1500 62.531 376.283 327.265 73.526 -61.613 -72.133 2.512 


43. FLUORINE Е (g) 


298.15 22.146 158.750 158.750 0.000 79.380 62.280 -10.911 
300 22.742 158.891 158.750 0.042 79.393 62.173 -10.825 
400 22.432 165.394 159.639 2.302 80.043 56.332 —1.356 
500 22.100 170.363 161.307 4.528 80.587 50.340 —5.259 
600 21.832 174.368 163.161 6.724 81.046 44.246 —3.852 
700 21.629 177.717 165.008 8.897 81.442 38.081 -2.842 
800 21.475 180.595 166.780 11.052 81.792 31.862 -2.080 
900 21.357 183.117 168.458 13.193 82.106 25.601 -1.486 
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THERMODYNAMIC PROPERTIES AS A FUNCTION ОҒ TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


43. FLUORINE E (g) (continued) 


1000 21.266 185.362 170.039 15.324 82.391 19.308 —1.009 
1100 21.194 187.386 171.525 17.447 82.654 12.986 -0.617 
1200 21.137 189.227 172.925 19.563 82.897 6.642 -0.289 
1300 21.091 190.917 174.245 21.675 83.123 0.278 -0.011 
1400 21.054 192.479 175.492 23.782 83.335 -6.103 0.228 
1500 21.022 193.930 176.673 25.886 83.533 -12.498 0.435 


44.DIFLUORINE  F,(g) 


298.15 31.304 202.790 202.790 0.000 0.000 0.000 0.000 
300 31.337 202.984 202.790 0.058 0.000 0.000 0.000 
400 32.995 212.233 204.040 3.277 0.000 0.000 0.000 
500 34.258 219.739 206.453 6.643 0.000 0.000 0.000 
600 35.171 226.070 209.208 10.117 0.000 0.000 0.000 
700 35.839 231.545 212.017 13.669 0.000 0.000 0.000 
800 36.343 236.365 214.765 17.279 0.000 0.000 0.000 
900 36.740 240.669 217.409 20.934 0.000 0.000 0.000 
1000 37.065 244.557 219.932 24.625 0.000 0.000 0.000 
1100 37.342 248.103 222.334 28.346 0.000 0.000 0.000 
1200 37.588 251.363 224.619 32.093 0.000 0.000 0.000 
1300 37.811 254.381 226.794 35.863 0.000 0.000 0.000 
1400 38.019 257.191 228.866 39.654 0.000 0.000 0.000 
1500 38.214 259.820 230.843 43.466 0.000 0.000 0.000 


45. HYDROGEN FLUORIDE НЕ (g) 


298.15 29.137 173.776 173.776 0.000 —273.300 -275.399 48.248 
300 29.137 173.956 173.776 0.054 -213.302 -275.412 47.953 
400 29.149 182.340 174.919 2.968 -273.450 -276.096 36.054 
500 29.172 188.846 177.078 5.884 -273.679 —276.733 28.910 
600 29.230 194.169 179.496 8.804 —273.961 -277.318 24.142 
700 29.350 198.683 181.923 11.732 -274.277 —277.852 20.733 
800 29.549 202.614 184.269 14.676 —274.614 -278.340 18.174 
900 29.827 206.110 186.505 17.645 -274.961 -278.785 16.180 
1000 30.169 209.270 188.626 20.644 -275.309 -279.191 14.583 
1100 30.558 212.163 190.636 23.680 -275.652 -279.563 13.275 
1200 30.974 214.840 192.543 26.756 -275.988 -279.904 12.184 
1300 31.403 217.336 194.355 29.875 -276.315 -280.217 11.259 
1400 31.831 219.679 196.081 33.037 -276.631 -280.505 10.466 
1500 32.250 221.889 197.729 36.241 -276.937 -280.771 9.777 


46. GERMANIUM Се (сг, 1) 


298.15 23.222 31.090 31.090 0.000 0.000 0.000 0.000 
300 23.249 31.234 31.090 0.043 0.000 0.000 0.000 
400 24.310 38.083 32.017 2.426 0.000 0.000 0.000 
500 24.962 43.582 33.798 4.892 0.000 0.000 0.000 
600 25.452 48.178 35.822 7.414 0.000 0.000 0.000 
700 25.867 52.133 37.876 9.980 0.000 0.000 0.000 
800 26.240 55.612 39.880 12.586 0.000 0.000 0.000 
900 26.591 58.723 41.804 15.227 0.000 0.000 0.000 
1000 26.926 61.542 43.639 17.903 0.000 0.000 0.000 
1100 27.252 64.124 45.386 20.612 0.000 0.000 0.000 
1200 27.571 66.509 47.048 23.353 0.000 0.000 0.000 
1211.4 27.608 66.770 47.232 23.668 0.000 0.000 0.000 
PHASE TRANSITION: Aq, H = 37.030 kJ/mol, Aq, 5 = 30.568 J/K-mol, сг-1 
12114 27.600 97.338 47.232 60.698 0.000 0.000 0.000 
1300 27.600 99.286 50.714 63.143 0.000 0.000 0.000 
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THERMODYNAMIC PROPERTIES AS A FUNCTION ОҒ TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(G*“H°(T))/T H*H*(T,) AH? AG? Log K; 


46. GERMANIUM Ge (cr, I) (continued) 
1400 27.600 101.331 54.258 65.903 0.000 0.000 0.000 
1500 27.600 103.236 57.460 68.663 0.000 0.000 0.000 


47. GERMANIUM Се (2) 


298.15 30.733 167.903 167.903 0.000 367.800 327.009 —57.290 
300 30.757 168.094 167.904 0.057 367.814 326.756 —56.893 
400 31.071 177.025 169.119 3.162 368.536 312.959 -40.868 
500 30.360 183.893 171.415 6.239 369.147 298.991 -31.235 
600 29.265 189.334 173.965 9.222 369.608 284.914 -24.804 
700 28.102 193.758 176.487 12.090 369.910 270.773 -20.205 
800 27.029 197.439 178.882 14.845 370.060 256.598 -16.754 
900 26.108 200.567 181.122 17.501 370.073 242.414 -14.069 
1000 25.349 203.277 183.205 20.072 369.969 228.234 -11.922 
1100 24.741 205.664 185.141 22.575 369.763 214.069 -10.165 
1200 24.264 207.795 186.941 25.025 369.471 199.928 -8.703 
1300 23.898 209.722 188.621 27.432 332.088 188.521 -1.575 
1400 23.624 211.483 190.192 29.807 331.704 177.492 -6.622 
1500 23.426 213.105 191.666 32.159 331.296 166.491 -5.798 


48. GERMANIUM DIOXIDE |) бео; (cr, 1) 


298.15 50.166 39.710 39.710 0.000 —580.200 -521.605 91.382 
300 50.475 40.021 39.711 0.093 —580.204 -521.242 90.755 
400 61.281 56.248 41.850 5.759 -579.893 -501.610 65.503 
500 66.273 70.519 46.191 12.164 -579.013 -482.134 50.368 
600 69.089 82.872 51.299 18.943 -577.915 -462.859 40.295 
700 70.974 93.671 56.597 25.952 -576.729 -443.716 33.115 
800 72.449 103.247 61.841 33.125 -575.498 -424.866 27.741 
900 73.164 111.857 66.928 40.436 -574.235 -406.113 23.570 
1000 75.049 119.696 71.819 47.871 -572.934 -387.502 20.241 
1100 76.378 126.910 76.504 55.441 -571.582 -369.024 17.523 
1200 77.796 133.616 80.987 63.155 -570.166 -350.671 15.264 
1300 79.332 139.903 85.279 71.010 -605.685 -329.732 13.249 
1308 79.460 140.390 85.615 71.646 -584.059 -328.034 13.100 
PHASE TRANSITION: Aq, H = 21.500 kJ/mol, Aq, 5 = 16.437 J/K-mol, crII-crI 
1308 80.075 156.827 85.615 93.146 —584.059 -328.034 13.100 
1388 81.297 161.617 89.858 99.601 —565.504 -312.415 11.757 
PHASE TRANSITION: Ays H = 17.200 kJ/mol, Aq, 5 = 12.392 J/K-mol, с1-1 
1388 78.500 174.009 89.858 116.801 —565.504 -312.415 11.757 
1400 78.500 174.685 90.582 117.743 -565.328 -310.228 11.575 
1500 78.500 180.100 96.372 125.593 -563.882 -292.057 10.170 


49. GERMANIUM TETRACHLORIDE Сесі, (2) 


298.15 95.918 348.393 348.393 0.000 -500.000 -461.582 80.866 
300 96.041 348.987 348.395 0.178 -499.991 -461.343 80.326 
400 100.750 377.342 352.229 10.045 -499.447 -448.540 58.573 
500 103.206 400.114 359.604 20.255 -498.845 -435.882 45.536 
600 104.624 419.067 367.980 30.652 -498.234 -423.347 36.855 
700 105.509 435.266 376.463 41.162 —497.634 -410.914 30.662 
800 106.096 449.396 384.715 51.744 -497.057 -398.565 26.023 
900 106.504 461.917 392.611 62.375 -496.509 -386.287 22.419 
1000 106.799 473.155 400.113 73.041 -495.993 -374.068 19.539 
1100 107.020 483.344 407.224 83.733 -495.512 -361.899 17.185 
1200 107.189 492.664 413.961 94.444 -495.067 -349.772 15.225 
1300 107.320 501.249 420.349 105.169 -531.677 -334.973 13,459 
1400 107.425 509.206 426.416 115.907 -531.265 -319.857 11.934 
1500 107.509 516.621 432.185 126.654 -530.861 -304.771 10.613 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 
TIK ce 89 -(G*H*(T)yT H*H*(T,) AH? AG? Log K, 
50. HYDROGEN H (g) 
298.15 20.786 114.716 114.716 0.000 217.998 203.276 —35.613 
300 20.786 114.845 114.716 0.038 218.010 203.185 -35.377 
400 20.786 120.824 115.532 2.117 218.635 198.149 —25.875 
500 20.786 125.463 117.071 4.196 219.253 192.956 —20.158 
600 20.786 129.252 118.795 6.274 219.867 187.639 —16.335 
700 20.786 132.457 120.524 8.353 220.476 182.219 —13.597 
800 20.786 135.232 122.193 10.431 221.079 176.712 —11.538 
900 20.786 137.680 123.780 12.510 221.670 171.131 -9.932 
1000 20.786 139.870 125.282 14.589 222.247 165.485 -8.644 
1100 20.786 141.852 126.700 16.667 222.806 159.781 -7.587 
1200 20.786 143.660 128.039 18.746 223.345 154.028 -6.705 
1300 20.786 145.324 129.305 20.824 223.864 148.230 -5.956 
1400 20.786 146.864 130.505 22.903 224.360 142.393 -5.313 
1500 20.786 148.298 131.644 24.982 224.835 136.522 -4.754 


51.DIHYDROGEN Н, (g) 


298.15 28.836 130.680 130.680 0.000 0.000 0.000 0.000 
300 28.849 130.858 130.680 0.053 0.000 0.000 0.000 
400 29.181 139.217 131.818 2.960 0.000 0.000 0.000 
500 29.260 145.738 133.974 5.882 0.000 0.000 0.000 
600 29.327 151.078 136.393 8.811 0.000 0.000 0.000 
700 29.440 155.607 138.822 11.749 0.000 0.000 0.000 
800 29.623 159.549 141.172 14.702 0.000 0.000 0.000 
900 29.880 163.052 143.412 17.676 0.000 0.000 0.000 
1000 30.204 166.217 145.537 20.680 0.000 0.000 0.000 
1100 30.580 169.113 147.550 23.719 0.000 0.000 0.000 
1200 30.991 171.791 149.460 26.797 0.000 0.000 0.000 
1300 31.422 174.288 151.275 29.918 0.000 0.000 0.000 
1400 31.860 176.633 153.003 33.082 0.000 0.000 0.000 
1500 32.296 178.846 154.653 36.290 0.000 0.000 0.000 


52. HYDROXYL OH (g) 


298.15 29.886 183.737 183.737 0.000 39.349 34.631 —6.067 
300 29.879 183.922 183.738 0.055 39.350 34.602 -6.025 
400 29.604 192.476 184.906 3.028 39.384 33.012 -4.311 
500 29.495 199.067 187.104 5.982 39.347 31.422 -3.283 
600 29.513 204.445 189.560 8.931 39.252 29.845 -2.598 
700 29.655 209.003 192.020 11.888 39.113 28.287 -2.111 
800 29.914 212.979 194.396 14.866 38.945 26.752 -1.747 
900 30.265 216.522 196.661 17.874 38.763 25.239 -1.465 
1000 30.682 219.731 198.810 20.921 38.577 23.746 -1.240 
1100 31.135 222.677 200.848 24.012 38.393 22.272 -1.058 
1200 31.603 225.406 202.782 27.149 38.215 20.814 -0.906 
1300 32.069 227.954 204.621 30.332 38.046 19.371 -0.778 
1400 32.522 230.347 206.374 33.562 37.886 17.941 -0.669 
1500 32.956 232.606 208.048 36.836 37.735 16.521 -0.575 


53. WATER Н,О() 


298.15 75.300 69.950 69.950 0.000 -285.830 -237.141 41.546 
300 75.281 70.416 69.951 0.139 -285.771 -236.839 41.237 
373.21 76.079 86.896 71.715 5.666 -283.454 -225.160 31.513 


54. WATER H,O (8) 
298.15 33.598 188.832 188.832 0.000 -241.826 -228.582 40.046 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K C? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


54. WATER H,O (g) (continued) 


300 33.606 189.040 188.833 0.062 —241.844 —228.500 39.785 
400 34.283 198.791 190.158 3.453 —242.845 —223.900 29.238 
500 35.259 206.542 192.685 6.929 —243.822 -219.050 22.884 
600 36.371 213.067 195.552 10.509 -244.751 -214.008 18.631 
700 37.557 218.762 198.469 14.205 -245.620 -208.814 15.582 
800 38.800 223.858 201.329 18.023 -246.424 -203.501 13.287 
900 40.084 228.501 204.094 21.966 -247.158 -198.091 11.497 
1000 41.385 232.792 206.752 26.040 -247.820 -192.603 10.060 
1100 42.675 236.797 209.303 30.243 -248.410 -187.052 8.882 
1200 43.932 240.565 211.753 34.574 -248.933 -181.450 7.898 
1300 45.138 244.129 214.108 39.028 -249.392 -175.807 7.064 
1400 46.281 247.516 216.374 43.599 -249.792 -170.132 6.348 
1500 47.356 250.746 218.559 48.282 -250.139 —164.429 5.726 


55. IODINE 1(8) 


298.15 20.786 180.787 180.787 0.000 106.760 70.172 -12.294 
300 20.786 180.915 180.787 0.038 106.748 69.945 -12.178 
400 20.786 186.895 181.602 2.117 97.974 58.060 —1.582 
500 20.786 191.533 183.142 4.196 75.988 50.202 —5244 
600 20.786 195.323 184.866 6.274 76.190 45.025 —3.920 
700 20.786 198.527 186.594 8.353 76.385 39.816 -2.971 
800 20.787 201.303 188.263 10.432 76.574 34.579 -2.258 
900 20.789 203.751 189.851 12.510 76.757 29.319 -1.702 
1000 20.795 205.942 191.352 14.589 76.936 24.038 -1.256 
1100 20.806 207.924 192.770 16.669 77.109 18.740 -0.890 
1200 20.824 209.735 194.110 18.751 77.277 13.426 -0.584 
1300 20.851 211.403 195.377 20.835 77.440 8.098 -0.325 
1400 20.889 212.950 196.577 22.921 71.596 2.758 -0.103 
1500 20.936 214.392 197.717 25.013 77.745 —2.592 0.090 


56. DIIODINE І, (сг, 1) 


298.15 54.440 116.139 116.139 0.000 0.000 0.000 0.000 

300 54.518 116.476 116.140 0.101 0.000 0.000 0.000 

386.75 61.531 131.039 117.884 5.088 0.000 0.000 0.000 
PHASE TRANSITION: Aq, Н = 15.665 kJ/mol, Ays 5 = 40.504 J/K-mol, cr- 

386.75 79.555 171.543 117.884 20.753 0.000 0.000 0.000 

400 79.555 174.223 119.706 21.807 0.000 0.000 0.000 

457.67 79.555 184.938 127.266 26.395 0.000 0.000 0.000 


57.DIIODINE 1, ($) 


298.15 36.887 260.685 260.685 0.000 62.420 19.324 -3.385 
300 36.897 260.913 260.685 0.068 62.387 19.056 -3.318 
400 37.256 271.584 262.138 3.778 44.391 5.447 -0.711 
457.67 37.385 276.610 263.652 5.931 pressure - 1 bar 
500 37.464 279.921 264.891 7.515 0.000 0.000 0.000 
600 37.613 286.765 267.983 11.269 0.000 0.000 0.000 
700 37.735 292.573 271.092 15.037 0.000 0.000 0.000 
800 37.847 297.619 274.099 18.816 0.000 0.000 0.000 
900 37.956 302.083 276.965 22.606 0.000 0.000 0.000 
1000 38.070 306.088 279.681 26.407 0.000 0.000 0.000 
1100 38.196 309.722 282.249 30.220 0.000 0.000 0.000 
1200 38.341 313.052 284.679 34.047 0.000 0.000 0.000 
1300 38.514 316.127 286.981 37.890 0.000 0.000 0.000 
1400 38.719 318.989 289.166 41.751 0.000 0.000 0.000 
1500 38.959 321.668 291.245 45.635 0.000 0.000 0.000 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK ce 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


58. HYDROGEN IODIDE HI (g) 


298.15 29.157 206.589 206.589 0.000 26.500 1.700 -0.298 
300 29.158 206.769 206.589 0.054 26.477 1.546 -0.269 
400 29.329 215.176 207.734 2.977 17.093 -6.289 0.821 
500 29.738 221.760 209.904 5.928 -5.481 -9.946 1.039 
600 30.351 227.233 212.348 8.931 -5.819 -10.806 0.941 
700 31.070 231.965 214.820 12.002 -6.101 -11.614 0.867 
800 31.807 236.162 217.230 15.145 -6.323 -12.386 0.809 
900 32.511 239.950 219.548 18.362 -6.489 —13.133 0.762 
1000 33.156 243.409 221.763 21.646 —6.608 -13.865 0.724 
1100 33.735 246.597 223.878 24.991 -6.689 -14.586 0.693 
1200 34.249 249.555 225.896 28.391 -6.741 -15.302 0.666 
1300 34.703 252.314 227.823 31.839 -6.775 -16.014 0.643 
1400 35.106 254.901 229.666 35.330 -6.797 -16.723 0.624 
1500 35.463 257.336 231.430 38.858 -6.814 -17.432 0.607 


59. POTASSIUM К (сг, 1) 


298.15 29.600 64.680 64.680 0.000 0.000 0.000 0.000 
300 29.671 64.863 64.681 0.055 0.000 0.000 0.000 
336.86 32.130 68.422 64.896 1.188 0.000 0.000 0.000 
PHASE TRANSITION: Aq, Н = 2.321 kJ/mol, Aq, 5 = 6.891 J/K-mol, сг-1 
336.86 32.129 75.313 64.896 3.509 0.000 0.000 0.000 
400 31.552 80.784 66.986 5.519 0.000 0.000 0.000 
500 30.741 87.734 70.469 8.632 0.000 0.000 0.000 
600 30.158 93.283 73.824 11.675 0.000 0.000 0.000 
700 29.851 97.905 76.943 14.673 0.000 0.000 0.000 
800 29.838 101.887 79.818 17.655 0.000 0.000 0.000 
900 30.130 105.415 82.470 20.651 0.000 0.000 0.000 
1000 30.730 108.618 84.927 23.691 0.000 0.000 0.000 
1039.4 31.053 109.812 85.847 24.908 0.000 0.000 0.000 


60. POTASSIUM К (2) 


298.15 20.786 160.340 160.340 0.000 89.000 60.479 —10.596 
300 20.786 160.468 160.340 0.038 88.984 60.302 -10.499 
400 20.786 166.448 161.155 2.117 85.598 51.332 -6.703 
500 20.786 171.086 162.695 4.196 84.563 42.887 -4.480 
600 20.786 174.876 164.419 6.274 83.599 34.643 -3.016 
700 20.786 178.080 166.148 8.353 82.680 26.557 -1.982 
800 20.786 180.856 167.817 10.431 81.776 18.601 -1.215 
900 20.786 183.304 169.404 12.510 80.859 10.759 -0.624 
1000 20.786 185.494 170.905 14.589 79.897 3.021 -0.158 
1039.4 20.786 186.297 171.474 15.408 pressure - 1 bar 
1100 20.786 187.475 172.323 16.667 0.000 0.000 0.000 
1200 20.786 189.284 173.662 18.746 0.000 0.000 0.000 
1300 20.789 190.948 174.929 20.825 0.000 0.000 0.000 
1400 20.793 192.489 176.129 22.904 0.000 0.000 0.000 
1500 20.801 193.923 177.268 24.983 0.000 0.000 0.000 


61. DIPOTASSIUM OXIDE К.О (cr, 1) 


298.15 72.000 96.000 96.000 0.000 -361.700 -321.171 56.267 
300 72.130 96.446 96.001 0.133 -361.704 -320.920 55.876 
400 79.154 118.158 98.914 7.698 -366.554 -306.416 40.013 
500 86.178 136.575 104.647 15.964 -366.043 -291.423 30.444 
590 92.500 151.348 110.662 24.005 -364.204 -278.079 24.619 


PHASE TRANSITION: Aq, H = 0.700 kJ/mol, А 5 = 1.186 J/K-mol, crlII-crlI 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K со 5° -(G*“H°(T))/T H*H*(T,) AH? AG? Log K; 


61. DIPOTASSIUM OXIDE К.О (cr, 1 (continued) 


590 100.000 152.534 110.662 24.705 —364.204 -278.079 24.619 
600 100.000 154.215 111.374 25.705 -363.968 -276.621 24.082 
645 100.000 161.447 114.618 30.205 -358.901 -270.109 21.874 
PHASE TRANSITION: Aq, H = 4.000 kJ/mol, Ays S = 6.202 J/K-mol, crll—crI 
645 100.000 167.649 114.618 34.205 —358.901 -270.109 21.874 
700 100.000 175.832 119.111 39.705 -357.592 -262.592 19.595 
800 100.000 189.185 127.054 49.705 -355.224 -249.183 16.270 
900 100.000 200.963 134.625 59.705 -352.919 -236.067 13.701 
1000 100.000 211.499 141.794 69.705 -350.732 -223.202 11.659 
1013 100.000 212.791 142.697 71.005 -323.459 -221.546 11.424 
PHASE TRANSITION: Aq, H = 27.000 kJ/mol, Ays 8 226.654 J/K-mol, crI-1 
1013 100.000 239.444 142.697 98.005 —323.459 -221.546 11.424 
1100 100.000 247.684 150.679 106.705 -479.439 -203.633 9.670 
1200 100.000 256.385 159.131 116.705 -475.371 -178.740 7.780 
1300 100.000 264.389 166.924 126.705 -471.321 -154.185 6.195 
1400 100.000 271.800 174.154 136.705 -467.287 -129.941 4.848 
1500 100.000 278.699 180.896 146.705 -463.268 -105.986 3.691 


62. POTASSIUM HYDROXIDE КОН (cr, 1) 


298.15 64.900 78.870 78.870 0.000 —424.580 -378.747 66.354 
300 65.038 79.272 78.871 0.120 -424.569 -378.463 65.895 
400 72.519 99.007 81.512 6.998 -426.094 -362.765 47.372 
500 80.000 115.993 86.745 14.624 424.572 -347.093 36.260 
520 81.496 119.159 87.931 16.239 -417.725 -344.002 34.555 
PHASE TRANSITION: Aq, H = 6.450 kJ/mol, А, 5 = 12.404 J/K-mol, crII-crI 
520 79.000 131.563 87.931 22.689 -417.725 -344.002 34.555 
600 79.000 142.868 94.520 29.009 -416.274 -332.766 28.969 
678 79.000 152.523 100.649 35.171 -405.464 -321.998 24.807 
PHASE TRANSITION: Aq, H = 9.400 kJ/mol, Ду; 5 = 13.865 J/K-mol, с 1-1 
678 83.000 166.388 100.649 44.571 -405.464 -321.998 24.807 
700 83.000 169.038 102.757 46.397 -404.981 -319.297 23.826 
800 83.000 180.121 111.750 54.697 -402.808 -307.206 20.058 
900 83.000 189.897 119.901 62.997 -400.694 -295.383 17.143 
1000 83.000 198.642 127.345 71.297 —398.668 -283.791 14.824 
1100 83.000 206.553 134.192 79.597 -475.618 -267.780 12.716 
1200 83.000 213.775 140.527 87.897 –472. 711 -249.014 10.839 
1300 83.000 220.418 146.421 96.197 -469.843 -230.490 9.261 
1400 83.000 226.569 151.929 104.497 -467.011 -212.184 7.917 
1500 83.000 232.296 157.098 112.797 -464.217 -194.080 6.758 


63. POTASSIUM HYDROXIDE КОН (о) 


298.15 49.184 238.283 238.283 0.000 -227.989 -229.685 40.239 
300 49.236 238.588 238.284 0.091 -228.007 -229.696 39.993 
400 51.178 253.053 240.243 5.124 -231.377 -229.667 29.991 
500 52.178 264.591 243.998 10.296 -232.309 -229.129 23.937 
600 52.804 274.163 248.251 15.547 -233.145 -228.413 19.885 
700 53.296 282.340 252.551 20.853 -233.934 -227.562 16.981 
800 53.758 289.487 256.730 26.206 -234.708 -226.599 14.795 
900 54.229 295.846 260.730 31.605 -235.495 -225.538 13.090 
1000 54.713 301.585 264.533 37.052 —236.322 —224.388 11.721 
1100 55.203 306.823 268.143 42.548 —316.077 —218.535 10.377 
1200 55.686 311.647 271.570 48.092 —315.925 -209.674 9.127 
1300 56.153 316.122 274.827 53.684 -315.764 -200.826 8.069 
1400 56.598 320.300 277.927 59.322 -315.595 -191.991 7.163 
1500 57.016 324.220 280.884 65.003 -315.420 -183.169 6.378 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK C? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


64. POTASSIUM CHLORIDE КСІ (сг, 1) 


298.15 51.300 82.570 82.570 0.000 —436.490 -408.568 71.579 
300 51.333 82.887 82.571 0.095 -436.481 -408.395 71.107 
400 52.977 97.886 84.605 5.312 —438.463 -398.651 52.058 
500 54.448 109.867 88.498 10.685 -437.990 -388.749 40.612 
600 55.885 119.921 92.919 16.201 -437.332 -378.960 32.991 
700 57.425 128.649 97.413 21.865 -436.502 -369.295 27.557 
800 59.205 136.430 101.812 27.694 -435.505 -359.760 23.490 
900 61.361 143.523 106.058 33.719 -434.337 -350.360 20.334 
1000 64.032 150.121 110.138 39.983 -432.981 -341.100 17.817 
1044 65.405 152.908 111.882 42.830 -485.450 -336.720 16.847 
PHASE TRANSITION: Aq, H = 26.320 kJ/mol, Aq, 5 = 25.210 J/K-mol, сг-1 
1044 72.000 178.118 111.882 69.150 -485.450 -336.720 16.847 
1100 72.000 181.880 115.351 73.182 -483.633 -328.790 15.613 
1200 72.000 188.145 121.160 80.382 -480.393 -314.856 13.705 
1300 72.000 193.908 126.537 87.582 -477.158 -301.192 12.102 
1400 72.000 199.244 131.542 94.782 -473.928 -287.778 10.737 
1500 72.000 204.211 136.223 101.982 -470.704 -274.594 9.562 


65. POTASSIUM CHLORIDE KCI (g) 


298.15 36.505 239.091 239.091 0.000 -214.575 -233.320 40.876 
300 36.518 239.317 239.092 0.068 -214.594 -233.436 40.644 
400 37.066 249.904 240.532 3.749 -218.112 -239.107 31.224 
500 37.384 258.212 243.267 7.473 -219.287 -244.219 25.513 
600 37.597 265.048 246.344 11.222 -220.396 -249.100 21.686 
700 37.769 270.857 249.441 14.991 -221.461 -253.799 18.938 
800 37.907 275.910 252.441 18.775 -222.509 -258.347 16.868 
900 38.041 280.382 255.302 22.572 -223.568 -262.764 15.250 
1000 38.162 284.397 258.014 26.383 -224.667 -267.061 13.950 
1100 38.279 288.039 260.581 30.205 -304.696 -266.627 12.661 
1200 38.401 291.375 263.010 34.039 -304.821 -263.161 11.455 
1300 38.518 294.454 265.312 37.885 -304.941 -259.684 10.434 
1400 38.639 297.313 267.496 41.743 -305.053 -256.199 9.559 
1500 38.761 299.983 269.574 45.613 -305.159 -252.706 8.800 


66. DINITROGEN N,(g) 


298.15 29.124 191.608 191.608 0.000 0.000 0.000 0.000 
300 29.125 191.788 191.608 0.054 0.000 0.000 0.000 
400 29.249 200.180 192.752 2.971 0.000 0.000 0.000 
500 29.580 206.738 194.916 5.911 0.000 0.000 0.000 
600 30.109 212.175 197.352 8.894 0.000 0.000 0.000 
700 30.754 216.864 199.812 11.936 0.000 0.000 0.000 
800 31.433 221.015 202.208 15.046 0.000 0.000 0.000 
900 32.090 224.756 204.509 18.222 0.000 0.000 0.000 
1000 32.696 228.169 206.706 21.462 0.000 0.000 0.000 
1100 33.241 231.311 208.802 24.759 0.000 0.000 0.000 
1200 33.723 234.224 210.801 28.108 0.000 0.000 0.000 
1300 34.147 236.941 212.708 31.502 0.000 0.000 0.000 
1400 34.517 239.485 214.531 34.936 0.000 0.000 0.000 
1500 34.842 241.878 216.275 38.404 0.000 0.000 0.000 


67. NITRIC OXIDE NO (№) 


298.15 29.862 210.745 210.745 0.000 91.277 87.590 -15.345 
300 29.858 210.930 210.746 0.055 91.278 87.567 -15.247 
400 29.954 219.519 211.916 3.041 91.320 86.323 -11.272 
500 30.493 226.255 214.133 6.061 91.340 85.071 —8.887 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(G*“H°(T))/T H*H*(T,) AH? AG? Log K; 


67. NITRIC OXIDE NO (g) (continued) 


600 31.243 231.879 216.635 9.147 91.354 83.816 —7.297 
700 32.031 236.754 219.168 12.310 91.369 82.558 —6.160 
800 32.770 241.081 221.642 15.551 91.386 81.298 -5.308 
900 33.425 244.979 224.022 18.862 91.405 80.036 -4.645 
1000 33.990 248.531 226.298 22.233 91.426 78.772 -4.115 
1100 34.473 251.794 228.469 25.657 91.445 71.505 -3.680 
1200 34.883 254.811 230.540 29.125 91.464 76.237 -3.318 
1300 35.234 257.618 232.516 32.632 91.481 74.967 -3.012 
1400 35.533 260.240 234.404 36.170 91.495 73.697 -2.750 
1500 35.792 262.700 236.209 39.737 91.506 72.425 -2.522 


68. NITROGEN DIOXIDE NO, (в) 


298.15 37.178 240.166 240.166 0.000 34.193 52.316 —9.165 
300 37.236 240.397 240.167 0.069 34.181 52.429 -9.129 
400 40.513 251.554 241.666 3.955 33.637 58.600 —1.652 
500 43.664 260.939 244.605 8.167 33.319 64.882 —6.778 
600 46.383 269.147 248.026 12.673 33.174 71.211 —6.199 
700 48.612 276.471 251.575 17.427 33.151 77.553 —5.787 
800 50.405 283.083 255.107 22.381 33.213 83.893 —5.478 
900 51.844 289.106 258.555 27.496 33.334 90.221 —5.236 
1000 53.007 294.631 261.891 32.741 33.495 96.534 —5.042 
1100 53.956 299.729 265.102 38.090 33.686 102.828 -4.883 
1200 54.741 304.459 268.187 43.526 33.898 109.105 -4.749 
1300 55.399 308.867 271.148 49.034 34.124 115.363 -4.635 
1400 55.960 312.994 273.992 54.603 34.360 121.603 -4.537 
1500 56.446 316.871 276.722 60.224 34.604 127.827 -4.451 


69. AMMONIA  NH;(g) 


298.15 35.630 192.768 192.768 0.000 -45.940 -16.407 2.874 
300 35.678 192.989 192.769 0.066 -45.981 -16.223 2.825 
400 38.674 203.647 194.202 3.778 -48.087 -5.980 0.781 
500 41.994 212.633 197.011 7.811 -49.908 4.764 —0.498 
600 45.229 220.578 200.289 12.174 —51.430 15.846 -1.379 
700 48.269 227.781 203.709 16.850 -52.682 27.161 -2.027 
800 51.112 234.414 207.138 21.821 -53.695 38.639 -2.523 
900 53.769 240.589 210.516 27.066 -54.499 50.231 -2.915 
1000 56.244 246.384 213.816 32.569 -55.122 61.903 -3.233 
1100 58.535 251.854 217.027 38.309 -55.589 73.629 -3.496 
1200 60.644 257.039 220.147 44.270 -55.920 85.392 -3.717 
1300 62.576 261.970 223.176 50.432 —56.136 97.177 -3.905 
1400 64.339 266.673 226.117 56.779 -56.251 108.975 -4.066 
1500 65.945 271.168 228.971 63.295 -56.282 120.779 -4.206 


70. OXYGEN О (в) 


298.15 21.911 161.058 161.058 0.000 249.180 231.743 —40.600 
300 21.901 161.194 161.059 0.041 249.193 231.635 —40.331 
400 21.482 167.430 161.912 2.207 249.874 225.677 -29.470 
500 21.257 172.197 163.511 4.343 250.481 219.556 -22.937 
600 21.124 176.060 165.290 6.462 251.019 213.319 -18.571 
700 21.040 179.310 167.067 8.570 251.500 206.997 -15.446 
800 20.984 182.115 168.777 10.671 251.932 200.610 -13.098 
900 20.944 184.584 170.399 12.767 252.325 194.171 -11.269 
1000 20.915 186.789 171.930 14.860 252.686 187.689 -9.804 
1100 20.893 188.782 173.372 16.950 253.022 181.173 -8.603 
1200 20.877 190.599 174.733 19.039 253.335 174.628 -7.601 
1300 20.864 192.270 176.019 21.126 253.630 168.057 -6.753 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K; 


70. ОХҮСЕХ О (g) (continued) 
1400 20.853 193.815 177.236 23.212 253.908 161.463 —6.024 
1500 20.845 195.254 178.389 25.296 254471 154.851 —5.392 


71. ПОХҮСЕХ О, (2) 


298.15 29.378 205.148 205.148 0.000 0.000 0.000 0.000 
300 29.387 205.330 205.148 0.054 0.000 0.000 0.000 
400 30.109 213.873 206.308 3.026 0.000 0.000 0.000 
500 31.094 220.695 208.525 6.085 0.000 0.000 0.000 
600 32.095 226.454 211.045 9.245 0.000 0.000 0.000 
700 32.987 231.470 213.612 12.500 0.000 0.000 0.000 
800 33.741 235.925 216.128 15.838 0.000 0.000 0.000 
900 34.365 239.937 218.554 19.244 0.000 0.000 0.000 
1000 34.881 243.585 220.878 22.707 0.000 0.000 0.000 
1100 35.314 246.930 223.096 26.217 0.000 0.000 0.000 
1200 35.683 250.019 225.213 29.768 0.000 0.000 0.000 
1300 36.006 252.888 227.233 33.352 0.000 0.000 0.000 
1400 36.297 255.568 229.162 36.968 0.000 0.000 0.000 
1500 36.567 258.081 231.007 40.611 0.000 0.000 0.000 


72. SULFUR $ (сг, 1) 


298.15 22.690 32.070 32.070 0.000 0.000 0.000 0.000 
300 22.137 32.210 32.070 0.042 0.000 0.000 0.000 
368.3 24.237 37.030 32.554 1.649 0.000 0.000 0.000 
PHASE TRANSITION: Ays H = 0.401 kJ/mol, Ays 5 = 1.089 J/K-mol, crll—crI 
368.3 24.773 38.119 32.553 2.050 0.000 0.000 0.000 
388.36 25.180 39.444 32.875 2.551 0.000 0.000 0.000 
PHASE TRANSITION: Aq, H = 1.722 kJ/mol, Ag, 5 = 4.431 J/K-mol, с 1-1 
388.36 31.710 43.875 32.872 4.273 0.000 0.000 0.000 
400 32.369 44.824 33.206 4.647 0.000 0.000 0.000 
500 38.026 53.578 36.411 8.584 0.000 0.000 0.000 
600 34.371 60.116 39.842 12.164 0.000 0.000 0.000 
700 32.451 65.278 43.120 15.511 0.000 0.000 0.000 
800 32.000 69.557 46.163 18.715 0.000 0.000 0.000 
882.38 32.000 72.693 48.496 21.351 0.000 0.000 0.000 


73.SULFUR S(g) 


298.15 23.673 167.828 167.828 0.000 277.180 236.704 -41.469 
300 23.669 167.974 167.828 0.044 271.182 236.453 -41.170 
400 23.233 174.730 168.752 2.391 274.924 222.962 -29.115 
500 22.741 179.860 170.482 4.689 273.286 210.145 -21.953 
600 22.338 183.969 172.398 6.942 271.958 197.646 -17.206 
700 22.031 187.388 174.302 9.160 270.829 185.352 -13.831 
800 21.800 190.314 176.125 11.351 269.816 173.210 -11.309 
900 21.624 192.871 177.847 13.522 215.723 162.258 -9.417 
1000 21.489 195.142 179.465 15.677 216.018 156.301 —8.164 
1100 21.386 197.185 180.985 17.821 216.284 150.317 -7.138 
1200 21.307 199.043 182.413 19.955 216.525 144.309 -6.282 
1300 21.249 200.746 183.759 22.083 216.743 138.282 -5.556 
1400 21.209 202.319 185.029 24.206 216.940 132.239 -4.934 
1500 21.186 203.781 186.231 26.325 217.119 126.182 -4.394 


74.DISULFUR $, (2) 


298.15 32.505 228.165 228.165 0.000 128.600 79.696 -13.962 
300 32.540 228.366 228.165 0.060 128.576 79.393 -13.823 
400 34.108 237.956 229.462 3.398 122.703 63.380 -8.276 
500 35.133 245.686 231.959 6.863 118.296 49.031 -5.122 


5-82 


THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


T/K с? 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K, 


74. DISULFUR S, (g) (continued) 


600 35.815 252.156 234.800 10.413 114.685 35.530 -3.093 

700 36.305 257.715 237.686 14.020 111.599 22.588 -1.685 

800 36.697 262.589 240.501 17.671 108.841 10.060 -0.657 

882.38 36.985 266.200 242.734 20.706 pressure - 1 bar 

900 37.045 266.932 243.201 21.358 0.000 0.000 0.000 
1000 37.377 270.852 245.773 25.079 0.000 0.000 0.000 
1100 37.704 274.430 248.218 28.833 0.000 0.000 0.000 
1200 38.030 277.725 250.541 32.620 0.000 0.000 0.000 
1300 38.353 280.781 252.751 36.439 0.000 0.000 0.000 
1400 38.669 283.635 254.856 40.290 0.000 0.000 0.000 
1500 38.976 286.314 256.865 44,173 0.000 0.000 0.000 


75. OCTASULFUR $, (g) 


298.15 156.500 432.536 432.536 0.000 101.277 48.810 —8.551 
300 156.768 433.505 432.539 0.290 101.231 48.484 —8.442 
400 167.125 480.190 438.834 16.542 80.642 32.003 4.179 
500 173.181 518.176 451.022 33.577 66.185 21.409 -2.237 
600 177.936 550.180 464.951 21,137 55.101 13.549 -1.180 
700 182.441 577.948 479.152 69.157 46.349 7.343 -0.548 
800 186.764 602.596 493.071 87.620 39.177 2.263 -0.148 
900 190.595 624.821 506.495 106.494 -392.062 6.554 -0.380 
1000 193.618 645.067 519.355 125.712 -387.728 50.614 -2.644 
1100 195.684 663.625 531.639 145.185 -383.272 94.233 -4.475 
1200 196.825 680.707 543.359 164.817 -378.786 137.444 -5.983 
1300 197.195 696.480 554.539 184.524 -374.356 180.283 -7.244 
1400 196.988 711.089 565.206 204.237 -370.048 222.785 —8.312 
1500 196.396 724.662 575.389 223.909 —365.905 264.984 -9.227 


76. SULFUR DIOXIDE SO, (g) 


298.15 39.842 248.219 248.219 0.000 —296.810 —300.090 52.574 
300 39.909 248.466 248.220 0.074 —296.833 -300.110 52.253 
400 43.427 260.435 249.828 4.243 -300.240 -300.935 39.298 
500 46.490 270.465 252.978 8.744 -302.735 -300.831 31.427 
600 48.938 279.167 256.634 13.520 -304.699 -300.258 26.139 
700 50.829 286.859 260.413 18.513 -306.308 -299.386 22.340 
800 52.282 293.746 264.157 23.671 -307.691 -298.302 19.477 
900 53.407 299.971 267.796 28.958 -362.075 -295.987 17.178 
1000 54.290 305.646 271.301 34.345 -362.012 -288.647 15.077 
1100 54.993 310.855 274.664 39.810 -361.934 -281.314 13.358 
1200 55.564 315.665 271.882 45.339 —361.849 -273.989 11.926 
1300 56.033 320.131 280.963 50.920 —361.763 -266.671 10.715 
1400 56.426 324.299 283.911 56.543 -361.680 -259.359 9.677 
1500 56.759 328.203 286.735 62.203 -361.605 -252.053 8.777 


77. SILICON  Si(cr) 


298.15 19.789 18.810 18.810 0.000 0.000 0.000 0.000 
300 19.855 18.933 18.810 0.037 0.000 0.000 0.000 
400 22.301 25.023 19.624 2.160 0.000 0.000 0.000 
500 23.610 30.152 21.231 4.461 0.000 0.000 0.000 
600 24.472 34.537 23.092 6.867 0.000 0.000 0.000 
700 25.124 38.361 25.006 9.348 0.000 0.000 0.000 
800 25.662 41.752 26.891 11.888 0.000 0.000 0.000 
900 26.135 44.802 28.715 14.478 0.000 0.000 0.000 
1000 26.568 47.578 30.464 17.114 0.000 0.000 0.000 
1100 26.974 50.130 32.138 19.791 0.000 0.000 0.000 
1200 27.362 52.493 33.737 22.508 0.000 0.000 0.000 
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THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE (continued) 


J/K-mol kJ/mol 


TIK Со 5° -(6®Н°(ТӘУТ H*H*(T,) AH? AG? Log K, 


77. SILICON Si (cr) (continued) 


1300 27.737 54.698 35.265 25.263 0.000 0.000 0.000 
1400 28.103 56.767 36.728 28.055 0.000 0.000 0.000 
1500 28.462 58.719 38.130 30.883 0.000 0.000 0.000 


78.SILICON Sai (g) 


298.15 22.251 167.980 167.980 0.000 450.000 405.525 -71.045 
300 22.234 168.117 167.980 0.041 450.004 405.249 -70.559 
400 21.613 174.416 168.843 2.229 450.070 390.312 -50.969 
500 21.316 179.204 170.456 4.374 449.913 375.388 -39.216 
600 21.153 183.074 172.246 6.497 449.630 360.508 -31.385 
700 21.057 186.327 174.032 8.607 449.259 345.682 -25.795 
800 21.000 189.135 175.748 10.709 448.821 330.915 -21.606 
900 20.971 191.606 177.375 12.808 448.329 316.205 -18.352 
1000 20.968 193.815 178.911 14.904 447.791 301.553 -15.751 
1100 20.989 195.815 180.358 17.002 447211 286.957 -13.626 
1200 21.033 197.643 181.723 19.103 446.595 272.416 -11.858 
1300 21.099 199.329 183.014 21.209 445.946 257.927 -10.364 
1400 21.183 200.895 184.236 23.323 445.268 243.489 -9.085 
1500 21.282 202.360 185.396 25.446 444.563 229.101 -7.978 


79. SILICON DIOXIDE SiO, (cr) 


298.15 44.602 41.460 41.460 0.000 -910.700 -856.288 150.016 
300 44.712 41.736 41.461 0.083 -910.708 -855.951 149.032 
400 53.477 55.744 43.311 4.973 -910.912 -837.651 109.385 
500 60.533 68.505 47.094 10.705 -910.540 -819.369 85.598 
600 64.452 79.919 51.633 16.971 —909.841 -801.197 69.749 
700 68.234 90.114 56.414 23.590 -908.958 -783.157 58.439 
800 76.224 99.674 61.226 30.758 -907.668 -765.265 49.966 
848 82.967 104.298 63.533 34.569 -906.310 -756.747 46.613 
PHASE TRANSITION: A,,, H = 0.411 kJ/mol, Ay, 5 = 0.484 J/K-mol, ссп” 
848 67.446 104.782 63.532 34.980 -906.310 -756.747 46.613 
900 67.953 108.811 66.033 38.500 -905.922 -747.587 43.388 
1000 68.941 116.021 70.676 45.345 -905.176 -730.034 38.133 
1100 69.940 122.639 75.104 52.289 -904.420 -712.557 33.836 
1200 70.947 128.768 79.323 59.333 -901.382 695.148 30.259 
PHASE TRANSITION: Aq, Н = 2.261 kJ/mol, Aq, 5 = 1.883 J/K-mol, crII—crI 
1200 71.199 130.651 79.323 61.594 -901.382 –695.148 30.259 
1300 71.743 136.372 83.494 68.742 -900.574 -677.994 27.242 
1400 72.249 141.707 87.463 75.941 -899.782 -660.903 24.658 
1500 72.739 146.709 91.248 83.191 -899.004 -643.867 22.421 


80. SILICON TETRACHLORIDE  SiCl, (g) 


298.15 90.404 331.446 331.446 0.000 —662.200 -622.390 109.039 
300 90.562 332.006 331.448 0.167 -662.195 -622.143 108.323 
400 96.893 359.019 335.088 9.572 -661.853 -608.841 79.505 
500 100.449 381.058 342.147 19.456 -661.413 -595.637 62.225 
600 102.587 399.576 350.216 29.616 —660.924 -582.527 50.713 
700 103.954 415.500 358.432 39.948 -660.417 -569.501 42.496 
800 104.875 429.445 366.455 50.392 -659.912 -556.548 36.338 
900 105.523 441.837 374.155 60.914 -659.422 -543.657 31.553 
1000 105.995 452.981 381.490 71.491 -658.954 -530.819 27.727 
1100 106.349 463.101 388.456 82.109 -658.515 -518.027 24.599 
1200 106.620 472.366 395.068 92.758 -658.107 -505.274 21.994 
1300 106.834 480.909 401.347 103.431 -657.735 -492.553 19.791 
1400 107.003 488.833 407.316 114.123 —657.400 -479.860 17.904 
1500 107.141 496.220 413.000 124.830 -657.104 -467.189 16.269 
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THERMODYNAMIC PROPERTIES OF AQUEOUS SYSTEMS 


This table contains standard state thermodynamic properties of ions and neutral species in aqueous solution. It includes enthalpy and Gibbs energy 
of formation, entropy, and heat capacity, and thus serves as a companion to the preceding table, "Standard Thermodynamic Properties of Chemical 
Substances". The standard state is the hypothetical ideal solution with molality m = 1 mol/kg (mean ionic molality т. in the case of a species which 
is assumed to dissociate at infinite dilution). Further details on conventions may be found in Reference 1. 

Cations are listed by formula in the first part of the table, followed by anions and finally neutral species. АП values refer to standard conditions 
of 25?C and 100 kPa pressure. 
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Species ДАНУ 46% 5% Cy Species Aí H°/ 46% 5% Cy 
kJ тог! kJ mo! — Jmol!K- Jmol'!K"! kJ тог! kJ mo! Jmolt!K! Jmol'!K"! 
Cations ШОН -370.3 -313.0 -88.0 
In(OH),* -619.0 -525.0 25.0 
Agt 105.6 774 727 21.8 K* -252.4 -283.3 102.5 21.8 
АРЗ -531.0 -485.0 -321.7 Газ -707.1 -683.7 -217.6 -13.0 
AIOH? -694.1 Li* -278.5 -293.3 13.4 68.6 
Ba? -537.6 -560.8 9.6 Lu? -665.0 -628.0 -264.0 25.0 
BaOH* -730.5 LuF? -931.4 
Be? -382.8 -379.7 -129.7 Mg? -466.9 -454.8 -138.1 
Bi? 82.8 MgOH* -626.7 
BiOH*2 -146.4 Мп? -220.8 -228.1 -73.6 50.0 
Ca? -542.8 -553.6 -53.1 MnOH* -450.6 -405.0 -17.0 
CaOH* -718.4 МН, -132.5 -79.3 113.4 79.9 
сағ -75.9 -77.6 -73.2 N>H;* -7.5 82.5 151.0 70.3 
CdOH* -261.1 Nat -240.1 -261.9 59.0 46.4 
Сез -696.2 -672.0 -205.0 ма? -696.2 -671.6 -206.7 -21.0 
сем -537.2 -503.8 -301.0 ме -54.0 -45.6 -128.9 
Со? -58.2 -54.4 -113.0 NiOH* -287.9 -227.6 -71.0 
Соз 92.0 134.0 -305.0 PH,* 92.1 
Cr? -143.5 Ра" -619.0 
Cs* -258.3 -292.0 133.1 -10.5 Ры? -1.7 -24.4 10.5 
Си" 717 50.0 40.6 PbOH* -226.3 
Cu? 64.8 65.5 -99.6 ра”? 149.0 176.5 -184.0 
ру" -699.0 -665.0 -231.0 21.0 Pot? 71.0 
Er? -105.4 -669.1 -244.3 21.0 Ро? 293.0 
Eu? -527.0 -540.2 -8.0 Pr? -704.6 -679.1 -209.0 -29.0 
Eu? -605.0 -574.1 -222.0 8.0 Pe? 254.8 
Fe+2 -89.1 -78.9 -137.7 Ra? -521.6 -561.5 54.0 
Fe? -48.5 -47 -315.9 Rb* -251.2 -284.0 121.5 
FeOH* -324.7 -277.4 -29.0 Ке“ -33.0 
FeOH*? -290.8 -229.4 -142.0 Sc? -6142 -586.6 -255.0 
Fe(OH);* 4380 ScOH*? -861.5 -801.2 -134.0 
са” -88.0 Sm? -497.5 
саз -2117 -159.0 -331.0 Sm? -691.6 -666.6 -211.7 -21.0 
GaOH*? -380.3 Sn? -8.8 -27.2 -17.0 
Ga(OH),* -597.4 SnOH* -286.2 -254.8 50.0 
сағ -686.0 -661.0 -205.9 Sr? -545.8 -559.5 -32.6 
H* 0 0 0 0 SrOH* -721.3 
Hg? 171.1 164.4 -32.2 ть -682.8 -651.9 -226.0 17.0 
На»*? 172.4 153.5 84.5 Te(OH)5* -608.4 -496.1 111.7 
HgOH* -84.5 -52.3 71.0 Th^ -769.0 -705.1 -422.6 
Но” -705.0 -673.7 -226.8 17.0 Th(OH)? -1030.1 -920.5 -343.0 
In* 121 Th(OH),? -1282.4 -1140.9 -218.0 
In? 507 те 54 324 125.5 
In*? -105.0 -98.0 -151.0 TI? 196.6 214.6 -192.0 
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Species 


пон 
TI(OH),* 
Tm*3 

173 

0+ 

үз 
ҮХОН), 
Ybt2 
Yb? 
Y(OH)? 
Zn? 
ZnOH* 


AlO, 
АКОН); 
AsO, 
AsO4? 
BF, 
ВН; 
BO; 
B407? 
ВеО,? 
Вг 

BrO- 
BrO; 
BrO4 
СНОО: 
СН,СОО: 
C,0,2 
СОН” 
Cr 

CIO: 
CIO; 
CIO; 
ClO, 
CN- 
CO4? 
CrO,2 
Cr,O;2 
F 
Fe(CN)g? 
Fe(CN)¢+ 
HB,O7 
HCO; 
HF, 
HPO3F- 
HPO,” 
НР,О,? 
HS: 
HSO4 
HSO, 
HS,0,° 
Н$е- 
НбеОу 
HSeO, 
H5AsO4 
H5AsO4 


THERMODYNAMIC PROPERTIES OF AQUEOUS SYSTEMS (continued) 


АНІ 
kJ mol! 


-697.9 
-489.1 
-591.2 
-723.4 


-674.5 


-153.9 


-930.9 
-1502.5 
-429.0 
-888.1 
-1574.9 
48.2 
-772.4 


-790.8 
-121.6 
-94.1 
-67.1 
13.0 
-425.6 
-486.0 
-825.1 
-818.4 
-167.2 
-107.1 
-66.5 
-104.0 
-129.3 
150.6 
-677.1 
-881.2 
-1490.3 
-332.6 
561.9 
455.6 


-692.0 
-649.9 


-1292.1 
-2274.8 
-17.6 
-626.2 
-887.3 


15.9 
-514.6 
-581.6 
-714.8 
-909.6 


АС“ 
kJ mor! 


-15.9 
-244.7 
-662.0 
-476.2 
-531.9 
-693.8 

-1780.3 
-527.0 
-644.0 
-879.1 
-147.1 
-330.1 


Anions 


-830.9 
-1305.3 
-350.0 
-648.4 
-1486.9 
114.4 
-678.9 
-2604.8 
-640.1 
-104.0 
-33.4 
18.6 
118.1 
-351.0 
-369.3 
-673.9 
-698.3 
-131.2 
-36.8 
17.2 
-8.0 
-8.5 
172.4 
-527.8 
-727.8 
-1301.1 
-278.8 
729.4 
695.1 
-2685.1 
-586.8 
-578.1 
-1198.2 
-1089.2 
-1972.2 
12.1 
-527.7 
-755.9 
-614.5 
44.0 
-411.5 
-452.2 
-587.1 
-753.2 


5“ 
J mol ~K- 


-243.0 
-188.0 
-410.0 
-251.0 


-238.0 


-112.1 


-36.8 
102.9 
40.6 
-162.8 
180.0 
110.5 
-37.2 


-159.0 
82.4 
42.0 

161.7 
199.6 
92.0 
86.6 
45.6 
149.4 
56.5 
42.0 
101.3 
162.3 
182.0 
94.1 
-56.9 
50.2 
261.9 
-13.8 
270.3 
95.0 


91.2 
92.5 


-33.5 
46.0 
62.8 

139.7 

131.8 


79.0 
135.1 
149.4 
110.5 
117.0 


Су 


J mol K-1 


25.0 


25.0 


46.0 


-141.8 


-87.9 
-6.3 


-136.4 


-106.7 


-84.0 


Species 


H;PO; 
Н,Р,0у2 
r 

IO- 


AgBr 

AgCl 

AgF 

Agl 
AgNO; 
Ав:50; 
AIBr; 
ДІСІ; 

AIF; 

All, 
Al,(SO4)3 
BaBr, 
ВаСО; 
BaCl, 

BaF, 
Ва(НСО;); 
Bal, 
Ва(ХОҙ); 
Ва5 О, 

Ве5 О, 
ССЬСООН 
CHCLCOOH 
CHOOCs 
CHOOH 
CHOOK 
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AH?| 
kJ mol! 


-1296.3 
-2278.6 
-55.2 
-107.5 
-221.3 
-151.5 
-541.4 
-653.0 
-997.9 
-104.6 
-207.4 
275.1 
-146.0 
-230.0 
-1277.4 
-2271.1 
46.0 
33.1 
76.4 
-635.5 
-909.3 
30.1 
-652.3 
-753.5 
-1344.7 


-509.2 
-599.1 
-888.3 


-1075.7 


-16.0 
-61.6 
-227.1 
50.4 
-101.8 
-698.1 
-895.0 
-1033.0 
-1531.0 
-699.0 
-3791.0 
-780.7 
-1214.8 
-872.0 
-1202.9 
-1921.6 
-648.0 
-952.4 
-1446.9 
-1292.0 
-516.3 
-512.1 
-683.8 
-425.6 
-677.9 


AGI 
kJ mol! 


-1130.2 
-2010.2 
-51.6 
-38.5 
-128.0 
-58.5 
-4472 
-500.7 
-836.3 
-322 
-111.3 
348.2 
-97.4 
-157.2 
-1018.7 
-1919.0 
10.1 
85.8 
92.7 
-486.5 
-744.5 
79.5 
-522.5 
-600.3 
-1114.9 
129.3 
-369.8 
-441.3 
-783.6 
-899.0 


Neutral species 


-26.9 
-54.1 
-201.7 
25.5 
-342 
-590.3 
-799.0 
-879.0 
-1322.0 
-640.0 
-3205.0 
-768.7 
-1088.6 
-823.2 
-1118.4 
-1734.3 
-663.9 
-783.3 
-1305.3 
-1124.3 


-643.0 
-351.0 
-634.2 


5“ 
J mol-K-1 


90.4 
163.0 
111.3 

-5.4 
118.4 
222.0 
191.2 

59.0 

272 
123.0 
146.4 
107.9 
106.7 
-10.8 

-220.5 
-117.0 
230.0 
-14.6 
144.3 
-29.0 

201 

28.5 

67.0 

92.0 
244.3 


13.0 
54.0 
50.0 


155.2 
129.3 
59.0 
184.1 
219.2 
165.7 
-74.5 
-152.3 
-363.2 
12.1 
-5832 
174.5 
-47.3 
122.6 
-18.0 
192.0 
232.2 
302.5 
29.7 
-109.6 


226.0 
92.0 
192.0 


Су 
J mol-1K-1 


-142.3 


-82.0 


-97.5 
-86.6 


-148.5 


-40.2 


-293.0 


-120.1 
-114.6 
-84.9 
-120.5 
-64.9 
-251.0 


-87.9 
-66.1 


Species 


CHOONH, 
CHOONa 
CHOORb 
CH;CICOOH 
CH;COOCs 
СН;СООН 
СН,СООК 
CH;COONH, 
СН,СООМа 
CH;COORb 
(COOH), 
(CH3)3N 
СаВт; 
СаСО, 
CaCl, 

CaF, 

Cab 
Ca(NO3) 
CaS О, 
CdBr; 
Сасђ 
CdF, 

Cdl, 
САМО) 
С450, 
Сесь 
СоВт; 
Сосђ 

Сођ 
Со(МО) 
Со5О, 
CsBr 

CsCl 

CsF 
С5НСО; 
CsHSO,; 
CsI 

CsNO3 
Свя:СО, 
Св,5 

С555 О, 
Cs,Se 
Cu(NO) 
CuSO, 
DyCl, 
ErCl, 
ЕйСІ, 
ЕСІ; 
FeBry 
ЕеВг, 
FeCl, 
FeCl, 

FeF, 

FeF; 

Fel, 

Fel; 
Ее(МОз); 
FeSO, 
Fe,(SO4)3 


THERMODYNAMIC PROPERTIES OF AQUEOUS SYSTEMS (continued) 


AH?| 
kJ mol! 


-558.1 
-665.7 
-676.7 
-501.3 
-144.3 
-486.0 
-738.4 
-618.5 
-726.1 
-131.2 
-825.1 
-76.0 
-785.9 
-1220.0 
-877.1 
-1208.1 
-653.2 
-957.6 
-1452.1 
-319.0 
-410.2 
-1412 
-186.3 
-490.6 
-985.2 
-1197.5 
-301.2 
-392.5 
-168.6 
-472.8 
-967.3 
-379.8 
-425.4 
-590.9 
-950.3 
-1145.6 
-313.5 
-465.6 
-1193.7 
-483.7 
-1425.8 


-350.0 
-844.5 
-1197.0 
-1207.1 
-862.0 
-1106.2 
-332.2 
-413.4 
-423.4 
-550.2 
-754.4 
-1046.4 
-199.6 
-214.2 
-670.7 
-998.3 
-2825.0 


А6°/ 


kJ mol! 


-430.4 
-612.9 
-635.1 


-661.3 
-369.3 
-652.6 
-448.6 
-631.2 
-653.3 
-673.9 
93.1 
-161.5 
-1081.4 
-816.0 
-1111.2 
-656.7 
-716.1 
-1298.1 
-285.5 
-340.1 
-635.2 
-180.8 
-300.1 
-822.1 
-1065.6 
-262.3 
-316.7 
-157.7 
-276.9 
-199.1 
-396.0 
-4232 
-570.8 
-878.8 
-1047.9 
-343.6 
-403.3 
-1111.9 
-498.3 
-1328.6 
-454.8 
-157.0 
-679.0 
-1059.0 
-1062.7 


-967.7 
-286.8 
-316.7 
-341.3 
-398.3 
-636.5 
-840.9 
-182.1 
-159.4 
-338.3 
-823.4 
-2242.8 


5% 


J mol-K-! 


205.0 
151.0 
213.0 


219.7 
86.6 
189.1 
200.0 
145.6 
207.9 
45.6 
133.5 
111.7 
-110.0 
59.8 
-80.8 
169.5 
239.7 
-33.1 
91.6 
39.7 
-100.8 
149.4 
219.7 
-53.1 
-38.0 
50.0 


109.0 
180.0 
-92.0 
215.5 
189.5 
119.2 
224.3 
264.8 
244.3 
2779.5 
209.2 
251.0 
286.2 


193.3 
-79.5 
-61.9 
-75.3 


-54.0 
272 
-68.6 
-24.7 
-146.4 
-165.3 
-357.3 
84.9 
18.0 
123.4 
-117.6 
-571.5 


Су 


J mol K-! 


-7.9 
-41.4 


-6.3 
15.5 
73.6 
402 


-146.9 


-152.7 
-99.0 


-389.0 
-389.0 


-402.0 


Species 


GdCl, 
HBr 

HCN 

HCl 

HF 

HI 

HNO; 
HSCN 
H5SO, 
HoCl, 
KBr 

KCl 

KF 
КНСО; 
КН5О, 
KI 

КМО, 
К,СО, 
К,5 
К,50, 
Козе 
LaCl, 
LiBr 

LiCl 

LiF 

Lil 

LiNO; 
Li,CO; 
11,504 
LuCl, 
MgBry 
MgCl, 
Mel, 
Ме(МОҙ); 
MgSO, 
MnBr; 
MnCl, 
Mnl, 
Мп(МОҙ); 
MnSO, 
МН,Вг 
NH,BrO; 
NH,CN 
NH4CI 
МН,СІО; 
МН,СІО, 
МНЕ 
NH,HCO; 
NH,HS 
NH,HSO; 
NH4HSO, 
NH,HSeO, 
NH,H,AsO; 
МН,Н,А5О, 
МН,Н,РО, 
МН,Н;Р,О; 
МНЦ 
МНО; 
NH4NO; 
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AH?| 
kJ mol! 


-1188.0 
-121.6 
150.6 
-167.2 
-332.6 
-552 
-207.4 
76.4 
-909.3 
-1206.7 
-373.9 
-419.5 
-585.0 
-944.4 
-1139.7 
-307.6 
-459.7 
-1181.9 
-471.5 
-1414.0 


-1208.8 
-400.0 
-445.6 
-611.1 
-333.7 
-485.9 

-1234.1 

-1466.2 

-1167.0 
-709.9 
-801.2 
-5112 
-881.6 

-1376.1 
-464.0 
-555.1 
-331.0 
-635.5 

-1130.1 
-254.1 
-199.6 

18.0 
-299.7 
-236.5 
-261.8 
-465.1 
-824.5 
-150.2 
-758.7 

-1019.9 
-714.2 
-847.3 

-1042.1 

-1428.8 

-2409.1 
-187.7 
-354.0 
-2372 


АС“ 
kJ mor! 


-1059.0 
-104.0 
172.4 
-1312 
-278.8 
-51.6 
-111.3 
92.7 
-744.5 
-1067.3 
-3872 
-414.5 
-562.1 
-870.0 
-1039.2 
-334.9 
-394.5 
-1094.4 
-480.7 
-1311.1 
-4372 
-1077.3 
-397.3 
-424.6 
-571.9 
-344.8 
-404.5 
-1114.6 
-1331.2 
-1021.0 
-662.7 
-717.1 
-558.1 
-677.3 
-1199.5 


-490.8 


-450.9 
-972.7 
-183.3 
-60.7 
93.0 
-210.5 
-87.3 
-87.8 
-358.1 
-666.1 
-67.2 
-607.0 
-835.2 
-531.6 
-666.4 
-832.5 
-1209.6 
-2102.6 
-130.9 
-207.4 
-111.6 


5“ 
J mol K- 


-36.8 
82.4 
94.1 
56.5 

-13.8 

111.3 

146.4 

144.3 
201 

-577 

184.9 

159.0 
88.7 

193.7 

234.3 

213.8 

248.9 

148.1 

190.4 

225.1 


-50.0 
95.8 
69.9 
-0.4 
124.7 
160.2 
-29.7 
47.3 
-96.0 
26.8 
-25.1 
84.5 
154.8 
-118.0 


Су 
J mol-1K-1 


-410.0 
-141.8 


-136.4 
-106.7 
-142.3 

-86.6 

-40.2 
-293.0 
-393.0 
-120.1 
-114.6 

-84.9 


-63.0 
-120.5 
-64.9 
-251.0 
-423.0 
-73.2 
-67.8 
-38.1 
-73.6 
-18.0 


-155.6 
-385.0 


-222.0 


-121.0 
-243.0 
-61.9 


-56.5 


-26.8 


-62.3 


-17.6 


THERMODYNAMIC PROPERTIES ОЕ AQUEOUS SYSTEMS (continued) 


Species ДНУ 
kJ тог! 

МН, МО, -339.9 
NH,OH -362.5 
NH,SCN -56.1 
(NHj,CO, -942.2 
(NH45CrO, -1146.2 
(МНСњО;) -1755.2 
(NH4;HAsO, -1171.4 
(ЧН,»НРО, -1557.2 
(МН,);8 -231.8 
(NHj,SO, -900.4 
(NHj5SO, -1174.3 
(NH45SeO, -864.0 
(NH,)3PO, -1674.9 
МаВг -361.7 
NaCl -407.3 
NaF -572.8 
NaHCO; -932.1 
NaHSO, -1127.5 
Nal -295.3 
NaNO, -447.5 
Na,CO, -1157.4 
Ма;5 -447.3 
NaSO, -1389.5 
Na,Se 
масі, -1197.9 
NiBr; -297.1 
КІСІ, -388.3 
МІБ, -719.2 
Nil, -164.4 
Ni(NO4); -468.6 
КО, -963.2 
РЬВг, -244.8 
PbCl, -336.0 
РЫР» -666.9 
РЫ, -112.1 
Pb(NO;)> -416.3 
РЕСІ, -1206.2 
Васі, -861.9 
Ra(NO4) -942.2 


A,G°/ 
kJ mol“! 


-190.6 
-236.5 
13.4 
-686.4 
-886.4 
-1459.5 
-873.2 
-1247.8 
-72.6 
-645.0 
-903.1 
-599.8 
-1256.6 
-365.8 
-393.1 
-540.7 
-848.7 
-1017.8 
-313.5 
-373.2 
-1051.6 
-438.1 
-1268.4 
-394.6 
-1065.6 
-253.6 
-307.9 
-603.3 
-149.0 
-268.5 
-790.3 
-232.3 
-286.9 
-582.0 
-127.6 
-246.9 
-1072.7 
-823.8 
-784.0 


5% Cy Species 
Jmol!K- Ј mol K-! 

259.8 -6.7 RaSO, 
102.5 -68.6 RbBr 
254.7 39.7 RbCI 
169.9 RbF 
277.0 ВЬНСО, 
488.7 RbHSO, 
225.1 RbI 
193.3 RbNO; 
212.1 ВЬ,СО, 
197.5 Rb,S 
246.9 -133.1 Rb,SO, 
280.7 SmCl, 
117.0 SrBr, 
141.4 -954 SrCO, 
115.5 -90.0 «ІСІ, 

45.2 -60.2 Srl, 
150.2 5(МО 
190.8 -38.0 5150; 
170.3 -95.8 ТӘСІ; 
205.4 -40.2 ТІВг 

61.1 TIBr, 
103.3 TICI 
138.1 -201.0 ТІСІ; 

ТІЕ 

-37.7 -431.0 TII 

36.0 TINO, 
-15.1 11580, 

-156.5 TmCl, 

93.7 UCL, 

164.0 UO;CO, 
-108.8 UO,(NO3), 

175.3 00,50; 
1234 YbCI, 
-17.2 ZnBry 
233.0 ZnCl, 
303.3 ZnF, 
-42.0 -439.0 ZnL 
167.0 Zn(NO3)> 
347.0 ZnSO, 
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AH?| 
kJ mol! 


-1436.8 
-372.7 
-418.3 
-583.8 
-943.2 

-1138.5 
-306.4 
-458.5 

-1179.5 
-469.4 

-1411.6 

-1193.3 
-788.9 

-1222.9 
-880.1 
-656.2 
-960.5 

-1455.1 

-1184.1 
-116.2 
-168.2 
-161.8 
-305.0 
-321.3 

-49.8 
-202.0 
-898.6 

-1199.1 

-1259.8 

-1696.6 

-1434.3 

-1928.8 

-1176.1 
-397.0 
-488.2 
-819.1 
-264.3 
-568.6 

-1063.2 


AGI 
kJ mor! 


-1306.2 
-387.9 
-4152 
-562.8 
-870.8 

-1039.9 
-335.6 
-395.2 

-1095.8 
-482.0 

-1312.5 

-1060.2 
-167.4 

-1087.3 
-821.9 
-662.6 
-782.0 

-1304.0 

-1045.5 
-136.4 

-97.1 
-163.6 
-179.0 
-3112 

-84.0 
-143.7 
-809.3 

-1055.6 

-1056.8 

-1481.5 

-1176.0 

-1698.2 

-1037.6 
-355.0 
-409.5 
-704.6 
-2502 
-369.6 
-891.6 


5“ 
J ток“ 


75.0 
203.9 
178.0 
107.5 
212.7 
253.1 
232.6 
267.8 
186.2 
228.4 
263.2 
-42.7 
132.2 
-89.5 
80.3 
190.0 
260.2 
-12.6 
-59.0 
207.9 
54.0 
182.0 
-23.0 
111.7 
236.8 
272.0 
271.1 
-75.0 
-184.0 
-154.4 
195.4 
-77.4 
-71.0 
52.7 
0.8 
-139.7 
110.5 
180.7 
-92.0 


Су 
J mol-1K-1 


-431.0 


-393.0 


-385.0 


-385.0 
-238.0 
-226.0 
-167.0 
-238.0 
-126.0 
-247.0 


HEAT OF COMBUSTION 


The heat of combustion of a substance at 25°C can be calculated from the enthalpy of formation (AjH?) data in the table “Standard Thermodynamic 
Properties of Chemical Substances" in this Section. We can write the general combustion reaction as 


X +O, > СО, (g) + H,O(I) + other products 
For a compound containing only carbon, hydrogen, and oxygen, the reaction is simply 


C,H,O, СЕ уе: ^a сов)» 56 Н,О() 


and the standard heat of combustion А.Н, which is defined as the negative of the enthalpy change for the reaction (1.е., the heat released in the 
combustion process), is given by 


A H° --аА,Н (СО,,8) EL A H°(H,0,1)+A,H°(C,H,,0,) 


2393.51 a 142.915 b+A,H°(C,H,,0,) 


This equation applies if the reactants start in their standard states (25?C and one atmosphere pressure) and the products return to the same conditions. 
The same equation applies to a compound containing another element if that element ends in its standard reference state (e.g., nitrogen, if the product 
is N5); in general, however, the exact products containing the other elements must be known in order to calculate the heat of combustion. 

The following table gives the standard heat of combustion calculated in this manner for a few representative substances. 


Molecular Molecular 
formula Name А.Н°/КЈ mol! formula Name А.Н°/КЈ mol! 
Inorganic substances С.Н,О ]-Propanol (1) 2021.3 
С.Н,О, Glycerol (1) 1655.4 
С Carbon (graphite) 393.5 C.H IO Diethyl ether (1) 2723.9 
CO Carbon monoxide (g) 283.0 СНО 1-Pentanol (1) 3330.9 
H, Hydrogen (g) 285.8 СНО Phenol (s) 3053.5 
H3N Ammonia (g) 382.8 
H,N> Hydrazine (g) 667.1 Carbonyl compounds 
№0 Nitrous oxide (g) 82.1 
СН:О Formaldehyde (g) 570.7 
Hydrocarbons С-Н:О Ketene (g) 1025.4 
C,H,O Acetaldehyde (1) 1166.9 
сн, Methane (g) 890.8 CsH,O Acetone (1) 1789.9 
C,H, Acetylene (g) 1301.1 С,Н,О Ргорапа! (1) 1822.7 
CH, Ethylene (g) 1411.2 С,Н,О 2-Вшапопе (1) 2444.1 
С-Н, Ethane (о) 1560.7 
С.Н, Propylene (g) 2058.0 Acids and esters 
C4Hg Cyclopropane (g) 2091.3 
C4Hg Propane (g) 2219.2 СНО, Formic acid (1) 254.6 
CH, 1,3-Butadiene (g) 2541.5 С.Н,О, Асейс acid (1) 874.2 
САН Butane (2) 2877.6 ОНО Methyl formate (1) 972.6 
СУН» Pentane (1) 3509.0 С.Н,О, Methyl acetate (1) 1592.2 
CH: Benzene (1) 3267.6 С.Н,О, Ethyl acetate (1) 2238.1 
СН Cyclohexane (1) 3919.6 СНО, Benzoic acid (s) 3226.9 
СН Нехапе (1) 4163.2 
СН, Toluene (1) 3910.3 Nitrogen compounds 
С-Нь, Heptane (1) 4817.0 
Сон, Naphthalene (s) 5156.3 CHN Hydrogen cyanide (g) 671.5 
СН,МО, Nitromethane (1) 709.2 
Alcohols and ethers СН, Methylamine (2) 1085.6 
C,H,N Acetonitrile (1) 1247.2 
CH,O Methanol (1) 726.1 С-Н;МО Acetamide (s) 1184.6 
C,H,O Ethanol (1) 1366.8 C;H9N Trimethylamine (g) 2443.1 
C,H,O Dimethy] ether (g) 1460.4 CsH+N Pyridine (1) 2782.3 
С.Н,О, Ethylene glycol (1) 1189.2 СМ Aniline (1) 3392.8 
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MOLAR CONDUCTIVITY ОЕ AQUEOUS НЕ, НСІ, HBr, AND HI 


The molar conductivity A of an electrolyte solution is defined as the conductivity divided by amount-of-substance concentration. The customary 
unit is S cm2mol'! (i.e., Q! cm?mol). The first part of this table gives the molar conductivity of the hydrohalogen acids at 25°C as a function of the 
concentration in mol/L. The second part gives the temperature dependence of A for НСІ and HBr. More extensive tables and mathematical 
representations may be found in the reference. 


REFERENCE 


Hamer, W.J., апа DeWane, H.J., Electrolytic Conductance and the Conductances of the Hydrohalogen Acids in Water, Natl. Stand. Ref. Data Sys.- 
Natl. Bur. Standards (U.S.), No. 33, 1970. 


c/mol L-! HF НСІ HBr HI c/mol L-! HF НСІ HBr HI 
Inf. dil. 405.1 426.1 4277 426.4 3.5 218.3 217.5 215.4 
0.0001 424.5 425.9 424.6 4.0 200.0 199.4 195.1 
0.0005 422.6 424.3 423.0 4.5 183.1 182.4 176.8 
0.001 4212 422.9 4217 5.0 167.4 166.5 160.4 
0.005 128.1 415.7 417.6 416.4 5.5 152.9 151.8 145.5 
0.01 96.1 411.9 413.7 412.8 6.0 139.7 138.2 131.7 
0.05 50.1 398.9 400.4 400.8 6.5 127.7 125.7 118.6 
0.10 39.1 391.1 391.9 394.0 7.0 116.9 114.2 105.7 
0.5 26.3 360.7 361.9 369.8 7.5 107.0 103.8 
1.0 24.3 332.2 334.5 343.9 8.0 98.2 94.4 
1.5 305.8 307.6 316.4 8.5 90.3 85.8 
2.0 281.4 281.7 288.9 9.0 83.1 
2.5 258.9 257.8 262.5 9.5 76.6 
3.0 237.6 236.8 237.9 10.0 70.7 
c/mol Іг! -20°C -10°C 0°C 10°C 20°C 30°C 40°C 50°C 
HCI 
0.5 228.7 283.0 336.4 386.8 436.9 482.4 
1.0 2117 261.6 312.2 359.0 402.9 445.3 
1.5 196.2 241.5 287.5 331.1 371.6 410.8 
2.0 182.0 222.7 262.9 303.3 342.4 378.2 
2.5 131.7 168.5 205.1 239.8 271.0 315.2 347.6 
3.0 120.8 154.6 188.5 219.3 253.3 289.3 319.0 
3.5 85.5 111.3 139.6 172.2 201.6 232.9 263.9 292.1 
4.0 79.3 102.7 129.2 158.1 185.6 214.2 242.2 268.2 
4.5 73.7 94.9 119.5 145.4 170.6 196.6 222.5 246.7 
5.0 68.5 87.8 110.3 133.5 156.6 180.2 204.1 226.5 
5.5 63.6 81.1 101.7 122.5 143.6 165.0 187.1 207.7 
6.0 58.9 74.9 93.7 112.3 131.5 151.0 171.3 190.3 
6.5 54.4 69.1 86.2 103.0 120.4 138.2 156.9 174.3 
7.0 50.2 63.7 79.3 94.4 110.2 126.4 143.3 159.7 
7.5 46.3 58.6 73.0 86.5 100.9 115.7 131.6 146.2 
8.0 42.7 54.0 67.1 79.4 92.4 106.1 120.6 134.0 
8.5 39.4 49.8 61.7 72.9 84.7 97.3 110.7 123.0 
9.0 36.4 45.9 56.8 67.1 77.8 89.4 101.7 112.9 
9:5 33.6 42.3 52.3 61.8 71.5 82.3 93.6 103.9 
10.0 312 39.1 48.2 57.0 65.8 75.9 86.3 95.7 
10.5 28.9 36.1 44.5 52.7 60.7 70.1 79.6 88.4 
11.0 26.8 33.4 41.1 48.8 56.1 64.9 73.6 81.7 
11.5 24.9 31.0 38.0 45.3 51.9 60.1 68.0 75.6 
12.0 23.1 28.7 35.3 42.0 48.0 55.6 62.8 70.0 
12.5 21.4 26.7 32.7 39.0 44.4 51.4 57.9 64.8 
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MOLAR CONDUCTIVITY ОЕ AQUEOUS НЕ, НСІ, HBr, AND HI (continued) 


c/mol L-! -209С -109С 0?C 10°C 20°C 30°C 40°C 50°C 
HBr 
0.5 240.9 295.9 347.0 398.9 453.6 496.8 
1.0 229.6 276.0 329.0 380.4 418.6 465.2 
1.5 209.5 254.9 298.9 340.6 381.8 421.4 
2.0 150.8 188.6 231.3 271.8 314.1 350.5 387.4 
2.5 136.8 171.7 208.3 244.8 281.7 316.0 349.1 
3.0 125.7 157.2 189.5 222.2 255.0 287.8 318.6 
3.5 116.1 144.1 174.6 203.2 234.4 263.7 291.9 
4.0 84.0 107.5 132.3 160.2 186.8 214.2 239.7 266.9 
4.5 78.0 99.0 123.0 146.4 171.2 195.1 218.8 242.6 
5.0 72.3 91.4 112.6 134.0 155.7 178.2 199.6 221.3 
5.5 67.0 84.2 103.1 122.7 142.1 162.8 181.4 201.8 
6.0 61.8 772 94.3 112.0 129.6 148.0 165.4 183.4 
6.5 56.8 70.7 86.0 102.0 118.0 134.1 150.5 166.3 
7.0 51.9 64.6 78.4 92.6 107.1 121.4 136.3 150.8 
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STANDARD KCI SOLUTIONS FOR CALIBRATING CONDUCTIVITY CELLS 


This table presents recommended electrolytic conductivity (K) values for aqueous potassium chloride solutions with molalities of 0.01 mol/kg, 
0.1 mol/kg and 1.0 mol/kg at temperatures from 0°С to 50°С. The values, which are based on measurements at the National Institute of Standards 
and Technology, provide primary standards for the calibration of conductivity cells. The measurements at 0.01 and 0.1 molal are described in 
Reference 1, while those at 1.0 molal are in Reference 2. Temperatures are given on the ITS-90 scale. The uncertainty in the conductivity is about 
0.03% for the 0.01 molal values and about 0.04% for the 0.1 and 1.0 molal values. The conductivity of water saturated with atmospheric CO, is 
given in the last column. These values were subtracted from the original measurements to give the values in the second, third, and fourth 
columns. АП к values are given in units of 10-4 S/m (numerically equal to и5/ст). 

The assistance of Kenneth W. Pratt is appreciated. 


REFERENCES 


1. Wu, Y.C., Koch, W.F., and Pratt, K.W., J. Res. Natl. Inst. Stand. Technol. 96, 191, 1991. 
2. Wu, Y.C., Koch, W.F., Feng, D., Holland, L.A., Juhasz, E., Arvay, E., and Tomek, A., J. Res. Natl. Inst. Stand. Technol. 99, 241, 1994. 
3. Pratt, K.W., Koch, W.F., Wu, Y.C., and Berezansky, P.A., Pure Appl. Chem. 73, 1783, 2001. 


104 x/S m! 

РС 0.01 m КЕ 0.1 m КС 1.0 m KCI H50 (CO, sat.) 
0 772.92 7 116.85 63 488 0.58 
3 890.96 8 183.70 72 030 0.68 

10 1 013.95 9 291.72 80 844 0.79 
15 1 141.45 10 437.1 89 900 0.89 
18 1 219.93 11 140.6 —- 0.95 
20 1 273.03 11 615.9 99 170 0.99 
25 1408.23 12 824.6 108 620 1.10 
30 1546.63 14 059.2 118 240 1.20 
35 1687.79 15 316.0 127 970 1.30 
40 1831.27 16 591.0 137 810 1.40 
45 1 976.62 17 880.6 147 720 1.51 
50 2123.43 19 180.9 157 670 1.61 
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EQUIVALENT CONDUCTIVITY OF ELECTROLYTES IN AQUEOUS SOLUTION 
Petr Vanysek 


This table gives the equivalent (molar) conductivity A at 25?C for some common electrolytes in aqueous solution at concentrations up to 0.1 mol/ 
L. The units of A are 10^ m? S mol-!. 

For very dilute solutions, the equivalent conductivity for any electrolyte of concentration c can be approximately calculated using the Debye- 
Hückel-Onsager equation, which can be written for a symmetrical (equal charge on cation and anion) electrolyte as 


A = A? – (А + ВА°)с!2 


For a solution at 25°C and both cation and anion with charge * 1 *, the constants are A = 60.20 and B = 0.229. A? can be found from the next table, “Ionic 
Conductivity and Diffusion at Infinite Dilution". The equation is reliable for c < 0.001 mol/L; with higher concentration the error increases. 


Concentration (mol/L) 


Infinite 
Compound dilution 0.0005 0.001 0.005 0.01 0.02 0.05 0.1 
A? ^ 

AgNO; 133.29 131.29 130.45 127.14 124.70 121.35 115.18 109.09 
1/2BaCl, 139.91 135.89 134.27 127.96 123.88 119.03 111.42 105.14 
1/2CaCl, 135.77 131.86 130.30 124.19 120.30 115.59 108.42 102.41 
1/2Са(ОН), 258 — -- 233 226 214 -- -- 
1/2CuSO, 133.6 121.6 115.20 94.02 83.08 72.16 59.02 50.55 
НСІ 425.95 422.53 421.15 415.59 411.80 407.04 398.89 391.13 
KBr 151.9 149.8 148.9 146.02 143.36 140.41 135.61 131.32 
KCI 149.79 147.74 146.88 143.48 141.20 138.27 133.30 128.90 
Као, 139.97 138.69 137.80 134.09 131.39 127.86 121.56 115.14 
1/3K3Fe(CN)¢ 174.5 166.4 163.1 150.7 — — — — 
1/4К,Ре(СМ), 184 - 167.16 146.02 134.76 122.76 107.65 97.82 
КНСО, 117.94 116.04 115.28 112.18 110.03 107.17 - — 
KI 150.31 148.2 143.32 144.30 142.11 139.38 134.90 131.05 
KIO, 127.86 125.74 124.88 121.18 118.45 114.08 106.67 98.2 
КМО, 144.89 142.70 141.77 138.41 132.75 132.34 126.25 120.34 
KMnO, 134.8 132.7 131.9 — 126.5 — — 113 
KOH 271.5 -- 234 230 228 - 219 213 
KReO, 128.20 126.03 125.12 121.31 118.49 114.49 106.40 97.40 
1/3LaCl, 145.9 139.6 137.0 127.5 121.8 115.3 106.2 99.1 
LiCl 114.97 113.09 112.34 109.35 107.27 104.60 100.06 95.81 
LiClO, 105.93 104.13 103.39 100.52 98.56 96.13 92.15 88.52 
1/2МеСІ, 129.34 125.55 124.15 118.25 114.49 109.99 103.03 97.05 
NH4CI 149.6 147.5 146.7 134.4 141.21 138.25 133.22 128.69 
NaCl 126.39 124.44 123.68 120.59 118.45 115.70 111.01 106.69 
NaClO, 117.42 115.58 114.82 111.70 109.54 106.91 102.35 98.38 
Nal 126.88 125.30 124.19 121.19 119.18 116.64 112.73 108.73 
МаООССН, 91.0 89.2 88.5 85.68 83.72 81.20 76.88 72.16 
NaOH 247.7 245.5 244.6 240.7 237.9 — — — 
Na picrate 80.45 78.7 78.6 75.7 73.7 - 66.3 61.8 
1/2Ма»5О, 129.8 125.68 124.09 117.09 112.38 106.73 97.70 89.94 
1/2SrCl, 135.73 131.84 130.27 124.18 120.23 115.48 108.20 102.14 
1/2ZnSO4 132.7 121.3 114.47 95.44 84.87 74.20 61.17 52.61 
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IONIC CONDUCTIVITY AND DIFFUSION АТ INFINITE DILUTION 
Petr Vanysek 


This table gives the molar (equivalent) conductivity À for common ions at infinite dilution. АП values refer to aqueous solutions at 25?C. It also 
lists the diffusion coefficient D of the ion in dilute aqueous solution, which is related to À through the equation 
D - (Rr! Е?) 


where К is the molar gas constant, T the temperature, F the Faraday constant, and z the charge оп the ion. The variation with temperature is fairly sharp; 
for typical ions, À and D increase by 2 to 396 per degree as the temperature increases from 25?C. 
The diffusion coefficient for a salt, Эу, may be calculated from the D, and D. values of the constituent ions by the relation 


(z +. | быр. 
z,D, +|z_|D_ 


salt — 


For solutions of simple, pure electrolytes (one positive and one negative ionic species), such as NaCl, equivalent ionic conductivity A?, which is 
the conductivity per unit concentration of charge, is defined as 


AS =A, +À 

where À, and А. are equivalent ionic conductivities of the cation and anion. The more general formula is 
A? =V à +У А 
where v, and v. refer to the number of moles of cations and anions to which one mole of the electrolyte gives а rise in the solution. 
REFERENCES 

Gray, D. E., Ed., American Institute of Physics Handbook, McGraw-Hill, New York, 1972, 2—226. 
Robinson, R. A., and Stokes, R. H., Electrolyte Solutions, Butterworths, London, 1959. 
Lobo, V. M. M., and Quaresma, J. L., Handbook of Electrolyte Solutions, Physical Science Data Series 41, Elsevier, Amsterdam, 1989. 


Conway, B. E., Electrochemical Data, Elsevier, Amsterdam, 1952. 
Milazzo, G., Electrochemistry: Theoretical Principles and Practical Applications, Elsevier, Amsterdam, 1963. 


ULES TU BOIS 


À D À D 
Іоп 104 п? $ mol!  105cm?s! Іоп 104 п? $ mol!  105cm?s! 
Inorganic Cations 

1/3Ho?* 66.3 0.589 
Ag* 61.9 1.648 K* 73.48 1.957 
1/3AP* 61 0.541 1/3La?* 69.7 0.619 
1/2Ва2+ 63.6 0.847 Li* 38.66 1.029 
угве» 45 0.599 1/2Mg2+ 53.0 0.706 
1/2Ca?* 59.47 0.792 1/2Mn?* 53.5 0.712 
1/2Cd2+ 54 0.719 NH,* 73.5 1.957 
1/3Ce3+ 69.8 0.620 N>Hs* 59 1.571 
1/2Co?* 55 0.732 Na* 50.08 1.334 
I/3[Co(NH4 19% 101.9 0.904 1/3Nd3+ 69.4 0.616 
1/3[Co(en);]* 74.7 0.663 1/2Ni** 49.6 0.661 
1/6|Сох(Шеп) 7 69 0.306 1/4[Ni,(trien)3]** 52 0.346 
1/3Cr3+ 67 0.595 1/2Pb?* 71 0.945 
Cs* 712 2.056 1/3Pr?* 69.5 0.617 
1/2Cu?* 53.6 0.714 уска» 66.8 0.889 
D* 249.9 6.655 Rb* 77.8 2.072 
1/3Dy?* 65.6 0.582 1/35с3% 647 0.574 
1/3Er3+ 65.9 0.585 1/3Sm3+ 68.5 0.608 
1/3Eu?* 67.8 0.602 1/2Sr2+ 59.4 0.791 
1/2Fe2+ 54 0.719 ТІ" 74.7 1,989 
1/3Fe?* 68 0.604 1/3Tm?* 65.4 0.581 
1/3Gd** 673 0.597 1/2U0,** 32 0.426 
H+ 349.65 9.311 1/3Y3+ 62 0.550 
1/2Hg2+ 68.6 0.913 1/3Yb?* 65.6 0.582 
1/2Hg?* 63.6 0.847 1/2Zn?* 52.8 0.703 
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IONIC CONDUCTIVITY AND DIFFUSION АТ INFINITE DILUTION (continued) 


À D À D 
Ion 104 п? $ mol! 105 cm? s! Ion 104 п? $ mol!  105cm?s! 
Inorganic Anions 1/2Se0,7 75.7 1.008 
1/2WO4* 69 0.919 
Au(CN); 50 1.331 
Au(CN)4 36 0.959 Organic Cations 
B(C,¢Hs)4° 21 0.559 
Br 78.1 2.080 Benzyltrimethylammonium* 34.6 0.921 
Br; 43 1.145 Isobutylammonium* 38 1.012 
BrO4 55.7 1.483 Butyltrimethylammonium* 33.6 0.895 
CN: 78 2.077 Decylpyridinium* 29.5 0.786 
СМО" 64.6 1.720 Decyltrimethylammonium* 24.4 0.650 
1/2CO,7 69.3 0.923 Diethylammonium* 42.0 1.118 
Cr 76.31 2.032 Dimethylammonium* 51.8 1.379 
CIO; 52 1.385 Dipropylammonium* 30.1 0.802 
CIO; 64.6 1.720 Dodecylammonium* 23.8 0.634 
Clo, 67.3 1.792 Dodecyltrimethylammonium* 22.6 0.602 
1/3[Co(CN)6]* 98.9 0.878 Ethanolammonium* 42.2 1.124 
1/2CrO,” 85 1.132 Ethylammonium* 47.2 1.257 
F 55.4 1.475 Ethyltrimethylammonium* 40.5 1.078 
I/A[Fe(CN)g] 110.4 0.735 Hexadecyltrimethylammonium* 20.9 0.557 
I/3[Fe(CN)g] 100.9 0.896 Hexyltrimethylammonium* 29.6 0.788 
H,AsO, 34 0.905 Histidyl* 23.0 0.612 
HCO; 44.5 1.185 Hydroxyethyltrimethylarsonium* 39.4 1.049 
HF, 75 1.997 Methylammonium* 58.7 1.563 
1/2HPO4- 57 0.759 Octadecylpyridinium* 20 0.533 
H,PO, 36 0.959 Octadecyltributylammonium* 16.6 0.442 
HPO; 46 1.225 Octadecyltriethylammonium* 17.9 0.477 
HS: 65 1.731 Octadecyltrimethylammonium* 19.9 0.530 
HSO4 58 1.545 Octadecyltripropylammonium* 17.2 0.458 
HSO, 52 1.385 Octyltrimethylammonium* 26.5 0.706 
H,SbO, 31 0.825 Pentylammonium* 37 0.985 
r 76.8 2.045 Piperidinium* 372 0.991 
IO; 40.5 1.078 Propylammonium* 40.8 1.086 
ІО; 54.5 1.451 Pyrilammonium* 24.3 0.647 
MnO, 61.3 1.632 Tetrabutylammonium* 19.5 0.519 
1/2MoO 74.5 1.984 Tetradecyltrimethylammonium* 21.5 0.573 
МС» 54.5 1.451 Tetraethylammonium* 32.6 0.868 
NO, 71.8 1.912 Tetramethylammonium* 44.9 1.196 
МО; 71.42 1.902 Tetraisopentylammonium* 17.9 0.477 
МН,5Оу 48.3 1.286 Tetrapentylammmonium* 17.5 0.466 
Мұ 69 1.837 Tetrapropylammonium* 23.4 0.623 
OCN: 64.6 1.720 Triethylammonium* 34.3 0.913 
OD: 119 3.169 Triethylsulfonium* 36.1 0.961 
ОН: 198 5.273 Trimethylammonium* 47.23 1.258 
PFç 56.9 1.515 Trimethylhexylammonium* 34.6 0.921 
РОЗЕ“ 63.3 0.843 Trimethylsulfonium* 51.4 1.369 
1/3PO4* 92.8 0.824 Tripropylammonium* 26.1 0.695 
1/4P,0;^ 96 0.639 
1/3P40,* 83.6 0.742 Organic Anions 
1/5P30 o” 109 0.581 
ВеО; 54.9 1.462 Acetate 40.9 1.089 
SCN- 66 1.758 p-Anisate- 29.0 0.772 
1/2504* 72 0.959 1/2Azelate* 40.6 0.541 
1/2SO,7 80.0 1.065 Benzoate 324 0.863 
1/25,032 85.0 1.132 Вготоасета(е“ 39.2 1.044 
1/25:04- 66.5 0.885 Bromobenzoate- 30 0.799 
1/28206 93 1.238 Butyrate 32.6 0.868 
1/280.” 86 1.145 Chloroacetate 39.8 1.060 
Sb(OH)g 31.9 0.849 m-Chlorobenzoate 31 0.825 
SeCN- 64.7 1.723 o-Chlorobenzoate* 302 0.804 
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IONIC CONDUCTIVITY AND DIFFUSION AT INFINITE DILUTION (continued) 


Ion 


1/3Citrate? 
Crotonate- 
Cyanoacetate* 


Cyclohexane carboxylate 
1/2 1,1-Cyclopropanedicarboxylate? 


Decylsulfate 
Dichloroacetate 


1/2Diethylbarbiturate?- 
Dihydrogencitrate- 
1/2Dimethylmalonate” 
3,5-Dinitrobenzoate* 


Dodecylsulfate- 
Ethylmalonate 
Ethylsulfate- 
Fluoroacetate 
Fluorobenzoate- 
Formate 
1/2Fumarate^ 
1/2Glutarate?- 


Hydrogenoxalate 


Isovalerate- 
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À 


10: m? S mol! 


70.2 
332 
43.4 
28.7 
53.4 
26 

38.3 
26.3 
30 

49.4 
28.3 
24 

49.3 
39.6 
44.4 
33 

54.6 
61.8 
52.6 
40.2 
32.7 


D 


105 cm? 571 


0.623 
0.884 
1.156 
0.764 
0.711 
0.692 
1.020 
0.350 
0.799 
0.658 
0.754 
0.639 
1.313 
1.055 
1.182 
0.879 
1.454 
0.823 
0.700 
1.070 
0.871 


Ion 


Iodoacetate 
Lactate 
1/2Malate2- 
1/2Maleate?- 
1/2Malonate2- 
Methylsulfate- 


Naphthylacetate- 


1/20xalate? 
Octylsulfate- 
Phenylacetate- 
1/20-Phthalate2 
1/2m-Phthalate?- 
Picrate 
Pivalate 
Propionate- 
Propylsulfate 
Salicylate” 
1/2Suberate2 
1/2Succinate? 
p-Sulfonate 
l/2Tartarate? 


Trichloroacetate 


À 


10: m? S molt 


40.6 
38.8 
58.8 
61.9 
63.5 
48.8 
28.4 
74.11 
29 
30.6 
52.3 
54.7 
30.37 
31.9 
35.8 
37.1 
36 
36 
58.8 
29.3 
59.6 
35 


р 
105 cm? 571 


1.081 
1.033 
0.783 
0.824 
0.845 
1.299 
0.756 
0.987 
0.772 
0.815 
0.696 
0.728 
0.809 
0.849 
0.953 
0.988 
0.959 
0.479 
0.783 
0.780 
0.794 
0.932 


ACTIVITY COEFFICIENTS OF ACIDS, BASES, AND SALTS 
Petr Vanysek 


This table gives mean activity coefficients at 25?C for molalities in the range 0.1 to 1.0. See the following table for definitions, references, and data 
over a wider concentration range. 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

AgNO, 0.734 0.657 0.606 0.567 0.536 0.509 0.485 0.464 0.446 0.429 
ДІСІ; 0.337 0.305 0.302 0.313 0.331 0.356 0.388 0.429 0.479 0.539 
ALb(SO4) 0.035 0.0225 0.0176 0.0153 0.0143 0.014 0.0142 0.0149 0.0159 0.0175 
ВаСІ, 0.500 0.444 0.419 0.405 0.397 0.391 0.391 0.391 0.392 0.395 
BeSO, 0.150 0.109 0.0885 0.0769 0.0692 0.0639 0.0600 0.0570 0.0546 0.0530 
CaCl, 0.518 0.472 0.455 0.448 0.448 0.453 0.460 0.470 0.484 0.500 
CdCl, 0.2280 0.1638 0.1329 0.1139 0.1006 0.0905 0.0827 0.0765 0.0713 0.0669 
САМО) 0.513 0.464 0.442 0.430 0.425 0.423 0.423 0.425 0.428 0.433 
Са5О, 0.150 0.103 0.0822 0.0699 0.0615 0.0553 0.0505 0.0468 0.0438: 0.0415 
CoCl, 0.522 0.479 0.463 0.459 0.462 0.470 0.479 0.492 0.511 0.531 
CrCl, 0.331 0.298 0.294 0.300 0.314 0.335 0.362 0.397 0.436 0.481 
Cr(NO3)3 0.319 0.285 0.279 0.281 0.291 0.304 0.322 0.344 0.371 0.401 
Cr,(SO4)3 0.0458 0.0300 0.0238 0.0207 0.0190 0.0182 0.0181 0.0185 0.0194 0.0208 
CsBr 0.754 0.694 0.654 0.626 0.603 0.586 0.571 0.558 0.547 0.538 
CsCl 0.756 0.694 0.656 0.628 0.606 0.589 0.575 0.563 0.553 0.544 
CsI 0.754 0.692 0.651 0.621 0.599 0.581 0.567 0.554 0.543 0.533 
CsNO; 0.733 0.655 0.602 0.561 0.528 0.501 0.478 0.458 0.439 0.422 
CsOH 0.795 0.761 0.744 0.739 0.739 0.742 0.748 0.754 0.762 0.771 
CsOAc 0.799 0.771 0.761 0.759 0.762 0.768 0.776 0.783 0.792 0.802 
Св;5О, 0.456 0.382 0.338 0.311 0.291 0.274 0.262 0.251 0.242 0.235 
CuCl, 0.508 0.455 0.429 0.417 0.411 0.409 0.409 0.410 0.413 0.417 
Cu(NO3); 0.511 0.460 0.439 0.429 0.426 0.427 0.431 0.437 0.445 0.455 
CuSO, 0.150 0.104 0.0829 0.0704 0.0620 0.0559 0.0512 0.0475 0.0446 0.0423 
FeCl, 0.5185 0.473 0.454 0.448 0.450 0.454 0.463 0.473 0.488 0.506 
НВг 0.805 0.782 0.777 0.781 0.789 0.801 0.815 0.832 0.850 0.871 
НСІ 0.796 0.767 0.756 0.755 0.757 0.763 0.772 0.783 0.795 0.809 
НОО, 0.803 0.778 0.768 0.766 0.769 0.776 0.785 0.795 0.808 0.823 
НІ 0.818 0.807 0.811 0.823 0.839 0.860 0.883 0.908 0.935 0.963 
HNO, 0.791 0.754 0.735 0.725 0.720 0.717 0.717 0.718 0.721 0.724 
Н;5О, 0.2655 0.2090 0.1826 -- 0.1557 - 0.1417 -- - 0.1316 
KBr 0.772 0.722 0.693 0.673 0.657 0.646 0.636 0.629 0.622 0.617 
KCI 0.770 0.718 0.688 0.666 0.649 0.637 0.626 0.618 0.610 0.604 
KCIO; 0.749 0.681 0.635 0.599 0.568 0.541 0.518 -- -- -- 
KCrO, 0.456 0.382 0.340 0.313 0.292 0.276 0.263 0.253 0.243 0.235 
KF 0.775 0.727 0.700 0.682 0.670 0.661 0.654 0.650 0.646 0.645 
К.Ре(СМ), 0.268 0.212 0.184 0.167 0.155 0.146 0.140 0.135 0.131 0.128 
К.Ее(СМ), 0.139 0.0993 0.0808 0.0693 0.0614 0.0556 0.0512 0.0479 0.0454 — 
КЊРО, 0.731 0.653 0.602 0.561 0.529 0.501 0.477 0.456 0.438 0.421 
КІ 0.778 0.733 0.707 0.689 0.676 0.667 0.660 0.654 0.649 0.645 
KNO; 0.739 0.663 0.614 0.576 0.545 0.519 0.496 0.476 0.459 0.443 
KOAc 0.796 0.766 0.754 0.750 0.751 0.754 0.759 0.766 0.774 0.783 
KOH 0.798 0.760 0.742 0.734 0.732 0.733 0.736 0.742 0.749 0.756 
KSCN 0.769 0.716 0.685 0.663 0.646 0.633 0.623 0.614 0.606 0.599 
К,50, 0.441 0.360 0.316 0.286 0.264 0.246 0.232 — — — 
LiBr 0.796 0.766 0.756 0.752 0.753 0.758 0.767 0.777 0.789 0.803 
LiCl 0.790 0.757 0.744 0.740 0.739 0.743 0.748 0.755 0.764 0.774 
LiClO, 0.812 0.794 0.792 0.798 0.808 0.820 0.834 0.852 0.869 0.887 
Lil 0.815 0.802 0.804 0.813 0.824 0.838 0.852 0.870 0.888 0.910 
LiNO; 0.788 0.752 0.736 0.728 0.726 0.727 0.729 0.733 0.737 0.743 
LiOH 0.760 0.702 0.665 0.638 0.617 0.599 0.585 0.573 0.563 0.554 
LiOAc 0.784 0.742 0.721 0.709 0.700 0.691 0.689 0.688 0.688 0.689 
11,504 0.468 0.398 0.361 0.337 0.319 0.307 0.297 0.289 0.282 0.277 
MgCl, 0.529 0.489 0.477 0.475 0.481 0.491 0.506 0.522 0.544 0.570 
MgSO, 0.150 0.107 0.0874 0.0756 0.0675 0.0616 0.0571 0.0536 0.0508 0.0485 
MnCl, 0.516 0.469 0.450 0.442 0.440 0.443 0.448 0.455 0.466 0.479 


MnSO, 0.150 0.105 0.0848 0.0725 0.0640 0.0578 0.0530 0.0493 0.0463 0.0439 


NH4CI 
NH,NO; 
(МН.)504 
МаВг 
NaCl 
NaClO, 
NaClO, 
Ма;СтО, 
NaF 
NaH5PO, 
Nal 
NaNO; 
NaOAc 
NaOH 
NaSCN 
NaSO, 
КІСІ, 
NiSO, 
Pb(NO3); 
RbBr 
RbCI 

RbI 
RbNO; 
RbOAc 
Rb,SO; 
SrCl, 
TICIO, 
TINO; 
UO;CL 
00:50, 
ZnCl, 
Zn(NO3); 
ZnSO, 


ACTIVITY COEFFICIENTS OF ACIDS, BASES, AND SALTS (continued) 


0.1 


0.770 
0.740 
0.439 
0.782 
0.778 
0.772 
0.775 
0.464 
0.765 
0.744 
0.787 
0.762 
0.791 
0.766 
0.787 
0.445 
0.522 
0.150 
0.395 
0.763 
0.764 
0.762 
0.734 
0.796 
0.451 
0.511 
0.730 
0.702 
0.544 
0.150 
0.515 
0.531 
0.150 


0.2 


0.718 
0.677 
0.356 
0.741 
0.735 
0.720 
0.729 
0.394 
0.710 
0.675 
0.751 
0.703 
0.757 
0.727 
0.750 
0.365 
0.479 
0.105 
0.308 
0.706 
0.709 
0.705 
0.658 
0.767 
0.374 
0.462 
0.652 
0.606 
0.510 
0.102 
0.462 
0.489 
0.140 


0.3 


0.4 


0.665 
0.606 
0.280 
0.704 
0.693 
0.664 
0.683 
0.327 
0.651 
0.593 
0.727 
0.638 
0.737 
0.697 
0.720 
0.289 
0.460 
0.0713 
0.228 
0.650 
0.652 
0.647 
0.565 
0.753 
0.301 
0.433 
0.559 
0.500 
0.505 
0.0689 
0.411 
0.469 
0.0714 


0.5 


0.649 
0.582 
0.257 
0.697 
0.681 
0.645 
0.668 
0.307 
0.632 
0.563 
0.723 
0.617 
0.735 
0.690 
0.715 
0.266 
0.464 
0.0627 
0.205 
0.632 
0.634 
0.629 
0.534 
0.755 
0.279 
0.430 
0.527 
0.517 
0.0611 
0.394 
0.473 
0.0630 


0.6 


0.636 
0.562 
0.240 
0.692 
0.673 
0.630 
0.656 
0.292 
0.616 
0.539 
0.723 
0.599 
0.736 
0.685 
0.712 
0.248 
0.471 
0.0562 
0.187 
0.617 
0.620 
0.614 
0.508 
0.759 
0.263 
0.431 


0.532 
0.0566 
0.380 
0.480 
0.0569 


0.7 


0.625 
0.545 
0.226 
0.689 
0.667 
0.617 
0.648 
0.280 
0.603 
0.517 
0.724 
0.583 
0.740 
0.681 
0.710 
0.233 
0.482 
0.0515 
0.172 
0.605 
0.608 
0.602 
0.485 
0.766 
0.249 
0.434 


0.549 
0.0515 
0.369 
0.489 
0.0523 


0.8 


0.617 
0.530 
0.214 
0.687 
0.662 
0.606 
0.641 
0.269 
0.592 
0.499 
0.727 
0.570 
0.745 
0.679 
0.710 
0.221 
0.496 
0.0478 
0.160 
0.595 
0.599 
0.591 
0.465 
0.773 
0.238 
0.441 


0.571 
0.0483 
0.357 
0.501 
0.0487 


0.9 


0.609 
0.516 
0.205 
0.687 
0.659 
0.597 
0.635 
0.261 
0.582 
0.483 
0.731 
0.558 
0.752 
0.678 
0.711 
0.210 
0.515 
0.0448 
0.150 
0.586 
0.590 
0.583 
0.446 
0.782 
0.228 
0.449 


0.595 
0.0458 
0.348 
0.518 
0.0458 


1.0 


0.603 
0.504 
0.196 
0.687 
0.657 
0.589 
0.629 
0.253 
0.573 
0.468 
0.736 
0.548 
0.757 
0.678 
0.712 
0.201 
0.563 
0.0425 
0.141 
0.578 
0.583 
0.575 
0.430 
0.792 
0.219 
0.461 


0.620 
0.0439 
0.339 
0.535 
0.0435 


MEAN ACTIVITY COEFFICIENTS ОЕ ELECTROLYTES AS A FUNCTION OF CONCENTRATION 


The mean activity coefficient Y of an electrolyte X Y, is defined as 


ү- (уе) 


where y, and ү аге activity coefficients of the individual ions (which cannot be directly measured). This table gives the mean activity coefficients of 
about 100 electrolytes in aqueous solution as a function of concentration, expressed in molality terms. All values refer to a temperature of 25?C. 
Substances are arranged in alphabetical order by formula. 
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Mean Activity Coefficient at 25°C 


m/mol kg! AgNO, BaBr, BaCl, Bal, CaBr, CaCl, Cal, 
0.001 0.964 0.881 0.887 0.890 0.890 0.888 0.890 
0.002 0.950 0.850 0.849 0.853 0.853 0.851 0.853 
0.005 0.924 0.785 0.782 0.792 0.791 0.787 0.791 
0.010 0.896 0.727 0.721 0.737 0.735 0.727 0.736 
0.020 0.859 0.661 0.653 0.678 0.674 0.664 0.677 
0.050 0.794 0.573 0.559 0.600 0.594 0.577 0.600 
0.100 0.732 0.517 0.492 0.551 0.540 0.517 0.552 
0.200 0.656 0.463 0.436 0.520 0.502 0.469 0.524 
0.500 0.536 0.435 0.391 0.536 0.500 0.444 0.554 
1.000 0.430 0.470 0.393 0.664 0.604 0.495 0.729 
2.000 0.316 0.654 1.242 1.125 0.784 
5.000 0.181 18.7 5.907 
10.000 0.108 43.1 
15.000 0.085 
m/mol kg! Са(хо,), Cd(NO,); СоВг; CoCl, Col, Co(NO3), CsBr 
0.001 0.881 0.888 0.890 0.889 0.887 0.888 0.965 
0.002 0.837 0.851 0.854 0.852 0.849 0.850 0.951 
0.005 0.759 0.787 0.794 0.789 0.783 0.786 0.925 
0.010 0.681 0.728 0.740 0.732 0.724 0.728 0.898 
0.020 0.589 0.664 0.681 0.670 0.661 0.663 0.864 
0.050 0.451 0.576 0.605 0.586 0.582 0.576 0.806 
0.100 0.344 0.515 0.556 0.528 0.540 0.516 0.752 
0.200 0.247 0.465 0.523 0.483 0.527 0.469 0.691 
0.500 0.148 0.428 0.538 0.465 0.596 0.446 0.605 
1.000 0.098 0.437 0.685 0.532 0.845 0.492 0.540 
2.000 0.069 0.517 1.421 0.864 2.287 0.722 0.485 
5.000 0.054 13.9 55.3 3.338 0.454 
10.000 196 
m/mol kg! CsCl CsF CsI CsNO; CsOH С5,804 CuBr, 
0.001 0.965 0.965 0.965 0.964 0.966 0.885 0.889 
0.002 0.951 0.952 0.951 0.951 0.953 0.845 0.853 
0.005 0.925 0.929 0.925 0.924 0.930 0.775 0.791 
0.010 0.898 0.905 0.898 0.897 0.906 0.709 0.735 
0.020 0.864 0.876 0.863 0.860 0.878 0.634 0.674 
0.050 0.805 0.830 0.804 0.796 0.836 0.526 0.594 
0.100 0.751 0.792 0.749 0.733 0.802 0.444 0.541 


5-97 


m/mol kg! 


0.200 
0.500 
1.000 
2.000 
5.000 
10.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 
20.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 


MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION 
OF CONCENTRATION (continued) 


CsCl 


0.691 
0.607 
0.546 
0.496 
0.474 
0.508 


CuCl, 


0.887 
0.849 
0.783 
0.722 
0.654 
0.561 
0.495 
0.441 
0.401 
0.405 
0.453 
0.601 


HF 


0.551 
0.429 
0.302 
0.225 
0.163 
0.106 
0.0766 
0.0550 
0.0352 
0.0249 
0.0175 
0.0110 
0.0085 
0.0077 
0.0075 


као; 


0.965 
0.951 
0.926 
0.899 
0.865 
0.805 
0.749 
0.681 
0.569 


CsF 


0.755 
0.721 
0.726 
0.803 


Cu(ClO4); 


0.890 
0.854 
0.795 
0.741 
0.685 
0.613 
0.572 
0.553 
0.617 
0.892 
2.445 


HI 


0.966 
0.953 
0.931 
0.909 
0.884 
0.847 
0.823 
0.811 
0.845 
0.969 
1.363 
4.760 
49.100 


K,CrO, 


0.886 
0.847 
0.779 
0.715 
0.643 
0.539 
0.460 
0.385 
0.296 
0.239 


CsI 


0.688 
0.601 
0.534 
0.470 


Cu(NO3); 


0.888 
0.851 
0.787 
0.729 
0.664 
0.577 
0.516 
0.466 
0.431 
0.456 
0.615 
2.083 


HNO; 


0.965 
0.952 
0.929 
0.905 
0.875 
0.829 
0.792 
0.756 
0.725 
0.730 
0.788 
1.063 
1.644 
2.212 
2.607 


KF 


0.965 
0.952 
0.927 
0.902 
0.870 
0.818 
0.773 
0.726 
0.670 
0.645 


CsNO; 


0.655 
0.529 
0.421 


FeCl, 


0.888 
0.850 
0.785 
0.725 
0.659 
0.570 
0.509 
0.462 
0.443 
0.500 
0.782 


Н,50, 


0.804 
0.740 
0.634 
0.542 
0.445 
0.325 
0.251 
0.195 
0.146 
0.125 
0.119 
0.197 
0.527 
1.077 
1.701 


KH,PO,' 


0.964 
0.950 
0.924 
0.896 
0.859 
0.793 
0.730 
0.652 
0.529 
0.422 


5-08 


CsOH 


0.772 
0.755 
0.782 


HBr 


0.966 
0.953 
0.930 
0.907 
0.879 
0.837 
0.806 
0.783 
0.790 
0.872 
1.167 
3.800 
33.4 


KBr 


0.965 
0.952 
0.927 
0.902 
0.870 
0.817 
0.771 
0.772 
0.658 
0.617 
0.593 
0.626 


К,НРО,” 


0.886 
0.847 
0.779 
0.715 
0.643 
0.538 
0.457 
0.379 
0.283 


Cs,SO, 


0.369 
0.285 
0.233 


НСІ 


0.965 
0.952 
0.929 
0.905 
0.876 
0.832 
0.797 
0.768 
0.759 
0.811 
1.009 
2.380 
10.4 


KCNS 


0.965 
0.951 
0.927 
0.901 
0.869 
0.815 
0.768 
0.716 
0.647 
0.598 
0.556 
0.525 


KI 


0.965 
0.952 
0.927 
0.902 
0.871 
0.820 
0.776 
0.731 
0.676 
0.646 


CuBr, 


0.504 
0.503 
0.591 
0.859 


нао, 


0.966 
0.953 
0.929 
0.906 
0.878 
0.836 
0.803 
0.776 
0.769 
0.826 
1.055 
3.100 
30.8 
323 


ка 


0.965 
0.951 
0.927 
0.901 
0.869 
0.816 
0.768 
0.717 
0.649 
0.604 
0.573 
0.593 


KNO, 


0.964 
0.950 
0.924 
0.896 
0.860 
0.797 
0.735 
0.662 
0.546 
0.444 


m/mol kg! 


2.000 
5.000 
10.000 
15.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 
20.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 
20.000 


MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION 
OF CONCENTRATION (continued) 


као; 


КОН 


0.965 
0.952 
0.927 
0.902 
0.871 
0.821 
0.779 
0.740 
0.710 
0.733 
0.860 
1.697 
6.110 
19.9 
46.4 


LiOH 


0.964 
0.950 
0.923 
0.895 
0.858 
0.794 
0.735 
0.668 
0.579 
0.522 
0.484 
0.493 


Mn(CIO,4); 


0.892 
0.858 
0.801 
0.752 
0.700 
0.637 
0.604 
0.596 
0.686 
1.030 
3.072 


K,CrO, 


0.199 


К,50, 


0.885 
0.844 
0.772 
0.704 
0.625 
0.511 
0.424 
0.343 
0.251 


14,50, 


0.887 
0.847 
0.780 
0.716 
0.645 
0.544 
0.469 
0.400 
0.325 
0.284 
0.270 


NH,CI 


0.965 
0.952 
0.927 
0.901 
0.869 
0.816 
0.769 
0.718 
0.649 
0.603 
0.569 
0.563 


KF 


0.658 
0.871 
1.715 
3.120 


LiBr 


0.965 
0.952 
0.929 
0.905 
0.877 
0.832 
0.797 
0.767 
0.754 
0.803 
1.012 
2.696 
20.0 
147 
486 


MgBr, 


0.889 
0.852 
0.790 
0.733 
0.672 
0.593 
0.543 
0.512 
0.540 
0.715 
1.590 
36.1 


NH,CIO, 


0.964 
0.950 
0.924 
0.895 
0.859 
0.794 
0.734 
0.663 
0.560 
0.479 
0.399 


КН,РОГ 


LiCl 


0.965 
0.952 
0.928 
0.904 
0.874 
0.827 
0.789 
0.756 
0.739 
0.775 
0.924 
2.000 
9.600 
30.9 


MgCl, 


0.889 
0.852 
0.790 
0.734 
0.672 
0.590 
0.535 
0.493 
0.485 
0.577 
1.065 
14.40 


К,НРО,” 


LiClO, 


0.966 
0.953 
0.931 
0.908 
0.882 
0.843 
0.815 
0.795 
0.806 
0.887 
1.161 


Mel, 


0.889 
0.853 
0.791 
0.736 
0.677 
0.602 
0.556 
0.535 
0.594 
0.858 
2.326 
109.8 


(NHj,HPO," МНМО; 


0.882 
0.839 
0.763 
0.688 
0.600 
0.469 
0.367 
0.273 
0.171 
0.114 
0.074 


5-99 


0.964 
0.951 
0.925 
0.897 
0.862 
0.801 
0.744 
0.678 
0.582 
0.502 
0.419 
0.303 
0.220 
0.179 
0.154 


KI 


0.638 


Lil 


0.966 
0.953 
0.930 
0.908 
0.882 
0.843 
0.817 
0.802 
0.824 
0.912 


1.197 


MnBr; 


0.889 
0.853 
0.791 
0.735 
0.674 
0.595 
0.543 
0.508 
0.519 
0.650 
1.224 
6.697 


NaBr 


0.965 
0.952 
0.928 
0.903 
0.873 
0.824 
0.783 
0.742 
0.697 
0.687 
0.730 
1.083 


KNO; 


0.332 


LiNO; 


0.965 
0.952 
0.928 
0.904 
0.874 
0.827 
0.788 
0.753 
0.726 
0.743 
0.837 
1.298 
2.500 
3.960 
4.970 


MnCl, 


0.888 
0.850 
0.786 
0.727 
0.662 
0.574 
0.513 
0.464 
0.437 
0.477 
0.661 
1.539 


МаВгО, 


0.965 
0.951 
0.926 
0.900 
0.867 
0.811 
0.759 
0.698 
0.605 
0.528 
0.449 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 
20.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 


MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION 
OF CONCENTRATION (continued) 


Ма СО} 


0.887 
0.847 
0.780 
0.716 
0.644 
0.541 
0.462 
0.385 
0.292 
0.229 
0.182 


Nal 


0.965 
0.952 
0.928 
0.904 
0.874 
0.827 
0.789 
0.753 
0.722 
0.734 
0.823 
1.402 
4.011 


КІСІ, 


0.889 
0.852 
0.789 
0.732 
0.669 
0.584 
0.527 
0.482 
0.465 
0.538 
0.915 
4.785 


RbF 


0.965 
0.952 
0.927 
0.902 
0.871 


NaCl 


0.965 
0.952 
0.928 
0.903 
0.872 
0.822 
0.779 
0.734 
0.681 
0.657 
0.668 
0.874 


NaNO; 


0.965 
0.951 
0.926 
0.900 
0.866 
0.810 
0.759 
0.701 
0.617 
0.550 
0.480 
0.388 
0.329 


Ni(CIO), 


0.891 
0.855 
0.797 
0.745 
0.690 
0.621 
0.582 
0.567 
0.639 
0.946 
2.812 


RbI 


0.965 
0.951 
0.926 
0.900 
0.866 


NaClO; 


0.965 
0.952 
0.927 
0.902 
0.870 
0.818 
0.771 
0.719 
0.646 
0.590 
0.537 


NaOH 


0.965 
0.952 
0.927 
0.902 
0.870 
0.819 
0.775 
0.731 
0.685 
0.674 
0.714 
1.076 
3.258 
9.796 
19.410 


МОМО), 


0.889 
0.851 
0.787 
0.730 
0.666 
0.581 
0.524 
0.481 
0.467 
0.528 
0.797 


RbNO; 


0.964 
0.950 
0.924 
0.896 
0.859 


NaClO, 


0.965 
0.952 
0.928 
0.903 
0.872 
0.821 
0.777 
0.729 
0.668 
0.630 
0.608 
0.648 


Na,S O 3 


0.887 
0.847 
0.779 
0.716 
0.644 
0.540 
0.462 
0.386 
0.296 
0.237 
0.196 


РЪ(СІО,), 


0.889 
0.851 
0.787 
0.729 
0.666 
0.580 
0.522 
0.476 
0.458 
0.516 
0.799 
4.043 
33.8 


Rb,SO, 


0.886 
0.845 
0.776 
0.710 
0.635 


5-100 


Na;CrO, 


0.887 
0.849 
0.783 
0.722 
0.653 
0.554 
0.479 
0.406 
0.318 
0.261 
0.231 


Na,SO, 


0.886 
0.846 
0.777 
0.712 
0.637 
0.529 
0.446 
0.366 
0.268 
0.204 
0.155 


Pb(NO), 


0.882 
0.840 
0.764 
0.690 
0.604 
0.476 
0.379 
0.291 
0.195 
0.136 


SrBr, 


0.889 
0.852 
0.790 
0.734 
0.673 


NaF 


0.965 
0.951 
0.926 
0.901 
0.868 
0.813 
0.764 
0.710 
0.633 
0.573 


Na,WO, 


0.886 
0.846 
0.777 
0.712 
0.638 
0.534 
0.457 
0.388 
0.320 
0.291 
0.291 


RbBr 


0.965 
0.951 
0.926 
0.900 
0.866 
0.811 
0.760 
0.705 
0.630 
0.578 
0.535 
0.514 


SrCl, 


0.888 
0.850 
0.785 
0.725 
0.659 


Na, HPO," 


0.887 
0.848 
0.780 
0.717 
0.644 
0.539 
0.456 
0.373 
0.266 
0.191 
0.133 


NiBr, 


0.889 
0.853 
0.791 
0.735 
0.675 
0.596 
0.546 
0.514 
0.535 
0.692 
1.476 


Srl, 


0.890 
0.854 
0.793 
0.740 
0.681 


RbCI 


0.965 
0.951 
0.926 
0.900 
0.867 
0.811 
0.761 
0.707 
0.633 
0.583 
0.546 
0.544 


m/mol kg! 


0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 


m/mol kg! 


0.001 
0.002 
0.005 
0.010 
0.020 
0.050 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 
10.000 
15.000 
20.000 


MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS А FUNCTION 
OF CONCENTRATION (continued) 


RbF 


0.821 
0.780 
0.739 
0.701 
0.697 
0.724 


UO,Cl, 


0.888 
0.851 
0.787 
0.729 
0.666 
0.583 
0.529 
0.493 
0.501 
0.601 
0.948 


* Тһе anion is H,PO,-. 
** Тре anion is HPO; 2. 


RbI 


0.810 
0.759 
0.703 
0.627 
0.574 
0.532 
0.517 


UO;(NO3; 


0.888 
0.849 
0.784 
0.726 
0.663 
0.583 
0.535 
0.509 
0.532 
0.673 
1.223 
3.020 


RbNO; 


0.795 
0.733 
0.657 
0.536 
0.430 
0.320 


ZnBr, 


0.890 
0.854 
0.794 
0.741 
0.683 
0.606 
0.553 
0.515 
0.516 
0.558 
0.578 
0.788 
2.317 
5.381 
7.965 


Rb,SO, 


0.526 
0.443 
0.365 
0.274 
0.217 


ZnCl, 


0.887 
0.847 
0.781 
0.719 
0.652 
0.561 
0.499 
0.447 
0.384 
0.330 
0.283 
0.342 
0.876 
1.914 
2.968 


5-101 


SrBr, 


0.591 
0.535 
0.492 
0.476 
0.545 
0.921 


ZnL 


0.893 
0.859 
0.804 
0.757 
0.708 
0.644 
0.601 
0.574 
0.635 
0.836 
1.062 
1.546 
4.698 


SrCl, 


0.569 
0.506 
0.455 
0.421 
0.451 
0.650 


Srl, 


0.606 
0.557 
0.526 
0.542 
0.686 


ENTHALPY OF DILUTION OF ACIDS 


The quantity given in this table is -A44, the negative of the enthalpy (heat) of dilution to infinite dilution for aqueous solutions of several common 
acids; 1.е., the negative of the enthalphy change when a solution of molality m at a temperature of 25°C is diluted with an infinite amount of water. 
The tabulated numbers thus represent the heat produced (or, if the value is negative, the heat absorbed) when the acid is diluted. The initial molality 
mis given in the first column. The second column gives the dilution ratio, which is the number of moles of water that must be added to one mole of 
the acid to produce a solution of the molality in the first column. 


REFERENCE 


Parker, V. B., Thermal Properties of Aqueous Uni-Univalent Electrolytes, Natl. Stand. Ref. Data Ser. - Natl. Bur. Stand. (U.S.) 2, U.S. Government 
Printing Office, 1965. 


—AqiH in kJ/mol at 25°C 
m Dil. ratio HF НСІ на, HBr HI HNO; CHO, СНО, 

55.506 1.0 45.61 48.83 19.73 0.046 2.167 
20 2.775 14.88 19.87 13.81 19.92 2171 9.498 0.038 2.075 
15 3.700 14.34 15.40 7.920 14.29 14.02 6.883 0.109 1.962 
10 5.551 13.87 10.24 2.013 8.604 7.615 3.933 0.205 1.824 
9 6.167 13.81 9.213 1.280 7.719 6.569 3.368 0.230 1.782 
8 6.938 13.77 8.201 0.611 6.786 5.607 2.791 0.255 1.724 
7 7.929 13.73 7.217 0.046 5.925 4.728 2.251 0.272 1.648 
6 9.251 13.69 6.268 -0.351 5.004 3.975 1.749 0.280 1.540 
5.5506 10 13.66 5.841 -0.490 4.590 3.577 1.540 0.285 1.477 
5 11.10 13.62 5.318 -0.628 4.113 3.197 1.310 0.289 1.393 
4.5 12.33 13.58 4.899 -0.732 3711 2.828 1.109 0.289 1.310 
4 13.88 13.53 4.402 -0.787 3.330 2.460 0.958 0.289 1.218 
3:5 15.86 13.47 3.958 -0.820 2.966 2.105 0.791 0.289 1.121 
3 18.50 13.45 3.506 -0.782 2.611 1.787 0.665 0.289 1.025 
2.5 22.20 13.43 3.063 -0.724 2.301 1.527 0.582 0.285 0.912 
2 27.75 13.40 2.623 -0.623 1.996 1.318 0.527 0.276 0.803 
1.5 37.00 13.36 2.167 -0.431 1.665 1.125 0.506 0.259 0.678 
1 55.51 13.30 1.695 -0.201 1.314 0.933 0.506 0.226 0.544 
0.5551 100 13.22 1.234 0.050 0.983 0.736 0.502 0.184 0.423 
0.5 111.0 13.20 1.172 0.075 0.941 0.711 0.498 0.176 0.406 
0.2 271.5 13.09 0.761 0.247 0.649 0.536 0.439 0.146 0.331 
0.1 555.1 12.80 0.556 0.272 0.498 0.439 0.372 0.134 0.289 
0.0925 600 12.79 0.540 0.272 0.481 0.427 0.368 0.134 0.285 
0.0793 700 12.70 0.502 0.272 0.452 0.402 0.351 0.134 0.285 
0.0694 800 12.61 0.473 0.268 0.427 0.385 0.339 0.130 0.280 
0.0617 900 12.50 0.448 0.264 0.406 0.368 0.326 0.126 0.276 
0.05551 1000 12.42 0.427 0.259 0.385 0.351 0.318 0.121 0.272 
0.05 1110 12.24 0.406 0.259 0.372 0.339 0.305 0.121 0.272 
0.02775 2000 11.29 0.310 0.226 0.285 0.264 0.247 0.117 0.264 
0.01850 3000 10.66 0.251 0.197 0.234 0.218 0.213 0.117 0.259 
0.01388 4000 10.25 0.226 0.180 0.205 0.192 0.192 0.113 0.259 
0.01110 5000 9.874 0.197 0.167 0.184 0.172 0.176 0.109 0.255 
0.00555 10000 8.912 0.142 0.126 0.130 0.121 0.130 0.105 0.243 
0.00278 20000 7.531 0.105 0.092 0.092 0.084 0.096 0.096 0.230 
0.00111 50000 5.439 0.067 0.059 0.054 0.050 0.063 0.084 0.222 
0.000555 100000 3.766 0.042 0.042 0.038 0.038 0.046 0.054 0.209 
0.000111 500000 1.255 0.021 0.021 0.021 0.021 0.021 0.038 0.167 
0 со 0 0 0 0 0 0 0 0 


5-102 


ENTHALPY ОЕ SOLUTION OF ELECTROLYTES 


This table gives the molar enthalpy (heat) of solution at infinite dilution for some common uni-univalent electrolytes. This is the enthalpy change 
when 1 mol of solute in its standard state is dissolved in an infinite amount of water. Values are given in kilojoules per mole at 25?C. 


REFERENCE 
Parker, V. B., Thermal Properties of Uni-Univalent Electrolytes, Natl. Stand. Ref. Data Series — Natl. Bur. Stand.(U.S.), No.2, 1965. 
Au H° Ала H° Ago H° 
Solute State kJ/mol Solute State kJ/mol Solute State kJ/mol 
HF g -61.50 LiBr - 2H,O c —9.41 KCI c 17.22 
НСІ g —74.84 LiBrO, с 142 КСІО; с 41.38 
HCIO, 1 -88.76 Lil с -63.30 Као, с 51.04 
НСО, : H,O c -32.95 Lil -H,O с -29.66 КВг с 19.87 
НВг g -85.14 Lil 29,0 c -14.77 КВ:О, с 41.13 
НІ g —81.67 Lil ЗЊО c 0.59 KI c 20.33 
HIO; c 8.79 LiNO, c -11.00 KIO; с 27.74 
HNO; | -33.28 14МО,-Н,О с 7.03 KNO, c 13.35 
HCOOH 1 -0.86 14МО, с -2.51 KNO; с 34.89 
СН,СООН 1 -1.51 KC;H40, c -15.33 
МаОН с -44.51 KCN c 11.72 
NH; g -30.50 МаОН-Н,О с -21.41 КСМО с 20.25 
NH,Cl с 14,78 МаЕ с 0.91 КСМ5 с 24.23 
МН,СІО, с 33.47 NaCl с 3.88 KMnO, c 43.56 
NH,Br c 16.78 NaClO, с 0.33 
NH,I с 13.72 NaClO, · ЗЊО с 28.58 RbOH c —62.34 
NHJIO, c 31.80 NaClO; c 21.72 RbOH - H,O c -17.99 
NH,NO, с 19.25 NaClO, c 13.88 RbOH · 2ЊО с 0.88 
NH4NO, С 25.69 NaClO; · H,O с 22.51 RbF c -26.11 
МН,С-Н:О, с -2.38 NaBr c -0.60 RbF - H,O с -0.42 
NH4CN c 17.57 МаВг-2Н,О с 18.64 RbF · 1.SH,O с 1.34 
NH,CNS с 22.59 МаВгОз с 26.90 RbCl с 17.28 
СН, ХН,С1 с 5.77 Ма с -7.53 RbCIO; c 47.74 
(CH3)3NHC1 с 1.46 Маг. 2H;0 c 16.13 RbCIO, c 56.74 
N(CH3)4Cl с 4.08 МАО; с 20.29 RbBr c 21.88 
N(CH;)4Br c 24.27 NaNO, с 13.89 RbBrO, c 48.95 
N(CH3)II с 42.07 NaNO, с 20.50 кы с 25.10 
МаС:Н:О, с —17.32 RbNO; с 36.48 
AgCIO, c 7.36 NaC;H40, ЗНО с 19.66 
AgNO, c 36.94 NaCN c 1.21 CsOH c -71.55 
AgNO; c 22.59 Маск - 0.5H,O c 331 CsOH · H,O с -20.50 
МаСМ-2Н,О с 18.58 CsF c -36.86 
LiOH c -23.56 NaCNO c 19.20 CsF -H,O с -10.46 
ШОН-Н,О с -6.69 NaCNS c 6.83 С5Е.1.5Н,О с -5.44 
LiF c 4.73 CsCl с 17.78 
LiCl с -37.03 КОН с -57.61 CsCIO, c 55.44 
LiCl - H,O с -19.08 КОН-Н,О с -14.64 CsBr c 25.98 
LiClO, С —26.55 КОН: 1.5Н,О с 10.46 СѕВгО; с 50.46 
LiClO, · 3H;0 с 32.61 КЕ с -17.73 CsI c 33.35 
LiBr c —48.83 КЕ-2Н,О с 6.97 С5МО; с 40.00 
11Вг-Н,О с -23.26 
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The present compilation of kinetic data represents the 12th evaluation prepared by the NASA Panel for Data Evaluation. The Panel was 
established in 1977 by the NASA Upper Atmosphere Research Program Office for the purpose of providing a critical tabulation of the latest 
kinetic and photochemical data for use by modelers in computer simulations of stratospheric chemistry. The recommended rate data and cross 
sections are based on laboratory measurements. The major use of theoretical extrapolation of data is in connection with three-body reactions, in 
which the required pressure or temperature dependence is sometimes unavailable from laboratory measurements, and can be estimated by use of 
appropriate theoretical treatment. In the case of important rate constants for which no experimental data are available, the panel may provide 
estimates of rate constant parameters based on analogy to similar reactions for which data are available. 

Rate constants are expressed in the form (Т) = А exp(-E/RT), where А is the pre-exponential factor, Е the activation energy, R the gas 
constant, and T the absolute temperature. Uncertainties are expressed by the factor f, e.g., a value of 4.2x10-!? with f= 2 indicates that the true 
value is believed to lie between 2.1х10-10 and 8.4х10-10. The value of fat other temperatures may be calculated from /(298), given in the last 
column, by: 

AT) = (298) exp[CAE/R)(1/T-1/298)] , 
where АЕ/К is the uncertainty in E/R. 

Table 1 covers rate constant data on second order reactions, grouped by class, while Table 2 covers association reactions. Relevant equilib- 
rium constant data are given in Table 3. All concentrations are measured in molecules cm?. Notes on each reaction, as well as related photo- 
chemical data, may be found in the reference. 
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Table 1. Rate Constants for Second Order Reactions 


A EIR k (298 K) 
Reaction cm? molecule"! 5-1 K cm? molecule“! 5-1 70298) 
О, Reactions 
О+ 0; э О; + O; 8.0х10-12 2060+250 8.0х10-15 1.15 
ОСГ) Reactions 
O('D) + 0, > O+ O> 3.2x101! -(70+100) 4.0х10:1 12 
O( D) +O; > O5* O> 1.2x10710 0:100 1.2х10-10 13 
2 055040 1.2х10-10 0+100 1.2х10-10 1.3 
OCD) + H, > OH +H 1.1х10:0 05100 1.1х10:0 11 
OCD) + H,0 > ОН + OH 2.2х1079 0:100 2.2x 10-10 12 
O(ID) +N; 20 +N 1.8x107!! -(110+100) 2.6x107!! 12 
OCD) + NO > N5* O> 4.9х10-! 0+100 4.9х 10-1 1.3 
— NO+NO 6.7х10:! 0100 6.7х10:! 13 
O('D) + NH; > OH + NH, 2.5x10:10 0100 2.5х10:19 13 
OCD) + CO, > O + CO; 7.4х10:1 41208100) 1.1х10-10 12 
OCD) + CH4 > products 1.5х10:10 04100 1.5х10-10 1.2 
ОС) + НС! > products 1.5х10-10 0100 1.5х10:10 12 
OCD) + HF > ОН +F 1.4х10:0 05100 1.4x10-10 2.0 
ОС) + HBr 5 products 1.5х10-10 0+100 1.5х10-10 2.0 
O(!D) + Cl, > products 2.8х10-10 0+100 2.8x10:10 2.0 
O(!D) + ССЬО products 3.6х10-10 0+100 3.6х10:19 2.0 
O(!D) + CCIFO — products 1.9х10-10 0+100 1.9х10-10 2.0 
O(!D) + СЕ;О — products 7.4х107! 0100 7.4х10-!! 2.0 
O(!D) + CCl, > products 
(CFC-10) 3.3х10-10 0+100 3.3х10-10 1.2 
O(!D) + CH3Br —› products 1.8х 10-10 0+100 1.8х10:10 13 
O(!D) + CH5Br; — products 2.7х10:19 0100 2.7х10:19 1.3 
O(!D) + CHBr; — products 6.6х10-10 0+100 6.6х10:19 1.5 
O(!D) + СЊЕ — products 

(НЕС-41) 1.5х1019 0100 1.5х10:0 12 
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Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 
Reaction cm? molecule’! 5-1 K ст? molecule! 5-1 / 098) 

O(!D) + СЊЕ; — products 

(HFC-32) 5.1х10:1 0100 5.1х10:1 1.3 
O(!D) + CHF; — products 

(HFC-23) 9.1х10-12 0100 9.1х10-12 1.2 
O(!D) + CHCLF — products 

(НСЕС-21) 1.9х10:10 0100 1.9х10:10 13 
O(!D) + СНСІЕ, — products 

(HCFC-22) 1.0x10-10 0100 1.0х10:10 1:2 
O(!D) + ССЊЕ — products 

(CFC-11) 2.3x10-10 0100 2.3x10-10 1:2 
O(!D) + CCLF, — products 

(CFC-12) 1.4х10-10 0+100 1.4х10-10 1:3 
O(!D) + CCIF; — products 

(CFC-13) 8.7х10:1 0100 8.7х10:1 1.3 
ОС) + CCIBrF, — products 

(Halon-1211) 1.5х10-10 0100 1.5х10-10 1.3 
O(!D) + CBr;F; — products 

(Halon-1202) 2.2х10-10 0+100 2.2х10-10 1.3 
O(!D) + CBrF; — products 

(Halon-1301) 1.0х10:10 0100 1.0х10:10 1.3 
OCD) + СЕ, > CF, +O 

(CFC-14) - - 2.0х10:4 1.5 
O(!D) + СЊСЊЕ — products 

(HFC-161) 2.6х10:10 0100 2.6х10:10 1.3 
O(!D) + CH,CHF, — products 

(HFC-152a) 2.0x10-10 0100 2.0x10-10 1.3 
O(!D) + СЊССЊЕ — products 

(HCFC-141b) 2.6х10:10 0100 2.6х10:10 13 
O(!D) -СН,ССЇЕ,-» products 

(HCFC-142b) 2.2x10710 0+100 2.2х10:19 1,3 
O(!D) + CH,;CF,; — products 

(НЕС-143а) 1.0х10:10 0100 1.0x10-10 3.0 
O(!D) + CH;CICCIF; — products 

(HCFC-132b) 1.6х10:10 0100 1.6х10-10 2.0 
O(!D) + CH;CICF; — products 

(HCFC-133a) 1.2x10-10 03100 1.2х10:19 13 
ОС) + СН,ЕСЕ;-> products 

(НЕС-134а) 4.9х10:1! 0100 4.9х10:1 13 
O(!D) + CHCLCF; — products 

(НСЕС-123) 2.0x10-10 0100 2.0x10-10 1.3 
O(!D) + CHCIFCF; — products 

(HCFC-124) 8.6х10:11 0100 8.6х10-! 1,3 
ОС) + СНЕ;СЕ; products 

(HFC-125) 1.2x10-10 0100 1.2х10-10 2.0 
O(!D) + ССЬСЕ} — products 

(CFC-113a) 2х10-10 0100 2х10-10 2.0 
O(!D) + CCLFCCIF, — products 

(CFC-113) 2х10:19 0+100 2х10:19 2.0 
ОС) + CCLFCF; — products 

(CFC-114a) 1х10:19 0100 1х10 10 2.0 
O(!D) + CCIF;CCIF; — products 

(CFC-114) 1.3х10-10 0100 1.3х10-10 1,3 
O(!D) + CCIF,CF; — products 

(CFC-115) 5x10! 0+100 5x10! 13 
O(!D) + CBrF,CBrF, — products 

(Halon-2402) 1.6х10-10 0+100 1.6х10-10 1.3 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 
Reaction cm? molecule! 5-1 K cm? molecule! 5-1 / 098) 
OCD) + СЕЗСЕ, — О + СЕЗСЕ, 
(СЕС-116) - - 1.5х10:3 1,5 
OCD) + СНЕ,СЕ,СЕ,СНЕ, > 
products (НЕС-338рсо) 1.8х10-!! 0+100 1.8х10:11 1.5 
ОС) + c-C4F, — products - - 8х10:3 1.3 
OCD) + СЕ;СНЕСНЕСЕ,СЕ; > 
products (HFC-43-10mee) 2.1х10:19 0+100 2.1х1070 4 
OCD) + С;Е > products 
(CFC-41-12) - - 3.9х10:3 2 
OCD) + СЕ а — products 
(СЕС-51-14) - - 1х10:12 2 
OCD) + 12-(CFj);c-C4F; > 
products - - 2.8х10:3 
ОС) + SF; — products - - 1.8х10:14 1.5 
Singlet О, Reactions 
O(A) + О > products - - <2x10-16 1 
O,(!A) + O, > products 3.6х10-18 220+100 1.7х10-18 12 
O4(A) + O; — О +20, 5.2х10:1 2840+500 3.8x10-15 12 
ОМ) + H50 — products - - 4.8х10:18 1.5 
ОМА) +N > МО + O - - <9х10-17 - 
0,('A) + N, products - - «1020 - 
O(A) + CO; — products - - <2х10-20 1 
OCE) + О > products - - 8x10-14 5.0 
O,(!>) + O, — products - - 3.9х10-17 1.5 
0,(15) + О; — products 2.2х1071 05200 22x10! 12 
O,(!>) + НО — products - - 5.4х10-12 1.3 
0,('Z) + М 2 products - - <10-13 - 
O,(!Z) + № > products 2.1х10:5 05200 2.1х10-15 1.2 
O,(!>) + CO, > products 4.2х10-13 0+200 4.2х10:3 12 
HO, Reactions 
О+ОН > О, +H 22x10! -(120+100) 3.3х10-! 1.2 
O + HO, > OH + О, 3.0x10-! -(200+100) 5.9х10-! 1.2 
O + EO, > ОН + HO; 1.4х10-2 2000-1000 1.7х10-5 2.0 
H + O; > OH + O, 1.4х10:19 470-200 2.9х10:1 1.25 
H + НО, —> products 8.1х10:11 0100 8.1x10:! 1.3 
OH + O; > HO, + O; 1.6х10-12 940+300 6.8x10-14 13 
OH + H, > HjO-H 5.5x10-12 2000+100 6.7х10-5 11 
OH + HD — products 5.0х10-12 21305200 4.0х10-15 1.2 
OH + OH H,O +0 422x102 240-240 1.9х10:12 1.4 
ОН + HO, > H,O + O, 4.8x1071! -(250+200) 1.1х10-0 13 
ОН + H,O; > H;O+ НО, 2.9х 1012 160+100 1.7х10-2 12 
HO, + O; > ОН +20, 1.1х10-4 500+ 2.0х 1015 13 
HO; + HO; > H0, + O, 23x10 -(600+200) 1.7х10-2 13 
H;O;+ O; L.7x103[M] -(1000+400) 4.9х1054М| 13 
NO, Reactions 
О-МО,- NO + О, 6.5x10-!2 -(120+120) 9.7x10-!2 1.1 
O +NO;— O, + МО, 1.0х10:1 05150 1.0х10:1 15 
О + ЉОг — products <3.0х 10:16 
О + HNO; > ОН + NO; «3.0х10:7 
O + HONO, —> products 7.8х10-! 3400+750 8.6х10-16 3.0 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 

Reaction cm? molecule s K cm? molecule s 70298) 
Н + МО; > ОН + NO 4.0х10:10 340-300 1.3х10:19 1.3 
OH + NO; — products 22x10! 1.5 
OH + HONO > Н,0 + NO, 1.8х10:1 390+ 4.5х10-12 1.5 
ОН + HNO; > ЊО + NO; See reference 1.3 
OH --НО,МО, — products 13x10? -(380+) 4.6х10:2 1.5 
OH + NH; — H,O + NH; 1.7х10-2 710+200 1.6х10:3 12 
НО, + NO > NO, + OH 3.5х10-12 -(250+50) 8.1х10-12 1:15 
НО, + МО, > HONO + О; See reference 
HO; + NO; products 3.5х10-12 1.5 
HO; + NH; products 3.4х10-!! 2.0 
М+ 0,9 МО + О 1.5х10:1 3600+400 8.5х10-17 1.25 
М + Оз > NO + O; <2.0х10-16 
М-МХО- №+0 2.1х10:1! -(100::100) 3.0х107!! 1:3 
КМ + МО > М 0-0 5.8х10-12 -(220+100) 1.2х10-!! 15 
NO + Оз > NO; + 0; 2.0х10-12 1400+200 1.8x10-!4 11 
МО + NO, > 2NO; 1.5х10:1 -(170+100) 2.6х10-!! 13 
NO; + O; > МО, + O; 12x10-5 24504150 3.2х1017 115 
МО, + NO; > NO + МО, +O; See reference 
МО, + NO, — 2NO; + O, 8.5х10-13 2450+500 2.3х10-16 1.5 
NH; + O, > products <6.0х10-21 
NH; + О; — products 4.3х10:2 930+500 1.9х10-13 3.0 
NH, + МО products 4.0х10-12 -(450+150) 1.8х107!! 13 
NH, + NO; products 2.1x10-12 -(650+250) 1.9х10:!! 3.0 
NH + NO — products 4.9х10:1 05300 4.9х10:1 125 
NH + МО; — products 3.5х10:3 -(1140+500) 1.6x10!! 2.0 
O; + HNO, — О, + HNO, <5.0х10-19 
№0;+ H,O — 2НМО, <2.0х10-21 
МА“) + О; — products 2.5х10:12, у-0 1.5 
N5(A,v) + Оз — products 4.1x107!!, у-0 2.0 

Reactions of Organic Compounds 
О + CH; — products 1.1х10:19 0:250 1.1х10:19 1.3 
О + НСМ > products 1.0х107!! 4000-1000 1.5х10:7 10 
O + CH, —> products 3.0х10:1 1600+250 1.4х10-13 1.3 
О + ЊСО — products 3.4х10-!! 1600+250 1.6х10-13 1.25 
О + СН.СНО -»СН,СО + ОН 1.8х10:1 1100+200 4.5х10-13 1.25 
О» + СУН» — products 1.0х10:14 4100+500 1.0х10720 3 
Оз + ОН, > products 1.2х10:4 2630+100 1.7х10:18 1:25 
Оз СН, > products 6.5х10:5 1900+200 1.1х10:7 12 
ОН + CO — Products 1.5x10°!3 x 05300 1.5х10:3х 1.3 
(1+0.6Р и) (140.6Р atm) 

OH + CH, > CH; + НО 2.45х10:12 17755100 6.3х1015 11 
OH + ЭСН, > CH; + ЊО See reference 
OH + CH;D — products 3.5х 10712 1950 +200 5.0х10:15 1.15 
OH + ЊСО  ЊО + HCO 1.0х10-!! 0+200 1.0х10-!! 1.25 
OH + СНОН > products 6.7х10:12 6003300 8.9х10-13 1.2 
ОН + СЊООН — Products 3.8х 10712 -(200+200) 7.4х10:12 1.5 
OH + HC(O)OH — products 4.0х10-13 0+200 4.0х10-13 1.3 
ОН + НСМ — products 1.2х10:3 400+150 3.1х10-4 3 
OH + СҢ, > H,O + СН; 8.7 х 1012 1070+100 2.4х10-13 11 
OH + С.Н, ЊО + С.Н 1.0х 101! 660+100 1.1х10-12 12 
OH + CH,CHO > CH;CO + H,O 5.6х10-12 -(270+200) 1.4х10:1 12 
OH + C;H50H > products 7.0х10:12 235+100 3.2х10:12 1.3 
OH + CH;C(O)OH — products 4.0х10-13 -(200+400) 8.0х10-13 1.3 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 
Reaction cm? molecule”! $! K cm? molecule”! $! /098) 
ОН + CH,C(O)CH, > СН,С(ОХН, 

+ H,O 2.2 х 10-12 685+100 2.2х10:3 1.15 
OH + CH;CN — products 7.8х1073 1050+200 2.3х10:4 1:5 
OH+ СН.ОМО, — products 5.0х10:3 890-500 2.4х10:4 3 
ОН + CH4C(0)O;NO, 

(РАМ)-> products <4 x 10-14 
OH+ C;H5ONO, — products 8.2x10-!3 450+300 1.8х10:13 3 
НО, + СЊО — adduct 6.7х10-5 -(600+600) 5.0х10:14 5 
HO, + СН,О, > СН,ООН + O, 3.8х 1013 -(800+400) 5.6х10-2 2 
НО, + CH50, > C;H;OOH + O, 7.5x10-13 -(100+250) 8.0х10-12 1.5 
НО, + СН,С(О)О, — products 4.5х10:9 -(1000+600) 1.3х10-!! 2 
МО, + СО — products <4.0х10-19 
МО, + СЊО — products 5.8х10-16 1.3 
NO, + CH4CHO > products 1.4х10:12 1900+300 2.4x10-!5 1:3 
CH; + О; — products <3.0х10-16 
СН; + Оз — products 5.4х10:12 220-150 2.6х10:12 2 
HCO + О; > СО + HO, 3.5х 10712 -(140+140) 5.5х10:12 1.3 
СН,ОН + О, > СН,О НО, 9.1х10-2 0+200 9.1x10-12 13 
CH,O + O, > СЊО + HO, 3.9х10-4 900+300 1.9х10:5 15 
СНО + NO > СН,О + HNO See reference 
CH,0+ NO, > CHO + HONO 11x 1071 1200+600 2.0 х 10-13 5 
СН,О: + Оз > products «3.0х10:17 
СНО, + СН,О, — products 2.5x10-!3 -(190+190) 4.7х10-13 1.5 
CH,0, + NO > СН,О + NO, 3.0х10-12 -(280+60) 7.7х10-2 1.15 
СНО, + СНС(О)О» — products 1.3х10-12 -(640+200) 1.1х10:1 15 
C-H; + О, > СН. + НО; <2.0х10:4 
C;H;O + О, > СН.СНО + НО, 63x 10-4 550+200 1.0х10:4 15 
С.Н.О, + С.Н.О, — products 6.8х10:4 0+300 6.8х10:4 2 
С.Н,О, + NO — products 2.6х10:12 -(365+150) 8.7х10-12 1.2 
СН,С(О)О, + CH;C(O)O; > 
products 2.9х10:12 -(500+150) 1.5х10-!! 1.5 
СН,С(О)О, + NO — products 5.3х10:12 -(360+150) 1.8x10!! 1.4 
FO, Reactions 

О+ЕОЕ+О 2.7х10-!! 05250 2.7х10-!! 3.0 
О + ЕО, Э ЕО + О, 5.0х10-!! 0+250 5.0х10-!! 5.0 
OH + СЊЕ  СЊЕ + H;O 

(НЕС-41) 3.0х10:12 1500+300 2.0х10:4 141 
OH + СЊЕ; — CHF, + ЊО 

(НЕС-32) 1.9х10-12 1550+200 1.0x10714 1.2 
OH + CHF, CF; + H;O 

(HFC-23) 1.0х10-12 2440+200 2.8х10:16 13 
ОН + СЕЗОН — СЕ;0 + HO «2х10:7 
ОН + СЊСЊЕ — products 

(НЕС-161) 7.0х10:12 1100+300 1.7х10:13 1.4 
ОН + СН;СНЕ; products 

(НЕС-152а) 2.4х10:12 1260+200 3.5х 107 12 
OH + CH,FCH,F > СНЕСН,Е 

(HFC-152) + H,O 1.7х10-!! 1500+500 1.1х10:3 2.0 
OH + СН,СЕ, > СН,СЕ, + H,O 

(НЕС-143а) 1.8х10-12 21705150 1.2х10:15 141 
ОН + CH;FCHF, -» products 

(НЕС-143) 4.0х10-12 1650+300 1.6x10-14 15 
ОН + CH;FCF; — СНЕСЕ, + НО 

(НЕС-134а) 1.5х10-12 17505200 4.2x10-5 1.1 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A ЕЈК k (298 К) 
Reaction cm? molecule! 5-1 K ст? molecule! 5-1 70298) 

ОН + CHF,CHF, > СЕ,СНЕ, 

(НЕС-134) + H,O 1.6х10:12 1680+300 5.7х10-15 2.0 
OH + СНЕСЕ; — СЕ,СЕ, + H,O 

(НЕС-125) 5.6х10-13 1700+300 1.9х10:15 13 
ОН + СЊОСНЕ; -> products 

(НЕОС-152а) 6.0х10:12 1530x150 3.5х 10:14 12 
ОН + СЕ;ОСН; — СЕ-ОСН, + H,O 

(НЕОС-143а) 1.5х10:12 14505150 1.2х10:4 1,1 
ОН + СЕ,НОСЕ;Н -» СЕ;ОСЕ;Н 

(HFOC-134) +Н,0 1.9х10:12 2000+150 2.3x10-!5 12 
ОН + СЕ,ОСНЕ, — СЕОСЕ; + H,O 

(НЕОС-125) 4.7х10:9 2100+300 4Лх10 16 1.2 
OH + СЕ;СН,СН; -> products 

(HFC-263fb) - - 4.2х10:4 1.5 
ОН + CH,FCF,CHF, -> products 

(НЕС-245са) 2.4х10:12 1660+150 9.1х10-15 1.3 
OH + CHF,CHFCHF, -> products 

(HFC-245ea) - - 1.6х10:14 2.0 
ОН + СЕҢСНЕСН-Е -> products 

(HFC-245eb) - - 1.5х10:14 2.0 
ОН + СНЕ,СН,СЕ, — products 

(HFC-245fa) 6.1х1073 1330+150 7.0x10-!5 1.2 
ОН + СЕ;СЕ,СН,Е — СЕ,СЕ,СНЕ 

(HFC-236cb) +H,O 1.5х10:12 1750+500 4.2х10:5 2.0 
ОН + СЕ,СНЕСНЕ, -> products 

(HFC-236ea) 1.1х10:12 1590:-150 5.3х10-15 1.1 
OH + СЕ;СН,СЕ; > CF;CHCF; 

(HFC-236fa) 4Н:О 1.3х10-12 2480+150 3.2х10-16 1.1 
ОН + CF;CHFCF; > СЕ)СЕСЕ; “НО 

(НЕС-227еа) 5.0х10-13 1700:-300 1.7х10:15 1.1 
OH + CHF,OCH,CF; — products 

(HFOC-245fa) 2.6х10:12 1610+150 1.2х10:4 2.0 
ОН + СЕ,СН,СЕ,СН, — products 

(НЕС-365шіс) 2.0х10:12 1750+200 5.7х10-15 13 
ОН + СЕ.СН,СН,СЕ, products 

(HFC-356mff) 3.0х10-12 1800+300 7.1х10:15 1.3 
ОН + СЕ)СЕ;СН-СН-Е products 

(HFC-356mcf) 1.7х10:12 11105200 4.2х10:4 2.0 
ОН + СНЕ;СЕ;СЕ;СЕ;Н — products 

(НЕС-338рсс) 7.8х1073 15305200 4.6х10:5 15 
ОН + СЕ)СН-СЕ-СН-СЕ; — products 

(HFC-458mfcf) 1.2х10:12 1830+200 2.6х10:15 2.0 
ОН + СЕ,СНЕСНЕСЕ,СЕ, — products 

(НЕС-43-10шее) 5.2х1073 1500:-300 3.4х10:15 1.3 
ОН + СЕҢСЕ-СН-СН;СЕ;СЕ; > 

(HFC-55-10-mcff) products - - 8.3х10-5 1.5 
Е + Оз > ЕО + О; 22x10! 2301200 1.0х10:1 1:5 
F + Н, > HF +H 1.4х10:19 500+200 2.6х10:! 1:2 
Е-Н,О- HF + ОН 1.4x10-!! 0+200 1.4x10-!! 1.3 
F + HNO; — HF + NO; 6.0x10-!? -(400+200) 2.3x10-!! 1.3 
F + CH, > HF + CH; 1.6х10:19 260+200 6.7х10:! 1.4 
FO + Оз — products <1х 104 
FO + МО МО; +F 8.2х10:12 -(300+200) 22x10! 15 
FO + FO > 2Е-0, 1.0х10:1! 04250 1.0х10:1! 1:5 
FO, + Оз products <3.4х10:16 
FO, + NO > FNO + О; 7.5х10:12 690-400 7.5х10:3 2.0 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A Е/В k (298 К) 
Reaction ст? molecule! 5-1 K cm? molecule’! 5-1 70298) 
FO; + МО; — products 3.8х 1071 2040+500 4.0х10:4 2.0 
FO, + CO products <5.1х10-16 
FO, + CH, — products <2х10:16 
CF;O + O, > FO, + СЕ,О <3х 101 5000 <1.5 x 10:8 
СЕЗО + О; > CF3;0, + O; 2 х 10:2 1400+600 1.8 x 10714 1:3 
CF40 + HO > ОН + CF,OH 3 х 1072 »3600 <2 x 1017 
CF30 + NO — CF;O + FNO 3.7 x 101! -(110+70) 5.4x 101! 12 
СЕЗО + NO, —> products See reference 
СЕЗО + CO — products 2x 10:5 
CF30 + CH, > CH; + CF;OH 2.6 х 10:12 1420+200 2.2 х 10-4 11 
СЕ,О + СН, — СН; + СЕЗОН 49 x 10-12 400+100 13 х 1072 1.2 
CF40; + Оз > CF;O + 20, <3 x 10-15 
CF,0, + СО — СЕ,О- CO, «5 x 10-16 
СЕ,О, + NO > СЕ,О + NO, 54x 1072 -(320+150) 16x10" 11 
CIO, Reactions 

0400-01-40: 3.0х10-!! -(70::70) 3.8х10:11 12 
О + OCIO > CIO + O; 2.4х1012 960+300 1.0х10-13 2.0 
O + CO > CIO + CIO 27x10" 530+150 4.5х1012 13 
O + HCI э OH + СІ 1.0x10-!! 33004350 1.5х10:16 2.0 
о + НОСІ > ОН + CIO 1.7х10:3 0300 1.7х10:3 3.0 
О + CIONO, — products 2.9х10:12 800+200 2.0х10:13 1.5 
O; * OCIO products 2.1х10-12 4700-1000 3.0x10-19 2.5 
Оз + СЬО» — products - - <1.0х10-9 - 
OH + Cl, 2 HOCI + СІ 1.4х1012 9003400 6.7х10:4 12 
ОН + CIO — products 1.1х10:1 -(120+150) 1.7x107H 1.5 
OH + OCIO > НОСІ + O, 4.5х10:3 48005200) 6.8х1012 20 
OH + HCI > ЊО + CI 2.6х10-12 350+100 8.0х10:3 12 
OH + НОСІ > Н,0 + CIO 3.0х1012 5004-500 5.0х10:3 3.0 
OH + CINO, — НОС] + NO; 2.4х10:12 12505300 3.6х 10:14 20 
OH + СЮМО, — products 1.2х10-12 3304200 3.9х10:13 15 
OH + CH4CI > СЊС + H,O 4.0х10:2 1400+250 3.6x10-14 12 
OH «СН;СІ, ^ CHCl, + H,O 3.8х10-12 1050+150 1.1х10:3 14 
ОН + CHCI; > CCl; + H,O 2.0х10-12 900+150 1.0х10:3 12 
ОН + CCl, > products -1.0х10:12 >2300 <5.0х10-16 - 
ОН + СЕСЬ products 

(СЕС-11) -1.0х10:12 >3700 <5.0х10-18 - 
ОН + СЕ; Сі, > products 

(CFC-12) ~1.0x10°!2 >3600 <6.0х10-18 - 
OH + СН,СІЕ > CHCIF + H,O 

(HCFC-31) 2.8х10:12 1270+200 3.9х 1074 12 
ОН + СНЕСЬ — СЕСЬ + ЊО 

(НСЕС-21) 1.7х10-2 1250+150 2.6к10:4 12 
OH + СНЕ,СТ > СЕ,С1--Н,О 

(HCFC-22) 1.0х1012 16004150 4.7х10-15 1.1 
OH + СН.ОС! — products 2.4x10-12 360+200 7.2x10-13 3.0 
OH + CH;CCI, > CH;CCI, + H,O 

(HCC-140) 1.8х10-12 1550+150 1.0х10:4 11 
OH + CHCl, — products 4.9х10-13 -(450+200) 2.2х10:12 1.25 
OH + ОС — products 9.4х10-12 1200+200 1.7х10:13 1.25 
OH + ССЬСНО 2 ЊО + ССЬСО 8.2х10-2 600+300 1.1х10-2 1.5 
OH + СН.СЕСЬ — CH;CFCI, + H,O 

(НСЕС-14 16) 1.7х1072 17005150 5.7х10:5 12 
ОН + СН,СЕ,С1-» CH;CF;CI + H,O 

(HCFC-142b) 1.3x10:2 1800+150 3.1х10-5 12 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 
Reaction cn? molecule"! 5-1 K cm? molecule! 5-1 70298) 
ОН + СН›С1СЕ›С1 > СНСІСЕ;СІ 
(HCFC-132b) + H0 3.6х10-12 1600+400 1.7x10714 2.0 
OH + CHCI,CF,Cl > CCI,CF,Cl 
(НСЕС-122) + H0 1.0х10-12 900x150 4.9х10:13 1:2 
ОН - CHFCICFCI, — СЕСІСЕСІ, 
(НСЕС-122а) + H,O 1.0х10-12 1250+150 1.5х1015 1.1 
OH + СН-СІСЕ; — СНСІСЕ; + H,O 
(НСЕС-133а) 5.2х10-13 1100+300 1.3х10:4 1.3 
OH + CHCI,CF, — CCI,CF, + H,O 
(HCFC-123) 7.0х10-13 900x150 3.4х10:4 12 
OH + СНЕСЇСЕ,(С1-» CFCICF;CI 
(НСЕС-123а) + Н20 9.2х10-13 12805150 1.3х10:4 1.2 
ОН + СНЕСІСЕ; — СЕСІСЕ; + H,O 
(НСЕС-124) 8.0х10-13 1350+150 8.6х10-15 1.2 
OH + СН.СЕ.СЕСЬ — products 
(НСЕС-243сс) 7.7x10-!3 1700+300 2.6x10-!5 2.0 
ОН + CF,CF,CHCI, > products 
(HCFC-225ca) 1.0х10-12 1100+200 2.5х10:14 13 
OH + CE;CICF;CHFCI — products 
(HCFC-225cb) 5.5х10-13 1250+200 8.3х10-15 13 
НО, + СІ > HCI + O; 1.8х10:1 -(170+200) 3.2х10:1 1.5 
= ОН + СІО 4.1x10!! 45023200 9.1х10-12 2.0 
HO, + СЮ — НОСІ + О; 4.8х10-13 -(700%) 5.0х10-12 1.4 
H,O + CIONO, — products - - <2.0х10-21 - 
ХО + OCIO — NO, + СТО 2.5х10:12 6003300 3.4х10:3 2.0 
NO + CIO; — products - - <2.0х10:14 - 
NO; + HCl 2 HNO; + CI - - <5.0х10-7 - 
HO,NO, + НСІ — products 5 1 <1.0х10-21 - 
CI + Оз > CIO + О; 2.9x10!! 260-100 1.2х10:! 1.15 
CI + Н, > HCI +H 3.7х10:1 2300+200 1.6x10-14 1.25 
Cl + H50, > НСІ + НО; 1.1х10:1 980+500 4.1х10-13 15 
Cl + NO; > СЮ + NO; 2.4х10-! 0:400 24x10! 1.5 
CI+ №0 > CIO + № See reference 
Cl + HNO; — products Р 5 <2.0х10-16 - 
Cl + CH, > НСІ + CH; 1.1х10:1 1400+150 1.0х10:13 1.1 
СІ + CH4D — products - - 7.4x10°!4 2.0 
Cl + H,CO > НСІ + HCO 8.1х10:1 30-100 7.3x10!! 1.15 
Cl + СНО; — products - - 1.6х10:10 1.5 
CI + СНОН  СЊОН + НСІ 5.4х10:1! 05250 5.4х10-! 1.5 
Cl + C,H, ә НСІ + C,H; 7.Лх10:! 90-90 5.7x10-!1 1.1 
Cl + СН;0, > СТО + СНО - - 7.Ах107! 2.0 
— НСІ + ОНО - - 7.7х10-!! 2.0 
СІ + CH4CN — products 1.6х10-!! 2140+300 1.2х10:4 2.0 
Cl + CH43CO4NO, — products - - <1х10:4 
Cl + C3Hg > НСІ + СН, 1.2х10:19 -(40+250) 1.4х10:19 1:3 
Cl + OCIO > CIO + CIO 3.4х10-!! -(160+200) 5.8x10!! 1:25 
Cl + CIOO > Cl, + О; 2.3х10:19 0:250 2.3х10:19 3.0 
— CIO + CIO 1.2x10!! 0:250 1.2х10:! 3.0 
CI + СЬО > Cl, + CIO 62x10! -(130+130) 9.6x10!! 1:2 
СІ + СО, — products = - 1.0х10:19 2.0 
Cl + НОС] — products 2.5х10:12 130+250 1.6х10-12 1.5 
СІ + CINO > NO + Cl, 5.8х10:1 -(100::200) 8.1х10:11 15 
СІ + CIONO, — products 6.5х10:12 -(135+50) 1.0x10-!! 12 
Cl + CH4CI — СН,С1-- НСІ 32x10! 1250+200 4.8х10-13 1:2 
Cl + CH;Cl, > НСІ + CHCl, 3.1х10:1 1350+500 3.3х10:3 1.5 
Cl + CHCI; > НСІ + CCl, 8.2х10:12 1325+300 9.6х10:14 1.3 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A Е/В k (298 К) 
Reaction cm? molecule“! s! K cm? molecule“! s! 10298) 
С1+ СЊЕ — HCl + СЊЕ 
(НЕС-41) 2.0х10-!! 1200+500 3.5х10-13 1.3 
CI + СЊЕ; — НСІ + CHF, 
(НЕС-32) 1.2х10-!! 1630+500 5.0х10:4 19 
CI + CE;H — НСІ + CF; 
(НЕС-23) - - 3.0х10-18 5.0 
CIl + CH;FCI — НСІ + СНЕС 
(НСЕС-31) 1.2х10:1 1390+500 1.1х10:13 2.0 
CI + СНЕСЬ — НС! + CFCI, 
(HCFC-21) 5.5х10:12 1675+200 2.0x10-!4 1.3 
CI - CHE;CI > НС! + СЊС 
(HCFC-22) 5.9х10-12 2430+200 1.7х10-5 1.3 
Cl + CH;CCl; > СН,ССЬ, + HCI 2.8х10-12 1790+400 7.0x10-15 2.0 
Cl + СЊСЊЕ > НСІ + CH,CHF 
(НЕС-161) 1.8х10-!! 290+500 6.8х10:12 3.0 
-» HCI + CH,CH;F 1.4х10:1 8804500 7.3х10-13 3.0 
CI + CHCHF, > НСІ + СН.СЕ, 
(НЕС-152а) 6.4х10-12 950+500 2.6x10-!3 1.3 
— НСІ + СН,СНЕ, 7.2х10:12 2390+500 2.4х10-5 3.0 
Cl + CH;FCH;F — НСІ + СНЕСН,Е 
(НЕС-152) 2.6х10-!! 1060+500 7.5х10:13 3.0 
Cl СН,СЕСЬ,-» HCl + СЊСЕСЂ 
(HCFC-141b) 1.8х10-12 2000+300 2.2х10-5 1.2 
Cl + СН,СБ,С1-» НСІ + СН,СБ,С1 
(HCFC-142b) 1.4х10:12 24205500 4.2х10:19 1.2 
Cl + CH,CF; > НСІ + СН,СЕ, 
(НЕС-143а) 1.2х10-!! 3880+500 2.6х10:17 5.0 
Cl + СЊЕСНЕ, — НСІ + СН,ЕСЕ, 
(НЕС-143) 5.5х10:12 1610+500 2.5х10:14 3.0 
— HCI + СНЕСНЕ, 7.7х10:12 17205500 2.4х10:4 3.0 
Cl 4 СН,СЇСБ, — HCl + СНСЇСЕ, 
(НСЕС-133а) 1.8х10-12 17105500 5.9х10-5 3.0 
Cl + СЊЕСР; > НСІ + СНЕСЕ, 
(НЕС-134а) - - 1.5х10-15 1.2 
Cl + СНЕ,СНЕ, — НСІ + CF,CHF, 
(HCF-134) 7.5х10:12 2430+500 2.2х10-5 15 
Cl+ CHCLCF, — HCI + ССЬСЕ, 
(НСЕС-123) 4.4х10-12 17505500 1.2х10:14 L3 
СІЗ CHFCICF, — НСІ + CFCICF, 
(HCFC-124) 1.1х10:12 1800:-500 2.7х10-5 1:3 
Cl+ СНБ,СЕ, > НСІ + СЕ,СЕ, 
(НЕС-125) - - 2.4х10-16 1.3 
CIO + Оз > CIOO + O, : - «1.4х1017 - 
= OCIO + O; 1.0х10-12 >4000 <1.0х10-18 - 
СІО--Н,-> products -1.0х10:12 >4800 <1.0х10-19 - 
CIO + NO > МО, + CI 6.4х10-12 -(290+100) 1.7х10-!! 1.15 
CIO + NO; > СІОО + МО, 4.7х10-13 05400 4.7х10-13 19 
CIO + №0 => products -1.0х10:12 >4300 <6.0х10:19 - 
СТО + СО — products -1.0х10:12 >3700 <4.0х10-18 - 
CIO + СН, — products -1.0х10:12 >3700 <4.0х10-18 = 
CIO + H,CO — products -1.0х10:12 >2100 <1.0х10-15 - 
CIO + СНЗО; — products 3.3х 10:12 115+115 22x10? 1.5 
CIO + CIO > Cl, + O; 1.0х10-12 1590+300 4.8х10-15 1.5 
= СОО + СІ 3.0х10:1 2450+500 8.0x10-15 1.5 
= OCIO + CI 3.5х 10713 13704300 3.5х10-5 15 
НС! + CIONO, — products - - <1.0х10-20 - 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A Е/В k (298 К) 

Reaction cm? molecule’! 5-1 K cm? molecule"! 5-1 (298) 
CH,CIO + O, > CHCIO + НО, у , 6x 104 5 
СН,С1О, + HO; > 
CH;CIO;H + О, 3.3 x 10-13 -(820+200) 5.2 х 10-2 1.5 
CH,CIO, + NO > СН,С1 + МО, 7х 10-2 -(300+200) 19 x 1011 L5 
CCLO, + NO — CCLO + NO, + СІ 7.3 х 1012 42703200) 18 x 10-1 13 
ССІ,ЕО + NO > CCIFO + 
NO, + Cl 4.5 х 10-12 -(350+200) 1.5 х 10-1! 1.3 
CCIF,0, + NO > СЕ.О + 
МО, + CI 3.8 х 10-2 -(400+200) 1.5 х 10:11 12 

BrO, Reactions 
О + BrO > Br + O, 1.9x10!! -(230+150) 4.1x10! 1.5 
О + НВг — ОН + Br 5.8х10-12 1500+200 3.8х10:4 13 
О + HOBr ОН + BrO 1.2х10:19 430-300 2.8х10:1 3.0 
ОН + Br; — НОВг + Вг 4.2х10-! 03:600 42x10! 1.3 
OH + ВТО products - - 7.5x10:!! 3.0 
OH + HBr > H,O + Br 1.1х10:1! 0+250 1.1х10:1! 1:2 
OH + CHjBr > СН,Вг + H,O 4.0х10-12 1470+150 2.9x10-14 1.1 
OH + СЊВг, — CHBr + H,O 2.4х10-2 900+300 1.2х10-13 11 
OH + CHBr, > CBr, + HO 1.6х10:12 710-200 1.5х10:3 2.0 
ОН + СНЕ,Вг-» CF,Br + H,O 1.1х10:12 1400+200 1.0х10:14 11 
OH + CH;CIBr > CHCIBr + H,O 2.3х10:2 930-150 1.0х10:13 12 
OH + СЕ,СЇВг-» products = = <1.5x10°!6 
OH + СЕ,Вг, — products - - <5.0х10-16 - 
ОН + СЕ. Вг products - - <1.2х10:16 - 
OH + CH,BrCF; > CHBrCF; + Н,О 1.4х10-12 1340+200 1.6к10:4 13 
OH + CHFBrCF; — CFBrCF; 7.2х10:13 1110+150 1.8х10:14 L3 
OH + CHCIBrCF; > CCIBrCF; + ЊО 1.3х10-12 9951150 4.5х10:4 1.5 
OH + СЕ-ВІСНЕСІ  СЕ,ВгСЕСІ + ЊО 9.3х10:3 1250+150 1.4x10714 1:9 
OH + CF;BrCF,Br — products - - «1.5x10716 - 
HO, + Br > HBr + O; 1.5x10!! 600x600 2.0х10:12 2.0 
НО, + ВгО — products 3.4х 10712 -(540+200) 2.1x10-!1 1.5 
NO; + HBr > HNO; + Br = = <1.0х10-16 - 
Cl + CH;CIBr > НСІ + CHCIBr 4.3х10:1 1370+500 4.3х10-13 3.0 
Cl + СЊВг > НСІ + СН,Вг 1.5х10-!! 1060+100 4.3х10:3 122 
Cl + СН-Вт» — НСІ + CHBr, 6.4х10-12 810x100 4.2х10:3 12 
Br + О; 2 BrO + О, 1.7x107!! 800-200 1.2х10-12 12 
Br + Н,0, > HBr + НО, 1.0х10-" >3000 <5.0х10-16 ~ 
Br + NO, > BrO + МО, : : 1.6х10:1 2.0 
Br + H,CO — HBr + HCO 1.7х10-!! 800+200 1.1х10:12 1:3 
Br + OCIO > BrO + CIO 2.6х10-!! 1300+300 3.4х10-13 2.0 
Br + СО > BrCl + CIO 2.1х10:1 470-150 4.3х10-12 1.3 
Br + СЬО) — products - - 3.0х10-12 2.0 
BrO + Оз — products -1.0х10:12 >3200 «2.0х10:7 - 
BrO + NO > NO, + Br 8.8х10-12 -(260+130) 21x101! 115 
BrO + NO; — products - - 1.0х10-12 3.0 
BrO + СЮ — Br + OCIO 1.6х10-12 -(430+200) 6.8х10:12 1.25 
= Вг + СОО 2.9x 10712 -(220+200) 6.1х10-12 1:25 
=> BrCl + O; 5.8х10-13 -(170+200) 1.0х10-12 1.25 
ВтО + BrO — products 1.5х10-12 -(230+150) 32x10? 1.15 
CH,BrO, + МО > СЊО + 
NO, + Br 4х10:2 -(300+200) 1.1 x 101! 1.5 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 
Reaction cm? molecule”! s`! K cm? molecule"! $! f(298) 
IO, Reactions 
О+1 > О +1 1.4х10-0 0-250 1.4х10-0 1.4 
О +0 О, +1 1.2х10:19 2.0 
OH +1, > HOI +I 1.8х10-0 2.0 
ОН + НГ-> H,O +1 3.0х107!! 2.0 
OH + CHI > H,O + CHI 3.1х10-12 11205500 7.2х10:4 3.0 
OH + СЕД-» HOI + СВ; 3.1х10-14 5.0 
HO; + I >HI + O, 1.5х10:1 1090+500 3.8х10-13 2.0 
HO, +10 > HOI + O, 8.4х10:1 15 
NO; + НІ > HNO; + I See reference 
1+0, 2 IO + O, 2.3х10711 8704200 1.2х10-2 1.2 
I+ BrO > IO + Br - - 1.2х10:1 2.0 
10 + МО [+ NO; 9.1х10-12 -(240+150) 2.0x10"!! 1.2 
IO + CIO — products 5.1х10:12 -(280+200) 1.3x10!! 2.0 
IO + BrO 5 products - - 6.9х10:1 1.5 
ТО + IO — products 1.5х10- -(500+500) 8.0х10:11 1.5 
INO + INO > L + 2NO 8.4х10:1 2620+600 1.3х10:4 2:5 
INO, + INO, > L + 2NO, 2.9x10"!! 2600-1000 4.Лх10:5 3.0 
SO, Reactions 

О + SH 50 +H - - 1.6х 10719 5.0 
О + С8 > СО + 5 2.7х10710 760+250 2.1х10:1! 141 
O+H,S > OH + SH 9.2х10-12 1800+550 2.2х10:14 1.7 
O + OCS > CO + SO 2.1х10!! 2200+150 1.3х10:4 1.2 
О + С > CS + SO 32x10! 650-150 3.6х10-12 1.2 
O + CH;SCH; > CH;SO + CH; 1.3х10:1 44108100) 5.0х10:11 11 
О + CH,SSCH; — CH,SO + СН, 5.5x10-1! -(250+100) 1.3х10-0 1.3 
O; + H5S — products š 5 <2.0х10-20 - 
O, + CH;SCH; — products Е 1 «1.0х10:8 - 
Оз + 50; 2 SO; + O; 3.0х10-12 >7000 <2.0х1022 - 
OH + Њ8 > SH + H,O 6.0х10-12 75:75 4.7х10-12 1.2 
OH + OCS — products 1.1х10:3 1200+500 1.9х10:15 2.0 
OH + CS, -> products See reference - - - 
OH + CH,SH > CH,S + НО 9.9x10-12 -(360+100) 3.3х10:1 12 
ОН + CH,SCH; > H,O + СН,8СН, 12x10! 2603100 5.0x10-12 1.15 
OH + CH;SSCH; 5 products 6.0х10:1! -(400+200) 2.3х10719 1.2 
OH +5 > Н +50 - - 6.6x10!! 3.0 
ОН + SO  Н + SO, - - 8.6х10:11 2.0 
HO, + H5S — products - - <3.0х10-15 - 
НО, + CH4SH — products = 1 <4.0х10-15 - 
HO, + СН;5СН; — products - - <5.0х10-5 - 
HO, + SO; — products - - <1.0х10-18 - 
МО, + SO; — products - - <2.0х10-26 - 
NO 3+ H;S — products 2 = <8.0х 10:16 - 
МО, + OCS — products 1 = <1.0х10-16 - 
NO; + С5,-> products Е = <4.0х10-16 - 
МО, + CH4SH — products 4.4х10-13 -(210+210) 8.9х10-13 1.25 
МО, + СН,8СН,-» СН,8СН, + HNO, 1.9х10-3 -(500+200) 1.0х10-12 12 
МО, + CH4SSCH; — products 1.3х10-12 270+270 5.3х10-13 1.4 
МО, + SO; — products 5 = <7.0х10-21 - 
№05 + СН;5СН; — products = = <1.0х10:7 - 
СНО, + SO, — products - - <5.0х10-17 I 
F + CH;SCH; — products - - 2.4.х10-10 2.0 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Reaction 


CI + H,S + HCl + SH 

СІ + OCS — products 

СІ + CS, > products 

СІ + CH,SH — CHS + НСІ 
Cl + СН;5СН; — products 
CIO + OCS — products 
CIO + СН,5СН, — products 
CIO + SO 2 СІ +50, 

CIO + SO; 2 СІ + SO, 

Br + Н,5 > HBr + SH 

Br + СН,5Н — СН,5 + HBr 
Br + CH3SCH; — products 
BrO + CH4SCH, — products 
BrO + SO 5 Br + SO, 

IO + СН, 5Н -> products 
IO + СН,5СН, — products 
5 +0 9 SO«O 

S + Оз 80 + О, 

SO + O, > 50, + O 

SO + Оз > SO, + O; 

SO + МО; > SO, + NO 

SO + OCIO > SO, + CIO 
SO; + ЊО > products 

SO; + МО; — products 

SH + О; > ОН + SO 

SH + Оз > HSO + O, 

SH + ЊО, — products 

SH + NO; 2 HSO + NO 
SH + Cl, > CISH + Cl 

SH + BrCl — products 

SH + Вг,  BrSH + Br 

SH + F, > FSH + F 

HSO + O, — products 
HSO + Оз — products 
HSO + NO -> products 
HSO + NO, > HSO, + NO 
HSO, + O; > НО, + SO; 
HOSO, + О; > НО, + SO; 
CS + O, OCS + O 

CS + O; э OCS + O, 

CS + NO, 2 OCS + NO 
CH;S + О, 2 products 
СН,5 + Os products 
CH5S + NO 5 products 


CH5S + МО; > CH;SO + NO 


CH5SH + О, — products 
CH5SH + О; — products 
СН,5Н + NO — products 
СН,5Н + NO, — products 
СН,50 + Оз — products 


СН,80 + NO,  CH4SO; + NO 


СН»$ОО + О; — products 
СН;5ОО--МО-> products 
CH3SO,+ МО; — products 
СН,5СН, + NO; products 


Table 1. Rate Constants for Second Order Reactions (continued) 


A 
cm? molecule“! s! 


37x10! 


1.2х10-0 
See reference 


2.8x10:! 


1.4х10-1! 
9.2х10:2 
See reference 
1.5х10:14 


2.3х10:12 
2.6x10-!3 
3.6x10-12 
1.4х107!! 


See reference 


9.0х10-12 
2.9х10-!! 
1.7х10-!! 
2.3х10-!! 


6.0х10:!! 
4.3х10-! 


1.3х10:12 
2.0х10:12 


2.1x10!! 


1.1x107!! 
22x10! 


СН,8СН,О, + МО — CHSCH;O + МО, 
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EIR 
K 


-(210+100) 
-(150+50) 
0+50 
2750+300 
390-100 


-(850+200) 


05200 


2400x500 
1100x200 
0:50 


280+200 


-(240+50) 
690+200 
-(350+200) 
-(160+160) 
1390+200 


330+200 


-(290+100) 


-(320+100) 


0+100 
0+100 


k (298 К) 
cm? molecule“! s! 


7 4x10! 
<1.0х10-16 
<4.0х10-15 
2.0х10:9 
<2.0х10-16 
9.5х10:15 
2.8x10!! 
<4.0х10-18 
1.4х10-5 
2.5х10:12 


2.6x10-!3 
5.7x10-!! 
6.6х10:16 
1.2х10:14 
2.3х10:2 
12x101! 
8.4х10:17 
9.0х10:14 
1.4х10-1! 
1.9х10:12 


1.0х1079 
<4.0х10:19 
3.5х10-12 
<5.0х10-15 
6.5х10:1 
1.7х10:12 
7.Ах10:1 
1.0х10:19 
4.0х10:13 
<2.0х10:17 
1.0х10-13 
<1.0х10-15 
9.6х10:12 
3.0х10-13 
4.4х10:3 
2.9x10-!9 
3.0х10-16 
7.6х10:17 
<3.0х10-18 
5.3х10-12 
<1.0х10-13 
6.1x10!! 
6.5х10:2 
3.5х10:11 
1.9х10-!! 
52x10! 
6.0х10-13 
1.2х10-1! 
<8.0х10-13 
1.1x10!! 
2.2x10-!! 
3.0 x 10-10 
1.9 x 10-1! 


70298) 


1:25 


CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 1. Rate Constants for Second Order Reactions (continued) 


A EIR k (298 K) 

Reaction cm? molecule’! 5-1 K cm? molecule’! 5-1 (298) 
СН,55 + О — products 4.6х10-13 2.0 
СН,58 + МО; 5 products 1.8x10-!! 2.0 
СН,550 + МО; — products 4.5х10-12 2.0 

Metal Reactions 
Na + Os > Мао + O, 1.0x10° 95550 7.3x10-10 1.2 
-» МаО,-0 - - «4.0x10-1! - 
Na + №0 э Мао + № 2.8x10:10 1600+400 1.3х10-12 1.2 
Ма + Cl, > NaCl + Cl 7.3х10-10 0+200 7.3х10-10 1.3 
Мао +O 2 Na + O, 3.7x10-10 05400 3.7x10-10 3.0 
Мао + Оз — Мао, + O, 1.1х109 570+300 1.6х10-10 1.5 
= Na+20, 6.0х10:! 04800 6.0х10:!! 3.0 
Мао + Н, > NaOH + H 2.6Х10:!! 0600 2.6x10!! 20 
NaO + НО — NaOH + OH 2.2х10-10 0-400 2.2x10-10 2.0 
Мао + МО — Na + МО; 1.5х10:19 0+400 1.5x10-10 40 
NaO + НСІ > products 2.8х10-10 0+400 2.8х10-10 3.0 
NaO, + O— Мао + O, 2.2х107! 05600 2.2х107! 5.0 
МаО, + МО-» МаО + МО, - - «104 - 
Мао,» + НСІ products 2.3х10710 0+400 2.3x10-10 3.0 
NaOH + НСІ NaCl + H,O 2.8x10-10 04400 2.8х10-10 3.0 


Table 2. Rate Constants for Association Reactions 


The values quoted are suitable for air as the third body, M. The integer in parentheses is the power of ten. 


Low pressure limit High pressure limit 
ko(T) = k (300) (7/300) спб molecule? s-t k. (T) = k (300) (7/300) cm? molecule! s-t 
Reaction Ку(300) п k. (300) m 
О, Reactions 
O +O; 04 (6.0+0.5) (-34) 2.30.5 - - 
O(!D) Reactions 
OCD) + о №0 (3.5+3.0) (-37) 0.6 
HO, Reactions 
H + О; > НО; (5.7£0.5) (-32) 1.60.5 (7.5+4.0) (-11) 0+1.0 
OH + OH > H,O, (6.21.2) (-31) 1.0 (2.6+1.0) (-11) 0+0.5 
NO, Reactions 
O+NO NO; (9.0+2.0) (-32) 1.5+0.3 (3.0+1.0) (-11) 0+1.0 
О + NO, 2 NO; (9.01.0) (-32) 2.0+1.0 (2.2+0.3) (-11) 0+1.0 
OH + NO + HONO (7.0+1.0) (-31) 2.60.3 (3.6+1.0) (-11) 0.1+0.5 
OH + МО, > HNO; (2.5+0.1) (-30) 4.40.3 (1.6+0.2) (-11) 1.7+0.2 
НО, + МО; > HONO; (1.8+0.3) (-31) 3.2+0.4 (4.7+1.0) (-12) 1.4+1.4 
МО, + NO; > №0; (2.2+0.5) (-30) 3.9+1.0 (1.5+0.8) (-12) 0.7+0.4 
МО, э МО +0, Ѕее геЇегепсе 
Hydrocarbon Reactions 
CH; + О, > СН:О, (4.5+1.5) (-31) 3.0+1.0 (1.8+0.2) (-12) 1.71.7 
C,H; + О, > СНО (1.5+1.0) (-28) 3.0+1.0 (8.0+1.0) (-12) 0+1.0 
OH + C,H, > НОСНСН (5.5+2.0) (-30) 0.0%0.2 (8.31.0) (-13) -2 
OH + ОН, > НОСН:СН, (1.0£0.6) (-28) 0.8+2.0 (8.8+0.9) (-12) 0 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 2. Rate Constants for Association Reactions (continued) 


The values quoted are suitable for air as the third body, M. The integer in parentheses is the power of ten. 


Low pressure limit High pressure limit 
ko(T) = k (300) (7/300) спб molecule? s-t К. (T) = k. (300) (7/300)- cm? molecule! s! 
Reaction Ко(300) п k. (300) m 
СНО + МО > CHONO (1.4+0.5) (-29) 3.8:1.0 (3.61.6) (-11) 0.6+1.0 
СНО + NO, > CHONO, (1.1+0.4) (-28) 4.0+2.0 (1.6+0.5) (-11) 1.01.0 
С,Н,О- NO > C,H;0NO (2.8+1.0) (-27) 4.0+2.0 (5.01.0) (-11) 1.01.0 
ОНО + NO, > C,H;0NO, (2.01.0) (-27) 4.0+2.0 (2.80.4) (-11) 1.0+1.0 
СНО; + NO, > CH30,NO, (1.5+0.8) (-30) 4.0+2.0 (6.5::3.2) (-12) 2.0+2.0 
CH4C(O)O, + NO, > 
CH3C(O)O;NO; (9.73.8) (-29) 5.6:2.8 (9.3+0.4)(-12) 1.50.3 
FO, Reactions 
Е+О; — FO, (4.4+0.4) (-33) 1.2+0.5 - - 
F+NO > ЕМО (1.8+0.3) (-31) 1.0+10 (2.8+1.4) (-10) 0.0+1.0 
Е+ NO, > FNO, (6.3+3.0) (-32) 2.0+2.0 (2.6+1.3) (-10) 0.0+1.0 
FO + МО; > FONO, (2.6+2.0) (-31) 1:341,9 (2.01.0) (-11) 1.51.5 
СЕ. + O; 2 СЕ;О, (3.00.3) (-29) 4.0+2.0 (4.01.0) (-12) 1.01.0 
СЕ.О + МО, > СЕ,ОМО, Зее геЇегепсе 
СЕ. О. + NO,CF30,NO, (2.20.5) (-29) 5.01.0 (6.0+1.0) (-12) 2.5::1:0) 
CF,0 + СО э CF;0CO (2.5+0.2) (-31) - (6.8+0.4) (-14) -12 
СЕ,О > CF,0+F See reference 
CIO, Reactions 
CI+ O, > СОО (2.71.0) (-33) 1.50.5 - - 
CI - NO > CINO (9.0+2.0) (-32) 1.6+0.5 - - 
СІ + NO; СОКО > (1.3+0.2) (-30) 2.0+1.0 (1.0+0.5) (-10) 1.01.0 
CINO, (1.80.3) (-31) 2.0+1.0 ЈА 0+0.5) (-10) 1.0+1.0 
CI+ CO > CICO (1.3+0.5) (-33) 3.8:0.5 - 
Cl +CH, > СС-Н, ((5.9+1.0) (-30) 2.1+1.0 a. 130.4) (-10) 1.00.5 
CI + C,H, > CIC;H, (1.641) (-29) 3.31.0 (3.122) (-10) 1.00.5 
Cl + CCl; > С-СЫ (1.40.6) (-28) 8.5+1.0 (4.01.0) (-11) 1.20.5 
CIO + МО, > CIONO, (1.8+0.3) (-31) 3.4+1.0 (1.5+0.7) (-11) 1.9:-1.9 
OCIO + NO, > O;CIONO; See reference 
CIO + CIO -» СЬО, (2.2+0.4) (-32) 3.10.5 (3.5::2) (-12) 1.0+1.0 
CIO + OCIO — СІ,О; (6.2+1.0) (-32) 4.7+0.6 (2.4+1.2) (-11) 0+1.0 
OCIO +0 — СО; (1.9+0.5) (-31) 1.1+1.0 (3.1+0.8) (-11) 0+1.0 
СН-СІ-- O; > СН:СО, (1.90.1) (-30) 3.2+0.2 (2.9+0.2) (-12) 1.2+0.6 
CHCl, + О > СНСІ,О, (1.3+0.1) (-30) 4.0+0.2 (2.8+0.2) (-12) 1.4+0.6 
CCl, + O} > ССО, (6.9+0.2) (-31) 6.4+0.3 (2.4+0.2) (-12) 2.1+0.6 
CFCI, + О, — СЕСІ,О, (5.0+0.8) (-30) 4.0+2.0 (6.0+1.0) (-12) 1.051.0 
СЕ,С1-0,-» СЕ;СІО, (3.0+1.5) (-30) 4.0+2.0 (3+2) (-12) 1.01.0 
ССІ,О; + МО; > ССІ;О-МО;, (5.01.0) (-29) 5.0+1.0 (6.0:-1.0) (-12) 2.5+1.0 
СЕСЂО + МО; — CFCLO;NO, (3.5+0.5) (-29) 5.0+1.0 (6.0:-1.0) (-12) 2.5+1.0 
СЕ;СІО- + МО; > CF;CIO;NO, (3.3+0.7) (-29) 6.7+1.3 (4.1+1.9) (-12) 2.8+0.7 
BrO, Reactions 
Br + NO; > BrNO, (4.2+0.8) (-31) 2.40.5 (2.70.5) (-11) 0+1.0 
BrO + NO, — ВгОМО, (5.2+0.6) (-31) 3.2+0.8 (6.9:1.0) (-12) 2.9+1.0 
IO, Reactions 
I+NO > INO (1.8+0.5) (-32) 1.0+0.5 (1.71.0) (-11) 0+1.0 
1+ NO, > INO, (3.01.5) (-31) 1.0+1.0 (6.6+5.0) (-11) 0+1.0 
ІО + NO, — IONO, (5.9+2.0) (-31) 3.5+1.0 (9.0+1.0) (-12) 1.5::1,0 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING (continued) 


Table 2. Rate Constants for Association Reactions (continued) 


The values quoted are suitable for air as the third body, M. The integer in parentheses is the power of ten. 


Low pressure limit High pressure limit 
ko(T) = k (300) (7/300) спб molecule? s-t k. (T) = k. (300) (7/300)" cm? molecule! s! 
Reaction Ку(300) п k. (300) m 
50, Reactions 
HS + МО — HSNO (2.4+0.4) (-31) 3.0+1.0 (2.7+0.5) (-11) 0 
СН,5-4ХО -» СН,5ХО (3.2+0.4) (-29) 4.01.0 (3.9+0.6) (-11) 2.7+1.0 
О +50, > SO; (1.3+)(-33) -3.6+0.7 
ОН + SO; > HOSO, (3.0+1.0) (-31) 3.32155 (1.5+0.5) (-12) 0 
СН,5СН, + О, > СН;5СН,О, See reference 
SO; + NH; — Н;М5О; (3.90.8) (-30) 3.0+3.0 (4.71.3) (-11) 01.0 
Metal Reactions 
Na + О; > NaO, (3.2%0.3) (-30) 1.4+0.3 (6.0+2.0) (-10) 0+1.0 
NaO + О; — NaO; (3.5+0.7) (-30) 2.0+2.0 (5.73.0) (-10) 0+1.0 
Мао + СО,  NaCO, (8.7+2.6) (-28) 2.0+2.0 (6.5+3.0) (-10) 0+1.0 
NaOH + СО, > NaHCO; (1.3+0.3) (-28) 2.0+2.0 (6.84.0) (-10) 0+1.0 


Table 3. Equilibrium Constants 


K(T)/cm? molecule! 2 A exp (B/T) [200 « T/K < 300] 


Reaction A/cm? molecule! ВК К (298 K) f 298 K) 

НО, + ХО; > HONO; 2.1х1027 10900+1000 1.6x107!! 5 
NO + NO, — N30, 3.3х10-27 4667+100 2.1х1020 2 
МО, + МО, > №0, 5.2x1029 6643+250 2.5x10-19 2 
NO, + МО, > №0; 2.7х1027 11000+500 2.9х10:1 13 
CH,0, + NO, > СН,О,МО, 1.3х1028 11200+1000 2.7х10:12 2 
CH4C(O)O, + МО; > 

CH;C(0)0,NO, 9.0x 1029 14000200 2.3х108 2 
F + O; > FOO 3.2х10-25 6100-1200 2.5х10-16 1.0 
Cl + O, > CIOO 5.7х10-25 2500+750 2.5х10-21 2 
Cl + CO — CICO 1.6х10:25 4000+500 1.1х10-9 5 
CIO + О; > СОО, 2.9х10-26 <3700 <7.2х10-21 - 
CIO + CIO > СЬО» 1.3х10:27 8744+850 7.2х10:15 15 
СІО--ОСО->СЬО; 1.1x1074 5455+300 9.8х10-17 3 
OCIO + NO; > О,СЮМО, 1x1025 9300-1000 3.6х10:5 5 
ОН + CS, > С5,ОН 4.5х10-25 5140x500 1.4x10717 1.4 
СН;5 + O, > СНО, 1.8х1027 5545+300 2.2x10-19 14 
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KINETIC DATA FOR COMBUSTION MODELLING 
D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, J. A. Kerr, 
M. Ј. Pilling, Ј. Troe, R. W. Walker, and J. Warnatz 


The following tables present evaluated rate constants and other chemical kinetic data required for modelling the combustion of hydrocarbons. The 
compilation was prepared as part of the project "Kinetics and Mechanisms of Chemical Processes in Combustion", which is one of the projects in the 
third European Community Energy Research and Development Program. The tables are reprinted from the Journal of Physical and Chemical Reference 
Data by permission of the authors and the American Institute of Physics. 

Table 1 lists all the reactions studied and gives the recommended rate constant k for every bimolecular reaction, as well as the applicable temperature 
range and the associated error limits. Where more than one set of products is possible, rate constants or branching ratios are given for all channels 
considered feasible. The data for decomposition reactions and combination reactions are given in Tables 2 and 3, respectively. The reference includes 


a detailed data sheet for each reaction listed here, covering the thermodynamic data, kinetic measurements, and reliability assessments. 


REFERENCE 


Baulch, D. L., et al., J. Phys. Chem. Ref. Data, 21, 411-734, 1992. 


Table 1 
BIMOLECULAR REACTIONS 
Reaction k/cn? тојесије“ 157! Тетр/К Error limits (A log k) 
O Atom Reactions 
O+H, +OH + H 8.5 х 10-2Т? exp( — 3160/T) 300-2500 ж 0.5 at 300 K falling to 
+ 0.2 for T > 500 K 
0+ 0H+0,+H 2.0 x 10-1 ехр(112/7) 220-500 + 0.2 
24 x 107!! ехр(-353/Т) 1000-2000 + 0.1 
О + НО; > OH + О; 53 х 107" 300-1000 ж 0.3 at 300 K rising to 
+ 0.5 at 1000 К. 
О + Н,О,- ОН + HO; 11 x 10-2 exp( — 2000/T) 300-500 = 0.3 
О + NH; > ОН + NH; 16 х 10-1 ехр(-3670/Т) 500-2500 + 0.5 
ОФСН-СО-Н 6.6 x 10-1 300-2000 + 0.5 
- СНО» + е 42 x 107? ехр(-850/7) 300-2500 + 0.5 
O + СН, > CO + 2H 2х10-% 300-2500 = 0.2 at 300 К rising to 
- СО + Нь | Кук = 0.6 + 0.3 over whole range + 0.7 at 2500 К. 
О + CH; > НСНО + H 14 х 1071? 300-2500 + 02 
О + CH, > OH + CH; 1.5 x 10755 Т. ехр(-4270/Т) 300-2500 = 03 at 300 K falling to 
ж 0.15 at 2500 К. 
О + CHO > OH + CO 5.0 x 10-1 300-2500 = 0.3 
> CO; + H 5.0 х 1071 300-2500 = 0.3 
О + HCHO > OH + CHO 6.9 х 107? 7957 exp( — 1390/Т) 250-2200 + 0.1 at 250 К rising to 
3: 0.3 at 2200 K. 
О + СЊО > О; + CH; 25 x 107! 300-1000 + 0.3 at 300 К rising to 
- OH + HCHO Буй = (0.12 + 0.1) at 300 К = 0.7 at 1000 К. 
О + СМ > CO + N('S) 17 x 107" 300-5000 = 0.2 at 300 К rising to 
S Co € NOD] + 0,6 x 5000 К. 
О + NCO > NO + CO 70 x 1071 1450-2600 = 08 


> О; + CN 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


—————————————M——M—M—————————M——————————À— 


Reaction 


k/cm? molecule "15-1 


Тетр/К 


Error limits (А log k) 


nM O o ha [a LP рт 


— CO + NH 


o tE Zeo | 
- ОН + CN 


О + СН;ООН — OH + СН,СООН 
- OH + СНО; 


O + СН — CO + CH 


O + СН; — CO + ?CH, 
-» СНСО + H 


— CO + СН; 


О + CH; > ОН + CH: | 
~ НСО + CH; 


-» НСО + CH; 
-» HCHO + СН, 


ч 
-» CH;CO + H; 


О + СН; > СН.СНО + Н 
— HCHO + CH; 


О + СН, > ОН + CH; 
О + СНСО —2CO + H 


> HCO + H + CO 


О + СН.СО — CH;O + CO 
-» НСО + НСО 


О + CH;CHO — ОН + CH;CO 
-» ОН + СН,СНО 


О + СНООН — ОН + C;H,OOH 
- OH + С.Н:ОО 


О + CH, > ОН + CH; ] 
-» СНОН 


О + СеН:СН, > НСО + CH; 
> CH,CH + H 
-» СН,О + СЫН; 


О + С.Н.СН, — products 


О + р-С«Н,СНз)-» products 


О + CH;C?H; — products 


О; Reactions 


О, 4 CH, 2 НО, * CH; 


2.3 х 10-1 T?! exp( — 3075/7) 
6.9 x 10:13 195 exp( — 1390/Т) 
[estimate] 


17 x 107! 
3.6 x 107? T? exp( — 250/T) 


КК = 0.5 = 0.3 over whole range. 


5х 10-1 


5.75 x 10-18 ТЭ 
КИК = 0.35 + 0.05 at p> 3 Torr 
Ку = 0.6 + 0.10 


11 x 10-2 
ЮК = 0.17 = 0.2 at 300 К 


1.66 x 10715 T!5exp (-2920/7) 


16 x 10-1? 


3.8 x 10-7 exp( — 680/T) 


9.7 х 107? ехр(-910/Т) 


6.9 х 107? T?5 exp( — 1390/7) 
[estimate] 


12 x 10-2 737 exp (—570/T) 


55 x 107? 


No recommendation 
5.3 x 10-15 T!?! exp( — 1260/T) 


2.6 x 10-1 exp( — 1409/T) 


10 x 1073 


6.6 x 107!! ехр(-28630/Т) 
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450-2500 


250-2200 


300-2500 
300-2500 


300-2000 


300-2000 
over whole 
temperature 
range 


300-2500 


300-1200 


300-2500 


230-500 


300-1500 


250-2200 


300-1000 


500-2000 


= 0.2 at 450 К rising to 
* 0.3 at 2500 К. 


x 0.1 at 250 K rising to 
* 0.3 at 2200 К. 


= 1.0 
+ 02 


= 0.5 


+ 0.1 for T < 1000 K 
rising to + 0.3 at 2000 K. 


ж 0.3 from 300 to 1000 K 
= 0.5 from 1000 to 2500 K 


+ 0.3 at 300 K falling to 
= 0.15 at 1200 К. 


+ 0.3 


= 0.3 


+ 0.05 at 300 K rising to 
= 0.5 at 1500 К. 


X 0.1 at 150 К rising to 
+ 0.3 at 2200 К. 


= 0.5 


+0.3 


+ 0.1 at 300 К rising to 
+ 0.4 at 2800 К 


= 0.5 at 500 К rising to 
+ 1.0 at 2000 K. 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 
'Table 1 
BIMOLECULAR REACTIONS (continued) 


Reaction kicm? тојесије“ 157! Тетр/К Error limits (А log k) 
O; + СН — НО, + СН; 10 x 107” exp( — 26100/T) 500-2000 = 0.5 at 500 K rising to 
+ 1.0 at 2000 К 
O; + НСНО- HO; + НСО 10 x 107% exp( — 20460/T) 700-1000 = 0.5 
О; + CH3CHO -» НО, + СЊСО 5.0 х 107" ехр(-19700/Т) 600-1100 x 0.5 at 600 K rising to 
= 1.0 at 1100 К. 
Н Atom Reactions 
H+O +OH + O 33 х 1077 exp( — 8460/T) 300-2500 = 0.1 at 300 К rising to 
+ 0.2 at 2500 К. 
H + O, + Ar > HO, + Ar See Table 3 
H + О, + Н, > НО, + Н, Ѕее ТаЫе 3 
Н + О, + № > НО, + № See Table 3 
H + O; + Н.О > HO; + НО See Table 3 
H +H + Ar H; + Ar See Table 3 
H + H + H; — H; + H; See Table 3 
H + OH + H;O — H;O + H;O See Table 3 
H + OH + Ar > НО + Ar See Table 3 
H + HO + № > HO + N; See Table 3 
H + НО; > H> + О; 71 x 107" ехр(-710/Т) 300-1000 + 0.3 
- 2 OH 2.8 x 10:% exp( —440/T) 300-1000 + 03 
—HO +0 5.0 x 10-1! exp( —866/T) 300-1000 + 0.3 
H + НО 2 OH + Н, 7.5 x 10-16 T exp( —9270/T) 300-2500 +0.2 
Н + H;0; > Н, + НО, 2.8 х 107? ехр(- 1890/T) 300-1000 = 03 
- OH 4 Н.О 17 х 10-1 exp( — 1800/7) 300-1000 + 0.3 
H + NH>H + М 17 x 10-9 1500-2500 + 1.0 
H + NH; — H; + NH 10 x 107! 2000-3000 + 1.0 
H + CH; > H, + CH 1.0 х 10-Ч ехр(900/Т) 300-3000 + 07 
H + CH; — H; + СН, 1.0 x 10: ехр(-7600/Т) 300-2500 + 1.0 
-» СН, See Table 3 
H + CH, — H; + CH; 22 х 10-2 T?? exp( — 4045/T) 300-2500 = 02 
Н + CHO > Њ + CO 15 x 1077? 300-2500 = 03 
Н + HCHO - H; + НСО 3.8 x 10:14 TS exp( — 1650/Т) 300-2200 + 0.1 at 300 К rising to 
+ 0.5 at 2200 K 
Н + СНО — H; + HCHO 3.0 х 10-1 300-1000 * 05 
H + HNCO - NH; + СО No recommendation 
— H; + NCO 3.4 x 10-97-92 exp(—10190/T) 500-1000 + 1.0 
H + NCO — NH + CO 87 x 1071 1400-1500 + 0.5 


> НСМ + O 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


————MM—M—M———M———————————————————————————————— 


Reaction 


k/cm? molecule -!s-! 


Temp/K 


Error limits (A log k) 


— n MM — M— M M M ——— ———À 


H + СН; > Н, + CH 
> СН; 


H + CH; > H; + СН, 
> СН, 


H + СН, > CH; + H; 
> СН; 


Н + СН; > 2СН, 
-» СІН, 


H + CH, — H; + СН; 


>H: + СО 


H + СНСО->СН; + СО | 
-» HCCOH 


H + CH;CO — CH; + CO 
-» CH;CHO 


H + СЊСНО > Н; + СЊСО 


-» Њ + СЊСНО 


H + СН; + M + СН, + M 


H «ОН, > Нь + СН; 
> СЫН, 


H + СНО + M — СНОН + М 


Н + СНОН — ОНО + Н, 
-» СН, + ОН 


Н + С6Н.СН, + М > СН:СН + М 


Н + CGH;CH; ->Н, + САНСН, 
-» H; + СЫНСН; 


-» СЫҢ + СН, 
=> СүН СН, 


H «р-С,Н,СНУ, — products 


H + CHC;H, > Н, + C4H;C;IL, 


> GH |C,Hs 


Н, Reactions 
H; + Ar > 2H + Аг 


H; + H; — 2H + H; 


OH Radical Reactions 
OH + H; э HO + H 
OH+ OH > H,O + O 


OH + OH + M > ЊО,; + M 


1.0 x 10719 exp( — 14000/Т) 
See Table 3 


20 х 107! 
See Table 3 


9.0 x 107! exp( —7500/T) 
бес Table 3 


6.0 x 107?! 
See Table 3 


24 x 10-5 T!5 exp( — 3730/T) 


25 х 107! 


3.0 x 107!! exp( — 1700/T) 
kik very small 


6.8 x 10-15 7156 exp( — 1210/T) 


See Table 3 


No recommendation 
See Table 3 


See Table 3 


1.9 x 107? exp( —6240/T) 
3.7 х 10-1 exp( —3990/T) 


See Table 3 

6.6 x 10-22 73 exp( - 1570/T) 
No recommendation 

No recommendation 

See Table 3 

5.8 x 1075 


24 x 10-12 
See Table 3 


See Table 2 


See Table 2 


17 x 107!5 Т" exp( — 1660/T) 
2.5 x 1075 7:14 exp( — 50/T) 


See Table 3 
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1000-3000 


300-2500 


700-2000 


300-2000 


300-2000 


300-2500 


200-2000 


300-2000 


1000-1150 
1000-1150 


600-2800 


298 


713 


300-2500 


250-2500 


+ 0.15 at 300 K rising to 
+ 0.3 at 2000 K 


+ 0.4 


+ 0.5 at 200 К rising to 
+ 1.0 at 2000 K. 


= 0.1 at 300 rising to 
+ 0.4 at 2000 К. 


+ 03 
+ 03 


+ 0.3 at 600 K rising to 
+ 0.5 at 2800 K. 


+ 0.1 at 300 K rising to 
+ 0.3 at 2500 K 
+ 0.2 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


——Є—Є—Є——Є—Є————————————Є—Є—ЄЄ—Є——————-——=———————є—є—є—————— 


Reaction k/cm? molecule -!s^! Temp/K Error limits (A log k) 
ОН + НО, > НО + O; 48 х 10-1 ехр(250/Т) 300-2000 + 0.2 at 300 К rising to 
= 0.5 at 2000 К. 
OH + H:O: > Н.О + НО, 13 х 107” ехр(- 670/Т) 300-1000 £02 
ОН + NH > NO + H> 80 x 107! 300-1000 + 05 
-HO + М 
ОН + NH, > О + NH; 3.3 х 10-' T° exp( — 250/T) 500-2500 = 05 
> НО + NH No recommendation 
ОН + CO — H + CO; 1.05 х 10:17 Т!5 ехр(250/Т) 300-2000 = 0.2 at 300 K rising to 
= 0.5 at 2000 K. 
OH + CH; >H + СН;ОН 
=> H + CHO 6.0 x 107! 300-2000 + 0.7 
> Н,0 + ІСН; 
= СНЗОН See Table 3 
OH + CH, > H;O + СН, 2.6 х 10-17 T!9 exp( —1400/T) 250-2500 = 0.07 at 250 К rising to 
= 0.15 at 1200 К. 
ОН + CHO > НО + CO 17 x 107? 300-2500 + 03 
ОН + HCHO > H,O + CHO 5.7 х 1075 7158 exp(225/T) 300-3000 = 0.1 at 300 K rising to 
ж 0.7 at 3000 К. 
ОН + CN — О + HCN 
> МСО + H 10 x 10-0 1500-3000 % 05 
ОН + HCN > H,O + CN 1.5 х 10-1 ехр(-5400/Т) 1500-2500 = 0.5 
- HOCN +H No recommendation 
- HNCO +H 
OH + СЊООН > H:O + СН,ОО 1.2 x 10-7 exp(130/T) 300-1000 + 02 at 300 К rising to 
+ 0.4 at 1000 К 
- ЊО + СЊООН 18 x 10-12 exp(220/T) 300-1000 + 0.1 at 300 K rising to 
= 0.3 at 1000 К. 
ОН + СН, > H;O + ОН ] 1.0 x 10-20 exp( — 6500/T) 1000-2000 + 1.0 
— H + CH;CO 
-» СНОН See Table 3 
OH + C,H, > НО + СН, 3.4 x 10-1 exp( —2990/T) 650-1500 = 05 
ОН + С.Н, э НО + CH; 12 х 1077 729 exp( — 435/T) 250-2000 = 0.07 at 250 К rising to 
= 0.15 at 2000 К. 
ОН + CH;CO — CH;OH + CO 17 x 10-1 300-2000 t 10 
-» Н:СО + НСО 
ОН + CH;CHO > H;O + СН,СО | 3.9 х 10: 7973 exp(560/T) 250-1200 + 0.1 at 250 К rising to 
= Н.О + CH;CHO t 0.3 at 1200 K. 
ОН + C;H,OOH > ЊО + СНОО 3.0 x 107" exp(190/T) 250-1000 = 0.3 at 250 К rising to 


> Н.О + С,Н,ООН 


[estimate] 
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+ 0.7 at 1000 К 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


Reaction 


ОН + CH; > Н2О + CH; 
=> H + СНОН 
-» С,Н,ОН 
OH + СОМОН — СҰН(ОН); 
э НО + СНО 
-» НО + СНОН 


ОН + СеН;СН; > Н,О t C ¿H,CH; 

ОН + p-CsH.(CHs)2 -> C4H4CH;CH; + Н.О 
-» p-CsH,(CHs).0H 

ОН + GH;CH; ^ НОСЫН;С:Н; 


-» Н.О + C4H,C;H, 
> H;0 + СёН.С.Н; 


HO Reactions 


НО-М-Н-0Н-М 
НО; Radical Reactions 
НО, + HO; > H;O; + О, 


НО, + NH; — NH; + O; 
- HNO + Н.О 


НО, + CH; > ОН + СНО 
-О; + CH, 


НО, + СН,-«Н:О, + СН; 


НО, + HCHO > Но; + СНО 
HO; + СН, > OH + ОНО 


НО, + СН, > НО, + СІН; 


HO; + СЊСНО > H20: + СЊСО 


HO, Reactions 


Н.О, + М ~» 20H + M 


N Atom Reactions 
N + CN > N; + C 


N + NCO — NO + CN 
- N; + CO 


k/cm? molecule 157! 


2.7 х 10:55 Т1 ехр(-730/Т) 


22 х 107" exp( —5330/T) 
See Table 3 


See Table 3 


10 x 107!! 


8.6-10-15 Texp(-1440/T) 
See Table 3 


64 х 107!! exp( — 1440/7) 
See Table 3 


See Table 3 
8.7 x 10-2 


See Table 2 


3.1 x 107? exp( - 775/T) 


2.6 x 107! 


3 x 1071! 
No recommendation 


1.5 x 107" ехр(-12400/7) 


5.0 x 10-7 exp( — 6580/T) 
37 х 10-7 exp( - 8650/T) 


22 x 10-1 exp( — 10300/T) 


5.0 x 107? exp( — 6000/T) 


See Table 2 


3 x 107? 


No recommendation 
33 x 107!! 
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Temp/K 


400-1500 
1000-1150 


1000-1150 


400-1200 


500-960 


773 


550-1250 


300-400 


300-2500 


600-1000 


600-1000 
600-900 


500-1000 


900-1200 


300-2500 


1700 


Error limits (A log k) 


+ 03 
+ 03 


+ 0.5 


+ 0.5 at 400 K reducing to 
+0.3 at 1200 К. 


+ 0.15 at 550 K rising to 
+ 0.3 at 1250 K. 


+ 0.2 at 600 K rising to 
= 0.3 at 1000 К. 


= 0.5 


= 0.15 at 600 К rising to 
= 025 at 900 К. 


X 0.2 at 500 K rising to 
+ 0.3 at 1000 К. 


+ 0.7 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


РОННИ жаз 


Reaction 


k/cm? molecule~'s~! 


Temp/K 


Error limits (A log k) 


л ri ии 868855 ae 


NH Radical Reactions 


– КО; + H 


ue vd 
э HNO + O 


- НМ + О 


шиг 1 
- № + ОН 


МН, Radical Reactions 
NH; + O; — products 
NH; + NO > N; + НО 
> N, + H + ОН 
э №Н + ОН 
— №0 + H; 
1С, and ?C; Radical Reactions 
CH Radical Reactions 


СН + О; >» СНО + O 
- СО + ОН 


mma] 
> СН; 


СН + ЊО — products 
СН + CO — products 

СН + CO; — products 

СН + CH, — products 
CH + СН; — products 
CH + СН, — products 
CH + СН, — products 
СН + СН, — products 
CH + n-C,Hio > products 
CH + i-C4 Hio — products 
СН + neo-CsHi2 — products 
CH + CH;C;H — products 
CH + CH;O -» products 


126 x 107? ехр(-770/Т) 


50 x 10-1 


«3 х 10-18 


18 x 10-22 exp(650/T) 
(ka + БК = 0.12 at 298 К. 


See data sheets. 


$5 x 107"! 


24 x 107" exp( 1760/Т) 


9.5 x 1077 exp(380/T) 
4.6 x 107? exp(860/T) 
5.7 х 1071 exp( —345/T) 
5.0 x 10-1 exp(200/T) 
3.5 x 107" ехр(61/Т) 
22 x 107” exp(173/T) 
1.8 х 10-% exp(132/T) 
1.9 x 107% exp(240/T) 
44 x 107? exp(28/T) 
2.0 х 10-% exp(240/T) 
1.6 х 107° exp(340/T) 
No recommendation 


1.6 x 107? exp(260/T) 
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270-550 


270-380 


298 


220-2000 


300-2000 


300-1000 


300-1000 
300-1000 
300-1000 
200-700 
200-700 
200-700 
200-700 
300-700 
250-700 
300-700 
300-700 


300-700 


= 0.2 at 270 K rising to 
= 0.5 at 550 К. 


+ 0.2 


+ 0.3 at 300 K rising to 
= 0.5 at 2000 К. 


= 0.3 


+ 1.0 


+ 


1.0 


+ 


1.0 


+ 1.0 


+ 1.0 


= 1.0 


ж 1.0 


= 1.0 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
Reaction к/ст? molecule 71571 Тетр/К Error limits (A log k) 
ICH; Radical Reactions 
СН, + O; > СО + H + ОН 
> СО + Н+Н 4.1 х 10-1 exp( —750/T) 300-1000 + 0.3 at 300 К rising to 
— CO + НО ж 0.5 at 1000 К. 
- СО, + Н, 
— HCHO + О 
СН, + ЗН) > СН; + H; 2.0 x 107% exp( — 400/T) 300-3000 = 0.5 
— СН. + 2H ЮЕ = 0.9 + 0.1 over range 300-3000 К. 
ЗСН, + СН, — СН, + H 7.0 x 107" : 300-3000 + 0.3 at 300 K rising to 
+ 0.5 at 3000 K. 
ЗСН, + СН) > ОН, See Table 3 
ICH: + СІН, > СОН, 
-» с- ОН See Table 3 
— СН:СНСН, + Н 
ІСН, Radical Reactions 
ICH; + Ar — СН, + Ar 6.0 x 10-2 300-2000 + 03 
сн, + N; >+ 3CH; + № 10 x 10-1" 300-2000 = 0.3 
СН, + СН. > ЗН) + СН, 12 x 107" 300-2000 + 04 
СН, + СН, — 2СН: + С 80 x 107" 300-2000 = 04 
ICH; + СУН, > СН, + СН. 23 x 10: 300-2000 + 04 
СН: + СН, — “СН; + СН, 3.6 x 107" 300-2000 + 04 
СН, + O; > СО + H + OH 
> СО, + Н, 52 x 1071 300-1000 = 0.3 at 300 К rising to 
— CO + HO + 0.5 at 1000 К 
> ЗСН, 40: 
СН, + Н, > СН, + H 12 х 1079? 300-1000 = 0.1 at 300 K rising to 
= 0.3 at 1000 K 
СН: + СН; > CH;CCH; 
^ CH3CCH See Table 3 
> CH,CCH + H 
— СН, + CH: See earlier entry 
ІСН, + СН. > ОН See Table 3 
— CH, + CH, See earlier entry 
СН; Radical Reactions 
СН, + M > CH; + H + M See Table 2 
СН, + O; > CHO + O 22 x 107 ехр(-15800/Т) 300-2500 * 0.5 
— HCHO + OH 5.5 x 107? exp( —4500/T) 1000-2500 + 0.5 
-» СНО; See Table 3 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
=——— >x>——yynO k. n 
Reaction k/cm? molecule 157! Тетр/К Error limits (А log k) 
NENNEN w wi i T.I II IWW m 
CH; + H; > CH, + H 1.14 х 10-% 72% exp( — 4740/T) 300-2500 ж 0.15 in the range 
300-700 K. 
* 0.3 in the range 
700-2500 K. 
CH; + CH; > СН; + H 5 х 10-1 exp( — 6800/T) 1300-2500 = 0.6 
-» СІН, + H; No recommendation (see data sheets) 
-» СН See Table 3 
CH; * HCHO CH, * HCO 6.8 x 107? exp( — 4450/T) 300-1000 ж 03 
CH, + СН; + M > ОН, + М See Table 3 
- CH, + OH No recommendation 
CH; + CH, > CH, + СНз 6.9 x 107? exp( — 5600/T) 400-3000 = 0.5 
-» п- ОН See Table 3 
СН, + СН; > СН, + CH, 19 x 10-2 300-800 = 04 
-» Са See Table 3 
СН, + CH, > CH, + СН; 2.5 х 107?! T$? exp( — 3043/T) 300-1500 ж 0.1 at 300 K rising to 
ж 0.2 at 1500 K. 
CH; + СН,СНО — CH, + СЊСО 33 х 10-3 T55* exp( — 1240/T) 300-1250 + 03 
-» CH, + СЊСНО No recommendation (see data sheets) 
CH, Reactions 
СН, + M> CH, +H + M See Table 2 
CHO Radical Reactions 
CHO + O; — CO + HO; 
— OH + CO; 5.0 x 10-12 300-2500 ж 0.3 
-> НСО: 
CHO + CHO > HCHO + CO 50 x 107 300 ж 03 
HCHO Reactions 
HCHO + M > H + СНО + M See Table 2 
— H; + CO + M 
CHOH Reactions 
CH;0H + O; — CH;O + HO; 2.6 x 107? 7719 + 300-1200 + 0.1 at 300 K rising to 
12 x 107% exp( — 1800/T) ж 0.3 at 1200 K. 
CH;O Radical Reactions 
CH;0 + M > HCHO + H + M See Table 2 
CH;O + O; > HCHO + HO; 6.7 х 10: exp( — 1070/T) 300-1000 ж 0.2 at 500 K rising to 


ж 0.3 at 300 K and 1000 K. 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Reaction 


СН,ООН Reactions 


СН,ООН + М > СЊО + OH + M 


CN Radical Reactions 
СМ + О, > МСО + O 


СМ + H;O > НСМ + ОН 
э НОСМ + H 


CN + СН. > HCN + CH; 


NCO Radical Reactions 
МСО-М-М-00-М 
МСО + МО э №0 + CO 


> № + CO; 
> ~ + СО + О 


C;H Radical Reactions 


э 2CO +H 
> CHO + O 


CH + О; > СО; + CH ] 
-» CO + HCO 


СН + H; > CH: + H 


СН + С.Н, > C.H; + H 
СН + CH, — products 


СН + СН, — products 


С-Н, Radical Reactions 
СН, + M> GH; + H + M 
C;H; + O; > HCHO + CHO 


С.Н; Radical Reactions 

С.Н; + O; > ОН, + HO; 

CH; + С.Н; > CH; + С.Н. 
 n-C4Hio 

C;H, Reactions 


CH, + М > CH; + CH; + M 


ТаМе 1 


k/cm? molecule ` 157! 


See Table 2 


11 x 10-1 exp(205/T) 


13 x 10-1 exp( —3750/T) 


15 x 10-1 exp( —940/T) 


See Table 2 


1.7 x 107!! exp(200/T) 


3.0 x 107" 


2.5 х 107!! exp( — 1560/T) 


5.0 x 1071 
20 x 10-2 


No recommendation 


See Table 2 
9.0 x 10:72 


17 х 107 exp(1100/T) 


24 х 107% 
See Table 3 


See Table 2 
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BIMOLECULAR REACTIONS (continued) 


Temp/K 


300-2500 


500-3000 


260-400 


300-600 


300 


300-2500 


300-2700 
298 


300-2000 


600-1200 


300-1200 


Error limits (A log &) 


= 0.25 at 300 K rising to 
= 0.5 at 2500 К. 


= 0.3 at 500 К rising to 
+ 0.5 at 3000 К. 


= 0.3 


= 0.3 at 300 К rising to 
= 0.7 at 2500 К. 


= 0.3 


=1 


= 0.3 at 300 К rising to 
ж 0.5 at 2000 К 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
Reaction k/cm? molecule 15-1 Temp/K Error limits (А log k) 
CHCO Reactions 
CHCO + О; > СО, + НСО 
э 2CO + OH 2.7 х 107? exp(430/T) 300-550 = 0.7 
- СО + НО; М = He, 2 Torr 
> СНО:СО 
СН:СНО Radical Reactions 
CH;CHO + O; — HO, + CH;CHO k. = 2.6 x 107? 250-1000 + 0.2 
- НСНО + СО + ОН k, = 3.0 x 1074 300 = 03 
-» O;CH;CHO 
CH;CO Radical Reactions 
CH;CO + О, + М > CH;CO; + M See Table 3 
CH;CHO Reactions 
СН,СНО + М > СН, + НСО + M See Table 2 
C2HsO Reactions 
СНО + М э HCHO + CH; + M | See Table 2 
—> СН.СНО + H + M 
СО + O; > CH;CHO + HO; 1.0 x 107? exp( — 830/T) 300-1000 = 0.3 at 300 K rising to 
+ 0.5 at 1000 К 
С:Н,ООН Reactions 
С.Н.ООН + M — СНО + OH + M See Table 2 
СЫН; Radical Reactions 
СН; + M > СН, + СН, + M 
- СН; + СН, + M | See Table 2 
~ ілеаг-СьН; + M 
СЫН, Reactions 
СН, + M > СН; + H + M See Table 2 
- СН. + ОН; + M 
СЫНО Radical Reactions 
СНО + M > СН; + CO + M See Table 2 
C,H,CH, Radical Reactions 
— C,H, + СН, + M See Table 2 


С,Н.СН, + М > ОН; + 2C;H; + M ] 


> СН; + СН. + M 
- ОСНХВСН)% М 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 1 
BIMOLECULAR REACTIONS (continued) 


Reaction k/cm? molecule~'s~! Тетр/К Error limits (A log k) 
= —— 
СЫНУСН; Reactions 


СьН.СН: + M — C.H;CH, + H + M See Table 2 
> СН; + CH; + M 


р-С.Н,(СН53) Reactions 


р-С,Н,СНь), + М -> С,Н,СН:СН, + H + M See Table 2 


C,H,;C;Hs Reactions 


С«Н«С-Н, + M — C#H;CH; + CH + M 
— CH, + СН, + M 
- СНЖНСН, + Н, + M See Table 2 
- СН; + СН; + M 
— CsH;sCHCH; + H + M 


Table 2 
DECOMPOSITION REACTIONS 
Reaction Кы” Тетр/К Error limits (А log k) 
Жуст? molecule"! 87! 
Fe 
ks"! = Eka lM] p 
ЫМ) + к. 
Н,4АГг-2Н-4АГ ko = 37 х 10-10 exp( — 48350/T) 2500-8000 ж 03 
Н; + Н, > 2H + H: ko = 1.5 х 1077 ехр(-48350/Т) 2500-8000 = 0.5 
НО + N>; > H + OH + № ko = 5.8 x 107? exp( — 52920/T) 2000-6000 * 0.5 
H:O: + M—- 2OH + M К(Аг) = 3 х 107 ехр(-21600/Т) 1000-1500 * 0.2 
ko(N2) = 2 x 1077 exp( — 22900/T) 700-1500 + 02 
k, = 3 x 10 ехр(-24400/Т) 1000-1500 ж 05 
Е(Ат) = 05 700-1500 AF, = = 01 
СН; + M> CH, + H + M ko = 1.7 x 10: ехр(-45600/Т) 1500-3000 = 0.5 
СН, + M> CH; + H + M ko(Ar) = 1.2 х 1075 exp( — 47000/T) 1000-3000 = 03 
Ю(СН.) = 14 x 1075 ехр(-48100/Т) 1000-2000 + 03 
æ = 24 x 10/5 ехр(-52800/Т) 1000-3000 + 05 
Е. (Ar) = ехр(-0.45 ~ 7/3231) 1000-3000 AF, = + 0.1 
Е, (CH4) = ехр(-037 - 7/2210) 1000-2000 AF, = + 0.1 
HCHO + M >H + CHO + M ka(1) = 2.1 x 107* exp(— 39200/Т) 1500-2500 = 03 
— Њ + СО + M Кук = 0.5 at 2200 К 
СНО + М > HCHO + H + M ky = 3.16 х 10 Т:27ехр(-15400/Т) 300-1000 = 1.0 
[estimate] 
СНОН + М > CHO + ОН+М k. = 4х 1055 exp( —21600/T) 400-1000 = 0.5 at 600 K rising to 
* 1.0 at 400 and 1000 K 
МСО + Аг => N + CO + Аг ko = 17 x 107? exp( — 23500/T) 1450-2600 + 04 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 2 
DECOMPOSITION REACTIONS (continued) 
Reaction К./87! Тетр/К Error limits (А log k) 
ky cm? molecule! 57! 
F. 
- kok. [М] _ 
1. 
kis ЫМ] + ke F 
СН. + M> СН + H + M Ко = 6.9 x 107 Т-75 exp( — 22900/T) 500-2500 + 05 
k. = 2 x 10% exp( - 20000/T) 500-2500 ж 05 
Е = 035 500-2500 AF, = + 0.1 
CH, + М> 2CH; + M ko(Ar) = 1.1 х 105 T -5-24 exp( —47090/T) 300-2000 + 05 
Ко(С2Но) = 4.5 x 107? exp( — 41930/T) 800-1000 ж 05 
ka = 18 x 101 7-1“ ехр(-45700/Т) 300-2000 = 0.3 
Е(Аг) = 0.38 ехр(- T/73) +0.62 exp( — 7/1180) 300-2000 AF, = = 0.1 
Е (С›Не) = 0.54 exp( - T/1250) 800-1000 AF, = + 0.1 
СН,СНО + M— CH; + CHO + M k(l atm.) = 7 x 10% exp( — 41100/T) 750-1200 * 0.4 
(pressure dependent region) 
С.Н.О + М > HCHO + СН, + M k. = 8 x 10? exp( — 10830/Т) 300-600 + 1.0 
[estimate] 
С.Н.ООН + М > СНО + OH + М k. 4 x 1015 exp( —21600/T) 400-1000 + 1.0 
СН; + М > СН, + СН, + М N dati 
— GH; + СН, + M о recommendation 
> linear-CHs + M 4.0 x 10? ехр(-36700/Т) 1450-1900 + 0.4 
СН, + М> СН; + H + M 9.0 x 10!5 exp( — 54060/T) 1200-2500 = 0.4 at 1200 К 
> СН. + H; + M reducing to = 0.3 
at 2500 К 
СО + М > СН; + СО + M 2.5 х 101 ехр(-22100/Т) 1000-1580 + 02 
C,H;CH; + М > СН; + 2С,Н, + М 
> СН. + СН, + М 51 х 103 exp( — 36370/T) 1350-1900 = 0.3 at 1350 К rising 
> СОСН; + ОН; + M to + 0.5 1900 K 
- ОН, (BCH) + M 
СеН:СН; + М > СНЖН, +H +M 34 x 105 exp( — 44890/T) 920-2200 = 0.3 at 900 К 
- СН; + СН; + M No recommendation rising to + 0.5 
at 2200K 
р-С.Н,СНь), + М > p- CH.CH;CHs 4.0 x 1055 exp( — 42600/T) 1400-1800 = 0.5 
+H+M 
CsHsC2Hs + M->CsHsCH2 + CH +M 6.1 х 1015 exp( — 37800/T) 770-1800 + 0.1 at 770 K 
—CsHs + СН, +M rising to + 0.4 at 
—CGH,CHCH;+ Н+ M No recommendations 
—C«H; + CH; +M 
—C,H;CHCH; + Н+ М 
ТаЫе 3 
COMBINATION REACTIONS 
Reaction К./ст? molecule ~'s- t! Temp/K Error limits (А log k) 
Косте molecule"? 57! 
Е, 
за < koka [M] 
3 1 1 2 
k/cm? molecule~'s = kM] + ke 
H + O; + Аг — HO; + Аг ko = 17 x 1079 T 798 300--2000 + 05 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 3 
COMBINATION REACTIONS (continued) 


Reaction kelem? molecule" 157! Temp/K Error limits (A log К) 
kycm$ molecule? s~? 
Е 
шон ko k. [M 
3 1-1 = 
k/cm? molecule !s ЫМ] + ЕР 
H + О, + H; > НО, + Н, Ку = 5.8 x 107? T- 98 300-2000 = 0.5 
H + O; + № > НО; + №, ko = 3.9 х 107?? Т-08 300-2000 + 0.5 
H + O; + H;O > HO; + ЊО Ко = 43 x 107? T-95 300-2000 ж 05 
Н-Н-АГ-Н,-4АГ ko = 1.8 x 1079 T-19 300-2500 + 0.5 
Н-Н-Н,-Н:-4Н,ь ko = 2.7 x 107? T7946 100-5000 + 0.5 
H + OH + H;0 > H;O + H;O ko = 3.9 x 1075 T 7?9 300-3000 = 0.3 
H + ОН + Ar > HO + Аг ko = 23 x 10:2Т-20 300-3000 = 0.3 
H + OH + N> — HO + N; ko = 6.1 x 10-26 7-26 300-3000 + 0.3 
H + CH; + M > CH, + M ko(He) = 6.2 x 10-2 (Т/3000):15 300-1000 = 0.3 
(Аг) = 6 x 107? (Т/300)-1*, 300-1000 = 0.5 
Ко(С2Нь) = 3 х 10-28 (7/300)7:* 300-1000 + 0.5 
k. = 3.5 x 10719 300-1000 = 0.3 
F.(He,Ar) = exp(—0.45 - T/3231) 300--1000 AF, = + 0.1 
ЕС) = ехр(-0.34 - 7/3053) 300-1000 AF, = + 0.1 
Н + СІН, + Не > СМ, + Не k. = 14 x 107" ехр(- 1300/Т) 200-400 + 0.3 
ko = 33 х 10-30 ехр(-740/Т) 200-400 = 05 
F. = 044 200-400 AF, = + 0.1 
H + ОН + MO СН, + M No recommendation 
H + ОН, + M > СН; + M No recommendation 
H + С.Н; + MO СН + M No recommendation 
H + CH; + M > СН + M ks = 13 x 10719 1400-1700 * 0.5 
H + СН, + M > CH: + M k. = 6.7 x 107! ехр(-2170/Т) 300-1000 * 0.2 
Н + СН + M — СНОН + M ke = 42 x 107? 1000 * 0.3 
H + С.Н.СН, + M > ОНСН; + M k. = 5.5 x 10-0 300-2000 + 0.2 at 300 K rising to 
+ 0.7 at 2000 K. 
H + СНОН + Mo GH,CH; + M ke = 12 х 107% 298 ж 02 
Н + САНСІН; + M — СҢ,СІ + M ke = 33 x 107% 298 ж 0.1 
OH + OH + M > H;O; + M ko(N2) = 8 x 107% (T/300) "526 250-1400 * 0.4 
(НО) = 4 x 10-20 300-400 
k. = 15 х 1071 (T/300)- 997 200-1500 + 0.5 
FN) = 0.5 200-1500 AF, = = 0.2 
ОН + CH; + M > СНОН + M Мо data available for this channel 


(See Table 1) 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 3 
COMBINATION REACTIONS (continued) 


Reaction k-/cm? molecule "s^! Temp/K Error limits (A log k) 
Којсте molecule? 57! 
F. 
3 16-1 ш 
k/cm? molecule~'s ЫМ] + ka Е 
ОН + СН, + M > ОЊОН + M See data sheet 
ОН + GH, + M > СНОН + M ks = 3.8 x 10-12 ехр(-340/Т) 240-340 = 0.2 
ОН + СНОН + M > CsH;(OH)2 + М ke = 28 x 107! 298 = 0.1 
OH + CsH;sCH; + М - НОС,Н,СН, + М ke = 3.8 x 107? exp(180/T) 200-300 + 04 
OH + СН (СНз), +M -» С.Н,СН,)ОН-М ke = 14 x 1071 300-320 = 0.1 
OH + С6Н:СН; + М > HOCGH;CH; + M 75 x 107? at p < 1 atm. 298 + 0.1 
ЗСН, + СН, + M > ОН, + M 2.0 х 1071 exp( — 3330/T) 300-1000 = 03 
atp = < 10 Torr. 
ЗСН, + С.Н. + M > ОН, + М 
— с-СНе + M 5.3 х 10:12 exp( — 2660/T) 300-1000 = 0.2 at 300 К rising to 
э СН; +H +M * 0.3 at 1000 K 
СН, + СН, + M > CH;CCH, + M 
— CH3CCH + M 3.7 x 107% independent of p 300-1000 + 0.3 at 300 K rising to 
- СН.ССН + H + M + 0.7 at 1000 К. 
СН, + СН, + М — ОН, 1.1 х 107 independent of p 300-1000 = 0.2 at 300 K rising to 
+ 0.5 at 1000 К. 
CH; + О; + М > СЊО; + M К(Аг) = 15 x 10-27-33 300-800 = 0.3 
(М) = 16 х 1072 Т-33 300-800 = 0.3 
ke = 13 x 10:51:12 300-800 = 03 
F, = 0466 — 1.30 x 107^ T 300-800 
CH; + CH; + Ar — С.Н, + Ar ke = 6 x 107? 300-2000 ж 0.05 at 300 K rising to 
+ 0.3 at 2000 K 
ko = 3.5 x 1077 T -?9 exp( — 1390/T) 300-2000 = 03 
Ес = 0.38 exp( - T/73) 
+ 0.62exp( — 7/1180) 300-2000 AF, = = 0.1 
CH; + СН; + М > СН; + M ke = 1 x 10712 ехр(-3900/Т) 300-600 * 0.5 
CH; + СН. + M > п-ОН; + M 3.5 x 107? exp( -3700/T) 300-600 = 03 
CH; + С.Н; + М > СН, + М k. = 4.7 x 10-1 300-800 = 0.3 
СН; + СН; + M > n-C,Hi + M ka = 19 x 1071 300-1200 = 0.3 
СН,СО + O; + М > СН.СО; + М 2 x 107? 300 = 03 


for p ғ 1-4 Torr. 
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ELECTRICAL CONDUCTIVITY ОЕ WATER 


This table gives the electrical conductivity of highly purified water over a range of temperature and pressure. The first column of conductivity data 
refers to water at its own vapor pressure. Equations for calculating the conductivity at any temperature and pressure may be found in the reference. 


REFERENCE 


Marshall, W. L., J. Chem. Eng. Data 32, 221, 1987. 


Conductivity in uS/cm at the indicated pressure 


tc Sat. vapor 50 MPa 100 MPa 200 MPa 400 MPa 600 MPa 
0 0.0115 0.0150 0.0189 0.0275 0.0458 0.0667 
25 0.0550 0.0686 0.0836 0.117 0.194 0.291 
100 0.765 0.942 1.13 1.53 2.45 3.51 
200 2.99 4.08 5.22 7.65 131 19.5 
300 2.41 4.87 7.80 141 28.9 46.5 
400 1.17 4.91 14.3 39.2 71.3 
600 0.134 4.65 33.8 85.7 
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THERMODYNAMIC PROPERTIES OF AIR 


These tables summarize the thermodynamic properties of air in the liquid and gaseous states, as well as along the saturation line. In the table for 
the saturation state, P(boil) is the bubble point temperature (i.e., the pressure at which boiling begins as the temperature of the liquid is raised), and 
P(con) is the dew point temperature (pressure at which condensation begins as the temperature of the gas is lowered). The other properties tabulated 
are density (р), enthalpy (H), entropy (S), and isobaric heat capacity (С). More detailed tables may be found in the references. 


REFERENCES 
1. Vasserman, A.A., and Rabinovich, V.A., Thermophysical Properties of Liquid Air and its Components, Izdatel' stvo Komiteta, Standartov, 
Moscow, 1968. 


2. Vasserman, A.A., et al., Thermophysical Properties of Air and Air Components, Izdatel’ stvo Nauka, Moscow, 1966. 


Properties in the saturation state: 


T P(boil) P(con) p (liq) p (gas) 
K bar bar g/cm? g/L 
65 0.1468 0.0861 0.939 0.464 
70 0.3234 0.2052 0.917 1.033 
75 0.6366 0.4321 0.894 2.048 
80 1.146 0.8245 0.871 3.709 
85 1.921 1.453 0.845 6.258 
90 3.036 2:397. 0.819 9.980 
95 4.574 3.748 0.792 15.21 
100 6.621 5.599 0.763 22.39 
110 12.59 11.22 0.699 45.15 
120 21.61 20.14 0.622 87.34 
130 34.16 33.32 0.487 184.33 
132.55 37.69 37.69 0.313 312.89 


Properties of liquid air: 


P T p H 5 с, 
Баг K g/cm? J/g J/g К J/g К 

1 75 0.8935 -131.7 2.918 1.843 

5 75 0.8942 -131.4 2.916 1.840 

5 80 0.8718 -122.3 3.031 1.868 

5 85 0.8482 -112.9 3.143 1.901 

5 90 0.8230 -103.3 3.250 1.941 

5 95 0.7962 -93.5 3.356 1.991 

10 75 0.8952 -131.1 2.913 1.836 

10 80 0.8729 -122.0 3.028 1.863 

10 90 0.8245 -103.1 3.246 1.932 

10 100 0.7695 -83.2 3.452 2.041 

50 75 0.9025 -1282 2.892 1.806 

50 100 0.7859 -81.8 3.415 1.939 

50 125 0.6222 -28.3 3.889 2.614 

50 150 0.1879 91.9 4.764 2:721 

100 75 0.9111 -124,5 2.867 1.774 

100 100 0.8033 -79.4 3.376 1.852 

100 125 0.6746 -31.4 3.805 2.062 

100 150 0.4871 32.8 4.271 2.832 


Properties of air in the gaseous state: 


P T p H 8 с, 
bar K g/L Jig Тек Тек 
1 100 3.556 98.3 5.759 1.032 

1 200 1.746 199.7 6.463 1.007 

1 300 1.161 300.3 6.871 1.007 


bar 


THERMODYNAMIC PROPERTIES OF AIR (continued) 


T 

K 
500 
1000 
200 
300 
500 
1000 
200 
300 


500 
1000 


p 
g/L 


0.696 
0.348 
17.835 
11.643 
6.944 
3.471 
213.950 
116.945 
66.934 
33.613 
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S 
Је К 


7.389 
8.138 
5.766 
6.204 
6.727 
7.477 
4.949 
5.486 
6.048 
6.812 


Ср 


J/g К 


1.030 
1.141 
1.049 
1.021 
1.034 
1.142 
1.650 
1.158 
1.073 
1.151 


PROPERTIES OF WATER IN THE RANGE 0 — 100 °C 


This table summarizes the best available values of the density, specific heat capacity at constant pressure (C p) Vapor pressure, viscosity, thermal 
conductivity, dielectric constant, and surface tension for liquid water in the range 0 — 100 ?C. AII values (except vapor pressure) refer to a pressure 
of 100 kPa (1 bar). The temperature scale is IPTS-68. 


100 


Ref. 


4. 
5. 


Density C, Vap. pres. Visc. Ther. cond. Surf. ten. 
g/cm? J/g К kPa uPas mW/K m Diel. const. mN/m 
0.99984 4.2176 0.6113 1793 561.0 87.90 75.64 
0.99970 4.1921 1.2281 1307 580.0 83.96 74.23 
0.99821 4.1818 2.3388 1002 598.4 80.20 72.15 
0.99565 4.1784 4.2455 797.7 615.4 76.60 71.20 
0.99222 4.1785 7.3814 653.2 630.5 73.17 69.60 
0.98803 4.1806 12.344 547.0 643.5 69.88 67.94 
0.98320 4.1843 19.932 466.5 654.3 66.73 66.24 
0.97778 4.1895 31.176 404.0 663.1 63.73 64.47 
0.97182 4.1963 47.373 354.4 670.0 60.86 62.67 
0.96535 4.2050 70.117 314.5 675.3 58.12 60.82 
0.95840 4.2159 101.325 281.8 679.1 55.51 58.91 
1—3 2 1,3 3 3 4 5 

REFERENCES 


L. Harr, J. S. Gallagher, and G. S. Kell, NBS/NRC Steam Tables, Hemisphere Publishing Corp., 1984. 

K. N. Marsh, Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 

J. V. Sengers and J. T. R. Watson, Improved international formulations for the viscosity and thermal conductivity of water substance, J. Phys. 
Chem. Ref. Data, 15, 1291, 1986. 

D. С. Archer and P. Wang, The dielectric constant of water and Debye-Hückel limiting law slopes, J. Phys. Chem. Кеј. Data, 19, 371, 1990. 
N. B. Vargaftik, et al., International tables of the surface tension of water, J. Phys. Chem. Ref. Data, 12, 817, 1983. 


ENTHALPY OF VAPORIZATION OF 
WATER 


The enthalpy (heat) of vaporization of water is tabulated as a function 
of temperature on the IPTS-68 scale. 


REFERENCE 


Marsh, K. N., Ed., Recommended Reference Materials for the Realization 
of Physicochemical Properties, Blackwell, Oxford, 1987. 


t A. H t A, H 
°C kJ/mol °C kJ/mol 
0 45.054 200 34.962 
25 43.990 220 33.468 
40 43.350 240 31.809 
60 42.482 260 29.930 
80 41.585 280 27.795 
100 40.657 300 25.300 
120 39.684 320 22.297 
140 38.643 340 18.502 
160 37.518 360 12.966 


180 36.304 374 2.066 


FIXED POINT PROPERTIES OF ЊО AND D,O 


Temperatures are given on the IPTS-68 scale. 
REFERENCES 


1. Haar, L., Gallagher, J.S., and Kell, G.S., NBS/NRC Steam Tables, Hemisphere Publishing Corp., 1984. 

2. Levelt Sengers, J.M.H., Straub, J., Watanabe, K., and Hill, P.G., Assessment of critical parameter values for НО апа 050, J. Phys. Chem. 
Ref. Data, 14, 193, 1985. 

3. Kestin, J. et. al., Thermophysical properties of fluid D5O, J. Phys. Chem. Ref. Data, 13, 601, 1984. 

4. Kestin, J. et. al., Thermophysical properties of fluid H5O, J. Phys. Chem. Ref. Data, 13, 175, 1984. 

5. Hill, P.G., MacMillan, R.D.C., and Lee, V., A fundamental equation of state for heavy water, J. Phys. Chem. Ref. Data, 11, 1, 1982. 


Unit Н,О р,О 
Molar mass g/mol 18.01528 20.02748 
Melting point(101.325 kPa) ue 0.00 3.82 
Boiling point(101.325 kPa) ке 100.00 101.42 
Triple point temperature °C 0.01 3.82 
Triple point pressure Pa 611.73 661 
Triple point density(1) g/cm? 0.99978 1.1055 
Triple point density(g) mg/L 4.885 5:79 
Critical temperature °С 373.99 370.74 
Critical pressure MPa 22.064 21.671 
Critical density g/cm? 0.322 0.356 
Critical specific volume cm?/g 3.11 2.81 
Maximum density(saturated liquid) g/cm? 0.99995 1.1053 


Temperature of maximum density °С 4.0 11.2 


THERMAL CONDUCTIVITY OF SATURATED Н,О AND D;O 


This table gives the thermal conductivity À for water (H5O or DO) in equilibrium with its vapor. Values for the liquid (А) and vapor (À,) are listed, 
as well as the vapor pressure. 


1. 


REFERENCES 


Sengers, J.V. and Watson, J.T.R., Improved international formulations for the viscosity and thermal conductivity of water substance, J. Phys. 
Chem. Ref. Data, 15, 1291, 1986. 


. Matsunaga, N. and Nagashima, A., Transport properties of liquid and gaseous D,O over а wide range of temperature and pressure, J. Phys. 


Chem. Ref. Data, 12, 933, 1983. 


H,O р,О 
°C Р/КРа À /(mW/K m) À ,/(mW/K m) Р/КРа À /(mW/K m) À) ,((mW/K m) 
0 0.6 561.0 16.49 

10 1.2 580.0 1721 10 575 17.0 
20 2.3 598.4 17.95 2.0 589 17.8 
30 42 615.4 18.70 33 600 18.5 
40 74 630.5 19.48 6.5 610 19.3 
50 123 643.5 20.28 114 618 202 
60 19.9 654.3 21.10 182 625 21.0 
70 312 663.1 21.96 28.8 629 21.9 
80 47.4 670.0 22.86 442 633 22.8 
90 70.1 675.3 23.80 66.1 635 23.8 
100 101.3 679.1 24.79 96.2 636 24.8 
150 476 682.1 30.77 465 625 30.8 
200 1555 663.4 39.10 1546 592 39.0 
250 3978 6214 51.18 3995 541 52.0 
300 8593 547.7 71.78 8688 473 75.2 


350 16530 447.6 134.59 16820 391 143.0 


STANDARD DENSITY OF WATER 


This table gives the density p of standard mean ocean water (5МОУУ), free from dissolved salts and gases, at a pressure of 101325 Pa. SMOW 
is a standard water sample of high purity and known isotopic composition. Methods of correcting for different isotopic compositions are discussed 
in the reference. The table below is reprinted with the permission of IUPAC. Note that the temperature scale is IPTS-68. 


REFERENCE 


Marsh, K. N., Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, Oxford, 
1987. 


p/kg m? 

t С 0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
0 999.8426 8493 8558 8622 8683 8743 8801 8857 8912 8964 
1 999.9015 9065 9112 9158 9202 9244 9284 9323 9360 9395 
2 999.9429 9461 9491 9519 9546 9571 9595 9616 9636 9655 
3 999.9672 9687 9700 9712 9722 9731 9738 9743 9747 9749 
4 999.9750 9748 9746 9742 9736 9728 9719 9709 9696 9683 
5 999.9668 9651 9632 9612 9591 9568 9544 9518 9490 9461 
6 999.9430 9398 9365 9330 9293 9255 9216 9175 9132 9088 
7 999.9043 8996 8948 8898 8847 8794 8740 8684 8627 8569 
8 999.8509 8448 8385 8321 8256 8189 8121 8051 7980 7908 
9 999.7834 7159 7682 7604 7525 7444 7362 7279 7194 7108 

10 999.7021 6932 6842 6751 6658 6564 6468 6372 6274 6174 
11 999.6074 5972 5869 5764 5658 5551 5443 5333 5222 5110 
12 999.4996 4882 4766 4648 4530 4410 4289 4167 4043 3918 
13 999.3792 3665 3536 3407 3276 3143 3010 2875 2740 2602 
14 999.2464 2325 2184 2042 1899 1755 1609 1463 1315 1166 
15 999.1016 0864 0712 0558 0403 0247 0090 9932* 9772* 9612* 
16 998.9450 9287 9123 8957 8791 8623 8455 8285 8114 7942 
17 998.7769 7595 7419 7243 7065 6886 6706 6525 6343 6160 
18 998.5976 5790 5604 5416 5228 5038 4847 4655 4462 4268 
19 998.4073 3877 3680 3481 3282 3081 2880 2677 2474 2269 
20 998.2063 1856 1649 1440 1230 1019 0807 0594 0380 0164 
21 997.9948 9731 9513 9294 9073 8852 8630 8406 8182 7957 
22 997.7730 7503 7275 7045 6815 6584 6351 6118 5883 5648 
23 997.5412 5174 4936 4697 4456 4215 3973 3730 3485 3240 
24 997.2994 2747 2499 2250 2000 1749 1497 1244 0990 0735 
25 997.0480 0223 9965* 9707* 9447* 9186* 8925* 8663* 8399* 8135* 
26 996.7870 7604 7331 7069 6800 6530 6259 5987 5714 5441 
27 996.5166 4891 4615 4337 4059 3780 3500 3219 2938 2655 
28 996.2371 2087 1801 1515 1228 0940 0651 0361 0070 97785 
29 995.9486 9192 8898 8603 8306 8009 7712 7413 7113 6813 
30 995.6511 6209 5906 5602 5297 4991 4685 4377 4069 3760 
31 995.3450 3139 2827 2514 2201 1887 1572 1255 0939 0621 
32 995.0302 9983* 9663* 9342* 9020* 8697* 8373* 8049* 7724* 7397% 
33 994.7071 6743 6414 6085 5155 5423 5092 4159 4425 4091 
34 994.3756 3420 3083 2745 2407 2068 1728 1387 1045 0703 
35 994.0359 0015 9671* 9325* 8978* 8631* 8283* 7934* 7585% 7234* 
36 993.6883 6531 6178 5825 5470 5115 4759 4403 4045 3687 
37 993.3328 2968 2607 2246 1884 1521 1157 0793 0428 0062 
38 992.9695 9328 8960 8591 8221 7850 7479 7107 6735 6361 
39 992.5987 5612 5236 4860 4483 4105 3726 3347 2966 2586 
40 992.2204 


* The leading figure decreases by 1. 


VOLUMETRIC PROPERTIES ОЕ AQUEOUS SODIUM CHLORIDE SOLUTIONS 


This table gives the following properties of aqueous solutions of NaCl as a function of temperature and concentration: 


Specific volume v (reciprocal of density) in cm?/g 
Isothermal compressibility ку = -(1/v)(Ov/OP); in GPa'! 
Cubic expansion coefficient 0, = (1/у)(ду/9Т)ь in kK"! 


АП data refer to a pressure of 100 kPa (1 bar). The reference gives properties over a wider range of temperature and pressure. 


REFERENCE 


Rogers, P. S. Z., and Pitzer, K. S., J. Phys. Chem. Ref. Data, 11, 15, 1982. 


TI°C 


100 


0.100 


0.995732 
0.995998 
0.997620 
0.998834 
1.000279 
1.003796 
1.008064 
1.0130 
1.0186 
1.0249 
1.0317 
1.0391 


0.503 
0.472 
0.453 
0.447 
0.443 
0.438 
0.438 
0.44 
0.45 
0.46 
0.47 
0.49 


-0.058 
0.102 
0.218 
0.267 
0.311 
0.389 
0.458 
0.52 
0.58 
0.64 
0.69 
0.74 


0.250 


0.989259 
0.989781 
0.991564 
0.992832 
0.994319 
0.997883 
1.002161 
1.0071 
1.0127 
1.0188 
1.0256 
1.0329 


0.492 
0.463 
0.446 
0.440 
0.436 
0.432 
0.431 
0.44 
0.44 
0.45 
0.47 
0.48 


-0.026 
0.123 
0.232 
0.278 
0.320 
0.394 
0.460 
0.52 
0.58 
0.63 
0.68 
0.73 


0.500 


0.978889 
0.979804 
0.981833 
0.983185 
0.984735 
0.988374 
0.992668 
0.9976 
1.0031 
1.0092 
1.0157 
1.0228 


0.475 
0.449 
0.433 
0.428 
0.425 
0.421 
0.421 
0.43 
0.43 
0.44 
0.46 
0.47 


0.024 
0.156 
0.254 
0.296 
0.334 
0.402 
0.464 
0.52 
0.58 
0.63 
0.67 
0.72 


Molality in mol/kg 


0.750 


1.000 


2.000 


Specific volume у in cm?/g 


0.968991 
0.970256 
0.972505 
0.973932 
0.975539 
0.979243 
0.983551 
0.9885 
0.9939 
0.9999 
1.0063 
1.0133 


0.959525 
0.961101 
0.963544 
0.965038 
0.966694 
0.970455 
0.974772 
0.9797 
0.9851 
0.9909 
0.9972 
1.0040 


0.925426 
0.927905 
0.930909 
0.932590 
0.934382 
0.938287 
0.942603 
0.9474 
0.9526 
0.9581 
0.9640 
0.9703 


Compressibility ку іп GPa“! 


0.459 
0.436 
0.422 
0.417 
0.414 
0.411 
0.411 
0.42 
0.42 
0.43 
0.45 
0.46 


0.443 
0.423 
0.411 
0.407 
0.404 
0.401 
0.402 
0.41 
0.42 
0.43 
0.44 
0.45 


0.389 
0.377 
0.371 
0.369 
0.367 
0.367 
0.369 
0.38 
0.38 
0.39 
0.41 
0.42 


Cubic expansion coefficient o. іп КК”! 


0.069 
0.186 
0.274 
0.312 
0.347 
0.410 
0.467 
0.52 
0.57 
0.62 
0.67 
0.71 


0.110 
0.213 
0.292 
0.327 
0.359 
0.417 
0.470 
0.52 
0.57 
0.61 
0.66 
0.70 


6-6 


0.237 
0.297 
0.349 
0.373 
0.395 
0.438 
0.479 
0.52 
0.56 
0.60 
0.63 
0.66 


3.000 


0.896292 
0.899262 
0.902565 
0.904339 
0.906194 
0.910145 
0.914411 
0.9191 
0.9240 
0.9293 
0.9348 
0.9406 


0.346 
0.341 
0.338 
0.337 
0.337 
0.338 
0.340 
0.35 
0.36 
0.37 
0.38 
0.39 


0.313 
0.349 
0.384 
0.401 
0.418 
0.451 
0.484 
0.52 
0.55 
0.58 
0.61 
0.64 


4.000 


0.870996 
0.874201 
0.877643 
0.879457 
0.881334 
0.885276 
0.889473 
0.8940 
0.8987 
0.9037 
0.9089 
0.9144 


0.315 
0.313 
0.313 
0.313 
0.313 
0.315 
0.317 
0.32 
0.33 
0.34 
0.35 
0.37 


0.355 
0.380 
0.406 
0.420 
0.433 
0.460 
0.486 
0.52 
0.54 
0.56 
0.59 
0.61 


5.000 


0.848646 
0.851958 
0.855469 
0.857301 
0.859185 
0.863108 
0.867241 
0.8716 
0.8762 
0.8809 
0.8858 
0.8910 


0.294 
0.294 
0.294 
0.294 
0.294 
0.296 
0.299 
0.30 
0.31 
0.32 
0.33 
0.34 


DENSITY OF D;O 


Density of Наша D,O in g/cm? at a pressure of 100 kPa (1 bar). 


REFERENCE 


Kirillin, V.A., Ed., Heavy Water: Thermophysical Properties, Gosudarstvennoe Energeticheskoe Izdatel' stvo, Moscow, 1963. 


°C 3.8 5 10 15 20 25 30 
Density 1.1053 1.1055 1.1057 1.1056 1.105 1.1044 1.1034 
tC 35 40 45 50 55 60 65 
Density 1.1019 1.1001 1.0979 1.0957 1.0931 1.0905 1.0875 
tC 70 75 80 85 90 95 100 


Density 1.0847 1.0815 1.0783 1.0748 1.0712 1.0673 1.0635 


VAPOR PRESSURE OF ICE 


The values of the vapor (sublimation) pressure of ice in this table were calculated from the equation recommended by the International Association 
for the Properties of Steam (IAPS) in 1993. Temperature values correspond to the ITS-90 temperature scale. The uncertainty in the pressure is estimated 
to be 0.196 for t > -25?C and 0.5% for t < -25?C. Тһе first entry in the table is the triple point of water. 

REFERENCE 


Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 1994. 


tC p/Pa °C p/Pa tC p/Pa 
0.01 611.657 -16 150.68 -33 2771 
0 611.15 -17 137.25 -34 24.90 
-1 562.67 -18 124.92 -35 22.35 
-2 517.72 -19 113.62 -36 20.04 
-3 476.06 -20 103.26 -37 17.96 
E 437.47 -21 93.77 -38 16.07 
-5 401.76 -22 85.10 -39 14.37 
-6 368.73 -23 71.16 -40 12.84 
-7 338.19 -24 69.91 -45 7.202 
-8 309.98 -25 63.29 -50 3.936 
-9 283.94 -26 57.25 -55 2.093 
-10 259.90 -27 51.74 -60 1.080 
-П 237.74 -28 46.73 -65 0.540 
-12 217.32 -29 42.16 -70 0.261 
-13 198.52 -30 38.01 -15 0.122 
-14 181.22 -31 34.24 -80 0.055 
-15 165.30 -32 30.82 


This table gives the vapor pressure of water at intervals of 1? C from the melting point to the critical point. 


VAPOR PRESSURE OF WATER FROM 0 TO 370° C 


REFERENCE 


Haar, L., Gallagher, J.S., and Kell, G.S., NBS/NRC Steam Tables, Hemisphere Publishing Corp., New York, 1984. 


°C 


о 34 ON A + оо о — © 


P/kPa 


0.61129 
0.65716 
0.70605 
0.75813 
0.81359 
0.87260 
0.93537 
1.0021 
1.0730 
1.1482 
1.2281 
1.3129 
1.4027 
1.4979 
1.5988 
1.7056 
1.8185 
1.9380 
2.0644 
2.1978 
2.3388 
2.4877 
2.6447 
2.8104 
2.9850 
3.1690 
3.3629 
3.5670 
3.7818 
4.0078 
4.2455 
4.4953 
4.7578 
5.0335 
5.3229 
5.6267 
5.9453 
6.2795 
6.6298 
6.9969 
7.3814 
7.7840 
8.2054 
8.6463 
9.1075 
9.5898 
10.094 
10.620 
11.171 
11.745 
12.344 
12.970 
13.623 


tC 


53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 


P/kPa 


14.303 
15.012 
15.752 
16.522 
17.324 
18.159 
19.028 
19.932 
20.873 
21.851 
22.868 
23.925 
25.022 
26.163 
27.347 
28.576 
29.852 
31.176 
32.549 
33.972 
35.448 
36.978 
38.563 
40.205 
41.905 
43.665 
45.487 
47.373 
49.324 
51.342 
53.428 
55.585 
57.815 
60.119 
62.499 
64.958 
67.496 
70.117 
72.823 
75.614 
78.494 
81.465 
84.529 
87.688 
90.945 
94.301 
97.759 
101.32 
104.99 
108.77 
112.66 
116.67 
120.79 


°С 


106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 


P/kPa 


125.03 
129.39 
133.88 
138.50 
143.24 
148.12 
153.13 
158.29 
163.58 
169.02 
174.61 
180.34 
186.23 
192.28 
198.48 
204.85 
211.38 
218.09 
224.96 
232.01 
239.24 
246.66 
254.25 
262.04 
270.02 
278.20 
286.57 
295.15 
303.93 
312.93 
322.14 
331.57 
341.22 
351.09 
361.19 
371.53 
382.11 
392.92 
403.98 
415.29 
426.85 
438.67 
450.75 
463.10 
415.72 
488.61 
501.78 
515.23 
528.96 
542.99 
557.32 
571.94 
586.87 


°С 


159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 


P/kPa 


602.11 
617.66 
633.53 
649.73 
666.25 
683.10 
700.29 
717.83 
735.70 
753.94 
772.52 
791.47 
810.78 
830.47 
850.53 
870.98 
891.80 
913.03 
934.64 
956.66 
979.09 
1001.9 
1025.2 
1048.9 
1073.0 
1097.5 
1122.5 
1147.9 
1173.8 
1200.1 
1226.9 
1254.2 
1281.9 
1310.1 
1338.8 
1368.0 
1397.6 
1427.8 
1458.5 
1489.7 
1521.4 
1553.6 
1586.4 
1619.7 
1653.6 
1688.0 
1722.9 
1758.4 
1794.5 
1831.1 
1868.4 
1906.2 
1944.6 


°C 


212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 


P/kPa 


1983.6 
2023.2 
2063.4 
2104.2 
2145.7 
2187.8 
2230.5 
2273.8 
2317.8 
2362.5 
2407.8 
2453.8 
2500.5 
2547.9 
2595.9 
2644.6 
2694.1 
2744.2 
2795.1 
2846.7 
2899.0 
2952.1 
3005.9 
3060.4 
3115.7 
3171.8 
3228.6 
3286.3 
3344.7 
3403.9 
3463.9 
3524.7 
3586.3 
3648.8 
3712.1 
3776.2 
3841.2 
3907.0 
3973.6 
4041.2 
4109.6 


VAPOR PRESSURE OF WATER FROM 0 TO 370° C (continued) 


°C 


253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 


Р/КРа 


4178.9 
4249.1 
4320.2 
4392.2 
4465.1 
4539.0 
4613.7 
4689.4 
4166.1 
4843.7 
4922.3 
5001.8 
5082.3 
5163.8 
5246.3 
5329.8 
5414.3 
5499.9 
5586.4 
5674.0 
5762.7 
5852.4 
5943.1 
6035.0 
6127.9 
6221.9 
6317.0 
6413.2 
6510.5 
6608.9 
6708.5 
6809.2 
6911.1 
7014.1 
7118.3 
7223.7 
7330.2 
7438.0 
7547.0 
7657.2 
7768.6 


°C 


294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 


P/kPa 


7881.3 
7995.2 
8110.3 
8226.8 
8344.5 
8463.5 
8583.8 
8705.4 
8828.3 
8952.6 
9078.2 
9205.1 
9333.4 
9463.1 
9594.2 
9726.7 
9860.5 
9995.8 
10133 
10271 
10410 
10551 
10694 
10838 
10984 
11131 
11279 
11429 
11581 
11734 
11889 
12046 
12204 
12364 
12525 
12688 
12852 
13019 
13187 
13357 
13528 


°C 


335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
373.98 


Р/КРа 


13701 
13876 
14053 
14232 
14412 
14594 
14778 
14964 
15152 
15342 
15533 
15727 
15922 
16120 
16320 
16521 
16725 
16931 
17138 
17348 
17561 
17775 
17992 
18211 
18432 
18655 
18881 
19110 
19340 
19574 
19809 
20048 
20289 
20533 
20780 
21030 
21283 
21539 
21799 
22055 


BOILING POINT OF WATER АТ VARIOUS PRESSURES 


Data are based on the equation of state recommended by the International Association for the Properties of Steam in 1984, as presented in Haar, 
Gallagher, and Kell, NBS-NRC Steam Tables (Hemisphere Publishing Corp., New York, 1984). The temperature scale is IPTS-68. 
Note that: 1 mbar = 100 Pa = 0.000986923 atmos = 0.750062 mmHg. 


P/mbar T/°C P/mbar TC P/mbar Т/°С P/mbar TC 

50 32.88 915 97.17 1013.25 100.00 1200 104.81 
100 45.82 920 97.32 1015 100.05 1250 105.99 
150 53.98 925 97.47 1020 100.19 1300 107.14 
200 60.07 930 97.62 1025 100.32 1350 108.25 
250 64.98 935 97.76 1030 100.46 1400 109.32 
300 69.11 940 97.91 1035 100.60 1450 110.36 
350 72.70 945 98.06 1040 100.73 1500 111.38 
400 75.88 950 98.21 1045 100.87 1550 112.37 
450 78.74 955 98.35 1050 101.00 1600 113.33 
500 81.34 960 98.50 1055 101.14 1650 114.26 
550 83.73 965 98.64 1060 101.27 1700 115.18 
600 85.95 970 98.78 1065 101.40 1750 116.07 
650 88.02 975 98.93 1070 101.54 1800 116.94 
700 89.96 980 99.07 1075 101.67 1850 117.79 
750 91.78 985 99.21 1080 101.80 1900 118.63 
800 93.51 990 99,35 1085 101.93 1950 119.44 
850 95.15 995 99.49 1090 102.06 2000 120.24 
900 96.71 1000 99.63 1095 102.19 2050 121.02 
905 96.87 1005 99.77 1100 102.32 2100 121.79 
910 97.02 1010 99.91 1150 103.59 2150 122.54 


MELTING POINT OF ICE AS A FUNCTION OF PRESSURE 


This table gives values of the melting temperature of ice at various pressures, as calculated from the equation for the ice I - liquid water 
phase boundary recommended by the International Association for the Properties of Steam (IAPS). Temperatures are on the ITS-90 scale. See the 
Reference for information on forms of ice that exist at higher pressures. The transition points for transformations of the various forms of ice (in each 
case in equilibrium with liquid water) are: 


ice I - ice III 209.9 MPa -21.9859С 

ice III - ice V 350.1 —16.986 

ice V - ice VI 632.4 0.16 

ice VI - ice УП 2216 82 
REFERENCE 


Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 1994. 


p/MPa °C p/MPa tC p/MPa °C 
0.1 0.00 40 -3.15 130 -12.07 

1 -0.06 50 -4.02 140 -13.22 

2 -0.14 60 -4.91 150 -14.40 

3 -0.21 70 -5.83 160 -15.62 

4 -0.29 80 -6.79 170 -16.85 

5 -0.36 90 -7.78 180 -18.11 

10 -0.74 100 -8.80 190 -19.39 
20 -1.52 110 -9.86 200 -20.69 
30 -2.32 120 -10.95 210 -22.00 


PROPERTIES ОЕ WATER AND STEAM AS А FUNCTION OF 
TEMPERATURE AND PRESSURE 


This table gives properties of compressed water and superheated steam at selected pressures and temperatures. The 
properties included are density p, enthalpy H, entropy S, heat capacity at constant pressure C, and static dielectric 
constant (relative permittivity). The table was generated from the formulation approved by the International Association 
for the Properties of Water and Steam for general and scientific use. The reference state for this table is the liquid at the 


triple 


point, at which the internal energy and entropy are taken as zero. A duplicate entry in the temperature column 


indicates a phase transition (liquid-vapor) at that temperature; property values are then given for both phases. In the 100 
MPa section of the table, an entry is given at the critical temperature, 647.10 K. Temperatures refer to the ITS-90 scale, 
on which the normal boiling point of water is 373.12 К (99.97°C). 


REFERENCES 

]. Release on the IAPWS Formulation 1995 for the Thermodynamic Properties of Ordinary Water Substance for 
General and Scientific Use, September 1996; available from Executive Secretary of IAPWS, Electric Power 
Research Institute, 3412 Hillview Ave., Palo Alto, CA 94304-1395. 

2. NIST Chemistry WebBook, NIST Standard Reference Database Number 69, Mallard, W. G., and Linstrom, P. J., 
Eds., March 1998, National Institute of Standards and Technology, Gaithersburg, MD, 20899 (http:// 
webbook.nist.gov). 

3. Pruss, A. and Wagner, W., to be published. 

4. Fernandez, D. P., Goodwin, A. R. H., Lemmon, E. W., Levelt Sengers, J. M. H., and Williams, R. C., J. Phys. Chem. 
Ref. Data, 26, 1125, 1997. [Dielectric constant] 

p/MPa T/K p/kg m? Н/] е ҚУА ок“ СУ g'K" Diel. const. 

0.1 273.16 999.84 0.10 0.0000 4.2194 87.90 

0.1 300 996.56 112.65 0.3931 4.1806 17:25 

01 325 987.19 217.15 0.7276 4,1819 69.32 

0.1 350 973.73 321.84 1.0380 4,1945 61.79 

0.1 372.76 958.63 417.50 1.3028 4.2152 55.61 

0.1 372.76 0.59034 2674.9 7.3588 2.0784 1.006 

0.1 375 0.58653 2679.6 7.3713 2.0686 1.006 

0.1 400 0.54761 2730.4 7.5025 2.0078 1.005 

0.1 450 0.48458 2829.7 7.7365 1.9752 1.004 

0.1 500 0.43514 2928.6 7.9447 1.9813 1.003 

0.1 550 0.39507 3028.1 8.1344 2.0010 1.003 

0.1 600 0.36185 3128.8 8.3096 2.0268 1.002 

0.1 650 0.33384 3230.8 8.4730 2.0557 1.002 

0.1 700 0.30988 3334.4 8.6264 2.0867 1.002 

0.1 750 0.28915 3439.5 8.7715 2.1191 1.002 

0.1 800 0.27102 3546.3 8.9093 2.1525 1.001 

0.1 850 0.25504 3654.8 9.0408 2.1868 1.001 

0.1 900 0.24085 3765.0 9.1668 2.2216 1.001 

0.1 950 0.22815 3876.9 9.2879 2.2568 1.001 

0.1 1000 0.21673 3990.7 9.4045 2.2921 1.001 

0.1 1050 0.20640 4106.1 9.5172 2.3273 1.001 

0.1 1100 0.19701 4223.4 9.6263 2.3621 1.001 

0.1 1150 0.18844 4342.3 9.7321 2.3965 1.001 

0.1 1200 0.18058 4463.0 9.8348 2.4302 1.001 

1 273.16 1000.3 1.02 0.0000 4.2150 87.93 
1 300 996.96 113.48 0.3928 4,1781 77.78 
1 325 987.58 217.93 0.7272 4.1798 69.36 
1 350 974.13 322.56 1.0374 4.1925 61.82 
1 375 957.43 427.64 1.3274 4.2158 55.09 
1 400 937.87 533.47 1.6005 4.2535 49.06 
1 450 890.39 749.20 2.1086 4.3924 38.81 
1 453.03 887.13 762.51 2.1381 4.4045 38.23 
1 453.03 5.1450 2777.1 6.5850 2.7114 1.042 
1 500 4.5323 2891.2 6.8250 2,2795 1.034 
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PROPERTIES ОЕ WATER AND STEAM AS А FUNCTION OF 
TEMPERATURE AND PRESSURE (continued) 


p/MPa T/K p/kg m? HIJ g" S/J ок“ сл g!K! Diel. const. 
1 550 4.0581 3001.8 7.0359 2.1647 1.028 
1 600 3.6871 3109.0 7.2224 2.1292 1.024 
1 650 3.3843 32152 7.3925 2.1254 1.020 
1 700 3.1305 3321.7 7.5504 2.1368 1.017 
1 750 2.9140 3429.0 7.6084 2.1566 1.015 
1 800 2.7265 3537.5 7.8384 21816 1.013 
1 850 2.5624 3647.3 7.9715 2.2098 1.012 
1 900 2.4174 3758.5 8.0986 2.2402 1.011 
1 950 2.2882 3871.3 8.2206 2.2721 1.010 
1 1000 2.1723 3985.7 8.3380 2.3048 1.009 
1 1050 2.0678 4101.8 8.4512 2.3380 1.008 
1 1100 1.9729 4219.5 8.5608 2.3713 1.007 
1 1150 1.8865 4338.9 8.6669 2.4044 1.007 
1 1200 1.8074 4460.0 8.7699 2.4371 1.006 
10 273.16 1004.8 101 0.000 4.173 88.30 
10 300 1001.0 121.7 0.390 4.153 78.11 
10 325 991.46 225.6 0.723 4.160 69.67 
10 350 978.09 329.7 1.031 4.173 62.13 
10 375 961.62 434.4 1.320 4.195 55.40 
10 400 942.42 539.6 1.592 4.230 49.39 
10 450 896.16 753.9 2.096 4.355 39.17 
10 500 838.02 977.1 2.566 4.602 30.79 
10 550 761.82 1218 3.027 5.140 23.53 
10 584.15 688.42 1408 3.360 6.123 18.70 
10 584.15 55.463 2725 5.616 7.140 1.404 
10 600 49.773 2820 5.775 5.136 1.365 
10 650 40.479 3022 6.100 3.396 1.267 
10 700 35.355 3177 6.330 2.874 1.214 
10 750 31.810 3314 6.520 2.645 1.179 
10 800 29.107 3443 6.686 2.531 1.154 
10 850 26.933 3568 6.838 2.473 1.134 
10 900 25.123 3691 6.978 2.445 1.118 
10 950 23.580 3813 7.110 2.436 1.105 
10 1000 22.241 3935 7.235 2.439 1.095 
10 1050 21.063 4057 7.354 2.450 1.086 
10 1100 20.017 4180 7.469 2.466 1.078 
10 1150 19.078 4304 7.579 2.485 1.072 
10 1200 18.230 4429 7.685 2.507 1.066 
100 273.16 1045.3 95.4 -0.008 3.905 91.83 
100 300 1037.2 201.4 0.362 3.979 81.22 
100 325 1026.6 301.3 0.682 4.008 72.58 
100 350 1013.6 401.7 0.979 4.025 64.95 
100 375 998.59 502.6 1.258 4.040 58.19 
100 400 981.82 603.7 1.518 4.056 52.20 
100 450 943.51 807.8 1.999 4.110 42.15 
100 500 899.21 1015 2.436 4.196 34.15 
100 550 848.78 1228 2.842 4.323 27.67 
100 600 791.49 1448 3.225 4.501 22.29 
100 647.10 730.24 1665 3.573 4.733 17.97 
100 650 72621 1679 3.595 4.750 17.72 
100 700 651.77 1925 3.958 5.083 13.75 
100 750 568.52 2188 4.322 5.449 10.34 
100 800 482.23 2466 4.681 5.610 7.562 
100 850 404.66 2742 5.016 5.380 5.571 
100 900 343.61 3000 5.310 4.887 4.284 
100 950 298.61 3231 5.560 4.382 3.477 
100 1000 265.45 3440 5.774 3.978 2.956 
100 1050 240.32 3631 5.961 3.683 2.601 
100 1100 220.62 3809 6.127 3.471 2.347 
100 1150 204.71 3979 6.278 3.319 2.158 
100 1200 191.53 4142 6.417 3.209 2.011 
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PERMITTIVITY (DIELECTRIC CONSTANT) ОЕ WATER АТ VARIOUS FREQUENCIES 


The permittivity of liquid water in the radiofrequency and microwave regions can be represented by the Debye equation (References 1 and 2): 


where € = €’ + i =” is the (complex) relative permittivity (i.e., the absolute permittivity divided by the permittivity of free space & = 8.854-10-'? Е 
пг! ). Here g, is the static permittivity (see Reference 3 and the table “Properties of Water in the Range 0—100°С” in this Section); & is a parameter 
describing the permittivity in the high frequency limit; т is the relaxation time for molecular orientation; and œ = 27f is the angular frequency. The 
values in this table have been calculated from parameters given in Reference 2: 


0°С 25°С 50°С 
=. 57 52 40 
«/ps 17.67 827 4.75 


Other useful quantities that can be calculated from the values in the table are the loss tangent: 
(апд = £"/£' 
and the absorption coefficient œ which describes the power attentuation per unit length (P = Po e^: 


р 
qa 


сү” 
апа c is the speed of light. The last equation is valid when &”/=” << 1. 
REFERENCES 
1. Fernendez, D.P., Mulev, Y., Goodwin, A.R.H., and Levelt Sengers, J.M.H., J. Phys. Chem. Ref. Data, 24, 33, 1995. 


2. Kaatze, U., J. Chem. Eng. Data, 34, 371, 1989. 
3. Archer, D.G., and Wang, P., J. Phys. Chem. Ref. Data, 12, 817, 1983. 


0°C 25°C 50°C 
Frequency g =” = =” = =” 
0 87.90 0.00 78.36 0.00 69.88 0.00 
1 kHz 87.90 0.00 78.36 0.00 69.88 0.00 
1 MHz 87.90 0.01 78.36 0.00 69.88 0.00 
10 МН2 87.90 0.09 78.36 0.04 69.88 0.02 
100 MHz 87.89 0.91 78.36 0.38 69.88 0.20 
200 MHz 87.86 1.82 78.35 0.76 69.88 0.39 
500 MHz 87.65 4.55 78.31 1.90 69.87 0.98 
1 GHz 86.90 9.01 78.16 3.79 69.82 1.96 
2 GHz 84.04 17.39 77.58 7.52 69.65 3.92 
3 GHz 79.69 24.64 76.62 11.13 69.36 5.85 
4 GHz 74.36 30.49 75.33 14.58 68.95 7.75 
5 GHz 68.54 34.88 73.73 17.81 68.45 9.62 
10 GHz 42.52 40.88 62.81 29.93 64.49 18.05 
20 GHz 19.56 30.78 40.37 36.55 52.57 28.99 
30 GHz 12.50 22.64 26.53 33.25 40.57 32.74 
40 GHz 9.67 17.62 18.95 28.58 31.17 32.43 
50 GHz 8.28 14.34 14.64 24.53 24.42 30.47 
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THERMOPHYSICAL PROPERTIES OF FLUIDS 


These tables give thermodynamic and transport properties of some important fluids, as generated from the equations of state presented in the 
references below. The properties tabulated are density (р), energy (£), enthalpy (Н), entropy (S), isochoric heat capacity (C,), isobaric heat capacity 
(C,), speed of sound (v), viscosity (1), thermal conductivity (À), and dielectric constant (D). АП extensive properties are given оп a molar basis. Not 
all properties are included for every substance. The references should be consulted for information on the uncertainties and the reference states for 
E, H, and S. 

Values are given as a function of temperature for several isobars. The phase can be determined by noting the sharp decrease in density between 
two successive temperature entries; all lines above this point refer to the liquid phase, and all lines below refer to the gas phase. If there is no sharp 
discontinuity in density, all data in the table refer to the supercritical region (i.e., the isobar is above the critical pressure). 


REFERENCES 
1. Younglove, B.A., Thermophysical Properties of Fluids. Part I, J. Phys. Chem. Ref. Data, 11, Suppl. 1, 1982. 


2. Younglove, B.A., and Ely, J.F., Thermophysical Properties of Fluids. Part II, J. Phys. Chem. Ref. Data, 16, 577, 1987. 
3. McCarty, R.D., Thermodynamic Properties of Helium, J. Phys. Chem. Ref. Data, 2, 923, 1973. 


Nitrogen (№) 

T р Е Н 5 С, с, 1 3, р 

к mol/L J/mol J/mol J/mol K J/mol K J/mol K uPas mW/m K 
P = 0.1 MPa (1 bar) 
70 30.017 —3828 -3824 73.8 28.5 572 203.9 143.5 1.45269 
71.25 28.881 -3411 -3407 79.5 27.8 57.8 1522 133.8 1.43386 
77.25 0.163 1546 2161 151.6 21.6 31.4 5:3. 7.6 1.00215 
100 0.123 2041 2856 159.5 214 30.0 6.8 9.6 1.00162 
200 0.060 4140 5800 179.9 20.8 29.2 12.9 18.4 1.00079 
300 0.040 6223 8717 191.8 20.8 29.2 18.0 25.8 1.00053 
400 0.030 8308 11635 200.2 20.9 29.2 222 32.3 1.00040 
500 0.024 10414 14573 206.7 212 29.6 26.1 38.5 1.00032 
600 0.020 12563 17554 2122 21.8 30.1 29.5 44.5 1.00026 
700 0.017 14770 20593 216.8 22.4 30.7 32.8 50.5 1.00023 
800 0.015 17044 23698 221.0 23.1 31.4 35.8 56.3 1.00020 
900 0.013 19383 26869 224.7 23.7 32.0 38.7 62.0 1.00017 
1000 0.012 21786 30103 228.1 24.3 32.6 41.5 67.7 1.00016 
1500 0.008 34530 47004 241.8 26.4 34.7 54.0 93.3 1.00010 
P = 1 MPa 
70 30.070 -3838 -3805 73.6 28.9 56.9 205.9 144.1 1.45355 
80 28.504 -3267 -3232 81.3 27.8 57.7 139.5 130.7 1.42760 
90 26.721 —2685 —2648 88.2 26.7 59.4 100.1 115.3 1.39824 
100 24.634 -2073 -2032 94.6 26.2 64.4 73.1 98.5 1.36417 
103.75 23.727 -1828 -1786 97.1 26.2 67.8 64.8 91.8 1.34947 
103.75 1.472 1788 2467 138.1 24.1 45.0 7.6 12.5 1.01954 
200 0.614 4048 5675 160.3 21.0 30.4 132 19.3 1.00812 
300 0.402 6171 8661 172.5 20.9 29.6 18.1 26.3 1.00529 
400 0.300 8273 11609 180.9 20.9 29.5 224 32.7 1.00395 
500 0.240 10389 14563 187.5 21.3 29.7 26.1 38.8 1.00315 
600 0.200 12544 17554 193.0 21.8 30.2 29.6 44.8 1.00262 
700 0.171 14756 20600 197.7 22.4 30.8 32.8 50.7 1.00224 
800 0.150 17032 23709 201.8 23.1 31.4 35.9 56.5 1.00196 
900 0.133 19374 26884 205.6 23.7 32.1 38.8 62.2 1.00174 
1000 0.120 21778 30121 209.0 24.3 32.7 41.5 67.8 1.00157 
1500 0.080 34527 47029 222.7 26.4 34.8 54.0 93.4 1.00104 
Р-10МРа 
65.32 31.120 -4176 -3855 68.6 31.8 53.8 275.1 153.8 1.47067 
100 26.201 -2328 -1946 92.0 27.4 56.3 90.2 112.3 1.38942 
200 7.117 3037 4442 136.4 22.7 45.5 17.6 30.4 1.09698 
300 3.989 5667 8174 151.7 21.4 33.4 20.1 31.9 1.05347 
400 2.898 7941 11392 161.0 21.3 31.3 23.7 36.7 1.03860 
500 2.302 10148 14492 167.9 21.5 30.8 27 42.0 1.03055 
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THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


T р Е Н 5 C, C, 1 3 р 

K mol/L J/mol J/mol J/mol K J/mol K J/mol K пра s mW/m K 
600 1.918 12361 17575 173.5 21.9 30.9 30.4 47.4 1.02538 
700 1.647 14613 20683 178.3 22.5 31.3 33.5 53.0 1.02175 
800 1.445 16919 23837 182.5 23.2 31.8 36.4 58.6 1.01904 
900 1.288 19283 27046 186.3 23.8 32.4 39.3 64.1 1.01694 
1000 1.162 21705 30308 189.8 24.4 32.9 42.0 69.6 1.01526 
1500 0.783 34504 47283 203.5 26.5 34.8 54.3 94.7 1.01020 

Oxygen (О;) 
Т р Е Н 5 C, C, 1 X D 
K mol/L J/mol J/mol J/mol K J/mol K J/mol K uPas mW/m K 


P = 0.1 MPa (1 bar) 


60 40.049 —5883 —5880 72.4 34.9 53.4 425.2 188.2 1.55619 
80 37.204 -4814 -4812 87.7 31.0 53.6 251.7 166.1 1.51114 
100 0.123 2029 2840 172.9 21.4 30.5 75 9.3 1.00146 
120 0.102 2458 3442 178.4 21.0 29.8 9.0 11.2 1.00121 
140 0.087 2881 4035 182.9 20.9 29.5 10.5 13.1 1.00103 
160 0.076 3301 4624 186.9 20.9 29.4 11.9 15.0 1.00090 
180 0.067 3720 5210 190.3 20.8 29.3 13.3 16.7 1.00080 
200 0.060 4138 5796 193.4 20.8 29.3 14.6 18.4 1.00072 
220 0.055 4556 6381 196.2 20.8 29.3 15.9 20.1 1.00065 
240 0.050 4974 6966 198.8 20.9 29.3 17.2 21.7 1.00060 
260 0.046 5393 7552 201.1 20.9 29.3 18.4 232 1.00055 
280 0.043 5812 8138 203.3 21.0 29.4 19.5 24.8 1.00051 
300 0.040 6234 8726 205.3 21.1 29.4 20.6 26.3 1.00048 
320 0.038 6657 9316 207.2 21.2 29.5 21.7 27.8 1.00045 
340 0.035 7082 9908 209.0 21.3 29.7 22.8 29.3 1.00042 
360 0.033 7510 10503 210.7 21.5 29.8 23.8 30.8 1.00040 
380 0.032 7941 11100 212.3 21.6 30.0 24.8 32.2 1.00038 
Р=1МРа 

60 40.084 —5887 —5863 72.3 34.9 53.3 428.5 188.4 1.55674 
80 37.254 —4822 -4795 87.6 31.0 53.5 253.8 166.4 1.51192 
100 34.153 -3741 -3712 99.7 28.5 552 155.6 137.9 1.46381 
120 1.198 2163 2997 156.7 24.0 40.6 9.4 13.9 1.01429 
140 0.950 2683 3735 162.4 22.2 34.4 10.8 14.9 1.01133 
160 0.802 3151 4398 166.8 21.5 322 12.2 16.3 1.00955 
180 0.698 3598 5030 170.5 21.2 31.2 13.5 17.7 1.00831 
200 0.620 4035 5647 173.8 214 30.6 14.8 19.3 1.00738 
220 0.559 4466 6255 176.7 21.0 30.3 16.1 20.8 1.00665 
240 0.509 4894 6858 179.3 21.0 30.1 17.3 22.3 1.00606 
260 0.468 5321 7458 181.7 21.0 29.9 18.5 23.8 1.00556 
280 0.433 5748 8056 183.9 21.1 29.9 19.6 25.2 1.00515 
300 0.403 6174 8654 186.0 21.1 29.9 20.7 26.7 1.00479 
320 0.377 6602 9252 187.9 212 29.9 21.8 28.2 1.00448 
340 0.355 7032 9851 189.7 21.4 30.0 22.8 29.6 1.00421 
360 0.335 7463 10452 191.4 21.5 30.1 23.9 31.1 1.00397 
380 0.317 7898 11056 193.1 21.7 302 24.9 32.6 1.00376 
Р = 10 MPa 

60 40.419 —5931 —5684 71.5 35.1 53.0 461.8 189.9 1.56210 
80 37.727 -4893 -4628 86.7 31.6 52.7 274.4 168.6 1.51936 
100 34.881 -3856 -3570 98.5 29.1 53.4 171.0 141.2 1.47500 
120 31.721 -2796 -2481 108.4 27.3 55.9 113.0 115.1 1.42677 
140 27.890 -1662 -1304 117.5 26.2 62.9 76.3 91.8 1.36972 
160 22.379 -322 125 127.0 26.1 84.8 48.6 712 1.29037 
180 13.232 1489 2245 139.5 26.6 105.9 26.2 46.8 1.16560 
200 8.666 2681 3835 147.9 24.0 60.6 212 34.0 1.10650 
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Т р 

к mol/L 
220 6.868 
240 5.836 
260 5.134 
280 4.613 
300 4.205 
320 3.874 
340 3.598 
360 3.363 
380 3.161 

T p 

K mol/L 
P =0.1 MPa (1 bar) 
15 37.738 
20 35.278 
40 0.305 
60 0.201 
80 0.151 
100 0.120 
120 0.100 
140 0.086 
160 0.075 
180 0.067 
200 0.060 
220 0.055 
240 0.050 
260 0.046 
280 0.043 
300 0.040 
400 0.030 
Р-1МРа 
15 38.109 
20 35.852 
40 3.608 
60 2.098 
80 1,523 
100 1.204 
120 0.999 
140 0.854 
160 0.747 
180 0.663 
200 0.597 
220 0.543 
240 0.498 
260 0.460 
280 0.427 
300 0.399 
400 0.299 
Р-10МРа 
20 39.669 
40 31.344 
60 21.273 
80 14.830 
100 11.417 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


E 
J/mol 


3424 
4029 
4573 
5086 
5581 
6063 
6538 
7009 
7477 


Н 
J/mol 


4880 
5742 
6521 
7254 
7959 
8645 
9318 
9982 
10641 


S 
J/mol K 


152.9 
156.6 
159.7 
162.5 
164.9 
167.1 
169.1 
171.0 
172.8 


С, 


J/mol К 


22.6 
22.0 
21.8 
21.6 
21.6 
21.7 
21.8 
21.9 
22.0 


Hydrogen (Н,) 


5 
J/mol K 


112 
15.8 
75.6 
84.3 
90.7 
96.4 
101.6 
106.4 
110.8 
114.7 
118.1 
121.2 
123.9 
126.4 
128.6 
130.7 
139.2 


10.9 
15.5 
54.1 
64.3 
71.1 
77.0 
82.3 
8741 
91.5 
95.4 
98.9 
102.0 
104.7 
107.2 
109.5 
111.5 
120.1 


13.0 
27.3 
39.7 
48.8 
55.8 
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C, 


J/mol K 
46.4 
40.6 
37.6 
35.8 
34.7 
33.9 
33.4 
33.0 
32.8 


C, 
J/mol K 


9.7 
11.3 
12.5 
13.1 
15.3 
18.7 
21.8 
23.8 
24.6 
24.6 
24.1 
23.4 
22.8 
22.3 
21.9 
21.6 
21.0 


10.1 
11.4 
12.9 
13.2 
15.4 
18.8 
21.9 
23.9 
24.7 
24.6 
24.1 
23.5 
22.9 
22.3 
21.9 
21.6 
21.0 


10.9 
13.2 
13.8 
15.9 
19.3 


1 
uPa s 


20.5 
20.8 
21.4 
22.1 
22.9 
23.7 
24.6 
25.4 
26.3 


C, 
J/mol K 


14.4 
19.1 
21.3 
21.6 
23.7 
27.1 
30.2 
322 
33.0 
32.9 
32.4 
31.8 
312 
30.6 
30.2 
29.9 
29.3 


14.1 
18.4 
28.4 
23.5 
24.7 
27.7 
30.6 
32.5 
332 
33.1 
32.5 
31.9 
312 
30.7 
30.3 
30.0 
29.4 


15.0 
27.0 
32.5 
31.1 
31.9 


D 


1.08380 
1.07090 
1.06219 
1.05575 
1.05073 
1.04667 
1.04329 
1.04043 
1.03796 


1.24827 
1.23093 
1.00186 
1.00122 
1.00091 
1.00073 
1.00061 
1.00052 
1.00046 
1.00041 
1.00037 
1.00033 
1.00030 
1.00028 
1.00026 
1.00024 
1.00018 


1.25089 
1.23496 
1.02209 
1.01280 
1.00928 
1.00733 
1.00608 
1.00520 
1.00454 
1.00404 
1.00363 
1.00330 
1.00303 
1.00279 
1.00259 
1.00242 
1.00182 


1.26198 
1.20354 
1.13527 
1.09303 
1.07109 


Т р 

к mol/L 
120 9.357 
140 7.969 
160 6.963 
180 6.195 
200 5.588 
220 5.094 
240 4.683 
260 4.336 
280 4.038 
300 3.780 
400 2.869 
T р 
к mol/L 


P = 0.1 MPa (1 bar) 


3 35.794 
4 32.477 
5 2.935 
10 1.238 
20 0.602 
50 0.240 
100 0.120 
200 0.060 
300 0.040 
400 0.030 
500 0.024 
600 0.020 
700 0.017 
800 0.015 
900 0.013 
1000 0.012 
1500 0.008 
Р = 1 МРа 

3 39.703 
4 38.210 
5 35.818 
10 15.378 
20 6.067 
50 2.353 
100 1.186 
200 0.597 
300 0.399 
400 0.300 
500 0.240 
600 0.200 
700 0.172 
800 0.150 
900 0.133 
1000 0.120 
1500 0.080 
Р-10МРа 

4 51.978 
2 51.118 
10 46.872 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


E 
J/mol 


1571 
2068 
2583 
3099 
3604 
4094 
4569 
5030 
5481 
5924 
8073 


H 
J/mol 


2640 
3323 
4020 
4713 
5393 
6057 
6704 
7336 
7958 
8570 


11559 


H 
J/mol 


Helium (He-4) 


S 


9.8 
13.3 
391 
55.2 
69.9 
89.0 

103.4 
117.8 
126.3 
132.3 
136.9 
140.7 
143.9 
146.7 
149.1 
151.3 
159.7 


8.6 
11.2 
14.0 
32.2 
49.8 
69.8 
84.3 
98.7 

107.1 
113.1 
117.8 
121.5 
124.7 
127.5 
130.0 
132.2 
140.6 


6.7 
8.5 
16.6 


5 
J/mol K 


61.8 
67.0 
717 
75.7 
79.3 
82.5 
85.3 
87.8 
90.1 
92.3 
100.9 


J/mol К 


6-17 


С, 
J/mol K 


22.4 
24.3 
25.0 
24.9 
24.4 
23.7 
23.1 
22.6 
22.1 
21.8 
212 


C, C, 
J/mol K J/mol K 
7.6 9.4 
9.1 16.3 
ТАЗ 27.1 
12:5 217 
12.5 21.0 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
7.1 7.8 
8.3 10.9 
9.7 15.1 
12.3 30.5 
12.6 22.9 
12.5 21.1 
12.5 20.9 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
12.5 20.8 
6.0 7.3 
7.9 9.3 
11.0 14.5 


C, 
J/mol K 


33.5 
34.6 
34.9 
34.4 
33.6 
32.8 
32.0 
31.3 
30.8 
30.4 
29.6 


D 


1.05801 
1.04925 
1.04294 
1.03814 
1.03436 
1.03129 
1.02874 
1.02659 
1.02475 
1.02315 
1.01753 


1.05646 
1.05114 
1.00456 
1.00192 
1.00093 
1.00037 
1.00019 
1.00009 
1.00006 
1.00005 
1.00004 
1.00003 
1.00003 
1.00002 
1.00002 
1.00002 
1.00001 


1.06274 
1.06034 
1.05650 
1.02402 
1.00943 
1.00365 
1.00184 
1.00093 
1.00062 
1.00046 
1.00037 
1.00031 
1.00027 
1.00023 
1.00021 
1.00019 
1.00012 


1.08262 
1.08122 
1.07432 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


T P E H S C, C, LA 1 р 
к mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s uPas 
20 37.092 154 423 29.5 12.6 20.7 498 6.99 1.05854 
50 19.192 572 1093 49.9 12.9 22.4 541 8.07 1.03003 
100 10.525 1231 2181 65.0 12.8 213 674 10.93 1.01640 
200 5.605 2500 4284 79.6 12.6 20.9 889 15.82 1.00871 
300 3.829 3755 6367 88.0 12.6 20.8 1063 20.25 1.00595 
400 2.908 5006 8445 94.0 12.6 20.8 1212 24.54 1.00452 
500 2.344 6256 10522 98.6 12.5 20.8 1346 28.56 1.00364 
600 1.963 7505 12599 102.4 12.5 20.8 1467 32.38 1.00305 
700 1.689 8754 14676 105.6 12.5 20.8 1580 36.04 1.00262 
800 1.481 10003 16753 108.4 12.5 20.8 1685 39.56 1.00230 
900 1.320 11252 18830 110.9 12.5 20.8 1784 42.96 1.00205 
1000 1.189 12500 20907 113.0 12.5 20.8 1877 46.26 1.00185 
1500 0.797 18742 31294 121.5 12.5 20.8 2289 61.62 1.00124 
Argon (Ar) 
T p E H S C, C, у; 1 À 
K mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s uPas mW/m K 


P = 0.1 MPa (1 bar) 


85 35.243 -4811 -4808 53.6 23.1 44.7 820 278.8 132.4 
90 0.138 1077 1802 129.4 13.1 22.5 174 7.5 6.0 
100 0.123 1211 2024 131.8 12.9 21.9 184 8.2 6.6 
120 0.102 1471 2456 135.7 12.6 21.4 203 9.8 7.8 
140 0.087 1727 2881 139.0 12.6 21.1 220 11.4 9.0 
160 0.076 1980 3302 141.8 12.5 21.0 235 13.0 10.2 
180 0.067 2232 3722 144.3 12.5 21.0 250 14.5 11.4 
200 0.060 2483 4141 146.5 12.5 20.9 263 16.0 12.5 
220 0.055 2734 4559 148.5 12.5 20.9 276 17.5 13.7 
240 0.050 2984 4976 150.3 12.5 20.9 289 18.9 14.8 
260 0.046 3234 5394 152.0 12.5 20.9 300 20.3 15.8 
280 0.043 3484 5811 153.5 12.5 20.8 312 21.6 16.9 
300 0.040 3734 6227 155.0 12.5 20.8 323 22.9 17.9 
320 0.038 3984 6644 156.3 12.5 20.8 333 242 18.9 
340 0.035 4234 7060 157.6 12.5 20.8 344 25.4 19.9 
360 0.033 4484 7477 158.7 12.5 20.8 354 26.6 20.8 
380 0.032 4734 7893 159.9 12.5 20.8 363 27.8 21.7 
Р = 1 MPa 

85 35.307 —4820 -4792 53.5 23.1 44.6 823 281.3 133.0 
90 34.542 -4598 -4569 56.1 21.6 44.7 808 242.7 124.2 
100 32.909 -4145 -4115 60.9 19.9 462 753 185.0 109.2 
120 1.181 1210 2057 114.3 14.7 30.1 189 10.3 9.3 
140 0.945 1544 2603 118.5 13.5 25.4 212 11.8 10.1 
160 0.799 1838 3089 121.8 13.0 23.6 231 13.3 11.1 
180 0.697 2116 3551 124.5 12.8 22.7 247 14.8 12.1 
200 0.619 2384 3999 126.9 12.7 222 262 16.3 132 
220 0.559 2648 4438 128.9 12.6 21.8 275 17.7 142 
240 0.509 2908 4873 130.8 12.6 21.6 288 191 15.3 
260 0.468 3167 5304 132.6 12.6 21.5 301 20.4 16.3 
280 0.433 3423 5732 134.2 12.6 21.4 312 21.8 17.3 
300 0.403 3679 6159 135.6 12.5 21.3 324 23.1 18.3 
320 0.377 3934 6583 137.0 12.5 212 334 24.3 19.2 
340 0.355 4188 7007 138.3 12.5 212 345 25.5 20.2 
360 0.335 4441 7429 139.5 12.5 214 355 26.7 21.1 
380 0.317 4694 7851 140.6 12.5 21.1 365 27.9 22.0 
Р = 10 MPa 

90 35.208 -4694 -4410 55.0 21.9 432 846 265.2 129.5 


6-18 


Т р Е 

к mol/L J/mol 
100 33.744 -4271 
120 30.525 -3396 
140 26.609 -2447 
160 20.816 -1279 
180 12.296 228 
200 8.442 1118 
220 6.776 1661 
240 5.787 2087 
260 5.105 2458 
280 4.596 2798 
300 4.195 3119 
320 3.869 3427 
340 3.596 3726 
360 3.364 4017 
380 3.164 4303 
Т р Е 

к mol/L J/mol 


P = 0.1 MPa (1 bar) 


100 27.370 —5258 
125 0.099 3026 
150 0.081 3667 
175 0.069 4301 
200 0.061 4935 
225 0.054 5571 
250 0.048 6216 
275 0.044 6875 
300 0.040 7552 
325 0.037 8252 
350 0.034 8979 
375 0.032 9737 
400 0.030 10528 
425 0.028 11354 
450 0.027 12215 
500 0.024 14047 
600 0.020 18111 
Р=1МРа 

100 27.413 —5268 
125 25.137 —3882 
150 0.969 3282 
175 0.765 4041 
200 0.644 4736 
225 0.560 5410 
250 0.497 6081 
275 0.448 6758 
300 0.408 7449 
325 0.375 8160 
350 0.347 8897 
375 0.323 9662 
400 0.302 10460 
425 0.284 11291 
450 0.268 12157 
500 0.241 13997 
600 0.200 18073 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


H 
J/mol 


—3974 
—3069 
-2072 
-199 
1042 
2302 
3137 
3815 
4416 
4974 
5503 
6012 
6506 
6989 
7464 


5 


J/mol K 


59.6 
67.8 
75.5 
83.9 
94.8 
101.4 
105.4 
108.4 
110.8 
112.9 
114.7 
116.3 
117.8 
119.2 
120.5 


5 


J/mol K 


73.0 
156.5 
162.7 
168.0 
172.5 
176.5 
180.1 
183.4 
186.4 
189.4 
192.1 
194.8 
197.4 
199.9 
202.3 
207.1 
216.0 


72.9 

85.3 
140.9 
147.3 
152.3 
156.6 
160.4 
163.8 
167.0 
169.9 
172.8 
175.5 
178.1 
180.6 
183.1 
187.8 
196.8 


С, 


J/mol К 


20.4 
18.8 
17.6 
17.4 
17.3 
15.3 
14.2 
13.7 
13.4 
13.2 
13.1 
13.0 
13.0 
12.9 
12.9 


Methane (СН,) 


С, 


J/mol К 


33.4 
25.4 
25.2 
25.2 
25.3 
25.5 
26.0 
26.6 
27.5 
28.5 
29.7 
30.9 
32.3 
33.7 
352 
38.0 
42.9 


33.4 
32.4 
27.9 
26.4 
25.9 
25.9 
26.2 
26.8 
27.6 
28.6 
29.7 
31.0 
32.4 
33.8 
352 
38.1 
43.0 


6-19 


С 


р 
J/mol K 


44.0 
46.9 
54.1 
78.6 
83.6 
48.6 
36.8 
31.6 
28.8 
27.1 
25.9 
25.0 
24.4 
23.9 
23.5 


C, 


P 
J/mol K 


54.1 
34.6 
34.0 
33.8 
33.8 
34.0 
34.4 
35.0 
35.9 
36.9 
38.0 
39.3 
40.7 
42.1 
43.5 
46.4 
51.3 


54.0 
57.4 
45.2 
38.9 
36.8 
36.0 
35.8 
36.1 
36.7 
37.6 
38.6 
39.8 
41.1 
42.4 
43.8 
46.6 
51.4 


Vs 


10.4 
112 
12.0 
12.8 
13.5 
14.3 
15.0 
15.7 
17.0 
19.4 


158.1 
89.2 
6.2 
7.1 
8.0 
8.9 
9.7 
10.6 
11.4 
12.1 
12.9 
13.6 
14.4 
15.1 
15.7 
17.0 
19.5 


1 
Ра $ 


205.0 
1312 
85.9 
51.3 
27.8 
23.3 
22.8 
232 
23.9 
24.8 
25.7 
26.7 
27.7 
28.7 
29.7 


3, 
mW/m K 


115.1 
92.1 
717 
52.8 
32.0 
23.6 
21.6 
21.3 
21.4 
21.8 
223 
22.9 
235 
242 
24.9 


1.65504 
1.00193 
1.00159 
1.00136 
1.00119 
1.00105 
1.00095 
1.00086 
1.00079 
1.00073 
1.00068 
1.00063 
1.00059 
1.00056 
1.00053 
1.00047 
1.00039 


1.65617 
1.59261 
1.01911 
1.01507 
1.01268 
1.01102 
1.00979 
1.00882 
1.00803 
1.00738 
1.00683 
1.00636 
1.00595 
1.00559 
1.00527 
1.00474 
1.00394 


Т 
K 


mol/L 


P = 0.1 MPa (1 bar) 


95 

100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
450 
500 
600 


Р- 
95 

100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 


21.50 
21.32 
20.41 
19.47 
18.49 
0.062 
0.054 
0.049 
0.044 
0.040 
0.037 
0.035 
0.032 
0.030 
0.027 
0.024 
0.020 


21.514 
21.334 
20.427 
19.494 
18.515 
17.464 
16.288 
0.564 
0.489 
0.435 
0.393 
0.360 
0.333 
0.310 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


H 
J/mol 


—5003 
—3648 
—2229 
—689 
1144 
3628 
5714 
7195 
8454 
9622 
10753 
11874 
12999 
14138 
15298 
17692 
22795 


5 
J/mol K 


72.0 

84.1 

94.4 
103.9 
113.6 
125.3 
134.1 
139.8 
144.2 
147.9 
151.3 
154.4 
157.3 
160.0 
162.7 
167.7 
177.0 


C, 
J/mol K 


33.8 
327 
31.4 
30.3 
30.1 
30.8 
29.3 
28.7 
28.9 
29.6 
30.5 
31.7 
32.9 
34.3 
35.7 
38.5 
43.3 


Ethane (C2H6) 


S 
J/mol K 


80.2 

83.8 

99.3 
112.1 
123.1 
210.1 
215.4 
220.3 
224.9 
229.4 
233.8 
238.1 
242.3 
246.4 
254.5 
262.4 
271.6 


80.2 

83.7 

99.2 
112.0 
123.0 
132.7 
141.8 
198.7 
204.1 
209.0 
213.7 
218.1 
222.5 
226.7 


6-20 


C, 
J/mol K 


253.2 
55.3 
58.6 
65.5 
84.7 
102.2 
67.4 
53.4 
48.0 
45.8 
44.9 
44.8 
45.2 
46.0 
46.9 
48.9 
52.9 


C, 
J/mol K 


472 
47.1 
45.0 
43.4 
42.7 
34.5 
36.5 
38.9 
41.6 
44.5 
47.6 
50.7 
54.0 
572 
63.6 
69.7 
80.9 


47.3 
472 
45.0 
43.4 
42.7 
42.9 
43.8 
41.6 
43.2 
45.5 
48.3 
51.3 
54.4 
57.5 


Ц 
uPas 


175.4 
100.4 
65.7 
44.9 
29.4 
17.6 
14.3 
13.8 
13.9 
14.3 
14.7 
15.2 
15.8 
16.3 
16.9 
18.0 
20.2 


J/mol K 


68.7 
69.3 
69.8 
70.4 
72.1 
43.8 
45.5 
47.7 
50.2 
53.1 
56.1 
59.2 
62.4 
65.6 
72.0 
78.1 
89.3 


68.7 
69.3 
69.8 
70.3 
72.0 
74.9 
80.2 
57.5 
56.2 
572 
591 
61.5 
64.2 
67.1 


3, 
mW/m К 


217 
178.8 
144.6 
113.4 

85.8 
61.0 
47.6 
44.1 
44.6 
46.6 
49.2 
52.3 
55.7 
59.4 
63.3 
71.6 
88.3 


1.66668 
1.60895 
1.54553 
1.47021 
1.36789 
1.22352 
1.14481 
1.11297 
1.09513 
1.08322 
1.07450 
1.06773 
1.06227 
1.05775 
1.05392 
1.04775 
1.03911 


1.93480 
1.92500 
1.87634 
1.82726 
1.77671 
1.00208 
1.00183 
1.00164 
1.00148 
1.00136 
1.00125 
1.00116 
1.00108 
1.00101 
1.00090 
1.00081 
1.00067 


1.93537 
1.92560 
1.87709 
1.82823 
1.77800 
1.72513 
1.66733 
1.01909 
1.01650 
1.01467 
1.01327 
1.01214 
1.01121 
1.01043 


THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


T р Е Н 5 С, с, Ys D 

K mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s 
450 0.272 17367 21038 234.9 63.8 73.0 370 1.00917 
500 0.244 20730 24836 242.9 69.9 78.9 390 1.00819 
600 0.201 28313 33278 258.3 81.0 89.8 427 1.00677 
P = 10 MPa 
95 21.624 -14626 -14163 79.5 47.4 68.5 2000 1.94104 
100 21.448 -14286 -13819 83.0 47.4 69.1 1974 1.93146 
125 20.570 -12572 -12086 98.5 45.5 69.3 1814 1.88436 
150 19.678 -10858 -10350 111.1 43.9 69.6 1637 1.83753 
175 18.758 -9130 -8596 121.9 43.3 70.8 1459 1.79010 
200 17.793 -7363 -6801 131.5 43.5 73.0 1284 1.74134 
225 16.760 —5535 -4938 140.3 44.3 76.4 1110 1.69017 
250 15.620 -3609 -2969 148.6 45.8 81.5 935 1.63488 
275 14.301 -1539 -839 156.7 47.9 89.4 758 1.57249 
300 12.666 757 1547 165.0 50.8 102.7 577 1.49740 
325 10.398 3443 4404 174.1 54.7 1291 399 1.39745 
350 7.292 6643 8015 184.8 58.8 150.1 290 1.26832 
375 5.182 9419 11349 194.1 60.0 115.7 289 1.18570 
400 4.182 11577 13968 200.8 61.4 96.9 310 1.14797 
450 3.204 15379 18500 211.5 65.8 87.5 347 1.11193 
500 2.677 19135 22870 220.7 71.2 88.0 378 1.09288 
600 2.076 27160 31978 237.3 81.8 94.7 427 1.07142 

Propane (С;Н;) 

Т р Е Н 5 С, с, 2 р 
к mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s 


P = 0.1 MPa (1 bar) 


90 16.526 —21486 -21426 87.3 59.2 84.5 2126 2.07988 
100 16.295 —20639 -20577 96.2 59.6 85.2 2041 2.05806 
125 15.726 -18495 -18432 115.4 59.2 86.5 1856 2.00674 
150 15.156 -16319 -16253 131.3 58.9 88.0 1685 1.95796 
175 14.577 -14096 -14028 145.0 59.5 90.3 1521 1.91036 
200 13.982 -11806 -11735 157.3 61.0 93.5 1359 1.86300 
225 13.339 -9395 -9387 168.5 63.4 97.9 1197 1.81487 
250 0.050 9194 11213 257.6 572 66.8 228 1.00238 
275 0.045 10691 12930 264.1 61.6 70.7 239 1.00215 
300 0.041 12297 14752 270.5 66.2 75.1 249 1.00195 
325 0.037 14019 16689 276.7 71.1 79.8 259 1.00179 
350 0.035 15862 18744 282.8 76.0 84.6 269 1.00166 
375 0.032 17827 20921 288.8 80.9 89.5 278 1.00154 
400 0.030 19912 23217 294.7 85.7 94.3 286 1.00144 
450 0.027 24441 28166 306.4 95.2 103.6 303 1.00128 
500 0.024 29428 33573 3177 104.1 112.6 318 1.00115 
600 0.020 40677 45658 339.7 120.4 128.8 347 1.00095 
Р = 1 MPa 

90 16.526 -21486 -21426 872 59.3 84.5 2128 2.08034 
100 16.295 -20639 -20577 96.2 59.7 85.2 2043 2.05856 
125 15.726 -18495 -18432 115.3 59.2 86.4 1859 2.00736 
150 15.156 -16319 -16253 131.2 59.0 88.0 1690 1.95873 
175 14.577 -14096 -14028 144.9 59.6 90.2 1526 1.91132 
200 13.982 -11806 -11735 157.2 61.1 93.4 1365 1.86421 
225 13.361 -9424 -9349 168.4 63.4 97.7 1205 1.81642 
250 12.696 -6919 -6840 179.0 66.4 103.3 1045 1.76672 
275 11.962 -4252 -4169 189.1 70.0 110.8 881 1.71316 
300 11.102 -1360 -1270 199.2 74.1 121.9 708 1.65216 
325 0.428 13278 15614 255.2 74.1 89.6 233 1.02067 
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THERMOPHYSICAL PROPERTIES OF FLUIDS (continued) 


E 
J/mol 


15259 
17318 
19472 
24092 
29137 
40455 


-21553 
-20714 
-18595 
-16448 
-14261 
-12016 
-9692 
-7268 
-4721 
-2027 
843 
3924 
7270 
10957 
18845 
25567 
38131 


Н 
J/mol 


17869 
20183 
22582 
27672 
33172 
45374 


-20951 
-20103 
-17962 
-15793 
-13581 
-11309 
-8955 
-6496 
-3909 
-1167 
1764 
4927 
8393 
12279 
21013 
28652 
42591 


5 
J/mol K 


261.9 
268.3 
274.4 
286.4 
298.0 
320.2 


86.5 

95.4 
114.5 
130.3 
144.0 
156.1 
167.2 
177.5 
187.4 
196.9 
206.3 
215.7 
225.2 
235.3 
255.8 
272.0 
297.4 
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C, 
J/mol K 
78.0 
82.2 
86.7 
95.7 
104.4 
120.5 


59.9 
60.1 
59.6 
59.3 
59.9 
61.4 
63.7 
66.7 
70.2 
74.1 
78.4 
82.9 
87.7 
93.0 
101.8 
107.8 
121.7 


C, 
J/mol K 


91.2 
94.2 
97.8 
105.9 
114.1 
129.7 


84.4 
85.1 
86.1 
87.5 
89.5 
92.4 
96.1 
100.7 
106.4 
1132 
121.5 
132.0 
146.1 
165.7 
167.8 
142.7 
140.5 


Vs 
m/s 
248 
261 
272 
293 
312 
344 


2146 
2068 
1895 
1733 
1577 
1425 
1277 
1133 
991 
851 
715 
582 
455 
339 
249 
276 
332 


р 


1.01846 
1.01678 
1.01544 
1.01337 
1.01184 
1.00968 


2.08489 
2.06350 
2.01342 
1.96617 
1.92048 
1.87557 
1.83076 
1.78529 
1.73826 
1.68849 
1.63437 
1.57361 
1.50271 
1.41671 
1.24060 
1.16439 
1.11122 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES 
Henry V. Kehiaian 


This table gives second virial coefficients of about 110 inorganic and organic gases 
as a function of temperature. Selected data from the literature have been fitted by least 
squares to the equation 


B/cm шаг" = Y: «(Ә(т,/т)- ЈЕ 


i=1 


where T, = 298.15 K. The table gives the coefficients a(i) and values of B at fixed 
temperature increments, as calculated from this smoothing equation. 

The equation may be used with the tabulated coefficients for interpolation within 
the indicated temperature range. It should not be used for extrapolation beyond this 
range. 

Compounds are listed in the modified Hill order (see Introduction), with carbon- 
containing compounds following those compounds not containing carbon. 

A useful compilation of virial coefficient data from the literature may be found in: 


J. H. Dymond and E. B. Smith, The Ума Coefficients of Pure Gases and Mixtures, А 
Critical Compilation, Oxford University Press, Oxford, 1980. 


Compounds Not Containing Carbon 


Mol. form. Name T/K В/сш mol! 
Аг Argon 100 -184 
120 -131 
140 -98 
a(1) 2-16 160 -76 
а(2) = –60 80 -60 
a(3) 2 -10 200 -48 
300 -16 
400 -1 
500 7 
600 12 
700 15 
800 18 
900 20 
1000 22 
ВЕ; Boron trifluoride 200 —338 
240 -202 
280 -129 
а(1) =-106 320 -85 
а(2) = -330 360 -56 
а(3)--251 400 -37 
а(4) =-80 440 -23 
СІН Hydrogen chloride 190 -451 
230 -269 
270 -181 
a(1) 2 -144 310 -132 
а(2)--325 350 -102 
а(3)--277 390 -81 
а(4)--170 430 -66 
470 -54 
СІ, Chlorine 210 —508 
220 -483 
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VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. Name T/K B/cm? mol! 

230 -457 

a(1) --303 240 -432 

а(2)--555 250 -407 

a(3)29 260 —383 

а(4) - 329 270 -360 

а(5) - 68 280 -339 

290 -318 

300 -299 

350 -221 

400 -166 

450 -126 

500 -97 

600 -59 

700 -36 

800 -22 

900 -12 

Е, Fluorine 80 —386 
110 -171 

140 -113 

a(1) --25 170 -13 

а(2)-21 200 -47 

a(3) =-185 230 -32 

а(4) = 113 260 -25 

F,Si Silicon tetrafluoride 210 -268 
240 -213 

270 -170 

a(1) = -138 300 -136 

a(2) =-312 330 -108 

360 -84 

390 -64 

420 -47 

450 -32 

ЕЛ Iodine pentafluoride 320 -2540 
330 -2344 

340 -2172 

а(1)--3077 350 -2021 

a(2) = -8474 360 —1890 

a(3) =-9116 370 -1775 

380 -1674 

390 -1587 

400 -1510 

410 -1443 

F;P Phosphorus pentafluoride 320 -162 
340 -143 

360 -127 

a(1) --186 380 -112 

а(2)--345 400 -98 

420 -86 

440 -15 

460 -64 

Е,Мо Molybdenum hexafluoride 300 —896 
310 -810 

320 -737 
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VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. Name T/K В/сш mol! 
a(1) --914 330 -677 
a(2) = 2922 340 -627 
a(3) 2 -4778 350 —586 
360 —553 
370 -527 
380 -506 
390 -491 
FS Sulfur hexafluoride 200 -685 
250 -416 
300 -275 
а(1) = –279 350 -190 
a(2) = –647 400 -135 
a(3) = -335 450 -96 
a(4) 2 -72 500 —68 
FU Uranium hexafluoride 320 -1030 
340 -905 
360 -805 
a(1) --1204 380 -724 
а(2) --2690 400 -658 
a(3) --2144 420 -604 
440 -560 
FW Tungsten hexafluoride 320 -641 
340 -578 
360 -523 
a(1) 2 -719 380 -473 
а(2)--1143 400 -428 
420 -387 
440 -350 
460 -317 
Н, Hydrogen 15 —230 
20 -151 
25 -108 
a(1) 2 15.4 30 -82 
а(2) = -9.0 35 -64 
a(3) 2 -0.2 40 -52 
45 -42 
50 -35 
60 -24 
70 -16 
80 -11 
90 -7 
100 -3 
200 11 
300 15 
400 18 
H,O Water 300 -1126 
320 -850 
340 -660 
a(1) =-1158 360 —526 
a(2) = -5157 380 -428 
а(3)--10301 400 -356 
а(4) --10597 420 -301 
a(5) = -4415 440 —258 
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VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. Name T/K B/cm? mot! 
460 -224 
480 -197 
500 -175 
600 -104 
700 -67 
800 -44 
900 -30 
1000 -20 
1100 -14 
1200 -11 
H3N Ammonia 290 -302 
300 -265 
310 -236 
а(1)--271 320 -213 
а(2) --1022 330 -194 
a(3) = -2715 340 -179 
a(4) = –4189 350 -166 
360 -154 
370 -144 
380 -135 
400 -118 
420 -101 
Н.Р Phosphine 190 -457 
200 -404 
210 -364 
a(1) =-146 220 -332 
a(2) = -733 230 -305 
a(3) = 1022 240 -281 
а(4) = -1220 250 -258 
260 -235 
270 -213 
280 -190 
290 -166 
Не Helium 2 -172 
6 -48 
10 -24 
a(1) -12 14 -13 
a) 2-1 18 -7 
22 -3 
26 -1 
30 1 
50 6 
70 8 
90 10 
110 10 
150 11 
250 12 
650 13 
700 13 
Kr Krypton 110 -363 
120 -307 
130 -263 
а(1) =—51 140 —229 
а2)--118 150 -201 
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VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. Name T/K Bí/cm? mol! 
а(3)--29 160 -178 
а(4)--5 170 -159 

180 -143 

190 -129 

200 -117 

250 -75 

300 -51 

400 -23 

500 -8 

600 2 

700 8 

МО Nitric oxide 120 -232 
130 -176 

140 -138 

а(1)--12 150 -113 
a(2) 2-119 160 -96 
a(3) = 89 170 -83 
а(4)--73 180 -73 
190 -65 

200 -58 

210 -52 

230 -42 

250 -32 

270 -24 

Һ, Nitrogen 75 -274 
100 -161 

125 -104 

a(1) 2-4 150 zn 
а(2) = —56 175 -49 
a(3) = -12 200 -34 
225 -24 

250 -15 

300 -4 

400 9 

500 16 

600 21 

700 24 

М,О Nitrous oxide 240 -219 
260 -181 

280 -151 

а(1) =-130 300 -128 
а(2)--307 320 -110 
а(3) =-248 340 -96 
360 -85 

380 -76 

400 -68 

Ne Neon 60 -25 
80 -13 

100 -6 

a(1) = 10.8 120 = 
а0)--7.5 140 2 
a(3) 20.4 160 4 
180 6 

200 7 
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VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 
O5 
0,5 
Хе 
Mol. form. 


CCIF, 


Name 


Oxygen 


а(1) = -16 
а(2) 2-62 
а(3) =-8 
a(4) =-3 


Sulfur dioxide 


a(1) 2 -430 
a(2) = -1193 
a(3) = -1029 
Xenon 

a(1) = -130 
a(2) = -262 
а(3) = -87 


Compounds Containing Carbon 


Name 


Chlorotrifluoromethane 


a(1) = -223 
а0)--504 
a(3) = -340 
a(4) = -291 
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TIK 


300 
400 
500 
600 


90 
110 
130 
150 
170 
190 
210 
230 
250 
270 
290 
310 
330 
350 
400 


290 
320 
350 
380 
410 
440 
470 


160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
300 
350 
400 
500 
600 
650 


TIK 


240 
290 
340 
390 
440 
490 
540 


B/cm? mol! 


11 
13 
14 
15 


B/cm? mol! 


-369 
-237 
-165 
-119 
-86 
-60 
-39 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


CCLF, 


CCLF 


CCI, 


CF, 


CHCIF, 


CHCLF 


CHCl, 


Name 


Dichlorodifluoromethane 


a(1) = 486 
а0)--1217 
a(3) = -1188 
a(4) = -698 


Trichlorofluoromethane 


a(1) = -786 

а(2) = -1428 
a(3) = -142 
Tetrachloromethane 
a(1) = -1600 

а(2) = -4059 

a(3) = 4653 
Tetrafluoromethane 
а(1) =-88 

a(2) = —238 
а(3)--70 
Chlorodifluoromethane 
a(1) = —347 
а(2)--575 

а(3) = 187 
Dichlorofluoromethane 
a(1) = —562 

а(2) --862 
Trichloromethane 
a(1) 2 -1193 
а(2)--2936 

a(3) 2 -1751 
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T/K 


250 
280 
310 
340 
370 
400 
430 
460 


240 
280 
320 
360 
400 
440 
480 


320 
340 
360 
380 
400 
420 


250 
300 
350 
400 
450 
500 
600 
700 
800 


300 
325 
350 
375 
400 
425 


250 
275 
300 
325 
350 
375 
400 
425 
450 


320 
330 
340 
350 
360 
370 
380 


B/cm? mol! 


-769 
-570 
-441 
-353 
-289 
-241 
-204 
-174 


-1140 
-879 
-689 
-545 
-431 
-340 
-265 


-1345 
-1171 
-1040 
-942 
-868 
-814 


-137 
-87 
-55 
-32 
-16 

-4 
14 
25 
33 


-343 
-298 
-257 
-221 
-188 
-158 


-728 
-634 
-557 
-491 
-434 
-385 
-343 
-305 
-271 


-1001 
-926 
-858 
-797 
-740 
-689 
-642 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


CHF, 


CH,Cl, 


CHF, 


СН,Вг 


CH,Cl 


СЊЕ 


Мате 
Trifluoromethane 
a(1) 2 -177 
a(2) = –399 
а(3)--250 
Dichloromethane 
a(1) = -913 
a(2) = -3371 
а(3) = —5013 
Difluoromethane 
ад) = -321 
a(2) =-754 
а(3) = -1300 
Bromomethane 
a(1) 2 —559 
a(2) 2 -1324 
Chloromethane 
a(1) = -407 
а(2)--887 
а(3)--385 
Fluoromethane 
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T/K 


390 
400 


200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 


320 
330 
340 
350 
360 
370 
380 
400 
420 


280 
290 
300 
310 
320 
330 
340 
350 


280 
290 
300 
310 
320 
340 
360 
380 


280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
600 


280 


B/cm? mol"! 


-599 
-559 


-433 
-350 
-288 
-241 
-204 
-174 
-151 
-132 
-116 
-103 

-91 


-706 
-634 
-574 
-524 
-482 
-447 
-420 
-380 
-357 


-375 
-343 
-316 
-294 
-275 
-260 
-248 
-238 


-645 
-596 
-551 
-509 
-469 
-396 
-332 
-274 


-466 
-402 
-348 
-304 
-266 
-234 
-206 
-182 
-161 
-142 
-126 
-112 

-58 


-244 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


CHI 


CH, 


CH,O 


CH;N 


СО 


Маше 
a(1) --209 
а(2)--525 
а(3) --365 
Iodomethane 
a(1) = -844 
a(2) = —3353 
а(3) = -6590 
Methane 
a(1) = -43 
а(2) = -114 
a(3) =-19 
а(4) =-7 
Methanol 
a(1) = -1752 
a(2) = -4694 
Methylamine 
a(1) = 459 
a(2) = -1191 
a(3) =-995 


Carbon monoxide 


a(1) --9 
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T/K 


300 
320 
340 
360 
380 
400 
420 


310 
320 
330 
340 
350 
360 
370 
380 


110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
250 
300 
350 
400 
500 
600 


320 
330 
340 
350 
360 
370 
380 
390 
400 


300 
325 
350 
375 
400 
425 
450 
500 
550 


210 
240 
270 
300 


B/cm? mol! 


-205 
-174 
-150 
-129 
-112 

-99 

-87 


-725 
-646 
-582 
—531 
-492 
-462 
-441 
-427 


-328 
-276 
-237 
-206 
-181 
-160 
-143 
-128 
-116 
-105 

-66 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


CS; 


ОСЕ, 


ОСЕ 


CH; 


Name T/K 


а0)--58 330 
a(3) --18 360 
420 
480 


Carbon dioxide 220 
240 

260 

a(1) 2-127 280 
а(2) = 288 300 
a(3) 2 -118 320 
340 

360 

380 

400 

500 

600 

700 

800 

900 

1000 

1100 


Carbon disulfide 280 
310 
340 
a(1) = -807 370 
а(2) = -1829 400 
а(3) = -1371 430 


1,2-Dichloro-1,1,2,2-tetrafluoroethane 300 
320 
340 
a(1) =-812 360 
a(2) = -1773 380 
a(3) =-963 400 
420 
440 
460 
480 
500 


1,1,2-Trichloro-1,2,2-trifluoroethane 290 
310 
330 
a(1) --999 350 
a(2) = -1479 370 
390 
410 
430 
450 


Ethyne 200 
210 
220 
a(1) --216 230 
а(2)--375 240 
а(3) --716 250 
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B/cm? то! 


-3 


-932 
-740 
-603 
-504 
-431 
-375 


-801 
-695 
-608 
-536 
-475 
-423 
-379 
-341 
-307 
-279 
-253 


-1041 
-943 
-856 
—780 
—712 
—651 
—596 
—546 
—500 


—573 
—500 
—440 
-390 
-349 
-315 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


сыны 


CH, 


CGH,Ch 


C;H4O 


C;H,0, 


C;HsCI 


Name 
Ethanenitrile 
a(1) = —5840 
a(2) = 29175 
a(3) = -47611 
Ethene 
a(1) = -140 
а(2) = -296 
а(3) = –101 


1,2-Dichloroethane 


a(1) = -1362 
a(2) = -3240 
а(3) = 2100 
Ethanal 

a(1) 2-1217 
a(2) = -4647 
a(3) 2 —5725 


Methyl methanoate 


а(1) = -1035 
a(2) = —3425 
a(3) = -4203 
Chloroethane 
а(1) = 777 

а(2) = -2205 
a(3) = -1764 
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T/K 


260 
2770 


330 
340 
350 
360 
370 
380 
390 
400 
410 


240 
270 
300 
330 
360 
390 
420 
450 


370 
390 
410 
430 
450 
470 
490 
510 
530 
550 
570 


290 
320 
350 
380 
410 
440 
470 


320 
330 
340 
350 
360 
370 
380 
390 
400 


320 
360 
400 
440 
480 
520 


B/cm? mol! 


-287 
-263 


-3468 
-2971 
-2563 
-2233 
-1970 
-1765 
-1610 
-1499 
-1425 


-218 
-172 
-139 
-113 
-92 
-76 
-63 
-52 


-812 
-716 
-635 
-566 
-508 
-458 
-416 
-379 
-347 
-319 
-295 


-1352 
-927 
-654 
-482 
-375 
-314 
-283 


-821 
-744 
-677 
-620 
-571 
-528 
-492 
-461 
-435 


-634 
-450 
-330 
-249 
-195 
-157 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


СН; 


C,H,O 


C,H,O 


CjH;N 


CjH;N 


СЭН, 


Мате 
Ethane 
a(1) 2 -184 
а(2) = -376 
а(3) = -143 
а(4) --54 
Ethanol 
a(1) 2 -4475 
а(2) = -29719 
а(3) = –56716 
Dimethyl ether 
a(1) = -455 
а(2) = —965 
Dimethylamine 
a(1) --662 
а(2) = -1504 
а(3) = –667 
Ethylamine 
a(1) = –785 
а(2) = -2012 
a(3) = -1397 
Cyclopropane 
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T/K 


560 
600 


200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
500 
600 


320 
330 
340 
350 
360 
370 
380 
390 


275 
280 
285 
290 
295 
300 
305 
310 


310 
320 
330 
340 
350 
360 
370 
380 
390 
400 


300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 


300 


B/cm? mol! 


-131 
-114 


-409 
-337 
-284 
-242 
-209 
-181 
-159 
-140 
-123 
-109 

-96 

-52 

-24 


-2710 
-2135 
-1676 
-1317 
-1043 
-843 
-705 
-622 


-536 
-517 
-499 
-482 
-465 
-449 
-433 
-418 


-606 
-563 
-523 
-487 
-454 
-423 
-395 
-369 
-345 
-322 


-173 
-710 
-654 
-604 
-558 
-517 
-480 
-447 
-416 
-389 
-363 


-383 


Mol. form. 


C3H6 


сео 


CHO 


C,H,O 


C4H;CI 


Name 

a(1) = —388 
а(2) = -861 
а(3) = —538 
Ргорепе 

а(1) = –347 
а(2) = –727 
а(3) = -325 


2-Рторапопе 


a(1) = -2051 
a(2) = -8903 

a(3) = -18056 
a(4) = -16448 


Ethyl methanoate 


а(1) = -1371 
а(2) = -4231 
а(3) = 4312 
Methyl ethanoate 
а(1) --1709 
a(2) --6348 
a(3) --9650 


1-Chloropropane 


a(1) --1121 
a(2) = -3271 
a(3) = -3786 
a(4) = -1974 
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TIK 


310 
320 
330 
340 
350 
360 
370 
380 
390 
400 


280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 


300 
320 
340 
360 
380 
400 
420 
440 
460 
480 


330 
340 
350 
360 
370 
380 
390 


320 
330 
340 
350 
360 
370 
380 
390 


310 
340 
370 
400 
430 
460 
490 


VIRIAL COEFFICIENTS OF SELECTED GASES (continued) 


B/cm? mol! 


-356 
-332 
-310 
-290 
-212 
-256 
-241 
-227 
-215 
-204 


-395 
-342 
-299 
-262 
-232 
-205 
-183 
-163 
-146 
-131 
-118 
-106 


-1996 
-1522 
-1198 
-971 
-806 
-683 
-586 
-506 
-437 
-375 


-1003 
-916 
-839 
-171 
-712 
-660 
-614 


-1320 
-1186 
-1074 
-980 
-903 
-840 
-789 
-749 


-1001 
-772 
-614 
-501 
-417 
-352 
-302 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. Name 
С;Нұ Ргорапе 
а(1) --386 
а(2) --844 
а(3)--720 
а(4)--574 
С,Н,О 1-Ргорапо! 
a(1) --2690 
а(2) =-12040 
а(3) =-16738 
С.Н,О 2-Propanol 
a(1) =-3165 
а(2) = -16092 
а(3) = 24197 
C,HoN Trimethylamine 
a(1) =—737 
а(2) = –1669 
a(3) --986 
С.Н, 1-Вшепе 
а(1) --633 
а(2)--1442 
а(3) --932 
С,Н,О 2-Butanone 
а(1) = 2282 
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T/K 


520 
550 
580 


240 
260 
280 
300 
320 
340 
360 
380 
400 
440 
480 
520 
560 


380 
385 
390 
395 
400 
405 
410 
415 
420 


380 
385 
390 
395 
400 
405 
410 
415 
420 


310 
320 
330 
340 
350 
360 
370 


300 
320 
340 
360 
380 
400 
420 


310 
320 
330 
340 


B/cm? mol! 


—261 
-227 
-198 


-641 
-527 
-444 
-381 
-331 
-292 
-259 
-232 
-208 
-169 
-138 
-112 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


С.Н,О, 


С.Н,О, 


С.Н,О, 


сна 


СН 


СН 


Мате 


а(2) =-5907 


Propyl methanoate 


a(1) = 2118 
а(2) = –7299 
a(3) = -8851 


Ethyl ethanoate 


a(1) = -2272 

а(2) = -8818 

а(3) = -13130 
Methyl propanoate 
a(1) 2 2216 
а(2)--7339 

а(3) --8658 


1-СШогобщапе 


a(1) 2 -1643 
a(2) = -4897 
a(3) = –6178 
а(4) = –3718 
Butane 

a(1) = -735 
а(2) = -1835 
а(3) = -1922 
а(4) = -1330 


2-Methylpropane 


a(1) = -707 
а(2) = -1719 
а(3) = -1282 
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ТК 


350 
360 
370 


330 
340 
350 
360 
370 
380 
390 
400 


330 
340 
350 
360 
370 
380 
390 
400 


330 
340 
350 
360 
370 
380 
390 
400 


330 
370 
410 
450 
490 
530 
570 


250 
280 
310 
340 
370 
400 
430 
460 
490 
520 
550 


270 
300 
330 
360 
390 
420 
450 


B/cm? mol! 


-1407 
-1267 
-1135 


-1496 
-1354 
-1231 
-1126 
-1035 
-957 
-890 
-834 


-1543 
-1385 
-1254 
-1144 
-1055 
-982 
-923 
-878 


-1588 
-1444 
-1319 
-1211 
-1117 
-1037 

-968 

-908 


-1224 
-898 
-691 
-551 
-449 
-371 
-309 


-1170 
-863 
-668 
-536 
-442 
-371 
-315 
-210 
-232 
-199 
-171 


-900 
-697 
-553 
-450 
-374 
-317 
-213 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


C,H, 0 


C,H, 0 


СНО 


C,H,,0 


СНО 


CHIN 


C;H;N 


Name 
1-Butanol 
a(1) = —2629 
a(2) = -6315 


2-Methyl-1-propanol 


a(1) = 2269 
a(2) = —5065 
2-Butanol 

а(1) = —2232 
a(2) = —5209 


2-Methyl-2-propanol 


а(1) =-1952 
a(2) = -ATT5 
Diethyl ether 
а(1) =-1226 
a(2) = -4458 
a(3) --7746 
a(4) = -10005 
Diethylamine 
а(1) --1522 
а(2) = –5204 
а(3) = -15047 
a(4) = -28835 
Pyridine 

a(1) = -1765 
а(2) = -3431 
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TIK 


480 
510 


350 
360 
370 
380 
390 
400 
420 
440 


390 
400 
410 
420 
430 
440 


380 
390 
400 
410 
420 


380 
390 
400 
410 
420 


280 
300 
320 
340 
360 
380 
400 
420 


320 
330 
340 
350 
360 
370 
380 
390 
400 


350 
360 
370 
380 
390 
400 
420 
440 


B/cm? mol! 


-240 
-215 


-1693 
-1544 
-1402 
-1268 
-1141 
-1021 

-196 

-593 


-1076 
-979 
-887 
-800 
-716 
-636 


-1110 
-1005 
-906 
-811 
-721 


-924 
-827 
-136 
-649 
—567 


-1550 
-1199 
-954 
-776 
-638 
-525 
-428 
-340 


-1228 
-1134 
-1056 
-988 
-926 
-868 
-812 
—755 
-697 


-1257 
-1176 
-1099 
-1026 
-957 
-892 
-770 
-659 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


CsHio 


CsHio 


С.Н,О 


СНь 


СН» 


С 


Мате 
Cyclopentane 
а(1) --1062 
а(2) = 2116 
1-Рещепе 
а(1) =-1055 
а(2)--2377 
а(3) --1189 


2-Pentanone 


a(1) = -4962 
а(2) = 26372 
a(3) = -46537 
Pentane 

a(1) 2 -1254 
a(2) = —3345 
а(3) = 2726 


2-Methylbutane 


a(1) 2 -1095 
а(2) = -2503 
a(3) = -1534 


2,2-Dimethylpropane 


a(1) = -931 

a(2) = -2387 
a(3) = -2641 
a(4) = -1810 
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TIK 


300 
305 
310 
315 
320 


310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 


330 
340 
350 
360 
370 
380 
390 


300 
310 
320 
330 
340 
350 
400 
450 
500 
550 


280 
290 
300 
310 
320 
330 
340 
350 
400 
450 


300 
310 
320 
330 
340 
350 
360 
370 
380 
390 


B/cm? mol! 


-1049 
-1015 
-981 
-949 
-918 


-966 
-898 
-836 
-180 
-729 
-681 
-638 
-598 
-561 
-527 
-495 


-2850 
-2420 
-2076 
-1804 
-1595 
-1440 
-1332 


-1234 
-1130 
-1038 
-957 
-884 
-818 
-579 
-436 
-348 
-294 


-1263 
-1166 
-1079 
-1001 
-931 
-867 
-810 
-157 
-557 
-424 


-916 
-843 
-780 
-724 
-674 
-629 
-590 
-554 
-521 
-492 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


СН, 


CHN 


сың 


СЕМ 


СН, 


СН; 


Мате 
Benzene 
a(1) 2 -1477 
a(2) = —3851 
а(3)--3683 
а(4) = –1423 


2-Methylpyridine 


a(1) = -2940 
a(2) = -8813 
a(3) = -7809 


3-Methylpyridine 


а(1) = –6304 
а(2) = -30415 
а(3) = –44549 


4-Methylpyridine 


а(1) --6553 

а(2) = -32873 

а(3) = –49874 
Cyclohexane 

a(1) = -1733 

а(2) = —5618 

а(3) = -9486 

a(4) = -7936 
Methylcyclopentane 
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T/K 


400 
450 
500 
550 


290 
300 
310 
320 
330 
340 
350 
400 
450 
500 
550 
600 


360 
370 
380 
390 
400 
410 
420 
430 


380 
390 
400 
410 
420 
430 


380 
390 
400 
410 
420 
430 


300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
540 
560 


305 
315 


B/cn? mol! 


-464 
-357 
-279 
-218 


-1588 
-1454 
-1335 
-1231 
-1139 
-1056 
-983 
-712 
-542 
-429 
-349 
-291 


-1656 
-1523 
-1404 
-1297 
-1202 
-1117 
-1040 

-972 


-1819 
-1612 
-1448 
-1322 
-1230 
-1166 


-1787 
-1578 
-1417 
-1297 
-1214 
-1163 


-1698 
-1391 
-1170 
-1007 
-883 
-786 
-107 
-641 
-584 
-534 
-488 
-446 
-406 
-368 


-1447 
-1357 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


СеНа 


сын 


CH, 


Ста 


С7Нь 


Маше 
а(1) =-1512 
а(2) = -2910 
Hexane 
a(1) 2 -1961 
a(2) = –6691 
а(3) 2 -13167 
a(4) 2 -15273 
Triethylamine 
a(1) =-2061 
a(2) 2 —5735 
a(3) --5899 
Toluene 
a(1) = 2620 
a(2) 2 —7548 
a(3) = —6349 
1-Heptene 
a(1) = 2491 
a(2) --6230 
a(3) = -3780 
Heptane 
a(1) = -2834 
а(2) = -8523 
a(3) = –10068 
a(4) = —5051 


T/K 


325 
335 
345 


300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
430 
450 


330 
340 
350 
360 
370 
380 
390 
400 


350 
360 
370 
380 
390 
400 
410 
420 
430 


340 
350 
360 
370 
380 
390 
400 
410 


300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
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B/cn? mol! 


-1272 
-1192 
-1117 


-1920 
-1724 
-1561 
-1424 
-1309 
-1209 
-1123 
-1046 
-978 
-916 
-859 
-806 
-707 
-616 


-1562 
-1444 
-1340 
-1249 
-1169 
-1099 
-1037 

-983 


-1641 
-1511 
-1394 
-1289 
-1195 
-1110 
-1034 

-965 

-903 


-1781 
-1651 
-1532 
-1424 
-1324 
-1233 
-1150 
-1073 


-2182 
-2297 
-1928 
-1641 
-1415 
-1233 
-1085 
-963 
-862 
-775 
-702 


VIRIAL COEFFICIENTS ОЕ SELECTED GASES (continued) 


Mol. form. 


СН, 


CgHio 


CgHio 


СұН, 


Са 


Мате 


1,2-Dimethylbenzene 


a(1) 2 —5632 
a(2) = -22873 
a(3) = -28900 


1,3-Dimethylbenzene 


a(1) = -5808 
a(2) = -23244 
a(3) = -27607 


1,4-Dimethylbenzene 


a(1) = -4921 
а(2) = -16843 
a(3) = -16159 
1-Octene 
a(1) = -3273 
a(2) --6557 
Octane 

a(1) = -4123 
а(2) = -13120 
a(3) --16408 
a(4) --8580 
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Т/К 


540 
580 
620 
660 
700 


380 
390 
400 
410 
420 
430 
440 


380 
390 
400 
410 
420 
430 
440 


380 
390 
400 
410 
420 
430 
440 


360 
370 
380 
390 
400 
410 


300 
350 
400 
450 
500 
550 
600 
650 
700 


B/cn? mol! 


—583 
-490 
-416 
-355 
-304 


-2046 
-1848 
-1681 
-1543 
-1428 
-1335 
-1261 


-2082 
-1865 
-1679 
-1521 
-1388 
-1276 
-1184 


-2043 
-1851 
-1680 
-1529 
-1395 
-1276 
-1171 


-2147 
-2000 
-1861 
-1729 
-1604 
-1485 


-4042 
-2511 
-1704 
-1234 
-936 
-132 
-583 
-468 
-375 


VAN DER WAALS CONSTANTS FOR GASES 


The van der Waals equation of state for a real gas is 
(P + n2alV*)(V - nb) = nRT 


where P is the pressure, V the volume, T the temperature, п the amount of substance (in moles), and R the gas constant. The van der Waals constants 
a and b are characteristic of the substance and are independent of temperature. They are related to the critical temperature and pressure, T. and Р,, 
by 


а-27К2Т2/6АР, Ь = RT, ІР. 


This table gives values of a апа b for some common gases. Most of the values have been calculated from the critical temperature and pressure 
values given in the table “Critical Constants" in this section. Van der Waals constants for other gases may easily be calculated from the data in that 
table. 

To convert the van der Waals constants to SI units, note that 1 Баг L2/mo?? = 0.1 Ра m$/mo? and 1 L/mol = 0.001 m?/mol. 


REFERENCE 


Reid, R.C, Prausnitz, J. M., and Poling, B.E., The Properties of Gases and Liquids, Fourth Edition, McGraw-Hill, New York, 1987. 


a b a b 
Substance bar 12/002 ` L/mol Substance barL?/moP ^ L/mol 
Acetic acid 17.71 0.1065 Hydrogen sulfide 4.544 0.0434 
Acetone 16.02 0.1124 Isobutane 13.32 0.1164 
Acetylene 4.516 0.0522 Krypton 5.193 0.0106 
Ammonia 4.225 0.0371 Methane 2.303 0.0431 
Aniline 29.14 0.1486 Methanol 9.476 0.0659 
Argon 1.355 0.0320 Methylamine 7.106 0.0588 
Benzene 18.82 0.1193 Neon 0.208 0.0167 
Bromine 9.75 0.0591 Neopentane 17.17 0.1411 
Butane 13.89 0.1164 Nitric oxide 1.46 0.0289 
1-Butanol 20.94 0.1326 Nitrogen 1.370 0.0387 
2-Butanone 19.97 0.1326 Nitrogen dioxide 5.36 0.0443 
Carbon dioxide 3.658 0.0429 Nitrogen trifluoride 3.58 0.0545 
Carbon disulfide 11.25 0.0726 Nitrous oxide 3.852 0.0444 
Carbon monoxide 1.472 0.0395 Octane 37.88 0.2374 
Chlorine 6.343 0.0542 1-Octanol 44.71 0.2442 
Chlorobenzene 25.80 0.1454 Oxygen 1.382 0.0319 
Chloroethane 11.66 0.0903 Ozone 3.570 0.0487 
Chloromethane 7.566 0.0648 Pentane 19.09 0.1449 
Cyclohexane 21.92 0.1411 1-Pentanol 25.88 0.1568 
Cyclopropane 8.34 0.0747 Phenol 22.93 0.1177 
Decane 52.74 0.3043 Propane 9.39 0.0905 
1-Decanol 59.51 0.3086 1-Propanol 16.26 0.1079 
Diethyl ether 17.46 0.1333 2-Propanol 15.82 0.1109 
Dimethyl ether 8.690 0.0774 Propene 8.442 0.0824 
Dodecane 69.38 0.3758 Pyridine 19.77 0.1137 
1-Dodecanol 75.70 0.3750 Pyrrole 18.82 0.1049 
Ethane 5.580 0.0651 Silane 4.38 0.0579 
Ethanol 12.56 0.0871 Sulfur dioxide 6.865 0.0568 
Ethylene 4.612 0.0582 Sulfur hexafluoride 7.857 0.0879 
Fluorine 1.171 0.0290 Tetrachloromethane 20.01 0.1281 
Furan 12.74 0.0926 Tetrachlorosilane 20.96 0.1470 
Helium 0.0346 0.0238 Tetrafluoroethylene 6.954 0.0809 
Heptane 31.06 0.2049 Tetrafluoromethane 4.040 0.0633 
1-Heptanol 38.17 0.2150 Tetrafluorosilane 5.259 0.0724 
Hexane 24.84 0.1744 Tetrahydrofuran 16.39 0.1082 
1-Hexanol 31.79 0.1856 Thiophene 17.21 0.1058 
Hydrazine 8.46 0.0462 Toluene 24.86 0.1497 
Hydrogen 0.2452 0.0265 1,1,1-Trichloroethane 20.15 0.1317 
Hydrogen bromide 4.500 0.0442 Trichloromethane 15.34 0.1019 
Hydrogen chloride 3.700 0.0406 Trifluoromethane 5.378 0.0640 
Hydrogen cyanide 11.29 0.0881 Trimethylamine 13.37 0.1101 
Hydrogen fluoride 9.565 0.0739 Water 5.537 0.0305 
Hydrogen iodide 6.309 0.0530 Xenon 4.192 0.0516 
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MEAN FREE PATH AND RELATED PROPERTIES OF GASES 


In the simplest version of the kinetic theory of gases, molecules are treated as hard spheres of diameter d which make binary collisions only. In 
this approximation the mean distance traveled by a molecule between successive collisions, the mean free path / , is related to the collision diameter 
by: 

kT 
і------ 
TA2Pd^ 


where Р is the pressure, T the absolute temperature, and k the Boltzmann constant. At standard conditions (P = 100 000 Pa and Т= 298.15 K) this relation 
becomes: 


9.27.1077 
GR талқ 
where / and d are in meters. 


Using the same model and the same standard pressure, the collision diameter can be calculated from the viscosity 1| by the kinetic theory relation: 


fe 2.67 107*(MT)'" 


d? 
where T is in units of ЦРа s and M is the molar mass in g/mol. Kinetic theory also gives a relation for the mean velocity v of molecules of mass m: 


1/2 
v= (=) = 145.5(T/M) m/s 
Tun 


Finally, the mean time т between collisions can be calculated from the relation tv = /. 

The table below gives values of / , v, and т for some common gases at 25°C and atmospheric pressure, as well as the value of d, all calculated from 
measured gas viscosities (see References 2 and 3 and the table “Viscosity of Gases" in this section). It is seen from the above equations that the mean 
free path varies directly with T and inversely with P, while the mean velocity varies as the square root of T and, in this approximation, is independent 
of P. 

A more accurate model, in which molecular interactions are described by a Lennard-Jones potential, gives mean free path values about 5% lower 
than this table (see Reference 4). 


REFERENCES 


1. Reid, R.C., Prausnitz, J.M., and Poling, B.E., The Properties of Gases and Liquids, Fourth Edition , McGraw-Hill, New York, 1987. 
2. Lide, D.R., and Kehiaian, H.V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 
3. Vargaftik, N.B., Tables of Thermophysical Properties of Liquids and Gases, Second Edition, John Wiley, New York, 1975. 
4. Kaye, G.W.C., and Laby, T.H., Tables of Physical and Chemical Constants, 15th Edition, Longman, London, 1986. 

Gas d 1 y T 

Air 3.66.1071? m 6.91.1035 m 467 m/s 148 ps 

Ar 3.58 7.22 397 182 

СО, 4.53 4.51 379 119 

Н, 2.71 12.6 1769 71 

Не 2.15 20.0 1256 159 

Кг 4.08 5.58 274 203 

N5 3.70 6.76 475 142 

NH; 4.32 4.97 609 82 

Ne 2.54 14.3 559 256 

О 3.55 7.36 444 166 

Хе 478 4.05 219 185 
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INFLUENCE OF PRESSURE ON FREEZING POINTS 


This table illustrates the variation of the freezing point of representative types of liquids with pressure. Substances are listed in alphabetical order. 
Note that 1 MPa = 0.01 kbar = 9.87 atm. 


REFERENCES 


1. Isaacs, N.S., Liquid Phase High Pressure Chemistry, John Wiley, New York, 1981. 
2. Merrill, L., J. Phys. Chem. Ref. Data, 6, 1205, 1977; 11, 1005, 1982. 


Substance Molecular Freezing point in °С at: 
formula 0.1 MPa 100 MPa 1000 MPa 

Acetic acid С,Н,О, 16.6 37 

Acetophenone С,Н,О 20.0 412 

Aniline СМ –6.0 13.5 140 
Benzene СН, 5.5 33.4 

Benzonitrile C;H;N -12.8 7.6 

Benzyl alcohol С,Н,О -152 02 

Bromobenzene СН; Вг -30.6 -12 108 
Bromoethane С,Н;Вг -118.6 -108 

1-Bromonaphthalene C4o9H;Br -1.8 6.1 

1-Bromopropane С,Н,Вг -110 -98 

p-Bromotoluene C;H;Br 28.0 56.7 

Butanoic acid С.Д,О, -5.7 13.8 

1-Butanol СІН 90 -89.8 -712 

Carbon disulfide CS, -111.5 -98 

Chlorobenzene C&4H5CI -45.2 -28 84 
p-Chlorotoluene C;H;CI 6.9 33.1 

o-Cresol С,Н,О 29.8 47.7 

m-Cresol С,Н,О 11.8 25.6 

p-Cresol С,Н,О 35.8 56.2 

Cyclohexane C6H2 6.6 32.5 

Cyclohexanol СНО 25.5 62.3 

1,2-Dibromoethane С,Н,Вг, 9.9 34.0 

p-Dichlorobenzene С,Н,СЬ, 52.7 79.1 

Dichloromethane CH;CL -95.1 —83 

N,N-Dimethylaniline С,Н, IN 2.5 26.3 

1,4-Dioxane С.Н,О, 11 23 

Ethanol С.Н,О -114.1 —108 

Formamide CHNO -15.5 10.8 

Formic acid СН:О, 8.3 20.6 

Furan СНО -85.6 -73 

Hexamethyldisiloxane СН 051, -66 -37 

Menthol СНО 42 60 

Methyl benzoate С,Н,О, -15 31.8 

2-Methyl-2-butanol C;Hj0 -8.8 13.4 

2-Methyl-2-propanol С.НюО 25.4 58.1 

Naphthalene Сун, 78.2 115.7 

Nitrobenzene С,Н,МО, 5.7 13.5 

m-Nitrotoluene С,Н,ХО, 15.5 40.6 

Pentachloroethane CHCl; -29.0 -6.3 

Potassium K 63.7 78 170 
Potassium chloride CIK 771 945 
Propanoic acid С.Н,О, -20.7 -12 

Silver chloride AgCI 455 545 
Sodium Na 97.8 106 167 
Sodium chloride CINa 800.7 997 
Sodium fluoride FNa 996 1115 
Tetrachloromethane СС, -23.0 14.2 

Tribromomethane CHBr; 8.1 31.5 

Trichloromethane CHCI, -63.6 -452 

Water Н,О 0.0 -9.0 

o-Xylene СН —25.2 -3.5 

т-Ху!епе СН -47.8 -25.2 

p-Xylene СН 13.2 46.0 


6-45 


CRITICAL CONSTANTS 


The parameters of the liquid-gas critical point are important constants in determining the behavior of fluids. This table lists the critical temperature, 
pressure, and molar volume, as well as the normal boiling point, for approximately 850 inorganic and organic substances. The properties and their units 


are: 


Ty: 


“ёс? 
8 


Normal boiling point in kelvins at a pressure of 101.325 kPa (1 atmosphere); an following the value indicates a sublimation point 
(temperature at which the solid is in equilibrium with the gas at a pressure of 101.325 kPa) 

Critical temperature in kelvins 

Critical pressure in megapascals 

Critical molar volume in cm?/mol 


The number of digits given for Т,, Т, and Р, indicates the estimated accuracy of these quantities; however, values of T, greater than 750 K may be 
in error by 10 K or more. Although most V, values are given to three figures, they cannot be assumed accurate to better than a few percent. All values 
are experimentally determined except for a few values, indicated by an asterisk*, which are based on extrapolations. Methods of measurement are 
described and critiqued in Reference 1. 

Many of the critical constants in this table are taken from reviews produced by the IUPAC Commission on Thermodynamics (References 1- 8). 
Compounds are listed by molecular formula in modified Hill order, with compounds not containing carbon preceding those that do contain carbon. 

The assistance of Douglas Ambrose is gratefully acknowledged. 


S9 9o SUN EA, ps ny Es 


- 
° 


кі ка 
Ne 


Q шо шә ш шо про мо о ром DO N= — — c0 c0 — = 
BONE SSSADAARHDNSSSOHMNAARYW 


35. 
36. 
37. 
38. 
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Molecular V Jem? 

formula Name ТуК TJK Р/МРа mol! Ref. 
АІВг; Aluminum bromide 528 763 2.89 310 9 
АС Aluminum chloride 453s 620 2.63 257 9 
AIL Aluminum iodide 655 983 408 9 
Ar Argon 87.30 150.87 4.898 75 9 
As Arsenic 876 1673 35 9 
AsCl; Arsenic(IID chloride 403 654 252 9 
AsH; Arsine 210.7 373.1 9 
BBr; Boron tribromide 364 581 272 9 
BCl, Boron trichloride 285.80 455 3.87 239 9 
ВЕ; Boron trifluoride 172 260.8 4.98 115 9 
BI, Boron triiodide 482.7 773 356 9 
B,Hg Diborane 180.8 289.8 4.05 9 
BiBr; Bismuth tribromide 726 1220 301 9 
ВІСІ; Bismuth trichloride 720 1179 12.0 261 9 
BrH Hydrogen bromide 206.77 3632 8.55 9 
Ви Iodine bromide 389 719 139 9 
Br; Bromine 332.0 588 10.34 127 9 
Br;Hg Мегсигу(П) bromide 595 1012 9 
Br4Ga Gallium(III) bromide 552 806.7 303 9 
Br3HSi Tribromosilane 382 610.0 305 9 
BrP Рһоврһогив(Ш) bromide 446.4 711 300 9 
Br3Sb Апштопу(Ш ) bromide 553 904 300 9 
Вг,Се Germanium(IV) bromide 459.50 718 392 9 
Br,Hf Hafnium(IV) bromide 596 s 746 415 9 
Br4Si Tetrabromosilane 427 663 382 9 
Br,Sn Tin(IV) bromide 478 744 417 9 
BryTi Titanium(IV) bromide 503 795.7 391 9 
BryZr Zirconium(IV) bromide 633 s 805 424 9 
Вг,Та Tantalum(V) bromide 622 974 461 9 
СІЕО; Perchloryl fluoride 226.40 368.4 5.37 161 9 
СЕМ Nitrogen chloride difluoride 206 337.5 5.15 9 
CIF;P Рһоврһогив(Ш) chloride difluoride 225.9 362.4 4.52 9 
CIF;PS Phosphorothioc chloride difluoride 279.5 439.2 4.14 9 
СЕ, $1 Chlorotrifluorosilane 203.2 307.7 3.46 9 
CIF; Chlorine pentafluoride 260.1 416 5.27 233 9 
CIFSS Sulfur chloride pentafluoride 254.10 390.9 9 
CIH Hydrogen chloride 188 324.7 8.31 81 9 
CIH,N Ammonium chloride 6118 1155 163.5 9 
СЇН,Р Phosphonium chloride 246 8 322.3 7:31 9 
CINO Nitrosyl chloride 267.7 440 9 
СІОУ Vanadyl chloride 400 636 171 9 
CL Chlorine 239.11 416.9 7.991 123 9 
СЂЕР Рһоврһогив(Ш) dichloride fluoride 287.00 463.0 4.96 9 
CLF,Si Dichlorodifluorosilane 241 369.0 35 9 
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Molecular 
formula 


CLHg 
Cl,OSe 
CLFSi 
Cl;Ga 
СІ;Н81 
CLP 
СІ,8Ь 
Cl Ge 
CLHf 
CLjORe 
CLOW 
CLSi 
СцЅп 
CLTe 
суп 
CLZr 
Cl; Mo 
Cl;Nb 
СБР 
Cl;Ta 
СМ 
Cs 

FH 
ЕМО, 
F, 
FHN 
FN, 
EN; 
EO 
Е,Хе 
FN 
ЕМО 
EP 
FPS 
ы, 
F,S 
F,Si 
Е,Хе 
F;Nb 
Е,Мо 
FS 
Бебе 
ЕеТе 
F U 
FW 
Gal; 
Сен, 
Gel, 
HI 

H, 
Н:О 
Н:О, 
Н,5 
Н,5е 


Маше 


Mercury(II) chloride 
Selenium oxychloride 
Trichlorofluorosilane 
Gallium(III) chloride 
Trichlorosilane 
Рһоврһогив(Ш) chloride 
Antimony(III) chloride 
Germanium(IV) chloride 
Hafnium(IV) chloride 
Rhenium(VI) oxytetrachloride 
Tungsten(VI) oxytetrachloride 
Tetrachlorosilane 
Tin(IV) chloride 
Tellurium tetrachloride 
Titanium(IV) chloride 
Zirconium(IV) chloride 
Molybdenum(V) chloride 
Niobium(V) chloride 
Phosphorus(V) chloride 
Tantalum(V) chloride 
Tungsten(VI) chloride 
Cesium 

Hydrogen fluoride 
Nitryl fluoride 

Fluorine 

Difluoramine 
cis-Difluorodiazine 
trans-Difluorodiazine 
Fluorine monoxide 
Xenon difluoride 
Nitrogen trifluoride 
Trifluoramine oxide 
Phosphorus(III) fluoride 
Phosphorothioc trifluoride 
Tetrafluorohydrazine 
Sulfur tetrafluoride 
Tetrafluorosilane 

Xenon tetrafluoride 
Niobium(V) fluoride 
Molybdenum(VT) fluoride 
Sulfur hexafluoride 
Selenium hexafluoride 
Tellurium hexafluoride 
Uranium(VI) fluoride 
Tungsten(VI) fluoride 
Gallium(III) iodide 
Germane 
Germanium(IV) iodide 
Hydrogen iodide 
Hydrogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Hydrogen selenide 
Ammonia 

Phosphine 

Hydrazine 

Helium 

Hafnium iodide 


CRITICAL CONSTANTS (continued) 


TJK 


577 
450 
285.40 
474 
306 
349.3 
493.5 
359.70 
590 8 
496 
500.70 
330.80 
387.30 
660 
409.60 
604 8 
541 
527.2 
4338 
512.50 
619.90 
944 
293 
200.8 
85.03 
250 
167.40 
161.70 
128.40 
387.50 
144.40 
185.7 
171.4 
220.90 
199 
232.70 
187 
388.90 
502 
307.2 
209.35 
226.55 
234.25 
329.65 
290.3 
613 
185.1 
650 
237.60 
20.28 
373.2 
423.4 
213.60 
231.90 
239.82 
185.40 
386.70 
4.22 
667 $ 
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TJK 


973 
730 
438.6 
694 
479 
563 
794 
5532 
725.7 
781 
782 
508.1 
591.9 
1002 
638 
778 
850 
803.5 
646 
767 
923 
1938 
461 
349.5 
144.13 
403 
272 
260 
215 
631 
234.0 
303 
2712 
346.0 
309 
364 
259.0 
612 
737 
473 
318.69 
345.5 
356 
505.8 
444 
951 
312.2 
973 
424.0 
32.97 
647.14 
728* 
373.2 
411 
405.5 
324.5 
653 
5.19 
916 


Р./МРа 


7.09 
3.58 


3.861 
5.42 


3.593 
3.75 
8.56 
4.66 
5.77 


4.88 


9.4 
6.48 


5.172 


7.09 
5.57 


9.32 
4.46 
6.43 
4.33 
3.82 
3.75 


3.72 
7.04 
6.28 
4.75 
3.77 


4.66 
4.34 


4.95 


8.31 
1.293 
22.06 
22% 
8.94 
8.92 
11.35 
6.54 
14.7 
0.227 


148 
126 
147 


188 
155 
226 
199 


250 
233 
395 
147 
500 


65 
56 


99 


72 


57 
528 


NO NO NO NO NO NO NO NO NO NO NO NO NO SO NO NO NO SO SD SD OD 


ұз 


3 


NO SO NO NO NO NO NO Q) NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO o 
= 


Molecular 
formula 


Hg 
Нер 
5 
1,50 
LSi 
LSn 
LTi 
LZr 


CBrCIF; 
СВтЕ; 
CBr;F, 
CCIF, 
CCIF, 
ССЬО 
CCIF 
CCl, 
СЕЈ 
СЕ, 
СНВ, 
СНСІЕ, 
CHCLF 
СНС 
СНЕ; 
CHN 
CH,CIF 
CH,Cl, 
CH;F, 
СН:О, 
CH;Cl 
СН,С1,51 
СНЕ 
Сну 
сн;хо, 
СН, 
СН,О 
СН, 5 
CH;CISi 
сн; 


Мате 


Mercury 
Мегсигу(П) iodide 
Iodine 
Antimony(IID iodide 
Tetraiodosilane 
Tin(IV) iodide 
Titanium(IV) iodide 
Zirconium(IV) iodide 
Potassium 

Krypton 

Lithium 

Nitric oxide 
Nitrogen 

Nitrous oxide 
Nitrogen tetroxide 
Sodium 

Neon 

Oxygen 

Sulfur dioxide 
Ozone 

Sulfur trioxide 
Osmium( VIII) oxide 
Rhenium(VII) oxide 
Phosphorus 
Rubidium 

Radon 

Sulfur 

Selenium 

Xenon 


Bromochlorodifluoromethane 


Bromotrifluoromethane 


Dibromodifluoromethane 


Chlorotrifluoromethane 


Dichlorodifluoromethane 
Carbonyl chloride [Phosgene] 
Trichlorofluoromethane 


Tetrachloromethane 
Trifluoroiodomethane 
Tetrafluoromethane 
Bromodifluoromethane 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Trifluoromethane 
Hydrogen cyanide 
Chlorofluoromethane 
Dichloromethane 
Difluoromethane 
Formic acid 
Chloromethane 
Methyltrichlorosilane 
Fluoromethane 
Jodomethane 
Nitromethane 

Methane 

Methanol 

Methanethiol 
Chloromethylsilane 
Methylamine 


CRITICAL CONSTANTS (continued) 


TJK 


629.88 
627 
457.6 
674 
560.50 
637.50 
650 
704 s 
1032 
119.93 
1615 
121.41 
71.36 
184.67 
294.30 
1156 
27.07 
90.20 
263.10 
161.80 
318 
408 
633 
553.7 
961 
211.5 
TIT IS 
958 
165.03 
269.5 
215.4 
295.91 
191.8 
243.4 
281 
296.9 
350.0 
250.7 
145.2 
258.6 
232.5 
282.1 
334.32 
191.1 
299 
264.1 
313 
221.6 
374 
249.06 
338.8 
194.8 
315.58 
374.34 
111.67 
337.8 
279.1 
280 
266.83 
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TJK 


1750 
1072 
819 
1102 
944 
968 
1040 
960 
2223* 
209.41 
3223* 
180 
126.21 
309.57 
431 
2573% 
44.4 
154.59 
430.8 
2611 
491.0 
678 
942 
994 
2093% 
377 
1314 
1766 
289.77 
426.88 
3402 
4713 
302 
384.95 
455 
471.1 
556.6 
396.44 
227.6 
411.98 
369.5 
451.58 
536.4 
298.98 
456.7 
427 
510 
351.56 
588 
416.25 
517 
317.8 
528 
588 
190.56 
512.5 
470 
517.8 
430.7 


Р./МРа 
172.00 


16* 
5.50 
67* 
6.48 
3.39 
7.255 
10.1 
35% 
2.76 
5.043 
7.884 
5.57 
8.2 


16% 
6.28 
20.7 
272 
5.841 
4.254 
3.97 
4.45 
3.870 
4.136 
5.67 
4.47 
4.516 
3.953 
3.74 
5.132 
5.035 
5.18 
5.47 
4.82 
5.39 
5.70 
6.10 
5.83 


6.679 
3.28 
5.88 


5.87 
4.599 
8.084 
7.23 


7.614 


V Jem? 
mol! 


43 
155 


558 
531 
505 
530 
209* 
91 
66* 
58 
90 
97 
167 
116* 
42 
73 
122 
89 
127 


334 


247% 


118 
246 
196 


180 
217 
190 
247 
276 
226 
140 
275 
164 
196 
239 
133 
139 


123 


139 
348 
113 


173 
98.60 
117 
147 


ж 
е 
гэ 


NO NOD xO jO NO SNO SO ND 


БРУНО МӘ Ар Ар: SONO МУ 


ы 


МӨН елі ысы “дысы ады 


NO ND бо Во NO XO NO NO ON 


Molecular 
formula 
СН,М, 
CHgsSi 
CO 

COS 

СО, 

CS, 
C,Br,CIF; 
CjBrF, 
ОС 
ОСЕ 
C,CLF, 
С,СЬЕ, 
С.С1Б, 
СОСВЊ 
C;Cl, 
ССР 
ССБ 
СЕМ 
ОВ, 
СОБ 
С-НСІЕ, 
С-НСІЕ, 
С-НСІЕ, 
C;HCLF; 
C;HCLF; 
CHCl, 
С-НЕ;О, 
CHF; 
С-НЕО 


СН; 
C;H5CIF; 
СНС} 
СНС} 
С.Н:С1, 
СОЊЕ 
СОЊЕ, 
СОЊЕ, 
С,Н,Е,О 
она 
C;H4CIF; 
С,Н,СЬьЕ 
C3H;Cl, 
C3H;Cl, 
СОЊЕ 
CHF; 
CHF; 
C;H4F,O 
сын; 
ОН, 
C,H,Bry 
C3H,Cl, 
C3H,Cl, 
СОЊЕ 
C,H,O 
C,H,O 
СНО 
СНО 
С,Н.Вг 


CRITICAL CONSTANTS (continued) 


Name 


Methylhydrazine 

Methylsilane 

Carbon monoxide 

Carbon oxysulfide 

Carbon dioxide 

Carbon disulfide 
1,2-Dibromo-1-chloro-1,2,2-trifluoroethane 
1,2-Dibromotetrafluoroethane 
Chlorotrifluoroethene 
Chloropentafluoroethane 
1,1-Dichloro-1,2,2,2-tetrafluoroethane 
1,2-Dichloro-1,1,2,2-tetrafluoroethane 
1,1,1-Trichloro-2,2,2-trifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Tetrachloroethene 
1,1,2,2-Tetrachloro-1,2-difluoroethane 
Hexachloroethane 
Trifluoroacetonitrile 
Tetrafluoroethene 

Hexafluoroethane 
1-Chloro-2,2-difluoroethene 
1-Chloro-1,1,2,2-tetrafluoroethane 
1-Chloro-1,2,2,2-tetrafluoroethane 
1.2-Dichloro-1,1,2-trifluoroethane 
2,2-Dichloro-1,1,1-trifluoroethane 
Trichloroethene 

Trifluoroacetic acid 
Pentafluoroethane 

Trifluoromethyl difluoromethyl ether 


Acetylene 
2-Chloro-1,1,1-trifluoroethane 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
1,1-Difluoroethene 
1,1,1,2-Tetrafluoroethane 
1,1,2,2-Tetrafluoroethane 
Bis(difluoromethyl) ether 
Chloroethene [Vinyl chloride] 
1-Chloro-1,1-difluoroethane 
1,1-Dichloro-1-fluoroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Fluoroethene 
1,1,1-Trifluoroethane 
1,1,2-Trifluoroethane 
Methyl trifluoromethyl ether 
Acetonitrile 

Ethylene [Ethene] 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 
Acetaldehyde 

Oxirane [Ethylene oxide] 
Acetic acid 

Methyl formate 
Bromoethane 


ТЫК 
360.7 
215.7 
81.7 
223 
194.68 
319 
366 
320.50 
245.4 
234.1 
2716.6 
2716.7 
318.7 
320.9 
394.5 
366.0 
457.85 
204.4 
197.3 
195.1 
254.7 
261.5 
261 
302.7 
300.97 
360.36 
346 
225.1 
235 


188.45 
279.3 
333.3 
321.9 
418.4 
187.5 
247.07 
253.3 
275 
259.4 
264.1 
305.2 
347.24 
387.0 
201 
225.90 
2776.9 
249.49 
354.80 
169.38 
404.8 
330.5 
356.7 
249.10 
293.3 
283.8 
391.1 
304.9 
311.7 
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TJK 
567 
3524 
132.91 
375 
304.13 
552 
560.7 
487.8 
379 
3532 
418.6 
418.78 
482.9 
487.3 
620.2 
551 
695 
311.11 
306.5 
293 
400.6 
399.9 
395.65 
461.6 
456.83 
544.2 
491.3 
339.17 
354.0 


308.3 
425.01 
544.2 
516.5 
661.15 
302.9 
374.18 
391.74 
420.25 
432 
410.34 
4TT.5 
545 
602* 
327.9 
345.86 
429.8 
378.02 
545.6 
282.34 
583.0 
523 
561 
386.7 
466 
469 
590.7 
487.2 
503.9 


AO NONO AGIO ыды 


= A 
on 


Molecular 
formula 


C;HsCI 
СОЊЕ 
СН 
C;H«CLSi 
CHO 
CHO 
С.Н,О, 
C;H,S 
C;H,S 
C;H,S; 
C;H;N 
CHN 
СН 
СМ 
С.СЇБ,О 
C4CLF, 
Сы о 
С, О 
ОБ 
С.Б,О, 
С.НЕ, 
C;HF;O 
СОЊЕ 
СОЊЕ 
C,H;F,O 
C;H;F, 
C;H;Fs 
GHF; 
CHF; 
C;H;F;O 
C;H;F;O 
сын 
C;H;NO 
CH, 
CH, 
CHCl 
C;H;F;O 
C;H;N 
GH 
CH; 
C4H«CL 
C4H«CL 
C;H,O 
CHO 
C,H,O 
CHO 
С.Н,О, 
C3H,0> 
С.Н,О, 
С.Н,О, 
C3H,Cl 
C3H,Cl 
C,H;NO 
GH, 
C;H,O 
C;H,O 
C,H40 
С.Н,О, 


CRITICAL CONSTANTS (continued) 


Name 


Chloroethane 

Fluoroethane 

Ethane 

Dichlorodimethylsilane 

Ethanol 

Dimethyl ether 

1,2-Ethanediol 

Ethanethiol 

Dimethyl sulfide 

Dimethyl disulfide 

Ethylamine 

Dimethylamine 
1,2-Ethanediamine 

Cyanogen 
Chloropentafluoroacetone 
1,3-Dichloro-1,1,2,2,3,3-hexafluoropropane 
Perfluoroacetone 
Perfluorooxetane 
Perfluoropropane 
Perfluorodimethoxymethane 
1,1,1,2,3,3,3-Heptafluoropropane 
Trifluoromethyl 1,1,2,2-tetrafluoroethyl ether 
1,1,1,2,3,3-Hexafluoropropane 
1,1,1,3,3,3-Hexafluoropropane 
1,2,2,2- Tetrafluoroethyl difluoromethyl ether 
3,3,3- Trifluoropropene 
1,1,1,3,3-Pentafluoropropane 
1,1,1,2,2-Pentafluoropropane 
1,1,2,2,3-Pentafluoropropane 
Methyl pentafluoroethyl ether 
Difluoromethyl 2,2,2-trifluoroethyl ether 
Acrylonitrile 

Isoxazole 

Allene 

Propyne 

3-Chloropropene 
2,2,2-Trifluoroethyl methyl ether 
Propanenitrile 

Propene 

Cyclopropane 
1,2-Dichloropropane 
1,3-Dichloropropane 

Allyl alcohol 

Propanal 

Acetone 

Methyloxirane [1,2-Propylene oxide] 
Propanoic acid 

Ethyl formate 

Methyl acetate 

Dimethyl carbonate 
1-Chloropropane 
2-Chloropropane 
N,N-Dimethylformamide 
Propane 

1-Propanol 

2-Propanol 

Ethyl methyl ether 

1,2-Propylene glycol 


ТЫК 


285.5 
235.5 
184.6 
343.5 
351.44 
248.4 
470.5 
308.2 
310.48 
382.89 
289.7 
280.03 
390 
252.1 
281 
308.9 
245.8 
244.8 
236.6 
263 
256.8 
270 
279.3 
27239. 
296.50 
256 
288.5 
255.8 
298.2 
278.74 
302.39 
350.5 
368 
238.8 
250.0 
318.3 
304.77 
370.29 
225.46 
240.34 
369.6 
394.1 
370.2 
321 
329.20 
308 
414.30 
327.6 
330.02 
363.7 
319.7 
308.9 
426 
231.1 
370.4 
355.5 
280.6 
460.8 
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TJK 


460.4 
375.31 
305.32 
5204 
514.0 
400.2 
720 
499 
503 
615 
456 
437.22 
613.1 
400 
410.6 
453 
357.14 
361.8 
345.1 
3723 
374.89 
387.78 
412.38 
398.07 
428.95 
3762 
42720 
380.11 
447.57 
406.80 
443.99 
540 
552.0 
394 
402.4 
514 
448.98 
561.3 
364.9 
398.0 
578.5 
614.6 
545.1 
505 
508.1 
485 
598.5 
508.54 
506.5 
557 
503 
484 
649.6 
369.83 
536.8 
508.3 
437.9 
676.4 


V Jem? 
mol! 


145.5 
350 
168 
168 


207 
203.7 


182 


329 
272 
299 
363 
274 
337 
269 


315 
211 


273 


301 


163.5 


277 
229 
185 
162 


204 
213 
190 
233 
229 
228 
252 


262 
200 
218 
222 
222 


= 
E 


= 
ы 


NO +. N.O XO — o0 0000-l-1 + ӘӘ 
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= Ор m= 
бо 
~ 
~ 


о ы 


NNR ве бе ouo oo oo элээх 
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Molecular 
formula 


СНО 
C3H0, 
Сао 
С.Н,О, 
С;Н;5 
С;Н;5 
C;H,BO, 
C4H,CISi 
сыны 
сын 
CHN 
С.Вг,Еѕ 
С.СЬЕ, 
С.Е, 
СЕ 
C4Fio 
С.Н,Б,О 
C,H;F,0 
C,H;F;O 
СНО 
C4H404 
C,H,S 
сін; ЕО 
CHN 
СН; 
C4H6 
СН; 
СНО» 
СНО 
С.Н,О, 
С.Н,О, 
C,H;N 
СІҢ; 
СІҢ; 
СІҢ; 
СІҢ; 
СІҢ; 
C4H0 
С.В,О 
C,H,O 
(ӨЛ: КӨ) 
С,В,О 
С,Н,О8 
СНО 
C4H0, 
СНО 
СНО 
СНО 
С.Н,О, 
СНО 
С.Н,5 
өл Кел 
C,HoCl 
CHCI 
CHN 
СН 
САН 
СІН 0 


CRITICAL CONSTANTS (continued) 


Name 


1,3-Propylene glycol [Trimethylene glycol] 
2-Methoxyethanol [Ethylene glycol monomethyl ether] 


Dimethoxymethane [Methylal] 
Glycerol 

]-Propanethiol 

Ethyl methyl sulfide 
Trimethyl borate 
Trimethylchlorosilane 
Propylamine 

Isopropylamine 
Trimethylamine 
1,4-Dibromooctafluorobutane 


1,2-Dichloro-1,2,3,3,4,4-hexafluorocyclobutane 


Perfluorocyclobutane 
Perfluorobutane 
Perfluoroisobutane 


Perfluoroethyl 2,2,2-trifluoroethyl ether 


Perfluoropropyl methyl ether 
Perfluoroisopropyl methyl ether 
Furan 

Maleic acid 

Thiophene 
Perfluoroethyl ethyl ether 
Pyrrole 

1,3-Butadiene 

1-Butyne 

2-Butyne 

Vinyl acetate 
y-Butyrolactone 

Acetic anhydride 
Propylene carbonate 
Butanenitrile 

1-Butene 

cis-2-Butene 
trans-2-Butene 

Isobutene 

Cyclobutane 

Ethyl vinyl ether 

Butanal 

Isobutanal 

2-Butanone [Methyl ethyl ketone] 
Tetrahydrofuran 

S-Ethyl thioacetate 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Isopropyl formate 

Ethyl acetate 

Methyl propanoate 
1,4-Dioxane 
Tetrahydrothiophene 
1-Chlorobutane 
2-Chlorobutane 
2-Chloro-2-methylpropane 
Pyrrolidine 

Butane 

Isobutane 

1-Butanol 


ТЫК 


487.6 
397.3 
315 
563 
341.0 
339.9 
340.7 
333 
320.37 
304.91 
276.02 
370 
332.7 
267.3 
271.3 
273 
301.04 
307.38 
302.49 
304.7 


3572 
301.26 
402.94 
268.74 
281.23 
300.1 
346.0 
477 
4127 
515 
390.8 
266.89 
276.86 
274.03 
266.3 
285.8 
308.7 
348.0 
337.7 
352.74 
338 
389.6 
436.90 
427.60 
354.1 
341.4 
350.26 
353.0 
374.7 
394.3 
351.6 
341.4 
324.1 
359.71 
272.7 
261.42 
390.88 
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TJK 


718.2 
597.6 
491 
850 
537 
533 
501.7 
497.8 
497.0 
471.8 
432.79 
532.5 
497% 
388.46 
386.4 
395.4 
421.68 
437.70 
433.30 
490.2 
620 
580 
431.23 
639.7 
425 
440 
488.7 
519.2 
731 
606 
762.7 
585.4 
419.5 
435.5 
428.6 
417.9 
460.0 
475 
537 
544 
536.7 
540.5 
590.55 
615.2 
605.0 
538.0 
535 
523.3 
530.7 
588 
632 
539.2 
518.6 
500 
568 
425.12 
407.8 
563.0 


Р./МРа 


6.55 
5.285 
3.96 
75 
4.6 
4.25 
3.59 
3.20 
4.72 
4.54 
4.087 
2.39 
2:73* 
2.784 
2.323 


2.330 
2.481 
2.553 
5.3 


5.70 
2.533 
6.34 
4.32 
4.60 


4.185 
5.13 
4.0 
4.14 
3.88 
4.02 
4.21 
4.10 
4.000 
4.98 
4.07 
4.32 
2. 
4.207 
5.19 
4.075 
4.06 
3.70 
4.06 
3.95 
3.87 
4.00 
5.21 
5.4 


6.00 

3.796 
3.640 
4.414 


V Jem? 
mol! 


263 
213 


286 


366 


221 
254 


386% 
324 
378 


409 
377 
369 
218 


219 
366 
200 
221 
208 


240.8 
233.8 
237,7 
238.8 
210 


258 


267 
224 
319 
292 
290 
285 


286 
282 
238 


238 
255 
259 
274 


Ref. 


14,17 
7,11,12 
7 
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CRITICAL CONSTANTS (continued) 


Molecular V Jem? 

formula Name TyK T JK Р/МРа mol! Ref. 
СІН yO 2-Butanol [sec-Butyl alcohol] 372.66 5362 4.202 269 4 
С,Н,6О 2-Methyl-1-propanol [Isobutyl alcohol] 381.04 547.8 4.295 274 4 
СІН yO 2-Methyl-2-propanol [tert-Butyl alcohol] 355.6 506.2 3.972 275 4 
C4H0 Diethyl ether 307.7 466.7 3.644 281 7 
C4H0 Methyl propyl ether 312.3 476.2 3.801 7 
СІН (0 Isopropyl methyl ether 303.92 464.4 3.762 7 
C4H 902 2-Methyl-1,3-propanediol 484.8 708.0 5.35 17 
С.Н |0; 1,2-Butanediol 463.7 680 521 303 7,23 
САНОО» 1,3-Butanediol 480.7 676 4.02 305 7,23 
САН О» 1,4-Butanediol [Tetramethylene glycol] 508 723.8 5.52 17 
С.Н |0; 1,2-Dimethoxyethane [Ethylene glycol dimethyl ether] 357.7 540 3.90 308 7 
САНОО» 1,2-Propylene glycol monomethyl ether 392 579.8 4.113 11,12 
C4H Оз Diethylene glycol 519.0 750 4.7 7 
C4Hj9S 1-Butanethiol 371.7 570 4.0 324 8 
СІН |05 Diethyl sulfide 365.3 557.8 3.90 317.6 8,15 
С.Н |05; Diethyl disulfide 427.2 642 8 
CHI N Butylamine 350.15 531.9 4.25 277 10 
СНМ sec-Butylamine 335.88 514.3 4.20 278 10 
СНМ tert-Butylamine 317.19 483.9 3.84 292 10 
CHI IN Isobutylamine 340.90 519 4.07 278 10 
СНМ Diethylamine 328.7 499.99 3.758 9 
CA HINO  N-Q-Aminoethyl)ethanolamine 512 739.2 4.65 17 
C4H;5Si Tetramethylsilane 299.8 448.6 2.821 361.6 8 
CjH;;Sn Tetramethylstannane 351 521.8 2.981 8 
СНУ Bis(2-aminoethyl)amine 480 709.8 4.38 14,17 
СЕ; РегПпогорешапе 302.4 420.59 2.045 473 9 
С.Н.Е,О, Hexafluoroacetylacetone 327.30 485.1 2.767 9 
С.Н,О, Furfural 434.9 670* 5.89% 7 
С.Н.Х Pyridine 388.38 620.0 5.67 243 10 
С.Н,М, 2-Methylpyrazine 410 634.3 5.01 283 9 
С.Н,О 2-Methylfuran 337.9 528 4.7 247 7 
CHN 1-Methylpyrrole 385.96 596.0 4.86 271 10 
СВМ 2-Methylpyrrole 420.8 654 5.08 266 10 
С.Н,Х 3-Methylpyrrole 416.1 647 5.08 266 10 
СН; 1-Решупе 313.3 493.5 9 
СН; Cyclopentene 317.4 506.5 4.80 245 6 
С.Н,О Cyclopentanone 403.72 624 4.60 yi 
СО 3,4-Dihydro-2H-pyran 359 562 4.56 268 7 
C;H oN Pentanenitrile 414.5 610.3 3.58 9 
С.Н,ХО N-Methyl-2-pyrrolidone 475 721.8 31 9 
СН 1-Решепе 303.11 464.8 3.56 298.4 6 
СН cis-2-Pentene 310.08 475 3.69 6 
СН trans-2-Pentene 309.49 471 3:52 9 
СН 2-Methyl-1-butene 304.4 470 3.8 9 
СН 3-Methyl-1-butene 293.3 452.7 3.53 304.9 6 
СН 2-Methyl-2-butene 311.71 470 3.42 6 
СН Cyclopentane 322.5 511.7 4.51 259 5 
С.Н,6О Cyclopentanol 413.57 619.5 4.9 4 
С.Н,6О Allyl ethyl ether 340.8 518 7 
СНО Pentanal 376 567 3.97 313 7 
С.Н,6О 2-Pentanone [Methyl ргору! ketone] 375.41 561.1 3.683 321 7 
СНО 3-Pentanone [Diethyl ketone] 374.9 561.4 3.729 331 7 
СНО 3-Methyl-2-butanone 367.48 553.0 3.80 308 тА 
СНО Tetrahydropyran 361 572 4.77 263 7 
СУН О 2-Methyltetrahydrofuran 351 537 3.76 267 7 
СНО» Pentanoic acid 459.3 637.2 3.63 346 7 
C5H4905 3-Methylbutanoic acid 449.7 629 3.40 2 
СНО Isobutyl formate 371.4 551 3.88 355 7 
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Molecular 
formula 


САН 902 
САН 902 
С-Н 00; 
СНА 902 
СН, 902 
СН Оз 
с-Нүсі 
CHC 
сним 
САН 
САН 
СН» 
CsH,;O 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
СНО; 
СНО; 
СНО; 
СНО; 
С5Н 20; 
СН 35 
С,В:Е, 
CCIF; 
СЕСЕ, 
СоСЬЕз 
Сб 
Село 
CF 12 
CF 2 
CF14 
CF14 
CF14 
Соц 
СНЕ; 
С,НЕ.О 
СНЕ, 
CHF, 
CHF, 
CHF, 
C, HsCIF, 
C, HsCIF, 
C H,CIF, 
СЊСЈЕ, 
CHF; 
CLF; 
CHF; 
СНВ 
СНВ 
СНВ 
С,Н,СЇЕ 
СеН,СІЕ 


CRITICAL CONSTANTS (continued) 


Name 


Propyl acetate 

Isopropyl acetate 

Ethyl propanoate 

Methyl butanoate 

Methyl isobutanoate 
2-Methoxyethyl acetate 
1-Chloropentane 
2-Chloro-2-methylbutane 
Piperidine 

Pentane 

Isopentane 

Neopentane 

1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 

Butyl methyl ether 

Methyl tert-butyl ether 

Ethyl propyl ether 
2-Propoxyethanol 
Diethoxymethane 
1,2-Dimethoxypropane 
2,2-Dimethoxypropane 
Diethylene glycol monomethyl ether 
3-Methyl-1-butanethiol 
Bromopentafluorobenzene 
Chloropentafluorobenzene 
1,2-Dichloro-3,4,5,6-tetrafluorobenzene 
1,3,5-Trichloro-2,4,6-trifluorobenzene 
Hexafluorobenzene 
Perfluorocyclohexene 
Perfluoro-1-hexene 
Perfluorocyclohexane 
Perfluorohexane 
Perfluoro-2-methylpentane 
Perfluoro-3-methylpentane 
Perfluoro-2,3-dimethylbutane 
Pentafluorobenzene 
Pentafluorophenol 
Undecafluorocyclohexane 
1,2,3,4-Tetrafluorobenzene 
1,2,3,5-Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
1-Chloro-2,4-difluorobenzene 
1-Chloro-2,5-difluorobenzene 
1-Chloro-3,4-difluorobenzene 
1-Chloro-3,5-difluorobenzene 
1,2,3-Trifluorobenzene 
1,2,4-Trifluorobenzene 
1,3,5-Trifluorobenzene 
1-Bromo-2-fluorobenzene 
1-Bromo-3-fluorobenzene 
1-Bromo-4-fluorobenzene 
1-Chloro-2-fluorobenzene 
1-Chloro-3-fluorobenzene 


ТЫК 


374.69 
361.8 
372.3 
376.0 
365.7 
416 
381.6 
358.8 
379.37 
309.21 
301.03 
282.63 
411.13 
392.5 
389.40 
400.7 
404.3 
375.6 
386.1 
343.31 
328.2 
336.36 
423.0 
361 
369 
356 
466 
389 
410 
391.11 
430.9 
471.6 
353.41 
325.2 
330.2 
325.95 
329.8 
330.8 
331.6 
333.0 
358.89 
418.8 
335.2 
367.5 
357.6 
363.4 
400 
401 
400 
391.7 
368 
363 
348.7 
427 
423 
4247 
410.8 
400.8 
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549.7 
531.0 
546.7 
554.5 
540.7 
630.0 
571.2 
509.1 
594 
469.7 
460.4 
433.8 
588.1 
560.3 
559.6 
575.4 
5712 
543.7 
556.1 
512.7 
497.1 
500.2 
615 
531.7 
543.0 
510 
672 
594 
601 
570.81 
626 
684.8 
516.73 
461.8 
454.4 
457.2 
448.77 
455.3 
450 
463 
530.97 
609 
477.7 
550.83 
535.25 
543.35 
609.6 
612.5 
609.2 
592.0 
560.3 
551.1 
530.9 
669.6 
652.0 
654.8 
633.8 
615.9 


Р./МРа 


3.36 
3.31 
3.45 
3.47 
3.43 


4.94 
3.370 
3.38 
3.196 
3.897 
3.675 


3.94 
3.93 
371 
3.87 
3.37 
3.430 
3.370 
3.65 


3.67 


3.0 
3.238 
5.32 
3.27 
3:273 


2.43 
1.868 
1.923 
1.69 
1.87 
3.531 
4.0 


3.791 
3.747 
3.801 


V Jem? 
mol! Ref. 


345 7 
344 7 
342 7 
340 7 
339 7 


288 10 
311 2 

306 
307 
326 
329 
325 


329 


339 
364 


376 


448 
335 


606 
532 


525 
324 
348 


313 
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Molecular 
formula 


С;НСІЕ 
C CL 
С.Н,Б, 
CF, 
CHF 
С,Н.Вг 
Сена 
СсН,Е 
СНУ 
СН, 
СНО 
СВМ 
CHN 
CHN 
СВМ 
СН 
СН 
СеН О 
СН (0 
СН о 
СН, 0, 
СН 
СЕН СІ 
СНВ 
Се у; 
Се у; 
Сен} 
С,Н,О 
СНО 
С,Н,О 
С,Н,О 
СНО 
С,Н,О 
СНО 
СНО 
СНО 
C&H150; 
СНО 
C&H150; 
СНО 
СНО 
СеН,20› 
СНО 
СеН 0; 
СН |20; 
CoH) 203 
CoH) 203 
С,Н,,55 
СН, (1 
СН, (1 
СЫН, 
Сена 
СЫН 
Сена 
Сена 
С,Н,О 
С,Н,О 
С,Н,О 


CRITICAL CONSTANTS (continued) 


Name 


1-Chloro-4-fluorobenzene 
m-Dichlorobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Difluorobenzene 
Bromobenzene 
Chlorobenzene 
Fluorobenzene 

Iodobenzene 

Benzene 

Phenol 

Aniline 

2-Methylpyridine [2-Picoline] 
3-Methylpyridine [3-Picoline] 
4-Methylpyridine [4-Picoline] 
1,5-Hexadiene 

Cyclohexene 

Cyclohexanone 
2-Methylcyclopentanone 
Mesityl oxide 

Ethyl trans-2-butenoate 
Diallyl sulfide 
Chlorocyclohexane 
Hexanenitrile 

1-Hexene 

Cyclohexane 
Methylcyclopentane 

Butyl vinyl ether 

Hexanal 

2-Hexanone [Butyl methyl ketone] 
3-Hexanone [Ethyl propyl ketone] 
4-Methyl-2-pentanone [Isobutyl methyl ketone] 
3,3-Dimethyl-2-butanone 
Cyclohexanol 

Hexanoic acid 

Pentyl formate 

Isopentyl formate 

Butyl acetate 

sec-Butyl acetate 

Isobutyl acetate 

Propyl propanoate 

Ethyl butanoate 

Ethyl 2-methylpropanoate 
Methyl pentanoate 
1,2-Propylene glycol monomethyl ether acetate 
2-Ethoxyethyl acetate 
Paraldehyde 
Cyclohexanethiol 
1-Chlorohexane 
3-Chloro-3-methylpentane 
Hexane 

2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
2-Methoxy-2-methylbutane 
1-Hexanol 

2-Hexanol 


ТЫК 


403 
446 
367 
355.8 
362 
429.21 
404.87 
357.88 
461.6 
353.24 
455.02 
457.32 
402.53 
417.29 
418.51 
332.6 
356.13 
428.58 
412.7 
403 
411 
411.8 
415 
436.80 
336.63 
353.88 
345.0 
367 
404 
400.8 
396.7 
389.7 
379.3 
433.99 
478.4 
403.6 
396.7 
399.3 
385 
389.7 
395.7 
394.5 
383.3 
400.6 
420 
429.6 
397.5 
432.0 
408.3 
389 
341.88 
333.41 
336.42 
322.88 
331.08 
359.3 
430.8 
413 
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TJK 


620.1 
685.7 
566.0 
548.4 
556.9 
670 
633.4 
560.09 
721 
562.05 
694.2 
699 
621.0 
645.0 
645.7 
508 
560.4 
665 
631 
605 
599 
653 
586 
633.8 
504.0 
553.8 
532.7 
540 
592 
587.1 
583.0 
574.6 
570.9 
647.1 
655 
576 
578 
575.6 
571 
561 
570 
568.8 
554 
590 
597.8 
608.0 
563 
684 
599 
528 
507.6 
497.7 
504.6 
489.0 
500.0 
535 
610.3 
585.9 


Р./МРа 


4.40 
4.52 
4.52 
4.551 
4.52 
4.895 
5.93 
4.89 
4.60 
4.65 
4.70 


4.6 


4.00 


3.30 
3.21 
4.08 
3.79 
3.20 
3.46 
3.30 
3.320 
3.270 
3.43 
4.401 
3.38 
3.46 


3.14 
3.01 
2.99 
3.06 
3.1 

31 

3.20 
3.01 
3:17 


3.025 
3.04 
3.12 
3.10 
3.15 
3.20 
3.417 
3.31 


У Jem? 
mol! Ref. 


324 9 
308 9,13 
269 9 
351 9 
256 3 

7 
287 9 
292 10 


288 10 
292 10 


353 


355.1 
308 
318 
384 
378 
377 
378 


382 


413 
412 


401 


415 
415 
422 
432 
443 


ne 
о 


401 


о 


368 
368 
368 
358 
361 
374 
387 
384 
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CRITICAL CONSTANTS (continued) 


Molecular У ст 

formula Name TyK TJK Р/МРа mol! Ref. 
СНО 3-Hexanol 408 582.4 3.36 383 4 
СНО 2-Methyl-1-pentanol 422 604.4 3.45 4 
С,Н,О 4-Methyl-1-pentanol 425.1 603.5 4 
C Hi O 2-Methyl-2-pentanol 394.3 559.5 4 
C Hi O 4-Methyl-2-pentanol 404.8 574.4 4 
СНО 2-Methyl-3-pentanol 399.7 576.0 3.46 4 
СНО 3-Methyl-3-pentanol 395.6 575.6 3:52 4 
СНО Dipropyl ether 363.23 530.6 3.028 7 
С,Н,О Diisopropyl ether 341.6 500.3 2.832 386 7 
СНО tert-Butyl ethyl ether 345.8 509.4 2.934 395 T 
С ,Н,О Methyl pentyl ether 372 546.5 3.042 391 7 
CoH 40 1-Propoxy-2-propanol 423 605.1 3.051 14 
C +H i O; 2-Butoxyethanol 441.6 634 3:27 424 7 
C +H i O; 1,1-Diethoxyethane [Acetal] 375.40 540 3.22 2 
СН 40; 1,2-Diethoxyethane [Ethylene glycol diethyl ether] 394.4 542 7 
C +H i Os Diethylene glycol monoethyl ether [Carbitol] 469 670 3.167 11,12 
C +H i Os Diethylene glycol dimethyl ether 435 617 T 
СНО, Triethylene glycol 558 780 33 7 
СНМ Dipropylamine 382.5 555.8 3.63 9 
СНМ Diisopropylamine 357.1 523.1 3.02 9 
СНМ Triethylamine 362 535.6 3.032 389 9 
СВ Perfluorotoluene 377.7 534.47 2.705 428 9 
СЕ 4 Perfluoro-1-heptene 3542 478.2 9 
C;F;4 Perfluoromethylcyclohexane 349.5 485.91 2.019 570 9 
СЕ Perfluoroheptane 355.7 474.8 1.62 664 9 
С,НЕ,, 1H-Pentadecafluoroheptane 369.2 495.8 9 
СЊЕ 2,3,4,5,6-Pentafluorotoluene 390.7 566.52 3.126 384 9 
C;HjBrF, 1-Bromo-2-(trifluoromethyl)benzene 440.7 656.5 13 
C,H,BrF; 1-Bromo-3-(trifluoromethyl)benzene 424.7 627.1 13 
C;HjBrF, 1-Bromo-4-(trifluoromethyl)benzene 433 629.8 13 
C;H5N Benzonitrile 464.3 699.4 4.21 9 
СНР 2,4-Difluorotoluene 390 581.4 13 
С.Н,Е, 2,5-Difluorotoluene 39] 587.8 13 
C;HgE; 2,6-Difluorotoluene 385 581.8 13 
С.Н,Е, 3,4-Difluorotoluene 385 598.5 13 
СНО Benzaldehyde 452.0 695 4.7 7 
C;H;F 2-Fluorotoluene 388 591.2 13 
C;H;F 3-Fluorotoluene 388 591.8 13 
C;H;F 4-Fluorotoluene 389.8 592.1 13 
СІҢ; Toluene 383.78 591.80 4.110 316 3,15 
СО o-Cresol 464.19 697.6 4.17 7 
С,Н,О m-Cresol 415.42 705.8 4.36 7 
С,Н,О p-Cresol 475.13 704.6 4.07 7 
С,Н,О Benzyl alcohol 478.46 715 4.3 9 
С,Н,О Anisole [Methoxybenzene] 426.9 646.5 4.24 341 7,11,12 
C,H oN 2-Methylaniline 473.5 707 4.37 9 
C,H oN 3-Methylaniline 476.5 707 4.28 9 
C,H oN 4-Methylaniline 473.6 706 4.58 9 
C,H oN N-Methylaniline 469.4 701 5.20 9 
C,H oN 2,3-Dimethylpyridine 434.27 655.4 4.10 356 23 
Свом 2,4-Dimethylpyridine 431.53 647 3.95 361 23 
C,H oN 2,5-Dimethylpyridine 430.13 645 3.85 361 23 
C,H oN 2,6-Dimethylpyridine 417.16 624 3.85 361 23 
C,H oN 3,4-Dimethylpyridine 452.25 684 4.20 355 23 
C;H9N 3,5-Dimethylpyridine 444.99 668 4.05 361 23 
СНА 1-Нергепе 366.79 537.3 2.92 409 6 
С.Ни Cycloheptane 391.6 604.2 3.82 353 5 
СІН, Methylcyclohexane 374.08 572.1 3.48 369 5 


6-59 


Molecular 
formula 


Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
СН 40 
СН 40 
СН 40 
СН 40 
СН 40 
СН О» 
СІН,40; 
СІН,40; 
СІН,40; 
СН Оз 
Ста 
Св 
Св 
Св 
С:Нь, 
Св 
С:Нь, 
С:Нь, 
С:Нь, 
Св 
С-Н О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С:Н, O; 
СН, O; 
СН, 602 
C7Hj 603 
C7H Siz 
CF O 
СЕ] 
С,Н,5 
CHN 
CHN 
CsHs 
С,Н,О 
СұНұО; 
СұНұОҙ 
СаНо 
СаНо 
СаНо 
СаНо 
СНО 
СНО 
С,Н,сО 


CRITICAL CONSTANTS (continued) 


Name 


Ethylcyclopentane 
1,1-Dimethylcyclopentane 
cis-1,2-Dimethylcyclopentane 
trans-1,2-Dimethylcyclopentane 
cis-1,3-Dimethylcyclopentane 
trans-1,3-Dimethylcyclopentane 
Heptanal 

2-Heptanone [Methyl pentyl ketone] 
3-Heptanone [Ethyl butyl ketone] 
4-Heptanone 


5-Methyl-2-hexanone [Methyl isopentyl ketone] 


2-Methyl-3-hexanone 
Heptanoic acid 

Pentyl acetate 

Isopentyl acetate 

Butyl propanoate 
Isobutyl propanoate 
Propyl butanoate 

Propyl isobutanoate 
Ethyl pentanoate 

Ethyl 3-methylbutanoate 
Ethyl 3-ethoxypropanoate 
1-Chloroheptane 

Heptane 

2-Methylhexane 
3-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
2,2,3-Trimethylbutane 
2-Ethoxy-2-methylbutane 
1-Heptanol 

2-Heptanol 

3-Heptanol, (5) 
4-Heptanol 
1-Butoxy-2-propanol 
1-tert-Butoxy-2-methoxyethane 
2,2-Diethoxypropane 
Diethylene glycol топоргору! ether 
Bis(trimethylsilyl)methane 
Perfluoro-2-butyltetrahydrofuran 
Perfluorooctane 
Benzo[b]thiophene 
4-Methylbenzonitrile 
1H-Indole 

Styrene 

Acetophenone 

Phenyl acetate 

Methyl salicylate 
Ethylbenzene 

о-Ху!епе 

m-Xylene 

p-Xylene 

2-Ethylphenol 
3-Ethylphenol 
4-Ethylphenol 


ТЫК 


376.7 
360.7 
372.7 
365.1 
364.0 
364.9 
426.0 
424.20 
420 
417 
417 
408 
495.4 
422.4 
415.7 
420.0 
410 
416.2 
408.6 
419.3 
408.2 
439 
433.6 
371.6 
363.19 
365 
366.7 
352.4 
362.93 
353.64 
359.21 
354.01 
375 
449.60 
432 
430 
429 
444.7 


387 
486 
406 
375.8 
379.1 
494 
490.2 
526.8 
418 
475 
469 
496.1 
409.34 
417.7 
412.27 
411.52 
4777 
491.6 
491.1 
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TJK 


569.5 
547 
565 
553 
551 
553 
617 
611.4 
606.6 
602.0 
604.1 
593.3 
678 
599 
586.1 
594.5 
584 
5931 
579.4 
593.3 
582.4 
621.0 
614 
540.2 
530.4 
535.2 
540.6 
520.5 
5373 
519.8 
536.4 
531.1 
546 
632.6 
608.3 
605.4 
602.6 
624.9 
574 
510.7 
680 
573.9 
500.2 
502 
764 
723 
794 
635.2 
709.6 
685.7 
709 
617.15 
630.3 
617.0 
616.2 
703.0 
716.4 
716.4 


Р./МРа 


3.40 
3.45 
3.45 
3.45 
3.45 
3.45 
3.16 
2.97 


3.16 
2:73 
2.76 


2.72 


V Jem? 
mol! Ref. 
375 5 
21 
21 
21 
21 
21 
434 7 
436 7 
433 7 
434 7 
7 
7 
7 
470 7,23 
7 
7 
7 
7 
7 
7 
7 
458 7 
13 
428 2 
421 3 
404 5 
416 5 
416 3 
393 5 
418 3 
414 5 
398 5 
463 7 
435 4 
442 4 
434 4 
432 4 
14 
7 
7 
489 7 
8 
588 9 
9 
379 8 
9 
356 10 
15 
388 7,23 
17 
7 
374 3:15 
370 3 
375 3 
378 3 
7 
7 
7 


Molecular 


formula 


С,Н,О 
С,Н,О 
С,Н,О 
СНО 
С,Н,О 
СНО 
CgH i O 
С,Н,О 
СНО 
С,Н,О 
CH0 
С,Н,М 
CgH\\N 
CgH 1404 
Сан 
21:10 
21:10 
СУН 
21:10 
СУН 
СУН 
21:10 
21:10 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н, O; 
CsH, O; 
CsH O; 
CsH, O; 
CsH, O; 
CsH, O; 
С,Н, O; 
CsH, O; 
CsH, O; 
CsH, O; 
С,Н, Оз 
С,Н, 604 
С,Н, 1 
CsHis 
СУН 
СУН 
СУН 
СУН 
СУН 
CsHig 
CsHis 
CsHis 
СУН 
СУН 
CsHig 
CsHig 
СУН 
CsHis 
СУН 


CRITICAL CONSTANTS (continued) 


Name 


2,3-Xylenol 

2,4-Xylenol 

2,5-Xylenol 

2,6-Xylenol 

3,4-Xylenol 

3,5-Xylenol 
o-Methylbenzenemethanol 
Ethoxybenzene 

2-Methylanisole 
3-Methylanisole 
4-Methylanisole 

N-Ethylaniline 
N,N-Dimethylaniline 

Diethyl succinate 

Octanenitrile 

1-Осїепе 

Cyclooctane 

Ethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,3-Dimethylcyclohexane 
trans-1,3-Dimethylcyclohexane 
trans-1,4-Dimethylcyclohexane 
Octanal 

2-Octanone [Hexyl methyl ketone] 
3-Octanone [Ethyl amyl ketone] 
4-Octanone [Butyl propyl ketone] 


2-Methyl-3-heptanone [Butyl isopropyl ketone] 


5-Methyl-3-heptanone 
Octanoic acid 
2-Ethylhexanoic acid 
Hexyl acetate 

Isopentyl propanoate 
Butyl butanoate 

Isobutyl butanoate 
Isobutyl isobutanoate 
Propyl 3-methylbutanoate 
Ethyl hexanoate 

Methyl heptanoate 
2-Butoxyethyl acetate 
Diethylene glycol monoethyl ether acetate 
1-СШогоосїапе 

Осїапе 

2-Methylheptane 
3-Methylheptane 
4-Methylheptane 
3-Ethylhexane 
2,2-Dimethylhexane 
2,3-Dimethylhexane 
2,4-Dimethylhexane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 
3,4-Dimethylhexane 
3-Ethyl-2-methylpentane 
3-Ethyl-3-methylpentane 
2,2,3-Trimethylpentane 
2,2,4-Trimethylpentane [Isooctane] 
2,3,3-Trimethylpentane 


ТЫК 


490.1 
484.13 
484.3 
474.22 
500 
494.89 
478 
442.96 
444 
448.7 
448.7 
476.2 
467.30 
490.9 
478.40 
394.44 
422 
405.1 
403.0 
396.7 
393.3 
397.7 
392.6 
444 
445.7 
440.7 
436 
431 
434 
512 
501 
444.7 
433.4 
439 
430.1 
421.8 
429.1 
440 
447 
465 
491.7 
456.7 
398.82 
390.81 
392.1 
390.87 
391.8 
380.01 
388.77 
382.7 
382.27 
385.12 
390.88 
388.81 
391.42 
383 
372.37 
388.0 


6-61 


TJK 


722.8 
707.6 
706.9 
701.0 
729.8 
715.6 
699 
647 
662.0 
665.3 
666 
698 
687 
663 
674.4 
567.0 
647.2 
609 
606 
596 
591 
598 
587.7 
639 
632.7 
627.7 
623.8 
614.9 
619.0 
693 
674 
618.4 
611 
612.1 
611 
602 
609 
615.2 
628 
640.7 
673.5 
643 
568.7 
559.7 
563.6 
561.7 
565.5 
549.8 
563.5 
553.5 
550.0 
562.0 
568.8 
567.1 
576.5 
563.5 
543.8 
573.5 


Р./МРа 


3.77 
34 


2.87 
2.78 


2.694 
2.59 


2.49 
2.50 
2:55 
2.54 
2.61 
2.53 
2.63 
2.56 
2.49 
2.65 
2.69 
2.70 
2.81 
2:73 
2.57 
2.82 


V Jem? 
mol! 


468 
410 


488 
497 
497 
497 


519 
528 


549 


492 
488 
464 
476 
455 
478 
468 
472 
482 
443 
466 
442 
455 
436 
468 
455 


ж 
е 
гэ 
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Molecular 
formula 


СН, 
СУН 
СУН О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
СНО; 
СУН Оз 
СН, Ол 
СНО; 
СұН 55 
С,Н, 5 
СНМ 
C&4Hj9N 
CgHo0Si 
CoF 29 
CoH;N 
CoH,N 
CoHio 
СЫН; 
СЫН; 
СЫН; 
ОН 
ОН 
ОН 
СЫН; 
СЫН; 
СН 0 
СН 0 
CoH,3N 
CoH ig 
CoH ig 
CoH ig 
СоН О 
СоН О 
С Но 
С,Н,О 
С,Н,О 
СНО 
СНО; 
CoH is O; 
СУН, O; 
CoH;o 
СУН» 
СуНэо 
СУН» 
21:57 
CoH29 
CoH 29 
СоНоо 
CoH 90 
СНО 
СНО 


CRITICAL CONSTANTS (continued) 


Name 


2,3,4- Trimethylpentane 

2,2,3,3- Tetramethylbutane 
1-Octanol 

2-Octanol 

3-Octanol 

4-Octanol 

4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
2-Ethyl-1-hexanol 

Dibutyl ether 

Di-tert-butyl ether 
1-tert-Butoxy-2-ethoxyethane 
Diethylene glycol monobutyl ether 
Diethylene glycol diethyl ether 
Tetraethylene glycol 
1-Octanethiol 

Dibutyl sulfide 

Dibutylamine 

Diisobutylamine 
Tetraethylsilane 
Perfluorononane 

Quinoline 

Isoquinoline 

Indan 

Propylbenzene 

Isopropylbenzene [Cumene] 
2-Ethyltoluene 

3-Ethyltoluene 

4-Ethyltoluene 

1,2,3- Trimethylbenzene 

1,2,4- Trimethylbenzene 
1,3,5-Trimethylbenzene [Mesitylene] 
2-Methoxy-1,4-dimethylbenzene 
1-Methoxy-2,4-dimethylbenzene 
2-Methyl-N, N-dimethylaniline 
1-Nonene 

Cyclononane 
10,30,5B-1,3,5-Trimethylcyclohexane 
Nonanal 

2-Nonanone [Heptyl methyl ketone] 
3-Nonanone [Ethyl hexyl ketone] 
4-Nonanone [Pentyl propyl ketone] 
5-Nonanone [Dibutyl ketone] 
Nonanoic acid 

Isopentyl butanoate 

Isobutyl 3-methylbutanoate 
Ethyl heptanoate 

Nonane 

2-Methyloctane 
2,2-Dimethylheptane 
2,2,5-Trimethylhexane 
2,2,3,3-Tetramethylpentane 
2,2,3,4-Tetramethylpentane 
2,2,4,4-Tetramethylpentane 
2,3,3,4-Tetramethylpentane 
1-Nonanol 

2-Nonanol 

3-Nonanol 


ТЫК 


386.7 
379.60 
468.31 
452.5 
444 
449.5 
443 
445 
457.8 
413.43 
380.38 
421.2 
504 
461 
601 
472.3 
458 
432.8 
412.8 
427.9 
398.5 
510.31 
516.37 
451.12 
432.39 
425.56 
438.4 
434.5 
435 
449.27 
442.53 
437.89 
467 
465 
467.3 
420.1 
451.6 
413.7 
464 
468.5 
463 
460.7 
461.60 
5277 
452 
4417 
460 
423.97 
416.4 
405.9 
397.24 
413.4 
406.2 
395.44 
414.7 
486.52 
466.7 
468 
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TJK 


566.4 
567.8 
652.5 
629.6 
628.5 
625.1 
623.5 
621.2 
640.6 
584 
550 
585 
692 
612 
800 
667 
650 
607.5 
584.4 
605 
524 
782 
803 
684.9 
638.35 
631.0 
651 
637 
640.2 
664.5 
649.1 
637.3 
677.3 
682 
668 
594.0 
682 
602.2 
659 
652.2 
648.1 
643.7 
641.4 
712 
619 
621 
634 
594.6 
582.8 
576.7 
569.8 
607.5 
592.6 
574.6 
607.5 
670.7 
649.6 
648.0 


Р./МРа 


2.73 
2.87 
2.171 
2.754 


2.8 
3.0 


2.79 
3.2 


2.48 
3.11 
3.20 
2.50 
1.56 
4.86 
5.10 
3.95 
3.200 
3.209 
3.38 
3.25 
3.23 
3.454 
3.232 
3.127 


У Jem? 
mol! 


460 
461 
497 
519 
515 
515 


504 


587 


371 
374 


440 


526 


543 
560 
560 
560 
560 


555 


572 
575 
577 


ж 
© 
гэ 
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Molecular 
formula 


СНО 
CioFg 
CioF is 
СЕ» 
CioHs 
CIH N 
СН 
СН» 
iem 
СН 
СН 
eom 
CioHi4 
СНО 
Сүн, 
СоН,6 
СоН,6 
СН 
СН 
CioHis 
CioHoo 
СоН»0 
СоН»0 
СоН»0 
CjoH290 
СоН»0 
СоНж0 
СоН»0ҙ 
СоН»0; 
СоН»0ҙ 
Сп 004 
СН» 
CioH»; 
СН» 
СН» 
СН20 
СоНо0 
СоНо0 
СоНо0 
СоНо0 
СоН»5 
emm 
СиНо 
СН 
СиН»О 
СНО 
CrH,O 
СНО 
CrH,O 
CrH,O; 
СН 
СНО 
СЫҢ; 
С,Н,О 
С,Н,5 
CHN 
СН 
СрН о 


CRITICAL CONSTANTS (continued) 


Name 


4-Nonanol 

Perfluoronaphthalene 
Perfluorodecalin 

Perfluorodecane 

Naphthalene 

]-Naphthylamine 
2-Naphthylamine 

1,2,3,4- Tetrahydronaphthalene [Tetralin] 
Butylbenzene 

Isobutylbenzene 
1-Isopropyl-4-methylbenzene [p-Cymene] 
p-Diethylbenzene 
1,2,4,5-Tetramethylbenzene [Durene] 
Thymol 

d-Limonene 

о-Ріпепе 

3-Сагепе, (+) 

1,3-Decadiene 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
1-Decene 

Decanal 

2-Decanone [Methyl octyl ketone] 
3-Decanone [Ethyl heptyl ketone] 
4-Decanone [Hexyl propyl ketone] 
5-Decanone [Butyl pentyl ketone] 
5-Methyl-2-isopropylcyclohexanol [Menthol] 
Decanoic acid [Capric acid] 
2-Ethylhexyl acetate 

Ethyl octanoate 

Diethylene glycol monobutyl ether acetate 
Decane 

3,3,5-Trimethylheptane 
2,2,3,3-Tetramethylhexane 
2,2,5,5-Tetramethylhexane 
1-Decanol 

2-Decanol 

3-Decanol 

4-Decanol 

5-Decanol 

Diisopentyl sulfide 
1-Methylnaphthalene 
2-Methylnaphthalene 
Pentylbenzene 

2-Undecanone 

3-Undecanone 

4-Undecanone 

5-Undecanone 

6-Undecanone 

Ethyl nonanoate 

Undecane 

]-Undecanol 

Acenaphthylene 

Dibenzofuran 

Dibenzothiophene 

Carbazole 

Biphenyl 

Diphenyl ether 


ТЫК 


465.7 
482 
415 
417.4 
491.1 
573.9 
579.4 
480.8 
456.46 
445.94 
450.3 
456.9 
470.0 
505.7 
451 
429.4 
444 
442 
469.0 
460.5 
4437 
481.7 
483 
476 
4797 
477 
489 
5419 
472 
4817 
518 
447.30 
428.9 
433.5 
410.6 
504.3 
484 
486 
483.7 
474 
484 
517.9 
514.3 
478.6 
504.7 
500 


500 
501 
500.2 
469.1 
518 
553 
560 
605.7 
627.84 
529.3 
531.2 
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TJK 


645.1 
673.1 
566 
542 
748.4 
850 
850 
720 
660.5 
650 
652 
657.9 
676 
698 
653 
644 
658 
615 
702.3 
687.1 
617 
674 
671.8 
667.6 
662.9 
661.0 
694 
722 
642 
649 
693.9 
617.7 
609.5 
623.0 
581.4 
687.3 
668.6 
666.1 
663.7 
663.2 
664 
772 
761 
675 
688 
685 
681 
679 
678 
664 
639 
703.6 
792 
824 
897 
901.8 
773 
767 


Р./МРа 


1:52 
1.45 
4.05 
5.0 
4.9 
3.65 
2.89 
3.05 
2.8 
2.803 
2.9 


3.20 


2.22 
2.60 


2.10 
2.09 


2.15 
2.11 
2:32 
2.51 
2.19 
2.315 


3.60 


1.98 
2.147 
3.20 
3.64 
3.86 
3.13 
3.38 


V Jem? 
mol! 


575 


407 
438 
438 
408 
497 


470 
454 
487 


584 
599 
625 
628 
628 
628 


638 
681 


624 


649 
646 
643 
643 
646 


692 
692 
692 
692 
692 


689 
718 


495 
512 
454 
497 


Wooo я 
гэ 


әс 
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- ш об —1 l2 - 2 -1-1-1-1-1-1 — G Q 00 + Де + + Q Q Q D) — му ДУ У ~ ДУ Д —1 —1 ON XO XO O Де 


CRITICAL CONSTANTS (continued) 


Molecular У ст 

formula Name TyK TJK Р /МРа mol! Ref. 
СН 2,7-Dimethylnaphthalene 538 715 3.23 601 3 
СЫН Hexylbenzene 499.3 695 2.35 16 
СЫН Hexamethylbenzene 536.6 758 3 
СНО [1,1'-Bicyclohexyl]-2-one 537 787 7 
СЫН, 1-Dodecene 487.0 658 1.93 6 
СНО 2-Dodecanone 519.7 702 752 7 
СНО 3-Dodecanone 701 752 7 
СНО 4-Dodecanone 697 759 7 
СНО 5-Dodecanone 695 759 7 
СНО 6-Dodecanone 694 762 7 
СН» Dodecane 489.47 658 1.82 754 2 
СН»О 1-Dodecanol 533 719.4 1,994 4 
Савом Acridine 618.01 891.1 3:21 548 10 
СаНом Phenanthridine 622.1 895 3.6 548 10 
СаН о Benzophenone 578.6 830 3:35 568 7 
Санум 9-Methyl-9H-carbazole 616.79 890 3.38 572 10 
СН, Diphenylmethane 538.2 760 2.71 563 3 
СаНу Heptylbenzene 513 708 2.14 16 
Сао 2-Тпдесапопе 536 717 820 E 
Сао 3-Tridecanone 716 823 7 
Сао 4-Тпдесапопе 712 823 7 
Саво 5-Tridecanone 710 826 7 
Сао 6-Tridecanone 709 826 7 
Саво 7-Тидесапопе 534 708 830 7 
Саво; Мешу! додесапоаје 540 712 7 
Са Тпдесапе 508.62 675 1.68 823 2 
C 13H 2,0 1-Tridecanol 547 734 1.935 9 
СН Anthracene 613.1 869.3 554 9 
СН Phenanthrene 613 869 4 
С.Н; Octylbenzene 537 725 1.98 16 
СНО 2-Tetradecanone 728 896 7 
СНО 3-Tetradecanone 727 896 7 
СНО 4-Tetradecanone 725 900 7 
СНО 7-Tetradecanone 723 904 7 
С.Н; Tetradecane 526.73 693 1.57 894 2 
СиН,сО 1-Tetradecanol 560 747 1.81 9 
С.Н; Pentadecane 543.8 708 1.48 966 2 
Сл Decylbenzene 566 752 1.72 16 
Ci6H34 Hexadecane 560.01 723 1.40 1034 2 
Ci6H34 2,2,4,4,6,8,8-Heptamethylnonane 519.5 692 5 
Ci H,,O 1-Hexadecanol 585 TIO 1.61 9 
СН Undecylbenzene 589 763 1.64 16 
СН» Heptadecane 575.2 736 1.34 1103 2 
Cı7H360 1-Heptadecanol 597 780 1.50 9 
Сү Ни о-Тегрһепуі 605 857 2.99 731 3 
Су Ни m-Terphenyl 636 883 2.48 724 3 
СаНа p-Terphenyl 649 908 2.99 729 3 
Ci gH3 Octadecane 589.5 747 1.29 1189 2 
С Н,,О 1-Octadecanol 608 790 1.44 9 
С.оН;; Tridecylbenzene 619 790 1.54 16 
СН Nonadecane 603.1 755 1.16 3 
Сува Eicosane 616 768 1.07 3 
СНО 1-Eicosanol [Arachic alcohol] 629 809 1.30 9 
СН Heneicosane 629.7 778 1.03 2 
СН Docosane 641.8 786 0.98 2 
Cr3Hyg Tricosane 653 790 0.92 2 
СН; Tetracosane 664.5 800 0.87 2 
С;оН50 Squalene 694.5 795.9 0.59 15 
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SUBLIMATION PRESSURE OF SOLIDS 


This table gives the sublimation (vapor) pressure of some representative solids as a function of temperature. Entries include simple inorganic and 
organic substances in their solid phase below room temperature, as well as polycyclic organic compounds which show measurable sublimation pressure 
only at elevated temperatures. Substances are listed by molecular formula in the Hill order. Values marked by * represent the solid-liquid-gas triple 
point. Note that some pressure values are in pascals (Pa) and others are in kilopascals (kPa). For conversion, 1 kPa = 7.506 mmHg = 0.0098692 atm. 


REFERENCES 


1. Lide, D.R. and Kehiaian, H.V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 
2. TRC Thermodynamic Tables, Thermodynamic Research Center, Texas A&M University, College Station, TX. 
3. Oja, V. and Suuberg, E.M., J. Chem. Eng. Data,43, 486, 1998. 


Ar T/K 55 60 65 70 75 80 83.81* 
Argon plkPa 0.2 0.8 2.8 2.7 18.7 40.7 68.85 
BrH TIK 135 140 150 160 170 180 185.1* 
Hydrogen bromide plkPa 0.1 0.3 1.1 33 8.7 20.1 27.45 
Вт; T/K 170 180 190 200 210 220 230 240* 
Bromine p/Pa 0.069 0.416 2.04 8.45 30.3 96.0 273 710* 
CIH T/K 120 130 140 150 155 159.0* 
Hydrogen chloride plkPa 0.1 0.5 1.9 5.8 9.5 13:55 
СІ, T/K 120 130 140 150 160 170* 
Chlorine p/Pa 0.144 1.52 11.2 63.1 283 1054* 
F,Si T/K 130 140 150 160 170 175 180 186.3% 
Tetrafluorosilane plkPa 02 0.9 3.9 14.0 43.8 74.2 122.4 220.8* 
Ес T/K 150 165 180 190 200 210 220 223.1* 
Sulfur hexafluoride plkPa 0.4 2.6 11.3 25.9 54.5 106.1 195.1 232.7% 
НІ TIK 160 170 180 190 200 210 220 222.4* 
Hydrogen iodide plkPa 02 0.8 22 9:3 117 23.6 44.1 49.3* 
Н,О T/K 190 210 225 240 250 260 270 273.16* 
Water p/Pa 0.032 0.702 4.942 27.28 76.04 195.8 470.1 611.66* 
Н,5 TIK 140 150 160 165 170 175 180 187.6* 
Hydrogen sulfide plkPa 02 0.6 1.9 3.2 5.2 8.3 12.7 22.75 
HN T/K 160 170 180 190 195 195.4* 
Ammonia plkPa 0.1 0.4 12 3.5 5.8 6.12* 
L TIK 240 250 260 270 280 290 300 310* 
Iodine p/Pa 0.081 0.297 0.971 2.89 7.92 20.1 47.9 107* 
Kr T/K 80 90 95 100 105 110 115.8* 
Krypton plkPa 0.4 2.7 6.0 12.1 22.8 40.4 73.15 
МО Т/К 85 90 95 100 105 109.5% 
Nitric oxide plkPa 0.1 0.4 1.3 3.8 10.0 21.9* 
Xe T/K 110 120 130 140 150 155 160 161.4* 
Xenon plkPa 0.3 5 4.9 14.0 34.2 51.1 74.2 81.7* 
CHN T/K 200 210 220 230 240 250 255 259.83* 
Hydrogen cyanide plkPa 02 0.4 1.0 2.2 4.8 9.7 13.6 18.62* 
CH, T/K 65 70 75 80 85 90.69% 
Methane plkPa 0.1 0.3 0.8 2.1 4.9 11.70* 
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СО 


Carbon monoxide 


CO, 
Carbon dioxide 


ОС 
Hexachloroethane 


C,H, 
Acetylene 


СНО 
Acetic acid 


С5Нь 
Neopentane 


СНС 
1,2,3,4,5,6-Неха- 
chlorocyclohexane 
(Lindane) 


СсН,О, 
Resorcinol 


С,Н,О» 
p-Hydroquinone 

Сун, 
Naphthalene 


Ср; 
Phenazine 


СЬН&О 
Dibenzofuran 


СНМ 
Carbazole 


CHNO, 


Benz[g]isoquinoline- 


5,10-dione 


C,3HgO 
1H-Phenalen-1-one 


Суб о; 
3-Ну”оху-ІН- 
phenalen-1-one 


Ci H N 
Acridine 


Савом 
Phenanthridine 


T/K 
plkPa 


T/K 
plkPa 


T/K 
p/Pa 


T/K 
plkPa 


T/K 
plkPa 


T/K 
plkPa 


TIK 
р/Ра 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
р/Ра 


T/K 
p/Pa 


TIK 
р/Ра 


T/K 
p/Pa 


TIK 
р/Ра 
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SUBLIMATION PRESSURE ОЕ SOLIDS (continued) 


50 
0.1 


130 
0.032 


275 
0.004 


130 
0.2 


250 
0.092 


200 
0.7 


300 
0.01 


330 
1.03 


350 
1.20 


250 
0.036 


290 
0.0013 


300 
0.408 


350 
0.086 


330 


0.006 


330 


0.040 


400 


0.006 


290 


0.0024 


310 
0.020 


55 
0.6 


140 
0.187 


300 
0.056 


140 
0.7 


260 
0.199 


210 
1.6 


320 
0.13 


340 
2.78 


360 
3.18 


270 
0.514 


300 
0.0046 


310 
1:21 


355 
0.140 


340 


0.018 


340 


0.113 


410 


0.018 


300 


0.0085 


320 
0.066 


60 
2.6 


155 
1.674 


325 
0.383 


150 
2.6 


270 
0.406 


220 
3.6 


330 
0.39 


350 
7.09 


370 
7.96 


280 
1.662 


310 
0.0150 


320 
3.35 


360 
0.245 


350 


0.053 


350 


0.302 


420 


0.053 


310 


0.0278 


330 
0.206 


65 
8.2 


170 
9.987 


350 
1.62 


160 
7.8 


280 
0.79 


230 
7.3 


340 
1.04 


360 
17:2 


380 
19.0 


290 
4.918 


320 
0.0448 


330 
8.71 


360 
0.148 


430 
0.144 


320 


0.0845 


340 
0.603 


68.13* 
15.4* 


185 
44.02 


375 
5.30 


170 
20.6 


289.7* 
1.29* 


240 
13.9 


350 
2.66 


370 
39.6 


390 
43.4 


300 
13.43 


340 
21.4 


370 
0.394 


194.7 205 
101.3 227.1 
400 425 
14.8 36.4 
180 190 
49.0 106.3 
250 255 
24.8 32.4 
360 370 
6.42 14.8 
380 
87.6 
400 
95.1 
310 330 
34.15 182.9 
350 
50.0 
380 
0.994 


216.58% 
518.0% 


459.9* 
107.4* 


192.4* 
126.0* 


256.58* 
35.8* 


380 
32.7 


353.43* 
999.6* 


СН 
Anthracene 


СН 
Phenanthrene 


СЫН 
Ругепе 


СЫН О 
1-Ругепо1 


Сл 8 
Benzo[b]naphtho- 
(2,1-d)thiophene 


СиНр 
11H-Benzo[b]fluorene 


СН (004 
6,11-Dihydroxy-5,12- 
naphthacenedione 


СН 
Chrysene 


СН 
Naphthacene 


С-оН i 
Perylene 


СН 
Репѓасепе 


СН} 
Согопепе 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


T/K 
p/Pa 


TIK 
р/Ра 


T/K 
p/Pa 


TIK 
р/Ра 


T/K 
p/Pa 


TIK 
р/Ра 


T/K 
p/Pa 
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SUBLIMATION PRESSURE OF SOLIDS (continued) 


320 
0.014 


300 
0.025 


320 
0.008 


360 
0.005 


330 


0.001 


340 


0.003 


420 


0.008 


390 


0.087 


390 
0.005 


390 
0.006 


450 
0.002 


430 
0.004 


330 
0.043 


310 
0.085 


330 
0.024 


370 
0.016 


340 


0.004 


350 


0.009 


430 


0.022 


400 


0.221 


400 
0.014 


400 
0.015 


460 
0.006 


440 
0.010 


340 
0.125 


320 
0.270 


340 
0.073 


380 
0.047 


350 


0.012 


360 


0.029 


440 


0.055 


410 


0.539 


410 
0.035 


410 
0.040 


470 
0.013 


450 
0.021 


350 
0.342 


330 
0.796 


350 
0.208 


390 
0.135 


360 


0.036 


370 


0.085 


450 


0.131 


420 


1.26 


420 
0.084 


420 
0.102 


480 
0.031 


460 
0.046 


360 
1.01 


340 
2.02 


360 
0.556 


400 
0.364 


370 
0.098 


380 
0.235 


430 
0.194 


430 
0.246 


490 
0.069 


470 
0.097 


370 
2.38 


350 
4.89 


370 
1:32 


380 


0.255 


390 
0.619 


440 
0.432 


480 
0.197 


380 
5.35 


360 
11.2 


380 
2.86 


390 


0.631 


400 
1.55 


450 
0.928 


490 
0.389 


390 
11.5 


390 
6.30 


460 
1.929 


500 
0.747 


VAPOR PRESSURE 


This table gives vapor pressure data for about 1800 inorganic and organic substances. In order to accommodate elements and compounds ranging 
from refractory to highly volatile in a single table, the temperature at which the vapor pressure reaches specified pressure values is listed. The pressure 
values run in decade steps from 1 Pa (about 7.5 um Hg) to 100 kPa (about 750 mm Hg). All temperatures are given in °С. 

The data used in preparing the table came from a large number of sources; the main references used for each substance are indicated in the last 
column. Since the data were refit in most cases, values appearing in this table may not be identical with values in the source cited. The temperature 
entry inthe 100 kPa column is close to, but not identical with, the normal boiling point (which is defined as the temperature at which the vapor pressure 
reaches 101.325 kPa). Although some temperatures are quoted to 0.1°C, uncertainties of several degrees should generally be assumed. Values followed 
by an “е” 
and are thus subject to even greater uncertainty. 

Compounds are listed by molecular formula following the Hill convention. Substances not containing carbon are listed first, followed by those 


were obtained by extrapolating (usually with an Antoine equation) beyond the region for which experimental measurements were available 


that contain carbon. To locate an organic compound by name or CAS Registry Number when the molecular formula is not known, use the table Physical 
Constants of Organic Compounds in Section 3 and its indexes to determine the molecular formula. The indexes to Physical Constants of Inorganic 
Compounds in Section 4 can be used in a similar way. 

More extensive and detailed vapor pressure data on selected important substances appear in other tables in this section of the Handbook. These 
substances are flagged by a symbol following the name as follows: 


* See Vapor Pressure of Fluids below 300 K 
** See IUPAC Recommended Data for Vapor Pressure Calibration 
*** See Vapor Pressure of Ice and Vapor Pressure of Water from 0 to 370°С 


The following notations appear after individual temperature entries: 


s — Indicates the substance is a solid at this temperature. 

e — Indicates an extrapolation beyond the region where experimental measurements exist. 

i — Indicates the value was calculated from ideal gas thermodynamic functions, such as those in the JANAF Thermochemical Tables (see 
Reference 8). 
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Temperature in °С for the indicated pressure 
Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 


Substances not containing carbon: 


Ag Silver 1010 1140 1302 1509 1782 2160 2 
AgBr Silver(I) bromide 569i 656i 765i 905i 1093 i 1359 1 9 
AgCl Silver(I) chloride 670 769 873 1052 1264 1561 4 
Agl Silver(I) iodide 594 686 803 959 1177 1503 4 
А1 Aluminum 1209 1359 1544 1781 2091 2517 2 
АН Aluminum borohydride -46.8 -9.4 45.5 4 
МС Aluminum trichloride 5845s 76.5 8 97.1 8 120.7 $ 148.2 8 180.5 $ 4 
AIF; Aluminum trifluoride 7448 8198 906 8 1008 8 11308 1276 8 8 
АШ Aluminum triiodide 218 285 385 4 
АБО: Aluminum oxide 2122 2351 2629 2975 4 
Ar Argon* -226.4 $ -220.3 $ -212.4 $ -201.7 $ -186.0 155,31 
As Arsenic 280 s 323s 373 8 4335 508 $ 6018 3 
АС, Агвешс(11) chloride -8e 21:3. 63.1 129.4 1 
ASF; Arsenic(III) fluoride 8.1 56.0 4 
Asl; Атѕепіс(Ш) iodide 187 261 367e 7 
А5:О; Arsenic(III) oxide (arsenolite) 133.7 $ 163.0 8 196.8 $ 236.2 8 283.0 34 
At Astatine 888 1198 156 8 202 8 2588 334 2 
Au Gold 1373 1541 1748 2008 2347 2805 2 
B Boron 2075 2289 2549 2868 3272 3799 2 
BBr, Boron tribromide -45е -15е 27:5 90.4 1 
ВСІ; Вогоп trichloride* -94.0 -70.5 -37.4 12.3 4 
ВЕ; Вогоп trifluoride* -173.9 5 -166.0 8 -156.0 8 -143.08 -125.9 -101.1 4 
ЊЕ Tetrafluorodiborane -34 1 
В.Н, Diborane -162e -147.0 -125.8 -92.6 1 
ВН Pentaborane(9) -34.8 3.8 57.6 4 
Ba Barium 638 $ 765 912 1115 1413 1897 9 
Ве Beryllium 1189 5 1335 1518 1750 2054 2469 2 
BeBr, Beryllium bromide 203 s 240 s 2838 335 8 397 8 4738 4 
Весь Beryllium chloride 196 8 237 8 284 s 3395 402 $ 487 4 
ВеЕ, Beryllium fluoride 686e 767е 869 999 1172е 7 
Ве!, Beryllium iodide 1888 229 s 276 8 3338 402 8 487 4 
Ві Bismuth 668 768 892 1052 1265 1562 2 
BiBr; Bismuth tribromide 217s 2731 3481 4551 4,9 
ВІСІ; Bismuth trichloride 248.9 328.6 438.7 1,4 
BrCs Cesium bromide 5318 6018 7011 8341 1019 1 1293 е 9 
BrH Hydrogen bromide* -153.3 s -140.4 s -123.8 s -101.5 s -67.0 5 
ВгН;81 Bromosilane -81.0 -47.3 22 4 
BrH,N Ammonium bromide 121s 1548 195 8 246 8 310.48 395.18 5 
BrK Potassium bromide 597 8 674 s 773 25 
BiLi Lithium bromide 630 733 868 1049 1308 4 
BrNa Sodium bromide 791 931 1120 1389 4 
BrRb Rubidium bromide 766 903 1087 1350 4 
BrTl Thallium(1) bromide 509 635 817 4 
Bry Bromine* -87.7 8 -71.88 -52.7 8 -29.3 8 2.5 58.4 1 
Br;Cd Cadmium bromide 3738 4358 509 8 27 
Br;Hg Mercury(II) bromide 7ls 98s 132s 1748 227 8 318 

Вг,О8 Thionyl bromide -49e -29е -5е 27.8 72.9 139.6 B 
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Хате 


Lead(II) bromide 
Sulfur bromide 
Indium(III) bromide 
Phosphorus(V) oxybromide 
Phosphorus(IID bromide 
Апітопу(Ш) bromide 
Germanium(IV) bromide 
Tin(IV) bromide 
Zirconium(IV) bromide 
Phosphorus(V) bromide 
Calcium 
Cadmium 
Cadmium chloride 
Cadmium fluoride 
Cadmium iodide 
Cadmium oxide 
Cerium 
Cesium chloride 
Соррег(1) chloride 
Chlorine fluoride* 
Phosphorus(IID chloride 
difluoride 
Chlorine trifluoride 
Chlorine pentafluoride 
Hydrogen chloride* 
Chlorosulfonic acid 
Ammonium chloride 
Potassium chloride 
Lithium chloride 
Nitrosyl chloride 
Nitryl chloride 
Sodium chloride 
Chlorine dioxide* 
Rubidium chloride 
Thallium(I) chloride 
Chlorine* 
Cobalt(II) chloride 
Phosphorus(III) dichloride 
fluoride 
Phosphorus(V) dichloride 
trifluoride 
Поп(П) chloride 
Мегсигу(П) chloride 
Magnesium chloride 
Manganese(II) chloride 
Nickel(II) chloride 
Thionyl chloride 
Sulfuryl chloride 
Lead(II) chloride 
Sulfur dichloride 
Sulfur chloride 
Tin(II) chloride 
Zinc chloride 
Поп(Ш) chloride 
Trichlorosilane 
Nitrogen trichloride 
Phosphorus(V) oxychloride 
Phosphorus(IID chloride 
Polonium(IV) chloride 
Selenium tetrachloride 
Tetrachlorosilane* 
Tellurium tetrachloride 
Zirconium(IV) chloride 
Phosphorus(V) chloride 
Cobalt 
Chromium 
Cesium 


VAPOR PRESSURE (continued) 


Temperature іп “С for the indicated pressure 


1Pa 10 Pa 100 Pa 1 КРа 10 КРа 
374 431 502 597 726 
-Те 15е 42е 78.4 128.1 
304.6 s 328.78 364.88 
64e 115.5 
-23е 5е 42.3 94.6 
136.5 196.9 
51 105 
67 122 
1365 167 5 203 5 245 5 295 8 
-19 5 45 315 65.5 5 
5915 683 5 798 5 954 1170 
257 8 3108 381 472 594 
4128 4718 5418 634 768 
1257 1461 
296 8 3448 406 498 622 
770 8 866 8 983 8 11288 13148 
1719 1921 2169 2481 2886 
730 864 1043 
459 543 675 914 
-144.4 -122.6 
-119.5 -91.1 
-63.7 -33.0 
-88 e -59 
-138.2 s -118.0 
-40 e -20e 5e 38.7 85.0 
918 1218 159 8 204.75 263.18 
6258 7045 804 945 1137 
6491 7611 905 1 11011 
-116s -100 s -78.7 s -50.2 
-121 e -113e -102 e -86.1 -60.9 
653 s 733 s 835 987 1182 
-34.3 
777 916 1105 
504 626 
-1458 -133.7 s -120.2 s -103.6 s -76.1 
818 
-71.1 -37.4 
-120 e -101 e -77.1 -44.3 
685 821 
64.4 s 94.7 s 130.8 s 174.5 s 228.5 s 
762 908 1111 
760 933 
534 s 592 5 662 5 7478 852 5 
-99 e -8l e -58 e -27.1 14.6 
-27e 11.8 
541е 637 765 
-76е -біе -Ale -16.7 15.3 
-55e -36e -2e 21.0 67.2 
253 308 381 479 
3051 3561 4191 4971 596і 
1188 153 8 190 8 229$ 2685 
-81е -56е -21е 
-25е 13.2 
39.9 
-93 e -77e -55 e -26.0 14.5 
300.6 
23s 45s 7ls 102s 141.45 
-39e 0e 
237е 299.4 
1178 1468 1818 222 8 272 8 
-28 198 448 74 8 11148 
1517 1687 1892 2150 2482 
1383 s 1534 5 1718 s 1950 2257 
144.5 195.6 260.9 350.0 4774 


6-68 


100 КРа 


914 
200.9 


191.4 
172.6 
286.5 
188 
204 
3568 
110.1 
1482 
767 
959 
1742 
795 
1558 s 
3432 
1297 
1477 
-90.2 


-47.6 
11.4 
-14 
-85.2 
153.6 
339.58 
1411 
13811 
-5.7 
-15.7 
1461 
10.5 
1379 
806 
-342 
1048 


13.5 


3е 
1025 
304.0 
1414 
1189 
985 $ 
75.2 
69.0 
949 
58.7 
137.1 
622 
726і 
319 
31.6 
70.6 
105.0 
79:7 
389.4 
191.15 
57.3 
387.8 
3365 
158.9 8 
2925 
2669 
667.0 


Ref. 
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HNO; 
HN; 
HNaO 
H; 
H;bSi 
H,O 
Н:О, 
Н:О,5 
Н,5 
Н:5, 
Н,5е 


Name 


Cesium fluoride 

Cesium iodide 

Copper 

Соррег(1) iodide 

Dysprosium 

Erbium 

Europium 

Hydrogen fluoride* 

Fluorosulfonic acid 

Potassium fluoride 

Lithium fluoride 

Nitrosyl fluoride 

Nitryl fluoride 

Fluorine nitrate 

Sodium fluoride 

Rubidium fluoride 

Fluorine* 

Fluorine monoxide* 

Thionyl fluoride 

Rhenium(VI) dioxydifluoride 

Lead(II) fluoride 

Xenon difluoride 

Zinc fluoride 

Nitrogen trifluoride* 

Phosphorus(V) oxyfluoride 

Phosphorus(III) fluoride* 

Molybdenum(VI) 
oxytetrafluoride 

Rhenium(VI) oxytetrafluoride 

Tungsten(VI) oxytetrafluoride 

Sulfur tetrafluoride 

Selenium tetrafluoride 

Tetrafluorosilane* 

Molybdenum(V) fluoride 

Niobium(V) fluoride 

Rhenium(VII) oxypentafluoride 

Osmium(V) fluoride 

Phosphorus(V) fluoride 

Rhenium(V) fluoride 

Tantalum(V) fluoride 

Iridium(VI) fluoride 

Molybdenum(VI) fluoride 

Osmium(VI) fluoride 

Rhenium(VI) fluoride 

Sulfur hexafluoride* 

Selenium hexafluoride 

Tellurium hexafluoride 

Tungsten(VI) fluoride 

Sulfur decafluoride 

Iron 

Francium 

Gallium 

Gadolinium 

Germanium 

Hydrogen iodide* 

Potassium hydroxide 

Nitric acid 

Hydrazoic acid 

Sodium hydroxide 

Hydrogen* 

Diiodosilane 

Water*** 

Hydrogen peroxide 

Sulfuric acid 

Hydrogen sulfide* 

Hydrogen disulfide 

Hydrogen selenide 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


1Pa 10 Pa 100 Pa 1 КРа 10 КРа 
825 999 
5238 595 5 692 854 1029 
1236 1388 1577 1816 2131 
636 864 
11058 1250 8 14311 16811 20311 
12318 1390 8 16121 1890 1 22791 
590 5 684 5 799 8 961 1179 
-71.1 -33.7 
"Ае 4e 28e 59.1 101.3 
869 1017 1216 
8015 896 1024 1188 1395 
-131 e -116.1 -94.3 
-156 e -144 e -128.1 -106.0 
-160 e -149 e -135e -115.1 -87.4 
920 s 1058 1218 1426 
910 1001 1145 
-235 s -229.5 s -222.9 s -214.8 -204.3 
-211.7 -204.7 -195.9 -184.2 -168.2 
-124 e -106.5 -81.5 
89.2 131.9 
865 1054 
2.98 31.88 67.9 5 
7315 8135 9111 1048 1 1237 1 
-201е -194е -185е -172.8 -155.5 
-124 8 -1138 -100 8 -83.7 8 -64.1 $ 
-152 e -132.6 
-21 $ 38 33s 69.38 117.3 
58 26 8 50.7 8 80.18 117.1 
28 25s 52.18 84.38 126.7 
-110.0 -82.1 
13.6 51.6 
-166 s -157s -145.6 s -132.3 8 -115.7 $ 
86.6 140.3 
80 140 
-103 $ -84 8 -59 8 -28 8 13.78 
74.1 1132 162.3 
-157 8 -148 s -137 $ -124.5 $ -108.6 $ 
58.8 99.5 152 е 
119 
-88 $ -718 -518 -27 8 3.88 
-98 8 -82 8 -64 8 -41.2 $ -13.4 $ 
-89 8 -73 $ -54 8 -30.6 8 -178 
-97 8 -82 8 -63 8 -40.2 8 -11.9 s 
-158 s -147 s -133.6 s -116.6 s -94.4 s 
-143 s -132 s -118 s -100.7 s -77.8 s 
-142 s -130 s -115s -96 s -71.8 s 
-107 s -92 s -74 8 -52.18 -24.8 8 
-22.0 
14558 1617 1818 2073 2406 
131е 181е 246 е 335 е 465 е 
1037 1175 1347 1565 1852 
15631 1755 1 1994 i 2300 1 2703 1 
1371 1541 1750 2014 2360 
-146 s -135.2 s -120.8 s -101.9 s -75.9 s 
520 e 60l e 704 842 1035 
-37 e -9e 28.4 
-79 e -54 e -18.0 
513 605 722 874 1080 
-258.6 
11.8 70.5 
-60.7 s -42.2 s -20.3 s 7.0 45.8 
13e 45e 89.0 
72 103 140 187 248 
-149 s -136 s -118.9 s -95.9 s 
-27 e 12.2 
-145 s -134 s -120 s -102.8 s -78.9 s 


Mol. Form. 


Н-Те 
H,ISi 
НМ 
HNO 
HP 
НАМ 
H4N5 
H,Si 
He 
Hf 
Hg 
Hgl, 
Ho 
IK 
ILi 
INa 
IRb 
ITI 

ђ 
LPb 
LZn 
1556 
1450 
LZr 


Name 


Hydrogen telluride 
lodosilane 
Ammonia* 
Hydroxylamine 
Phosphine* 
Ammonium iodide 
Hydrazine 
Silane* 
Helium* 
Hafnium 
Mercury** 
Мегсигу(П) iodide 
Holmium 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Rubidium iodide 
Thallium(I) iodide 
Iodine (rhombic) 
Lead(II) iodide 
Zinc iodide 
Antimony(IID) iodide 
Tin(IV) iodide 
Zirconium(IV) iodide 
Indium 
Tridium 
Potassium 
Krypton* 
Lanthanum 
Lithium 
Lutetium 
Magnesium 
Manganese 
Molybdenum 
Molybdenum(VI) oxide 
Nitric oxide* 
Nitrogen* 
Nitrous oxide* 
Nitrogen tetroxide 
Nitrogen pentoxide 
Sodium 
Niobium 
Neodymium 
Neon* 
Nickel 
Lead(II) oxide 
Strontium oxide 
Oxygen* 
Sulfur dioxide* 
Selenium dioxide 
Silicon dioxide 
Ozone* 
Phosphorus(IID oxide 
Sulfur trioxide 
Апітопу(Ш) oxide 
(valentinite) 
Phosphorus(V) oxide 
Rhenium(VII) oxide 
Osmium 
Phosphorus (white) 
Phosphorus (red) 
Lead 
Lead(II) sulfide 
Palladium 
Polonium 
Praseodymium 
Platinum 


VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


1Pa 10 Pa 100 Pa 1 КРа 10 КРа 
-46.6 
-477 -10.1 
-139 8 -127 8 -1128 -94.5 s -71.3 
43.7 73.3 
-182 5 -173 8 -1618 -145 $ -122.7 
125 $ 159 8 2018 253$ 318.4 $ 
14.7 55.6 
-181 -165.4 -143.7 
-270.6 
2416 2681 3004 3406 3921 
42.0 76.6 120.0 175.6 250.3 
85.18 115.6 $ 152.4 $ 197.8 $ 255.1 $ 
1159 8 13118 1502 1 1767 1 21371 
731 866 1052 
545 619 710 824 972 
753 883 1058 
733 866 1045 
520 644 
-12.8s 9.3s 35.98 68.7 s 108 s 
470 558 682 
301 s 3518 409 $ 4881 5981 
214.9 292.0 
167.1 242.7 
187 8 220 8 259 8 305 8 3618 
923 1052 1212 1417 1689 
2440 s 2684 2979 3341 3796 
200.2 256.5 328 424 559 
-214.08 -208.0 s -199.4 5 -188.9 8 -174.6 s 
1732i 19351 21851 2499 1 2905 1 
524.3 612.3 7224 8712 1064.3 
1633 $ 1829.8 2072.8 23801 27991 
428 $ 500 8 588 $ 698 859 
955 8 1074 $ 1220 8 1418 1682 
2469 s 2721 3039 3434 3939 
801 935 
-201 $ -195 $ -188 $ -179.3 $ -168.1 $ 
-236 $ -232 $ -226.8 $ -220.2 $ -211.18 
-167 8 -157 8 -145.48 -131.18 -112.9s 
-92 8 -78 $ -6ls -41.18 -16.68 
-718 -56 8 -40 8 -19.9s 3.95 
280.6 344.2 424.3 529 673 
2669 2934 3251 3637 4120 
1322.3 1501.2 1725.3 2023 1 2442 1 
-261 $ -260 $ -258 $ -255 $ -252 $ 
1510 1677 1881 2137 2468 
724 816 928 1065 1241 
1789 s 1903 $ 2047 $ 2235 $ 2488 $ 
-211.9 -200.5 
-98 8 -80 8 -52.2 
124.5 s 153.9 s 188 s 228 s 2758 
1966 1 2149 1 23681 
-189е -182e -172е -158e -139.7 
47.3 100.3 
-20s 6.68 
426.18 4788 539$ 610$ 907 
2858 328 $ 377.58 434.45 500.58 
1478 1768 208 8 2445 2845 
2887 8 3150 3478 3875 4365 
68 348 69 115 180 
182 8 2168 2568 3038 3628 
705 815 956 1139 1387 
6568 7418 8385 9535 1088 8 
1448s 1624 1844 2122 2480 
573e 730.2 
1497.7 1699.4 1954 i 22981 27811 
2057 2277е 2542 2870 3283 
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100 КРа 


-2.3 
45.2 
-33.6 
109.8 
-88.0 
405.28 
113е 
-111.8 
-268.9 
4603 
355.9 
353.6 
2691 i 
1322 
1170 
1301 
1302 
821 
184.0 
869 
750i 
401.2 
347.7 
430 s 
2067 
4386 
756.2 
-153.6 
34531 
1337.1 
33901 
1088 
2060 
4606 
1151 
-151.9 
-195.9 
-88.7 
28.7 
332 
880.2 
4740 
3063 i 
-246.1 
2911 
1471 


-183.1 
-10.3 
315s 


-111.5 
172.8 
44.5 


1420 
591 
362 
4983 
276 
4318 
1754 
1280 
2961 
963.3 
3506 1 
3821 


Ref. 
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Name 


Plutonium 
Radium 
Rubidium 
Rhenium 
Rhodium 
Radon* 
Ruthenium 
Sulfur 
Antimony 
Scandium 
Selenium 
Silicon 
Samarium 
Tin 
Strontium 
Tantalum 
Terbium 
Technetium 
Tellurium 
Thorium 
Titanium 
Thallium 
Thulium 
Uranium 
Vanadium 
Tungsten 
Xenon* 
Yttrium 
Ytterbium 
Zinc 
Zirconium 


Substances containing carbon: 


С 
CBrCIF, 


CBrCl, 
СВтЕ; 
CBrN 
CBr,F, 
CBry 
CCIF, 
ССІМ 
CCIF, 
ССІ,О 
CCLF 
ССІ;МО; 
ССІ, 
СЕМ 
СЕ, 
СНВ 
CHBr, 
CHCIF, 
СНСЬЕ 
СНСІ; 
СНЕ; 
СНІ; 
CHN 
CHNO 
CH,BrCl 
СН,Вгэ 
СН,СЇЕ 
СН,С1, 
СН,Е, 
СН4, 
СН,О 


Carbon (graphite) 
Bromochloro- 
difluoromethane 
Bromotrichloromethane 
Bromotrifluoromethane* 
Cyanogen bromide 
Dibromodifluoromethane 
Tetrabromomethane 
Chlorotrifluoromethane 
Cyanogen chloride 


Dichlorodifluoromethane* 


Carbonyl chloride 
Trichlorofluoromethane* 
Trichloronitromethane 
Tetrachloromethane* 
Cyanogen fluoride 
Tetrafluoromethane* 
Bromodifluoromethane 
Tribromomethane 
Chlorodifluoromethane* 
Dichlorofluoromethane 
Trichloromethane* 
Trifluoromethane* 
Triiodomethane 
Hydrogen cyanide* 
Cyanic acid 
Bromochloromethane 
Dibromomethane 
Chlorofluoromethane 
Dichloromethane* 
Difluoromethane* 
Diiodomethane 
Formaldehyde* 


VAPOR PRESSURE (continued) 


Temperature in °C for the indicated pressure 


1Pa 10 Pa 100 Pa 1kPa 10 kPa 
1483 1680 1925 2238 2653 
5468 6338 764 936 1173 
160.4 212.5 278.9 368 496.1 
3030 $ 3341 3736 4227 4854 
2015 2223 2476 2790 3132 
-163 $ -152 $ -139 $ -21.4s -97.6 s 
2315s 2538 2814 3151 3572 
1025 135 176 235 318 
534 $ 603 $ 738 946 1218 
1372 8 15318 17331 1993 1 23401 
227 279 344 431 540 
1635 1829 2066 2363 2748 
728 8 8338 967 8 11481 14021 
1224 1384 1582 1834 2165 
523 8 609 8 717 8 866 1072 
3024 3324 3684 4122 4666 
1516.1 1706.1 1928 1 22321 2640 1 
2454 е 2725 e 3051 e 3453 e 3961 е 
502 e 6156 768.8 
2360 2634 2975 3410 3986 
709 1898 2130 e 2419 2791 
609 704 824 979 1188 
8448 962 8 1108s 1297s 1548 i 
2052 2291 2586 2961 3454 
8288 2016 2250 2541 2914 
3204 s 3500 3864 4306 4854 
-190 8 -181 s -170 s -155.8 s -136.6 s 
610.1 1802.3 2047 i 23541 27631 
4638 5408 6378 7748 9931 
3378 397 8 477 579 717 
2366 2618 2924 3302 3780 
2566 8 2775 8 3016 8 3299s 
-136e -123 e -106 e -83.4 -51.8 
-6e 38.9 
-168 e -156 e -142 e -122.8 -96.6 
-13 s 17.7 8 
-110e -9l e -66 e -30 e 
25.6 s 65.8 s 111.6 
-176 e -167 e -155 e -139 e -116e 
-94.6 s -78.1 s -57 8 -29 s 
-150 e -138 e -122 e -101.8 -73.1 
-127 e -113e -96 e -73 e -40.6 
-107 e -89 e -63 e -28.5 
-59е -30e 4.4 47.8 
-79.4 8 -70.8 8 -53.5 8 -24.4 $ 15.8 
-135 8 -121.28 -104.1 8 -82.8 8 
-199.9 s -193 8 -183.9 5 -171.6 -153.9 
-128 $ -111.48 -89.7 8 -59.7 8 
30.5 78.3 
-152e -141 e -126 e -107.1 -80.5 
-76 e -70e -6l e -49 e -28.7 
-6l e -34 e 4.3 
-152 e -136 e -114.4 
51.18 82.7 8 121е 
-77 8 -52.6 8 -22.78 
-81.1 -56.8 -23.9 
-83e -69e -50e -25е 11.4 
-37 e -Те 352 
-124е -108 e -86.2 -55.7 
-92е -73 e -48 e -12.5 
-156.7 -145.8 -131.9 -113.6 -88.6 
17е 55е 106.1 
-91 e -61.7 
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Mol. Form. 


СЊО; 
СН,АЗЕ, 
СН,ВО 
СН,Вг 
СНС 
СН,С1,51 
CH;F 
СН 
CHNO 
СИМО; 
CH5NO4 
СН, 
СН,С1581 
СН,О 
СН,5 
CH;CISi 
CH5N 
СН,М, 
CH,OSi 
CH,Si 
CIN 
CNNa 
СМО; 
со 

COS 
COSe 
СО, 

С5, 

CSe; 
C3Br;CIF; 


CjBr;F4 
CBr, 
CCIF; 
ОСЕ 
ССБ 
С,СЬЕ, 
С,СЬЕ, 
С,СЬЕ, 
С-СІ;М 
С.СІ, 
C;CLE; 


CCF 


ССО 
CCl, 
СЕМ 
СЕ, 
C;FjN50, 


С› 
C;HBrCIF, 


C;HBr,O 
С-НСІЕ, 


С.НСЬЕ, 


CHCl, 
C;HCl,O 
с-нсі;0, 
CHCI; 
С-НЕ;0, 
C;HF4O 


С.Н, 


Маше 


Formic acid 
Methyldifluoroarsine 

Borane carbonyl 
Bromomethane 
Chloromethane* 
Methyltrichlorosilane 
Fluoromethane* 
Iodomethane 

Formamide 

Nitromethane 

Methyl nitrate 

Methane* 
Dichloromethylsilane 
Methanol* 

Methanethiol 
Chloromethylsilane 
Methylamine 
Methylhydrazine 

Мешу! silyl ether 
Methylsilane 

Cyanogen iodide 

Sodium cyanide 
Tetranitromethane 

Carbon monoxide* 

Carbon oxysulfide* 

Carbon oxyselenide 

Carbon dioxide* 

Carbon disulfide 

Carbon diselenide 
2-Dibromo-1-chloro- 
1,2,2-trifluoroethane 
2-Dibromotetrafluoroethane 
Tetrabromoethylene 
Chlorotrifluoroethylene 
Chloropentafluoroethane 
,1-Dichlorotetrafluoroethane 
2-Dichlorotetrafluoroethane 
,1,1-Trichlorotrifluoroethane 
,1,2-Trichlorotrifluoroethane 
Trichloroacetonitrile 
Tetrachloroethylene 
,1,1,2-ТеїгасШого- 
2,2-difluoroethane 
,1,2,2-Tetrachloro- 
1,2-difluoroethane 


Trichloroacetyl chloride 
Hexachloroethane 
Trifluoroacetonitrile 
Tetrafluoroethylene 
1,1,2,2- Tetrafluoro- 
1,2-dinitroethane 
Hexafluoroethane** 
2-Bromo-2-chloro- 
1,1,1-trifluoroethane 
Tribromoacetaldehyde 
1-Chloro-1,1,2,2- 
tetrafluoroethane 
2,2-Dichloro-1,1,1- 
trifluoroethane 
Trichloroethylene 
Trichloroacetaldehyde 
Trichloroacetic acid 
Pentachloroethane 
Trifluoroacetic acid 
Trifluoromethyl 
difluoromethyl ether 
Acetylene* 


VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


1Pa 
-56 8 


-140.28 


-220 8 


-87е 


-129е 


-159.18 


-І4бе 


-7.6 8 


-74е 


-147 e 


10 Pa 
-40.4 s 


-128.6 s 


-83 e 


22е 


-756 
-214.2 s 


-69 e 
-115e 
-115e 


672e 


-148.9 s 
-96 e 


-97е 
-54.5 8 
-134е 


9.98 


-101.0 
-59е 


-23 e 


-136 e 


100 Pa 


-22.3 s 


-114.7 s 
-6l e 


-25 e 
33.6 s 


-155.2 s 


1 kPa 


-0.8 s 
-15e 
-124 
-77e 
-96 e 
-33 e 
-130 e 
-49 e 
93e 
-2e 
-27 e 
-197 s 
-5l e 
-20.4 
-74 e 
-74.4 
-76.7 
-4.7 
-90.2 
-124.6 


961 
18.0 
-216.5 s 
-117e 
-98 
-121.6 s 
-49 e 
9.4 


-46 e 
-3.5 $ 
-99 e 


-76.8 


-16e 
10e 


-Те 


Те 

67.7 8 
-126.1 
-132.3 


-30е 
-137.5 8 


-41.4 
52.7 


-87.6 


-57.4 
-12e 
-9.8 
83.8 
37.4 


-102 e 
-130.7 s 


10 kPa 


37.0 
22.1 
-99 
-44.3 
-67.1 
Te 
-Mle 
-12.4 
145.0 
40e 
9.8 
-183.68 
-14e 
15.2 
-41.7 
-41.5 
-48.1 
32.9 
-61.8 
-97.5 


1182 
61.8 
-207.2 8 
-90.0 
-67 
-103.18 
-10.9 
56.2 
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VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
С-Н;Втг; cis-1,2-Dibromoethylene -45e -21 e 10e 522 114.8 1 
С,Н,Вг› trans-1,2-Dibromoethylene -4е 422 107.4 5 
C;H5Br5Clo ,2-Dibromo-1,1-dichloroethane 103.6 177.8 5 
C;H5Br5Cl5 2-Dibromo- 1,2-dichloroethane -Пе 226 64.1 119е 193е 5 
С.Нь,Вг, ,1,2,2-Tetrabromoethane 14e 38e 69e 109e 163.7 242.9 5 
ОЊСЉ ,1-Dichloroethylene -116е -101е -82е -57е -21.4 312 1 
С-Н-СІ, cis-1,2-Dichloroethylene -62e -34e 3.8 60.3 1 
C3H5Cl5 trans-1,2-Dichloroethylene -44 e -7.5 47.3 1 
С-Н-СІ-Е; .2-Dichloro-1,1-difluoroethane -101 e -87 e -68 e -42.2 -6.8 46.3 5 
С-Н-СІ-О Chloroacetyl chloride -23.7 5.6 46.1 105.6 5 
С-Н:Сїц ,1,1,2-Tetrachloroethane -58e -40 e -15e 17e 62.2 129.7 1 
С-Н-СІ, ,1,2,2-Tetrachloroethane -22e le 32.4 76.9 144.7 1 
С-Н-Е; ,1,1,2-Tetrafluoroethane -94.3 -66.8 -26.4 17 
СОЊЕ, ,1.2,2- Tetrafluoroethane -96.0 -66.9 -23.3 3 
СНО Кеїепе -151е -135е -115е -88.2 -50.0 1 
С,Н,Вг Bromoethylene -124е -110е -92 e -68 e -34.5 15.4 5 
CHBrO Acetyl bromide -78e -65e -49 e -256 13.9 84е 5 
С-Н;Ві; ,1.2- Tribromoethane -18e 4e 32e 68e 117.1 188.4 5 
С-Н;СІ Chloroethylene -139е -127e -110e -89 e -59.0 -14.1 1 
СНС -Chloro-1,1-difluoroethane -123е -107е -85.3 -55.4 -10.5 Э 
С,Н,СО Acetyl chloride -100e -85e -66e -40e -3.6 50.4 1 
С-Н;СІО, Chloroacetic acid 78.4 123.9 188.9 1 
С,Н;СЕ 1,1-Dichloro-1-fluoroethane -101е -83e -57.9 -22.7 31.4 3 
С-Н;СІ-Е 1,2-Dichloro-1-fluoroethane -50 е -23.8 14.1 73.4 5 
ОС 1,1,1-Trichloroethane -25.3 14.2 73.7 3 
СНС 1,1,2-Trichloroethane -23е 7е 49.9 113.4 1 
С,Н;Е Fluoroethylene -153.3 -1352 -109.9 -72.2 5 
С-Н;ЕО Acetyl fluoride -64.1 17.0 5 
С›Н;Е; 1,1,1-Trifluoroethane -113e -86.6 -47.8 1 
С-Н;Е;О 2,2,2-Trifluoroethanol -33 e -8e 26.0 74е 5 
СН Iodoethylene -4l e -3e 55.6 5 
ОНО Acetyl iodide -0.6 47e 107.0 3 
ОМ Acetonitrile -20е 21.4 81.2 1 
С-Н;МО Methylisocyanate -43.5 -10.2 38.8 1 
CHNS Methyl thiocyanate -18.4 16.2 63.5 132.5 5 
он, Ethylene* -155.6 -135.1 -104.0 1,10 
C;HjBiICI 1-Bromo-2-chloroethane -0.4 41.7 105.7 6 
ОНВљ 1,1-Dibromoethane -4де -26e 5e 46.4 107.6 5 
ОНВљ 1,2-Dibromoethane 18e 62.2 130.9 1 
C,H,CIF 1-Chloro- 1-fluoroethane -69.9 -36.1 15.8 5 
ОС 1,1-Dichloroethane -84e -64e -36.7 1.0 56.9 1 
С-Ң,СІ, 1,2-Dichloroethane -16.4 23.7 83.1 1 
СНЕ» 1,1-Difluoroethane -115.2 -94.6 -66.1 -24.3 19 
С-Н,М:0, Ethylene glycol dinitrate 4e 25:6 51.0 81е 117e 162 e 5 
C,H,O Acetaldehyde -105 e -87 e -62.8 -29.4 20.0 5 
C,H,O Ethylene oxide -llle -93 e -70e -37.0 10.2 1 
ОВО Acetic acid -42.8s -26.7 8 -8s 14.28 55.9 117.5 L5 
ОНО Methyl formate -95е -76e -51.8 -18.1 31.4 5 
С.Н,О, Peroxyacetic acid 14.4 55.3 109.7 о 
СНО; Glycolic acid 99.9 3 
С,Н,АЗЕ, Ethyldifluoroarsine -36e -6.0 35.0 93.1 3 
С.Н,Вг Bromoethane -llle -96 e -77e -51.3 -15.5 38.0 5 
С›Н;СІ Chloroethane -126e -112e -94 e -70e -37.0 12.0 1 
ОНО 2-Chloroethanol -6le -39e -2e 23e 67.1 127.3 5 
C;HsCIO Chloromethyl methyl ether -96e -80e -59e -32e 6e 6le 5 
С,Н.С1,О81 Trichloroethoxysilane -78 e -60е -36.0 -4.6 38.7 102.0 5 
С,Н,С1,51 Trichloroethylsilane -79 е -6le -38 e -8e 34.9 98.7 5 
C;HsF Fluoroethane -142е -127е -106.3 -78.7 -37.9 1 
C;H;FO 2-Fluoroethanol -22e 8.3 47.5 99е 3 
ОН Iodoethane -94e -78e -56 e -27.9 11.9 71.9 5 
ОМ Ethyleneimine -74e -55e -30 e 4.1 556 5 
C;H;NO Acetamide 16.78 39.18 65.2 8 102.8 150.8 2182 5 
C;H;NO N-Methylformamide 13e 4le 78e 127.9 199.1 1 
С,Н.МО, Nitroethane -6le -44 е -21 e 8.3 50.1 113.5 5 
С-Н;МО; Ethyl nitrate -8le -63e -41е -12е 28.2 87е 1 
C2H6 Ethane* -183.3 s -173.2 -161.3 -145.3 -122.8 -88.8 41 
С.Н,С1,81 Dichlorodimethylsilane 11.1 70.1 5 
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VAPOR PRESSURE (continued) 


Temperature іп “С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
С.Н,Не Dimethyl mercury -13.5 29.0 92.1 3 
С.Н,М:О N-Nitrosodimethylamine 30.7 80.5 149.8 5 
ОНО Ethanol -73 e -56 e -34 e -7e 29.2 78.0 1,5 
ОНО Dimethyl ether* -135e -118e -96.8 -67.6 -25.1 1,5 
С,Н,О8 Dimethyl sulfoxide 27.4 65.0 115.9 188.6 1 
С-НО- Ethylene glycol 2e 24e 511 86.1 132.5 196.9 1 
C+H,O; Ethyl hydroperoxide -70е -4де -25е 6.8 47.0 101е 5 
С-Н0-8 Dimethyl sulfone 109e 166.8 248.9 3 
С-Н,5 Ethanethiol -112е -97 e -78 e -53 e -18e 34.7 1 
С,Н,5 Dimethyl sulfide -96e -77е -512 -16.0 37.0 1,5 
С-Н,5» Dimethyl disulfide -71е -53e -29е 127 45.0 109.3 5 
С-Н;ВО- Dimethoxyborane -16e -101.9 -83.5 -592 -25.4 25e 5 
C;H;N Ethylamine -Tle -53e -27 e 16.4 1 
С-Н;М Dimethylamine -88e -66.9 -372 6.6 1 
C3H;NO Ethanolamine lle 35e 66.2 109.0 170.6 1 
С,Н,М, 1,2-Ethanediamine 17.0 37:5 116.6 15 
C5HgN5 1,1-Dimethylhydrazine -52e -25.6 10.5 63e 5 
ОН 1,2-Dimethylhydrazine -49e -33e -9e 26.4 88e 1 
CN Cyanogen -127 8 -114.18 -98.5 8 -79.2 8 -54.9 8 -21.4 5 
C4CIF;O Chloropentafluoroacetone -122е -109е -93 e -Tle -39.4 7.4 5 
СС НехасШогоргорепе -12е Пе 40e 79e 132.8 213.6 2 
С; Perfluoropropene -150e -138e -122е -101е -72е -30.6 5 
С; Оо Perfluoroacetone -113е -94 е -67.8 -27.6 5 
ОБ Perfluoropropane -139e -124е -105е -77.5 -37.0 1 
CHN Cyanoacetylene -58.7 s -35.6 s -7s 42.0 5 
ОЊЕО 1,1,1,3,3,3-Hexafluoro- 

2-propanol 12.7 57.1 5 
С;Н;Е; 1,1,1,2,2-Pentafluoropropane -60е -17.9 3 
ОМ 2-Propenenitrile -72е -50е -22е 17.7 77.0 1 
C,H;NS Thiazole 544 117.8 2 
Он, АПепе» -129е -118е -101.4 -76.7 -34.7 5 
ОН, Ргорупе -94 e -65.3 -23.2 1 
С.Н,СЇЕ, 3-СШого-1,1,1- 

trifluoropropane -102е -87е -68e -43 e -8e 45.3 5 
С.Н,С,О 1,1-Dichloroacetone Le 47.8 118.0 3 
С;Н,СІ-О- Methyl dichloroacetate -44 e -25е 0e 33e 777 142.3 5 
C3HyCly 1,1,1,2-Tetrachloropropane -48 e -28 e -2e 326 79.1 149.5 2 
C3H4F,O 2,2,3,3-Tetrafluoro- 

1-propanol -10е 17е 53.9 107.2 5 
C;H4O Acrolein -87e -67e -40e -3.0 52.8 1 
ОНО Propenoic acid 35e 78.0 140.7 1 
СНО Vinyl formate -58e -34e -1.6 46.2 1 
ОНО 2-Охеїапопе -21е 8е 45.5 93.8 159.3 5 
С;Н,О; Ethylene carbonate 12.7 $ 37e 247 5 
C4HsBr cis-1-Bromopropene -100e -84e -64e -37 е 1.0 57.4 3 
C;HsBr 2-Bromopropene -112e -95e -75e -47 е -9e 48.0 3 
С:Н;Вг 3-Вготоргорепе -98 е -80е -58e -28е 12е 69.6 9 
C;HsCI cis-1-Chloropropene -114e -100 e -8l e -55e -20.1 32.4 5 
C3H;Cl trans-1-Chloropropene -97e -Tle -52e -16.2 37.0 Э 
C4HsCI 2-Chloropropene -120е -106e -87e -63e -28.7 22.3 5 
сва 3-Chloropropene -107e -92e -72.4 -46.3 -9.8 44.6 5 
C3H;ClO Epichlorohydrin -21е Пе 53.8 115.5 5 
С;Н;СІО, Methyl chloroacetate -28е -5е 25е 66.9 129.1 3 
C3H;Cl; 1,1,3-Trichloropropane -51е -3le -5e 28e 75.3 145.1 5 
С.Н5СЬ 1,2,3-Trichloropropane 2e 37e 84.9 156.3 5 
С;Н;СІ;5і Trichloro-2-propenylsilane 53.0 116.5 5 
С.Н: 3-Iodopropene -80e -62e -39e -8e 36e 101.5 5 
C;H5N Propanenitrile -69.4 -55.3 -36.0 -7.9 35.2 97.4 L5 
C,H;NO Acrylamide 109.6 161е 5 
СНО 3-Hydroxypropanenitrile -Пе 18е 536 96.1 150.3 220.8 5 
C3H;NS Ethyl thiocyanate -39e -20e 4e 35е 79.1 143.4 5 
С.Н.М5 Ethyl isothiocyanate 17.4 66e 136e 3 
C;H5N509 Trinitroglycerol 48.6 75.7 118е 191 e 353е 1007 е 5 
C3H6 Propene* -160.6 -149.0 -134.3 -114.9 -88.2 -47.9 1,5 
С.Н, Cyclopropane -124е -104е -75.7 -33.1 1 
C3H6BrC1 1-Bromo-3-chloropropane -5l e -31e -6e 28e 74.1 142.9 5 
CsHçBr; 1,2-Dibromopropane -46e -26e -2e 3le 75:3 139.5 5 
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Mol. Form. 


С.Н,Вгэ 
СУН СЬ 
Сун СЬ 
СНС 
Сун СЬ 
C;H,CLO 
СНО 
GHO 
C3H,O 
CHO 
CHO 
CHO 
C3H,O> 
сео; 
C;H«0; 
СНО, 
сео 
С.Н,8 
C3H7Br 
С.Н,Вг 
сња 
сња 
сњао 
СОЊЕ 
GHI 
GHA 
C3H,N 
CəH;NO 
CHNO 
СУН МО, 
C4H;NO, 
СНО, 
сын, 
GHO 
C;H,O 
СН; 
C.H,O, 
ОЊО 
CsHsO; 


CHO, 
СО 
C3H,S 
GHS 
С.Н,8 
GHS 
С.Н,Ав 
С.Н,ВО, 
C,HyBS 
СНОС 
CHN 
GHN 
сым 
C;H NO 
С.НуОР 
GHP 
C.H,Sb 
CsHioN; 
смо 
сус 
СО 


св 
С.Бо 
C4H;CLO, 


C,H;CLS 


Name 


1,3-Dibromopropane 
1,1-Dichloropropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
1,3-Dichloro-2-propanol 
1,1-Dinitropropane 
Allyl alcohol 
Methyl vinyl ether 
Propanal 
Acetone 
Methyloxirane 
Propanoic acid 
Ethyl formate 
Methyl acetate 
1,3-Dioxolane 
1,3,5- Trioxane 
Thietane 
1-Bromopropane 
2-Bromopropane 
1-СШогоргорапе 
2-СШогоргорапе 
2-СШого-1-ргорапо! 
1-Ешогоргорапе 
1-Iodopropane 
2-Iodopropane 
Allylamine 
N,N-Dimethylformamide 
N-Methylacetamide 
1-Nitropropane 
2-Nitropropane 
Ргору! nitrate 
Propane* 
1-Propanol 
2-Propanol 
Ethyl methyl ether 
1,2-Ргору!епе glycol 
1,3-Propylene glycol 
Ethylene glycol 
monomethyl ether 
Dimethoxymethane 
Glycerol 
1-Propanethiol 
2-Propanethiol 
Ethyl methyl sulfide 
1,3-Propanedithiol 
Trimethylarsine 
Trimethyl borate 
Мешу! dimethylthioborane 
Trimethylchlorosilane 
Propylamine 
Isopropylamine 
Trimethylamine 
1-Amino-2-propanol 
Trimethyl phosphate 
Trimethylphosphine 
Trimethylstibine 
1,2-Propanediamine 
Carbonyl dicyanide 
Hexachloro-1,3-butadiene 


Trifluoroacetic acid 
anhydride 
Perfluorocyclobutane 
Perfluorobutane 
trans-2-Butenedioyl 
dichloride 
2,5-Dichlorothiophene 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


1Pa 10 Pa 100 Pa 1 КРа 10 КРа 
-30e -де 17е 52е 98.7 
-14e 27.0 
-78 e -61 e -38.1 -8.1 33.7 
-65e -46 e -22 e 10e 54.0 
-28 e 10.8 
21.8 59.0 107.6 
-9e 12e 39e 73.2 120е 
-63e -48 e -21.9 6.8 44.5 
-114e -89 e -52.7 
-69 e -42 e -6e 
-95 -81.8 -62.8 -35.6 1:3 
-109 e -95e -76e -51.5 -17.2 
бе 35.1 79.9 
-80e -6le -35e le 
-95 е -79е -59е -33 e 3.3 
-72е -50e -22е 17.0 
53e 
-62e -40e -9e 32.5 
-95 e -78е -57е -28е 11.6 
-84е -65e -39.6 -17 
-106 е -90 e -Tle -44.5 -8.1 
-9le -74е -51.1 -17.8 
23e 63.8 
-133 e -120 e -103 e -80.7 -49.4 
-78 e -60 e -37 e -6e 36.9 
-89 e Те -47 e -16.3 26.5 
-88e -65e -37 e 0.4 
-39 e -20 e 5e 38.0 83.9 
-13.3s 13s 43e 83.8 136.1 
-56e -37e -13e 20e 64.8 
-48 e -22 e 10.7 55.6 
-23.9 6.1 48.1 
-156.9 -145.6 -130.9 -111.4 -83.8 
-54 e -38 e -16e 10e 47e 
-65 е -49 e -28 e -1.3 33.6 
-98 e -89 e -77e -60 e -34.8 
-lle 13e 42e 78e 125.0 
4e 30e 62e 101 e 149.9 
-57 e -37 e -12e 21е 63.8 
-93 e -8l e -64 e -42 e -9.3 
96e 113e 136e 168e 213.4 
-04e -78е -57е -29.1 9.6 
-102е -87е -67е -4l e -Зе 
-94 e -78 e -57 e -29.7 8.8 
-53 e -28 e Зе 43e 97e 
-74e -45 e -5.4 
-14e 15.6 
-62 e -30.4 11.4 
-37.8 0.4 
-81 e -63 e -38.3 -4.1 
-9l e -74e -50.4 -17.6 
-114e -97 e -75.0 -43.8 
18e 53.2 98.2 
-3le -Те 23.6 62.8 116.0 
-8le -53e -15.0 
-56e -23.8 19e 
-35.4 -12.0 18.8 біе 
-21.7 15.3 
-le 22e 50e 86.7 137.0 
-63e -39e -7.1 
-122 e -105e -82e -49.8 
8.0 45.6 94.3 
-20е 22е 81.4 
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Mol. Form. 


C4H50; 
C,H,CIS 
ӨЛІНІ 
сын, 
C4H4N5 
СНО 
C,H,O; 
C4H,0; 
С.Н,О, 
С.Н,8 
сна 
С,Н,СО 


С,Н,СЬО, 
C,HsN 
CjH5N 
CyHsN 
C,H;NO, 
С.Н.М5 
C4H5NS 
C4H6 
C4H6 
C4H6 
СН, 
C,H&4CLO; 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О: 
С,Н,О, 
С.Н,О: 
СНО 
СНО, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,Од 
С,Н,Вг 
C4H;Br 
С,Н,Вг 
С,Н,Вг 
C,H7Br; 
С,НуВг, 
C,H,Cl 
C4H;CI 
C,H,Cl 
C,H,Cl 
С,Н,СїО, 
C,H,N 
СІН; 
С.Н; 
СІН; 
C4Hg 
C,Hg 
C4Hg 
CjHgBr; 
CuHsBr; 
C,H;Cl, 
CyHgCl, 
СНС 
С,Н,СЬ, 
С,Н,С,О 
С,Н,О 
С,Н,О 


Маше 


Maleic anhydride 
2-Chlorothiophene 
2-Iodothiophene 
1-Вшеп-3-упе 
Succinonitrile 
Furan 
Diketene 
Succinic anhydride 
Fumaric acid 
Thiophene 
2-Chloro-1,3-butadiene 
2-Methyl-2-propenoyl 
chloride 
Ethyl trichloroacetate 
3-Butenenitrile 
Methylacrylonitrile 
Pyrrole 
Methyl cyanoacetate 
Allyl isothiocyanate 
4-Methylthiazole 
1,2-Butadiene 
1,3-Butadiene* 
1-Butyne 
2-Butyne 
Ethyl dichloroacetate 
Divinyl ether 
trans-2-Butenal 
3-Buten-2-one 
Cyclobutanone 
cis-Crotonic acid 
trans-Crotonic acid 
3-Butenoic acid 
Methacrylic acid 
Vinyl acetate 
Methyl acrylate 
2,3-Butanedione 
gamma-Butyrolactone 
Acetic anhydride 
Propylene carbonate 
Dimethyl oxalate 
trans-1-Bromo-1-butene 
2-Bromo-1-butene 
cis-2-Bromo-2-butene 
trans-2-Bromo-2-butene 
1,2,3- Tribromobutane 
1,2,4-Tribromobutane 
3-Chloro-1-butene 
cis-2-Chloro-2-butene 
trans-2-Chloro-2-butene 
3-Chloro-2-methylpropene 
Ethyl chloroacetate 
Butanenitrile 
1-Вшепе 
cis-2-Butene 
trans-2-Butene 
Isobutene 
Cyclobutane 
Methylcyclopropane 
1,2-Dibromobutane 
1,4-Dibromobutane 
1,1-Dichlorobutane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
2,2-Dichlorobutane 
Bis(2-chloroethyl) ether 
Ethyl vinyl ether 
1,2-Epoxybutane 


VAPOR PRESSURE (continued) 


Temperature іп “С for the indicated pressure 


1Pa 10 Pa 100 Pa 1 КРа 10 КРа 
737 127.9 
-62e -35e 2e 51.8 
-25е 23е 94.9 
-96.1 -73.4 -41.8 
24.88 
-78 e -54 e -20 e 
19.3 63.3 
121е 180.8 
123.98 150$ 1808 
-17e 23.7 
-113е -95 e -71е -4l e 0.3 
-57 e -35 e -5e 36.4 
15.3 519 100.1 
-67е -48e -23.1 9.3 53.7 
-12е 29.0 
-8e 24e 66.7 
-Зе 19е 48e 84e 134.0 
-45 e -276 -3e 32.1 89e 
-132 e -117e -98 e -72.8 -38.9 
-106 e -83 e -51.9 
-125е -111е -94 e -712 -39.4 
-89.2 8 -73.8 $ -53.5 $ -23.9 
2.6 40.1 89.1 
-99е -80e -56e -22.1 
-74e -56 e -33 e -3e 39.7 
21е 
-34e -4е 374 
30e 63e 106.7 
74e 120.8 
-19е 2е 27е біе 105.6 
22е 5бе 99.9 
-88e Те -50e -22 e 16.2 
Те -48 e -18e 22е 
30.7 
-17e 24e 726 130.2 
-44 e -25e -le 31е 79:1 
-40 e -5e 43e 112e 220 e 
50.5 98.1 
-87e -68 e -43.3 -11.4 31.9 
-87 e -70e -48 e -20 e 20.7 
-90 e -72e -49.0 -18.5 23.5 
-86e -67 e -43.4 -12.0 31.0 
0e 23e 53e 91е 143.7 
-Зе 20е 49е 87е 139.4 
-64 e -36 e 4e 
-100 e -83 e -62 e -34 e бе 
-102е -86e -65e -37 e Зе 
-75е -54е -25е 13.8 
-2.6 32.6 79.1 
-67e -48 е -24е 8е 52.3 
-139.0 -125.2 -107.8 -85.3 -53.7 
-131.2 -117.4 -99.8 -76.7 -44.8 
-102e -80e -47.6 
-139.1 -125.5 -108.2 -85.5 -54.5 
-71.8 -38.1 
-130e -116e -99.3 -76.3 -44.2 
-54е -30 e 0.4 39.6 92.1 
-13e 9e 37e 74е 124.0 
-25е бе 49.3 
-28.4 5.8 53.1 
-26 e бе 35e 82.4 
-58e -35e -5е 37.8 
-32 e -9e 19.8 56.9 106.9 
-102 e -8l e -53.1 -16.5 
-135 e -114e -87 e -53 e -5.5 


Un л (л л л — Un Un CA CA CA 


Ол (A “л “л (A (A (A “л (л л л ал (л Un “л Cn “л (A “л (A (A (A “л (A — Un л л — Un “л QA “л (A (A (A “л (л л — — Un Un (л л кє Un (л “(л (л 
Un 


Mol. Form. 


со 
C,H,O 
C,H,O 
C,H,O 
Сыны: 
C,H,O; 
со, 
со, 
С.НО 
со, 
со, 
С.Н,О, 
со; 
С.Н,О,8 
CHS 
С.НоВг 
С.НоВг 
С.НоВг 
С.НоВг 
снос 
сња 
CHCI 
сња 
C,H«CLSi 
C,HyF 
СНЕ 
САНА 
сыны 
Сана 
CHol 
сном 
CHNO 
C,HNO 
СО 
C,HyNO 
C,HyNO, 
СН 
САН 
СНО 
CjH, 0 
C.H, O 
CHO 
СНО 
Санио 
C,H,,0 
СН 00 
СН 00 
САН О 
СНО 


C,H4905 


СНО 
C4H4905 
C4H44058 


СІН (03 
С.Н,у0,8 
CHS 
CHS 
С.Н 
СІН (5 
C,HrS 
CHS 
СІН (8 
С.Н |053 
СН 5; 


Маше 


Butanal 

Isobutanal 

2-Butanone 
Tetrahydrofuran 

Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Isopropyl formate 

Ethyl acetate 

Methyl propanoate 
cis-2-Butene-1,4-diol 
,3-Dioxane 

,A-Dioxane 

Sulfolane 
Tetrahydrothiophene 
-Bromobutane 
2-Bromobutane 
-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
-Chlorobutane 
2-Chlorobutane 
-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
Butyltrichlorosilane 
1-Fluorobutane 


2-Fluorobutane 
1-Iodobutane 
2-Iodobutane 
1-Iodo-2-methylpropane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N-Methylpropanamide 
N,N-Dimethylacetamide 
2-Butanone oxime 


Morpholine 

Isobutyl nitrate 

Butane* 

Isobutane* 

1-Butanol 

2-Butanol 

2-Methyl-1-propanol 

2-Methyl-2-propanol 

Diethyl ether 

Methyl propyl ether 

Isopropyl methyl ether 

1,3-Butanediol 

1,4-Butanediol 

2,3-Butanediol 

Ethylene glycol monoethyl 
ether 

Ethylene glycol dimethyl 
ether 

Dimethylacetal 

Diethylperoxide 

Bis(2-hydroxyethyl) 
sulfide 

Diethylene glycol 

Diethyl sulfate 

1-Butanethiol 

2-Butanethiol 

2-Methyl-1-propanethiol 

2-Methyl-2-propanethiol 

Diethyl sulfide 

Methyl propyl sulfide 

Isopropyl methyl sulfide 

1,4-Butanedithiol 

Diethyl disulfide 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


1Pa 
-88e 


-85e 
-04e 


-30.1 
-78е 
-80e 
-83e 
-80e 
17е 


-4де 


-89 e 


35e 


-77e 
-86e 


-80e 
-78 e 
-85 e 
-17e 
-46 e 


10 Pa 
-72e 


-68 e 
-78 e 


-8.2 
-62 e 
-65e 
-66 e 
-64e 
44e 


49e 

-47 e 
-53.9 
-68 e 
-68 e 


-71e 
-80 e 
-78 e 


-99 e 
-103 e 
-43 e 
-5l e 
-47 e 
-58.8 s 
-59 e 


8e 
-18e 


-121.0 
-129.0 
-20 e 
-34 e 
-24 e 


-96 e 


236 
45e 
15e 


-29e 


-74е 


58e 
3e 
-59e 
-69e 
-66e 


-62e 
-6le 
-68e 
5e 

-26e 


6-77 


100 Ра 


-50е 
-5бе 
-46e 
-57.3 
12.9 

18.1 

-42 e 
-47 e 
-45 e 
-43 e 
77е 

-37 e 


87е 
-23 e 
-34.1 
-46 e 
-46 e 


-49 e 
-59 e 
-56.6 


1 kPa 


-22 e 
-29 e 
-18.1 
-29.8 
52.2 

50.5 

-15.1 
-222 
-18е 
-15.8 
117.4 
-Зе 


135е 
9.4 


10 КРа 


16.6 
8е 
212 
9е 
101.4 
92.9 
23.0 
13.2 
20.4 
222 
168.5 
43.4 
39.6 
198.0 
54.1 
37.6 
26.6 
26.8 
11.7 
18.4 
8.5 
10.2 
-4.2 
77.2. 
-20.0 
-26.7 


173.6 
134е 
35.4 
23.4 
26.5 
5.8 
30.3 
331 
23.4 
119.9 
824 


Un CA 


1л 


1л 


л є_ UA — UA — UA QA CA CA (л (л CA л QA к — — Un д к к (д 


кісі ка = pii кы 
Ал Un їл Во 
= = 


Un Un tn Cn Cn 


чл tA 


Cn CA (A л — Q Un Un CA л — щл 


VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СНМ Butylamine -46e -18.1 20.0 75:9 5 
CHIN sec-Butylamine -55 e -29.1 7.5 62.3 5 
СНМ tert-Butylamine -67e -42.4 -8.1 437 5 
СНМ Isobutylamine -85e -70е -50 е -24.5 12.0 67.3 5 
СНМ Diethylamine -46e -26e 5e 552 1 
C,H,;NO N,N-Dimethylethanolamine -52e -3le -6e 27e 70.9 133e 5 
C4H,;NO> Diethanolamine 53е 77е 107е 146е 197.3 268 е 5 
С,Н,ВХ (Dimethylamino)dimethyl- 

borane -8le -60.1 -31.9 7.0 64.2 5 
C,Hi;CLOSi; 1,3-Dichloro-1,1,3,3- 

tetramethyldisiloxane -33e -9e 23.8 69.1 136.5 3 
С,Н,:0,81 Tetramethyl silicate 14.4 59:3 119.7 3 
C4HpSi Tetramethylsilane -83e -59e -25е 26.7 5 
СН п Tetramethylstannane -55.0 -25.6 16.6 777 5 
СІН |35; Diethylenetriamine -10е 13е 43e 80e 129.6 198e 5 
САМО, Nickel carbonyl -12 42 4 
C;Fi5 Perfluoropentane -54.7 -20.9 28.6 5 
С.ЁеО, Поп решасагропу! 0 44 105 4 
С.Н,СЇМ 2-Chloropyridine 74 45.8 97.3 169.9 5 
CsH,O; Furfural -2бе -8e 16e 47е 92.4 161.4 
C;H;N Pyridine -23е 8е 51.0 114.9 1 
С-Н, 1,3-Cyclopentadiene -77 e -51е -І4е 39.8 5 
С.Н,М, Pentanedinitrile 24.1 52e 85e 126e 178e 245e 5 
CsH,O 2-Methylfuran -ббе -35е бе 64.5 
СНО Furfuryl alcohol -30e -5е 25е 62.6 109.3 169.7 5 
С-Н68 2-Methylthiophene -58e -32e 2e 47.9 112.2 
С.Н,5 3-Methylthiophene -53e -28е бе 50.6 115.1 
C;H;N 1-Methylpyrrole 8e 49.9 112.3 5 
С.Н,МО, Ethyl cyanoacetate 16e 39e 67.0 102.1 146.7 205.6 Б] 
СН 1,2-Pentadiene -109е -93 e -73e -46.1 -9.7 44.5 5 
CiHg cis-1,3-Pentadiene -109e -93e -73e -47.0 -10.5 43.7 5 
СН; trans-1,3-Pentadiene -75e -49.0 -13e 42e 
СЊ 1,4-Pentadiene -120e -105e -86e -60.9 -26.2 25.6 3 
С-Н, 2,3-Pentadiene -106e -90e -70e -42.9 -6.3 47.9 
CiHg 3-Methyl-1,2-butadiene -llle -95 e -75e -49.2 -13.1 40.4 5 
CsHs 2-Methyl-1,3-butadiene -115е -100е -8le -55.4 -19.7 33.7 55 
СЊ 1-Решупе -75e -49.1 -13.5 39.9 5 
С-Н, 2-Решупе -100 е -85е -65е -37.9 -0.5 29.7 5 
CiHg 3-Methyl-1-butyne -82e -57.5 -23.1 28.6 5 
СН, Cyclopentene -109e -94 e -74e -48 e -11.1 43.8 5 
СН; Spiropentane -10e -95 e -76e -5l e -15e 38.6 5 
С;Н;О 3-Methyl-3-buten-2-one -35e -5е 36.0 97.3 5 
С.Н,О Cyclopropyl methyl 

ketone -57е -31е 3е 49e 112e 5 
С,Н,О Cyclopentanone -39e -14e 19e 64e 130.3 1 
С.Н,О 3,4-Dihydro-2H-pyran -22 e 22.0 84.9 5 
С.Н,О, 4-Pentenoic acid 0e 19e 44e TI e 122.0 187.5 5 
СНО, Vinyl propanoate 312 94e 5 
С.Н,О, Ethyl acrylate -55e -32.7 -2.8 38.5 99.2 5 
СНО; Methyl methacrylate -3le -le 39.7 100.0 1 
С.Н,О, 2,4-Pentanedione -5e 24.7 67.8 137.4 1 
СНО, Tetrahydro-2H-pyran- 

2-one 56 38.1 744 128.3 207.0 5 
С.Н,О, Methyl acetoacetate 50.1 101.1 171.3 5 
СО, Glutaric acid 121e 153.2 191.9 240.3 302.5 5 
C5H$,04 Dimethyl malonate -22е 1е 30.0 66.7 114.7 180.2 2! 
С.Н СО, Ethyl 2-chloropropanoate 1.4 36.4 82.5 146.0 5 
C5H3CIO; Isopropyl chloroacetate -2е 35.0 83.3 148.1 5 
CsHÁN Pentanenitrile -54 e -34 e -8e 26e 72.2 140.9 1 
CsHoN 2,2-Dimethylpropanenitrile 41.1 104.8 5 
С.Н,ХО N-Methyl-2-pyrrolidone le 24e 53:1 92.3 147.2 229 e 5 
С;Н,о 1-Pentene -118.9 -103.4 -84.0 -58.8 -23.3 29.6 1:8 
СНо cis-2-Pentene -113.8 -98.1 -78.4 -52.7 -16.8 36.6 L5 
СН trans-2-Pentene -114.5 -98.9 -791 -53.3 -17.5 36.0 1,5 
Си 2-Methyl-1-butene -1177 -1022 -82.7 -572 -21.9 30.8 1:5 
CiHjo 3-Methyl-1-butene -125.0 -110.1 -91.2 -66.7 -32.1 19.7 13 
СНо 2-Methyl-2-butene -113.4 -97.6 -77.7 -51.6 -15.8 38.2 1,5 


Mol. Form. 


CsHio 
CsHio 
CsHio 


CsHio 


С.НуоВгэ 
СН (СІ; 
С5Н (СІ; 
CsHioN; 


С5Н 00 
С5Н 00 
СНО 
С5Н 00 
С5Н 00 
СНО 
С5Н 00 
С5Н 00 
СН 00 
C5H4905 
C5H4905 
C5H4905 
СН 00 
СА 00; 
С5Н 00 
C5H4905 
СН 00 
C5H4905 
C5H4905 
C5H4905 
СН 003 


С;5Н,08 

СН oS 

С5НиВг 
CiHjBr 
C;H,,Br 
C;H, Вг 
CHCl 
СНС 
сна 
сна 
сна 


СЕ 
сыны 
сыны 
сним 
CsH,,N 
сним 
СУН МО, 
СН» 
СН, 
СН» 
C;HoN;O 
CsH,,0 
GHO 
С.НуО 
CsH,,0 
CsH,,0 
C;H,,0 
С.НуО 
CsH,,0 
CsH,,0 
GHO 
С.НуО 


Маше 


Cyclopentane 
Ethylcyclopropane 
cis-1,2-Dimethylcyclo- 
propane 
trans-1,2-Dimethylcyclo- 
propane 
1,5-Dibromopentane 
1,2-Dichloropentane 
1,5-Dichloropentane 
3-(Dimethylamino)- 
propanenitrile 
Cyclopentanol 
Allyl ethyl ether 
Pentanal 
2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
2-Methyltetrahydrofuran 
Pentanoic acid 
2-Methylbutanoic acid 
3-Methylbutanoic acid 
Butyl formate 
Isobutyl formate 
Propyl acetate 
Isopropyl acetate 
Ethyl propanoate 
Methyl butanoate 
Methyl isobutanoate 
Tetrahydrofurfuryl alcohol 
Diethyl carbonate 


Ethylene glycol monomethyl 


ether acetate 
Thiacyclohexane 
Cyclopentanethiol 
-Bromopentane 
2-Bromopentane 
3-Bromopentane 
-Bromo-3-methylbutane 
-Chloropentane 
2-Chloropentane 
3-Chloropentane 
2-Chloro-2-methylbutane 
-Chloro-2,2-dimethyl- 
propane 
-Fluoropentane 
-Iodopentane 
-Iodo-3-methylbutane 


Cyclopentylamine 
Piperidine 
N-Methylpyrrolidine 
3-Methylbutyl nitrate 
Pentane** 

Isopentane 
Neopentane* 
Tetramethylurea 
1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dimethyl-1-propanol 
Butyl methyl ether 
Methyl tert-butyl ether 
Ethyl propyl ether 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


1Pa 


-118e 


-118e 


-122e 
le 


-3le 


-71е 


-69 е 


-7.4 
-10е 
-15.8 


-69 е 
-69е 


-69e 
-68e 
-83e 
-40e 


-47 е 


-60e 
-69e 
-68e 
-67e 
-73e 
-80е 
-77e 


-97 е 
-47 e 


-66 e 


-115.5 
-119e 


-27 e 
-35e 
-4l e 
-27 e 
-22 e 


-92 e 


10 Pa 


-102 e 
-103 e 


-108 e 
256 


-10e 


-13e 


-53 e 


-54 e 


15.3 
10e 
4e 


-53 e 
-5l e 
-6l e 
-52e 
-50e 
-65e 
-Ібе 
-42e 


-26e 


-Ale 
-51е 
-50 e 
-49 e 
-55e 
-62 e 
-60 e 


-80 e 
-27 e 
-34e 
-48 e 


-26e 
-99.8 
-105e 
-107.5 s 


-10e 
-19e 
-256 
-Пе 
-7e 


-77e 


6-79 


100 Pa 


-77.0 
-83 e 


-83 e 


-89 e 
54e 


17е 


11.5 
-5бе 
-3le 


-3le 
-34e 


42.7 
36e 
30.0 
-29е 
-3le 
-29е 
-40е 
-30е 
-28е 
-4l e 
15e 
-17e 


1 kPa 


-45.4 
-57е 


-57е 


10 КРа 


-1.1 
-20е 


-20е 


-27е 
145.6 
77.4 
104.1 


101.8 
82.5 
9.8 
40.8 
40.3 
40e 
322 
26.0 
19.7 
122.1 
112.8 
110.6 
44.4 
37.4 
40.9 
29.8 
38.9 


mann 


1л 


1л 


Un (A (A л — л кє Un “(л л л Un ээ 


Un Cn Un Un Cn “л Un Un Cn nn 


с 


У л — л кєк (л — л л — У (л “л Un “л “(л “л л 
Un сл 


Mol. Form. 


С5Н 0 
СНО» 


СНО; 
С5Н 203 


СН |25 
C5H)2S 
С5Н |25 
C;Hi5S 
C5H2S 
C5H)2S 
СН |25 
C;Hi5S 
С5Н |25 
СН |;5 
СНом 
С,ВҮЕ, 

СЕСЕ 

СоСЬЕз 


сақ 
CF2 
CF14 
СЕ 
CF14 
CF 
С.НЕ, 
C,HF,O 
сынық, 
сынық, 
СЊЕ, 
C4H,ChO 
CHF 
С,Н,Вгэ 
C,H,CINO, 
C,H,Cl, 
C,H, Cl, 
СС 
САО 
С.Н,АСЬ 
С,Н,Вг 
сна! 
C4H;CIO 
C4, CIO 
C4H,CIO 
С.Н.СЬ8! 
CHF 
сена 
CHNO, 
CHNO; 
сене 
сене 

CH ,CIN 
CH CIN 
СН, МО, 
CHO 
CHO; 
CHS 
Сен, 
CHN 
CHN 
CHN 
CH, 
C.H 
сың, 
CHN, 


Name 


1,5-Pentanediol 
Ethylene glycol monopropyl 
ether 
Diethoxymethane 
Diethylene glycol monomethyl 
ether 
1-Pentanethiol 
2-Pentanethiol 
3-Pentanethiol 
2-Methyl-1-butanethiol 
3-Methyl-1-butanethiol 
2-Methyl-2-butanethiol 
Butyl methyl sulfide 
tert-Butyl methyl sulfide 
Ethyl propyl sulfide 
Ethyl isopropyl sulfide 
Pentylamine 
Bromopentafluorobenzene 
Chloropentafluorobenzene 
1,3,5- Trichloro-2,4,6- 
trifluorobenzene 
Hexafluorobenzene 
Perfluorocyclohexane 
Perfluorohexane 
Perfluoro-2-methylpentane 
Perfluoro-3-methylpentane 
Perfluoro-2,3-dimethylbutane 
Pentafluorobenzene 
Pentafluorophenol 
1,2,3,4-Tetrafluorobenzene 
1,2,3,5-Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
2,4,6-Trichlorophenol 
1,3,5-Trifluorobenzene 
m-Dibromobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
p-Benzoquinone 
Dichlorophenylarsine 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
m-Chlorophenol 
p-Chlorophenol 
Trichlorophenylsilane 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
p-Nitrophenol 
1,5-Hexadien-3-yne 
Benzene** 
o-Chloroaniline 
m-Chloroaniline 
p-Nitroaniline 
Phenol 
1,2,3-Benzenetriol 
Benzenethiol 
Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
cis-1,3,5-Hexatriene 
1,3-Cyclohexadiene 
1,4-Cyclohexadiene 
Adiponitrile 


VAPOR PRESSURE (continued) 


Temperature in °C for the indicated pressure 


1Pa 
25е 


-60е 
-70е 
-70е 


-64e 
-72е 


-19е 


-95 е 


-7 
15.4 5 


-45.5 $ 
-4.1 $ 
6.9 


-30e 
72.68 
-82e 


-5е 
87.88 
-9.7 8 


-56.5 


-58.2 8 


-88e 


30e 


10 Pa 
52e 


-65e 


12e 

-Ale 
-52e 
-51е 


-АЗе 


-Абе 
-54е 
-52е 


-44е 


4е 
-56.9 8 


-75 ё 


-80e 


16e 
35.8s 
-13e 
-22 e 
-21.8 s 
17.8 s 
33.2 
-25e 
-43 e 


100 Pa 


85e 


-43 e 


40e 
-17e 
-28 e 
-28 e 


-19e 
-23 e 
-3l e 
-29е 
-10е 
-21е 


32e 
-36s 


-57е 


-60е 


-4l e 


-36 e 
-43 e 


1 kPa 
125 е 


40e 
-14e 


76e 
15e 
3e 
4e 
8.0 
7.8 
-8.0 


10 kPa 


175.1 


85.6 
27.3 


124.2 
60е 
46.6 
47.7 
52.3 
51.9 
34.6 
57e 
34.7 
52.7 
42.7 
42.8 
68e 
53.8 


121.7 
22.6 
-7.6 8 
2.8 
2.9 
2.8 
4.3 
27e 
82e 
33.8 
25:5 
30.7 
169.5 
18.2 
137.0 
156.0 
104.6 
97.8 
99.0 
111.68 
170е 
83.1 
62.9 
97.9 
135.1 
142.0 
122.6 
242 
110.6 
132е 


23.7 
20.0 
131.4 
162e 
252.6 


— л Un Un (л л — Un (л (л ы — 


1л 


л Un (л (л — — — Un (л (л (л (л (л (л — & 


Ол АД оке ка ка 
Ал бал 


1л 


1л 


1л 


їл іл 


Ол Ол Ол Qh = = У Q кє Q Ол Qh У QA ке = = Q Q tA tA ке = 
Un 


VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


Mol. Form. Name 1Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
CoHgN> m-Phenylenediamine 94.5 140.2 200.8 285.0 5 
CoHgN> Phenylhydrazine 38е 69e 109e 163.9 242.5 5 
СНО; Dimethyl maleate 5e 36e 76e 127.3 197e 5 
С,Н,5 2,5-Dimethylthiophene -43 е -16е 20е 67.5 134.8 5 
C&Hijo trans-1,3-Hexadiene -86e -70е -51е -24е 14е 72e > 
СбНю trans-1,4-Hexadiene -98е -8le -60e -33e 7e 65e 5 
СбНю 1,5-Hexadiene -99e -84e -64e -37 e 0.9 59.2 5 
СН cis,cis-2,4-Hexadiene 18e 79.6 5 
СеН trans,cis-2,4-Hexadiene -89e -7 Зе -52е -23 e 18e 79.6 5 
Сено trans,trans-2,4-Hexadiene -23 e 18e 79.6 5 
С,Ню trans-2-Methyl-1,3-pentadiene -92е -756 -54 e -26 e 14e 75.6 5 
СН 2,3-Dimethyl-1,3-butadiene -59e -30e 9.7 68.1 5 
СбНю 1-Нехупе -91е -75e -54 e -26 e 12.8 71.0 3 
СбНю 2-Нехупе -84е -67e -46e -17е 23.6 84.1 5 
СН 3-Нехупе -8бе -69 е -48 е -19.1 21.0 81.0 1,5 
C&Hio 4-Methyl-1-pentyne -97 e -8l e -6l e -34 e 4.1 60.7 5 
C&Hio 4-Methyl-2-pentyne -9le -74e -54 e -26 e 13.8 72.7 5 
СН уо Cyclohexene -87e -70е -4де -19е 21е 82.6 1 
СН о СЉ 1,1-Dichlorocyclohexane -39е -19е 8е 43e 93.5 170.5 5 
СН (СІ, cis-1,2-Dichlorocyclohexane 27e 69e 125.7 206.2 5 
СНО 4-Methyl-4-penten-2-one -59e -41е -17е 14е 57.0 121.0 2 
СеН |0 Сусіоһехапопе -25е 1е 36e 84e 155.2 1 
СЕН О Mesityl oxide -56e -37e -3e 19e 63.5 129.3 5 
СН |90; Vinyl butanoate 53e 114.5 5 
СН 0, Ethyl methacrylate 8e 532 116.8 5 
C4H1905 Allyl glycidyl ether 40.1 85.7 152.8 5 
СН, Оз Ethyl acetoacetate -25е -3e 25.7 62.3 111.3 180.2 3 
СН |90; Propanoic anhydride -32e -15е бе 36е 77.6 142.9 5 
C6H 1904 Diethyl oxalate -5e 18e 44.9 79.4 124.3 185.2 3 
C4H1904 Dimethyl succinate 30e 70.4 123.3 195.4 2 
СНО Ethylene glycol diacetate -17е бе 35.0 71.9 121.1 190.0 5 
CoH 5 Diallylsulfide -58e -38e -12.4 21.7 68.8 138.1 5 
СНС Chlorocyclohexane -35e -9e 25e 71.6 142.1 5 
C ¿Hi IN Hexanenitrile -40е -19е 8е 43e 91.5 163.2 1:5 
СН, х 4-Methylpentanenitrile -50e -20е 20е 75.2 155.2 5 
CHINO Caprolactam 36.8s 58.98 86.68 270 3 
СН 1-Нехепе -99.8 -82.8 -61.4 -33.7 5.2 63.1 15 
СН сіѕ-2-Нехепе -97 е -80e -58e -30e 9.9 68.5 5 
C¿H,; trans-2-Hexene -94 е -78 e -57е -30e 9:3 67.5 5 
СН cis-3-Hexene -96e -79е -59е -30.8 7.9 66.0 Ы] 
СН trans-3-Hexene -95e -79e -58 e -30.0 8.8 66.7 5 
СН 2-Methyl-1-pentene -98е -82e -62e -34.2 4.1 61.7 3 
СН 3-Methyl-1-pentene -104е -88e -68e -41.5 -3.6 53.8 5 
СН 4-Methyl-1-pentene -105e -89e -69e -41.6 -3.6 53.5 5 
СН 2-Methyl-2-pentene -95e -78 e -58 e -30 e 9.0 66.9 5 
СН 3-Methyl-cis-2-pentene -95e -79e -58 e -30 e 8.9 67.3 5 
C4H;5 3-Methyl-trans-2-pentene -93 e -77e -55 e -27.4 11.7 70.0 5 
СН 4-Methyl-cis-2-pentene -102е -86 e -66e -38.7 -0.9 56.0 5 
СН 4-Methyl-trans-2-pentene -100e -84e -64e -36.8 1.2 58.2 3 
СН 2-Ethyl-1-butene -98е -8le -60e -32 e 6.6 64.3 5 
СН 2,3-Dimethyl-1-butene -103e -87e -67e -39.9 -1.9 55:2 5 
СН 3,3-Dimethyl-1-butene -110e -95е -76e -50.8 -14.5 40.8 5 
СН 2,3-Dimethyl-2-butene -75е -54е -25е 14е 729 1 
CH; Cyclohexane -85.6s -68.9 8 -47.6 $ -19.8 $ 19.3 80.4 1,5 
СН Methylcyclopentane -97e -80e -58e -28.8 11.6 71.4 1,5 
СН Ethylcyclobutane -99e -82e -6le -32e 9e 70.2 5 
СН Isopropylcyclopropane -104е -88e -68e -40e -le 57.9 5 
СН 1-Ethyl-1-methylcyclopropane -105e -89e -69e -4l e -3e 36:3 5 
СН 1,1,2-Trimethylcyclopropane -109е -94 e -73e -46 e -7e 52.0 3 
СН СІ, 1,2-Dichlorohexane 49e 98.1 171.7 Э 
СсН,С,О 2,2"-Dichlorodiisopropyl ether -le 27.3 63.4 112.3 182.1 3 
С,Н,:О Вшуі vinyl ether -87e -67e -42е -9.3 33.6 93.2 5 
С,Н,О Isobutyl vinyl ether -87e -68e -44 e -1Зе 26.5 80.7 5 
СНО Нехапа! -56 e -37 е -13e 19e 62.6 127.8 5 
СНО 2-Нехапопе -43 e -21e 4.2 34.5 61.9 127.2 15 
С,Н,:О 3-Нехапопе -40е -16е 15е 58.5 123.1 1 
СНО 3-Methyl-2-pentanone 8.5 52,7 117.0 5 
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VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
C6H0 4-Methyl-2-pentanone -6l e -43 e -21 e 9e 315 116.1 5 
С,Н,:О 2-Methyl-3-pentanone 50.2 113.0 5 
С,Н:сО 3,3-Dimethyl-2-butanone -30e 0e 42.5 105.7 1 
СНО Cyclohexanol 34e 6le 99.2 160.7 1 
СНО Hexanoic acid 33e 59e 93e 139.3 204.5 1 
С,Н::О: 4-Methylpentanoic acid 36e 49e 67.1 92.9 133.6 206.8 5 
СНО Diethylacetic acid -де 16е 4бе 83e 130.7 192.5 5 
СеН 0; Isopentyl formate -60e -41е -17е 15е 59.1 124е 2 
СН О Butyl acetate -63e -Be -19e 14е 61.0 125.6 1,5 
С,Н::О: Isobutyl acetate -63e -45e -21е 10е 53.4 116е 5 
СеН 0; Propyl propanoate -62e -42e -18e 14е 58.3 122.0 5 
СеН 0; Ethyl butanoate -49e -34e -14e 14.3 55.2 121.1 5 
СеН 0; Ethyl 2-methylpropanoate -65e -47 е -24.6 5.4 47.3 109.8 5 
СеН 0; Methyl pentanoate 19.2 63.7 127.4 5 
СНО Methyl isopentanoate 53.3 116.3 3 
C&4H;505 Diacetone alcohol -Ale -17e 13e 50.1 98.5 164 е 5 
C6H1203 Ethylene glycol monoethyl 

ether acetate -25е -8e 14е 44.6 88.0 155.6 5 
СН, Оз Paraldehyde 17е 62.2 124е 5 
СН |35 Cyclohexanethiol 84.8 158.3 5 
СеН 5 cis-Tetrahydro-2,5- 

dimethylthiophene -53 е -34e -8e 25e 72.0 142.1 2 
C4Hj5S Tetrahydro-3-methyl-2H- 

thiopyran -48e -27 е 0e 35e 84.1 157.5 5 
СоНзВг 1-Вготоћехапе -45е -25е 2e 36e 83.7 154.8 5 
СН 1 1-СШогойехапе -55e -36e -Пе 21е 66.7 134.6 5 
С,НаЕ 1-Fluorohexane -80e -62e -40e -Пе 30.4 91.1 5 
С,На 1-Iodohexane -33e -Пе 16е 53е 104.0 180.8 3 
СНМ Cyclohexylamine -9e 226 66.6 133.5 1 
СеНа Нехапе -96.4 8 -79.2 -57.6 -29.3 9.8 68.3 16 
СН 2-Methylpentane -100е -84e -64e -36e 2e 59.9 1 
СН 3-Methylpentane -99e -83e -62e -34.3 4.6 62.9 1 
СН 2,2-Dimethylbutane -90e -71.5 -45.5 -77 49.4 1 
СН 2,3-Dimethylbutane -103е -87e -66e -39.0 -0.4 57.6 1 
СНО 1-Hexanol 5e 28e 56.8 97.3 157.1 1 
СНО 2-Нехапо! -28 e -10е 12е 414 81.5 139.6 1 
СНО 3-Hexanol -43 e -23 e le 33e 75.4 135.1 1 
С,Н,О 2-Methyl-1-pentanol 14е 45.9 88.3 147.6 5 
C6H;40 4-Methyl-1-pentanol 24e 53e 92.4 151.4 5 
С,Н,О 2-Methyl-2-pentanol -29е -15е Зе 23.1 63.0 120.9 3 
С,Н,О 3-Methyl-2-pentanol 36.5 76.1 133.8 5 
С,Н,О 4-Methyl-2-pentanol -43 e -24 e 0e 30e 71.9 131.3 3 
СНО 2-Methyl-3-pentanol 29.8 68.8 126.0 5 
С,Н,О 3-Methyl-3-pentanol -23 е -4е 22.9 61.1 121.1 5 
СНО 2-Ethyl-1-butanol -5e 17е 4бе 85.7 146.1 3 
С,Н,О 3,3-Dimethyl- I-butanol -37e -16e 9e 42e 84.3 142.5 S 
СНО 2,3-Dimethyl-2-butanol -5e 23e 61.3 118.2 5 
СНО Dipropyl ether -80e -63e -41е -12е 28.8 89.7 1 
С,Н,О Diisopropyl ether -76e -55e -28 e 116 68.1 1 
С,Н,О Butyl ethyl ether -78 e -6le -39e -10е 31.0 91.9 1 
С,Н,О tert-Butyl ethyl ether -90e -74e -53 e -24.6 14.4 72.6 5 
СН Оз 2-Methyl-2,4-pentanediol -8e 17е 48е 86e 134.4 197.5 5 
СН 0 Ethylene glycol monobutyl 

ether -3le -8e 20e 55e 103.2 170.2 5 
СН 0 1,1-Diethoxyethane -68e -49e -26e 3.7 442 101.9 5 
СН 40 Ethylene glycol diethyl ether -59e -35.3 -2.8 44.4 118.8 о 
СН Оз 1,2,6-Hexanetriol 92e 114.8 146.0 191е 5 
СН Оз Dipropylene glycol 110e 162.6 231.4 5 
СН Оз Diethylene glycol monoethyl 

ether 40e 80.3 132.4 201.4 5 
СН Оз Diethylene glycol dimethyl 

ether -42е -20е 8.3 44.3 92.3 159.4 5 
СН Оз Trimethylolpropane 73e 98e 128e 167.8 220.5 295е 5 
СНО Triethylene glycol 44e 74e 109.0 152.6 207.2 271.9 5 
СЕН 45 1-Hexanethiol -45e -25e le 35e 81.7 152.2 5 
СН |45 2-Hexanethiol -50e -32e -8e 25e 69.9 138.4 5 
C4Hj4S Dipropyl sulfide -50e -30e -6e 28e 73.6 142.4 5 


6-82 


Mol. Form. 


С.Н8 
CHS 
CHS 
СМ 
СМ 
CHN 
CHEN 
СМ 

СН МО 
сын,мо; 
СН О.Р 
СН N> 

СН, 081 
С,Н,.С1,081; 


С.Н,О8, 
С,МоО, 
Ста 

СТЕ 

CHF, 
CjH,CIF,NO, 


C;HsFs 
C;H,CIF; 


СС 
C;H,CIF, 


Гей: ее) 
СНО 
C;H4F,NO; 


СЕ, 


С,Н,ВгО 
C;H;CIO 
C;H;Cl, 
C;H;F; 
C;H5N 
C;H5NS 
C;H&CL 
C;H&CL 
C;H&Cl 
С,Н,О 
СО; 
С;Н;Вг 
C;H;Br 
С,Н,Вг 
C;H;Br 
са 
C;H;CI 
C;H;CI 
са 
C;H;CIO 


C;H;F 
C;H;F 
СЕ 
C;H;NO; 
C;H;NO; 
СНО 
CH, 
CH, 


C;H,CLSi 
C.H,O 
со 


Мате 


Diisopropyl sulfide 
Isopropyl propyl sulfide 
Butyl ethyl sulfide 
Hexylamine 
Butylethylamine 
Dipropylamine 
Diisopropylamine 
Triethylamine 
2-Diethylaminoethanol 
Triethanolamine 
Triethyl phosphate 
Hexamethylenediamine 
Diethoxydimethylsilane 
1,5-Dichloro-1,1,3,3,5,5- 
hexamethyltrisiloxane 
Hexamethyldisiloxane 
Molybdenum hexacarbonyl 
Perfluoromethylcyclohexane 
Perfluoroheptane 
H-Pentadecafluoroheptane 
-Chloro-2-nitro-4- 
(trifluoromethyl)benzene 
2,3,4,5,6-Pentafluorotoluene 
-Chloro-2-(trifluoromethyl) 
benzene 
-Chloro-3-(trifluoromethyl) 
benzene 
-Chloro-4-(trifluoromethyl) 
benzene 
0-Chlorobenzoyl chloride 
m-Chlorobenzoyl chloride 
-Nitro-3-(trifluoromethyl) 
benzene 


-Fluoro-4-(trifluoromethyl) 
benzene 
Benzoyl bromide 
Benzoyl chloride 
(Trichloromethyl)benzene 
(Trifluoromethyl)benzene 
Benzonitrile 
Phenyl isothiocyanate 
2,4-Dichlorotoluene 
3,4-Dichlorotoluene 
(Dichloromethyl)benzene 
Benzaldehyde 
Salicylaldehyde 
o-Bromotoluene 
m-Bromotoluene 
p-Bromotoluene 
(Bromomethyl)benzene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
1-Chloro-2-methoxy- 
benzene 
o-Fluorotoluene 
m-Fluorotoluene 
p-Fluorotoluene 
o-Nitrotoluene 
m-Nitrotoluene 
2-Nitroanisole 
Toluene 
Bicyclo[2.2.1 ]hepta-2,5- 
diene 
Dichloromethylphenylsilane 
o-Cresol 
m-Cresol 


VAPOR PRESSURE (continued) 


Temperature in °C for the indicated pressure 


1Pa 
-65e 


-4де 


-58е 


75е 


-62e 


-29е 


-53e 


-15е 


-1Зе 


-34e 


-6.4 8 
20.8 


10 Pa 
-47 e 


-30 e 


-48 e 


-45e 


108 e 


-44 e 
-7e 

-56e 
17.4 s 


-62 e 


26e 


-34 e 


100 Pa 


-23е 


-56 
-10e 


-25 e 
-47 e 
-29 e 


148 e 
34 


1 kPa 


9e 
18.5 
29e 
22e 
6.1 


10 kPa 


53.1 
63.8 
74.8 
66.0 
477 
47.5 
23.5 
29.9 
97е 
256.7 
132 
128.2 
51.0 


гэрэгэ 


Un — — Un (л CA 


Un 


л 


їл 


л — л — Un “(л Un (л л — + “(л CA “л “л CA CA “(л (л л 
Un 


лл Un Un CA CA Cn л 


Mol. Form. 


C;HgO 
СО 
СН О 
С;Н;5 
СНМ 
C;H9N 
C;H9N 
C;H9N 
СМ 
CHN 
СНМ 
C;H9N 
СНМ 
C;H9N 
СНМ 
C;H9N 
См 
C;H9N 
C;HioN; 
Сто 
Ст 
СТ) 
Ст 
С:Нь 
Ст 
СТ) 
Ст 
С:Нь 
Ст 
СТ) 
Ст 
С:Нь 
Ст 
С:Нь 
Ст 
С:Нь 
С,Н,О 
СІН 20; 
СНО 
СН 20; 
СНО 
СІН 20; 
С,Н, СО 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 


Мате 


p-Cresol 

Benzyl alcohol 

Anisole 
3-Methylbenzenethiol 
Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
2-Ethylpyridine 
3-Ethylpyridine 
4-Ethylpyridine 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
Toluene-2,4-diamine 
1-Heptyne 

2-Heptyne 

3-Heptyne 
5-Methyl-1-hexyne 
5-Methyl-2-hexyne 
2-Methyl-3-hexyne 
4,4-Dimethyl-1-pentyne 
4,4-Dimethyl-2-pentyne 
Bicyclo[4.1.0]heptane 
Cycloheptene 
-Methylbicyclo(3,1,0)hexane 
Methylenecyclohexane 
-Methylcyclohexene 
4-Methylcyclohexene 
-Ethylcyclopentene 
,2-Dimethylcyclopentene 
,5-Dimethylcyclopentene 
Cycloheptanone 

Butyl acrylate 

Propyl methacrylate 

Ethyl levulinate 

Diethyl malonate 
Dimethyl glutarate 
Heptanoyl chloride 
1-Heptene 

cis-2-Heptene 
trans-2-Heptene 
cis-3-Heptene 
trans-3-Heptene 
2-Methyl-1-hexene 
4-Methyl-1-hexene 
2-Methyl-2-hexene 
cis-3-Methyl-2-hexene 
trans-A-Methyl-2-hexene 
trans-5-Methyl-2-hexene 
trans-2-Methyl-3-hexene 
3-Ethyl-1-pentene 
2,3-Dimethyl-1-pentene 
2,4-Dimethyl-1-pentene 
3,3-Dimethyl- 1-pentene 
4.4-Dimethyl-1-pentene 
2,3-Dimethyl-2-pentene 
2,4-Dimethyl-2-pentene 
cis-3,4-Dimethyl-2-pentene 
trans-3,4-Dimethyl-2-pentene 
cis-4,4-Dimethyl-2-pentene 
trans-A,A-Dimethyl-2-pentene 
2,3,3-Trimethyl-1-butene 
Cycloheptane 


VAPOR PRESSURE (continued) 


Temperature in °C for the indicated pressure 


1Pa 


-0.2 8 
8e 


1.0 
3.8 


-16е 
-46 e 
-38 e 
-35 e 


-75e 


-71е 
-80e 
-75е 
-78e 


-76e 
-72e 
-76e 
-75e 
-75e 
-77e 


-52e 


-23 e 
-lle 
-17e 
-82.1 
-79e 
-79e 
-80 e 
-80 e 
-8l e 
-84 e 
-80 e 
-79e 
-83 e 
-83 e 
-84 e 
-85 e 
-85e 
-88 e 
-87 e 
-94 e 
-79e 
-84 e 
-83 e 
-82 e 
-90 e 
-90 e 
-91 e 


10 Pa 


20.7 s 
28 e 
-21 e 
бе 


18.8 
22.0 


100 Ра 


52.7 
54е 
4e 

29e 
25.6 
42.6 
46.2 


1КРа 


83.1 
88e 
38e 
66e 
62.6 
76.1 
80.1 
714 
70.3 
33e 
44e 
46e 
42e 
40.0 
39e 
29.9 
55e 
48e 
145.3 
-5е 
4e 
0e 
-Пе 
-4e 
-9e 
-24 e 


10 kPa 


130.7 
134.7 
84e 
117.9 
112.7 
125.6 
128.8 
126.2 
121.1 
79.3 
92.7 
94.4 
89.9 
87.5 
86.2 
75.8 
104.8 
98e 
202.9 
37.1 
46.9 
42.7 
30.1 
38.6 
32.6 
15.9 
21.4 
49.9 
47.5 
29.8 
38e 
45e 
37.9 
40.7 
40.2 
37.3 
104.0 
78.0 
73.8 
133.2 
128.5 
139.8 
96.9 
31.1 
34.3 
34.0 
32.3 
322 
293 
25.3 
32.0 
33.4 
25.9 
26.3 
24.6 
23.2 
23.4 
20.0 
18.1 
11.5 
33.5 
22.6 
272 
29.0 
18.6 
16.6 
16.3 
514 


1л 


1л 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СНа Methylcyclohexane -79 е -62 e -39 e -7.9 35.5 100.5 1 
СІҢ, Ethylcyclopentane -76e -59e -35 e -5e 38.4 103.0 5 
С:Ни 1,1-Dimethylcyclopentane -69е -47 e -17e 24.8 87.4 5 
СН cis-1,2-Dimethylcyclopentane -38 e -8e 34.9 99.0 5 
СН trans-1,2-Dimethylcyclopentane -83e -66e -43e -13е 28.4 91.4 5 
СІН, cis-1,3-Dimethylcyclopentane -84 e -ббе -44е -14e 28.2 91.1 5 
Ста trans-1,3-Dimethylcyclopentane -84e -67e -44 e -14e 27.4 90.3 5 
С:Н,О 1-Нерїапа! -Ale -21е 4е 37e 83.7 152.3 5 
СНО 2-Нерїапопе -22е Зе 36e 82.2 150.6 1 
СНО 3-Heptanone -28е 0e 36e 83.2 147.0 5 
С:Н,О 4-Нерїапопе -27е -бе 18.8 50.2 90.3 143.4 5 
С,Н,О 5-Methyl-2-hexanone -27 е -2e 31.0 76.6 144.4 5 
СНО 2,4-Dimethyl-3-pentanone -6le -42e -18е 14е 58.5 124.8 1 
C;H4405 Heptanoic acid 24e 46e 72e 107e 154.6 222.6 5 
СНАО Pentyl acetate -58e -39e -І4е 20е 70.1 149 e 5 
СНАО Isopentyl acetate -51е -30e -4е 30.3 76.2 141.4 3 
C;H4405 Isobutyl propanoate -35e -19е 2е З1е 72.0 136.1 5 
СНАО Propyl butanoate -35e -19е Зе 32.0 74.9 142.8 5 
СНАО Propyl isobutanoate -28е -5.7 24.5 67.5 133.3 5 
СНАО Isopropyl isobutanoate -44 е -19.7 12.2 56.0 120.1 3 
СНО Ethyl 3-methylbutanoate -57е -36e -10е 23.9 69.5 134.4 5 
C;H4405 Methyl hexanoate -47 e -26 e 2е 36.6 83.3 149е 5 
СНО 4-Methoxy-4-methyl-2-pentanone 43e 89.8 160e 5 
C;H;sBr 1-Вготоћергапе -30е -9e 18e 54e 104.4 178.4 Э 
СНС 1-Chloroheptane -39e -19е Те 41е 88.6 159.9 5 
С5Н,5Е 1-Fluoroheptane -64e -45e -22e 10е 53.3 117.4 5 
СНЛ 1-Iodoheptane -19e 3e 32e 71е 123.8 203.4 5 
С-Нь, Нерїапе -78.6 -60.2 -37.0 -6.6 35.4 98.0 16 
C;Hig 2-Methylhexane -82e -65e -43 e -13e 27.8 89.7 1 
С-Нь, 3-Methylhexane -8le -64e -42е -12е 29.2 91.5 1 
С-Н 3-Ethylpentane -8le -63e -4l e -lle 30.5 93.1 Ї 
СТ 2,2-Dimethylpentane -90е -73e -52е -22.9 17.6 78.8 1 
СІН 2,3-Dimethylpentane -87e -68.4 -45.3 -14.9 26.8 89.3 3 
СА 2,4-Dimethylpentane -89e -72e -50 e -21.3 19.2 80.1 1 
С-Н 3,3-Dimethylpentane -88e -Tle -49e -18.8 22.9 85.6 1 
C;Hjg 2,2,3-Trimethylbutane -23.2 18.1 80.4 5 
СНО 1-Нерїапо! 17е 40e 70.1 112.5 176e 1 
C+H, O 2-Heptanol -де Те 27е 55.0 95.2 158.7 5 
СНО 3-Нерїапо! -8e Те 276 54.5 93.9 156.3 5 
СНО 4-Нерїапо! -16е 1е 226 51е 91.9 154.6 2! 
СТАО 2,2-Dimethyl-3-pentanol 9e 35e 73.1 135.5 3 
СА 9 1-Heptanethiol -30e -9e 18e 53e 102.7 176.4 5 
С;Н,;№ Heptylamine 5e 39e 86.7 156.4 3 
СН № N,N-Diethyl-1,3-propanediamine 50.1 99.9 167.7 5 
СЕ Perfluorooctane 5e 45.0 105.6 5 
С,Н,О, Phthalic anhydride 48.28 72.48 192.7 284.2 5 
С,Н,О Benzofuran -16e 12e 47.9 97.7 170.7 5 
С,Н 1 o-Chlorostyrene -33e -10е 20е 58е 110.8 188 е 3 
C4H;N 2-Methylbenzonitrile le 32.1 72.2 126.6 204.7 5 
CgH7N 4-Methylbenzonitrile 40.1 78.7 134.3 221.3 5 
Сам Вепхепеасе опште -Зе 236 55:3 97.4 153.7 233.1 5 
Сви Indole 20.6s 44.58 254.0 5 
С,Н,МО, Methyl 2-nitrobenzoate 17е 49е 89е 140е 208е 302 e 5 
С,Н, Styrene -3le -5e 28.6 75.4 144.7 1 
СЊ ,3,5,7-Cyclooctatetraene 24.3 71.0 140.1 5 
С,Н,О Acetophenone 36e 73e 125.3 201.5 5 
С,Н,О, Phenyl acetate 3e 33.1 72.2 123.9 195.5 5 
С,Н,О, Methyl benzoate -le 29e 68e 121.2 198.9 5 
С,Н,О, 4-Methoxybenzaldehyde 9e 35e 68.1 110.8 167.9 248.5 5 
СНО; Methyl salicylate -le 22e Sle 88.8 141.8 219.9 5 
CgHoCl -Chloro-2-ethylbenzene -30e -9e 18e 54e 103.7 177.9 3 
СЊа -Chloro-4-ethylbenzene -27 е -бе 22е 58e 108.7 183.9 5 
С,Н,МО, -Ethyl-4-nitrobenzene 10e 36e 69e 111.6 168e 245e 9 
СұН 0 Ethylbenzene -56.2 -36.8 -12.0 21.1 67.1 135.7 1 
СН о-Ху!епе -7e 27e 74.2 143.9 1 
СН m-Xylene -35e -10е 23.4 69.8 138.7 1 
СаНро p-Xylene 224 68.9 137.9 1 


Mol. Form. 


Санио 
CH, 0 
СУН 0 
CH, 
CH, 0 
СНО 
Санио 
CH, 0 
СНО 
CH, 0 
Санио 
СұН 0; 
СұН 00; 
CHN 
CHN 
C,H, N 
сним 
CHIN 
CHN 
CHNO 
Са 
СзНр 
СНО 
СН 
СН а 
СаНа 
CsHu 
СН 
СН а 
СзН4О> 
СұН 40; 
СН Оз 
СұН 40; 
СН Од 
СН Оу 
СұН,4Вг 
С,Н, СО 
CsHisN 
СУН 
СұН,6 
СУН 
СаНлв 
СУН 
СН 
СУН 
CgHig 
CsHiç 
CsHi6 
СУН 
CsHi6 
СУН 
СұН,6 
Са 
СУН 
Сав 
СН 
СУН 
CgHi6 
СУН 
СН 
СУН 
СаНлв 
CH 
CgHi6 
CsHis 
СУН 
CH 


Name 


o-Ethylphenol 
m-Ethylphenol 
p-Ethylphenol 
2,3-Xylenol 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Benzeneethanol 
Phenetole 
2-Phenoxyethanol 
1,3-Dimethoxybenzene 
p-Ethylaniline 
N-Ethylaniline 
N,N-Dimethylaniline 
2,4-Xylidine 
2,6-Xylidine 
5-Ethyl-2-picoline 
o-Phenetidine 
,5-Cyclooctadiene 
4-Vinylcyclohexene 
Diethyl maleate 
2,5-Dimethyl-1,5-hexadiene 
-Octyne 

2-Octyne 

3-Octyne 

4-Octyne 
-Ethylcyclohexene 
Cyclohexyl acetate 
Butyl methacrylate 
Butanoic anhydride 
Ethyl succinate 
Dipropyl oxalate 
Dimethyl adipate 
(2-Bromoethyl)cyclohexane 
Octanoyl chloride 
Octanenitrile 


1-Octene 

cis-2-Octene 

trans-2-Octene 

cis-3-Octene 

trans-3-Octene 

cis-4-Octene 

trans-4-Octene 
2-Methyl-1-heptene 
2,2-Dimethyl-cis-3-hexene 
2,3-Dimethyl-2-hexene 

2,3,3- Trimethyl- 1 -pentene 
2,4,4-Trimethyl-1 -pentene 
2,3,4- Trimethyl-2-pentene 
2,4,4-Trimethyl-2-pentene 
Cyclooctane 

Ethylcyclohexane 
1,1-Dimethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,3-Dimethylcyclohexane 
trans-1,3-Dimethylcyclohexane 
cis-1,4-Dimethylcyclohexane 
trans-1,4-Dimethylcyclohexane 
Propylcyclopentane 
Isopropylcyclopentane 
1-Ethyl-1-methylcyclopentane 
cis-1-Ethyl-2-methylcyclopentane 
1,1,2-Trimethylcyclopentane 
1,1,3-Trimethylcyclopentane 


VAPOR PRESSURE (continued) 


Temperature in °C for the indicated pressure 


1Pa 


10 Ра 


100 Pa 


44.5 
37:5 
60e 
57.25 
50.2 
55.98 
39.68 
63.7 $ 
61.18 
54e 
re 
75.9 
56e 
49e 
38e 
28e 
51е 
37e 
20e 
60e 
-8e 
-19е 
522 
-10е 
-16e 
-8e 
-Пе 
-2e 
-Пе 


30е 
51.0 
49.9 
біе 
36.9 
4бе 
37e 
-21.4 
-17e 
-17e 
-22 e 
-19e 
-20 e 
-22 e 
-24 e 
-33 e 
-23 e 
-30 e 
-38 e 
-26 e 
-33 e 


-17e 
-27e 
-20 e 
-25 e 
-23 e 
-23 e 
-23 e 
-27 e 
-16e 
-21 e 
-24 e 
-19e 


-36 e 


1 kPa 


81.1 
91.9 
95.5 
91.4 
85.5 
87.4 
15.3 
102.1 
98.0 
92e 
51е 
115.4 
86.7 
87e 
76.4 
66e 
88e 
80e 


102.2 
30e 
14.1 
93.5 
14e 
16e 
25e 
22e 
21е 
22е 


47е 
716 
91.1 
88.6 
103e 
75:3 
74.7 
75е 
10.5 
15е 
14е 
10е 
13e 
lle 
10e 
8e 
-3e 
10e 
le 
-Те 
бе 
-2е 
30е 
15.8 
5e 
14e 
8e 
10e 
8e 
10e 
5e 
16.5 
12e 
8e 


10 kPa 


130.9 
144.8 
144.6 
141.7 
137.2 
137.0 
125.9 
152.3 
147.9 
143.6 
99e 

168.7 
135.5 
139.4 
128.8 
118.1 
139.1 
137.7 


156.0 
80.2 
59.9 
148.4 
50.8 
60.3 
70.6 
66.8 
65.6 
68e 
103.1 
93.3 
123.8 
143.7 
140.4 
156.1 
129.7 
109e 
127.7 
54.9 
59e 
59e 
55.1 
57e 
56e 
54.6 
52:3 
40.1 
54.3 
43.8 
36.2 
50.0 
40.4 
78e 
61.9 
50.6 
59.7 
53.9 
55.6 
51,5 
35:3 
50.6 
62.1 
57.3 
53.2 
59.1 
46.2 
38.7 
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Mol. Form. 
CsHi¢ 


CsHi6 


CsH160 
CsHi O 
CsHi O 
CsHi O 
CsHi O 
CsHi O; 
CsHi O; 
CsHi O; 
СН |60: 
CsHi O; 
CsHi O; 
CsHi O; 
CsHi O; 
СН Од 


С,Н,,Вг 
СНС 
СНС 
СНЕ 
СН 
CsHis 
CsHis 
CsHis 
CsHis 
CsHis 
CsHis 
СУН 
СН 
CsHis 
CsHis 
СУН 
СН 
CsHis 
CsHis 
CsHig 
СН 
СУН 
СН 
CsHi O 
СНО 
С,Н,О 
СН О 
СН вО 
CsHi O 
С,Н,О 
СН О 
СН вО 
СНО 
С,Н,О 
CgH)g0 
С,Н,О 
СНО 
СН вО 


СН вО 
СН 0; 
СН Оз 


СН Оз 
СұН 05 


СН 5 
CHS 


Name 


1^,2/,4a-1,2,4- Trimethylcyclo- 
pentane 
1^,2a,4"- 1,2,4- Trimethylcyclo- 
pentane 
1-Propylcyclopentanol 
Octanal 
2-Octanone 
3-Octanone 
2,2,4- Trimethyl-3-pentanone 
Octanoic acid 
2-Ethylhexanoic acid 
Hexyl acetate 
Isopentyl propanoate 
Isobutyl isobutanoate 
Propyl 3-methylbutanoate 
Ethyl hexanoate 
Methyl heptanoate 
Diethylene glycol monoethyl 
ether acetate 
1-Bromooctane 
1-СШогоосїапе 
3-(Chloromethyl)heptane 
1-Fluorooctane 
1-Iodooctane 
Octane 
2-Methylheptane 
3-Methylheptane 
4-Methylheptane 
3-Ethylhexane 
2,2-Dimethylhexane 
2,3-Dimethylhexane 
2,4-Dimethylhexane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 
3,4-Dimethylhexane 
3-Ethyl-2-methylpentane 
3-Ethyl-3-methylpentane 
2,2,3- Trimethylpentane 
2,2,4- Trimethylpentane 
2,3,3- Trimethylpentane 
2,3,4- Trimethylpentane 
2,2,3,3- Tetramethylbutane 
1-Octanol 
2-Octanol 
3-Octanol 
4-Octanol 
4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
4-Methyl-4-heptanol 
2-Ethyl-1-hexanol 
2-Ethyl-2-hexanol 
2,4,4- Trimethyl-2-pentanol 
2,2,4- Trimethyl-3-pentanol 
Dibutyl ether 
Di-sec-butyl ether 
Di-tert-butyl ether 
Ethylene glycol monohexyl 
ether 
1,2-Dipropoxyethane 
Di-tert-butyl peroxide 
Diethylene glycol monobutyl 
ether 
Diethylene glycol diethyl 
ether 
Tetraethylene glycol 
1-Octanethiol 
Dibutyl sulfide 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


1Pa 


-70е 


-74e 
9e 


-71e 
-72e 


-69 e 
-70e 
-74e 
-81.9 
-72e 
-74e 


-62.5 s 


12e 
12e 
-52 e 
-35 e 
-17e 


-13e 


-2e 
-55e 


-13e 


l4e 


-32e 
89е 

-15е 
-22е 


10Ра 


-52е 


-5бе 
24е 


-3e 


-26e 


10.6 


117е 


6-87 


100 Ра 


-28е 


-33 e 
43e 
6e 

23е 
8e 

11.3 
85e 


1 КРа 


4e 


10 kPa 


CA CA CA. UA Ол QA QA кє (лд CA (л CA (л CA 
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VAPOR PRESSURE (continued) 


Temperature in “С for the indicated pressure 


Mol. Form. Name 1Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СұН ЫМ Dibutylamine -37e -16e 10e 44e 90.8 159.1 5 
СаНом Diisobutylamine -57е -36e -9.0 25.5 72.2 139.0 3 
CgH2904Si Ethyl silicate -77e -52e -21 e 21.6 80.5 164.1 5 
CgHo Si Tetraethylsilane -6.5 30.5 80.6 152.6 5 
CoF 29 Perfluorononane 40e 114.7 5 
CoH N.O; Toluene-2,4-diisocyanate 39е 72:6 113.9 169.7 247 е 5 
См Quinoline -1.3 23.7 55.4 96.8 153.4 236.5 15 
Co9H;N Isoquinoline 30.2 60.7 101.3 157.9 2427 1,5 
CoHg Indene 12е 53.0 106.8 181.0 5 
СН cis-1-Propenylbenzene -38e -15.4 13.3 51.4 103.7 178.4 5 
СоН |0 trans-1-Propenylbenzene -16e 13.3 51.6 103.7 178.4 5 
СН Isopropenylbenzene 3.2 41.5 92.8 164.9 5 
СН о Indan -33e -І2е 16е 526 102.3 177.5 1 
СНО 2,4-Dimethylbenzaldehyde -Зе 23е 54е 93.2 144.6 214.5 D 
CoH 1902 Ethyl benzoate -І8е 8e 39e 80.1 135.1 212.8 5 
СоН О» Benzyl acetate -Пе 15е 46.6 86.9 139.5 211е 5 
Сон Вг 1-Bromo-4-isopropylbenzene -8e 15e 45e 84e 138.1 218.5 5 
CoH, Cl 1-Chloro-2-isopropylbenzene -23е -le 27e 64e 114.6 190.5 5 
СӘН (СІ 1-Chloro-4-isopropylbenzene 3e 3le 69e 120.5 197.8 5 
СН, Propylbenzene -43 е -23 е 4е 38е 86.7 158.8 1 
СН} Isopropylbenzene -46e -26e -le 33e 80.9 152.0 1 
CoH | o-Ethyltoluene -40е -19е 8е 43e 92.1 164.7 5 
СН, m-Ethyltoluene -42е -21е 5е 40.4 88.9 160.8 5 
СН,» p-Ethyltoluene -41е -21е бе 41е 89.2 161.5 2 
СН 1,2,3-Trimethylbenzene -12е 15е 52е 101.5 175.6 1 
СН 1,2,4-Trimethylbenzene -37 e -16е 11е 47е 95.9 168.9 1 
СН, 1,3,5- Trimethylbenzene -39e -18e 9e 43.7 92.4 164.3 1 
СоН2О Benzyl ethyl ether -10е 20.4 59.3 111.3 184.5 5 
CoH,;O Phenyl ргору! ether -10е 21е біе 113.9 189.3 5 
СоН2О Рһепуі isopropyl ether -20е -le 23e 56e 103.7 176.9 5 
СоН N 2,4,6-Trimethylaniline 12e 36e 66e 104.1 154.9 226e 5 
С,Н, х N,N-Dimethyl-o-toluidine -25е -3e 24.4 60.6 110.7 184.5 3 
СЫН ІМ Amphetamine 33e 70.1 118e 202.0 3 
СНО Isophorone le 33.1 75.1 132.4 21511 5 
СЫН О Triacetin 37.6 62e 90e 124e 165e 214e 5 
CoH 604 Diethyl glutarate -le 26e 60.2 103.3 159.6 236.5 5 
CoH ,7N Nonanenitrile -Зе 21е 50.9 90.7 145.4 225.1 5 
СӨН 1-Мопепе -50.1 -29.4 -3.3 30.4 774 146.4 L5 
CoH jg 2-Methyl-1-octene -53 e -34 e -9e 25е 72е 144.1 5 
СН, Butylcyclopentane -45e -24 e le 36e 84e 156.1 5 
CoHjg Propylcyclohexane -46e -26e 0e 35.1 83.6 156.2 5 
CoH jg Isopropylcyclohexane -48e -28е -2e 33e 81.3 154.0 5 
CoH ig trans-|-Ethyl-4-methylcyclo- 

hexane -53e -33e -8e 25e 71.8 141.5 5 
СУН 1,1,2-Trimethylcyclohexane -2e 23e 71.5 145.5 5 
СН 1,1,3-Trimethylcyclohexane -60 e -Ale -16e 18e 652 136.1 5 
СУН 1^,2a,4a-1,2,4- Trimethylcyclo- 

hexane -71e -50e -22 e 15е 65.7 140.7 5 
СУН 1’,3’,5’-1,3,5-Trimethylcyclo- 

hexane -72е -50е -22е 14е 65.1 140.0 5 
СУН Isobutylcyclopentane -105е -88e -64e -28е 31е 147.0 5 
CoH jg cis-1-Methyl-2-propylcyclo- 

pentane -52e -33e -Те 28е 7 7е 152.0 5 
СН; trans-1-Methyl-2-propylcyclo- 

pentane -56e -36e -Пе 23е 72е 145.8 5 
CoH jg 1,1,3,3-Tetramethylcyclo- 

pentane -72e -54е -30е 26 47e 117.4 5 
СОН ҚО Nonanal -Зе 274 65.5 115.6 184.6 5 
CoH i O 2-Nonanone 8e 35e Tle 121.0 194.0 5 
CoH 16) 5-Nonanone -le 39.1 94е 188 е 5 
CoH, O 2,6-Dimethyl-4-heptanone -32e -2e 14e 48e 96.2 167-7 5 
СНО Nonanoic acid 48e 69e 97e 133e 182.7 255.1 5 
C$H;405 Heptyl acetate -16e 6e 34e 70e 119.9 191.9 5 
СНО Isopentyl butanoate 55e 105.6 178.4 5 
СН О, Isobutyl 3-methylbutanoate 11.3 48.3 97.9 168.3 о 
СН 0 Propyl hexanoate -26e -2e 28е 65.1 113.4 178е 5 
СН О Methyl octanoate -26e -9e 13e 40e 76e 127.9 5 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


Mol. Form. Name 1Pa 10 Pa 100 Pa 1 КРа 10 КРа 100 КРа Ref. 
СНС 1-СШогопопапе -Пе Пе 39e 76e 127.8 204.7 5 
СН Мопапе -46.8 -26.0 0.0 34.0 80.8 150.3 16 
СоНоо 2-Methyloctane -49e -30e -5e 28e 73.9 142.8 5 
СНз 3-Methyloctane -49e -29е -5е 29е 74.7 143.7 5 
CoH>oo 4-Methyloctane -50е -30e -6e 27e 73.2 141.9 5 
CoH 2,2-Dimethylheptane -58e -39e -15е 18e 63.6 132.3 5 
СоНоо 2,3-Dimethylheptane -53e -33e -9e 25e 70.8 140.0 5 
СН 2,6-Dimethylheptane -55e -36e -12e 21е 66.4 134.7 5 
СоНоо 3-Ethyl-4-methylhexane -де 24е 70.6 139.9 5 
СН 2,2,4-Trimethylhexane -66.1 -46.4 -21.3 11.8 37.7 126.0 5 
СН» 2,2,5-Trimethylhexane -65.1 -45.8 -212 112 56.2 123:7 15 
СУН» 2,3,3-Trimethylhexane -58e -38е -13e 20e 66.7 137:2 5 
CoH29 2,3,5-Trimethylhexane -60е -Ale -16e 17е 62.3 130.9 5 
CoH 2,4,4-Trimethylhexane -62e -Be -18 e 15е 61.0 130.2 Е] 
СоНоо 3,3,4-ТитефуШехапе -53e -33 e -Те 28е 76.3 148.9 5 
CoH 3,3-Diethylpentane -де 26e 73.7 145.7 1 
CoHoo 3-Ethyl-2,4-dimethylpentane -58e -38e -3e 20e 66.7 136.2 5 
СӘН» 2,2,3,3- Tetramethylpentane 21e 68.5 139.8 1 
СӨН» 2,2,3,4- Tetramethylpentane -6le -42e -17е 16e 62.5 132.6 1 
СН 2,2,4,4- Tetramethylpentane -49e -25е 8е 53.2 121.8 1 
СУН» 2,3,3,4- Tetramethylpentane -57е -37 е -12е 22е 69.7 1414 1 
СНО 1-Nonanol 40e 64e 96.9 141.0 213.0 5,39 
СНО 3-Мопапо! 24e 47e 78e 123.0 194.2 5 
СНО 4-Nonanol 45e 76.4 121.3 192.0 5 
CoH 90 5-Nonanol 13е 31е 54е 84.5 128.1 194.7 5 
СНО 2,2,4,4-Tetramethyl-3-pentanol 58 100 167 5 
CoH 9S 1-Nonanethiol -2e 21е 49 е 87е 140.4 219.2 3 
CoH, BO; Triisopropyl borate 73.1 139.0 3 
С Њу Nonylamine 9e 37e 75e 126.2 202.1 3 
СНМ Tripropylamine -39e -18e 8e 42e 88.2 156.0 5 
Сува Perfluoronaphthalene 5.2 $ 25.1 $ 48.18 5 
Сб Perfluorodecane 52e 132,9 3 
СууН,Вг -Bromonaphthalene 17е 45е 80.3 126.7 189.8 280.5 5 
С ос -Chloronaphthalene 14е 39e 70.5 112.8 171.6 258.6 5 
Сун, Naphthalene** 3.28 24.18 49.3 s 80.7 135.6 217.5 1,5 
Сун, Azulene 24.18 46 8 71.58 103.3 162.6 244.0 5 
CioH;O -Naphthol 137.2 196.7 281.8 3 
СН О 2-Мармһо1 140.7 200.5 286.8 5 
Сон -Naphthalenamine 62e 99.0 146.9 210.7 300.1 5 
Cj9H9N 2-Naphthalenamine 36.38 65.98 103 8 150.9 215.1 305.5 Э 
C oH Í 2-Methylquinoline Ja 31.9 63.8 102.9 165.8 247.2 5 
СН 4-Methylquinoline 29e 54e 85e 127e 183.0 265.1 5 
Соном 6-Methylquinoline 27e Sle 8le 122е 179.2 264.5 5 
C oH ÍR 8-Methylquinoline 15е 40e 70e 111е 166.1 247.3 5 
СоНю m-Divinylbenzene -29e -4е 27.1 67.6 122.1 199е 3 
СН 004 Dimethyl phthalate 27e 56e 92.7 137.8 195.8 272.7 5 
Cj pH 904 Dimethyl isophthalate 85е 129.5 189.2 273е 5 
СоН |004 Dimethyl terephthalate 56.68 79.4 8 106.1 8 137.9 8 197.9 282 ë 5 
СН? 1,2,3,4- Tetrahydronaphthalene -21е Зе 33.2 74.1 127.4 207.8 Э 
СН? 2-Ethylstyrene -31е -8e 21e 60e 111.7 187e 5 
СН 3-Ethylstyrene -28 e -5.3 24.1 62.6 116e 193 e 5 
СН? 4-Ethylstyrene -3le -82 21.3 60.5 115е 196е 5 
СНО Estragole 48.5 88.0 140.7 214.6 5 
СНО 4-Isopropylbenzaldehyde 54.1 96.0 152.2 231.5 5 
СНО 4-Allyl-2-methoxyphenol 9е 37е 72e 115.9 173.8 252.9 5 
СНО 2-Phenylethyl acetate -4е 22е 54е 96e 152.3 232.0 5 
СНО Propyl benzoate -8e 18e 50.2 92.3 149.2 230.5 5 
Сун О Ethyl phenylacetate -9e 19e 52e 95e 150.2 225e 5 
СНО Isoeugenol 125e 185.3 267.1 5 
Соја Butylbenzene -28e -Te 216 56.9 107.6 182.8 155 
СрНа sec-Butylbenzene -35e -14е 13е 48е 98.3 172.8 5 
СНА tert-Butylbenzene -37 e -16е 10е 46e 94.9 168.6 5 
Сон, Isobutylbenzene -36e -15е 12е 47.9 97.8 172.3 5 
СН о-Сутепе -39е -16е 13е 516 103.1 177.8 3 
Сон, m-Cymene -34e -13е 14е 50е 99.9 174.6 > 
СН р-Сушепе -33 e -12e 16e 52e 102.2 176.6 3 
СН o-Diethylbenzene -28е -бе 21е 58е 107.9 182.9 5 
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VAPOR PRESSURE (continued) 


Temperature іп “С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СН m-Diethylbenzene -28е -Те 20е 5бе 106.2 180.6 5 
СН p-Diethylbenzene -28е -бе 21е 57е 108.1 183.3 8 
СНА 3-Ethyl-1,2-dimethylbenzene -22е 0е 28е 66e 117.2 193.4 5 
Соја 4-Ethyl-1,2-dimethylbenzene -24e -2e 26e 63e 113.6 189.2 5 
СН 2-Ethyl-1,3-dimethylbenzene -2e 26e 63e 113.7 189.5 5 
СНА 2-Ethyl-1,4-dimethylbenzene -27 е -5е 23е 60е 110.6 186.4 5 
CioHi4 1-Ethyl-2,4-dimethylbenzene -25e -4e 24 e біе 112.2 187.9 5 
Соја 1-Ethyl-3,5-dimethylbenzene -28 e -бе 21е 58e 108.3 183.2 5 
СрНа 1-Methyl-2-propylbenzene -27е -бе 22е 58.2 108.9 184.3 5 
СН 1-Methyl-3-propylbenzene -29е -8e 20e 56.1 106.5 181.3 5 
СН 1-Methyl-4-propylbenzene -29е -7е 20е 56.6 107.4 182.8 5 
Соја 1,2,3,4-Tetramethylbenzene 7e 36e 74e 126.6 204.5 5 
CioHi4 1,2,3,5-Tetramethylbenzene -19e 3e 32e 69e 120.9 197.5 5 
СНА 1,2,4,5-Tetramethylbenzene 119.9 196.3 5 
СНО 2-Butylphenol 7e 3le 6le 101е 155.2 234.4 5 
СНО Butyl phenyl ether -16e 8e 38e 77е 131.3 209.7 5 
СрНао Thymol 18.9 8 37.98 59:5 101.2 155.0 230.4 5 
C4o9H45N 2-Methyl-5-isopropylaniline 19e 43e 72e 107.4 150e 204е 5 
Сон N-Butylaniline lle 35e 66e 106e 160.9 241.0 5 
Сон N,N-Diethylaniline -Пе 14е 443 842 138.4 216.3 5 
CioHi6 Dipentene -42 e -19e 10.6 48.7 100.2 173.9. 3 
СН d-Limonene -45е -21е 91 48.0 100.4 174,5 5 
СН /-Limonene -33 e -12e 16e 52.0 102.3 177.0 21 
СН В-Мугсепе 94 47.3 98.3 171.0 5 
CioHi6 о-Ріпепе -48 е -27е -16 33.6 82.2 155.1 21 
СН В-Ріпепе -43 е -22е 5.0 40.6 90.5 165.5 21 
CioHig Camphene 90.7 160.1 4 
Сон, Terpinolene 26.5 64.9 115.4 184.6 5 
СН B-Phellandrene 16e 53.2 104e 171.0 Э 
СНО (+)-Сатрћог -15.88 108 41.58 80.8 $ 131.4 $ 207.6 5 
СНО Ршеропе 37е 49.1 66.4 92.2 135.1 220.2 5 
СН 1-Decyne -34e -13e 14e 51е 100.3 173.5 5 
CioHig cis-Decahydronaphthalene -26e -4е 24е 62.4 115.5 195.3 1 
СҢ trans-Decahydronaphthalene -10е 18е 55:3 107.9 186.8 1 
СНО a-Terpineol 48 89 142 217 4 
СНО Eucalyptol 10.6 48.5 100.3 175.4 3 
СНО trans-Geraniol 4e 3le 63.2 104.3 157.7 229.6 5 
СНО) Sebacic acid 125.9s 5 
СоНзОл Dipropyl succinate lle 38e 72.1 115.4 172.3 250.4 5 
C49H1504 Diethyl adipate 4e 35e 72e 116.6 171.2 239.5 2 
CjoH49N Decanenitrile 13e 36e 66e 105.8 160.6 241.6 5 
Срб 1-Decene -35.5 -13.7 13.7 49.0 97.9 170.1 L5 
СН Cyclodecane 29e 68e 121.3 201.8 1 
СН» Butylcyclohexane -3le -9e 18e 54e 104.7 180.4 5 
СН Isobutylcyclohexane -37 e -16е 10е 46e 95.9 170.8 5 
СН, tert-Butylcyclohexane -39e -18e 9e 45e 95.3 171.1 5 
C oH; O Decanal 16е 472 86.3 137.7 208.0 5 
СНО Decanoic acid 58e 80e 108e 145e 195.2 269.5 5 
СНО» Octyl acetate -26e -3e 27e 66.3 120.0 198.2 Э 
СНО 2-Ethylhexyl acetate -Пе 5е 26e 57.6 107.1 197.2 3 
СО» Isopentyl isopentanoate 226 62.8 116.9 193.6 5 
Ср О» Ethyl octanoate -17e 9е 41е 81.4 133.2 203е 5 
СоН2о Ол Diethylene glycol monobutyl 

ether acetate 6e 34e 69e 112.6 169.2 245.4 5 
C oH; Br 1-Вготодесапе 9e 33e 63e 104e 159.2 240.0 5 
СНС 1-Chlorodecane 2e 25е 54е 92е 145.7 225.3 5 
СНЕ 1-Fluorodecane -22e бе 27e 64e 113.3 185.7 5 
СН Песапе -10.6 16.7 523 101.1 173.7 16 
Сун» 2-Methylnonane -34e -l4e 12e 47е 94.8 166.5 5 
СН» 3-Methylnonane -34e -14е 12е 47e 95.1 167.3 5 
C oH; 4-Methylnonane -36 e -16е 10е 45е 93.1 165.2 5 
Суб» 5-Methylnonane -36e -16e 10e 45e 92.6 164.6 5 
СН 2,4-Dimethyloctane 38e 84.9 155.4 5 
Сун» 2,7-Dimethyloctane -39e -19е Те 4le 88.4 159.4 5 
Сын» 2,2,6-Trimethylheptane -46e -27 е -2е 32е 78.5 148.4 о 
СН» 3,3,5- Trimethylheptane 0e 35e 82.7 155.2 3 
Сын» 2,2,3,3- Tetramethylhexane -46e -25е le 36e 85.6 159.8 5 


VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
CioH22 2,2,5,5-Tetramethylhexane -10е 22е 68.3 137.0 5 
Соб 2,4-Dimethyl-3-isopropylpentane -46e -26e 0e 35e 832 156.5 5 
СН 2,2,3,3,4-Pentamethylpentane -24е Зе 39e 89.1 165.5 5 
СН» 2,2,3,4,4-Pentamethylpentane -29е “Зе 33е 82.8 158.7 3 
CioH20 1-Decanol 30е 50е 75е 109е 157.3 230.6 1,39 
СНО 4-Decanol 18e 37e 6le 93e 139e 210e 5 
Cj9H220 Dipentyl ether -3le -8e 22e 60e 111.6 186.2 5 
СрНљо Diisopentyl ether 14.0 515 101.8 172.8 b 
СоН2205 Ethylene glycol dibutyl ether 0e 20e 44e 78.4 127.1 202.9 5 
СН»0О5 Tetraethylene glycol dimethyl 

ether 138e 200.9 275.3 2 
СууН-э5 ]-Decanethiol Пе 34е 64e 103e 157.5 238.6 5 
(715525) Diisopentylsulfide 7e 82e 118е 139 е 5 
СН, N Dipentylamine 7 7е 1277 202.0 5 
C40H3903Si4 Decamethyltetrasiloxane -3le -6e 26e 66.8 118.8 193.9 5 
C40H3905Sis Decamethylcyclopentasiloxane -2e 19e 46e 82e 132.9 210.4 5 
C,;Hs03 -Naphthalenecarboxylic acid 191.9 239.3 299.6 5 
Cy, Hs0 2-Naphthalenecarboxylic acid 197.9 246.0 308.1 5 
СиНю -Methylnaphthalene 5e 29e 60e 102e 159.1 244.1 1 
Cy yo 2-Methylnaphthalene 57e 99e 156.0 240.5 1 
СНО Ethyl trans-cinnamate 79 125 187 271 4 
СиНрОз Myristicin 23e 336 88.9 135.2 196.0 279.4 5 
СІН 4-Isopropylstyrene -25е -le 302 70.3 124.5 202.1 5 
СуНа ,2,3,4-Tetrahydro-5- 

methylnaphthalene 9e 3le 60e 99e 153.1 233.8 5 
СуНа ,2,3,4-Tetrahydro-6- 

methylnaphthalene 17е 36е 62e 97e 147.8 228.5 5 
СНО Butyl benzoate 6e 34e 67.9 110.3 165e 237e 5 
СН Pentylbenzene -І4е 8e 376 74e 126.7 204.9 5 
СН p-tert-Butyltoluene -24е -2e 27e 64.1 115.5 190.8 5 
С.Н ,3-Diethyl-5-methylbenzene -26e -le 29.5 69.5 123.5 200.2 5 
Cy Hig 2-Ethyl-1,3,5-trimethylbenzene 6e 36e 75.7 129.6 207.6 5 
С,Нь, -Ethyl-2,4,5-trimethylbenzene -13e Пе 40e 79.4 132.1 207.7 5 
СН» -Undecyne -22е 0e 29e 67e 118.5 194.5 5 
С.Н» 2-Undecyne -17e 6e 35e 74е 127.4 205.4 5 
Cj H5905 0-Undecenoic acid 35e 67e 105 e 150.0 205.4 274.5 3 
СНО Ethyl diethylmalonate 74e 105e 149.4 219e 5 
C,;H2,N Undecanenitrile 78.6 120.3 177.3 259.9 5 
С.Н -Undecene -21.6 12 297 66.4 117.1 192.2 5 
СН» cis-2-Undecene -14e 7e 34e 70.2 120.6 196e 5 
С.Н» trans-2-Undecene -14е те 33е 69.3 119.6 195e 5 
СН» cis-A-Undecene -19е Зе 30е 66.6 117.1 192 e 5 
С.Н» trans-4-Undecene -17е 4е З1е 67.11 117.4 193e 5 
СН» cis-5-Undecene -19е 2е 30e 66.2 116.7 191е 5 
С.Н» trans-5-Undecene -18е Зе 31е 67.0 117.4 192e 5 
СуНљ Pentylcyclohexane -17e 6e 34e 72е 124.2 202.7 8 
СН» Hexylcyclopentane -15е Те 36e 73e 125.0 202.5 3 
Cu H20 2-Undecanone 17e 37e 64.3 103.0 153.6 232.6 1,5 
С,Н.О 6-Undecanone 28e 57e 95e 148.4 226.9 1 
Cj; H5505 Undecanoic acid 68e 90e 118е 156 е 207.2 283.6 5 
С,Н.О» Heptyl butanoate 2e 29e 62e 102.6 155.1 224.7 3 
СНО; Propyl octanoate -2e 236 55e 94.0 145.2 215e 5 
СНО; Methyl decanoate 10e 33e 62e 100.9 154.0 232e 2 
СН Undecane -18.4 4.3 32.6 69.5 120.2 195.4 16 
СН 2-Methyldecane -20е 1е 28е 64e 114.0 188.7 5 
Cy Hoy 3-Methyldecane -35e -10е 226 61.9 115.6 190.4 5 
Cy Hoy 4-Methyldecane -38е -12е 20е 60.8 113.9 186.4 S 
Cy Hoy 2,4,7-Trimethyloctane 43e 94e 170.4 5 
СНО ]-Undecanol 52.2 80.0 82е 118е 167.6 244.1 3 
Cj HS ]-Undecanethiol 23e 47e 77е 118e 173.6 256.8 5 
Србу Trinonafluorobutylamine 3e 29.0 63.3 109.9 176.8 3 
СНз Acenaphthylene 24s 49.8s 80.6 8 5 
СНМ Carbazole 254.7 354.0 5 
СН Acenaphthene 126.2 187e 276 е 1 
СН Вїрһепу1 69.0 111.1 169.5 254.7 1 
СоНю№ Azobenzene 98.1 144.8 206.7 292.7 4 
СЫН 90 Diphenyl ether 44e 75e 116e 173е 257.4 5 
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УАРОК PRESSURE (continued) 


Temperature in “С for the indicated pressure 


Mol. Form. Name 1Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СНО 1-Acetonaphthone 37e 69e 107.0 154.6 215.2 294.9 5 
СНО 2-Acetonaphthone 48.38 118.7 163.0 221.1 300.3 3 
СН Diphenyl sulfide 20e 516 88.7 137.5 202.2 291.8 5 
CHN Diphenylamine 488 102.8 150.5 213.7 301.4 3 
СН? 1-Ethylnaphthalene 16е 41е Tae 114e 171.8 257.7 5 
СЫН,» 2-Ethylnaphthalene Ме 39e Tle 113e 171.2 2573 5 
СН 1,2-Dimethylnaphthalene 26e 5le 82e 123e 180.5 265.7 5 
СН} 2,7-Dimethylnaphthalene 31.5 5 53.18 78.8 8 115.9 175 е 260 e 2! 
СНО Diethyl phthalate 12e 51е 96e 150.5 215.9 296.2 5 
СН p-lsopropenylisopropylbenzene -Пе 15е 4бе 87е 142.4 221е 5 
СН Cyclohexylbenzene 28e 58e 98e 154.7 239.5 5 
СНО 3-Methylbutyl benzoate 66e 115.0 177.7 261.4 5 
СНз Hexylbenzene -2e 226 51е 90e 144.5 225.5 5 
СЫН 1,2-Diisopropylbenzene -l4e 9е 37e 74e 125.9 203.2 5 
СНз 1,3-Diisopropylbenzene -14е 8е 36e 74е 125.5 202.6 5 
СНз 1,4-Diisopropylbenzene -6e 18e 49e 90e 148.8 238e 5 
СН Hexamethylbenzene 46.38 72.58 81.7s 121.8s 178.3 263.7 5 
СЫН» 1,5,9-Cyclododecatriene -l4e lle 44e 87е 145.0 229.8 5 
Ср НО» Geranyl acetate 67.7 110.8 166.9 242.9 5 
Ср НО Dibutyl maleate 12:3 50.4 94.0 144.2 203e 272e 5 
СН» 1-Dodecyne -Пе 13е 43e 82e 135.8 214.4 5 
СЫН,» Сусіоһехуісусіоһехапе 20е 53.1 96.0 154.1 237.2 5 
СНО Methyl 10-undecenoate 10e 38e 73e 116е 172.2 247.1 5 
СН»0О4 Dimethyl sebacate 53e 97 150 214 293 4 
С,;Н-;М Dodecanenitrile 36e 60e 92e 133e 190.5 275.5 5 
СЫН, 1-Dodecene -8.3 15.2 44.8 82.9 135.4 212.8 5 
СЫН, Нехуісусіоһехапе -3e 20e 50e 89e 143.1 224.2 5 
СЫН, Heptylcyclopentane -le 22e 51е 90е 143.5 223.5 5 
СНО Dodecanal 70e 116.2 175.9 256.6 5 
СНО Dodecanoic acid 78e 100e 128e 166e 219.1 298.1 5 
СНО Гесуі acetate 12е 40е 74е 115.1 168.1 238 е 5 
СНО Ethyl decanoate 8e 35e 69e 111.8 166.1 238e 3 
СрЊВг 1-Вготододесапе 31е 57е 90е 132е 190.8 275.3 5 
Со С 1-Chlorododecane 27e 51е 81е 122 е 178.7 262.6 9 
СН» Dodecane -5.4 18.2 47.6 85.8 138.2 215.8 16 
СН О 1-Dodecanol 133e 185.0 264.1 1 
СНО; Diethylene glycol dibutyl ether 5e 34.4 70.2 115.3 174.1 253.8 3 
Срнум Tributylamine -26e le 35e 77.7 134.5 213.4 5 
СН» Triisobutylamine le 28.9 64.9 112.5 178.5 5 
С,Н›5О4Р Tributyl phosphate 205e 288.3 5 
Ci2H3606Si6 Dodecamethylcyclohexasiloxane 18e 4le 69e 108 e 162.2 244.7 5 
Cy3H oN Acridine 124.4 176.2 246.0 345.4 3 
СНМ Phenanthridine 79 8 5 
Си Ну Fluorene 48.48 137.4 205.4 295е 5 
C)3Hj 902 Phenyl benzoate 102.3 151.4 217.9 9133 5 
СІН 00; Phenyl salicylate 166.0 224.8 312.4 5 
СЫН; Diphenylmethane 45e 116 119.3 1772 263.6 1:5 
СНМ Methyldiphenylamine 35e 63e 98.4 143.1 201.6 281.6 5 
СаНа 1-Isopropylnaphthalene 27e 51е 82е 123.2 180.8 267.3 5 
СзНоо Heptylbenzene 12e 36e 66e 107e 162.7 246.2 5 
Ci4H5405 Ethyl 10-undecenoate 32e 55e 86e 125.2 179.5 258.4 5 
СІН 1-Tridecene 4.1 28.5 59.0 98.3 152.5 232.3 5 
СН» Heptylcyclohexane Пе 34e 65e 105e 160.9 244.3 5 
Саб Octylcyclopentane 13e 36e 66e 106e 160.9 243.1 5 
Сао; Tridecanoic acid 87e 109e 138e 176e 230.3 311.5 5 
Саво; Methyl dodecanoate 38e 61е 90е 130е 184.9 269е 2! 
Са Tridecane 72 31.5 61.8 101.1 155.1 234.9 16 
Сабо 1-Tridecanol 71.6 101.0 103e 140e 192.3 273.1 5 
СН Anthracene 89.2 8 125.9 8 151.5 $ 165 8 238.8 340.2 1,5 
СН Phenanthrene 535 838 120.8 170.4 238.4 337.7 5 
СНО Benzil 123 175 246 346 4 
С.Н,» cis-Stilbene 26e 54e 88e 130.4 183e 253e 5 
С.Н,» trans-Stilbene 155.6 218.1 305.8 5 
СНО Benzoin 181 248 342 4 
СаНа 1,1-Diphenylethane 19e 47e 82.0 125.3 18le 254е 5 
Сан Dibenzylamine 48e 77е 113.1 158.9 218.5 299.4 5 
СН 1-Butylnaphthalene 67e 82e 103e 135e 186.7 288.6 5 
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VAPOR PRESSURE (continued) 


Temperature in °С for the indicated pressure 


Mol. Form. Name 1Ра 10Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
СН 2-Butylnaphthalene 44е 67е 98е 139 е 197.5 287.4 5 
СН Octylbenzene 20.1 46.2 79.1 121.9 178.1 263.8 5 
СН, Од Diethyl sebacate 83e 120 166 225 305 4 
С 4Н7М Tetradecanenitrile 52e 79e 114.0 159.0 219.7 306.3 5 
С.Н ]-Tetradecene 16.1 41.3 72.7 113.2 168.7 250.6 5 
С.Н» Octylcyclohexane 16.9 44.3 71.8 120.0 177.6 263.2 5 
С.Н» Nonylcyclopentane 25e 49e 80e 120e 177.2 261.5 5 
Сао; Tetradecanoic acid 96e 118е 147е 186е 241.3 325.6 > 
СаНз Tetradecane 19.1 44.1 75:3 115.7 171.1 253.0 16 
СНО 1-Tetradecanol 80.0 10.5 149.6 152e 205.3 286.7 5 
Сана Tetradecylamine 104e 147e 206.1 290.9 5 
Cy 4Hy205Si¢ Tetradecamethylhexasiloxane 6e 36е 72е 117e 176.0 259.1 5 
С.Н 1-Pentylnaphthalene 34e 62e 96e 141.3 202.2 289e 5 
С.Н, Nonylbenzene 33.0 58.9 92.0 135.4 193.7 281.4 5 
CisHao Nonylcyclohexane 35e 60e 92e 134e 193.4 280.9 5 
CisHao Decylcyclopentane 37e 6le 93e 134e 192.5 278.8 5 
Ci5H3905 Methyl tetradecanoate 75e 110 155 214 295 4 
С.Н» Pentadecane 30.5 56.1 88.1 129.6 186.3 2770.1 16 
Ci H23:04 Dibutyl phthalate 104.0 142.7 191.5 254.5 339.4 4 
С, Нь, 1-Hexadecene 38.4 65.0 98.1 140.5 198.8 284.3 о 
C i H,;O; Hexadecanoic acid 136е 165е 205е 261.9 350.2 5 
Ci Hs Hexadecane 41.1 67.4 100.3 142.7 200.7 286.3 16 
С,,Н,,О 1-Hexadecanol 99.5 30.6 171.9 175e 229.0 311.7 5 
Ci sH35N Hexadecylamine 63e 91е 126е 171е 232.6 320.5 5 
СИНО Benzanthrone 84e 229.3 290.3 377.2 511е 5 
Сабо Methyl hexadecanoate 65e 93 129 177 4 
СН Heptadecane 51.5 78.5 112.0 155.3 214.5 302e 16 
Cı7H360 1-Heptadecanol 94e 17е 146е 185 e 240.1 323.3 Е) 
СаНа о-Тегрћепу! 66e 94e 129e 176e 241.3 336.3 5 
СНА т-Тегрһепу1 87е 18е 156 е 206.6 275.3 374.6 5 
СаНа p-Terphenyl 127.1s 154.7 $ 217.2 284.0 383.0 5 
CigHao Hexaethylbenzene 144.1 206.8 297.5 5 
Са Но; Oleic acid 94e 26e 165.5 214.5 271.0 359.7 5 
Сабо; Elaidic acid 124e 166 216 280 361 4 
С gH360 Stearaldehyde 142e 186e 246.9 336.7 5 
СН, О: Stearic acid 153e 183e 223е 281.6 374.5 5 
Ci gH Octadecane 61.5 89.0 123.1 167.3 227.6 316е 16 
СІНО 1-Octadecanol 106e 130e 160e 200.5 257.3 343.0 5 
СН Triphenylmethane 81s 112e 175e 254.6 360.0 5 
Со НО» Methyl oleate 85e 114е 149.7 195.6 256е 340 e 3 
CioH40 Nonadecane 71.1 99.1 133.8 178.8 240.1 330e 16 
Сува; Eicosane 80.4 108.9 144.2 189.8 252.1 344e 16 
СооН42О 1-Eicosanol 119e 143 e 173 e 213 e 270.0 355.1 5 
С-оН6004519 Eicosamethylnonasiloxane 141е 183.1 236.7 307.1 5 
СН» ОР Tri-o-cresyl phosphate 119.0 156.1 201.0 256.3 326.3 418e 5 
C21H2104P Tri-m-cresyl phosphate 147.8 177.3 211.4 251.3 298e 355е 5 
С.Н, ОР Tri-p-cresyl phosphate 140.6 174e 214е 262е 320e 392e 5 
СН Непеісовапе 82.3 113.5 152.2 201.6 263.8 355:9 5 
СНО; Brassidic acid 134e 166e 203.6 249.8 307.6 382.0 5 
C5H405 Erucic acid 126e 160e 199.4 247.4 306.5 381.1 5 
C5H405 Butyl oleate 95.5 1242 158e 198e 245e 304e 5 
C5H4405 Behenic acid 145.4 176.5 213.7 259.3 316.2 390е 5 
C5H4405 Butyl stearate 99.6 128e 162e 201е 249е 307e 5 
С.:Нь, Docosane 83.5 115.0 154.0 203.6 274.8 368.0 5 
C54H4g Tricosane 102.9 135.1 174.8 221e 285.3 379.5 5 
C54H33,04 Dioctyl phthalate 130е 163.7 203.8 252е Зе 385е 2! 
С,,Н,О, Bis(2-ethylhexyl) phthalate 122.0 153.2 189.2 231.3 281.1 341.1 5 
Сао Tetracosane 115.0 148.1 188.5 239.1 295.4 390.6 5 
СН» Pentacosane 119.7 152.7 193.2 244.4 305.0 401.1 5 
СН» Нехасоѕапе 125.1 158.8 200.1 252.1 314.3 411.3 5 
СН Нерїасовапе 136.7 168.8 206.5 255.8 323.3 4212 5 
CosHsg Octacosane 136.5 169.8 210.9 263.1 332.0 430.6 5 
СН Nonacosane 148.2 182.8 2212 2715 3402 439.7 5 
СуоНе Squalane 66e 84e 105.8 131.9 163.7 203.2 5 
Co Carbon (Ёшегепе-С-о) 598 5 662 8 22 
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VAPOR PRESSURE ОЕ FLUIDS АТ TEMPERATURES BELOW 300 К 


This table gives vapor pressures of 67 important fluids in the temperature range 2 to 300 K. Helium (^He), hydrogen (H;), and neon (Ne) are covered 
on this page. The remaining fluids are listed on subsequent pages by molecular formula in the Hill order (see Introduction). The data have been taken 
from evaluated sources; references are listed at the end of the table. 

Pressures are given in kilopascals (kPa). Note that: 


1 kPa = 7.50062 Torr 


100 kPa = 1 bar 
101.325 kPa = 1 atmos 


s following an entry indicates that the compound is solid at that temperature. 


Helium Hydrogen Neon 

T/K P/kPa T/K Р/КРа Т/К Р/КРа 
22 53 14.0 7.90 25.0 51.3 
23 6.7 14.5 10.38 26.0 71.8 
2.4 8.3 15.0 13.43 27.0 98.5 
25 10.2 15.5 17:12 28.0 132.1 
2.6 12.4 16.0 21.53 29.0 173.5 
2.7 14.8 16.5 26.74 30.0 223.8 
2.8 LES 17.0 32.84 31.0 284.0 
29 20.6 17.5 39.92 32.0 355.2 
3.0 24.0 18.0 48.08 33.0 438.6 
БА 27.8 18.5 57.39 34.0 5352 
32 32.0 19.0 67.96 35.0 646.2 
3.3 36.5 19.5 79.89 36.0 772.8 
3.4 41.55 20.0 93.26 37.0 916.4 
3.5 47.0 20.5 108.2 38.0 1078 
3.6 52.9 21.0 124.7 39.0 1260 
37 59.3 21.5 143.1 40.0 1462 
3.8 66.1 22.0 163.2 41.0 1688 
3.9 73.5 22.5 185.3 42.0 1939 
4.0 81.5 23.0 209.4 43.0 2216 
4.1 90.0 23.5 235.7 44.0 2522 

4.2 99.0 24.0 264.2 

4.3 108.7 24.5 295.1 

4.4 119.0 25.0 328.5 

4.5 129.9 25.5 364.3 

4.6 141.6 26.0 402.9 

4.7 153.9 26.5 444.3 

4.8 167.0 27.0 488.5 

4.9 180.8 27.5 535.7 

5.0 195.4 28.0 586.1 

Б! 210.9 28.5 639.7 

29.0 696.7 

29.5 757.3 

30.0 821.4 

30.5 889.5 

31.0 961.5 

31.5 1038.0 

32.0 1119.0 

32.5 1204.0 

Ref. 17,18 1 13 
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VAPOR PRESSURE ОЕ FLUIDS AT TEMPERATURES BELOW 300 K (continued) 


ВСІ; ВЕ; BrH CIF CIH 

Ar Boron Boron Hydrogen Br; Chlorine Hydrogen 
Т/К Argon trichloride trifluoride bromide Bromine fluoride chloride 
50 0.1 s 
55 02 s 
60 08 s 
65 28 58 
70 77 s 
75 187 s 
80 40.7 s 
85 79.0 
90 134 
95 213 
100 324 
105 473 
110 666 
115 910 0.1 
120 1214 0.3 Ol s 
125 1584 0.6 03 s 
130 2027 1.2 05 5 
135 2553 01 s 2 L0 s 
140 3170 03 s 3.6 19 s 
145 3892 7Л 0.6 s 6.0 34 s 
150 4736 13.4 ll s 9.5 58 5 
155 22.3 19" 3 14.6 9.5 5 
160 352 ЗЭЭ? 238 21.8 14.7 
165 53.7 54 5 31.7 22.0 
170 79Л 87 s 44.8 31.9 
175 113 134 s 62.0 45.1 
180 0.1 157 20.1 s 84.2 62.5 
185 0.2 214 205. 8 112 84.7 
190 0.3 285 37.9 147 113 
195 0.5 372 51.8 190 148 
200 0.8 479 69.5 242 190 
205 1.2 608 91.8 304 242 
210 1.8 762 119 378 304 
215 2.6 944 153 464 377 
220 3.8 1160 194 0.1 s 564 463 
225 5.2 1413 242 02 5 680 563 
230 72 1709 299 03 s 812 678 
235 9.7 2056 366 04 s 961 811 
240 12.9 2460 443 07 8 1130 961 
245 17.0 2913 532 I 8 1319 1132 
250 22.0 3481 633 17 S 1529 1325 
255 28.1 4123 748 26 s 1762 1542 
260 35.6 4874 878 38 s 2019 1784 
265 44.5 1023 55. 8 2301 2054 
270 99:1 1185 7.3 2608 2354 
275 67.6 1364 9.5 2941 2686 
280 82.2 1562 12.3 3303 3053 
285 99.1 1780 15.6 3693 3457 
290 119 2018 19.7 4111 3901 
295 141 2278 24.6 4560 4388 
300 166 2561 30.5 5039 4921 
Ref. 8,15 12 12 12 12 12 12 
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Т/К 


50 

55 

60 

65 

70 

75 

80 

85 

90 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 


Ref. 


VAPOR PRESSURE OF FLUIDS AT TEMPERATURES BELOW 300 K (continued) 


clo, 
Chlorine 
dioxide 


0.1 
0.3 
0.5 
0.9 
1.4 
2.3 
35 
5.3 
7.6 
10.8 
14.9 
20.1 
26.6 
34.6 
44.4 
56.1 
69.9 
86.2 
105 
127 
151 
179 


СІ, 
Chlorine 


1.8 
2.8 
42 
6.1 
8.7 
12.3 
16.9 
22.9 
30.5 
401 
51.9 
66.4 
84.0 
105 
130 
160 
194 
234 
280 
332 
392 
459 
535 
619 
714 
818 


CLSi 
Silicon 


tetrachloride 


12 


0.1 
0.2 
0.3 
0.5 
0.7 
1.0 
1.5 
2.0 
2.8 
3.8 
5.0 
6.6 
8.6 
11.1 
142 
17.9 
22.3 
27.7 
34.0 
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Hydrogen 
fluoride 


12 


FH 


0.3 
0.5 
0.8 
13 
1.7 
2:3 
3.2 
4.4 
5.9 
7.9 
10.3 
13.4 
17.2 
21.8 
27.4 
34.2 
422 
51.8 
63.1 
76.3 
91.7 
110 
130 


Е, 
Fluorine 


0.4 
1.5 
4.8 
12.3 
27.6 
55.3 
101 
172 
276 
420 
615 
870 
1196 
1605 
2108 
2721 
3458 
4339 


12 


Е.О 
Difluorine 
oxide 


0.1 
0.2 
0.5 
1:2 
2.6 
5.3 
10.1 
18.0 
30.5 
49.3 
76.7 
115 
168 
237 
328 
444 
588 
766 
981 
1238 
1541 
1895 
2303 
2771 
3302 
3899 
4567 
5308 


12 


ЕМ 
Nitrogen 
trifluoride 


0.1 
0.2 
0.4 
0.9 
2.0 
4.0 
7.3 
12.8 
21.1 
33.5 
514 
75.4 
108 
150 
205 
273 
357 
459 
581 
726 
896 
1092 
1319 
1578 
1871 
2203 
2577 
2995 
3464 
3991 


Т/К 


50 

55 

60 

65 

70 

75 

80 

85 

90 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 


Ref. 


VAPOR PRESSURE OF FLUIDS AT TEMPERATURES BELOW 300 K (continued) 


ЕР 
Phosphorus 
trifluoride 


0.1 
02 
0.5 
1.0 
1.9 
3.5 
5.9 
9.5 
14.9 
22.5 
33.1 
473 
66.0 
90.1 
121 
159 
206 
262 
330 
410 
503 
611 
736 
877 
1037 
1217 
1418 
1640 
1885 
2154 
2448 
2767 
3112 


12 


F,Si 


Silicon 


tetrafluoride 


0.1 
0.2 
0.4 
0.9 
1.9 
3.8 
75 
14.0 
252 
43.8 
74.2 
122 
197 
280 
376 
488 
618 
766 
932 
1117 
1324 
1555 
1816 
2111 
2449 
2841 
3301 


12 


n ш ш ош ш ш шж ш ш ГЭ 


FS 


Sulfur 
hexafluoride 


0.1 
0.2 
0.4 
0.8 
1.5 
2.6 
4.4 
74 
11.3 
17:3 
25.9 
38.0 
54.4 
76.6 
106 
145 
195 
249 
305 
371 
448 
536 
636 
750 
878 
1021 
1181 
1358 
1554 
1768 
2003 
2258 
2534 
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ою л ию м и и и ою ЛА ЛА ш 
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НІ 


Hydrogen 


iodide 


0.1 
0.2 
0.4 
0.8 
1:3 
2.2 
3.4 
5.3 
8.0 
11.7 
16.8 
23.6 
32.5 
44.0 
56.2 
71.4 
89.7 
112 
137 
168 
203 
244 
290 
343 
404 
472 
548 
633 
727 
831 


12 


m жш л ш ш шо шо Q фо фо шо и ши A 


Hs 


Hydrogen 


sulfide 


0.3 


ЭЛЛАДА 


H3N 


Ammonia 


m ш Q ш ш АН 


H;P 
Phosphine 


0.1 
0.2 
0.4 
0.7 
1.3 
2.3 
39 
6.2 
9.6 

14.5 
211 
30.0 
41.6 
56.6 
75.6 
99.2 
128 
163 
205 
254 
312 
379 
456 
544 
644 
756 
881 

1019 

1172 

1341 

1525 

1725 

1942 

2176 

2428 

2699 

2987 

3295 

3621 


12 


VAPOR PRESSURE ОЕ FLUIDS АТ TEMPERATURES BELOW 300 K (continued) 


NO М,О О,5 
H,Si Kr Nitric № Nitrous О; Sulfur 

T/K Silane Krypton oxide Nitrogen oxide Oxygen dioxide 

50 04 s 

55 L8 s 0.2 

60 63 s 0.7 

65 17.4 23 

70 38.6 6.3 

75 01 s 76.1 14.5 

80 04 s 137 30.1 

85 ll s 0.1 s 229 56.8 

90 27 s 04 s 361 99.3 

95 0.1 60 8 13 s 541 163 
100 0.2 121 s 38 s 779 254 
105 0.4 228 s 10.0 s 1084 379 
110 1.0 40.4 s 23.5 1467 543 
115 1:9 68.0 s 46.8 1939 0.1 756 
120 35 103 86.5 2513 0.1 1022 
125 6.1 150 151 3209 0.3 1551 
130 10.0 211 248 0.7 1749 
135 15.8 290 391 1:3 2225 
140 24.1 388 592 2.5 2788 
145 35.3 509 867 4.3 3448 
150 50.3 655 1231 TA 4219 
155 69.8 830 1703 11.4 
160 94.6 1037 2302 17.6 
165 126 1278 3050 26.4 
170 164 1557 3971 38.5 0.1 
175 210 1877 5089 54.7 0.2 
180 265 2241 6433 75.9 0.3 
185 331 2655 103 0.5 
190 408 3120 138 0.8 
195 498 3641 181 1.3 
200 602 4223 234 2.0 
205 722 4870 298 3.0 
210 859 374 4.4 
215 1017 465 6.3 
220 1196 571 9.0 
225 1398 694 12.6 
230 1628 835 17.3 
235 1888 996 23.3 
240 2180 1179 ЭЛ 
245 2509 1385 40.9 
250 2880 1615 53.2 
255 3296 1870 68.3 
260 3763 2152 86.7 
265 4288 2462 109 
270 2802 136 
275 3172 168 
280 3573 205 
285 4006 249 
290 4473 300 
295 4973 359 
300 5508 426 
Ref. 12 13, 15 12:15 1 12 3 12 


6-98 


100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 


Ref. 


VAPOR PRESSURE OF FLUIDS AT TEMPERATURES BELOW 300 K (continued) 


0.1 
0.2 
0.4 
1.0 
2.0 
3.8 
6.8 
11.5 
18.7 
29.1 
43.7 
63.6 
89.9 
124 
168 
222 
289 
367 
468 
584 
721 
881 
1068 
1285 
1536 
1824 
2155 
2534 
2968 
3464 
4031 
4678 
5417 


12 


Rn 
Radon 


0.1 
0.3 
0.5 
0.9 
15 
2.4 
3.8 
5.8 
8.6 
12.5 
177. 
24.5 
33.2 
44.4 
58.2 
75:3 
96 
121 
151 
185 


15 


Хе 
Хепоп 


0.1 
0.1 
0.3 
0.7 
в 
2.7 
4.9 
8.5 
14.0 
22.2 
34.2 
51.1 
74.2 
101 
134 
173 
222 
280 
348 
428 
521 
628 
750 
889 
1045 
1220 
1416 
1633 
1872 
2136 
2425 
2742 
3087 
3462 
3869 
4310 
4786 
5299 


12,13 


m ш ш әт ш шш ш АН 


СВгЕ; 
Вготоќгі- 


fluoromethane 


0.1 
0.3 
0.5 
0.9 
1:5 
2:5 
3.9 
5.9 
8.8 
12.8 
18.1 
25.1 
34.1 
45.6 
60.0 
77.8 
99.5 
126 
157 
194 
237 
287 
344 
410 
485 
570 
665 
771 
889 
1021 
1166 
1325 
1501 
1692 


12 
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ССІЕ; 
Chlorotri- 
fluoromethane 


0.1 
0.2 
0.3 
0.6 
1.1 
2.0 
3:3 
5.3 
8.3 
12.6 
18.6 
26.8 
37.6 
517 
69.7 
92.3 
120 
155 
196 
246 
304 
372 
451 
542 
646 
763 
896 
1044 
1210 
1394 
1598 
1823 
2071 
2343 
2641 
2968 
3325 
3716 


12 


ССІ,Е, CCLF 
Dichlorodi- Trichloro- 
fluoromethane fluoromethane 
0.1 
0.3 
0.5 
0.8 
13 
2.1 
32 
4.8 0.2 
6.9 0.3 
9.9 0.4 
13.7 0.6 
18.8 1.0 
25,2 1.4 
33.3 2.0 
43.3 2.9 
55.5 4.1 
70.4 5.6 
88.1 7.6 
109 10.1 
134 13.3 
163 17.2 
196 22.1 
234 28.0 
278 35.1 
327 43.7 
383 53.8 
445 65.7 
515 79.6 
593 95.6 
679 114.1 
12 12 


VAPOR PRESSURE ОЕ FLUIDS АТ TEMPERATURES BELOW 300 K (continued) 


CCl, СЕ, СО COS СО, СНСІЕ, СНС: 
ТеїгасШого- Tetrafluoro- Carbon Carbon Carbon Chlorodifluo- Trichloro- 

TIK methane methane monoxide oxysulfide dioxide methane methane 
50 01 s 

55 0.6 s 

60 2.6 s 

65 82 8 

70 21.0 

75 44.4 

80 83.7 

85 147 

90 0.1 239 

95 0.3 371 
100 0.8 545 
105 1.7 771 
110 3.4 1067 
115 6.5 1428 
120 11.5 1877 
125 19.3 2400 
130 30.8 3064 
135 47.4 01 s 
140 70.2 0.1 0.2 s 
145 101 0.2 04 s 
150 141 0.4 08 s 0.1 
155 191 0.8 17 s 0.3 
160 254 13 ЭП. +s 0.5 
165 332 2.2 57 s 0.8 
170 425 3.4 9.9 8 14 
175 537 52 168 s 2.3 
180 669 7.8 27.6 s 3.6 
185 824 11.3 440 s 5.5 
190 1005 15.9 68.4 s 8.1 
195 1216 22.1 104 s 11.8 
200 1460 30.0 155 s 16.7 
205 1743 40.1 227 8 23.1 
210 2073 527 327 8 31.5 
215 2457 68.2 465 8 42.1 0.1 
220 2907 872 600 55,3 0.2 
225 3438 110 735 gi 0.3 
230 137 894 91.6 0.4 
235 169 1075 116 0.7 
240 207 1283 144 1.0 
245 250 1519 178 1.4 
250 301 1786 218 2.0 
255 1.5 358 2085 264 2.7 
260 2.1 423 2419 317 3.7 
265 2.8 497 2790 377 5.0 
270 3.7 580 3203 446 6.6 
275 4.9 673 3658 525 8.7 
280 6.4 777 4160 613 11:3 
285 8.2 892 4712 711 14.4 
290 10.5 1019 5315 821 18.3 
295 13.2 1159 5984 944 22.9 
300 16.5 1313 6710 1080 28.5 
Ref. 12 12 9 12 6 12 12 
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VAPOR PRESSURE ОЕ FLUIDS АТ TEMPERATURES BELOW 300 K (continued) 


CHF, CHN CH,CI, СН,Е, 
Trifluoro- Hydrogen Dichloro- Difluoro СН,О СН, (1 CH;F 

Т/К methane cyanide methane methane Formaldehyde Chloromethane Fluoromethane 
50 

55 

60 

65 

70 

75 

80 

85 

90 

95 
100 
105 
110 
115 
120 0.1 
125 0.2 
130 0.4 
135 0.7 0.6 
140 1.4 0.1 12 
145 2.5 02 2.1 
150 4.3 0.3 3.6 
155 11 0.6 5.9 
160 11.1 1.0 93 
165 17.0 1:7 141 
170 253 2.8 20.9 
175 36.5 4.4 29.9 
180 51.4 6.8 42.0 
185 70.9 10.2 1.3 2.1 57.6 
190 95.8 14.8 2.0 3.1 77.4 
195 127 212 3.0 4.6 102 
200 166 01 s 0.1 29.5 4.4 67 133 
205 214 02 s 0.2 40.5 6.4 9.5 171 
210 271 0.4 s 0.3 54.5 9.1 13.1 216 
215 340 0.6 s 0.4 7241 12.7 17.9 270 
220 421 1 8 0.6 94.1 17.4 24.0 333 
225 516 15 s 0.9 121 23.4 31.8 408 
230 626 22 s 14 154 31.0 414 495 
235 754 33 s 2.0 193 40.6 53.3 595 
240 900 47 s 2.8 240 52.5 67.7 711 
245 1067 68 s 3.8 295 67.0 85.1 843 
250 1257 97 s 5:3 360 84.6 106 993 
255 1472 13.6 s 7.1 434 106 131 1163 
260 1713 18.8 9.5 521 131 159 1355 
265 1984 24.1 12.4 620 161 193 1571 
270 2287 30.5 16.1 732 196 232 1813 
275 2624 38.3 20.7 860 236 277 2084 
280 3000 477 26.3 1004 283 327 2387 
285 3418 58.8 33.0 1165 337 385 2724 
290 3881 724 41.1 1346 399 450 3099 
295 4393 87.6 50.8 1547 470 524 3516 
300 105.9 62.1 1770 549 606 3978 
Ref. 12 12,16 12 12 12 12 12 
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VAPOR PRESSURE ОЕ FLUIDS AT TEMPERATURES BELOW 300 K (continued) 


С,Н,О 
СН, СН,О C,H, C,H, C,H, Dimethyl С;Н, 

Т/К Methane Methanol Acetylene Ethylene Ethane ether Propadiene 

50 

55 

60 

65 0.1 

70 0.3 

75 0.8 

80 24 

85 4.9 

90 10.6 

95 20.0 
100 34.5 
105 57.0 
110 88.4 0.3 
115 133 0.8 0.1 
120 192 1.4 0.4 
125 269 2.7 0.7 
130 368 01 s 4.5 13 
135 491 03 s 24 22 
140 642 07 8 11.9 3.8 
145 824 13 8 18.3 6.0 
150 1041 2:6. `$ 27.5 9.7 0.1 
155 1297 4.6 8 39.9 15.0 0.1 0.2 
160 1594 7.8 s 56.4 21.5 0.2 0.3 
165 1937 128 s 77.9 31.0 0.3 0.6 
170 2331 206 8 105 42.9 0.5 1.0 
175 2779 322 8 140 59.0 0.9 1:7 
180 3288 49.0 s 182 78.7 1.4 2.7 
185 3865 729 5 234 104 2.1 4.1 
190 4520 106 s 296 135 3:2 6.1 
195 146 369 172 47 8.9 
200 190 456 217 6.8 12.5 
205 244 557 271 9.6 17.4 
210 309 673 334 13.3 23.7 
215 385 806 407 18.1 31.6 
220 475 958 492 24.3 41.4 
225 579 1128 590 32.1 555 
230 0.1 699 1321 700 41.9 68.2 
235 0.2 837 1535 826 53.9 85.8 
240 0.4 993 1774 967 68.6 107 
245 0.5 1170 2039 1125 86.3 131 
250 0.8 1370 2331 1301 108 160 
255 12 1593 2652 1496 133 193 
260 1.7 1843 3005 1712 162 230 
265 24 2121 339] 1949 197 273 
270 3:3 2429 3813 2210 237 322 
275 4.5 2771 4275 2495 283 376 
280 6.2 3150 2806 335 438 
285 8.3 3567 3146 395 506 
290 11 4028 3515 463 582 
295 144 4535 3917 538 666 
300 18.7 5093 4355 623 759 
Ref. 2,16 12 12,16 4 2 12 12 
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VAPOR PRESSURE ОЕ FLUIDS АТ TEMPERATURES BELOW 300 K (continued) 


СзН, СН; СН CH, jen: m СН C;H;; 
TIK Propylene Propane Buta-1,3-diene Butane Isobutane Pentane Neopentane 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 0.1 
145 0.2 
150 0.4 
155 0.7 
160 1:2 0.8 0.1 
165 2.0 1.4 0.1 
170 3.1 2.2 0.1 0.1 0.3 
175 4.7 ЭЭ 02 02 0.4 
180 7.0 5.0 0.4 0.3 0.7 
185 10.1 7.3 0.6 0.5 1.1 01 s 
190 14.2 10.5 1.0 0.8 1.7 02 s 
195 19:7 15.0 1.5 L3 25 04 s 
200 26.9 20.1 2.3 1.9 3.7 07 8 
205 35.9 27.0 3.4 2.8 53 11 8 
210 47.3 36.0 4.8 4.0 7.4 L6 s 
215 61.3 47.0 6.7 9.7 10.2 24 s 
220 78.5 60.0 9.2 7.8 13.8 1.0 3:6. 8 
225 99.2 71.0 12.5 10.6 18.3 1.5 52-8 
230 124 97.0 16.7 14.1 24.0 24 7,3: S 
235 153 120 21.9 18.5 31.1 3.0 10.2 s 
240 188 148 28.4 24.1 39.8 4.2 139 s 
245 228 180 36.3 30.9 50.3 5:7 18.7 s 
250 274 218 46.0 39.1 62.9 7.6 248 s 
255 327 261 57.6 49.1 77.8 10.0 324 s 
260 387 311 71.3 61.0 95.4 13.0 41.6 
265 456 367 87.6 75.0 116 16.6 51.4 
270 533 431 107 91.5 140 21.1 63.0 
275 619 502 129 111 167 26.6 76.6 
280 715 582 154 133 198 33.1 92.3 
285 822 671 184 159 234 40.8 111 
290 940 769 217 188 274 50.0 131 
295 1069 878 255 221 319 60.7 155 
300 1212 998 297 258 370 732 182 
Ref. 7 2 12 2 2 14 12,16 
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VAPOR PRESSURE ОЕ FLUIDS AT TEMPERATURES BELOW 300 K (continued) 
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ТОРАС RECOMMENDED DATA FOR VAPOR PRESSURE CALIBRATION 


These precise vapor pressure values are recommended as secondary standards. Values are given in kPa (1 kPa - 0.0098692 atm - 7.5006 Torr). 


Reprinted by permission of IUPAC. 
REFERENCE 


Marsh, K.N., Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford (1987). 


T/K CO,(s) H,O(s) C4 H,(s) п-С;Н,, CH, CF, H,O Hg 
180 27.62 

190 68.44 

200 155.11 0.0002 

210 327.17 0.0007 

220 0.0026 

230 0.0089 

240 0.0273 

250 0.0760 7.60 

260 0.1958 0.0001 12.98 

270 0.4701 0.0005 21.15 0.485 

280 0.0017 33.11 5.148 4.322 0.991 

290 0.0049 50.01 8.606 7.463 1.919 

300 0.0134 73.17 13.816 12.328 3.535 

310 0.0341 104.07 21.389 19.576 6.228 

320 0.0814 144.3 32.054 30.009 10.540 

330 0.1829 195.7 46.656 44.578 17.202 

340 0.3899 260.1 66.152 64.380 27.167 

350 0.7920 339.4 91.609 90.664 41.647 

360 435.9 124.192 124.816 62.139 

370 551.5 165.2 168.4 90.453 

380 688.8 215.9 223.0 128.74 

390 850.2 2777 290.4 179.48 

400 1038 353.2 372.6 245.54 0.138 
410 1256 441.0 471.5 330.15 0.215 
420 1507 545.5 589.3 436.89 0.329 
430 1793 667.6 728.3 569.73 0.493 
440 2120 808.8 890.9 732.99 0.724 
450 2490 9714 1080 931.36 1.045 
460 2910 1156 1297 1169.9 1.485 
470 1366 1547 1453.9 2.078 
480 1602 1833 1789.0 2.866 
490 1868 2159 2181.4 3.899 
500 2164 2530 2637.3 5.239 
510 2494 2954 3163.3 6.955 
520 2861 3766.4 9.131 
530 3267 4453.9 11.861 
540 3717 5233.5 15.256 
550 4216 6113.4 19.438 
560 4770 7102.0 25.547 
570 8208.6 30.74 
580 9443.0 38.19 
590 10816 47.09 
600 12339 57.64 
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ENTHALPY OF VAPORIZATION 


The molar enthalpy (heat) of vaporization АН, which is defined as the enthalpy change in the conversion of one mole of liquid to gas at constant 
temperature, is tabulated here for approximately 850 inorganic and organic compounds. Values are given, when available, both at the normal boiling 
point /, referred to a pressure of 101.325 kPa (760 mmHg), and at 25°C. Substances are listed by molecular formula in the modified Hill order (see 
Preface). 

The values in this table were measured either by calorimetric techniques or by application of the Claperyon equation to the variation of vapor 
pressure with temperature. See Reference 1 fora discussion of ће accuracy of different experimental techniques and for methods of estimating enthalpy 
of vaporization at other temperatures. 
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Дарн) AvapH (25°C) 
Mol. Form. Name t °C kJ/mol kJ/mol 
AgBr Silver(I) bromide 1502 198 
AgCl Silver(I) chloride 1547 199 
AgI Silver(I) iodide 1506 143.9 
Al Aluminum 2519 294 
АН) Aluminum borohydride 44.5 30 
AIBr3 Aluminum tribromide 255 23,5 
АП Aluminum triiodide 382 322 
Ar Argon -185.85 6.43 
AsBr; Arsenic(III) bromide 221 41.8 
АУС Arsenic(III) chloride 130 35.01 
AsF3 Arsenic(III) fluoride 57.8 29.7 
ASF; Arsenic(V) fluoride -52.8 20.8 
AsH, Arsine -62.5 16.69 
Asl; Атѕепіс(Ш) iodide 424 59.3 
Au Gold 2856 324 
B Boron 4000 480 
ВВт; Boron tribromide 91 30.5 
ВСІ; Boron trichloride 12.65 23.71 23.1 
BF; Boron trifluoride -101 19.33 
ВІ; Boron triiodide 210 40.5 
BF, Tetrafluorodiborane -34 28 
B5Hg Diborane -92.4 14.28 
B4Hjo Tetraborane 18 27.1 
В5Ни Pentaborane(11) 63 31.8 
Ba Barium 1897 140 
Весь Beryllium chloride 482 105 
Веђ Beryllium iodide 487 70.5 
Bi Bismuth 1564 151 
BiBr3 Bismuth tribromide 453 75.4 
ВІСІ; Bismuth trichloride 447 72.61 
BrF Bromine fluoride 20 25.1 
ВгЕ; Bromine trifluoride 125.8 47.57 
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Mol. Form. 


ВгЕ; 
BrH 
BrH,Si 
Brin 
BrTl 
Br; 
Br;Cd 
Br;H5Si 
Вг-Не 
Br;Pb 
Br;Sn 
Br;Zn 
Br4Ga 
Br3HSi 
Br4OP 
Br3P 
Br3Sb 
Br4Ge 
Br,Si 
Br,Sn 
BryTi 
Вг;Та 
Са 
CdCl, 
САЕ, 
Cdl, 
CIF 
СІЕО; 
CIE;P 
CIF; 
СЕ, $1 
СН 
СЇН $1 
СІМО 
CINO, 
ClO, 
ст 
СІ, 
CLCr 
CLCrO; 
CLFP 
СІ,Е,51 
СЪН»51 
CLHg 
СО 
С1,О5 
С1,О,5 
СЬРЬ 
CLSn 
CLTi 
С1,7л 
Cl,Ga 
CLHSi 
СЬОР 
СОУ 
CLP 
ClsSb 
СТІ 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Bromine pentafluoride 
Hydrogen bromide 
Bromosilane 

Indium(I) bromide 
ТһаШшт(1) bromide 
Bromine 

Cadmium bromide 
Dibromosilane 
Mercury(II) bromide 
Lead(II) bromide 

Tin(ID bromide 

Zinc bromide 
Gallium(IIT) bromide 
Tribromosilane 
Phosphorus(V) oxybromide 
Phosphorus(III) bromide 
Antimony(IIT) bromide 
Germanium(IV) bromide 
Tetrabromosilane 
Tin(IV) bromide 
Titanium(IV) bromide 
Tantalum(V) bromide 
Cadmium 

Cadmium chloride 
Cadmium fluoride 
Cadmium iodide 
Chlorine fluoride 
Perchloryl fluoride 
Phosphorus(III) chloride difluoride 
Chlorine trifluoride 
Chlorotrifluorosilane 
Hydrogen chloride 
Chlorosilane 

Nitrosyl chloride 

Nitryl chloride 

Chlorine dioxide 
Thallium(1) chloride 
Chlorine 

Chromium(II) chloride 
Chromyl chloride 
Phosphorus(III) dichloride fluoride 
Dichlorodifluorosilane 
Dichlorosilane 
Мегсигу(П) chloride 
Chlorine monoxide 
Thionyl chloride 
Sulfuryl chloride 
Lead(II) chloride 

Tin(II) chloride 
Titanium(II) chloride 
Zinc chloride 
Gallium(III) chloride 
Trichlorosilane 
Phosphorus(V) oxychloride 
Vanadyl trichloride 
Phosphorus(III) chloride 
Antimony(IIT) chloride 
Titanium(III) chloride 


6-108 


t °C 


40.76 
-66.38 
1.9 
656 
819 
58.8 
844 
66 
322 
892 
639 
697 
279 
109 
191.7 
172.95 
280 
186.35 
154 
205 
230 
349 
767 
960 
1748 
742 
-101.1 
-46.75 
-47.25 
11.75 
-70.0 
-85 
-30.4 
-5.5 
-15 
11 
720 
-34.04 
1300 
117 
14 
-32 
8.3 
304 
22 
75.6 
69.4 
951 
623 
1500 
732 
201 
33 
105.5 
127 
75.95 
220.3 
960 


A, H (fy) 
kJ/mol 


30.6 


24.4 
92 
99.56 
29.96 
115 
31 
58.89 
133 
102 
118 
38.9 
34.8 
38 
38.8 
59 
414 
37.9 
43.5 
44.37 
62.3 
99.87 
124.3 
214 
115 
24 
19.33 
17.6 
27.53 
18.7 
16.15 
21 
25.78 
25:7 
30 
102.2 
20.41 
197 
35.1 
24.9 
21.2 
25 
58.9 
25.9 
31.7 
31.4 
127 
86.8 
232 
126 
23.9 


34.35 
36.78 
30.5 
45.19 
124 


Дарн О59С) 
kJ/mol 


12.69 


30.91 


9.08 


17.65 


24.2 


30.1 


25.7 
38.6 


32.1 


Mol. Form. 


Сібе 
CLOW 
CL,Si 
Cl,Sn 
ClyTe 
СЫТЬ 
CLTi 
CL V 
Cl;Mo 
CI;Nb 
Cl;Ta 
СУУ 
ЕН,51 
FLi 
FNO 
ЕМО, 
ЕМ5 
Е, 
Е,Н,51 
Е,О 
F;OS 
Е,РЬ 
F,Zn 
F;HSi 
ЕМ 
Е;О-Ке 
Е.Р 
FsPS 
Е,МоО 
Е,М, 
Е,ОКе 
F,OW 
F,S 
F,Se 
F,Th 
FSI 
Е,Мо 
FsNb 
F;Os 
F;P 
F;Re 
Е;Та 
БҰЙ 
Бејт 
Е,Мо 
F,Os 
Е,Ке 
FeS 
FW 
Ga 
Gal, 
Ge 
сен, 
Ge He 
Ge3Hg 
HI 
HLiO 


ENTHALPY OF VAPORIZATION (continued) 


Name t °C 
Germanium(IV) chloride 86.55 
Tungsten(VI) oxytetrachloride 227.55 
Tetrachlorosilane 57.65 
Tin(IV) chloride 114.15 
Tellurium tetrachloride 387 
Thorium(IV) chloride 921 
Titanium(IV) chloride 136.45 
Vanadium(IV) chloride 148 
Molybdenum(V) chloride 268 
Niobium(V) chloride 254.0 
Tantalum(V) chloride 239.35 
Tungsten(VI) chloride 346.75 
Fluorosilane -98.6 
Lithium fluoride 1673 
Nitrosyl fluoride -59.9 
Nitryl fluoride -72.4 
Thionitrosyl fluoride (NSF) 4.8 
Fluorine -188.12 
Difluorosilane -77.8 
Fluorine monoxide -144.75 
Thionyl fluoride -43.8 
Fluorine dioxide -57 
Lead(II) fluoride 1293 
Zinc fluoride 1500 
Trifluorosilane -95 
Nitrogen trifluoride -128.75 
Rhenium(VII) dioxytrifluoride 185.4 
Phosphorus(III) fluoride -101.5 
Phosphorus(V) sulfide trifluoride -52.25 
Molybdenum(VI) oxytetrafluoride 186.0 
Tetrafluorohydrazine -74 
Rhenium(VI) oxytetrafluoride 171.7 
Tungsten(VI) oxytetrafluoride 185.9 
Sulfur tetrafluoride -40.45 
Selenium tetrafluoride 106 
Thorium(IV) fluoride 1680 
Iodine pentafluoride 100.5 
Molybdenum(V) fluoride 213.6 
Niobium(V) fluoride 229 
Osmium(V) fluoride 225.9 
Phosphorus(V) fluoride -84.6 
Rhenium(V) fluoride 221.3 
Tantalum(V) fluoride 2292 
Vanadium(V) fluoride 48.3 
Iridium(VI) fluoride 53.6 
Molybdenum(VI) fluoride 34.0 
Osmium(VI) fluoride 47.5 
Rhenium(VI) fluoride 33.8 
Sulfur hexafluoride 
Tungsten(VI) fluoride 17.1 
Gallium 2204 
Gallium(III) iodide 340 
Germanium 2833 
Germane -88.1 
Digermane 30.8 
Trigermane 110.5 
Hydrogen iodide -35.55 
Lithium hydroxide 1626 
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A, H. (f) 
kJ/mol 


27.9 
67.8 
28.7 
34.9 
77 
146.4 
36.2 
41.4 
62.8 
52.7 
54.8 
52.7 
18.8 
147 
19.28 
18.05 
22.2 
6.62 
16.3 
11.09 
21.8 
19.1 
160.4 
190.1 
16.2 
11.56 
65.7 
16.5 
19.6 
50.6 
13:27 
61.0 
59.5 
26.44 
472 
258 
41.3 
51.8 
52.3 
65.6 
17.2 
58.1 
56.9 
44.52 
30.9 
29.0 
28.1 
28.7 


26.5 
254 
56.5 
334 
14.06 
25.1 
322 
19.76 
188 


А ар! (25°C) 
kJ/mol 


29.7 


42.5 


8.99 


17.36 


Mol. Form. 


НМО, 
HN; 
HNaO 
H, 


Н,5 
Н,5» 
Н,5е 
Н,Те 
HN 
HP 
H3Sb 
H4N5 
НАР, 
H,Si 
H,Sn 
Н,5 5 
Н, 51, 
Не 
Hg 
12149 
Пп 
ITI 

L 
LPb 
LSn 


CCIF, 
CCIF, 
CCIF 
CCl, 
CHBr, 
CHCIF, 
CHCLF 
CHCl, 
CH,BrCl 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Nitric acid 

Hydrazoic acid 
Sodium hydroxide 
Hydrogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Hydrogen disulfide 
Hydrogen selenide 
Hydrogen telluride 
Ammonia 

Phosphine 

Stibine 

Hydrazine 
Diphosphine 

Silane 

Stannane 

Disilane 

Trisilane 

Helium 

Mercury 

Мегсигу(П) iodide 
Indium(I) iodide 
Thallium(D iodide 
Todine 

Lead(II) iodide 

Tin(ID iodide 
Phosphorus(III) iodide 
Апитопу(Ш) iodide 
Tetraiodosilane 
Tin(IV) iodide 
Titanium(IV) iodide 
Krypton 
Molybdenum(VI) oxide 
Nitric oxide 

Nitrogen 

Nitrous oxide 

Nitrogen tetroxide 
Neon 

Oxygen 

Sulfur dioxide 

Sulfur trioxide 
Phosphorus 

Lead 

Sulfur 

Thallium(D sulfide 
Selenium 

Tellurium 

Xenon 
Chlorotrifluoromethane 
Dichlorodifluoromethane 
Trichlorofluoromethane 
Tetrachloromethane 
Tribromomethane 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Bromochloromethane 
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РУС 


83 
35.7 
1388 
-252.87 
100.0 


A, H (ty) 
kJ/mol 


30.5 
175 
0.90 
40.65 


18.67 


19.7 
19.2 
23.33 
14.6 
21.3 
41.8 
28.8 
12.1 
19.05 
21.2 
28.5 
0.08 
59.11 
59.2 
90.8 
104.7 
41.57 
104 
105 
43.9 
68.6 
50.2 
56.9 
58.4 
9.08 
138 
13.83 
5.57 
16.53 
38.12 
171 
6.82 
24.94 
40.69 
12.4 
179.5 
45 
154 
95.48 
114.1 
12.57 
15.8 
20.1 
25.1 
29.82 
39.66 
20.2 
25.2 
29.24 
30.0 


AP HQS?C) 
kJ/mol 


19.86 


44.7 


22.92 
43.14 
14.2 


32.43 
46.05 


31.28 


Mol. Form. 


СН-Вт; 
СН-СІ, 
CHL 
СН,О, 
СН,Вг 
CH4CI 
Сну 
CH;NO 
СИМО; 
СН, 
СН,О 
сн; 
CHN; 
CN,Os 
CO 

CS, 
C,Br,CIF; 
ОВЊЕ, 
ОСЕ 
ОСЕ, 
ОСЕ 
ОСЕ 
СУС 
CF6 
C,HBrCIF; 
CHCl; 
CHCl; 
С-НЕ;О, 
С,Н,Вг4 
СНС, 
СНС} 
СНС 
С.Н,С1, 
С.Н.Вг 
оња 
ОСЕ 
C;H;Cl 
C;H;Cl 
CHF; 
C;H4N 
ОН, 
ОНВљ 
C;H4CL; 
C;H4CL; 
CHF 
C,H,O 
C,H,O 
СНО; 
ОНО 
С.Н.Вг 
сна 
С,Н.СО 
CHI 
С,Н,МО 
С.Н.ХО, 
СН, 
С,Н,О 
C,H,O 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Dibromomethane 
Dichloromethane 
Diiodomethane 
Formic acid 
Bromomethane 
Chloromethane 
Todomethane 
Formamide 
Nitromethane 
Methane 
Methanol 
Methylamine 
Methylhydrazine 
Tetranitromethane 
Carbon monoxide 
Carbon disulfide 


1,2-Dibromo-1-chloro-1,2,2-trifluoroethane 
1,2-Dibromotetrafluoroethane 
Chloropentafluoroethane 
1,2-Dichlorotetrafluoroethane 
1,1,1-Trichlorotrifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 


Tetrachloroethylene 
Hexafluoroethane 


2-Bromo-2-chloro-1,1,1-trifluoroethane 


Trichloroethylene 
Pentachloroethane 
Trifluoroacetic acid 


1,1,2,2-Tetrabromoethane 


1,1-Dichloroethylene 


cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
1,1,2,2- Tetrachloroethane 


Bromoethylene 
Chloroethylene 


1,1-Dichloro-1-fluoroethane 


1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,1-Trifluoroethane 
Acetonitrile 

Ethylene 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 
Acetaldehyde 
Ethylene oxide 
Acetic acid 

Methyl formate 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Iodoethane 
N-Methylformamide 
Nitroethane 

Ethane 

Ethanol 

Dimethyl ether 


6-111 


t °C 


A, H (fy) 
kJ/mol 


32.92 
28.06 
42.5 

22.69 
23.91 
21.40 
27.34 


33.99 
8.19 
35.21 
25.60 
36.12 
40.74 
6.04 
26.74 
31.17 
27.03 
19.41 
23.3 
26.85 
27.04 
34.68 
16.15 
28.08 
31.40 
36.9 
33.3 
48.7 
26.14 
302 
28.9 
37.64 
23.4 
20.8 
26.06 
29.86 
34.82 
18.99 
29.75 
13.53 
34.77 
28.85 
31.98 
21.56 
25.76 
25.54 
23.70 
27.92 
27.04 
24.65 
414 
29.44 


38.0 

14.69 
38.56 
21.51 


AvapH(25°C) 
kJ/mol 


36.97 
28.82 


20.10 
22.81 
18.92 
27.97 
60.15 
38.27 


37.43 
23.37 
40.37 
49.93 


27.51 
35.04 
28.39 


28.08 
28.40 
39.68 


29.61 
34.54 


26.48 


45.71 


26.48 
32.50 
40.24 


32.94 


41.73 
30.62 
35.16 
19.08 
25.47 
24.75 
23.36 
28.35 
28.03 


31.93 
56.19 


5.16 
42.32 
18.51 


Mol. Form. 


C,H,OS 
С.Н,О, 
С.Н; 
С-Н;5 
С.Н,5, 
[en 
CoH;N 
C;H;NO 
СВ 
С.Н,М, 
CN; 
ОСЕ 
С;Н5СІ;О» 
C3H3N 
С.Н,СЬО, 
С.Н,О 
C3H40; 
CsHsBr 
C3H;Cl 
C3H;ClO, 
C3H;Cl, 
C3H;N 
C3H6 
C3H6 
С;Н4Вг; 
С;Н4Вг; 
С.Н,СЬ, 
C3H,O 
C3H,O 
СНО 
С.Н,О 
C3H,O 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С-Н,5 
C4H;Br 
C4H;Br 
C3H,Cl 
C3H,Cl 
C4H;I 
C4H;I 
C4H;NO 
C;H;NO 
С.Н,ХО, 
С.Н,ХО, 
CsHs 
С.Н,О 
С.Н,О 
С.Н,О, 
CsHsO; 
С.Н,О, 
СО 
С;Н;5 
С;Н;5 
С;Н;5 
С.Н,5, 
C3HoN 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Dimethyl sulfoxide 
Ethylene glycol 
Ethanethiol 

Dimethyl sulfide 
1,2-Ethanedithiol 
Dimethyl disulfide 
Dimethylamine 
Ethanolamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
1,2-Dichlorohexafluoropropane 
Methyl trichloroacetate 
Acrylonitrile 

Мешу! dichloroacetate 
Acrolein 

2-Oxetanone 
3-Bromopropene 
3-Chloropropene 
Methyl chloroacetate 
1,2,3- Trichloropropane 
Propanenitrile 

Propene 

Cyclopropane 
1,2-Dibromopropane 
1,3-Dibromopropane 
1,3-Dichloropropane 
Allyl alcohol 

Propanal 

Acetone 
Methyloxirane 
Oxetane 

Propanoic acid 

Ethyl formate 

Methyl acetate 
Thietane 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
1-Iodopropane 
2-Iodopropane 
N-Ethylformamide 
N,N-Dimethylformamide 
1-Мигоргорапе 
2-Мигоргорапе 
Ргорапе 

1-Ргорапо! 

2-Ргорапо! 
1,2-Propylene glycol 
1,3-Propylene glycol 


Ethylene glycol monomethyl ether 


Glycerol 
]-Propanethiol 
2-Propanethiol 
Ethyl methyl sulfide 
1,3-Propanedithiol 
Propylamine 


t °C 


189 
197.3 
35.1 
37.33 
146.1 
109.8 
6.88 
171 
117 
63.9 
-21.1 
34.1 
153.8 
77.3 
142.9 
52.6 
162 
7041 
45.1 
129.5 
157 
97.14 
-47.69 
-32.81 
141.9 
167.3 
120.9 
97.0 
48 
56.05 
35 
47.6 
141,15 
54.4 
56.87 
95 
714 
59.5 
46.5 
35.7 
102.6 
89.5 
198 
153 
131.1 
1202 
-42.1 
97.2 
82.3 
187.6 
214.4 
124.1 
290 
67.8 
52.6 
66.7 
172.9 
47.22 


A aH! (f) 
kJ/mol 


43.1 

50.5 

26.79 
27.0 

37.93 
33.78 
26.40 
49.83 
37.98 
32.55 
23.33 
26.28 


32.6 
39.28 
28.3 


30.24 
29.0 

39.23 
37.1 

31.81 
18.42 
20.05 
35.61 


35.18 
40.0 

28.31 
29.10 
27.35 
28.67 


29.9] 
30.32 
32.32 
29.84 
28.33 
27.18 
26.30 
32.08 
30.68 


38.5 
36.8 
19.04 
41.44 
39.85 
52.4 
57.9 
37.54 
61.0 
29.54 
27.91 
29.53 


29.55 


А ар! (25°C) 
kJ/mol 


27.30 
27.65 
44.68 
37.86 
25.05 


44.98 
35.0 

19.75 
26.93 
48.33 


47.72 


47.03 
32:13 


46.73 


36.03 
14.24 
16.93 
41.67 
47.45 
40.75 


29.62 
30.99 
27.89 
29.85 
32.14 
31.96 
32.29 
35.97 
32.01 
30.17 
28.35 
26.90 
36.25 
34.06 
58.44 
46.89 


14.79 
47.45 
45.39 


45.17 


31.89 
29.45 
31.85 
49.66 
31.27 


Mol. Form. 


Сыны 
Сын 
С;Н ЫМ; 
С.Е; 
Сао 
сн 
сн 
сн 
С,Н,О 
С.Н,О, 
С,Н,5 
С,Н.СЬО, 
C,H4N 
C,HN 
C,HN 
С.Н.МО, 
C4HSNS 
C4Hg 
C4Hg 
C4Hg 
СаНеСЬО» 
С.Н,О, 
СНО, 
С.Н,О, 
С.Н,О, 
С,Н,5 
С,Н,5 
C4H;CIO, 
C,HN 
C,HN 
СН, 
СН, 
СН, 
СН, 
CyHgBry 
CyHgCl, 
CyHgCl, 
C,HgCl,O 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С,Н,5 
C,H Br 
C,H Br 
C,H Br 
C,H Br 
сања 
Сања 
Сања 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Isopropylamine 
Trimethylamine 
1,3-Propanediamine 
Perfluorocyclobutane 
Perfluorobutane 
Succinonitrile 
Pyrimidine 

Pyridazine 

Furan 

Diketene 

Thiophene 

Ethyl trichloroacetate 
2-Methylacrylonitrile 
Pyrrole 
Cyclopropanecarbonitrile 
Methyl cyanoacetate 
4-Methylthiazole 
1,2-Butadiene 
1,3-Butadiene 

1-Butyne 

Ethyl dichloroacetate 
Vinyl acetate 

Methyl acrylate 
y-Butyrolactone 

Acetic anhydride 
2,3-Dihydrothiophene 
2,5-Dihydrothiophene 
Ethyl chloroacetate 
Butanenitrile 
2-Methylpropanenitrile 
1-Butene 

cis-2-Butene 
trans-2-Butene 
Cyclobutane 
1,4-Dibromobutane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
Bis(2-chloroethyl) ether 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 

2-Butanone 
Tetrahydrofuran 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Ethyl acetate 

Methyl propanoate 
1,3-Dioxane 
1,4-Dioxane 
Tetrahydrothiophene 
1-Bromobutane 
2-Bromobutane 
1-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 


6-113 


t °C 


31.76 
2.87 
139.8 
-5.9 
-1.9 
266 
123.8 
208 
31.5 
126.1 
84.0 
167.5 
90.3 
129.79 
135.1 
200.5 
133:3 
10.9 
-4.41 
8.08 
155 
72.5 
80.7 
204 
139.5 
112.1 
122.4 
144.3 
117.6 
103.9 
-6.26 
3.71 
0.88 
12.6 
197 
124.1 
161 
178.5 
35.5 
63.4 
74.8 
79.59 
65 
163.75 
154.45 
80.9 
7741 
79.8 
106.1 
101.5 
121.0 
101.6 
91.3 
91.1 
233 
78.6 
68.2 
68.5 


Дарн) 
kJ/mol 


27.83 
22.94 
40.85 
232 
22.9 
48.5 
43.09 


27.10 
36.80 
31.48 


31.8 

38.75 
35.55 
48.2 

37.58 
24.02 
22.47 
24.52 


34.6 
33.1 
522 
38.2 
33.24 
34.83 
40.43 
33.68 
32.39 
22.07 
23.34 
22.72 
24.19 


33.90 


45.2 
26.2 
30.3 
31.5 
31.30 
29.81 


33.61 
31.94 
32.24 
34.37 
34.16 
34.66 
32:51 
30.77 
31:33 
29.23 
30.39 
29.17 
29.22 


А ари. (25°C) 
kJ/mol 


28.36 
21.66 
50.16 


49.79 
53.47 
27.45 
42.89 
34.70 
50.97 


45.09 
41.94 


43.85 
23.21 
20.86 
23.35 
50.60 


37.74 
39.95 
49.47 
39.33 
37.13 
20.22 
22.16 
21.40 
23.51 
53.09 
39.58 
46.36 


34.79 
31.99 
40.45 
35.30 
37.53 
35.60 
35.85 
39.09 
38.60 
39.43 
36.64 
34.41 
34.82 
31.81 
33.51 
31.53 
31.67 


Mol. Form. 


сна 
САНА 
саны 
GHJI 
CuiHol 
сном 
СНО 
C4H9NO 
СНО 
САН 
САН 
C,H,,0 
С.НүО 
САНОО 
С.НүО 
С.НүО 
С.НүО 
С.Н,О 
СІН 0; 
СІН 0; 
САН 0; 
САН (0; 
САНОО» 
С.Н 
C,H oS 
C,H oS 
С.Н 
C,H oS 
C,H oS 
C,H oS 
СН 05: 
СН 05; 
сним 
сним 
сним 
сним 
сним 
сним 
C,H,,NO 
C,H,,NO, 
CJ, EO; 
с.н,0, 
C;HN 
сео, 
С.Н,8 
С.Н,8 
C;H;N 
C;H;N 
C.H, 
C.H,O 
С.Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О, 
со, 
С.Н,О, 
CsH.N 
см 


ENTHALPY OF VAPORIZATION (continued) 


Name 


2-Chloro-2-methylpropane 
1-Iodobutane 
2-Iodobutane 
1-Iodo-2-methylpropane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N-Ethylacetamide 
N,N-Dimethylacetamide 
Morpholine 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 

Methyl propyl ether 
Isopropyl methyl ether 
1,2-Butanediol 
1,3-Butanediol 

Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 
Diethylene glycol 
1-Butanethiol 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 

Methyl propyl sulfide 
Isopropyl methyl sulfide 
1,4-Butanedithiol 

Diethyl disulfide 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Isobutylamine 
Diethylamine 
Isopropylmethylamine 
2-Amino-2-methyl-1-propanol 
Diethanolamine 
Hexafluoroacetylacetone 
Furfural 

Pyridine 

Furfuryl alcohol 
2-Methylthiophene 
3-Methylthiophene 
trans-3-Pentenenitrile 
Cyclobutanecarbonitrile 
Spiropentane 

Cyclopropyl methyl ketone 
Cyclopentanone 

Methyl cyclopropanecarboxylate 
Allyl acetate 

Ethyl acrylate 

Methyl methacrylate 
2,4-Pentanedione 
Pentanenitrile 
3-Methylbutanenitrile 


6-114 


t °C 


50.9 
130.6 
120.1 
121.1 
100.1 

86.56 
205 
165 
128 

-0.5 
-11.73 
11773 

99.51 
107.89 

82.4 

34.5 

39.1 

30.77 
190.5 
207.5 
135 

85 
245.8 

98.5 

85 

88.5 

64.3 

92.1 

95.6 

84.8 
195.5 
154.1 

77.00 

62.73 

44.04 

67.75 

55.5 

50.4 
165.5 
268.8 

54.15 
161.7 
115.23 
171 
112.6 
115.5 
142.6 
149.6 

39 
111.3 
130.57 
114.9 
103.5 

99.4 
100.5 
138 
141.3 
127.5 


A, H (fy) 
kJ/mol 


27.53 
34.66 
33.27 
33.54 
31.43 
33.01 


37.1 

22.44 
21.30 
43.29 
40.75 
41.82 
39.07 
26.52 
26.75 
26.05 
52.84 
54.31 
39.22 
32.42 
52.3 

32.23 
30.59 
31.01 
28.45 
31.77 
32.08 
30.71 


37.58 
31.81 
29.92 
28.27 
30.61 
29.06 
28.71 
50.6 

65.2 

27.05 
432 

35.09 
53.6 

33.90 
34.24 
37.09 
36.88 
26.76 
34.07 
36.35 
35.25 
36.3 

34.7 

36.0 

34.30 
36.09 
35.10 


Лар 5 С) 
kJ/mol 


28.98 
40.63 
38.46 
38.83 
35.41 
37.52 
64.89 
50.24 


21.02 
19.23 
52.35 
49.72 
50.82 
46.69 
27.10 
27.60 
26.41 
71:55 
74.46 
48.21 
36.39 


36.63 
33.99 
34.63 
30.78 
35.80 
36.24 
34.15 
55.10 
45.18 
35.72 
32.85 
29.64 
33.85 
31.31 
30.69 


30.58 
40.21 


38.87 
39.43 
44.71 
44.34 
27.49 
39.41 
42.72 
41.27 


41.77 
43.60 
41.64 


Mol. Form. 


CsHə|N 
CsHio 
CsHio 
CsHio 
CsHio 
CsHio 
CsHio 
C5Hjo 
СН (СІ, 
СН (СІ, 
СН |00 
СН |00 
СН O 
CsH O 
С5Н (0; 
СН 00; 
С5Н (0; 
С5Н, 0; 
C5H0, 
СА (0; 
С5Н (0; 
С-Н,0; 
С5Н, 0; 
С5Н, 0; 
С5Н,00; 
С5Н 00; 
С;Н |5 
С;Н |05 
С,Н,үВг 
СЫН CI 
СЫН СІ 
СЫН СІ 
С.Н,(1 
С.Н, х 
С5Нр 
С5Нр 
СН» 
C;H,,0 
C;H,,0 
CsH,;O 
C;H 20 
CsH,;O 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H 20 
CsH,;O 
C;H,,0 
C5H150; 
C5H150; 
C5H150; 
C5H150; 
C5H150; 
С.Н,,55 


ENTHALPY OF VAPORIZATION (continued) 


Name 


2,2-Dimethylpropanenitrile 
1-Pentene 

cis-2-Pentene 
trans-2-Pentene 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
Cyclopentane 
1,2-Dichloropentane 
1,5-Dichloropentane 
Cyclopentanol 
2-Pentanone 

3-Pentanone 
3-Methyl-2-butanone 
3,3-Dimethyloxetane 
Tetrahydropyran 
Pentanoic acid 
2-Methylbutanoic acid 
Butyl formate 

Isobutyl formate 

Propyl acetate 

Isopropyl acetate 

Ethyl propanoate 

Methyl butanoate 

Methyl isobutanoate 
Tetrahydrofurfuryl alcohol 
Diethyl carbonate 
Ethylene glycol monomethyl ether acetate 
Thiacyclohexane 
Cyclopentanethiol 
1-Bromopentane 
1-Chloropentane 
2-Chloropentane 
1-Chloro-3-methylbutane 
1-Iodopentane 

Piperidine 

Pentane 

Isopentane 

Neopentane 

1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 

Butyl methyl ether 
sec-Butyl methyl ether 
Methyl tert-butyl ether 
Isobutyl methyl ether 
Ethyl propyl ether 

Ethyl isopropyl ether 
]-Ethoxy-2-methoxyethane 
1,5-Pentanediol 

Ethylene glycol monopropyl ether 
Diethoxymethane 
Diethylene glycol monomethyl ether 
1-Pentanethiol 


t °C 


106.1 
29.96 
36.93 
36.34 
31.2 
20.1 
38.56 
49.3 

148.3 

179 

140.42 

102.26 

101.96 
94.33 
80.6 
88 

186.1 

177 

106.1 
98.2 

101.54 
88.6 
99.1 

102.8 
92.5 

178 

126 

143 

141.8 

132.1 

129.8 

107.8 
97.0 
98.9 

155 

106.22 
36.06 
27.88 

9.48 

137.98 

119.3 

116.25 

128 

131.1 

102.4 

112.9 
70.16 
59.1 
55.2 
58.6 
6321 
54.1 

102.1 

239 

149.8 
88 

193 

126.6 


6-115 


A, H (fy) 
kJ/mol 


32.40 
25.20 


25.50 


26.31 
27.30 
36.45 


33.44 
33.45 
32.35 
30.85 
31.17 
44.1 


36.58 
33.6 

33.92 
32.93 
33.88 
33.79 
32.61 
45.2 


43.9 

35.96 
35.32 
35.01 
33.15 
31.79 
32.02 


25.79 
24.69 
22.74 
44.36 
41.40 


44.07 
39.04 


29.55 
28.09 
27.94 
28.02 
28.94 
28.21 
34.33 
60.7 

41.40 
31.33 
46.6 

34.88 


Лар 5 С) 
kJ/mol 


37.35 
25.47 
26.86 
26.76 
25.92 
23.77 
27.06 
28.52 
43.89 
50.71 
57.05 
38.40 
38.52 
36.78 
33.94 
34.58 


46.91 
41.11 


39.72 
37.20 
39.2] 
39.28 
37.32 


43.60 


42.58 
41.42 
41.28 
38.24 
36.03 
36.24 
45.27 
39.29 
26.43 
24.85 
21.84 
57.02 
54.21 
54.0 

55.16 
55.61 
50.10 
53.0 

32.37 
30.23 
29.82 
30.13 
31.43 
30.08 
39.83 


52.12 
35.65 


41.24 


Mol. Form. 


СН 8 
СУ 
С.Н,,5 
C;Hj5S 
C;Hj5S 
С.Н,,5 
CHN 
C;H,,N 
С,СЇЕ, 
Себе 
СНЕ; 
C CL 
С,Н,С1, 
С,Н,С1, 
СНР 
СН,Е, 
СНЕ, 
С,Н,Вг 
Сена 
СеН;5Е 
C6H;I 
CsH;NO, 
СН, 
СНСІМ 
С,Н,О 
С,Н,5 
CHN 
CHN 
CHN 
CHN 
CHN 
СНМ 
CsH NO; 
СН 
С,Н,О 
С,Н,О 
CoH 0; 
СН (0; 
СН 00; 
CoH 00; 
СВ 
Се); 
Се у; 
САН; 
Се у; 
Се); 
Се); 
Се); 
Сен} 
СН} 
Сен} 
Сен} 

C Hi; 
САН; 
САН; 
Се у; 
Сен} 
Сен} 


ENTHALPY OF VAPORIZATION (continued) 


Name 


2-Methyl-1-butanethiol 
2-Methyl-2-butanethiol 
Butyl methyl sulfide 
tert-Butyl methyl sulfide 
Ethyl propyl sulfide 
Ethyl isopropyl sulfide 
Pentylamine 
Ethylisopropylamine 
Chloropentafluorobenzene 
Hexafluorobenzene 
Pentafluorobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Difluorobenzene 
Bromobenzene 
Chlorobenzene 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 

Benzene 

o-Chloroaniline 

Phenol 

Benzenethiol 

Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
1-Cyclopentenecarbonitrile 
Cyclopentanecarbonitrile 
Triacetamide 
Cyclohexene 
Cyclohexanone 

Mesityl oxide 

Methyl cyclobutanecarboxylate 
Propanoic anhydride 
Diethyl oxalate 

Ethylene glycol diacetate 
Hexanenitrile 

1-Hexene 

cis-2-Hexene 
trans-2-Hexene 
cis-3-Hexene 
trans-3-Hexene 
2-Methyl-1-pentene 
3-Methyl-1-pentene 
4-Methyl-1-pentene 
2-Methyl-2-pentene 
3-Methyl-cis-2-pentene 
3-Methyl-trans-2-pentene 
4-Methyl-cis-2-pentene 
4-Methyl-trans-2-pentene 
2-Ethyl-1-butene 
2,3-Dimethyl-1-butene 
3,3-Dimethyl-1-butene 
2,3-Dimethyl-2-butene 


6-116 


t °C 


119.1 
99.1 
123.5 
99 
118.6 
107.5 
104.3 
69.6 
117.96 
80.26 
85.74 
180 
173 
174 
94 
82.6 
89 
156.06 
131.72 
84.73 
188.4 
210.8 
80.09 
208.8 
181.87 
169.1 
184.17 
129.38 
144.14 
145.36 


82.98 
155.43 
130 
135.5 
170 
185.7 
190 
163.65 

63.48 

68.8 

67.9 

66.4 

67.1 

62.1 

54.2 

53.9 

67.3 

67.7 

70.4 

56.3 

58.6 

64.7 

55.6 

41.2 

73.3 


A, H (ty) 
kJ/mol 


33.79 
31.37 
34.47 
31.47 
34.24 
32.74 
34.01 
29.94 
34.76 
31.66 
32.15 
39.66 
38.62 
38.79 
32.21 
31.10 
31.77 


35.19 
31.19 
39.5 


30.72 
44.4 

45.69 
39.93 
42.44 
36.17 
37.35 
37,51 


30.46 


36.1 
37.13 
41.7 
42.0 


29.64 


Дарн 50) 
kJ/mol 


39.45 
35.67 
40.46 
35.84 
39.97 
37.78 
40.08 
33.13 
41.07 
35.71 
36.27 
50.21 
48.58 
49.0 

36.18 
34.59 
35.54 
44.54 
40.97 
34.58 


55.01 
33.83 


57.82 
47.56 
55.83 
42.48 
44.44 
44.56 
44.98 
43.43 
60.41 
33.47 
45.06 


44.72 


61.44 
47.91 
30.61 
32.19 
31.60 
31.23 
31.55 
30.48 
28.62 
28.71 
31.60 
32.09 
31,35 
29.48 
29.97 
31.13 
29.18 
26.61 
32.51 


Mol. Form. 


CH; 

C Hi; 
CH; 
СНС 
C6H0 
СНО 
СНО 
СНО 
СНО 
C6H0 
СНО 
СНО 
СН 20 
СНО 
CcH1505 
СНО 
СНО 
СНО 
СНО 
СН 20 
СНО 
CHS 
C6H;;3Br 
СНС 
Саны 
CHiN 
CHi4 
CoHig 
СН 
С6Ни 
С6Ни 
СН № 
СНО 
С,Н,О 
СНО 
С,Н,О 
СНО 
С,Н,О 
СНО 
СНО 
С,Н,О 
СНО 
С,Н,О 
СНО 
C |HuO; 
C |HuO; 
C |HuO; 
СН Оз 
СН, Оз 
СН, Оз 
CoH 404 
СН 5 
СН 45 
СеН 5 
СН 5 
СН 5 
сен 
CHIN 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Cyclohexane 
Methylcyclopentane 
Ethylcyclobutane 
1,2-Dichlorohexane 
Butyl vinyl ether 
2-Hexanone 

3-Hexanone 
3-Methyl-2-pentanone 
4-Methyl-2-pentanone 
2-Methyl-3-pentanone 
3,3-Dimethyl-2-butanone 
Cyclohexanol 

Butyl acetate 

tert-Butyl acetate 
Isobutyl acetate 

Propyl propanoate 

Ethyl butanoate 

Ethyl 2-methylpropanoate 
Methyl pentanoate 
Methyl 2,2-dimethylpropanoate 


Ethylene glycol monoethyl ether acetate 


Cyclohexanethiol 
1-Bromohexane 
1-Chlorohexane 
1-Iodohexane 
Cyclohexylamine 

Hexane 

2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
Azopropane 

1-Hexanol 

2-Hexanol 
2-Methyl-1-pentanol 
4-Methyl-1-pentanol 
2-Methyl-2-pentanol 
4-Methyl-2-pentanol 
2-Ethyl-1-butanol 

Dipropyl ether 

Diisopropyl ether 

Butyl ethyl ether 

Methyl pentyl ether 
2-Methyl-2,4-pentanediol 
Ethylene glycol monobutyl ether 
1,1-Diethoxyethane 

Ethylene glycol diethyl ether 
Bis(ethoxymethyl) ether 
Diethylene glycol monoethyl ether 
Diethylene glycol dimethyl ether 
Triethylene glycol 

Dipropyl sulfide 
Diisopropyl sulfide 
Isopropyl propyl sulfide 
Butyl ethyl sulfide 

Methyl pentyl sulfide 
Hexylamine 
Butylethylamine 


6-117 


t °C 


80.73 
71.8 
70.8 
173 
94 
127.6 
123.5 
117.5 
116.5 
113.5 
106.1 
160.84 
126.1 
95.1 
116.5 
122.5 
121.5 
110.1 
127.4 
101.1 
156.4 
158.9 
155.3 
135 
181 
134 
68.73 
60.26 
63.27 
49.73 
57.93 
114 
157.6 
140 
149 
151.9 
121.1 
131.6 
147 
90.08 
68.51 
92.3 
99 
197.1 
168.4 
102.25 
119.4 
140.6 
196 
162 
285 
142.9 
120.1 
132.1 
144.3 
145.1 
132.8 
107.5 


Дарн! (ty) 
kJ/mol 


29.97 
29.08 
28.67 


31.58 
36.35 
35.36 
34.16 
34.49 
33.84 
33.39 


36.28 
33.07 
35.9 

35.54 
35.47 
33.67 
35.36 
33.42 
40.76 
37.06 


35.67 


36.14 
28.85 
27.79 
28.06 
26.31 
27.38 


44.50 
41.01 
50.2 
44.46 
39.59 
44.2 
43.2 
31.31 
29.10 
31.63 
32.02 
57.3 


36.28 
36.28 
36.17 
47.5 

36.17 
71.4 

36.60 
33.80 
35.11 
37.01 
37.41 
36.54 
33.97 


Дарн 50) 
kJ/mol 


33.01 
31.64 
31.24 
48.16 
36.17 
43.14 
42.47 
40.53 
40.61 
39.79 
37.91 
62.01 
43.86 
38.03 


43.45 
42.68 
39.83 
43.10 
38.76 
52.61 
44.57 
45.89 
42.83 
49.75 
43.67 
31.56 
29.89 
30.28 
27.68 
29.12 
39.88 
61.61 
58.46 


60.47 
54.77 


35.69 
32.12 
36.32 
36.85 


56.59 
43.20 
43.20 
44.69 


44.69 


4421 
39.60 
41.78 
44.51 
45.24 
45.10 
40.15 


Mol. Form. 


CHIN 
CHIN 
CHIN 
CHIN 
С,МооО, 
CHF; 
CHF 
СЕК 
C;H,O 
СНО 
CHC! 
CHC! 
СНЕ 
CHF 
СІҢ; 
C+H;O 
C+H;O 
C+H;O 
C;H,O 
C7H0 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
СІН 00 
CHIN 
CH, 
СІН 20, 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
Ста 
СНО 
СНО 
СНО 
C;H,40 
СНО 
C;H,40 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Dipropylamine 
Diisopropylamine 
Isopropylpropylamine 
Triethylamine 
Molybdenum hexacarbonyl 
2,3,4,5,6-Pentafluorotoluene 
(Trifluoromethyl)benzene 
Benzonitrile 

Benzaldehyde 
Salicylaldehyde 
o-Chlorotoluene 
p-Chlorotoluene 
o-Fluorotoluene 
p-Fluorotoluene 

Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 

Anisole 

Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
1-Cyclohexenecarbonitrile 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
Dicyclopropyl ketone 
Cyclohexanecarbonitrile 
1-Methylbicyclo(3,1,0)hexane 
Diethyl malonate 
1-Heptene 

cis-2-Heptene 
trans-2-Heptene 
cis-3-Heptene 
trans-3-Heptene 
cis-3-Methyl-3-hexene 
trans-3-Methyl-3-hexene 
2,4-Dimethyl-1-pentene 
4,4-Dimethyl-1-pentene 
2,4-Dimethyl-2-pentene 
cis-4,4-Dimethyl-2-pentene 
trans-4,4-Dimethyl-2-pentene 
2-Ethyl-3-methyl-1-butene 
2,3,3- Trimethyl-1-butene 
Methylcyclohexane 
Ethylcyclopentane 
cis-1,3-Dimethylcyclopentane 
2-Heptanone 
2,2-Dimethyl-3-pentanone 
2,4-Dimethyl-3-pentanone 
1-Methylcyclohexanol 
cis-2-Methylcyclohexanol 
trans-2-Methylcyclohexanol 


6-118 


t °C 


109.3 
83.9 
96.9 
89 

701 

117:5 

102.1 

191.1 

179.0 

197 

159.0 

162.4 

115 

116.6 

110.63 

191.04 

202.27 

201.98 

205.31 

153.7 

185 

200.3 

203.3 

200.4 


161.12 
158.38 
156.98 
144.01 
179.10 
171.84 
161 


93.1 
200 
93.64 
98.4 
98 
95.8 
95.7 
95.4 
93.5 
81.6 
725 
83.4 
80.4 
76.7 
89 
77.9 
100.93 
103.5 
90.8 
151.05 
125.6 
125.4 
155 
165 
167.5 


A, H (fy) 
kJ/mol 


33.47 
30.40 
32.14 
31.01 
72.51 
34.75 
32.63 
45.9 

42.5 

38.2 

37.5 

38.7 

35.4 

34.08 
33.18 
45.19 
47.40 
47.45 
50.48 
38.97 


44.6 
449 
44.3 


39.08 
38.53 
38.68 
37.46 
39.99 
39.46 


31.07 
54.8 


31.27 
31.96 
30.40 


36.09 
34.64 
79.0 
48.5 
53.0 


AvapH(25°C) 
kJ/mol 


40.04 
34.61 
37.23 
34.84 


41.12 
37.60 


39.42 
38.01 


61.71 


46.90 
60.16 


53.55 
47.82 
47.49 
47.04 
45.34 
50.50 
49.33 
53.70 
51.92 
34.77 


35.49 
36.26 
36.27 
35.81 
35.84 
36.31 
35.70 
33.03 
31.13 
34.19 
32.56 
32.81 
34.35 
32.09 
35.36 
36.40 
34.20 
47.24 
42.34 
41.51 


Mol. Form. 


СН 40 
СНО; 
СІН,40; 
СІН,40; 
С7Н 40 
СН 40 
С5Н,;5Вг 
СУН, 1 
Ст 
C;His 
СИ 
Ст 
Ст 
C;His 
Ст 
Ст 
Ст 
C.H, O 
СНО 
СНО 
C.H, O 
СНО 
СВМ 
СЕ] 
сын; 
C.O 
C;H,O, 
C;H;O, 
СаНо 
СаНо 
СаНо 
СаНо 
С.НүО 
СНО 
С.НүО 
СНО 
С.НүО 
СНО 
СВМ 
СВМ 
СВМ 
СВМ 
СВМ 
СВМ 
СаНа 
СаНа 
СаНа 
СаНа 
СұН,40ҙ 
CsHisN 
СұН,6 
СұН,6 
СұН,6 
СвН 
СН 
СұН,6 
СұН,6 
СвН 


ENTHALPY OF VAPORIZATION (continued) 


Name 


Pentyl acetate 

Isopentyl acetate 

Ethyl pentanoate 

Ethyl 3-methylbutanoate 


Ethyl 2,2-dimethylpropanoate 


Methyl hexanoate 
1-Bromoheptane 
1-Chloroheptane 
Heptane 
2-Methylhexane 
3-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
2,2,3-Trimethylbutane 
Hexyl methyl ether 
1-Heptanol 
3-Heptanol 

Butyl propyl ether 
Ethyl pentyl ether 
Heptylamine 
Perfluorooctane 
Styrene 
Acetophenone 
Methyl benzoate 
Мешу! salicylate 
Ethylbenzene 
o-Xylene 

m-Xylene 

p-Xylene 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Phenetole 
N-Ethylaniline 
N,N-Dimethylaniline 
2,4-Dimethylaniline 
2,5-Dimethylaniline 
2,3,6-Trimethylpyridine 
2,4,6-Trimethylpyridine 
1-Octyne 

2-Octyne 

3-Octyne 

4-Octyne 

Butanoic anhydride 
Octanenitrile 
1-Octene 


cis-2,2-Dimethyl-3-hexene 
trans-2,2-Dimethyl-3-hexene 
3-Ethyl-2-methyl-1-pentene 
2,4,4-Trimethyl-1-pentene 
2,4,4- Trimethyl-2-pentene 


Ethylcyclohexane 


1,1-Dimethylcyclohexane 


t °C 


149.2 
142.5 
146.1 
135.0 
118.4 
149.5 
179 
159 
98.5 
90.04 
92 
93:5 
79.2 
89.78 
80.49 
86.06 
80.86 
126.1 
176.45 
157 
118.1 
117.6 
156 
105.9 
145 
202 
199 
222.9 
136.19 
144.5 
139.12 
138.37 
210.98 
211.1 
201.07 
227 
221.74 
169.81 
203.0 
194.15 
214 
214 
171.6 
170.6 
126.3 
137.6 
133.1 
131.6 
200 
205.25 
121.29 
105.5 
100.8 
109.5 
101.4 
104.9 
131.9 
119.6 


A, H (fy) 
kJ/mol 


38.42 
37.5 
36.96 
37.0 
34.51 
38.55 


31.77 
30.62 
30.9 

31.12 
29.23 
30.46 
29.55 
29.62 
28.90 
34.93 


42.5 
33.72 
34.41 


33.38 
38.7 
43.98 


46.7 

35.57 
36.24 
35.66 
35.67 


46.9 


39.95 
39.87 
35.83 
37.26 
36.94 
36.0 

50.0 


34.07 


34.04 
32.51 


Лар 5 С) 
kJ/mol 


48.56 
47.01 


41.25 
48.04 
50.60 
47.66 
36.57 
34.87 


35.22 
32.42 
34.26 
32.88 
33.03 
32.05 
42.07 
66.81 


40.22 
41.01 
49.96 
41.13 


55.40 
55.57 


42.24 
43.43 
42.65 
42.40 
64.96 


75.31 
85.03 
82.01 
51.04 
58.3 

52.83 
61.3 

61.7 

50.61 
50.33 
42.30 
44.49 
43.92 
42.73 


56.80 
40.34 
36.86 
37.03 
37.27 
35.59 
37.23 
40.56 
37.92 


Mol. Form. 


СН 
CgH 6 
Сб 
Сб 
СұН 6 
СН 
СН} 
CgHi6 
СН 
СНО 
СвН O> 
CH O; 
CsHi O; 
CsHi O> 
CsHi O; 
CsH,7Br 
CsH,7Cl 
C,H,;F 
СұН 
СұН 
СұН 
СН в 
СН в 
CsHis 
Са 
CsHis 
CsHis 
СН в 
СН в 
CsHis 
CsHis 
CsHis 
СН в 
СН в 
СН в 
CsHis 
САН; 
СНО 
CsH О 
СН, О 
CsH О 
С,Н,О 
СНО 
САО; 
CsHisOs 
СұН |5 
СұН sS 
СұН |5 
CH № 
CH oN 
CyH7N 
CHN 
СУН 
CoHio 
CoH 0; 
СН? 
СН? 
СН? 


ENTHALPY OF VAPORIZATION (continued) 


Name 


cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,3-Dimethylcyclohexane 
trans-1,3-Dimethylcyclohexane 
cis-1,4-Dimethylcyclohexane 
trans-1,4-Dimethylcyclohexane 
Propylcyclopentane 
Isopropylcyclopentane 
1-Ethyl-1-methylcyclopentane 
2,2,4-Trimethyl-3-pentanone 
Octanoic acid 
2-Ethylhexanoic acid 
Isobutyl isobutanoate 

Ethyl hexanoate 

Methyl heptanoate 
1-Bromooctane 
1-СШогоосїапе 
1-Fluorooctane 

Octane 

2-Methylheptane 
3-Methylheptane 
4-Methylheptane 
3-Ethylhexane 
2,2-Dimethylhexane 
2,3-Dimethylhexane 
2,4-Dimethylhexane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 
3,4-Dimethylhexane 
3-Ethyl-2-methylpentane 
3-Ethyl-3-methylpentane 
2,2,3- Trimethylpentane 
2,2,4- Trimethylpentane 
2,3,3- Trimethylpentane 
2,3,4- Trimethylpentane 
2,2,3,3- Tetramethylbutane 
Azobutane 

1-Octanol 

2-Octanol 

2-Ethyl-1-hexanol 

Dibutyl ether 

Di-sec-butyl ether 
Di-tert-butyl ether 
1,2-Dipropoxyethane 
Diethylene glycol diethyl ether 
Dibutyl sulfide 

Di-tert-butyl sulfide 
Diisobutyl sulfide 
Dibutylamine 
2-Ethylhexylamine 

Quinoline 

Isoquinoline 
Cyclopropylbenzene 

Indan 

Benzyl acetate 
Propylbenzene 
Isopropylbenzene 

1,2,3- Trimethylbenzene 


6-120 


t,/°C 


129.8 
123.5 
120.1 
124.5 
124.4 
119.4 
131 
126.5 
121.6 
135.1 
239 
228 
148.6 
167 
174 
200 
181.5 
142.4 
125.67 
117.66 
118.9 
117.72 
118.6 
106.86 
115.62 
109.5 
109.12 
111.97 
117.73 
115.66 
118.27 
110 
99.22 
114.8 
113.5 
106.45 


195.16 
180 
184.6 
140.28 
121.1 
107.23 


188 
185 
149.1 
171 
159.6 
169.2 
237.16 
243.22 
173.6 
177.97 
213 
159.24 
152.41 
176.12 


A, H (fy) 
kJ/mol 


33.47 
32.96 
32.91 
33.39 
33.28 
32.56 
34.70 
33.56 
33.20 
35.64 
58.5 


38.2 


40.43 
34.41 
33.26 
33.66 
33.35 
33.59 
32.07 
33.17 
32.51 
32.54 
32.31 
33.24 
32.93 
32.78 
31.94 
30.79 
32.12 
32.36 


44.4 
542 
36.49 
34.06 
32.15 


33.26 


38.44 
40.0 
49.7 
49.0 


39.63 
49.4 


Лар 5 С) 
kJ/mol 


39.70 
38.36 
38.26 
39.16 
39.02 
37.90 
41.08 
39.44 
38.85 
43.30 


75.60 


51.72 
51.62 
55:77 
52.42 
49.65 
41.49 
39.67 
39.83 
39.69 
39.64 
37.28 
38.78 
37.76 
37.85 
37.59 
38.97 
38.52 
37.99 
36.91 
35.14 
37.27 
37.75 
42.90 
49.31 
70.98 


44.97 
40.84 
37.61 
50.62 
58.40 
52.96 
43.76 
48.71 
49.45 


59.30 
60.26 
50.22 
48.79 


46.22 
45.13 
49.05 


Mol. Form. 


СН 
CH; 
СН |406 
СН 
СН 
СН 
СН зо 
СН О 
СН О 
CoH sO; 
СН» 
СН» 
СН» 
СН» 
СН» 
СНО 
СоН7Вг 
Соња 
CioHs 
С.Н 
Cj9H9N 
СН 
СН 
СН? 
СН 
CioHi4 
emm 
CioHi4 
СН 
CioHi O 
CioHis 
CioHis 
CioHiÑN 
Су 
CioHoo 
CoH 902 
CoH 902 
Сур 
СН» 
СН» 
СН» 
Сур 
Ср О 
CioH>O 
CioH>S 
СиНь 
CHa, N 
СН» 
СН 
СН 
СН 
СН 
СрВуМ 
СНО 
СН 
СН» 
Cji5H53N 
Србу 


ENTHALPY OF VAPORIZATION (continued) 


Name 


1,2,4- Trimethylbenzene 
1,3,5-Trimethylbenzene 
Triacetin 
Butylcyclopentane 
Propylcyclohexane 
Isopropylcyclohexane 
2-Nonanone 

5-Nonanone 
2,6-Dimethyl-4-heptanone 
Methyl octanoate 

Nonane 
2,2,5-Trimethylhexane 
2,3,5-Trimethylhexane 
3,3-Diethylpentane 
2,2,4,4-Tetramethylpentane 
1-Nonanol 
1-Bromonaphthalene 
1-Chloronaphthalene 
Naphthalene 
2-Methylquinoline 
4-Methylquinoline 
6-Methylquinoline 
8-Methylquinoline 
1,2,3,4-Tetrahydronaphthalene 
Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Isobutylbenzene 
1-Isopropyl-4-methylbenzene 
(+)-Camphor 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Decanenitrile 

1-Decene 
Butylcyclohexane 
2-Ethylhexyl acetate 
Isopentyl isopentanoate 
Decane 

2-Methylnonane 
3-Methylnonane 
5-Methylnonane 
2,4-Dimethyloctane 
1-Ресапо! 

Diisopentyl ether 
1-Decanethiol 
1-Methylnaphthalene 
Undecanenitrile 
Pentylcyclohexane 
Undecane 
2-Methyldecane 
4-Methyldecane 
2,4,7-Trimethyloctane 
Tris(perfluorobutyl)amine 
Бірһепуі ether 
Cyclohexylbenzene 
Cyclohexylcyclohexane 
Dodecanenitrile 
1-Dodecene 


6-121 


t °C 


169.38 
164.74 
259 
156.6 
156.7 
154.8 
195.3 
188.45 
169.4 
192.9 
150.82 
124.09 
131.4 
146.3 
122.29 
213.37 
281 
259 
217,9 
246.5 
262 
258.6 
247.5 
207.6 
183.31 
173.3 
169.1 
172.79 
177.1 
207.4 
195.8 
187.3 
243 
170.5 
180.9 
199 
190.4 
174.15 
167.1 
167.9 
165.1 
156 
231.1 
172:5 
240.6 
244.7 
253 
203.7 
195.9 
189.3 
187 
168.1 
178 
258.0 
240.1 
238 
271 
213.8 


A, @ H (fy) 
kJ/mol 


36.16 


37.18 
33.65 
34.43 
34.61 
32.51 


39.3 
52.1 
43.2 


43.9 
38.87 


AvapH(25°C) 
kJ/mol 


47.93 
47.50 
85.74 
45.89 
45.08 
44.02 
56.44 
53.30 
50.92 
56.41 
46.55 
40.16 
41.41 
42.0 

38.49 
76.86 


66.1 
67.6 
67.7 
65.7 


51.36 
47.98 
47.71 
47.86 


66.84 
50.43 
49.36 


51.42 
49.63 
49.71 
49.34 
47.13 
81.50 


65.48 


71.14 
53.88 
56.58 
54.28 
53.76 
49.91 


59.94 
57.98 
76.12 
60.78 


Mol. Form. 


СН 
СН» 
СНО 
Ci; H5;BO; 
СН 
Санио 
Саво; 
СН» 
СН 
С.Н О 
СН, 
Ci4Hao 
С.Н»0 
СІН» 

Ci НО, 
С,6Нээ 
СІН; 
Су 
СН. О» 
CisHas 
СН 
СН» 


ENTHALPY OF VAPORIZATION (continued) 


Name 


2,2,4,6,6-Pentamethylheptane 
Dodecane 
1-Dodecanol 
Tributyl borate 
Tributylamine 
N-Benzylaniline 
Methyl dodecanoate 
Tridecane 
Phenanthrene 
Benzyl benzoate 
Tetradecanenitrile 
Tetradecane 
1-Tetradecanol 
Pentadecane 
Dibutyl phthalate 
1-Hexadecene 
Hexadecane 
Heptadecane 
Oleic acid 
Octadecane 
Nonadecane 
Eicosane 
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t °C 


177.8 
216.32 
259 
234 
216.5 
306.5 
267 
235.47 
340 
323.5 


253.58 
289 
270.6 
340 
284.9 
286.86 
302.0 
360 
316.3 
329.9 
343 


A, H (fy) 
kJ/mol 


Лар 5 С) 
kJ/mol 


48.97 
61.52 
91.96 


79.6 

77.17 
66.68 
75.50 


85.29 
71.73 
102.20 
76.77 


80.25 
81.35 
86.47 


91.44 
96.4 
101.81 


ENTHALPY OF FUSION 


This table lists the molar enthalpy (heat) of fusion, Ал „Н, of over 800 inorganic and organic compounds. АП 
values refer to the enthalpy change at equilibrium between the liquid phase and the most stable solid phase at the 
transition temperature. Most values of ApH are given at the normal melting point т. However, а “t” following the 
entry in the melting point column indicate a triple-point temperature, where the solid, liquid, and gas phases are in 
equilibrium. Substances are listed by molecular formula in the Hill order, with substances containing carbon (except 
graphite) following those that do not contain carbon. 

АП temperatures are given on the ITS-90 scale. 


А * 


following an entry indicates that the value includes the enthalpy of transition between crystalline phases 


whose transformation occurs within 1°C of the melting point. 
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Molecular 
formula Name Ге Ara sH/kJ mol! 
Ag Silver 961.78 11.28 
AgBr Silver(I) bromide 432 9.12 
AgCl Silver(I) chloride 455 13.2 
AgI Silver(I) iodide 558 9.41 
AgNO; Silver(I) nitrate 212 11.5 
AgS Silver(I) sulfide 825 14.1 
AI Aluminum 660.32 10.789 
AIBr3 Aluminum bromide 97.5 11.25 
АСВ Aluminum chloride 192.6 35.4 
AIF; Aluminum fluoride 2250t 98 
АШ Aluminum iodide 188.28 15.9 
Al,O3 Aluminum oxide 2053 111.4 
А15; Aluminum sulfide 1100 55 
Am Americium 1176 14.39 
Ar Argon -189.36t 1.18 
As Arsenic (gray) 817t 24.44 
AsBr3 Arsenic(III) bromide 31.1 11.7 
АУС Arsenic(III) chloride -16 10.1 
AsF; Атѕепіс(П) fluoride -5.9 10.4 
Au Gold 1064.18 12,72 
В Вогоп 2075 50.2 
ВСІ; Boron trichloride -107 2.10 
ВЕ; Boron trifluoride -126.8 4.20 
BHO; Metaboric acid (у form) 236 14.3 
ВН;Оз Boric acid (orthoboric acid) 170.9 22.3 
BN Boron nitride 2966 81 


Molecular 
formula 


ВМаО: 
B 203 
Ba 
BaBr; 
BaCl, 
BaF, 
ВаН» 
BaH505 
Bal, 
BaO 
ВаО,5 
Ва5 
Ве 
BeBr; 
Весь 
Већу 
Веђ 
Вео 
ВеО:5 
Ві 
ВІСІ; 
ВгЕ; 
ВіН 
Brin 
BrK 
Вил 
BrNa 
ВгМаОз 
BrRb 
BrTl 
Br? 
Br;Ca 
Br;Cd 
Br;Fe 
Вг-Не 
Вг:Ме 
Br;Pb 
15301534 
Br;Zn 
Br3Ga 
Br3In 
Br3Pu 
Br3U 
BrySn 
Br4Th 
Br4Ti 
Br4U 
BrsTa 


ENTHALPY OF FUSION (continued) 


Name 


Sodium metaborate 
Boron oxide 

Barium 

Barium bromide 
Barium chloride 
Barium fluoride 
Barium hydride 
Barium hydroxide 
Barium iodide 
Barium oxide 

Barium sulfate 
Barium sulfide 
Beryllium 

Beryllium bromide 
Beryllium chloride 
Beryllium fluoride 
Beryllium iodide 
Beryllium oxide 
Beryllium sulfate 
Bismuth 

Bismuth trichloride 
Bromine pentafluoride 
Hydrogen bromide 
Indium(I) bromide 
Potassium bromide 
Lithium bromide 
Sodium bromide 
Sodium bromate 
Rubidium bromide 
Thallium(T) bromide 
Bromine 

Calcium bromide 
Cadmium bromide 
Iron(II) bromide 
Mercury(II) bromide 
Magnesium bromide 
Lead(II) bromide 
Strontium bromide 
Zinc bromide 
Gallium(III) bromide 
Indium(III) bromide 
Plutonium(III) bromide 
Uranium(III) bromide 
Tin(IV) bromide 
Thorium(IV) bromide 
Titanium(IV) bromide 
Uranium(IV) bromide 
Tantalum(V) bromide 
Carbon (graphite) 
Calcium 

Calcium chloride 
Calcium fluoride 
Calcium hydride 
Calcium iodide 
Calcium oxide 
Calcium sulfate 
Calcium sulfide 
Cadmium 
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t С 


966 
450 
727 
857 
962 
1368 
1200 
408 
711 
1972 
1580 
2229 
1287 
508 
415 
552 
470 
2577 
1127 
271.40 
230 
-60.5 
-86.80 
290 
734 
552 
747 
381 
682 
460 
-72 
742 
568 
691 
236 
711 
371 
657 
394 
121:5 
420 
681 
727 
29.1 
679 
39 
519 
265 
4489 1 
842 
775 
1418 
1000 
783 
2898 
1460 
2524 
321.07 


Aq, КЈ mol! 


36.2 
24.56 
7.12 
322 
15.85 
17.8 
25 
16 
26.5 


Molecular 
formula 


сасі, 
Сав, 
са, 
Се 
СеСћ 
CICs 
ClCu 
CIH 
CII 
Clin 
СІК 
Спа 
CILiO, 
CINa 
CINaO; 
CIRb 
CITI 
СІ, 
Cl,Co 
Cl,Cr 
Cl,Cu 
СђЕе 
СьНе 
Cl;Mg 
СІ-Мп 
CbNi 
СЬРЬ 
СЬ$п 
CbSr 
СђЕе 
Cl,Ga 
Сш 
Сиа 
СБОР 
СВР 
ClsSb 
CLOW 
CLSi 
Cl4Sn 
CliTh 
CLTi 
CLU 
CL V 
Сц7г 
Cl;Mo 
Cl;Nb 
СБТа 
СУ 
Со 
CoF5 
Cr 
Cr,03 
Cs 
CsF 
CsHO 
Св:0145 
Са 
СаЕ, 


ENTHALPY OF FUSION (continued) 


Name tl C 
Cadmium chloride 564 
Cadmium fluoride 1110 
Cadmium iodide 387 
Cerium 798 
Cerium(IIT) chloride 817 
Cesium chloride 645 
Copper(1) chloride 430 
Hydrogen chloride -114.17 
Todine chloride 27:39 
Indium(1) chloride 211 
Potassium chloride 771 
Lithium chloride 610 
Lithium perchlorate 236 
Sodium chloride 800.7 
Sodium chlorate 248 
Rubidium chloride 715 
Thallium(1) chloride 430 
Chlorine -101.5 
Соба ) chloride 740 
Chromium(II) chloride 814 
Соррег(П) chloride 630 
Iron(II) chloride 677 
Мегсигу(П) chloride 276 
Magnesium chloride 714 
Manganese(II) chloride 650 
Nickel(II) chloride 1009 
Lead(II) chloride 501 
Tin(II) chloride 247.1 
Strontium chloride 874 
Iron(III) chloride 304 
Gallium(III) chloride 77.9 
Indium(IIT) chloride 583 
Lanthanum chloride 859 
Phosphorus(V) oxychloride 1.18 
Phosphorus(III) chloride -112 
Antimony(III) chloride 73.4 
Tungsten(VI) oxytetrachloride 211 
Tetrachlorosilane -68.74 
Tin(IV) chloride -34.07 
Thorium(IV) chloride TIO 
Titanium(IV) chloride -24.12 
Uranium(IV) chloride 590 
Vanadium(IV) chloride -25.7 
Zirconium(IV) chloride 437t 
Molybdenum(V) chloride 194 
Niobium(V) chloride 204.7 
Tantalum(V) chloride 216 
Tungsten(VI) chloride 275 
Cobalt 1495 
Cobalt(IT) fluoride 1127 
Chromium 1907 
Сһготішт(П) oxide 2329 
Cesium 28.5 
Cesium fluoride 703 
Cesium hydroxide 342.3 
Cesium sulfate 1005 
Copper 1084.62 
Соррег(П) fluoride 836 
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Ас К] mol! 


48.58 
22.6 
15.3 
5.46 
54.4 
15.9 
10.2 
2.00 
11.6 
21.3 
26.53 
19.9 
29 
28.16 
223 
18.4 
15.56 
6.40 
45 
32.2 
20.4 
43.01 
19.41 
43.1 
30.7 
712 
21.75 
14.52 
17:5 
43.1 
11.13 
27 
43.1 
13.1 
7.10 
12.7 
45 
7.60 
9.20 
40.2 
9.97 
45 
2.30 
50 
19 
38.3 
41.6 
6.60 
16.06 
59 
21.0 
130 
2.09 
21.7 
7.78 
35.7 
12.93 
55 


Molecular 
formula 


ENTHALPY OF FUSION (continued) 


Name t C 
Copper(II) oxide 1446 
Dysprosium 1412 
Erbium 1529 
Europium 822 
Hydrogen fluoride -83.35 
Potassium fluoride 858 
Lithium fluoride 848.2 
Sodium fluoride 996 
Rubidium fluoride 833 
Thallium(I) fluoride 326 
Fluorine -219.66 
Поп(П) fluoride 1100 
Potassium hydrogen fluoride 238.9 
Magnesium fluoride 1263 
Lead(II) fluoride 830 
Strontium fluoride 1477 
Indium(IIT) fluoride 1170 
Plutonium(IIT) fluoride 1396 
Plutonium(IV) fluoride 1027 
Thorium(IV) fluoride 1110 
Uranium(IV) fluoride 1036 
Zirconium(IV) fluoride 932t 
Niobium(V) fluoride 80 
Vanadium(V) fluoride 19.5 
Iridium(VI) fluoride 44 
Molybdenum(VI) fluoride 17,9 
Plutonium(VI) fluoride 52 
Sulfur hexafluoride -50.7 t 
Uranium(VI) fluoride 64.0t 
Tungsten(VI) fluoride 2.3 
Поп 1538 
Поп(П) iodide 587 
Iron(II) oxide 1377 
Iron(II) sulfide 1188 
Iron(ILIIT) oxide 1597 
Gallium 29.76 
Gallium(III) iodide 212 
Gallium antimonide 712 
Gallium(IIT) oxide 1806 
Gadolinium 1313 
Germanium 938.25 
Hydrogen iodide -50.76 
Potassium hydroxide 406 
Lithium hydride 688.7 
Lithium hydroxide 471.1 
Nitric acid -41.6 
Sodium hydroxide 323 
Rubidium hydroxide 382 
Hydrogen -259.34 
Magnesium hydride 327 
Water 0.00 
Hydrogen peroxide -0.43 
Strontium hydroxide 535 
Sulfuric acid 10.31 
Hydrogen sulfide -85.5 
Strontium hydride 1050 
Ammonia -77.73 
Hypophosphorous acid 26.5 
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Aq, КЈ mol! 


11.8 
11.06 
19.9 
9.21 
4.58 
272 
27.09 
33.35 
17.3 
13.87 
0.51 
52 
6.62 
58.5 
14.7 
28.5 
64 
59.8 
65.3 
44.0 
42.7 
64.2 
12.2 
49.96 
8.40 
4.33 
17.6 
5.02 
191 
4.10 
13.81 
45 
24 
31.5 
138 
5.576 
12.9 
25:1 
100 
10.0 
36.94 
2.87 
79 
22.59 
20.88 
10.5 
6.60 
8.0 
0.12 
14 
6.01 
12.50 
23 
10.71 
2.38 
23 
5.66 
9.7 


Molecular 
formula 


НзОзР 


ENTHALPY OF FUSION (continued) 


Name 


Phosphorous acid 
Phosphoric acid 
Ammonium iodide 
Hydrazine 
Ammonium nitrate 
Hafnium 

Mercury 
Мегсигу(П) iodide 
Mercury(I) iodide 
Holmium 
Indium(I) iodide 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Rubidium iodide 
Thallium(I) iodide 
Todine 

Magnesium iodide 
Lead(II) iodide 
Strontium iodide 
Indium(III) iodide 
Tetraiodosilane 
Thorium(IV) iodide 
Titanium(IV) iodide 
Uranium(IV) iodide 
Indium 

Indium antimonide 
Indium(III) oxide 
Iridium 

Potassium 
Potassium nitrate 
Potassium sulfate 
Potassium sulfide 
Krypton 
Lanthanum 
Lithium 

Lithium nitrate 
Lithium metasilicate 
Lithium sulfate 
Lutetium 
Magnesium 
Magnesium oxide 
Magnesium sulfate 
Magnesium sulfide 


Manganese 
Мапгапезе(П) oxide 
Molybdenum 


Sodium nitrate 
Nitric oxide 
Rubidium nitrate 
Thallium(I) nitrate 
Nitrogen 

Nitrous oxide 
Nitrogen tetroxide 
Sodium 

Sodium oxide 


Magnesium orthosilicate 


Molybdenum(VI) oxide 
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642 
441.7 
113.7 
634 
410 
538 
207 
120.5 
570 
150 
506 
156.60 
525 
1912 
2446 
63.5 
337 
1069 
948 
-157.38t 
918 
180.50 
253 
1201 
859 
1663 
650 
2825 
1127 
2226 
1897 
1246 
1839 
2623 
801 
307 
-163.6 
305 
206 
-210.0 
-90.8 
-9.3 
97.80 
1132 


Ag H/kJ mol! 


12.8 
13.4 
21 
12.6 
6.40 
27.2 
2.29 
18.9 
27 
17.0 
17.26 
24 
14.6 
23.6 
12.5 
14.73 
15.52 
26 
23.4 
19.7 
18.48 
19.7 
61.4 
19.8 
70.7 
3.281 
25.5 
105 
41.12 
2.33 
10.1 
36.4 
16.15 
1.64 
6.20 
3.00 
24.9 
28 
7.50 
22 
8.48 
77 
14.6 
63 
71 
12.91 
54.4 
37.48 
48 
15 
2.30 
5.60 
9.6 
0.71 
6.54 
14.65 
2.60 
48 


Molecular 
formula 


Ма:Оҙ5і 
Ма:О,5 
NaS 
Nb 

NbO 
NbO; 
№50; 
ма 


ЕМТНАГРУ OF FUSION (continued) 


Name 


Sodium metasilicate 
Sodium sulfate 
Sodium sulfide 
Niobium 
Niobium(II) oxide 
Niobium(IV) oxide 
Niobium(V) oxide 
Neodymium 

Neon 

Nickel 

Nickel(ID sulfide 
Neptunium 
Strontium oxide 
ТһаШшт(1) oxide 
Vanadium(II) oxide 
Zinc oxide 

Oxygen 

Silicon dioxide (cristobalite) 
Zirconium(IV) oxide 
Sulfur trioxide 
Thallium(III) oxide 
Tungsten(VI) oxide 
Yttrium oxide 
Osmium(VIII) oxide 
Strontium sulfate 
Thallium(1) sulfate 
Phosphorus(V) oxide 
Tantalum(V) oxide 
Vanadium(V) oxide 
Rhenium(VII) oxide 
Osmium 
Phosphorus (white) 
Protactinium 

Lead 

Lead(II) sulfide 
Palladium 
Praseodymium 
Platinum 

Plutonium 
Rubidium 

Rhenium 

Rhodium 
Ruthenium 

Sulfur (monoclinic) 
Strontium sulfide 
Thallium(1) sulfide 
Antimony 
Scandium 

Selenium (gray) 
Silicon 

Samarium 

Tin (white) 
Strontium 
Tantalum 


Terbium 
Technetium 
Tellurium 
Thorium 
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t °C 


1089 
884 
1172 
2477 
1936 
1901 
1512 
1021 
-248.61 t 
1455 
976 
644 
2531 
579 
1789 
1974 
-218.79 
1722 
2709 
16.8 
834 
1472 
2438 
41 
1606 
632 
562 
1784 
670 
297 
3033 
44.15 
1572 
327.46 
1113 
1554.9 
931 
1768.4 
640 
39.3 
3186 
1964 
2334 
115.21 
2226 
448 
630.63 
1541 
220.5 
1414 
1074 
231.93 
777 
3017 
1356 
2157 
449.51 
1750 


Aq, КЈ mol! 


52 
23.6 
19 
30 
85 
92 
104.3 
7.14 
0.328 
17.04 
30.1 
3.20 
81 
30.3 
63 
52.3 
0.44 
9.6 
87 
8.60 
53 
73 
105 
9.8 
36 
23 
272 
120 
64.5 
64.2 
57.85 
0.66 
12.34 
4.782 
49.4 
16.74 
6.89 
22.17 
2.82 
2.19 
60.43 
26.59 
38.59 
1.72 
63 
12 
19.79 
14.1 
6.69 
5021 
8.62 
7.173 
7.43 
36.57 
10.15 
33.29 
17.49 
13.81 


Molecular 
formula 


CB aO; 
CBrCl; 
CBr4 
ССаО; 
ССЬО 
ССВЕ 
CCly 
СЕ, 
CHBr3 
сна, 
CHCl, 
CHF; 
CHI; 
CHN 
снимао; 
СНОП 
СЊСђ 
СН›№ 
СНМ 
СН:О: 
CH3Br 
СНС 
СН МО 
СН, МО: 
CHNO; 
СН, 
СН, МО 
CH4N5S 
СНО 
СН,5 
CH;N 
Сн» 
CK;Os 
CLi,03 
CMgO; 
СМа:Оз 
СО 
COS 
СО: 
СО, 5г 
СО 
CS2 
CSe; 
С-Вг-Е; 
ОС 
ОСЕ 
ОСЕ, 


ENTHALPY OF FUSION (continued) 


Name 


Titanium 

Thallium 

Thulium 

Uranium 

Vanadium 

Tungsten 

Xenon 

Yttrium 

Ytterbium 

Zinc 

Zirconium 

Barium carbonate 
Bromotrichloromethane 
Tetrabromomethane 


Calcium carbonate (calcite) 


Carbonyl chloride 
Trichlorofluoromethane 
Tetrachloromethane 
Tetrafluoromethane 
Tribromomethane 
Chlorodifluoromethane 
Trichloromethane 
Trifluoromethane 
Triiodomethane 
Hydrogen cyanide 
Sodium formate 
Thallium(I) formate 
Dichloromethane 
Cyanamide 

Tetrazole 

Formic acid 
Bromomethane 
Chloromethane 
Formamide 
Nitromethane 

Methyl nitrate 
Methane 

Urea 

Thiourea 

Methanol 
Methanethiol 
Methylamine 
Methylhydrazine 
Potassium carbonate 
Lithium carbonate 
Magnesium carbonate 
Sodium carbonate 
Carbon monoxide 
Carbon oxysulfide 
Carbon dioxide 
Strontium carbonate 
Thallium(I) carbonate 
Carbon disulfide 
Carbon diselenide 


1,2-Dibromotetrafluoroethane 


Chlorotrifluoroethene 


Chloropentafluoroethane 
1,2-Dichloro-1,1,2,2-tetrafluoroethane 


£ G 


1668 
304 
1545 
1135 
1910 
3422 
-111.79t 
1522 
819 
419.53 
1855 
1555 
-5.65 
92.3 
1330 
-127.78 
-110.44 
-22.62 
-183.60 
8.69 
-157.42 
-63.41 
-155.2 
121.2 
-13.29 
257.3 
101 
-97.2 
45.56 
157.3 
8.3 
-93.68 
-97.7 
2.49 
-28.38 
-83.0 
-182.47 
133.3 
178 
-97.53 
-123 
-93.5 
-52.36 
898 
723 
990 
858.1 
-205.02 
-138.8 
-56.56 t 
1494 
272 
-112.1 
-43.7 
-110.32 
-158.2 
-99.4 
-92.53 


Ара КЈ mol! 


14,15 
4.14 
16.84 
9.14 
215 
52.31 
2.27 
11.4 
7.66 
7.068 
21.00 
40 
2.53 
3.76 
36 
5.74 
6.89 
2.56 
0.704 
11.05 
4.12 
9.5 
4.06 
16.44 
8.41 
17.7 
10.9 
4.60 
7.27 
18.2 
12.68 
5.98 
6.43 
8.44 
9.70 
8.24 
0.94 
13.9 
14.0 
3.215 
5.91 
6.13 
10.42 
27.6 
41 
59 
29.7 
0.833 
4.73 
9.02 
40 
18.4 
4.39 
6.36 
7.04 
5.55 
1.86 
1.51 


Molecular 
formula 


С-СЫ; 
C;Cl 
ССР 
ОС 
ОБА 

CF6 
CHCh 
C2HC1;02 
CHCl; 
СНС 
СНС 
СНС 
С-Н;Вг 
Оса 
C;H3CIO, 
СНС; 
CoH3Cl5 
СНЕ 
ОКО; 
С›НзМ 
С-Н;МаОэ 
CH, 
C3H4Br»? 
СНС 
СНС 
СНО 
СНО 
ОНО; 
C3HsBr 
C;HsCI 
С.Н.МО 
CoH5NO» 
C2H6 
С,Н,М:О 
СНО 
СНО 
С,Н,О5 
СНО» 
С,Н,О:5 
СО Нев 
С:Н65 
С-Н,5: 
C+H ¿Zn 
CoH;N 
C;HsN> 
C;HsN> 
CoHgN> 
см 
С: О 
ОВ 
ОВК 
CsHsNS 
C3H3N3 
ОН, 
ОНА 
СН АМ: 
ОНО; 
CsH+sN 


ENTHALPY OF FUSION (continued) 


Name 


1,1,2- Trichloro-1,2,2-trifluoroethane 


Tetrachloroethene 


1,1,2,2-Tetrachloro-1,2-difluoroethane 


Hexachloroethane 
Tetrafluoroethene 
Hexafluoroethane 
Trichloroethylene 
Trichloroacetic acid 
Pentachloroethane 
1,1-Dichloroethene 
cis-1,2-Dichloroethene 


1,1,2,2-Tetrachloroethane 


Bromoethene 
Chloroethene 
Chloroacetic acid 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,1-Trifluoroethane 
Potassium acetate 
Acetonitrile 

Sodium acetate 
Ethylene 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
Acetaldehyde 
Ethylene oxide 
Acetic acid 
Bromoethane 
Chloroethane 
Acetamide 
Nitroethane 

Ethane 
N-Methylurea 
Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfone 
Ethanethiol 
Dimethyl sulfide 
Dimethyl disulfide 
Dimethyl zinc 
Dimethylamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
1,2-Dimethylhydrazine 
Cyanogen 
Perfluoroacetone 
Perfluoropropane 
Acrylonitrile 
Thiazole 
1,3,5-Triazine 

Allene 

1H-Pyrazole 
Imidazole 

Acrylic acid 
Propanenitrile 


6-130 


t С 


-36.22 
-22.3 
24.8 
186.8 t 
-131.15 
-100.05 
-84.7 
59.2 
-28.78 
-122.56 
-80.0 
-42.4 
-139.54 
-153.84 
63 
-30.01 
-36.3 
-111.3 
309 
-43.82 
3282 
-169.15 
9.84 
-96.9 
-35.7 
-123.37 
-112.5 
16.64 
-118.6 
-138.4 
80.16 
-89.5 
-182.79 
104.9 
-114.14 
-141.5 
17.89 
-12.69 
108.9 
-147.88 
-98.24 
-84.67 
-43.0 
-92.18 
11.14 
-57.20 
-8.9 
-27.83 
-125.45 
-147.70 
-83.48 
-33.62 
80.3 
-136.6 
70.7 
89.5 
12.5 
-92.78 


Aq КЈ mol! 


2.47 
10.88 
3.67 
9.75 
7.72 
2.69 
8.45 
5.90 
11.3 
6.51 
7.2 
9.17 
5:12 
4.92 
12.28 
2.35 
11.46 
6.19 
7.65 
8.16 
17.9 
3:35 
10.89 
7.87 
8.84 
2:31 
5.17 
11.73 
7.47 
4.45 
15.59 
9.85 
2.72% 
14.0 
4.931 
4.94 
14.37 
9.96 
18.30 
4.98 
7.99 
9.19 
6.83 
5.94 
22.58 
10.07 
13.64 
8.11 
8.38 
0.477 
6.23 
9.57 
14.56 
4.40 
14.0 
12.82 
9.51 
5.03 


Molecular 
formula 


СИМО 
C3H6 
C3H6 
C3H6Br2 
C3H6Br2 
С;Н(СІ, 
СНС 
СчН,О 
CsH ¿O 
CsH ¿O 
C3H6O02 
C3H602 
C3H602 
C3H603 
С-Н,5 
C3H7Br 
C3H7Br 
C3H,Cl 
C3H,Cl 
C3H7N 
C;H;NO 
сын; 
С.Н,М:О 
C3HgN;O 
CsHsO 
CsHsO 
CsHsO; 
CsHsO; 
CsHsOs 
CsHsS 
CsHsS 
CsHsS 
C3H oN 
C3H oN 
C3HoN 
СуН,МО 
СЊ 
C4Fio 
C4H505 
C4H4N5 
C4H4N5 
С,Н,О 
C4H405 
C4H4S 
C4H5N 
С.Н, 
C4H6 
C4H6 
C4H6 
СНО 
СНО, 
СНО, 
СНО» 
СНО; 
СНО, 
СНО, 
C4Hg 
C4Hg 


ENTHALPY OF FUSION (continued) 


Name 


Trinitroglycerol 
Propene 
Cyclopropane 
1,2-Dibromopropane 
1,3-Dibromopropane 
1,2-Dichloropropane, (+) 
2,2-Dichloropropane 
Acetone 
Methyloxirane 
Oxetane 

Propanoic acid 
Methyl acetate 
1,3-Dioxolane 
1,3,5-Тпохапе 
Thietane 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
Cyclopropylamine 
N,N-Dimethylformamide 
Propane 
N,N-Dimethylurea 
N,N’-Dimethylurea 
1-Propanol 
2-Propanol 
1,3-Propylene glycol 
Dimethoxymethane 
Glycerol 
1-Propanethiol 
2-Propanethiol 

Ethyl methyl sulfide 
Propylamine 
Isopropylamine 
Trimethylamine 
3-Amino-1-propanol 
Perfluorocyclobutane 
Perfluorobutane 
Maleic anhydride 
Succinonitrile 
Pyrazine 

Furan 

Succinic anhydride 
Thiophene 

Pyrrole 
1,2-Butadiene 
1,3-Butadiene 
1-Butyne 

2-Butyne 

Divinyl ether 
cis-Crotonic acid 
trans-Crotonic acid 
y-Butyrolactone 
Acetic anhydride 
Succinic acid 
Dimethyl oxalate 
1-Butene 
cis-2-Butene 


6-131 


Ар КЈ mol! 


21.87 
3.003 
5.44 
8.94 

14.6 
6.40 
2.30 
5.77 
6.53 
6.5 

10.66 
7.49 
6.57 

15.11 
8.25 
6.44 
6.53 
5.54 
7.39 

13.18 
7.90 
3.50 

23.0 

13.0 
5.37 
5.41 
Tl 
8.33 

18.3 
5.48 
5.74 
9.76 

10.97 
7.33 
7 

19.7 
2.77 
7.66 

13.60 
3.70 

12.9 
3.80 

20.4 
5.07 
7.91 
6.96 
7.98 
6.03 
9.23 
79 

12.6 

13.0 
9.57 

10.5 

32.4 

21.1 
3.96 
7.31 


Molecular 
formula 


СН» 
САН; 
СН» 
СН» 
СНО 
С,Н,О 
C,HgO 
СНО» 
C4H305 
C4H305 
C4HgS 
C,HoBr 
C,HoBr 
САЊА 
С,Н,Х 
C4H9NO 
СН 
САН 
САНОО 
САНОО 
САНОО 
СНО 
САНОО 
СН 002 
СІН 002 
С.Н |05 
САН |5 
сним 
C4Hj;Pb 
СІН 251 
C,H 1 2Sn 
С;НО› 
C;H;N 
CsH,O 
C5H602 
CH; 
CH; 
СН 
сын, 
сын; 
СН 
С.Н,Ол 
С.Н,Оз 
СНО, 
сн 
С.Ну 
CsHio 
C5Hjo 
С5Ню 
С5Н |0 
С.Ну 
С5Ню 
С$Н ОО 
(о то) 
СНО 
СНО 
С5Н 00 
С5Н 00 


ENTHALPY OF FUSION (continued) 


Name 


trans-2-Butene 
Isobutene 
Cyclobutane 
Methylcyclopropane 
Butanal 

2-Butanone 
Tetrahydrofuran 
Butanoic acid 

Ethyl acetate 
1,4-Dioxane 
Tetrahydrothiophene 
1-Bromobutane 
2-Bromobutane, (+) 
2-Chloro-2-methylpropane 
Pyrrolidine 
Morpholine 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 
1,4-Butanediol 
Ethylene glycol dimethyl ether 
1-Butanethiol 
Diethyl sulfide 
tert-Butylamine 
Tetramethyl lead 
Tetramethylsilane 
Tetramethylstannane 
Furfural 

Pyridine 
2-Methylfuran 
Furfuryl alcohol 
cis-1,3-Pentadiene 
trans-1,3-Pentadiene 
1,4-Pentadiene 
2-Methyl-1,3-butadiene 
Cyclopentene 
Spiropentane 

Methyl methacrylate 
4-Oxopentanoic acid 
Glutaric acid 
Pentanenitrile 
1-Pentene 
cis-2-Pentene 
trans-2-Pentene 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
Cyclopentane 
Cyclopentanol 
2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
Pentanoic acid 


6-132 


t С 


-105.52 
-140.7 
-90.7 
-177.6 
-96.86 
-86.64 
-108.44 
-5.1 
-83.8 
11.85 
-96.2 
-112.6 
-112.65 
-25.60 
-57.79 
-4.8 
-138.3 
-159.4 
-88.6 
-88.5 
-101.9 
25.69 
-116.2 
20.4 
-69.20 
-115.7 
-103.91 
-66.94 
-30.2 
-99.06 
-55.1 
-38.1 
-41.70 
-91.3 
-14.6 
-140.8 
-87.4 
-148.2 
-145.9 
-135.0 
-107.0 
-47.55 
33 
97.8 
-96.2 
-165.12 
-151.36 
-140.21 
-137.53 
-168.43 
-133.72 
-93.4 
-17.5 
-76.8 
-39 
-93.1 
-49.1 
-33.6 


Aq КЈ mol! 


9.76 
2:92 
1.09 
2.8 
10.77 
8.39 
8.54 
11.59 
10.48 
12.84 
7.35 
9.23 
6.89 
2.07 
8.58 
14.5 
4.66 
4.54 
9.37 
5.97 
6.32 
6.70 
7.19 
18.70 
12.6 
10.46 
10.90 
0.882 
10.80 
6.87 
9.30 
14.37 
8.28 
8.55 
13.13 
5.64 
7.14 
6.12 
4.93 
3.36 
6.43 
14.4 
9.22 
20.3 
9 
5.94 
7.11 
8.35 
791 
5.36 
7.60 
0.61 
1.535 
10.63 
11.59 
9.34 
1.8 
14.16 


Molecular 
formula 


СН, 1 Вт 
CsHi IN 
сним 
С5Нь 
С5Нр 
С5Нь 
СНО 
С5Н2О 
С5Н2О 
С5Н2О 
С5Н |204 
СН 8 
ССІ 
СЕ 
CoF 14 
CHF; 
С6НЕ5О 
CHF, 
CHF, 
СС 
СУН СЬ 
C,H;Cl, 
CoH3N306 
C +H CINO; 
C +H CINO; 
СВАСКМО 
СВАС 
С,Н,С1, 
СоН4аСЬ 
CdLF, 
CdLF, 
СНО» 
СН; Вг 
C4HsCI 
CoHsClO 
C4H;CIO 
С.Н.СЮ 
С,Н,.Е 
сана 
С,Н.МО 
C;H5NO»5 
СоН5МОз 
CHNO; 
С,Н.ХОз 
сын; 
C+4H,CIN 
C IH ÍCIN 
C+4H,CIN 
C |H NO; 
CoH6N202 
С,Н,М:О» 
C IH iO 
СНО» 
СНО 

C +H O; 
С<Н65 
CHN 
CHN 


ENTHALPY OF FUSION (continued) 


Name 


1-Bromopentane 
Cyclopentylamine 
Piperidine 

Pentane 

Isopentane 

Neopentane 

1-Pentanol 
2-Methyl-2-butanol 
Butyl methyl ether 
Methyl tert-butyl ether 
Pentaerythritol 
1-Pentanethiol 
Hexachlorobenzene 
Hexafluorobenzene 
Perfluorohexane 
Pentafluorobenzene 
Pentafluorophenol 
1,2,3,5-Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene 
1,3,5-Trinitrobenzene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Benzoquinone 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
m-Chlorophenol 
p-Chlorophenol 
Fluorobenzene 
Todobenzene 
Nitrosobenzene 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 

Benzene 
o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 

Phenol 
p-Hydroquinone 
Pyrocatechol 
Resorcinol 
Benzenethiol 

Aniline 
2-Methylpyridine 


6-133 


Ag H/kJ mol! 


14.37 
8.31 
14.85 
8.40 
5.15 
3.10 
10.50 
4.46 
10.85 
7.60 
4.8 
17.53 
25.2 
11.59 
6.84 
10.87 
16.41 
6.36 
15.05 
17.9 
16.4 
18.1 
15.4 
17.9 
19.4 
14.1 
12.4 
12.6 
18.19 
11.05 
8.58 
18.5 
10.70 
9.6 
13.0 
14.9 
14.1 
11.31 
9.75 
31.0 
12.12 
17.7 
20.6 
18.8 
9.87 
11.9 
10.15 
20.0 
16.1 
23.6 
212 
11551 
26.8 
22.8 
20.4 
11.48 
10.54 
9.72 


Molecular 
formula 


CHN 
CoH7N 
CdHgN, 
СЕН 
CoHgN2 
СЕН 
СН 
СН ОО 
C6H (00: 
C6H (004 
СНС 
C Hi; 
СН 
CH» 
C6H2 
C6H2 
C6H1203 
CH ізВт 
C6Hi3N 
CoH а 
CoH ы 
С6Ни 
С,Ни 
Сенд 
СНО 
СНО 
СНО 
СеН 402 
СЕ; 
CF16 
C7H3Fs 
стао 
C;H;ClO, 
C+HsN 
C-7H;N306 
C-H602 
C7H603 
C;H;Cl 
C;H;NO 
C;H;NO5 
CH, 
C+HsO 
C;HgO 
СО 
С,Н,О 
Сао 
Свом 
Свом 
C7HoN 
СНа 
СНа 
Ста 
СНО 
СНО 


ENTHALPY ОЕ FUSION (continued) 


Name 


3-Methylpyridine 
4-Methylpyridine 
o-Phenylenediamine 
m-Phenylenediamine 
p-Phenylenediamine 
Phenylhydrazine 
Cyclohexene 
Cyclohexanone 
2-Oxepanone 

Adipic acid 
Chlorocyclohexane 
1-Hexene 
cis-2-Hexene 
2,3-Dimethyl-2-butene 
Cyclohexane 
Methylcyclopentane 
Hexanal 
2-Hexanone 
3-Hexanone 
Cyclohexanol 
Paraldehyde 
1-Bromohexane 
Cyclohexylamine 
Hexane 
2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 

Dipropyl ether 
Diisopropyl ether 
1,6-Hexanediol 
Perfluorotoluene 
Perfluoroheptane 
2,3,4,5,6-Pentafluorotoluene 
Benzoyl chloride 
o-Chlorobenzoic acid 
Benzonitrile 
2,4,6-Trinitrotoluene 
Benzoic acid 
o-Hydroxybenzoic acid 
o-Chlorotoluene 
Benzamide 
p-Nitrotoluene 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
1-Heptene 
Cycloheptane 
Methylcyclohexane 
1-Heptanal 
Cycloheptanol 


6-134 


Aq, КЈ mol! 


14.18 
12.58 
281 
15.57 
23.8 
14.05 
3.29 
1.328 
13.83 
36.3 
2.043 
9.35 
8.88 
6.45 
2.68 
6.93 
13.3 
14.9 
13.49 
1.78 
13.5 
18.1 
17.5 
13.08 
6.27 
5.30 
0.58 
0.79 
15.38 
10.8 
12.04 
22.2 
11.54 
6.95 
13.1 
19.2 
25.6 
9.1 
22.9 
18.02 
14.2 
9.6 
19.5 
16.81 
6.64 
15.82 
10.71 
12.71 
8.97 
12.9 
11.66 
7.9 
18.9 
12.41 
1.88 
6.75 
23.2 
1.60 


Molecular 
formula 


СІН 40 
C;H;sBr 
СИ 
СИ 
СІН 16 
СИ 
C;His 
СТ, 
C;His 
Сана 
CsHsO; 
CsHsO; 
CsHsO> 
CsHsO; 
CsHsO; 
СұН 10 
CsHio 
СаНо 
СаНо 
СұН 16 
CgHi6 
СУН, 
СұН 16 
СұН |6 
СА б 
СұН 16 
СА |6 
СұН 6 
СұН 16 
CgH О 
С,Н,,Вг 
CsHis 
CsHis 
CsHis 
CsHig 
СӨН 
CoH7N 
СВМ 
СН, 
СәН 10 
СН 
СН 
СӘН 12 
СН 
СН 
Сон; 
САН; 
САН; 
СоН 


ENTHALPY OF FUSION (continued) 


Name 


Heptanoic acid 
1-Bromoheptane 

Heptane 

2-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
2,2,3-Trimethylbutane 
1-Heptanol 

Styrene 

o-Toluic acid 

m-Toluic acid 

p-Toluic acid 

Benzeneacetic acid 

Methyl benzoate 
Ethylbenzene 

o-Xylene 

m-Xylene 

p-Xylene 

2,3-Xylenol 

2,5-Xylenol 

2,6-Xylenol 

3,4-Xylenol 

3,5-Xylenol 

1-Octene 

Cyclooctane 
Ethylcyclohexane 
1,1-Dimethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,3-Dimethylcyclohexane 
trans-1,3-Dimethylcyclohexane 
cis-1,4-Dimethylcyclohexane 
trans-1,4-Dimethylcyclohexane 
Octanoic acid 
1-Bromooctane 

Octane 

2-Methylheptane 
3-Methylheptane 
4-Methylheptane 

2,2,4- Trimethylpentane 
1-Octanol 

Quinoline 

Isoquinoline 

Indene 

Indan 

Propylbenzene 
Isopropylbenzene 
o-Ethyltoluene 
m-Ethyltoluene 
p-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Propylcyclohexane 

Nonanal 

5-Nonanone 


6-135 


Ar КЈ mol! 


15.13 
21.8 
14.03 
9.19 
9.55 
5.82 
6.85 
6.85 
2.26 
18.17 
10.9 
19.5 
15.7 
22.7 
16.3 
9.74 
9.18 
13.6 
11.6 
17.12 
21.0 
23.4 
18.9 
18.1 
17.4 
15.31 
2.41 
8.33 
2.07 
1.64 
10.49 
10.82 
9.87 
9.31 
12.33 
21.35 
24.7 
20.73 
11.92 
11.69 
10.8 
9.20 
23.7 
10.66 
13.54 
10.20 
8.60 
9.27 
7.33 
9.96 
7.6 
12.7 
8.18 
13.19 
9.51 
10.37 
30.5 
24.93 


Molecular 
formula 


СНО 
СН» 
CoH>oo 
CoH>oo 
CoH20 
CjoH;Br 
CjoH;Br 
Сота 
сова 
СоНз 
Со НО 
СНО 
СН 
СиНи 
СН 
СНО 
CioHig 
CioHis 
CioHisO4 
CioHoo 
CioHoo 
СНО 
СіоН>О> 
CioH22 
СНО 
CrHio 
Сино 
СН 
СрНа 
СОМ 
СН 
CioHio 
СН Мә 
С2Ню№0 
СоН |00 
СрНум 
СН 
СН 
Ср 
Ср о; 
СН 
СН»О 
СізН о 
СізН 00 
СізН |2 
Са 
СізНжО 
СиНю 
СиНю 
СНО 
СН 
СН 20; 
СНО 
СН зо 
C1 4H390 
CisH32 
CisHio 
CisHio 


ENTHALPY OF FUSION (continued) 


Name 


Nonanoic acid 

Nonane 

3,3-Diethylpentane 
2,2,3,3-Tetramethylpentane 
2,2,4,4-Tetramethylpentane 
1-Bromonaphthalene 
2-Bromonaphthalene 
1-Chloronaphthalene 
2-Chloronaphthalene 
Naphthalene 

1-Naphthol 

2-Naphthol 

Butylbenzene 
1-Isopropyl-4-methylbenzene 
1,2,4,5-Tetramethylbenzene 
Thymol 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Sebacic acid 

1-Decene 
Butylcyclohexane 

Decanal 

Decanoic acid 

Decane 

1-Decanol 
1-Methylnaphthalene 
2-Methylnaphthalene 
Undecane 

Acenaphthylene 

Carbazole 

Acenaphthene 

Biphenyl 

Azobenzene 
trans-Azoxybenzene 
Diphenyl ether 
Diphenylamine 
Cyclohexylbenzene 
Hexamethylbenzene 
1-Dodecene 

Dodecanoic acid 

Dodecane 

1-Dodecanol 

9H-Fluorene 
Benzophenone 
Diphenylmethane 
Tridecane 

1-Tridecanol 

Anthracene 

Phenanthrene 

Benzil 

trans-Stilbene 
o.-Phenylbenzeneacetic acid 
Tetradecanoic acid 
Tetradecane 

1-Tetradecanol 
Pentadecane 

Fluoranthene 

Pyrene 
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Aq, КЈ mol! 


19.82 
15.47 
10.09 
2.33 
9.74 
15.2 
14.4 
12.9 
14.0 
19.01 
23.1 
18.1 
11.22 
9.66 
21 
21.3 
9.49 
14.41 
40.8 
13.81 
14.16 
34.5 
27.8 
28.72 
43 
6.95 
12.13 
22.2 
6.9 
24.1 
21.49 
18.57 
22.52 
17.9 
17.22 
18.5 
15.6 
20.6 
19.9 
36.3 
36.8 
40.2 
19.58 
18.19 
18.6 
28.50 
414 
29.4 
16.46 
23.5 
27.7 
31.3 
45.1 
45.07 
25.15 
34.6 
18.69 
17.36 


Molecular 
formula 


CisHs;O; 
C16H34 
C16H340 
C17H36 
CisHi2 
CisHi2 
CisHi2 
CisHi2 
CigHi4 
CigHi4 
CigHisN 
СНз 
Су Нзв 
Си НзвО 
Стао 
Сун; 
СН 
СН 
СНА 
CooHap 
СоНрО 
СН 


ENTHALPY OF FUSION (continued) 


Name 


Hexadecanoic acid 
Hexadecane 
1-Hexadecanol 
Heptadecane 
Benz[a]anthracene 
Benzo[c]phenanthrene 
Chrysene 
Triphenylene 
o-Terphenyl 
p-Terphenyl 
Triphenylamine 
Stearic acid 
Octadecane 
1-Octadecanol 
Nonadecane 
Perylene 
Benzo[a]pyrene 
Benzo[e]pyrene 
2,2'-Binaphthalene 
Eicosane 
1-Eicosanol 
Coronene 


6-137 


Aq, КЈ mol! 


53.7 
53.36 
33.6 
40.16 
21.4 
16.3 
26.2 
24.74 
17.19 
35.3 
24.9 
61.2 
61.7 
45 
45.8 
31.9 
17.3 
16.6 
38.9 
69.9 
42 
19.2 


PRESSURE AND TEMPERATURE DEPENDENCE OF LIQUID DENSITY 


This table gives data on the variation of the density of some common liquids with pressure and temperature. The pressure dependence is described 
to first order by the isothermal compressibility coefficient к defined as 


к = -(1/У) (дУ/ӘР)т 
where У is the volume, and the temperature dependence by the cubic expansion coefficient a, 
a = (1/У) (дУ/9Тур 


Substances are listed by molecular formula in the Hill order. More precise data on the variation of density with temperature over a wide temperature 
range can be found in Reference 1. 


REFERENCES 


Lide, D. R., and Kehiaian, H. V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 

Le Neindre, B., Effets des Hautes et Trés Hautes Pressions, in Techniques de l'Ingénieur, Paris, 1991. 

Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, ТУ/4, High-pressure Properties of 
Matter, Springer-Verlag, Heidelberg, 1980. 

4. Riddick, J.A., Bunger, W.B., and Sakano, T.K., Organic Solvents, Fourth Edition, John Wiley «с Sons, New York, 1986. 

5. Isaacs, N. S., Liquid Phase High Pressure Chemistry, John Wiley, New York, 1981. 


WN = 


Molecular Isothermal Compressibility Cubic Thermal Expansion 
formula Name °C кх 10МРа-! °C a x 103/C-1 
СІР Phosphorus trichloride 20 9.45 20 1.9 
Н,О Water 20 4.591 20 0.206 
25 4.524 25 0.256 
30 4.475 30 0.302 
Hg Mercury 20 0.401 20 1.811 
Сс Tetrachloromethane 20 10.50 20 1.14 
40 12.20 40 1.21 
70 15.6 70 1.33 
CHBr, Tribromomethane 50 8.76 25 0.91 
CHCl, Trichloromethane 20 9.96 20 1.21 
50 12.9 50 1.33 
CHBr, Dibromomethane 27 6.85 
CH,Cl, Dichloromethane 25 10.3 25 1.39 
СНУ Iodomethane 27 10.3 25 1.26 
СН,О Methanol 20 12.14 20 1.49 
40 13.83 40 1.59 
CS, Carbon disulfide 20 9.38 20 1.12 
40 10.6 35 1.16 
CCl; Tetrachloroethylene 25 7.56 29 1.02 
С-НСІ; Trichloroethylene 25 8.57 25 1.17 
СНС trans-1,2-Dichloroethylene 25 112 25 1.36 
СНС 1,1-Dichloroethane 20 7.97 25 0.93 
СНС 1,2-Dichloroethane 30 8.46 20 1.14 
СНО, Acetic acid 20 9.08 20 1.08 
80 13.7 80 1.38 
C;H;Br Bromoethane 20 11.53 20 1.31 
СНУ Iodoethane 20 9.82 25 1.17 
C,H,O Ethanol 20 11.19 20 1.40 
70 15.93 70 1.67 
C+H,O; Ethylene glycol 20 3.64 20 0.626 
CHO Acetone 20 12.62 20 1.46 
40 15.6 40 1.57 
С.Н,Вг 1-Втоторгорапе 0 10.22 25 1.2 
C3H,Cl 1-Chloropropane 0 12.09 20 1.4 
С.НД 1-Iodopropane 0 10.22 25 1.09 
CH0 1-Ргорапо! 0 8.43 0 1.22 
C4H$,0 2-Propanol 40 13.32 40 1.55 
ОНО 1,2-Рторапеф о! 0 4.45 20 0.695 
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Molecular 
formula 


СУН О» 
СНО; 
CHO; 


С.НоВг 
САНА 

СІН 0 
СІН 0 


СІН 1903 
СН о 
С.Н, Br 
си 
СН 
С.Н,О 
СеН-Вг 
СНС 
СИМО; 
СН, 


CO 
CHN 


Сену 
СоНи 


СеНа 
em 
СеНа 
С,Н,О 
СН МОз 
СІҢ; 


С,Н,О 
СІН 
СП 
СаН 0 
СУН 
СұН о 
СУН 
CsHig 


С,Н,О 
CoH 12 
CoH 1406 
СН» 

С 10H22 
С 11 На 
С 12H26 
С 1 3Нэв 
С 14H30 
С 1 sH32 
С 16Н2204 
С 16H34 


С 1 oH3602 
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Name 


1,3-Propanediol 
Glycerol 
Ethyl acetate 


1-Bromobutane 
1-Iodobutane 
1-Butanol 
Diethyl ether 


Diethylene glycol 
Cyclopentane 
1-Bromopentane 
1-Iodopentane 
Pentane 
1-Pentanol 
Bromobenzene 
Chlorobenzene 
Nitrobenzene 
Benzene 


Phenol 
Aniline 


Cyclohexane 
Hexane 


2-Methylpentane 
3-Methylpentane 


2,3-Dimethylbutane 


1-Hexanol 
Triethanolamine 
Toluene 


Anisole 
Cycloheptane 
Heptane 
o-Xylene 
m-Xylene 
p-Xylene 
Cyclooctane 
Octane 


1-Octanol 
Mesitylene 
Triacetin 
Nonane 
Decane 
Undecane 
Dodecane 
Tridecane 
Tetradecane 
Pentadecane 
Butyl phthalate 
Hexadecane 


Methyl oleate 


Isothermal Compressibility 


°C 


к x 104МРаг! 


4.09 
2.54 
11.32 
16.2 
10.26 
7.73 
8.10 
18.65 
20.85 
3.34 
13.31 
8.42 
7.56 
21.80 
7.71 
6.46 
7.45 
4.93 
9.66 
11.28 
6.05 
4.53 
6.32 
11.30 
15.2 
16.69 
20.27 
13.97 
14.57 
17.97 
8.24 
3.61 
8.96 
11.0 
6.60 
9.22 
14.38 
8.10 
8.46 
8.59 
8.03 
12.82 
15.06 
7.64 
8.14 
4.49 
11.75 
10.94 
10.31 
9.88 
9.48 
9.10 
8.82 
5.0 
8.57 
9.78 
6.18 


PRESSURE AND TEMPERATURE DEPENDENCE ОЕ LIQUID DENSITY (continued) 


Cubic Thermal Expansion 


°C 


20 
20 
20 


60 


a x 103/°C-! 


0.61 
0.520 
1.35 
1.54 
1.13 
1.02 
1.12 
1.65 
1.72 
0.635 
1.35 
1.04 


1.64 
1.02 
0.86 
0.94 
0.833 
1.14 
1.21 
0.82 
0.81 
0.91 
1.15 
1.29 
1.41 
1.52 
1.43 
1.40 
1.39 
1.03 
0.53 
1.05 
1.13 
0.951 


1.26 
0.96 
0.99 
1.00 


1.16 
1.23 
0.827 
0.94 
0.94 
1.08 
1.02 
0.97 
0.93 
0.90 
0.87 


0.86 


0.85 
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PROPERTIES ОЕ CRYOGENIC FLUIDS 


This table gives physical and thermodynamic properties of eight cryogenic fluids. The properties are: 


M Molar mass in grams per mole р (g) eT, Vapor density at the normal boiling point іп grams per liter 

Т, Triple point temperature іп kelvins C, 0) 97, Liquid heat capacity at constant pressure at the normal boiling point in joules 
P, Triple point pressure in kilopascals per gram kelvin 

р, (1) Liquid density at the triple point in grams per milliliter C, (g) @ T, Vapor heat capacity at constant pressure at the normal boiling point in joules 
Ақ,Н @ T, Enthalpy of fusion at the triple point іп joules рег gram per gram kelvin 

Т, Normal boiling point in kelvins at a pressure of 101325 pascals (760 mmHg) T. Critical temperature in kelvins 

A, H © T, Enthalpy of vaporization at the normal boiling point in joules per gram Р, Critical pressure іп megapascals 

p (4) “ 7, Liquid density at the normal boiling point in grams рег milliliter Pe Critical density in grams per milliliter 


In the case of air, the value given for the triple point temperature is the incipient solidification temperature, and the normal boiling point value is the incipient boiling (bubble) point. See Reference 3 for more 
details. 


REFERENCES 


- 


Younglove, B. A., J. Phys. Chem. Ref. Data, 11, Suppl. 1, 1982. 
Daubert, T. E., Danner, К. P., Sibul, H. M., and Stebbins, C. C., Physical and Thermodynamic Properties of Pure Compounds: Data Compilation, extant 1994 (core with 4 supplements), Taylor ёс 
Francis, Bristol, PA (also available as database). 
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3. Sytchev, V. V., et al., Thermodynamic Properties of Air, Hemisphere Publishing, New York, 1987. 

4. Jacobsen, R. T., Stewart, R. B., and Jahangiri, M., J. Phys. Chem. Ref. Data, 15, 735, 1986. [Nitrogen] 

5. Stewart, R. B., Jacobsen, R. T., and Wagner, W., J. Phys. Chem. Ref. Data, 20, 917, 1991. [Oxygen] 

6. McCarty, R. D., J. Phys. Chem. Кеј. Data, 2, 923, 1973. [Helium] Also, Donnelly, R. J., private communication. 

7. Stewart, R. B. and Jacobsen, R. T., J. Phys. Chem. Ref. Data, 18, 639, 1989. [Argon] 

8. Setzmann, U. and Wagner, W., J. Phys. Chem. Ref. Data, 20, 1061, 1991. [Methane] 

9. Vargaftik, N. B., Thermophysical Properties of Liquids and Gases, 2nd ed., John Wiley, New York, 1975. 

Property Units Air М, О, Н, Не Ме Аг Кг Хе СН, 

М g/mol 28.96 28.014 31.999 2.0159 4.0026 20.180 39.948 83.800 131.290 16.043 
T, K 59.75 63.15 54.3584 13.8 24.5561 83.8058 115.8 161.4 90.694 
Р, КРа 12.463 0.14633 7.042 50 68.95 72.92 81.59 11.696 
р, IX g/mL 0.959 0.870 1.306 0.0770 1.251 1.417 2.449 2.978 0.4515 
A. H @ T, Jg 25:3 13.7 59.5 16.8 28.0 16.3 13.8 58.41 
Ty K 78.67 77.35 90.188 20.28 4.2221 27.07 87.293 119.92 165.10 111.668 
АН © T, Jg 198.7 198.8 213.1 445 20.7 84.8 161.0 108.4 96.1 510.83 
p (D e T, g/mL 0.8754 0.807 1.141 0.0708 0.124901 1.204 1.396 2.418 2.953 0.4224 
р (=) eT, g/L 3.199 4.622 4.467 1.3390 16.89 9.51 5.79 8.94 1.816 
C, 0) @ T, J/e K 1.865 2.042 1.699 9.668 4.545 1.877 1.078 0.533 0.340 3.481 
С, (g) @ T, Ие K 1.341 0.980 12.24 9.78 0.570 0.248 0.158 2.218 
Т; к 132.5 126.20 154.581 32.98 5.1953 44.40 150.663 209.40 289.73 190.56 
Р, МРа 3.766 3.390 5.043 1,293 0.227460 2.760 4.860 5.500 5.840 4.592 


р, g/mL 0.316 0.313 0.436 0.031 0.06964 0.484 0.531 0.919 1.110 0.1627 


PROPERTIES ОЕ REFRIGERANTS 


Thistable gives physical properties of compounds that have been used as working fluids in traditional refrigeration systems or are under consideration 
as replacements in newer systems. Some are also used as solvents and blowing agents. Many of the compounds listed are believed to be less harmful 
to the environment than the traditional halocarbons refrigerants. 

Compounds are listed by their ASHRAE standard refrigerant designations (Reference 1), which appear in the first column. These codes are often 
prefixed by symbols such as CFC- (for chlorofluorocarbon), HCFC- (for hydrochlorofluorocarbon), or simply R- (for refrigerant). The molecular 
formula and CAS Registry Number are also given. The properties tabulated are: 


өс ол ын 


normal melting point in °С 

normal boiling point in ^C (at 101.325 kPa or 760 mmHg) 

critical temperature in “С 

Threshold Limit Value, which is the maximum safe concentration in air in the workplace, expressed as the time-weighted average (TWA) in 
parts per million by volume over an 8-hr workday and 40-hr workweek. A value followed by C is an absolute ceiling limit. Asphyxiants that 
аге not otherwise toxic are indicated by “asphyx”. 
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Platzer, B., Polt, A., and Mauer, G., Thermophysical Properties of Refrigerants, Springer, Berlin, 1990. 
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Salvi-Narkhede, M., Wang, B-H., Adcock, J. L., and Van Hook, W. A., J. Chem. Thermodynamics 24, 1065, 1992. 

Fialho, P. S., and Nieto de Castro, C. A., Int. J. Thermophys. 21, 385, 2000. 

Daubert, T. E., Danner, В. P., Sibul, H. M., and Stebbins, С. C., Physical and Thermodynamic Properties of Pure Compounds: Data 
Compilation, extant 2002 (core with supplements), Taylor & Francis, Bristol, PA. 


Further references and additional data on the critical properties may be found in the table “Critical Constants" in this section. 


Code 


10 
11 
12 
12ВІ 
12В2 
13 
13В1 
14 
20 
21 
22 
22В1 
23 
30 
31 
32 
40 
41 
50 
110 
111 
112 
112а 
113 
113а 
114 
114a 
114B2 


Molecular CAS 


Name Formula Reg. No. БРС t °C ¿°G TLV 
Tetrachloromethane СС 56-23-5 -22.62 76.8 283.4 5 
Trichlorofluoromethane CCLF 75-69-4 -110.44 23.7 197.9 1000C 
Dichlorodifluoromethane CCIF, 75-71-8 -158 -29.8 111.80 1000 
Bromochlorodifluoromethane CBICIF; 353-59-3 -159.5 -3.7 153.73 
Dibromodifluoromethane CBr,F, 75-61-6 -110.1 22.76 198.1 100 
Chlorotrifluoromethane ССІЕ; 75-72-9 -181 -81.4 29 
Bromotrifluoromethane СВтЕ; 75-63-8 -172 -57.8 67.0 1000 
Tetrafluoromethane СЕ, 75-73-0 -183.60 -128.0 -45.5 
Trichloromethane СНСІ; 67-66-3 -63.41 61.17 263.2 10 
Dichlorofluoromethane CHCLF 75-43-4 -135 8.9 178.43 10 
Chlorodifluoromethane CHCIF, 75-45-6 -157.42 -40.7 96.3 1000 
Bromodifluoromethane СНВ:Е, 1511-62-2 -145 -14.6 138.83 
Trifluoromethane CHF; 75-46-7 -155.2 -82.1 25.83 
Dichloromethane CH,Cl, 75-09-2 -972 40 237 50 
Chlorofluoromethane СН-СІЕ 593-70-4 -135.1 -91 154 
Difluoromethane СН,Е, 75-10-5 -136.8 -51.6 78.41 
Chloromethane СНС 74-87-3 -97.7 -24.09 143.10 50 
Fluoromethane CHF 593-53-3 -141.8 -78.4 44.6 

Methane СН, 74-82-8 -182.47 -161.48 -82.59 asphyx 
Hexachloroethane ОС 67-72-1 186.8 184.7 sp 422 1 
Pentachlorofluoroethane C;CLF 354-56-3 101.3 138 

1,1,2,2- Tetrachloro-1,2-difluoroethane С,СЦЕ, 76-12-0 24.8 92.8 278 500 
1,1,1,2-Tetrachloro-2,2-difluoroethane CCF, 76-11-9 41.0 92.8 500 
1,1,2-Trichloro-1,2,2-trifluoroethane СОСВЊ 76-13-1 -36.22 47.7 214.1 1000 
1,1,1-Trichloro-2,2,2-trifluoroethane С-СЕ; 354-58-5 14,37 45.5 209.7 
1,2-Dichloro-1,1,2,2-tetrafluoroethane C;CLF, 76-14-2 -92.53 3.5 145.63 1000 
1,1-Dichloro-1,2,2,2-tetrafluoroethane С-СІЬЕ, 374-07-2 -56.6 3.4 145.4 
1,2-Dibromotetrafluoroethane CjBrF, 124-73-2 -110.32 47.35 214.6 
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Соде 


115 
116 
120 
121 
121а 
122 
122а 
122b 
123 
123a 
124 
124a 
125 
E125 
130 
131 
132 
132b 
133 
133a 
133b 
134 
134a 
E134 
140 
140a 
141 
141b 
142 
142b 
143 
143a 
143m 
Е143а 
150 
150а 
151 
151а 
152 
152а 
160 
161 
170 
216са 
218 
227са2 
227ea 
227me 
236ea 
236fa 
236me 
245ca 
245cb 
245fa 
245mc 
245mf 
2454с 
254рс 


PROPERTIES ОЕ REFRIGERANTS (continued) 


Name 


Chloropentafluoroethane 
Hexafluoroethane 

Pentachloroethane 
1,1,2,2-Tetrachloro-1-fluoroethane 
1,1,1,2-Tetrachloro-2-fluoroethane 
1,2,2-Trichloro-1,1-difluoroethane 
1,2,2-Trichloro-1,2-difluoroethane 
1,1,1-Trichloro-2,2-difluoroethane 
2,2-Dichloro-1,1,1-trifluoroethane 
1,2-Dichloro-1,1,2-trifluoroethane 
1-Chloro-1,2,2,2-tetrafluoroethane 
1-Chloro-1,1,2,2-tetrafluoroethane 
Pentafluoroethane 

Trifluoromethyl difluoromethyl ether 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloro-2-fluoroethane 
1,2-Dichloro-1,2-difluoroethane 
1,2-Dichloro-1,1-difluoroethane 
1-Chloro-1,2,2-trifluoroethane 
2-Chloro-1,1,1-trifluoroethane 
1-Chloro-1,1,2-trifluoroethane 
1,1,2,2-Tetrafluoroethane 
1,1,1,2-Tetrafluoroethane 
Bis(difluoromethyl) ether 
1,1,2-Trichloroethane 
1,1,1-Trichloroethane 
1,2-Dichloro-1-fluoroethane 
1,1-Dichloro-1-fluoroethane 
1-Chloro-2,2-difluoroethane 
1-Chloro-1,1-difluoroethane 
1,1,2-Trifluoroethane 
1,1,1-Trifluoroethane 

Methyl trifluoromethyl ether 
2,2,2-Trifluoroethyl methyl ether 
1,2-Dichloroethane 

1,1-Dichloroethane 
1-Chloro-2-fluoroethane 
1-Chloro-1-fluoroethane 
1,2-Difluoroethane 

1,1-Difluoroethane 

Chloroethane 

Fluoroethane 

Ethane 
1,3-Dichloro-1,1,2,2,3,3-hexafluoropropane 
Perfluoropropane 

Trifluoromethyl 1,1,2,2-tetrafluoroethyl ether 
1,1,1,2,3,3,3-Heptafluoropropane 
Trifluoromethyl 1,2,2,2-tetrafluoroethyl ether 
1,1,1,2,3,3-Hexafluoropropane 
1,1,1,3,3,3-Hexafluoropropane 

1,2,2,2- Tetrafluoroethyl difluoromethyl ether 
1,1,2,2,3-Pentafluoropropane 
1,1,1,2,2-Pentafluoropropane 
1,1,1,3,3-Pentafluoropropane 

Methyl pentafluoroethyl ether 
Difluoromethyl 2,2,2-trifluoroethyl ether 
Difluoromethyl 1,1,2-trifluoroethyl ether 
Methyl 1,1,2,2-tetrafluoroethyl ether 


Molecular 
Formula 


C;CIF; 
СБ 
CHCl, 
C;HCLF 
C;HCLF 
С.НСЬЕ, 
С.НСЬЕ, 
С.НСЬЕ, 
C;HCLF, 
C;HCLF, 
C;HCIF, 
C;HCIF, 
CHF; 
СНЕО 
CHCl, 
С,Н,СЦЕ 
C;H;CLF, 
C;H;CLF, 
C;H;CIF, 
C;H;CIF, 
C;H;CIF, 
CHF, 
СОЊЕ, 
C;H;F,O 
CHCl, 
CHCl, 
C;H,CLF 
C,H;CLF 
C,H;CIF, 
СНС, 
СОЊЕ 
CHF; 
C,H;F;O 
СНО 
C;H4Cl 
СНС 
C;H,CIF 
C;H,CIF 
CHF, 
CF, 
CHCl 
СОЊЕ 
СУН, 
С.СЬЕ, 
ОБ; 
C;HF;O 
САНЕ, 
C;HF;O 
СОЊЕ 
сын. 
C,H;F,O 
СОЊЕ 
СОЊЕ 
СОЊЕ 
СЊЕО 
СЊЕО 
СЊЕО 
C,H,F,O 
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CAS 
Reg. No. 


76-15-3 
76-16-4 
76-01-7 
354-14-3 
354-11-0 
354-21-2 
354-15-4 
354-12-1 
306-83-2 
354-23-4 
2837-89-0 
354-25-6 
354-33-6 
3822-68-2 
79-34-5 
359-28-4 
431-06-1 
1649-08-7 
431-07-2 
75-88-7 
421-04-5 
359-35-3 
811-97-2 
1691-17-4 
79-00-5 
71-55-6 
430-57-9 
1717-00-6 
338-65-8 
75-68-3 
430-66-0 
420-46-2 
421-14-7 
460-43-5 
107-06-2 
75-34-3 
762-50-5 
1615-75-4 
624-72-6 
75-37-6 
75-00-3 
353-36-6 
74-84-0 
662-01-1 
76-19-7 
2356-61-8 
431-89-0 
2356-62-9 
431-63-0 
690-39-1 
57041-67-5 
679-86-7 
1814-88-6 
460-73-1 
22410-44-2 
1885-48-9 
69948-24-9 
425-88-7 


МРС 


-99.4 
-100.05 
-28.78 
-82.6 
-95.3 
-140 
-174 


-117 
-138.4 
-143.2 
-182.79 
-125.4 
-147.70 
-141 
-131 


-93.6 


-107 


tC 


80.0 
20 


183.68 
188.4 
122.50 
126.7 
66.02 
80.8 
388.00 


151.86 


118.59 
101.03 
147.10 
329 
272 


204.1 


137.19 
156.6 
72.71 
104.87 
175.83 
288 
250 


113.5 
187.2 
102.16 
32.17 
180 
71.9 
114.63 
101.74 


139.23 
124.92 
155.80 
174.42 
106.96 
154.05 
133.65 
170.84 


TLV 


1000 


10 
350 


10 


100 


100 


asphyx 


Соде 


290 
С316 
C317 
C318 
347mcc 
347mmy 
600 
600a 
610 
611 
717 
744 
764 
1112а 
1113 
1114 
1120 
1130 
1132а 
1140 
1141 
1150 
1270 


PROPERTIES ОЕ REFRIGERANTS (continued) 


Molecular 
Name Formula 
Propane С-Н, 


1,2-Dichloro-1,2,3,3,4,4-hexafluorocyclobutane САСЬ 
1-Chloro-1,2,2,3,3,4,4-heptafluorocyclobutane С,СЇЕ, 


Perfluorocyclobutane С.Е; 
Perfluoropropyl methyl ether СЊЕО 
Perfluoroisopropyl methyl ether СЊЕО 
Butane САН 
Isobutane САН 
Diethyl ether СІН O 
Methyl formate СНО 
Ammonia H3N 
Carbon dioxide CO, 
Sulfur dioxide O,S 
1,1-Dichloro-2,2-difluoroethene ОСЕ 
Chlorotrifluoroethene ОС 
Tetrafluoroethene ОВ 
Trichloroethene CHCl; 
trans-1,2-Dichloroethene ОЊС 
1,1-Difluoroethene С,Н,Р, 
Chloroethene С.Н 1 
Fluoroethene CjH;F 
Ethylene ОН, 
Ргорепе С Не 
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CAS 
Reg. No. 


74-98-6 
356-18-3 
377-41-3 
115-25-3 
375-03-1 
22052-84-2 
106-97-8 
75-28-5 
60-29-7 
107-31-3 
7664-41-7 
124-38-9 
7446-09-5 
79-35-6 
79-38-9 
116-14-3 
79-01-6 
156-60-5 
75-38-7 
75-01-4 
75-02-5 
74-85-1 
115-07-1 


GE 


-187.63 
-24.2 
-39.1 
-40.19 


-138.3 
-159.4 
-116.2 
-99 
-77.73 
-56.56 
-75.5 
-116 
-158.2 
-131.15 
-84.7 
-49.8 
-144 
-153.84 
-160.5 
-169.15 
-185.24 


С 


96.68 
224 


115.31 
164.55 
160.15 
151.97 
134.6 
193.5 
214.0 
132.3 
30.98 
157.6 


106 
33.3 
271.0 
243.3 
29.7 
159 
54.7 
9.19 
91.7 


TLV 


2500 


DENSITY AND SPECIFIC VOLUME OF MERCURY 


The data in this table have been adjusted to the ITS-90 temperature scale. The uncertainty in density values is 0.0003 g/mL between —20 and -10?C; 
0.0001 or less between -10 and 200°С; and 0.0002 between 200 and 300°С. 


REFERENCE 
Ambrose, D., Metrologia, 27, 245, 1990. 
°C p/(g/mL) v/(mL/kg) °C p/(g/mL) v/(mL/kg) °С p/(g/mL) v/mL/kg) 
-20 13.64461 73.2890 27 13.52869 73.9170 74 13.41423 74.5477 
-19 13.64212 73.3024 28 13.52624 73.9304 75 13.41181 74.5612 
-18 13.63964 73.3157 29 13.52379 73.9438 76 13.40939 74.5746 
-17 13.63716 73.3291 30 13.52134 73.9572 77 13.40697 74.5881 
-16 13.63468 73.3424 31 13.51889 73.9705 78 13.40455 74.6016 
-15 13.63220 73.3558 32 13.51645 73.9839 79 13.40213 74.6150 
-14 13.62972 73.3691 33 13.51400 73.9973 80 13.39971 74.6285 
-13 13.62724 73.3824 34 13.51156 74.0107 81 13.39729 74.6420 
-12 13.62476 73.3958 35 13.50911 74.0241 82 13.39487 74.6554 
-11 13.62228 73.4091 36 13.50667 74.0375 83 13.39245 74.6689 
-10 13.61981 73.4225 37 13.50422 74.0509 84 13.39003 74.6824 
-9 13.61733 73.4358 38 13.50178 74.0643 85 13.38762 74.6959 
-8 13.61485 73.4492 39 13.49934 74.0777 86 13.38520 74.7094 
-1 13.61238 73.4625 40 13.49690 74.0911 87 13.38278 74.7229 
-6 13.60991 73.4759 41 13.49446 74.1045 88 13.38037 74.7364 
-5 13.60743 73.4892 42 13.49202 74.1179 89 13.37795 74.7498 
-4 13.60496 73.5026 43 13.48958 74.1313 90 13.37554 74.7633 
-3 13.60249 73.5160 44 13.48714 74.1447 91 13.37313 74.7768 
-2 13.60002 73.5293 45 13.48470 74,1581 92 13.37071 74.7903 
-1 13.59755 73.5427 46 13.48226 74.1715 93 13.36830 74.8038 
0 13.59508 73.5560 47 13.47982 74.1850 94 13.36589 74.8173 
1 13.59261 73.5694 48 13.47739 74.1984 95 13.36347 74.8308 
2 13.59014 73.5827 49 13.47495 74.2118 96 13.36106 74.8443 
3 13.58768 73.5961 50 13.47251 74,2252 97 13.35865 74,8579 
4 13.58521 73.6095 51 13.47008 74.2386 98 13.35624 74.87 14 
5 13.58275 73.6228 52 13.46765 74.2520 99 13.35383 74.8849 
6 13.58028 73.6362 53 13.46521 74.2655 100 13.35142 74.8984 
7 13.57782 73.6495 54 13.46278 74.2789 110 13.3273 75.0337 
8 13.57535 73.6629 55 13.46035 74.2923 120 13.3033 75.1693 
9 13.57289 73.6763 56 13.45791 74.3057 130 13.2793 75.3052 
10 13.57043 73.6896 57 13.45548 74.3192 140 13.2553 75.4413 
11 13.56797 73.7030 58 13.45305 74.3326 150 13.2314 75.5778 
12 13.56551 73.7164 59 13.45062 74.3460 160 13.2075 75.7147 
13 13.56305 73.7297 60 13.44819 74.3594 170 13.1836 75.8519 
14 13.56059 73.7431 61 13.44576 74.3729 180 13.1597 75.9895 
15 13.55813 73.7565 62 13.44333 74.3863 190 13.1359 76.1274 
16 13.55567 73.7698 63 13.44090 74.3998 200 13.1120 76.2659 
17 13.55322 73.7832 64 13.43848 74.4132 210 13.0882 76.4047 
18 13.55076 73.7966 65 13.43605 74.4266 220 13.0644 76.5440 
19 13.54831 73.8100 66 13.43362 74.4401 230 13.0406 76.6838 
20 13.54585 73.8233 67 13.43120 74.4535 240 13.0167 76.8241 
21 13.54340 73.8367 68 13.42877 74.4670 250 12.9929 76.9650 
22: 13.54094 73.8501 69 13.42635 74.4804 260 12.9691 77.1064 
23 13.53849 73.8635 70 13.42392 74.4939 270 12.9453 77.2484 
24 13.53604 73.8769 71 13.42150 74.5073 280 12.9214 77.3909 
25 13.53359 73.8902 72 13.41908 74.5208 290 12.8975 77.5341 
26 13.53114 73.9036 73 13.41665 74.5342 300 12.8736 77.6779 
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THERMAL PROPERTIES ОЕ MERCURY 
Lev R. Fokin 


The first of these tables gives the molar heat capacity at constant pressure of liquid and gaseous mercury as a function of temperature. To convert 
to specific heat in units of J/g K, divide these values by 200.59, the atomic weight of mercury. 


REFERENCE 


Douglas, T. B., Ball, A. T., and Ginnings, D. C., J. Res. Natl. Bur. Stands., 46, 334, 1951. 


С то К) C,/J/mol К) C,/J/mol К) 

tc Liquid Gas °C Liquid Gas °C Liquid Gas 
-38.84 28.2746 20.786 140 27.3675 20.786 340 27.1500 20.836 
-20 28.1466 20.786 160 27.3090 20.786 356.73 27.1677 20.849 
0 28.0190 20.786 180 27.2588 20.790 360 27.1709 20.853 
20 27.9002 20.786 200 27.2169 20.790 380 27.1981 20.870 
25 27.8717 20.786 220 27.1834 20.794 400 27.2324 20.891 
40 27.7897 20.786 240 27.1583 20.794 420 27.2738 20.916 
60 27.6880 20.786 260 27.1412 20.799 440 27.3207 20.941 
80 27.5952 20.786 280 27.1320 20.807 460 27.3742 20.974 
100 27.5106 20.786 300 27.1303 20.815 480 27.4332 21.008 
120 27.4349 20.786 320 27.1366 20.824 500 27.4985 21.046 


The second table gives the molar heat capacity of solid mercury in its rhombohedral (а-тегсигу) form. 
REFERENCES 


1. Busey and Giaque, J. Am. Chem. Soc., 75, 806, 1953. 
2. Amitin, Lebedeva, and Paukov, Rus. J. Phys. Chem., 2666, 1979. 


°C C,/J mol! °C C,/J mol! °C C,/J mol! °C C,/J mor! 
-268.99 0.99% -248.15 12.74 -193.15 23.16 —113.15 26.15 
-268.99 0.97% -243.15 14.78 -183.15 23.76 -93.15 26.69 
-268.15 1.6 -233.15 17.90 -173.15 24.24 -73.15 27.28 
-263.15 4.6 -223.15 19.94 -153.15 25.00 —53.15 27.96 
-258.15 7.6 -213.15 21.40 —133.15 25.61 -38.87 28.5 
-253.15 10.33 -203.15 22.42 


ж Superconducting state 
** Normal state 


The final table gives the cubic thermal expansion coefficient a, the isothermal compressibility coefficient кт, and the speed of sound И for liquid 
mercury as a function of temperature. These properties are defined as follows: 


«3 42-01 x) y? - [ЭР sis 
var), “7 WP), др), P 


where v is the specific volume (given in the table on the preceding page). 


REFERENCE 


Vukalovich, M. P., et al., Thermophysical Properties of Mercury, Moscow Standard Press, 1971. 


Ку х 109/заг”! Ку х 109/заг”! 
РУС ох 104/K1 At 1 bar At 1000 bar О/ 5"! °C a x 104/КЛ At 1 bar At1000 bar U/m 5"! 
-20 1.818 3.83 1470 120 1.8058 4.513 4.33 1404.7 
0 1.8144 3.918 3.78 1460.8 140 1.8074 4.622 1395.4 
20 1.8110 4.013 3.87 1451.4 160 1.8100 4.731 4.53 1386.1 
40 1.8083 4.109 3.96 1442.0 180 1.8136 4.844 1376.7 
60 1.8064 4.207 1432.7 200 1.818 4.96 1367 
80 1.8053 4.308 4.14 1423.4 250 1.834 5.26 1344 
100 1.8051 4.410 1414.1 300 1.856 5.59 1321 
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SURFACE TENSION OF COMMON LIQUIDS 


The surface tension Y of about 200 liquids is tabulated here as a function of temperature. Values of y are given in units of millinewtons per meter 
(mN/m), which is equivalent to dyn/cm in cgs units. The values refer to a nominal pressure of one atmosphere (about 100 kPa) except in cases where 
the indicated temperature is above the normal boiling point of the substance; in those cases, the applicable pressure is the saturation vapor pressure 
at the temperature in question. 

The uncertainty of the values is 0.1 to 0.2 mN/m or less in most cases. Values at temperatures between the points tabulated can be obtained by linear 
interpolation to a good approximation. 

Substances are listed by molecular formula in the modified Hill order, with substances not containing carbon appearing before those that do contain 
carbon. A more extensive compilation of surface tension may be found in the Reference. 


Jasper, J. J., J. Phys. Chem. Ref. Data, 1, 841, 1972. 


Mol. form. 


Вг, 
СІ,0,5 
СБОР 
CLP 
CLSi 
Н,О 
Н,М, 
Hg 
ССІ, 
CS, 
CHBr, 
CHCI, 
СН,Вг, 
CH,Cl, 
СН,О, 
CHI 
СН,МО 
СН,МО, 
СН,О 
CH;N 
CHCl; 
C,HF;0, 
C,H,Cly 
C,H;3Cl, 
C;H4Cl, 
C;H4N 
C,H,Br, 
C;H4CL, 
C;H4CL, 
C,H,O 
С,Н,О, 
C;H40, 
С,Н;Вг 
СНУ 
C;H;NO, 
С,Н,О 
CHOS 
C,H,O, 
С,Н,5 
С,Н,5 
С,Н,5, 
C;H;N 
C;H;N 


Name 


Bromine 

Sulfuryl chloride 
Phosphoryl chloride 
Phosphorus trichloride 
Silicon tetrachloride 
Water 

Hydrazine 

Mercury 
Tetrachloromethane 
Carbon disulfide 
Tribromomethane 
Trichloromethane 
Dibromomethane 
Dichloromethane 
Formic acid 
Iodomethane 
Formamide 
Nitromethane 
Methanol 
Methylamine 
Pentachloroethane 
Trifluoroacetic acid 


1,1,2,2- Tetrachloroethane 


1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Acetonitrile 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
Acetaldehyde 

Acetic acid 

Methyl formate 
Bromoethane 
Iodoethane 
Nitroethane 

Ethanol 

Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfide 
Ethanethiol 

Dimethyl disulfide 
Dimethylamine 
Ethylamine 


REFERENCE 
Yin mN/m 
10?C 259С 50°С 75°С 100?C 
43.68 40.95 36.40 
28.78 
32.03 28.85 25.66 
27.98 24.81 
19.78 18.29 15.80 
74.23 71.99 67.94 63.57 58.91 
66.39 
488.55 485.48 480.36 475.23 470.11 
26.43 23.37 20.31 17.25 
33.81 31.58 27.87 
44.87 41.60 38.33 
26.67 23.44 20.20 
39.05 35.33 31.61 
27.20 
37.13 34.38 31.64 
32.19 30.34 
57.03 54.92 52.82 50.71 
39.04 36.53 32.33 
23.23 22.07 20.14 
19.15 
34.15 31.20 28.26 
13.53 11.42 
35.58 32.41 29.24 26.07 
25.18 22.07 
34.02 30.65 27.27 23.89 
28.66 25.51 
39.55 36.25 32.95 
24.07 
31.86 28.29 24.72 
22.54 20.50 17.10 
27.10 24.61 22.13 
26.72 24.36 20.43 16.50 12.57 
25.36 23.62 
30.38 28.46 25.24 
34.02 32.13 29.00 
23.22 21.97 19.89 
42.92 40.06 
47.99 45.76 43.54 4131 
25.27 24.06 
23.08 
33.39 30.04 
26.34 
19.20 


6-135 


Mol. form. 


C;H;NO 
С.Н,Вг 
она 
C,H;CIO 
C4H5N 
C4H4CL 
С,Н,О 
CHO 
С.Н,О, 
C4H40, 
С.Н,О, 
С.Н,Вг 
C4H;Br 
C3H,Cl 
C3H,Cl 
СНО; 
С;Н;О 
С;Н;О 
C,H,O, 
С,Н,5 
С,Н,5 
C4HN 
C4H9N 
СНА 
C,H,N, 
C,H,S 
C,H;N 
С,Н,О, 
САМ 
C,H,O 
C,H,O, 
С,Н,О, 
С,Н,О, 
C,H,O, 
С,Н,Вг 
C,H,Cl 
C,HyI 
C4H9N 
C4H4,0 
СНО 
C4H4,0 
C4H4,0 
С.Н 0; 
СІН 003 
СІН 05 
C,H, N 
C,H; N 
C,H; N 
C,H, N 
C;H40, 
С;Н;М 
СН 
CsH;O 
СУН 
С.Ну 
СУН 
СУН yO 


SURFACE TENSION OF COMMON LIQUIDS (continued) 


Name 


Ethanolamine 
3-Bromopropene 
3-Chloropropene 
Epichlorohydrin 
Propanenitrile 
1,2-Dichloropropane 
Acetone 

Allyl alcohol 
Ethyl formate 
Methyl acetate 
Propanoic acid 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
2-Nitropropane 
1-Propanol 
2-Propanol 
2-Methoxyethanol 
1-Propanethiol 
2-Propanethiol 
Propylamine 
Trimethylamine 
Pyridazine 
Pyrimidine 
Thiophene 
Pyrrole 

Acetic anhydride 
Butanenitrile 
2-Butanone 
1,4-Dioxane 
Ethyl acetate 
Methyl propanoate 
Butanoic acid 
1-Bromobutane 
1-Chlorobutane 
1-Iodobutane 
Pyrrolidine 
1-Butanol 
2-Butanol 
2-Methyl-2-propanol 
Diethyl ether 
2-Ethoxyethanol 
Diethylene glycol 
Diethyl sulfide 
Butylamine 
Isobutylamine 
tert-Butylamine 
Diethylamine 
Furfural 

Pyridine 
Cyclopentene 
Cyclopentanone 
1-Решепе 
2-Methyl-2-butene 
Cyclopentane 
2-Pentanone 


Yin mN/m 
10?C 259С 50°С 75°С 100?C 
48.32 45.53 42.73 
26.31 23.17 
23.14 
38.40 36.36 32.96 29.56 26.16 
26.75 23.87 
28.32 25.22 22.12 
23.46 20.66 
26.63 25.28 23.02 20.77 
25.16 23.18 
26.66 24.73 21.51 
26.20 23.72 21.23 
27.08 25.26 22.21 
25.03 23.25 20.30 
23.16 21.30 
20.49 19.16 
31.02 29.29 26.39 
24.48 23.32 21.38 19.43 
22.11 20.93 18.96 16.98 
32.32 30.84 28.38 25.92 23.46 
24.20 21.02 
21.33 18.39 
21.75 
13.41 
49.51 47.96 45.37 42.78 40.19 
30.33 27.80 25.28 22.75 
30.68 27.36 
38.71 37.06 34.31 
34.08 31.93 28.34 24.75 21.16 
26.92 24.33 21.73 
23.97 21.16 
32.75 29.28 25.80 22.32 
25.13 23.39 20.49 17.58 14.68 
26.32 24.44 21.29 
26.05 23.75 21.45 
27.58 25.90 23.08 20.27 17.45 
24.85 23.18 20.39 
29.79 28.24 25.67 23.09 20.51 
30.58 29.23 26.98 
26.28 24.93 22.69 20.44 18.20 
23.74 22.54 20.56 18.57 16.58 
19.96 17.71 
16.65 
28.35 26.11 23.86 21.62 
44.77 42.57 40.37 38.17 
26.22 24.57 21.80 
23.44 20.63 
21.75 19.02 
16.87 
19.85 
45.08 43.09 39.78 36.46 33.14 
36.56 33.29 30.03 
24.45 22.20 
34.45 32.80 30.05 27.30 24.55 
17.10 15.45 
18.61 17.15 
24.07 21.88 18.22 
23.25 21.62 
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SURFACE TENSION OF COMMON LIQUIDS (continued) 


Yin mN/m 

Mol. form. Name 10?C 25°С 50°С 75°С 100°C 
С.Н,О 3-Pentanone 24.74 22.13 
СНО Pentanal 26.95 25.44 22.91 
C5Hj yO Butyl formate 26.05 24.52 21.95 19.39 16.82 
С.Н,О, Propyl acetate 25.48 23.80 21.00 18.20 15.40 
СНО Isopropyl acetate 23.37 21.76 19.08 16.40 
C5H 90 Ethyl propanoate 25.55 23.80 20.88 17.96 
С.Н,О, Methyl butanoate 26.34 24.62 21.76 18.89 16.03 
СНО 1-Chloropentane 26.01 24.40 21.71 19.02 16.33 
С;Н |М Piperidine 30.64 28.91 26.03 23.14 20.26 
СН, Решапе 17.15 15.49 
СНО 1-Pentanol 26.67 25.36 23.17 20.99 18.80 
С,Н,О 2-Pentanol 24.96 23.45 20.94 18.43 15.92 
СНО 3-Methyl-1-butanol 24.94 23.71 21.66 19.61 17.56 
С;Н,;№ Pentylamine 24.69 22.14 19.58 
C&;H4CL m-Dichlorobenzene 37.15 35.43 32.57 29.70 26.83 
С,Н,Вг Bromobenzene 36.98 35.24 32.34 29.44 26.54 
СеН;СІ Chlorobenzene 34.78 32.99 30.02 27.04 24.06 
СеН;СІО o-Chlorophenol 39.70 36.89 34.09 31.28 
СеН;СІО m-Chlorophenol 41.18 38.66 36.13 33.61 
C&;H;F Fluorobenzene 28.47 26.66 23.65 20.64 
СНУ Iodobenzene 40.40 38.71 35.91 33.10 30.29 
C,H;NO, Nitrobenzene 40.56 37.66 34.77 
CoH, Benzene 28.22 25.00 21.77 
СНО Phenol 38.20 35.53 32.86 
C H,N Aniline 42.12 39.41 36.69 
СВМ 2-Methylpyridine 33.00 29.90 26.79 
СВ Adiponitrile 45.45 43.02 40.58 
СеН Cyclohexene 28.01 26.17 23.12 
СНО Сусіоһехапопе 36.43 34.57 31.46 28.36 25.25 
СН, х Hexanenitrile 27.37 25.11 22.84 
СН, Сусіоһехапе 26.43 24.65 21.68 
СН Methylcyclopentane 23.47 21.72 18.82 
(05:17 1-Нехепе 19.44 17.90 15.33 
СНО Cyclohexanol 32.92 30.50 28.09 25.67 
СНО 2-Нехапопе 25.45 22.72 
С,Н,О, Butyl acetate 26.48 24.88 22.21 19.54 16.87 
С,Н,О, Isobutyl acetate 24.58 23.06 20.53 17.99 15.46 
СеН 0 Ethyl butanoate 25.51 23.94 21.33 18.71 16.10 
С,Н,О, Paraldehyde 27.22 25.63 22.97 20.32 17.66 
С,Н, С! 1-СМогоћехапе 27.28 25.73 23.13 20.54 17.94 
СН, Х Cyclohexylamine 31.22 28.25 25.28 
СеНа Нехапе 19.42 17.89 15.33 
СеНа 2-Methylpentane 18.37 16.88 14.39 
CH4 3-Methylpentane 19.20 17.61 14.96 
СНО Diisopropyl ether 17.27 14.65 
СНО 1-Нехапо! 25.81 23.81 21.80 19.80 
C HO, 1,1-Diethoxyethane 20.89 18.31 15.74 
СН 40 2-Butoxyethanol 27.36 26.14 24.10 22.06 20.02 
C,H,;N Triethylamine 20.22 17.74 
СеН,5№ Dipropylamine 22.31 19.75 17.20 
СеН,5№ Diisopropylamine 19.14 16.45 
C;H;N Benzonitrile 38.79 35.90 33.00 
СНО Benzaldehyde 39.63 38.00 35.27 32.55 29.82 
СІН; Toluene 29.71 27.93 24.96 21.98 19.01 
С,Н,О o-Cresol 36.90 34.38 31.85 29.32 
С,Н,О m-Cresol 35.69 33.38 31.07 28.76 
С,Н,О Benzyl alcohol 27.89 24.44 
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Mol. form. 


С,Н,О 
СВОМ 
СВОМ 
C;HN 
Ста 
Ста 
С-Н О 
СІН 40; 
СІН 40; 
C;Hig 
СВ 
С,Н,О 
CsH,O; 
СО 
CsHio 
СН 
CsHio 
CsHio 
CH0 
CH; N 
C;HjN 
Сав 
CsHis 
CsHis 
С.Н О 
C;HjN 
C;HjN 
CyH,N 
СН» 
СН 
СН; 
С,Н,О 
СУН» 
СУН» О 
Србу 
Србу 
СоН»2О 
СиНы 
СНО 
СНМ 
Саб 
С.Н 20; 
С.Н 
С.Н 
СҢ 


SURFACE TENSION OF COMMON LIQUIDS (continued) 


Name 


Anisole 
N-Methylaniline 
2,3-Dimethylpyridine 
Benzylamine 
Methylcyclohexane 
1-Heptene 
2-Heptanone 

Pentyl acetate 
Heptanoic acid 
Heptane 
3-Methylhexane 
Acetophenone 
Methyl benzoate 
Methyl salicylate 
Ethylbenzene 
o-Xylene 

m-Xylene 

p-Xylene 

Phenetole 
N,N-Dimethylaniline 
N-Ethylaniline 
Ethylcyclohexane 
Octane 
2,5-Dimethylhexane 
1-Octanol 
Dibutylamine 
Diisobutylamine 
Quinoline 

Cumene 
1,2,4-Trimethylbenzene 
Mesitylene 
5-Nonanone 
Nonane 

1-Nonanol 
1,2,3,4-Tetrahydronaphthalene 
Decane 

1-Decanol 
Undecane 

Бірһепуі ether 
Tributylamine 
Tridecane 

Benzyl benzoate 
Tetradecane 
Hexadecane 
Octadecane 


yin mN/m 
10°C 25°C 50°C 75°C 100°C 
35.10 32.09 29.08 
36.90 34.47 32.05 
32.71 30.04 27.36 
39.30 36.27 33.23 
24.98 23.29 20.46 
21.29 19.80 17.33 14.85 
26.12 23.48 
26.67 25.17 22.69 20.20 17.72 
27.76 25.64 
21.12 19.65 17.20 14.75 
20.76 19.31 16.88 14.46 
39.04 36.15 33.27 
37.17 34.25 31.32 
40.98 39.22 36.28 33.35 30.41 
30.39 28.75 26.01 23.28 20.54 
31.41 29.76 27.01 24.25 21.50 
30.13 28.47 25.71 22.95 20.19 
28.01 25.32 22.64 19.95 
32.41 29.65 26.89 
35.52 32.90 30.27 
36.33 33.65 30.98 
26.73 25.15 22.51 
22.57 21.14 18.77 16.39 14.01 
20.77 19.40 17.12 14.84 12.56 
28.30 27.10 25.12 
24.12 21.74 19.36 
21.72 19.44 17.16 
44.19 42.59 39.94 37.28 34.62 
29.27 27.69 25.05 22.42 19.78 
30.74 29.20 26.64 24.07 21.51 
28.89 27.55 25.31 23.07 20.82 
26.28 23.85 
23.79 22.38 20.05 17.71 15.37 
29.03 27.89 26.00 24.10 22.20 
33.17 30.78 28.40 
24.75 23.37 21.07 18.77 16.47 
29.61 28.51 26.68 24.85 23.02 
25.56 24.21 21.96 19.70 17.45 
26.75 24.80 
24.39 22.32 20.24 
26.86 25.55 23.37 21.19 19.01 
44.47 42.82 40.06 37.31 34.55 
27.43 26.13 23.96 21.78 19.61 
27.05 24.91 22.78 20.64 
27.87 25.77 23.66 21.55 
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PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS 
Christian Wohlfarth 


The permittivity of a substance (often called the dielectric constant) is the ratio of the electric displacement D to the electric field strength E when 
an external field is applied to the substance. The quantity tabulated here is the relative permittivity, which is the ratio of the actual permittivity to the 
permittivity of a vacuum; it is a dimensionless number. 

The table gives the static relative permittivity €,, i.e., the relative permittivity measured in static fields or at low frequencies where no relaxation 
effects occur. The fourth column ofthe table lists the value ofe, at the temperature specified in the third column, usually 293.15 or 298.15 K. Otherwise, 
the temperature closest to 293.15 К was chosen, or (as it is the case for many of the substances included here) 2, is given at the only temperature for 
which data are available. 

The static permittivity refers to nominal atmospheric pressure as long as the corresponding temperature is below the normal boiling point. 
Otherwise, at temperatures above the normal boiling point, the pressure is understood to be the saturated vapor pressure ofthe substance considered. 

For substances where information on the temperature dependence of the permittivity is available, the table gives the coefficients of a simple 
polynomial fitting of permittivity to temperature with an equation of the form 


&(T) = а + bT + cT? + d? 


where T is the absolute temperature in К. Since the parameter d was used in only a few cases where the quadratic fit was not satisfactory, only a, b, 
and с are listed as columns in the table, while the d values are given at the end of this introduction. For all other substances, d = 0. The temperature 
range of the fit is given in the last column. The coefficients of the fitting equation can be used to calculate dielectric constants within the fitted 
temperature range but should not be used for extrapolation outside this range. The user who needs dielectric constant data with more accuracy than 
can be provided by this equation is referred to Reference 1, which gives the original data together with their literature source. 

Substances are listed by molecular formula in modified Hill order, with substances not containing carbon preceding those that do contain carbon. 


* [ndicates that the isomer was not specified in the original reference. 
** [ndicates a compound for which the cubic term is needed: 


Ethanol d = -0.15512Е-05 
N-Methylacetamide d — -0.12998E-04 
1,2-Propylene glycol d — -0.32544E-05 
1-Butanol d — -0.48841E-06 
2-Butanol d — -0.89512E-06 
2-Methyl-1-propanol d — -0.45229E-06 
2-Methyl-2-propanol d — -0.25968E-05 
N-Butylacetamide d — -0.48716E-05 


REFERENCES 


1. Wohlfarth, Ch., “Static Dielectric Constants of Pure Liquids and Binary Liquid Mixtures”, Landolt-Bórnstein, Numerical Data and Functional 
Relationships in Science and Technology, New Series, Editor in Chief, O. Madelung, Group IV, Macroscopic and Technical Properties of 
Matter, Volume 6, Springer-Verlag, Berlin, Heidelberg, New York, 1991. 

2. Marsh, K. N., Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 


Mol. Form. Name T/K £ a b c Range/K 
AIBr; Aluminum tribromide 373.2 3.38 

Ar Argon 140.00 1.3247 0.12408Е+01 0.68755E-02 -0.45344Е-04 87-149 
AsH; Arsine 200.9 2.40 0.37674E+01 -0.97454Е-02 0.14537E-04 157-201 
BBr; Boron tribromide 273.2 2.56 

В.Н, Піһогапе 180.66 1.8725 0.23848E+01 -0.29501Е-02 0.64189Е-06 108-181 
В5Но Pentaborane(9) 298.2 21.1 0.40952E+03 -0.24414E+01 0.38225Е-02 226-298 
BrF; Bromine trifluoride 298.2 106.8 

ВтЕ; Bromine pentafluoride 297.7 7.91 0.11428E+02 . -0.11822E-01 262-298 
BrH Hydrogen bromide 186.8 8.23 

BrNO Nitrosyl bromide 288.4 13.4 

Br; Bromine 297.9 3.1484 0.32701E+01 -0.12535Е-03 273-327 
Br;OS Thionyl bromide 293.2 9.06 

Br,OV Vanadyl tribromide 298.2 3.6 0.61112Е-01 -0.84211Е-02 203-298 
Вг,Се Germanium(IV) bromide 299.9 2.955 0.34450Е-01 -0.16083Е-02 300-316 
Br,Sn Tin(IV) bromide 303.45 3.169 0.50001E+01 -0.60383Е-02 304-316 
СЇЕО, Perchloryl fluoride 150.2 2.194 0.23808E+01 -0.38629Е-03 -0.57143Е-05 125-150 
CIF; Chlorine trifluoride 293.2 4.394 0.96716E+01 -0.18000E-01 273-313 
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Mol. Form. 


CIF; 
СІН 
СІМО 
CL 
СЬЕР 
CLOS 
CLOSe 
С1,058 
CLS 
CLS, 
СБР 
СКОР 
СВОМ 
CLP 
CLPS 
СЕР 
Cl,Ge 
СЦРЬ 
CLSi 
Cl,Sn 
CLTi 
CLV 
CLP 
Cl;Sb 
FH 

F, 


Xe 
CBrCIF, 
CBrCl, 
CBrF; 
CBr,Cl, 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Chlorine pentafluoride 
Hydrogen chloride 
Nitrosyl chloride 
Chlorine 


Phosphorus(V) dichloride trifluoride 


Thionyl chloride 
Selenium oxychloride 
Sulfuryl chloride 
Sulfur dichloride 
Sulfur chloride 


Phosphorus(V) trichloride difluoride 
Phosphorus(V) oxychloride 


Vanadyl trichloride 
Phosphorus(III) chloride 


Phosphorus(V) sulfide trichloride 
Phosphorus(V) tetrachloride fluoride 


Germanium(IV) chloride 
Lead(IV) chloride 
Tetrachlorosilane 
Tin(IV) chloride 
Titanium(IV) chloride 
Vanadium(IV) chloride 
Phosphorus(V) chloride 
Antimony(V) chloride 
Hydrogen fluoride 
Fluorine 

Iodine pentafluoride 
Sulfur hexafluoride 
Xenon hexafluoride 
Тодте heptafluoride 
Sulfur decafluoride 
Hydrogen iodide 
Hydrogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Ammonia 

Hydrazine 

Helium 

Iodine 

Krypton 
Manganese(VII) oxide 
Nitric oxide 

Nitrogen 

Nitrogen trioxide 
Nitrogen tetroxide 
Neon 

Oxygen 

Sulfur dioxide 

Ozone 

Sulfur trioxide 
Phosphorus 

Sulfur 

Selenium 

Xenon 


Bromochlorodifluoromethane 


Bromotrichloromethane 
Bromotrifluoromethane 


Dibromodichloromethane 


T/K 


193.2 
158.9 
285.2 
208.0 
228.63 
298.2 
293.2 
293.2 
298.2 
288.2 
268.0 
293.2 
298.2 
290.2 
298.2 
272.64 
273.2 
293.2 
273.2 
273.2 
257.4 
298.2 
4332 
293.0 
273.2 
53.48 
293.2 
223.2 
328.2 
298.2 
293.2 
220.2 
13:52 
293.2 
290.2 
283.2 
293.2 
298.2 
2.055 
391.25 
119.80 
293.2 
1.997 
63.15 
203.2 
293.2 
26.11 
54.478 
298.2 
90.2 
291.2 
307.2 
407.2 
510.65 
161.35 
123.2 
293.2 
123.2 
298.2 


4.28 
14.3 
18.2 

2.147 

2.8129 

8.675 
46.2 

9.1 

2.915 

4.79 

2.3752 
14.1 

3.4 

3.498 

4.94 

2.6499 

2.463 

2.78 

2.248 

3.014 

2.843 

3.05 

2.85 

3.222 
83.6 

1.4913 
37.13 

1.81 

4.10 

1.75 

2.0202 

3.87 

1.2792 
80.100 
74.6 

5.93 
16.61 
51.7 

1.0555 
11.08 

1.664 

3.28 


1.4680 
31.13 
2.44 
1.1907 
1.5684 
16.3 
4.75 
3.11 
4.096 
3.499] 
5.44 
1.880 
3.920 
2.405 
3.730 
2.542 
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0.78192Е-01 
0.47316Е-02 


0.29440Е-01 
0.46501Е+01 


0.28905E+01 


0.59098E+01 


0.33503E+01 
-0.55078E+01 


0.58041E+01 
0.43951E+01 
0.33668E+01 


0.45413E+01 
0.50352E+03 
0.14144E+01 
0.95184E+02 


0.51557E+03 
0.13327E+01 
0.24921E+03 
0.48511E+03 
0.14736E+02 
0.66756E+02 
0.22061E+03 
0.10640E+01 
0.64730E+02 


0.37655E+01 


0.12550E+01 
0.92287E+02 
0.28212E+01 
0.12667E+01 
0.15434E+01 
0.52045E+02 
0.86344E+01 


0.79018E+00 
0.51651E+01 
0.67569E+01 


0.52442E+01 
0.29249E+01 
0.54154E+01 
0.32330E+01 


-0.20860E-01 
-0.28455E+00 


-0.44649E-02 
-0.80358E-02 


-0.19228E-02 


-0.83322E-02 


-0.29651E-02 
0.64881E-01 


-0.27129Е-01 
-0.48805Е-02 
-0.19675Е-02 


-0.45078Е-02 
-0.19297E+01 

0.26387E-02 
-0.19800E+00 


-0.44552E+01 
-0.51946E-02 
-0.79069E+00 
-0.23145E+01 
-0.33675E-01 
-0.24696E+00 
-0.89633E+00 
-0.35584E-02 
-0.29266E+00 


-0.16463E-02 


0.67949E-02 
-0.43306E+00 
-0.13000E-02 
-0.29064E-02 

0.14615E-02 
-0.16125E+00 
-0.54807E-01 


0.23911E-01 
-0.77381Е-02 
-0.25829Е-02 


-0.11000Е-01 
-0.17650Е-02 
-0.13680Е-01 
-0.23162Е-02 


0.13132Е-04 
0.48650Е-03 


0.30388Е-05 


-0.13091Е-03 


0.51678Е-04 


0.14372Е-02 
-0.28356Е-04 


0.96795E-02 


0.72997Е-03 
0.31020Е-02 
0.96740E-05 
0.25913E-03 
0.11066E-02 


0.39759E-03 


-0.56704E-04 
0.65000E-03 


-0.21964E-04 
0.11042E-03 
0.12596E-03 


-0.42826E-04 
0.89120E-05 


Капге/К 


193-256 
159-258 


208-240 
172-229 


215-268 


290-333 


244-273 
246-273 


207-273 
234-273 
237-257 


276-320 
200-273 
54-144 

273-313 


220-236 
14-19 
273-372 
233-303 
212-363 
238-323 
278-323 
2-4 
391-441 


283-312 


63-126 
203-243 
253-293 
26-29 
55-154 
213-449 
90-185 


307-358 
407-479 
511-575 


123-223 
273-333 
123-173 
298-333 


Mol. Form. 


CBr;F, 
CBr;Cl 
CBr3F 
СВг,МО, 
CCIF; 
CCLF, 
ССО 
ССр 
CCIF 
ССІМО, 
CCl, 

CF, 
СНВг, 
CHCI, 
CHF, 
CHN 
СН,Вг› 
CH,Cl, 
CH;F, 
СН, 
СН:О, 
СН, Вг 
CHCl 
CH4CIO;S 
CH;DO 
СЊЕ 
CHI 
CH;NO 
CHNO, 
CHNO, 
CHNO; 
CH, 
СН,О 
CH;N 
СМ,О, 
COS 
COSe 
CO, 

CS, 
С-Вт-Е; 
С-СІ,Е, 
С›СЬО» 
С›СЬМ 
CCl, 
С,СЦЕ, 
С-НВт;О 
CHCl; 
С,НСЬЕ, 
С-НСІО 
С-НСІ;О, 
CHCl; 
С-НЕ;О, 
C-H; 
С-Н,Вт; 
С-Н,Вт; 
C3H5Br, 
C;H5CL 
C;H5CL 
C;H5CL 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Dibromodifluoromethane 
Tribromochloromethane 
Tribromofluoromethane 
Tribromonitromethane 
Chlorotrifluoromethane 
Dichlorodifluoromethane 
Carbonyl chloride 
Trichloromethane-d 
Trichlorofluoromethane 
Trichloronitromethane 
Tetrachloromethane 
Tetrafluoromethane 
Tribromomethane 
Trichloromethane 
Trifluoromethane 
Hydrogen cyanide 
Dibromomethane 
Dichloromethane 
Difluoromethane 
Diiodomethane 

Formic acid 
Bromomethane 
Chloromethane 
Methanesulfonyl chloride 
Methan-d,-ol 
Fluoromethane 
Iodomethane 

Formamide 
Nitromethane 

Methyl nitrite 

Methyl nitrate 

Methane 

Methanol 

Methylamine 
Tetranitromethane 
Carbon oxysulfide 
Carbon oxyselenide 
Carbon dioxide 

Carbon disulfide 
1,2-Dibromotetrafluoroethane 
1,2-Dichlorotetrafluoroethane 
Oxalyl chloride 
Trichloroacetonitrile 
Tetrachloroethylene 


1,1,2,2-Tetrachloro-1,2-difluoroethane 


Tribromoacetaldehyde 
Trichloroethylene 


1,2,2-Trichloro-1,1-difluoroethane 


Trichloroacetaldehyde 
Trichloroacetic acid 
Pentachloroethane 
Trifluoroacetic acid 
Acetylene 
cis-1,2-Dibromoethylene 
trans-1,2-Dibromoethylene 
1,1,2,2- Tetrabromoethane 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 


T/K 


0.67296Е+01 


0.53203E+01 
0.16079E+02 
0.43677E+01 
0.46984E+01 


0.53203E+01 
0.14403E+02 
0.28280E+01 
0.20350E+01 
0.71707E+01 
0.15115E+02 
0.11442E+03 
0.37331E+04 
0.18060E+02 
0.40452E+02 
0.19428E+03 


0.14040E+03 
0.40580E+02 
0.42775E+02 
0.10384E+03 
0.20839E+03 
0.11338E+03 
0.24264E+02 
0.26076E+03 
0.11227E+03 
0.11071E+03 


0.15996E+01 
0.19341E+03 
0.34398E+02 


0.84702E+01 
0.48740E+01 
0.79062E+00 
0.45024E+01 


0.36663E+01 


0.58319E+01 
0.75423E+01 


0.13412E+01 


0.65972E+01 
0.21652E+02 


0.16246E+02 


-0.22133E-01 


-0.11061E-01 
-0.23630E-01 
-0.11020E-01 
-0.97600E-02 


-0.11061E-01 
-0.24178E-01 
-0.20339E-02 
-0.27616E-02 
-0.98000E-02 
-0.51830E-01 
-0.75600E+00 
-0.23180E+02 
-0.36333E-01 
-0.17748E+00 
-0.12939E+01 


-0.24673E+00 
-0.18418E+00 
-0.16175E+00 
-0.33838E+00 
-0.10318E+01 
-0.63979E+00 
-0.93914E-01 

-0.61145E+00 
-0.35591E+00 
-0.73428E+00 


0.27434E-02 
-0.92211E+00 
-0.73630E-01 


-0.21488E-01 
-0.49425E-02 

0.10639E-01 
-0.12054E-01 


-0.4227 1E-02 


-0.80828E-02 
-0.11667E-01 


0.90000E-02 


-0.96800E-02 
-0.68146E-01 


-0.31500E-01 


0.30213Е-04 


0.10688Е-04 


0.10688Е-04 


0.71795Е-07 


0.56803Е-04 
0.13562Е-02 
0.36963Е-01 


0.23942Е-03 
0.24280Е-02 


-0.17151Е-03 
0.26219Е-03 
0.17108Е-03 
0.34156Е-03 
0.14740Е-02 
0.96983E-03 
0.11926E-03 
0.34296E-03 
0.34206E-03 
0.14054E-02 


-0.22086E-04 


0.12839E-02 
-0.41279E-04 


-0.28510E-04 
0.19147E-04 


-0.36255E-06 


-0.24130E-14 


0.78571E-04 


Капге/К 


139-273 


206-323 
298-328 
123-173 
123-223 


206-323 
276-333 
283-333 
126-142 
283-343 
218-323 
130-263 
258-299 
283-313 
184-306 
152-224 


287-358 
195-276 
190-392 
293-373 
176-298 
150-299 
223-303 
278-333 
288-343 
110-260 


91-184 
177-293 
198-258 


143-185 
219-283 
220-300 
154-319 


193-273 


302-338 
303-333 


333-393 


298-338 
263-323 


303-333 


Mol. Form. 


С,Н,С1,0, 
C;H5Cl, 
C;H5Cl, 
СН, 
С-Н;СІО 
С-Н;СІО, 
С,Н.СьМО, 
С,Н.С, 
ОС 
C,H3F;0 
СОМ 
C,H;NO 
CH, 
C,H,BrCl 
C,H Bry 
C;H4CL 
C;H4CL 
С,Н,С,О 
С.Н,М:О, 
C,H,O 
C,H,O 
C,H,OS 
С.Н,О, 
ОНО 
С-Н,О55 
С.Н,Вг 
СНС 
С,Н,С1О 
СН; 
С,Н.Х 
С,Н,МО 
С,Н,МО 
С,Н,ХО 
С,Н.МО, 
С,Н.МО, 
С,Н.МО, 
C2H6 
С,Н,О 
CHO 
CHOS 
С.Н,О, 
C,H,0.S 
С,Н,О,5 
С,Н,5 
С,Н,5 
С.Н,5, 
С.Н,5, 
C,H,N 
С,Н,МО 
С,Н,М, 
САСКО 
С.Ё,О 
CHN 
С.Н,Е,О 
СНС: 
С.Н,Х 
С.Н.МО, 
ОН, 
ОН, 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Dichloroacetic acid 

1,1,1,2- Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
cis-1,2-Diiodoethylene 
Acetyl chloride 
Chloroacetic acid 
1,1-Dichloro-1-nitroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
2,2,2-Trifluoroethanol 
Acetonitrile 

Methyl isocyanate 
Ethylene 
1-Bromo-2-chloroethane 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
Bis(chloromethyl) ether 
Ethylene glycol dinitrate 
Acetaldehyde 

Ethylene oxide 
Thioacetic acid 

Acetic acid 

Methyl formate 
Ethylene glycol sulfite 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Iodoethane 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Acetaldoxime 
Nitroethane 

Methyl carbamate 

Ethyl nitrate 

Ethane 

Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfone 
Dimethyl sulfate 
Ethanethiol 

Dimethyl sulfide 
1,2-Ethanedithiol 
Dimethyl disulfide 
Ethylamine 
Ethanolamine 
1,2-Ethanediamine 
Hexachloroacetone 
Perfluoroacetone 
Cyanoacetylene 
1,1,1,3,3,3-Hexafluoro-2-propanol 
4-Chloro-1,3-dioxolan-2-one 
Acrylonitrile 
Cyanoacetic acid 

Allene 

Propyne 


T/K 


293.2 
207.2 
293.2 
345.65 
295.2 
338.2 
303.2 
293.2 
298.2 
293.2 
293.2 
288.7 
2770.0 
2832 
293.2 
298.2 
293.2 
293.2 
293.2 
291.2 
293.2 
298.2 
293.2 
288.2 
298.2 
298.2 
293.2 
293.2 
293.2 
298.2 
363.7 
293.2 
298.2 
288.2 
328.2 
293.2 
95.0 
293.2 
258.0 
293.2 
293.2 
383.2 
298.2 
298.2 
294.2 
293.2 
298.2 
273.2 
293.2 
293.2 
291.9 
202.2 
291.9 
293.2 
313.2 
293.2 
277.2 
269.0 
246.0 


8.33 
9.22 
8.50 
4.46 
15.8 
12.35 
16.3 
7.243 
7.1937 
27.68 
36.64 
2175 
1.4833 
7.41 
4.9612 
10.10 
10.42 
3.51 
28.26 
21.0 
12.42 
14.30 
6.20 
9.20 
39.6 
9.01 
9.45 
25.80 
7.82 
18.3 
67.6 
189.0 
4.70 
29.11 
18.48 
19.7 
1.9356 
25.3 
6.18 
47.24 
41.4 
47.39 
55.0 
6.667 
6.70 
7.26 
9.6 
8.7 
31.94 
13.82 
3.925 
2.104 
72.3 
16.70 
62.0 
33.0 
33.4 
2.025 
3.218 


6-156 


0.11014Е-02 
0.19606E+02 


0.17310E+02 
0.37576E+02 
0.27705E+02 
0.17147E+02 
0.90593E+02 
0.29724E+03 


0.13546E+01 
0.19493E+02 
0.67142E+01 
0.24429E+02 
0.24404E+02 


0.52661E+02 


-0.15731E+02 
0.19699E+02 
0.85483E+02 
0.28473E+02 
0.60693E+02 
0.11155E+03 
0.25598E+02 
0.61405E+02 

-0.20055E+03 
0.10383E+04 


0.57406E+02 
0.36773E+02 


0.20185E+01 
0.15145E+03 
0.22389E+02 
0.38478E+02 
0.14355E+03 
0.10830E+03 


0.11228E+02 
0.19109E+02 
0.30163E+02 
0.14890E+03 
0.48922E+02 
0.76423E+01 
0.34809E+01 
0.91803E+03 


0.11109E+03 


0.26049E+01 
0.60871E+01 


-0.10859E-01 
-0.49847E-01 


-0.14674E-01 
-0.70400E-01 
-0.10621E+00 
-0.33371E-01 
-0.21421E+00 
-0.15508E+01 


0.62614E-02 
-0.59054E-01 
-0.59800E-02 
-0.48000E-01 
-0.47892E-01 


-0.21337E+00 


0.12662E+00 
-0.36429Е-01 
-0.15400Е--00 
-0.85495Е-01 
-0.31290Е--00 
-0.30149Е--00 
-0.94367Е-01 
-0.14474E+00 

0.15515E+01 
-0.43165E+01 


-0.97657E-01 
-0.55700E-01 


-0.51493E-03 
-0.87020E+00 
-0.86524E-01 
0.16939E+00 
-0.48573E+00 
-0.15900E+00 


-0.13500E-01 
-0.32000E-01 
-0.79000E-01 
-0.62491E+00 
-0.17021E+00 
-0.15838E-01 
-0.92883E-02 
-0.49149E+01 


-0.36806E+00 


-0.44147E-03 
-0.11730E-01 


0.49242Е-05 


0.12424Е-03 


0.22591Е-02 


-0.21374Е-04 
0.58036Е-04 


0.25947Е-03 


-0.17738Е-03 


0.67971Е-04 
0.47154Е-03 


0.11424Е-03 


-0.22392Е-02 
0.48398Е-02 


-0.48148Е-05 
0.19570Е-02 
0.91291Е-04 

-0.47423Е-03 
0.46703Е-03 


0.77143E-03 
0.17262E-03 
0.10618E-04 
0.12282E-04 
0.69104E-02 


0.34879E-03 


-0.63420E-05 


Капге/К 


284-363 
207-233 


338-393 
303-333 
258-318 
288-318 
293-318 
288-333 


200-270 
263-363 
293-313 
288-318 
293-343 


293-243 


293-363 
288-302 
298-328 
243-308 
237-293 
140-175 
183-343 
273-298 
364-448 
276-353 


276-333 
328-368 


95-295 

163-523 
155-258 
288-343 
293-423 
383-398 


293-333 
298-323 
233-273 
253-293 
273-333 
269-303 
151-238 
281-314 


233-413 


156-269 
185-246 


Mol. Form. 


C3H,CIF; 
C3H,CINO 
C3H,Cl,O 
С.Н,Е,О 
С.Н,О 
СНО 
CsHsBr 
CsHsBrO; 
CsHsBr; 
СНС 
СНС 
С.Н.СМ:О, 
ОВО 
C3H;ClO, 
С.Н.СО, 
C3H;Cl, 
СНУ 
C3H;N 
С:Н;МО 
С.Н.М5 
ОНО 
CsHç 
CsHçBr, 
СНеВљ 
С;Н<СІМО; 
С.Н,СЬ, 
С.Н,СЬ, 
С.Н,СЬ, 
С.Н,М:О, 
С,Н,О 
СНО 
СНО 
С.Н,О, 
С.Н,О, 
С.Н,О, 
C3H,03 
СНО 
С;Н4О; 
С.Н,Вг 
С.Н,Вг 
C4H;CI 
C4H;CIO 
С.Н,СЮ 
С.Н,СО, 
C4H;I 
C4H;I 
C;H;NO 
C;H;NO 
C3H;NO 
С.Н,МХО, 
С.Н,ХО, 
С.Н,ХО, 
С.Н,ХО, 
C;H;NO, 
С-Н, 
C3H0 
С.Н,О 
С.Н,О, 
С.Н,О, 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


3-Chloro-1,1,1-trifluoropropane 


2-Chloroethyl isocyanate 
1,1-Dichloroacetone 


2,2,3,3- Tetrafluoro-1-propanol 


Propargyl alcohol 
Ethylene carbonate 
3-Bromopropene 
2-Bromopropanoic acid 
1,2,3-Tribromopropane 
2-Chloropropene 
3-Chloropropene 


3-Chloro-1,2-propanediol dinitrate 


Epichlorohydrin 

Ethyl chloroformate 
Methyl chloroacetate 
1,2,3-Trichloropropane 
3-Iodopropene 
Propanenitrile 

Ethyl isocyanate 

Ethyl isothiocyanate 
Trinitroglycerol 
Propene 
1,2-Dibromopropane 
1,3-Dibromopropane 
2-Chloro-2-nitropropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
2,2-Dinitropropane 
Allyl alcohol 

Propanal 

Acetone 

Propanoic acid 

Ethyl formate 

Methyl acetate 
3-Hydroxypropanoic acid 
Dimethyl carbonate 
1,3,5-Тпохапе 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
3-Chloro-1-propanol 
1-Chloro-2-propanol 
3-Chloro-1,2-propanediol 
1-Iodopropane 
2-Iodopropane 
N-Ethylformamide 
N,N-Dimethylformamide 
N-Methylacetamide 
1-Nitropropane 
2-Nitropropane 

Ргору! nitrite 
Isopropyl nitrite 

Ethyl carbamate 
Propane 

1-Propanol 

2-Propanol 
1,2-Propylene glycol 
1,3-Propylene glycol 


Т/К 


0.22361Е-02 
0.64311Е-02 


0.99895Е-02 
0.20746E+03 


0.11024E+02 


0.15356E+02 


0.82222E+02 


0.29623E+01 
0.54973E+01 
0.29193E+02 


0.18915E+02 
0.21609E+02 
0.32421E+02 


0.62714E+02 


0.88157E+02 
0.18793E+01 
0.15884E+02 
0.13190E+02 


0.17769E+02 
0.26195E+02 
0.21214E+02 
0.12436E+03 


-0.19169E+02 


0.13744E+02 


0.64764E+03 
0.15364E+03 
0.15975E+04 
0.94999E+02 
0.60138E+02 
0.70552E+02 
0.74578E+02 
0.32431E+02 
0.22883E+01 
0.98045E+02 
0.10416E+03 
0.24546E+03 
0.11365E+03 


-0.68840E-01 
-0.12217E+00 


-0.38911E+00 
-0.37610E+00 


-0.16596E-01 


-0.18250E-01 


-0.22937E+00 


-0.37564E-02 
-0.31695E-02 
-0.94450E-01 


-0.35907E-01 
-0.37333E-01 
-0.72188E-01 


-0.14771E+00 


-0.34300E+00 
0.46841E-02 

-0.25333E-01 

-0.21226E-01 


-0.32599Е-01 
-0.72995Е-01 
-0.43130Е-01 
-0.60841E+00 
0.13605E+01 


-0.22745E-01 


-0.28499E+01 
-0.60367E+00 
-0.90451E+01 
-0.38358E+00 
-0.11566E+00 
-0.40362E+00 
-0.38283E+00 
-0.65097E-01 

-0.23276E-02 

-0.36860E+00 
-0.41011E+00 
-0.15738E+01 
-0.36680E+00 


0.60594E-04 


0.40776E-03 


0.17424E-03 


0.92800E-04 


0.37879E-05 


0.38925E-03 
0.19983E-05 


0.55454E-04 


0.92060E-03 
-0.55567Е-02 


0.34286Е-02 
0.71505Е-03 
0.18345Е-01 
0.48480Е-03 


0.66687Е-03 
0.57071Е-03 
0.28571Е-04 
0.84710Е-06 
0.36422Е-03 
0.42049Е-03 
0.38068E-02 
0.33766E-03 


Капге/К 


275-313 
288-403 


213-293 
313-343 


303-358 


309-349 


213-473 


220-250 
283-333 
293-368 


281-323 
303-333 
245-293 


213-303 


273-323 
289-408 
288-318 
276-318 


274-328 
186-328 
273-313 
145-215 
153-177 


293-323 


298-338 
213-353 
303-473 
276-333 
276-303 
110-310 
150-300 
328-368 
90-300 

193-493 
193-493 
193-403 
288-328 


Mol. Form. 


CsHsO; 
CsHsO; 
СзНвОз 
С;Н;5 
С.Н,5 
CsHsS; 
С.Н,5, 
С.Н.ВО, 
С.Н,С151 
C3HoN 
C3HoN 
C3HoN 
С.Н.ОдР 
ССІ 
C,4C1,03 
СО» 
С,Н.СЦО, 
С,Н:О, 
СЊЕО 
C4H4N5 
C4H4N5 
С,Н,О 
C4H4S 
С,Н 1 
С.Н5СВО» 
C,H+N 
C,H;NO 
C4H6 
С,Н,О 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
СНО, 
С,Н,О, 
СНО; 
C4H;Br 
C4H;Br 
C,H7BrO, 
C4H;BrO; 
C4H;BrO; 
C4H;CIO; 
C4H;CIO; 
C,H,N 
C,H,N 
C,H;,NO 
С.Н; 
C4Hg 
C4Hg 
C,HgBry 
C,HgBry 
C,HsBry 
C,HgBry 
C,HsBry 
CyHgCl, 
CyHgCl, 
CyHgCl 
C4HgCLO 
С,Н,О 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Ethylene glycol monomethyl ether 
Dimethoxymethane 
Glycerol 

]-Propanethiol 
2-Propanethiol 
1,2-Propanedithiol 
1,3-Propanedithiol 
Trimethyl borate 
Trimethylchlorosilane 
Propylamine 
Isopropylamine 
Trimethylamine 

Trimethyl phosphate 
Hexachloro-1,3-butadiene 
Trichloroacetic anhydride 
Trifluoroacetic acid anhydride 
Dichloroacetic anhydride 
Maleic anhydride 
2,2,3,3,4,4,4-Heptafluoro-1 -butanol 
Succinonitrile 

Pyrazine 

Furan 

Thiophene 
2-Chloro-1,3-butadiene 
Ethyl trichloroacetate 
Pyrrole 

Allyl isocynate 
1,3-Butadiene 

Divinyl ether 
Ethoxyacetylene 
Cyclobutanone 

Methyl acrylate 
2,3-Butanedione 
y-Butyrolactone 

Acetic anhydride 
Propylene carbonate 
cis-2-Bromo-2-butene 
trans-2-Bromo-2-butene 
2-Bromobutanoic acid 
Ethyl bromoacetate 

Мешу! 3-bromopropanoate 
Ргору! chlorocarbonate 
Methyl 2-chloropropanoate 
Butanenitrile 
2-Methylpropanenitrile 
2-Pyrrolidone 

1-Вшепе 

сіз-2-Вшепе 

Isobutene 
1,2-Dibromobutane 
1,3-Dibromobutane 
1,4-Dibromobutane 
2,3-Dibromobutane 
1,2-Dibromo-2-methylpropane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
1,2-Dichloro-2-methylpropane 
Bis(2-chloroethyl) ether 
Butanal 


Т/К 


298.2 
293.2 
293.2 
288.2 
298.2 
293.2 
303.2 
293.2 
273.2 
296.2 
293.2 
298.2 
293.2 
293.2 
298.2 
298.2 
298.2 
326.2 
298.2 
298.2 
323.2 
277.1 
293.2 
293.2 
293.2 
293.0 
288.2 
265.0 
288.2 
298.2 
298.2 
303.2 
298.2 
293.2 
293.2 
293.0 
293.2 
293.2 
293.2 
303.2 
303.2 
293.2 
303.2 
293.2 
293.2 
298.2 
220.0 
296.0 
288.7 
293.2 
293.2 
303.2 
298.2 
293.2 
293.2 
308.2 
296.0 
293.2 
298.2 


Е а 

172 0.11803E+03 
2.644 0.25877E+01 

46.53 0.77503E+02 
5.937 0.11602E+02 
5.952 
7.24 0.14667E+02 
8.11 0.66607E+01 
2.2762 

10.21 -0.19492E+02 
5.08 0.17719E+02 


5.6268 0.40429E+02 
2.440 0.39745E+01 
20.6 


2.55 
5.0 
2.7 
15.8 
52.75 
14.4 
62.6 0.17724E+03 
2.80 
2.88 0.13636E+01 
2.739 0.32941E+01 
4.914 
8.428 
8.00 0.12672E+02 
15.15 0.34299E+02 
2.050 0.27674E+01 
3.94 
8.05 
14.27 0.43974E+02 
7.03 0.11968E+02 
4.04 0.46907E+01 
39.0 
22.45 
66.14 0.15940E+03 
5.38 
6.76 
72 
9.75 0.15627Е-02 
5.81 0.36001Е+01 
11.2 
11.45 0.22449E+02 
24.83 0.53884E+02 
24.42 0.52554E+02 
28.18 0.11054E+03 


2.2195 0.29354E+01 
1.960 0.28802E+01 
2.1225 0.33701E+01 


4.74 0.11199E+03 
9.14 0.34031E+02 
8.68 0.20944E+02 


6.245 0.23849E+02 
4.1 


7.74 0.31925Е-02 
9.30 0.59766E+01 
7.15 0.39429E+02 
21.20 
13.45 


6-158 


-0.58000E+00 
-0.93019E-03 
-0.37984E-01 
-0.19580E-01 


-0.32660E-01 
0.31310E-01 


0.29806E+00 
-0.59022E-01 
-0.21441E+00 
-0.51331E-02 


-0.54654E+00 


0.12864E-01 
-0.19019E-02 


-0.14075E-01 
-0.66444E-01 
-0.26738E-02 


-0.15712E+00 
-0.16500E-01 
-0.22302E-02 


-0.39530E+00 


-0.19600E-01 
0.72500E-02 


-0.36250E-01 
-0.99257E-01 
-0.96000E-01 
-0.47945E+00 
-0.32580E-02 
-0.31064E-02 
-0.43295Е-02 
-0.63334E+00 
-0.13254E+00 
-0.55620E-01 
-0.96300E-01 


-0.13232E+00 
0.49300E-01 
-0.20028E+00 


0.81001E-03 
0.38472E-05 
-0.23107Е-03 


0.25000Е-04 


-0.87500Е-04 


-0.69284E-03 


0.54780E-04 
0.32634E-03 


0.54046E-03 


-0.22701Е-04 


-0.62671Е-05 


0.19264Е-03 


0.26284Е-03 


0.68182Е-03 


0.91250Е-03 
0.16250Е-03 
0.50000Е-04 
0.12500Е-03 


0.17007Е-03 
-0.12500Е-03 
0.30917Е-03 


Капее/К 


254-318 
171-293 
288-343 
273-318 


293-333 
303-343 


223-273 
204-296 
213-298 
273-298 


236-351 


188-277 
253-293 


293-357 
288-333 
185-265 


220-317 
303-333 
278-348 


273-333 


303-333 
303-343 


303-343 
293-333 
293-313 
298-338 
220-250 
197-296 
220-289 
293-333 
293-333 
303-333 
293-333 


293-356 
308-338 
165-296 


Mol. Form. 


С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
C4HgO; 
C4H30; 
С.Н,О, 
CuiH,O, 
С.Н,О, 
С,Н,О, 
С,Н,О, 
C4HgO; 
С.НоВг 
C,HoBr 
C,HoBr 
C,HoBr 
C4H Cl 
C4H Cl 
C4HoCl 
CyHoCl 
CyHol 
Сані 
СН 
C4H9N 
С,Н,МО 
С,Н,ХО 
C4jH9NO 
С,Н,ХО 
С,Н,ХО 
C,H NO, 
C,H NO, 
С.Н.МО, 
С.Н.МО, 
C4H9NO, 
СН 
СН 
СІН О 
СІН О 
СІН О 
СІН О 
СІН О 
СІН 902 
СІН 00 
СІН 00: 
СІН 00 
СІН 00: 
СІН |0,5 
СІН 00; 
СІН |0055 
СІН 00; 
САН |0045 
С.Н |05 
С.Н |05 
СІН 05 
СН |05 
С.Н |05 
C,H; N 
С,Нү N 
СІН NO, 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2-Butanone 
Tetrahydrofuran 

Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Ethyl acetate 

Methyl propanoate 
1,4-Dioxane 
2-Hydroxybutanoic acid 
3-Hydroxybutanoic acid 
Ethyl methyl carbonate 
Ethylene glycol monoacetate 
1-Bromobutane 
2-Bromobutane 
1-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
1-Iodobutane 
2-Iodobutane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N-Methylpropanamide 
N-Ethylacetamide 
N,N-Dimethylacetamide 
2-Butanone oxime 
Morpholine 

tert-Butyl nitrite 

Ргору! carbamate 
Ethyl-N-methyl carbamate 
N-Acetylethanolamine 
Butyl nitrate 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 
1,2-Butanediol 
1,3-Butanediol 
1,4-Butanediol 

Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 
Bis(2-hydroxyethyl) sulfide 
Diethylene glycol 

Diethyl sulfite 
1,2,3,4-Butanetetrol 
Diethyl sulfate 
1-Butanethiol 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 
Butylamine 

Diethylamine 
Diethanolamine 


T/K 


293.2 
295.2 
287.2 
293.2 
303.2 
293.2 
293.2 
293.2 
296.2 
296.2 
293.2 
303.2 
283.2 
298.2 
273.2 
293.0 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
2832 
293.0 
293.2 
293.2 
294.2 
293.2 
298.2 
298.2 
338.2 
298.2 
298.2 
293.2 
295.0 
295.0 
293.2 
293.2 
293.2 
298.2 
293.2 
298.2 
298.2 
298.2 
298.2 
296.7 
293.2 
293.2 
293.2 
393.2 
293.2 
288.2 
288.2 
298.2 
293.2 
298.2 
293.2 
293.2 
293.2 


а 


0.15457Е-02 
0.30739Е-02 
0.15010Е-01 


0.15646Е-02 
0.12798Е-02 
0.27299E+01 


0.22542E+02 
0.18461E+02 
0.37558E+02 
0.35085E+02 
0.13565E+02 
0.30376E+02 
0.14945E+02 
0.35077E+02 
0.16493E+02 
0.10883E+02 
0.76780E+01 
0.38191E+02 


0.74494E+03 
0.15420E+03 


0.24356E+02 
0.11477E+03 
0.37016E+03 


0.22379E+01 
0.23295E+01 
0.10578E+03 
0.13850E+03 
0.10762E+03 
0.22541E+03 
0.79725E+01 
0.63702E+02 
0.72883E+02 
0.13079E+03 


0.48832E+02 
0.13128E+03 
0.13973E+03 


0.11201E+02 
0.10866E+02 


0.10597E+02 
0.13322E+02 


0.26462E+02 
0.73435E+02 


b с 

0.90152Е-01 -0.27100Е-03 
-0.12946E+00 0.17195Е-03 
0.50046Е-02 

-0.44066Е-01 0.39137Е-04 
-0.22540Е-01 

-0.17440E-02 

-0.79306E-01 0.89867E-04 
-0.32933E-01 

-0.20571E+00 0.35496Е-03 
-0.14075Е+00 0.19960Е-03 
-0.10161E-01 -0.38750E-04 
-0.11377E--00 0.13429E-03 
-0.33747Е-01 0.23036Е-04 
-0.12867E+00 0.14304Е-03 
-0.50262Е-01 0.52485Е-04 
-0.14680E-02  -0.30000Е-04 
0.69900E-02 -0.37500Е-04 
-0.15462E+00 0.17941Е-03 
-0.31400E+01 0.3613 1E-02 
-0.57506E+00 0.61911Е-03 
-0.36400E-01 

-0.47568E+00 0.54127E-03 
-0.13113E+01 0.13214E-02 
-0.13884E-02 -0.667 ПЕ-06 
-0.19953Е-02 0.14197Е-06 
-0.50587Е+00 0.84733Е-03 
-0.75146Е--00 0.14086Е-02 
-0.51398Е+00 0.83702Е-03 
-0.14990Е-01 0.34050E-02 
-0.12519E-01 

-0.13807E+00 

-0.14770E+00 

-0.46985E+00 0.46320Е-03 
-0.24218E+00 0.34413Е-03 
-0.52719E+00 0.60465Е-03 
-0.54725E+00 0.61149Е-03 
-0.20767E-01 

-0.17993E-01 

-0.17500E-01 

-0.44176E-01 0.50250E-04 
-0.13750E+00 0.20373Е-03 
-0.21377E+00 0.17500Е-03 


Капге/К 


293-333 
224-295 
287-403 


293-433 
293-333 
293-313 


183-363 
274-328 
112-273 
258-293 
273-323 
273-323 
273-323 
273-323 
293-323 
293-323 
283-323 
274-333 


213-353 
294-433 


338-378 
298-373 
298-348 


135-303 
115-303 
193-553 
172-533 
173-533 
298-503 
283-301 
278-323 
278-323 
288-328 


256-318 
253-333 
288-343 


273-318 
273-318 


283-313 
223-333 


243-323 
273-323 


Mol. Form. 


C4H;505Si 
C,H Оз5 
C,H Ола 
C4H;5Si 
C4H;5Si 
СНУ 
С.ЁеО, 
C.H4BrN 
СВОМ 
СНЕ О 
С.Н,О, 
С.Н.Х 
С5Н;МО 
С.Н,О 
С.Н,О, 
С.Н,СЦО, 
СНО; 
СН; 
СН; 
СН; 
СН; 
С.Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О,» 
CsHgO, 
Со, 
С.Н,В:О, 
С.Н.СО, 
С.Н.СО, 
С.Н.СО, 
С.Н.СО, 
С Њом 

С Њом 
С.Н,МХО 
С.Н,МО 
С Но 

С Но 

С Но 

С Но 

С Но 
С.НууВгэ 
СН Вг 
С.НууВгэ 
СН (СІ, 
СН (СІ, 
С.Н,О 
С.Н,О 
C;H490 
С.Н,О 
С;Н О 
С;Н О 
С;Н О 
СН О 
САН О» 
САН 902 
C5H О» 
С5НО» 
С5Н О» 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Dimethoxydimethylsilane 
Trimethoxymethylsilane 
Tetramethyl silicate 
Diethylsilane 
Tetramethylsilane 
Diethylenetriamine 

Iron pentacarbonyl 
2-Bromopyridine 
2-Chloropyridine 
2,2,3,3,4,4,5,5-Octafluoro-1 -pentanol 
Furfural 

Pyridine 
Pyridine-1-oxide 
2-Methylfuran 

Furfuryl alcohol 

Propyl trichloroacetate 
Ethyl cyanoacetate 
1,3-Pentadiene* 
1,4-Pentadiene 
2-Methyl-1,3-butadiene 
Cyclopentene 
Cyclopentanone 

Ethyl acrylate 

Methyl trans-2-butenoate 
Methyl methacrylate 
2,4-Pentanedione 
Dimethyl malonate 

Ethyl 2-bromopropanoate 
Isobutyl chlorocarbonate 
Ethyl 2-chloropropanoate 
Ethyl 3-chloropropanoate 
Methyl 4-chlorobutanoate 
Pentanenitrile 
2,2-Dimethylpropanenitrile 
Isobutyl isocyanate 
N-Methyl-2-pyrrolidone 
1-Решепе 
2-Methyl-1-butene 
2-Methyl-2-butene 
Cyclopentane 
Ethylcyclopropane 
1,2-Dibromopentane 
1,4-Dibromopentane 
1,5-Dibromopentane 
1,2-Dichloropentane 
1,5-Dichloropentane 
Cyclopentanol 

Pentanal 
2,2-Dimethylpropanal 
2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
2-Methyltetrahydrofuran 
Pentanoic acid 

Butyl formate 

Isobutyl formate 

Propyl acetate 

Ethyl propanoate 


T/K 


298.2 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
298.2 
293.2 
293.2 
343.0 
293.2 
298.2 
298.2 
263.2 
298.2 
294.0 
293.2 
295.0 
298.2 
303.2 
293.2 
303.2 
303.2 
293.2 
293.2 
293.2 
303.2 
303.2 
303.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
296.0 
293.2 
293.2 
298.2 
293.2 
303.2 
293.2 
298.2 
288.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
294.4 
303.2 
293.2 
293.2 
293.2 


0.57840E+02 


0.73391E+02 
0.98702E+02 


0.43991E+02 
0.20878E+02 


0.29994E+01 
0.28170E+01 
0.28177E+01 
0.24083E+02 
0.47827E+02 


0.32098E+02 


0.26470E+02 


0.25965E+02 
0.21951E+02 
0.17127E+02 
0.55793E+02 
0.58418E+02 
0.38026E+02 


-0.11438E+01 


0.26064E+01 
0.24287E+01 


0.26443E+02 
0.38192E+02 
0.19016E+02 


0.10565E+03 


0.18645E+02 
0.40893E+02 
0.12690E+02 
0.30695E+02 
0.19793E+02 


0.33491E+01 
0.21532E+02 


0.17677E+02 


-0.23873E+00 


-0.23678E+00 
-0.34237E+00 


-0.15150E+00 
0.16450E+00 


-0.34578E-02 
-0.23147E-02 
-0.27597E-02 
-0.30286E-01 
-0.24394E+00 


-0.14568E+00 


-0.76656E-01 


-0.46250E-01 
-0.38750E-01 
-0.25000E-01 
-0.15750E+00 
-0.16884E+00 
-0.12714E+00 


0.25420E-01 


-0.19578E-02 
-0.15304E-02 


-0.88640E-01 
-0.15648E+00 
-0.57954E-01 


-0.44244E+00 


-0.32395Е-01 
-0.10423Е-00 
0.95177E-01 
-0.10962E+00 
-0.76071Е-01 


-0.75156Е-02 
-0.84106Е-01 


-0.61404Е-01 


0.28841Е-03 


0.22930Е-03 
0.34502Е-03 


0.15925Е-03 
-0.35269E-03 


0.85300E-06 
-0.43975E-06 
0.89346E-06 
-0.16802E-04 
0.35000E-03 


0.20000E-03 


0.67888E-04 


0.12432E-03 
0.14131E-03 
0.12679E-03 


-0.50000E-04 


-0.53908E-06 
-0.13095E-06 


0.10000E-03 
0.20000E-03 
0.56801E-04 


0.48657E-03 


-0.16157E-05 
0.60557E-04 
-0.27321E-03 
0.13810E-03 
0.94852E-04 


0.17820E-04 
0.10952E-03 


0.69196E-04 


Капге/К 


213-333 


298-398 
298-398 


293-323 
343-398 


178-294 
198-293 
171-319 
219-298 
303-343 


303-343 


293-433 


303-343 
303-343 
303-343 
183-333 
293-453 
293-353 


273-293 


225-296 
278-313 


293-333 
303-333 
293-356 


258-323 


280-333 
204-353 
233-353 
293-328 
234-333 


250-344 
288-323 


253-353 


Mol. Form. 


С5Н (0; 
CsH 902 
С;Н 058 
С5Н Од 
С5Н 003 
С5Н 00; 
C;H, Br 
C;H, Br 
C;H,,Br 
C;H,,Br 
С;Н (ІСІ 
СЫН СІ 
СЫН (СІ 
С5Н Е 
СН 
С5Н 1 
С5Н 1 
СН 
С5Н № 
С5Н № 
C;H,,NO 
С.Н,(ХО 
C;H,,;NO 
СН, NO; 
СН; 
СН» 
СН; 
CsH},N,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C;H,,0 
C5H150; 
C5H150; 
C5H150; 
C5H150; 
C5H150; 
C;H150; 
СНО, 
С5Н 05 
С.Н,,55 
С.Н,,55 
С.Н,,5, 
СНМ 
CsH)3N3 
C;H440Si 
С 
Сеа 
C&;H3N30; 
СЕНАВГЕ 
СЕНАВГЕ 
СЕНАВГЕ 
С,Н,ВгМО, 
СеНВљ 
СеНВљ 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Methyl butanoate 
Tetrahydrofurfuryl alcohol 
3-Methyl sulfolane 
Diethyl carbonate 

Ethyl lactate 
1,2,3-Propanetriol-1-acetate 
2-Bromo-2-methylbutane 
1-Bromopentane 
3-Bromopentane 
1-Bromo-3-methylbutane 
1-Chloropentane 
1-Chloro-3-methylbutane 
2-Chloro-2-methylbutane 
1-Fluoropentane 
1-Iodopentane 
3-Iodopentane 
1-Iodo-3-methylbutane 
2-Iodo-2-methylbutane 
Piperidine 
N-Methylpyrrolidine 
2,2-Dimethylpropanamide 
N,N-Diethylformamide 
2-Pentanone oxime 

Pentyl nitrite 

Pentane 

Isopentane 

Neopentane 
Tetramethylurea 
]-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dimethyl-1-propanol 
1,2-Pentanediol 
1,4-Pentanediol 
1,5-Pentanediol 
2,3-Pentanediol 
2,4-Pentanediol 
Diethoxymethane 
Tetramethoxymethane 
Xylitol 

1-Pentanethiol 
2-Methyl-2-butanethiol 
Tetrakis(methylthio)methane 
Pentylamine 

1,1,3,3- Tetramethylguanidine 
Ethoxytrimethylsilane 
Hexafluorobenzene 
Perfluorohexane 
2,4,6-Trinitrophenol 
1-Bromo-2-fluorobenzene 
1-Bromo-3-fluorobenzene 
1-Bromo-4-fluorobenzene 
1-Bromo-3-nitrobenzene 
o-Dibromobenzene 
m-Dibromobenzene 


Т/К 


301.2 
303.2 
298.2 
297.2 
303.2 
242.2 
298.2 
299.2 
298.2 
291.5 
293.2 
292.0 
222.75 
293.2 
293.2 
293.2 
292.2 
293.2 
293.0 
298.2 
298.2 
293.2 
293.2 
298.2 
293.2 
293.2 
296.0 
293.2 
298.2 
298.2 
298.2 
298.2 
293.2 
298.2 
298.2 
333.2 
296.8 
295.7 
293.2 
296.9 
294.2 
293.2 
293.2 
293.2 
293.2 
293.2 
343.2 
293.2 
298.2 
298.2 
298.2 
298.2 
294.2 
298.2 
298.2 
298.2 
328.2 
293.2 
293.2 


5.48 
13.48 
29.4 

2.820 
15.4 
38.57 

9.21 

6.31 

8.37 

6.33 

6.654 

6.10 
12.31 

3.931 

5.78 

7.432 

5.6 

8.192 

4.33 
32.2 
20.13 
29.6 

3.3 

7:21 

1.8371 

1.845 

1.769 
23,10 
15.13 
13.71 
13.35 
15.63 
15.63 

5.78 
121 

8.35 
17.31 
26.74 
26.2 
17.37 
24.69 

2.527 

2.40 
40.0 

4.847 

5.087 

2.818 

4.27 
11,5 

3.013 

2.029 

1.76 

4.0 

4.72 

4.85 

2.60 
20.2 

7.86 

4.81 


6-161 


0.38604E+02 


0.53158E+02 


0.31225E+02 
0.10653E+03 


0.20954E+02 


0.27743E+02 
0.18626E+02 
0.22228E+02 
0.55104E+02 


0.15753E+02 


0.82317E+01 


0.10400E+03 


0.22384E+01 
0.10949E+02 


0.73397E+02 
0.16437E+03 
0.12838E+03 
0.14020E+02 
0.79733E+02 
0.11662E+03 


0.92350E+02 
0.18436E+03 
0.13568E+03 
0.11858E+03 
0.95876E+02 
0.11914E+03 
0.25294E+01 


0.71131E+01 
0.15116E+02 


0.11274E+02 


0.24041E+01 


0.81413E+02 
-0.81849E-02 
0.93214E+01 


-0.19171E+00 


-0.93730E-01 


-0.43531E-01 
-0.26439E+00 


-0.78743E-01 


-0.13927E+00 
-0.54719E-01 
-0.93189E-01 
-0.29866E+00 


-0.50543E-01 


-0.11229Е-01 


-0.46017E+00 


-0.12985E-02 
-0.63057E-01 


-0.28165Е+00 
-0.86506Е+00 
-0.60980Е+00 

0.13948Е+00 
-0.31272Е+00 
-0.69756Е--00 


-0.41870Е+00 
-0.10682E+01 
-0.59198E+00 
-0.45920E+00 
-0.46463E+00 
-0.52569E+00 

0.73988E-04 


-0.30228E-02 
-0.50700E-01 


-0.34965E-01 


-0.83086E-03 


-0.27645E+00 
0.6267 1E-01 
-0.20273E-01 


0.27128Е-03 


0.47275Е-04 


-0.28571Е-04 
-0.62371Е-04 


0.98908Е-04 


0.22627Е-03 
0.47143Е-04 
0.12991Е-03 
0.47840Е-03 


0.56401Е-04 


-0.71429Е-05 


0.60000Е-03 


-0.16182Е-06 
0.10835Е-03 


0.28427Е-03 
0.11955Е-02 
0.75000Е-03 
-0.45000Е-03 
0.32014Е-03 
0.10920Е-02 


0.50000Е-03 
0.17037Е-02 
0.75398Е-03 
0.49341Е-03 
0.67434Е-03 
0.69607E-03 
-0.28331E-06 


-0.16414E-04 
0.56250E-04 


0.37706Е-04 


-0.14286Е-05 


0.27367Е-03 
-0.12222Е-03 
0.16667E-04 


Капге/К 


301-343 
298-398 


273-373 
215-242 


183-328 


123-292 
273-323 
171-297 
201-223 


293-323 


293-333 


298-328 


143-293 
251-296 


213-513 
273-323 
288-318 
288-318 
173-513 
268-318 


333-373 
197-297 
193-318 
243-343 
238-297 
224-294 
227-293 


273-333 
273-333 


223-353 


298-338 


328-413 
293-353 
293-353 


Mol. Form. 


С,Н,Вг, 
С,Н,СЇЕ 
С,Н,СЇЕ 
С,Н,СЇЕ 
C&H4CINO; 
C #H,CINO; 
С,Н,СЇМО, 
C&H4CL 
C&H4CL 
C&H4CL 
C4H,FI 
C4H,FI 
CHF, 
CHF» 
C4H4L 
Сену 
CH, 
с 
C4H4N; 
CHN: 
СН, МО, 
С,Н,Вг 
С,Н 1 
С,Н:СО 
C&H5CIO 
СеН;СІО 
С,Н:С10,8 
С,Н,С15 
CHF 
сыны 
С,Н,ХО58 
СеН;№О, 
СеН;О; 
СеН;№О; 
С,Н,МХО, 
СН, 
CHBrN 
С,Н,СЇМ 
С,Н,СЇМХ 
СеН;№0, 
С,Н,М:О, 
С,Н,М:О, 
СНО 
С,Н,О:, 
С,Н,О, 
С,Н,5 

C HN 
C HN 
C HN 
CHN 
C4H;NO 
CHNO 
СН, 
СН, 
СН, 
СЕЊ 
C4H,N; 
С,Н,О, 
С,Н,С1,О» 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


p-Dibromobenzene 
1-Chloro-2-fluorobenzene 
1-Chloro-3-fluorobenzene 
1-Chloro-4-fluorobenzene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
1-Fluoro-2-iodobenzene 
1-Fluoro-4-iodobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
o-Diiodobenzene 
m-Diiodobenzene 
p-Diiodobenzene 
2-Pyridinecarbonitrile 
3-Pyridinecarbonitrile 
4-Pyridinecarbonitrile 
1,3-Dinitrobenzene 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
m-Chlorophenol 
p-Chlorophenol 
Benzenesulfonyl chloride 
4-Chlorobenzenethiol 
Fluorobenzene 
Iodobenzene 
N-Sulfinylaniline 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 

Benzene 

m-Bromoaniline 
o-Chloroaniline 
m-Chloroaniline 
o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 

Phenol 

Pyrocatechol 

Resorcinol 

Benzenethiol 

Aniline 

2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
2-Methylpyridine-1-oxide 
3-Methylpyridine-1-oxide 
1,3-Cyclohexadiene 
1,4-Cyclohexadiene 
Phenylhydrazine 
2,5-Dimethylpyrazine 
2,6-Dimethylpyrazine 
1,4-Cyclohexanedione 
Butyl trichloroacetate 


T/K 


368.2 
298.2 
298.2 
298.2 
323.2 
323.2 
393.2 
293.2 
293.2 
328.2 
298.2 
298.2 
301.2 
301.2 
323.2 
323.2 
393.2 
303.2 
323.2 
353.2 
365.2 
293.2 
293.2 
296.2 
293.2 
314.2 
323.2 
338.2 
293.2 
293.2 
298.2 
293.0 
323.2 
373:2 
3932 
293.2 
293.2 
293.2 
293.2 
353.0 
398.0 
428.0 
303.2 
388.2 
393.2 
303.2 
293.2 
293.2 
303.0 
293.0 
323.2 
3182 
184.2 
296.0 
293.2 
293.2 
308.2 
351.2 
293.2 


0.16800Е+03 
0.77193Е-02 


0.13629Е-02 
0.77565Е+01 
0.26999E+01 


0.59107E+02 
0.14448E+02 
0.31150E+02 


0.45596E+03 
0.60484E+02 
0.12533E+02 
0.10406E+03 
0.94100E+01 
0.19471E+02 
0.29755E+02 


0.31997E+02 
0.83886E+02 


0.89442E+01 


0.11212E+03 
0.33827E+02 
0.18967E+03 
0.22901E+03 
0.26706E+01 


0.18900E+03 
0.20352E+03 
0.48673E+03 
0.63391E+02 
0.74930E+02 
0.30252E+02 
0.57155E+01 
0.89534E+01 
0.34560E+02 
0.19643E+03 
0.33765E+02 
0.11705E+03 
0.59851E+02 


0.27459E+01 


-0.59708E+00 
-0.25118E+00 


0.10622E-02 
-0.93333E-02 
-0.35325E-03 


-0.23611E+00 
-0.46982E-01 
-0.14428E+00 


-0.17746E+01 
-0.17280E+00 
-0.301 15E-01 
-0.34133E+00 
-0.12537E-01 
-0.70786E-01 
-0.11256E+00 


-0.94241E-01 
-0.23405E+00 


-0.20008Е-01 


-0.35211Е-00 
-0.62123Е-01 
-0.66144E+00 
-0.74264E+00 
-0.91648E-03 


-0.56977E+00 
-0.66582E+00 
-0.15040E+01 
-0.24988E+00 
-0.22142E+00 
-0.56443E-01 

-0.70336E-02 

0.38990E-02 

-0.11980E+00 
-0.11167E+01 
-0.10113E+00 
-0.35301E+00 
-0.12682E+00 


-0.16975E-02 


0.59957E-03 
0.23798E-03 


-0.44444E-04 
-0.26880E-14 
-0.17619E-05 


0.27987E-03 
0.51948E-04 
0.20000E-03 


0.19105E-02 
0.15218E-03 
0.26674E-04 
0.32609E-03 
-0.31127E-05 
0.82466E-04 
0.12390E-03 


0.88392E-04 
0.19713E-03 


0.17641E-04 


0.31128E-03 
0.26774Е-04 
0.66532Е-03 
0.68006Е-03 
-0.14257E-05 


0.47484E-03 
0.61310E-03 
0.12857E-02 
0.26930E-03 
0.18919E-03 
0.35578E-04 
0.73617E-05 
-0.36310E-04 
0.12500E-03 
0.16667E-02 
0.93860E-04 
0.32000E-03 
0.86622E-04 


-0.36461E-06 


Range/K 


323-436 
323-433 


293-353 
293-353 
328-363 


273-323 
273-323 
323-353 


303-398 
323-398 
353-398 
365-413 
234-333 
293-430 
296-448 


314-453 
323-473 


243-323 


279-533 
323-453 
373-458 
393-463 
293-513 


353-468 
398-468 
428-468 
303-433 
388-463 
393-463 
303-358 
293-413 
293-333 
303-333 
274-333 
323-398 
318-398 


232-356 


Mol. Form. 


СН, СО» 
СеНом 
СН 
СН 
СН 
СН 0 
СН 0 
Сејо 
Сену 
Сену 
СН 
СЫНОО 
СН |00 
СЫНОО 
СН (0; 
СН (0; 
СН (0; 
СН (0; 
CoH 00; 
СН 00; 
СН 00; 
СН 00; 
CoH, Br 
СН, ВгО, 
CoH, В:О, 
СЕН CI 
СеН № 
CHiN 
CH; NO 
Сен} 
СН |; 
СН} 
СН} 
СеН 
Сен} 
Сен} 
СН (Вг; 
СЫН Во 
СНС 
С,Н,О 
СН,О 
СН,О 
С,Н,О 
С6Н,О 
СН|:0 
СеН 20 
СН0› 
Се 0; 
Co H;50; 
СНО 
СеН0› 
СН 0; 
СН 0; 
Се 0; 
СеН 20 
C&H150; 
Се 0; 
СН,:0; 
СеН |20; 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Isobutyl trichloroacetate 
Cyclopentanecarbonitrile 
1,5-Hexadiene 
cis,cis-2,4-Hexadiene 
trans,trans-2,4-Hexadiene 
2-Methyl-1,3-pentadiene* 
3-Methyl-1,3-pentadiene 
4-Methyl-1,3-pentadiene 
2,3-Dimethyl-1,3-butadiene 
1-Hexyne 

Cyclohexene 
Butoxyacetylene 
Cyclohexanone 

Mesityl oxide 

Ethyl 2-butenoate 

Ethyl methacrylate 

Ethyl acetoacetate 
Propanoic anhydride 
Monomethyl glutarate 
Diethyl oxalate 

Dimethyl succinate 
Ethylene glycol diacetate 
Bromocyclohexane 

Ethyl 2-bromobutanoate 


Ethyl 2-bromo-2-methylpropanoate 


Chlorocyclohexane 
Hexanenitrile 
4-Methylpentanenitrile 
Cyclohexanone oxime 
1-Hexene 
trans-2-Hexene 
cis-3-Hexene 
trans-3-Hexene 
Cyclohexane 
Methylcyclopentane 
Ethylcyclobutane 
1,6-Dibromohexane 
3,4-Dibromohexane 
1,6-Dichlorohexane 
1-Methylcyclopentanol 
Isobutyl vinyl ether 
2-Hexanone 
4-Methyl-2-pentanone 
3,3-Dimethyl-2-butanone 
Cyclohexanol 
Hexanoic acid 
2-Ethylbutanoic acid 
tert-Butylacetic acid 
Pentyl formate 
Isopentyl formate 
Butyl acetate 
sec-Butyl acetate 
tert-Butyl acetate 
Isobutyl acetate 
Propyl propanoate 
Ethyl butanoate 
Methyl pentanoate 
Diacetone alcohol 
Ethylene glycol monoethyl 
ether acetate 


T/K 


293.2 
293.2 
294.0 
297.0 
297.0 
298.2 
298.2 
293.2 
293.2 
296.0 
293.2 
298.2 
293.0 
273.2 
293.2 
303.2 
293.2 
293.2 
293.2 
293.2 
293.2 
290.2 
303.2 
303.2 
303.2 
303.2 
298.2 
295.2 
362.2 
294.0 
295.0 
296.0 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
308.2 
310.1 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
296.2 
296.2 
292.2 
288.2 
293.2 
293.2 
293.2 
293.2 
293.2 
301.2 
293.2 
298.2 
303.2 


£ 


7.667 
22.68 
2.125 
2.163 
2.123 
2.422 
2.426 
2.599 
2.102 
2.621 
2.2176 
6.62 
16.1 
15.6 
54 
5.68 
14.0 
18.30 
8.37 
8.266 
7.19 
"ur 
8.0026 
8.57 
8.55 
7.9505 
17.26 
17.5 
3.04 
2.077 
1.978 
2.069 
1.954 
2.0243 
1.9853 
1.965 
8.52 
6.732 
8.60 
ЕГІН! 
3.34 
14.56 
13.11 
12.73 
16.40 
2.600 
2.72 
2.85 
51 
5.44 
5.07 
5.135 
5.672 
5.068 
5.249 
5.18 
4.992 
18.2 
7.567 


6-163 


0.69830E+02 
0.30014E+01 
0.27284E+01 
0.26774E+01 


0.51328E+01 
0.26258E+01 
0.58591E+01 
0.30598E+01 


0.41577E+02 


0.40962E+02 


0.16779E+02 
0.21938E+02 
0.13551E+02 
0.25093E+02 


0.49005E+02 
0.77044E+02 


0.31476E+01 
0.24338E+01 
0.30691E+01 


0.24293E+01 
0.21587E+01 


-0.55185E+01 


0.11277E+02 
0.75444E+02 
0.48060E+01 
0.70378E+02 
0.36341E+02 
0.66857E+02 
0.10173E+03 
0.21730E+01 


0.29257E+02 
0.13825E+02 
0.12427E+02 
0.55435E+02 
0.14323E+02 


0.48698E+02 


0.23290E+02 


-0.25303E+00 
-0.28668E-02 
-0.17178E-02 
-0.16977E-02 


-0.12774E-01 
-0.17990E-02 
-0.17099Е-01 
-0.39841Е-02 


-0.11463Е-00 


-0.20520Е+00 


-0.39839Е-01 
-0.66226Е-01 
-0.23109Е-01 
-0.95171Е-01 


-0.23193Е-00 
-0.40784E+00 


-0.50003E-02 
-0.11323E-02 
-0.45458E-02 


-0.12095E-02 
-0.22450E-03 


0.11746E+00 


0.67200E-02 
-0.36617E+00 
-0.50000Е-02 
-0.29385Е+00 
-0.97119Е-01 
-0.28552Е+00 
-0.43072Е+00 

0.14840Е-02 


-0.14028E+00 
-0.43994E-01 
-0.32035E-01 
-0.30494E+00 
-0.46048E-01 


-0.25660E+00 


-0.71566E-01 


0.31491 E-03 
-0.31026E-06 
-0.62926E-06 
-0.55637E-06 


0.14215E-04 
0.12035E-06 
0.20856E-04 
0.37554E-05 


0.92454E-04 


0.29286E-03 


0.38095E-04 
0.66800E-04 
0.55440Е-05 
0.12224Е-03 


0.32500Е-03 
0.60000Е-03 


0.46673E-05 
-0.13720E-05 
0.39898E-05 


-0.58741E-06 
-0.12500E-05 


-0.23658E-03 


-0.50000E-04 
0.47021E-03 
-0.41495E-14 
0.35289E-03 
0.61896E-04 
0.34422E-03 
0.47926E-03 
-0.16526E-06 


0.20000E-03 
0.48214E-04 
0.24286E-04 
0.46107E-03 
0.49286E-04 


0.37237Е-03 


0.65000Е-04 


Капге/К 


201-293 
151-294 
234-351 
232-353 


198-323 
223-323 
184-296 
141-313 


253-423 


303-343 


293-363 
293-368 
293-433 
223-290 


303-333 
303-333 


149-294 
157-295 
155-296 


283-333 
293-323 


274-328 


308-338 
310-333 
293-323 
243-293 
204-373 
243-293 
293-423 
298-433 


288-323 
253-353 
273-323 
273-323 
273-323 


301-343 


303-323 


Mol. Form. 


C&Hj5S 
С,Н,,Вг 
СН За 
С,Н, СО 
СеН 31 

C |H; N 
СИ амо 
CHNO 
СН амо 
СЫН 
iem 
Сена 
Сена 

C Hu 

C IH, O 

C H, O 
С,Н,О 

C H, O 

C H, O 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 

C |H, OS 
СНО; 
С,Н,О, 
С,Н,:0:5 
СНО; 
СНО; 
СНО; 
C6H1406 
СНО 
СН, 5 
Сен, В 
CHIN 
CHIN 
CHIN 
С,Н,,ОР 
СЕН, ОЈР 
СН, Р8 
С,Н, 0551 
СН, 
СЫН МОР 
СН, М, 


CoH 5055 
С,Н,,О551, 
С,Н, №81, 
CF14 
C;Fig 
С7Н.СБ 
С,Н,СЇМО 
С,Н.ВгО 
C;H;CIO 
C;H,FO 
C;H;F, 
C;H;N 
СНО 
СН САМО, 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Cyclohexanethiol 
1-Bromohexane 
1-Chlorohexane 
6-Chloro-1-hexanol 
1-Iodohexane 
Cyclohexylamine 
N-Propylpropanamide 
N-Butylacetamide 
N,N-Diethylacetamide 
Hexane 

2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 

2-Hexanol 

3-Hexanol 
3-Methyl-1-pentanol 
3-Methyl-3-pentanol 
2-Ethyl-1-butanol 
2,2-Dimethyl-1-butanol 
Dipropyl ether 

Diisopropyl ether 

Dipropyl sulfoxide 
2-Methyl-2,4-pentanediol 
Ethylene glycol diethyl ether 
Dipropyl sulfone 
1,2,6-Hexanetriol 
Diethylene glycol dimethyl ether 
Triethylene glycol 
D-Glucitol 

D-Mannitol 

1-Hexanethiol 
Triethylborane 

Hexylamine 

Dipropylamine 
Triethylamine 
Triethylphosphine oxide 
Triethyl phosphate 
Triethylphosphine sulfide 
Diethoxydimethylsilane 
Triethylsilane 
Hexamethylphosphoric triamide 
N,N’-Bis(2-aminoethyl)-1,2- 
ethanediamine 
Hexamethyldisiloxane 
Hexamethylcyclotrisiloxane 
Hexamethyldisilazane 
Perfluoromethylcyclohexane 
Perfluoroheptane 
2,3,4,5,6-Pentachlorotoluene 
4-Chlorophenyl isocyanate 
Benzoyl bromide 

Benzoyl chloride 

Benzoyl fluoride 
(Trifluoromethyl)benzene 
Benzonitrile 

Phenyl isocyanate 
4-Chloro-3-nitrotoluene 


TIK 


298.2 
298.2 
293.2 
242.2 
293.3 
293.2 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
298.2 
293.2 
362.2 
293.2 
297.0 
303.2 
303.2 
293.2 
293.2 
303.2 
285.3 
298.2 
293.2 
353.2 
443.2 
293.2 
293.2 
293.2 
293.2 
293.2 
323.2 
298.2 
371.2 
298.2 
293.2 
293.2 
293.2 


293.2 
343.2 
294.2 
298.2 
289.2 
293.2 
288.2 
293.2 
293.2 
293.2 
298.2 
293.2 
293.2 
301.2 


0.15233E+02 
0.15994E+02 
-0.73364E+01 
0.16685E+02 


0.58846E+03 
0.70739E+03 


0.19768E+01 
0.20745E+01 
0.24739E+01 
0.22740E+01 
0.24305E+01 
0.62744E+02 


0.14054E+03 
0.14600E+02 


0.84868E+02 
0.14531E+03 
0.99099E+01 
0.70195E+02 
0.26127E+03 
0.28291E+02 
0.91845E+02 


0.11774E+02 


0.80244E+01 


0.11376E+02 


0.29205E+01 


0.61230E+02 


0.95666E+02 
0.50699E+02 


0.34537E+01 


0.23358E+01 


0.40896E+01 
0.84231E+02 


0.57605E+02 
0.17541E+02 


-0.44385E-01 

-0.43647E-01 
0.46377E+00 

-0.61309E-01 


-0.22012E+01 
-0.37369E+01 


0.70933E-03 

0.50871Е-03 
-0.23190Е-02 
-0.96229Е-03 
-0.20081E-02 
-0.24214E+00 


-0.72925E+00 
-0.72670E-01 


-0.23486E+00 
-0.65285E+00 
-0.33403E-01 

-0.15008E+00 
-0.14552E+01 
-0.11236E+00 
-0.33827E+00 


-0.37298E-01 


-0.16627E-01 


-0.49796E-01 


-0.14007E-02 


-0.26047E+00 


-0.29769E+00 
-0.21730E+00 


-0.61530E-02 


0.16127E-02 


-0.31667E-02 
-0.31089E+00 


-0.13354E+00 
-0.29790E-01 


0.43039E-04 
0.33393E-04 
-0.14202E-02 
0.77262E-04 


0.20870E-02 
0.71585E-02 


-0.34470E-05 
-0.39286E-05 
0.10714E-05 
-0.14286E-05 
0.53571E-06 
0.24704E-03 


0.9782 1E-03 
0.11742E-03 


0.18198Е-03 
0.83503E-03 
0.44048E-04 
0.86506E-04 
0.22765E-02 
0.14000E-03 
0.36062E-03 


0.41875E-04 


0.10874E-04 


0.71792E-04 


-0.13469E-05 


0.33333E-03 


0.26407E-03 
0.27582E-03 


0.61544E-05 


-0.62078E-05 


0.32857E-03 


0.87767E-04 
0.15476E-05 


Капге/К 


274-328 
273-323 
195-242 
293-323 


298-328 
253-493 


293-473 
273-323 
273-323 
273-313 
273-323 
233-513 


243-393 
161-297 


303-373 
203-333 
223-303 
303-398 
261-285 
298-333 
253-333 


273-333 
253-373 
243-323 


233-323 


298-333 


283-363 
213-333 


213-313 


294-333 


288-348 
283-313 


273-453 
293-353 


Mol. Form. 


С,Н,СЬ, 
C;H&CL 
C;H&CL 
C;H&CL 
СНО 
C;H,O; 
C;H;Br 
C;H;Br 
C;H;Br 
C;H;Br 
C;H;BrO 
C;H;BrO 
C;H;Cl 
са 
са 
C;H;CI 
С,Н,СО 
С,Н,С1О,5 
С,Н,С1О5 
C;H;F 
C;H;F 
C;H;F 
C;H;I 
C;H;N 
C;H;N 
C;H;NO, 
C;H;NO, 
С,Н,ХО, 
С,Н,ХО, 
C;H;NO5S 
C;H;NO, 
C;H;NO, 
СОЗ 
СІҢ; 
СО 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О, 
С,Н,О, 
СО 
С,Н,О,5 
C;HgO5S 
С,Н,5 
С,Н,5 
С,Н,5 
C;H9N 
C,H oN 
C;H9N 
C;H9N 
C;H9N 
C;H9N 
C,H oN 
C;H9N 
C,H oN 
CHNO 
С,Н,ХО 
С,Н,ХО 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2,4-Dichlorotoluene 
2,6-Dichlorotoluene 
3,4-Dichlorotoluene 
(Dichloromethyl)benzene 
Benzaldehyde 
Salicylaldehyde 
o-Bromotoluene 
m-Bromotoluene 
p-Bromotoluene 
(Bromomethyl)benzene 
o-Bromoanisole 
p-Bromoanisole 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
p-Chloroanisole 
p-Toluenesulfonyl chloride 


4-Methoxybenzenesulfonyl chloride 


o-Fluorotoluene 
m-Fluorotoluene 
p-Fluorotoluene 
p-lodotoluene 
2-Vinylpyridine 
4-Vinylpyridine 
Benzyl nitrite 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 
4-Nitrothioanisole 
2-Nitroanisole 
3-Nitroanisole 
4-Nitroanisole 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 
2-Methoxyphenol 
3-Methoxyphenol 
4-Methoxyphenol 
Ethyl thiophene-2-carboxylate 
Methyl phenyl sulfone 
Benzenemethanethiol 
4-Methylbenzenethiol 
(Methylthio)benzene 
Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
2-Ethylpyridine 
4-Ethylpyridine 
2,4-Dimethylpyridine 
2,6-Dimethylpyridine 
2,6-Dimethylpyridine-1-oxide 
o-Methoxyaniline 
m-Methoxyaniline 


Т/К 


301.2 
301.2 
301.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
303.2 
303.2 
293.2 
293.2 
293.2 
293.2 
293.2 
343.2 
3142 
298.2 
298.2 
298.2 
308.2 
293.2 
293.2 
298.2 
293.0 
303.2 
331.2 
346.0 
293.2 
318.2 
338.2 
296.35 
298.2 
298.2 
298.2 
303.2 
294.2 
298.2 
298.2 
333.7 
293.2 
373.2 
298.2 
323.2 
303.2 
293.2 
298.2 
298.2 
333.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
303.2 
298.2 


5.68 
3.36 
9.39 
6.9 
17.85 
18.35 
4.641 
5.566 
5.503 
6.658 
8.96 
7.40 
4.721 
5.763 
6.25 
6.854 
7.84 
22.6 
27.2 
4.23 
5.41 
5.88 
4.4 
9.126 
10.50 
7.78 
26.26 
24.95 
22.2 
21.7 
45.75 
25.7 
26.95 
2.379 
6.76 
12.44 
13.05 
11.916 
4.30 
11.95 
11.59 
11.05 
6.18 
37.9 
4.705 
4.74 
4.88 
5.18 
6.138 
5.816 
5.058 
5.96 
8.33 
10.98 
9.60 
7:33 
46.11 
5.230 
8.76 


6-165 


0.35046E+02 
0.51315E+02 
0.10229E+02 
0.11522E+02 
0.10014E+02 
0.18482E+02 
0.12023E+02 
0.74367E+01 
0.11507E+02 
0.13921E+02 
0.20265E+01 
0.17108E+02 
0.64019E+01 


0.10420E+03 
0.62492E+02 


0.16684E+03 
0.65402E+02 
0.59811E+02 
0.32584E+01 
0.21633E+02 
0.81716E+02 
0.70253E+02 
0.13661E+03 
0.10887E+02 
0.31751E+02 
0.37279E+02 
0.39483E+02 


0.16628E+02 
0.87052E+01 
0.21841E+02 


0.10988E+02 
0.13477E+02 
0.78897E+01 


0.36397E+02 
-0.73831E+01 
0.25895E+02 
0.17714E+02 
0.22765E+03 
0.79911E+01 
0.28179E+02 


-0.61271E-01 
-0.15379E+00 
-0.25050E-01 
-0.24946E-01 
-0.13918E-01 
-0.57207E-01 
-0.59116E-02 
0.12648E-01 
-0.31148E-01 
-0.37186E-01 
0.40060E-01 
-0.45285E-01 
0.30560E-01 


-0.41726E+00 
-0.16235E+00 


-0.58196E+00 
-0.16460E+00 
-0.10955E+00 
-0.34410E-02 
-0.71069E-01 
-0.35039E+00 
-0.28870E+00 
-0.72127E+00 
-0.32372E-01 
-0.88173E-01 
-0.12113E+00 
-0.12142E+00 


-0.68276E-01 
-0.15347E-01 
-0.97630E-01 


-0.18976E-01 
-0.35551Е-01 
-0.10196Е-01 


-0.15070Е--00 
0.14326Е-00 
-0.73900Е-01 
-0.39080Е-01 
-0.90760Е--00 
-0.92183Е-02 
-0.97840Е-01 


0.16222Е-04 
0.14111E-03 
0.20357E-04 
0.15714E-04 
-0.50000E-05 
0.57321E-04 
-0.13787E-04 
-0.42128E-04 
0.27143E-04 
0.31786E-04 
-0.87500E-04 
0.35000E-04 
-0.87500E-04 


0.51607E-03 
0.12844E-03 


0.57382E-03 
0.12560E-03 
0.36042E-04 
0.15937E-05 
0.70590E-04 
0.39878E-03 
0.31979E-03 
0.10225E-02 
0.33629E-04 
0.72953E-04 
0.11698E-03 
0.10841E-03 


0.94636E-04 
0.95238E-05 
0.13750E-03 


0.91958E-05 
0.33135E-04 
0.51190E-05 


0.18750E-03 
-0.27500E-03 
0.62500E-04 
0.12500E-04 
0.10011E-02 
0.37879E-06 
0.11027E-03 


Капге/К 


301-346 
289-453 
273-323 
273-323 
273-293 
273-323 
303-358 
303-358 
273-323 
273-323 
293-333 
273-323 
293-333 


273-323 
303-403 


293-423 
318-443 
338-443 
207-316 
298-453 
274-463 
298-453 
303-333 
294-413 
291-448 
298-433 
334-453 


298-358 
323-358 
303-343 


298-398 
298-398 
333-403 


293-333 
293-333 
293-333 
293-333 
298-398 
303-393 
289-393 


Mol. Form. 


С,Н,МО 
СН, № 
СН |СІО; 
CH 
CH 
С,Н,О 
C;H;50 
С,Н,О 
C;H;50 
СІН 20 
СНО 
СІН 20; 
СІН 20; 
СІН 20; 
СІН 20; 
СІН 20; 
СІН 
СН 
Ста 
Ста 
Ста 
С5Н Br, 
С5Н Br, 
С5Н Br, 
СІН, СІ, 
СНО 
СНО 
СНО 
СНО 
С,Н,О 
СНО 
С,Н,О 
СНО 
СНО 
СІН Оз 
СНО 
СНО 
СНО 
СНО 
СІН Оз 
СІН 402 
СН, 0, 
C;H;sBr 
C;H;sBr 
C;H;sBr 
Сунга 
Сунга 
Сунга 
Сунга 
СН 
C;H;l 
СП 
СП 
СП 
СВ 
СВ 
С7Нив 
СП 
СП 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


p-Methoxyaniline 


1-Methyl-1-phenylhydrazine 
Isopentyl trichloroacetate 


1,6-Heptadiene 
Cycloheptene 
Cycloheptanone 
2-Methylcyclohexanone 
3-Methylcyclohexanone 
4-Methylcyclohexanone 


Cyclohexanecarboxylic acid 


Cyclohexyl formate 
Butyl acrylate 
Monomethyl adipate 
Diethyl malonate 
Dimethyl glutarate 


1,2,3-Propanetriol-1,3-diacetate 


1-Heptene 
2-Methyl-2-hexene 
3-Ethyl-2-pentene 
Cycloheptane 
Methylcyclohexane 
1,2-Dibromoheptane 
2,3-Dibromoheptane 
3,4-Dibromoheptane 
1,7-Dichloroheptane 
1-Нерїапа! 
2-Нерїапопе 
3-Нерїапопе 
4-Нерїапопе 
5-Methyl-2-hexanone 
Cyclohexanemethanol 
2-Methylcyclohexanol* 
3-Methylcyclohexanol* 
4-Methylcyclohexanol* 
Heptanoic acid 

Pentyl acetate 
Isopentyl acetate 
Butyl propanoate 
Propyl butanoate 
Ethyl pentanoate 
Ethyl 3-methylbutanoate 
Methyl hexanoate 
1-Bromoheptane 
2-Bromoheptane 
4-Bromoheptane 
1-Chloroheptane 
2-Chloroheptane 
3-Chloroheptane 
4-Chloroheptane 
1-Iodoheptane 
3-Iodoheptane 
Heptane 
2-Methylhexane 
3-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 


T/K 


333.2 
292.2 
293.2 
293.0 
295.0 
298.2 
293.2 
293.2 
293.2 
304.2 
293.2 
301.2 
293.2 
304.2 
293.2 
288.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
298.2 
298.2 
295.2 
293.2 
293.2 
293.2 
293.2 
3332 
293.2 
293.2 
293.2 
288.2 
293.2 
293.2 
293.2 
293.2 
291.2 
293.2 
293.2 
303.2 
295.2 
295.2 
293.2 
295.2 
295.2 
295.2 
298.2 
295.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
291.3 


0.30149Е-02 


0.30815Е-01 
0.32309E+01 
0.17511Е-03 


0.38296Е-02 
0.11962Е-02 
0.14809Е-02 
0.20697Е+02 
0.28321Е-02 
0.21755Е-01 


0.25136Е-01 


0.38348Е-02 


0.41520Е-02 
0.52353Е-02 
0.10164Е-03 
0.17315Е-03 
0.65896Е-02 
0.65021E+02 
0.36423E+01 
0.12091E+02 


0.15289E+02 


0.14279E+02 


0.11856E+02 


0.24740E+01 
0.24759E+01 
0.27089E+01 
0.23771E+01 
0.23414E+01 
0.25637E+01 
0.23979E+01 
0.24007E+01 


-0.10523E+00 


-0.36095E-02 
-0.42373E-02 
-0.11221E+01 


-0.19109E+00 
-0.23973E-01 
-0.31207E-01 
-0.57794E-01 
-0.89073E-01 
0.13896E-02 


-0.15089E-02 


-0.12531E+00 


-0.13839E+00 
-0.17695E+00 
-0.45839E+00 
-0.98794E+00 
-0.21954E+00 
-0.22896E+00 
-0.31996E-02 

-0.36536E-01 


-0.50621E-01 


-0.39431E-01 


-0.33493E-01 


-0.22577E-02 
-0.22535E-02 
-0.37908E-02 
-0.15140E-02 
-0.14362E-02 
-0.26328E-02 
-0.17436E-02 
-0.16802E-02 


0.11467E-03 


0.16354E-05 
0.32572E-05 
0.19417E-02 


0.27006E-03 
0.20608E-04 
0.24066Е-04 
0.48405Е-04 
0.86891Е-04 
-0.57049Е-05 


0.84915Е-07 


0.12005Е-03 


0.13497Е-03 
0.15195Е-03 
0.54762Е-03 
0.14634Е-02 
0.14107Е-03 
0.17946Е-03 
0.39362Е-05 
0.39732Е-04 


0.57753Е-04 


0.32321Е-04 


0.34368Е-04 


0.12428Е-05 
0.12500Е-05 
0.37500Е-05 
0.10093Е-06 
-0.51322Е-07 
0.16071Е-05 
0.17857Е-06 
0.36069Е-06 


Капге/К 


333-453 


184-293 
227-363 
258-298 


301-343 
293-433 
304-393 
293-433 
258-374 
273-323 


278-333 


253-413 


253-393 
293-333 
333-368 
273-323 
273-323 
273-323 
288-423 
253-353 


203-343 


273-323 


294-323 


273-373 
293-323 
273-323 
163-363 
153-353 
273-323 
273-323 
291-322 


Mol. Form. 


Ст 
СНО 
C;H, O 
СНО 
СНО 
C7H,,0 
СНО 
C;H,4O 
C;H, O 
СНО 
C;H, O 
СНО 
СІН 1603 
СН; 
СІН 17№ 
С;Н 0351 
CsH,Fç 
СН, 
CsH6Cl, 
CsH Cl, 


CH6Cla 


СұНО 
CsH+N 
CsH+NO; 
СМО 
CsHs 
С,Н,О 
С,Н,О, 
С,Н,О, 
CsHsO; 
С,Н,О, 
С,Н,О, 
С,Н,О, 
CsHsOs 
CsHoBr 
СаНоВг 
СаНоВг 
С,Н,ВгО 
CgHoCl 
CgHoCl 
CgHoCl 
СОКО; 
CgH NO, 
CgH NO, 
СұН 0 
СН 
CsHio 
CsHio 
СНО 
С,Н,6О 
С,Н,6О 
СНО 
CgH 0 
СНО 
CgH (0 
СНО 
С,Н,6О 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2,2,3-Trimethylbutane 
1-Heptanol 
2-Heptanol 
3-Heptanol 
4-Heptanol 
2-Methyl-2-hexanol 
3-Methyl-2-hexanol 
3-Methyl-3-hexanol 
3-Ethyl-3-pentanol 
2,2-Dimethyl-1-pentanol 
Ethyl pentyl ether 
Ethyl isopentyl ether 
Triethoxymethane 
1-Нергапе о! 
Heptylamine 
Triethoxymethylsilane 


1,3-Bis(trifluoromethyl)benzene 


Phenylacetylene 
2,5-Dichlorostyrene 
1,2,3,4- Tetrachloro-5,6- 
dimethylbenzene 

1,2,3,5- Tetrachloro-4,6- 
dimethylbenzene 
Phenoxyacetylene 
Benzeneacetonitrile 
4-Methoxyphenyl isocyanate 
Methyl 2-nitrobenzoate 
Styrene 

Acetophenone 
Benzeneacetic acid 
Benzyl formate 

Phenyl acetate 

Methyl benzoate 
(Hydroxyacetyl)benzene 
4-Methoxybenzaldehyde 
Methyl salicylate 
1-Bromo-2-ethylbenzene 
1-Bromo-3-ethylbenzene 
1-Bromo-4-ethylbenzene 
1-Bromo-2-ethoxybenzene 
1-Chloro-2-ethylbenzene 
1-Chloro-3-ethylbenzene 
1-Chloro-4-ethylbenzene 
]-Ethyl-2-nitrobenzene 
Methyl 2-aminobenzoate 
Ethyl 4-pyridinecarboxylate 
Ethylbenzene 

o-Xylene 

m-Xylene 

p-Xylene 

2,3-Xylenol 

2,4-Xylenol 

2,5-Xylenol 

2,6-Xylenol 

3,4-Xylenol 

3,5-Xylenol 
Benzeneethanol 
1-Phenylethanol 
Phenetole 


Т/К 


293.2 
293.2 
293.7 
296.1 
296.2 
297.0 
297.2 
298.2 
293.2 
293.2 
296.2 
293.2 
293.2 
293.2 
293.2 
298.2 
303.2 
298.2 
298.2 
293.2 


293.2 


298.2 
299.2 
333.2 
300.1 
293.2 
298.2 
353.2 
303.2 
298.2 
302.7 
298.2 
303.2 
314.4 
298.2 
298.2 
298.2 
313.2 
298.2 
298.2 
298.2 
273.4 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 
343.2 
303.2 
338.2 
313.2 
333.2 
323.2 
293.2 
293.2 
293.2 


5.4 


4.76 
17.87 
10.26 
27.76 

2.4737 
17.44 

3.47 

6.34 

5.403 

6.642 
21.33 
22.0 

8.80 

5.55 

5.56 

5.42 

7.04 

4.36 

5.18 

5.16 
21.9 
21.9 

8.95 

2.4463 

2.562 

2.359 

2.2735 

4.81 

5.060 

5.36 

4.90 

9.02 

9.06 
12.31 

8.77 

4.216 


6-167 


0.60662Е+02 
0.10050Е+03 
0.19586E+03 
0.28995E+03 


0.59724E+02 


0.37318E+02 


0.66541E+01 


0.71333E+01 
0.87794E+01 


0.82175E+02 
0.20780E+02 


0.44473E+01 
0.26099E+02 
0.24104E+01 
0.26162E+02 
0.11327E+02 
0.17486E+02 
0.42286E+02 


0.20501E+02 


0.23146E+02 


0.35969E+01 
0.36163E+01 
0.28421E+01 
0.23140E+01 
0.14399E+02 
0.22125E+02 
0.18049E+02 
0.12284E+02 
0.54423E+02 
0.54251E+02 
0.12170E+03 
0.32971E+02 
-0.15043E+02 


-0.24049E+00 
-0.49793E+00 
-0.11465E+01 
-0.18499E+01 


-0.32417E+00 


-0.17095E+00 


-0.55450E-02 


-0.97320E-02 
-0.24363E-01 


-0.37416E+00 
-0.31571E-01 


-0.11422E-01 
0.64048E-02 
0.30000E-02 

-0.11026E+00 

-0.26707E-01 

-0.51027E-01 

-0.69215E-01 


-0.39045E-01 


-0.75753E-01 


-0.53169E-02 
-0.40177E-02 
-0.10191E-02 
0.97221E-03 
-0.41438E-01 
-0.85543E-01 
-0.54991E-01 
-0.32996E-01 
-0.21153E+00 
-0.21647E+00 
-0.63124E+00 
-0.12042E+00 
0.13752E+00 


0.25155E-03 
0.64504E-03 
0.17175E-02 
0.30109E-02 


0.47058E-03 


0.22022E-03 


-0.12500E-04 


-0.12500E-05 
0.25325E-04 


0.53220E-03 


0.16000E-04 
-0.11905E-03 


0.14787E-03 
0.22938E-04 
0.50222E-04 
-0.35714E-05 


0.68298E-05 


0.77778E-04 


0.47500E-05 
0.14286E-05 
-0.21429Е-05 
-0.37500Е-05 
0.39244Е-04 
0.96548Е-04 
0.51656Е-04 
0.29867Е-04 
0.22508Е-03 
0.23542Е-03 
0.87776Е-03 
0.12809Е-03 
-0.24500Е-03 


Капге/К 


239-513 
207-365 
248-349 
270-301 


244-372 


283-393 
293-323 


273-333 
253-373 


299-343 
333-403 


293-313 
298-333 
353-393 
303-358 
298-404 
303-393 
298-368 


223-398 


313-358 


293-323 
273-323 
273-323 
293-363 
343-433 
303-363 
338-455 
313-453 
333-453 
323-453 
278-333 
293-423 
293-313 


Mol. Form. 


СНО 
CsH O 
СНО 
СұН (0; 
CgH 0; 
СА (0; 
СН |0058 
СұН |5 
СНум 
СНум 
СНум 
СНум 
CH; NO 
СН, МО, 
C$H1504 
C$H1504 
СНа 
Сан, 
СНа 
СНа 
СНО; 
СНО; 
СН 403 
СН 403 
СНО 
CgH 404 
СНО 
CgH,5N 
СН 
СН 
СН 
СН 
СН 
СН 
СН 
СН 
СН 
С,Н,,Вгэ 
СН, «Cl; 
СНО 
СНО 
CgH 602 
CgH 602 
CgH 602 
CH 602 
CgH 602 
CH О» 
CgH 602 
CgH 602 
CgH 602 
СА Os 
СаНуВг 
CsH,7Br 
САНС 
САНС 
СНЕ 
СА 
C4H,;NO, 
СұН в 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2-Methylanisole 
3-Methylanisole 
4-Methylanisole 
1,2-Dimethoxybenzene 
1,3-Dimethoxybenzene 
1,4-Dimethoxybenzene 
Ethyl phenyl sulfone 
(Ethylthio)benzene 
p-Ethylaniline 
N-Ethylaniline 
N,N-Dimethylaniline 
2,4,6-Trimethylpyridine 
4-Ethoxyaniline 
Hexamethylene diisocyanate 
Diethyl maleate 

Diethyl fumarate 
1,7-Octadiene 
cis-Cyclooctene 
1,2-Dimethylcyclohexene 
1,3-Dimethylcyclohexene 
Methyl cyclohexanecarboxylate 
Cyclohexyl acetate 
Butanoic anhydride 
2-Methylpropanoic anhydride 
Diisopropyl oxalate 
Diethyl succinate 
Dimethyl adipate 
Octanenitrile 

1-Осїепе 

cis-3-Octene 
trans-3-Octene 
cis-A-Octene 
trans-A-Octene 
3-Methyl-2-heptene* 
2,5-Dimethyl-2-hexene 
2,4,4-Trimethyl-1-pentene 
Cyclooctane 
1,8-Dibromooctane 
1,8-Dichlorooctane 
2-Octanone 

3-Octanone 

Octanoic acid 
2-Ethylhexanoic acid 
Hexyl acetate 

Pentyl propanoate 
Isopentyl propanoate 
Butyl butanoate 

Propyl pentanoate 

Ethyl hexanoate 

Methyl heptanoate 
Isopentyl lactate 
1-Bromooctane 
2-Bromooctane 
1-СШогоосїапе 
2-СШогоосїапе 
1-Fluorooctane 
1-Iodooctane 
1-Nitrooctane 

Octane 


TIK 


293.2 
293.2 
293.2 
293.2 
298.2 
333.7 
348.2 
298.2 
298.2 
293.2 
298.2 
298.2 
298.2 
288.2 
298.2 
296.2 
293.0 
296.0 
296.0 
296.0 
293.2 
293.2 
293.2 
292.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
298.2 
298.2 
293.2 
293.2 
298.2 
295.0 
298.2 
298.2 
293.2 
303.2 
288.2 
296.2 
293.2 
293.2 
273.2 
298.2 
292.2 
293.2 
293.2 
273.2 
293.2 
293.2 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 


0.50825E+01 
0.12830E+02 
0.86608E+01 
0.74604E+01 
0.11911E+02 
0.11289E+02 


0.84052E+01 
0.20990E+02 


0.26715E+02 
0.13953E+02 


0.28376E+01 
0.31115E+01 


0.26443E+01 
0.29951E+01 


0.10709E+02 
0.80213E+01 
0.11739E+02 


0.24348E+01 


0.25036E+01 
0.94117E+00 


-0.16219E+02 


0.29391E+01 


0.17665E+02 
0.79684E+01 


0.11007E+02 


0.48649E+02 
0.12404E+02 


0.11346E+02 


0.12452E+02 


0.22590E+01 


b 


-0.62297E-02 
-0.49701E-01 
-0.23510E-01 
-0.13445E-01 
-0.30804E-01 
-0.20765E-01 


-0.13549E-01 
-0.57419Е-01 


-0.42696Е-01 
-0.21969Е-01 


-0.17442Е-02 
-0.32058Е-02 


-0.17973Е-02 
-0.34615Е-02 


-0.16328Е-01 
0.11810Е-02 
-0.17281Е-01 


0.34200Е-03 


-0.12460Е-02 
0.61520Е-01 


0.18799Е--00 


-0.38721Е-03 


-0.71718Е-01 
-0.12000Е-01 


-0.32800Е-01 


-0.21253Е+00 
-0.35050Е-01 


-0.25120Е-01 


-0.41229Е-01 


-0.84212Е-03 


0.28571Е-05 
0.66429Е-04 
0.25000Е-04 
0.10737Е-04 
0.29643Е-04 
0.11987Е-04 


0.62835Е-05 
0.44286Е-04 
0.17817Е-05 
-0.16141E-05 
0.16713E-05 


0.35815E-06 
0.24026E-05 


0.56000E-05 
-0.26400E-04 
0.11447E-05 


-0.50000E-05 


-0.23175E-06 
-0.13333E-03 


-0.34156E-03 


0.95635E-04 
0.15266E-13 


0.35714E-04 


0.27619E-03 
0.34542E-04 


0.13450E-04 


0.50108E-04 


-0.75758E-06 


Range/K 


293-333 
293-333 
293-333 
293-443 
298-358 
334-463 


289-453 
298-358 


288-403 
298-343 


214-293 
269-406 


211-374 
213-373 


293-368 
293-343 
293-433 


273-323 


295-411 
298-328 


293-333 


288-423 


273-373 
298-318 


253-353 


273-373 
283-353 


274-328 


233-313 


233-393 


Mol. Form. 


CsHis 
CsHis 
СН 
CsHis 
CsHis 
СН 
CsHis 
CsHis 
СН 
CsHis 
CsHis 
СұН O 
С,Н,О 
С,Н,О 
С,Н,,О 
СНО 
СНО 
CH) gO 
С,Н,О 
С,Н,О 
С,Н,,О 
С,Н,О 
С,Н,О 
CsH, ÍO 
С,Н,О 
С,Н,О 
CsH, O 
СНО 
СНО 
CH) gO 
С,Н,О 
С,Н,О 
С,Н,,О 
СНО 
СНО 
СНО 
СұН 05 
CsHisO; 
С,Н,,О,5 
Со 
CsHisOs 
С,Н,, 5 
СұН |85 
CHiN 
Сыну 
С,Нь,О,51 
CH Si 
С,Н,, Sn 
CsHə;Ns 
С,Нь,О,5Цц 
С.Н,М,О, 
CoH,O; 
CoH;N 
См 
CoHgO 
СНО, 
CoHio 
CoHio 
CoHio 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2-Methylheptane 
3-Ethylhexane 
2,2-Dimethylhexane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 
3,4-Dimethylhexane 
3-Ethyl-3-methylpentane 
2,2,3-Trimethylpentane 
2,2,4-Trimethylpentane 
2,3,3-Trimethylpentane 
2,3,4-Trimethylpentane 
1-Octanol 

2-Octanol 

3-Octanol 

4-Octanol 
2-Methyl-1-heptanol 
3-Methyl-1-heptanol 
4-Methyl-1-heptanol 
5-Methyl-1-heptanol 
6-Methyl-1-heptanol 
2-Methyl-2-heptanol 
3-Methyl-2-heptanol 
4-Methyl-2-heptanol 
5-Methyl-2-heptanol 
6-Methyl-2-heptanol 
2-Methyl-3-heptanol 
3-Methyl-3-heptanol 
4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
6-Methyl-3-heptanol 
2-Methyl-4-heptanol 
3-Methyl-4-heptanol 
4-Methyl-4-heptanol 
2-Ethyl-1-hexanol 
2,2-Dimethyl-1-hexanol 
Dibutyl ether 

Dibutyl sulfoxide 
2-Ethyl-1,3-hexanediol 
Dibutyl sulfone 


Triethylene glycol dimethyl ether 


Tetraethylene glycol 
1-Octanethiol 

Dibutyl sulfide 
Octylamine 

Dibutylamine 

Ethy] silicate 
Tetraethylsilane 
Tetraethylstannane 
Tetraethylenepentamine 
Octamethylcyclotetrasiloxane 
Toluene-2,4-diisocyanate 
2Н-1-Вепторугап-2-опе 
Quinoline 

Isoquinoline 
Cinnamaldehyde 
2-(Acetyloxy)benzoic acid 
]-Propenylbenzene 
Allylbenzene 
Isopropenylbenzene 


T/K 


293.2 
293.2 
293.2 
293.95 
293.2 
292.1 
291.49 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.1 
290.3 
290.6 
290.4 
290.3 
292.2 
289.6 
290.0 
278.5 
290.1 
293.2 
293.2 
293.2 
293.2 
293.2 
296.3 
290.0 
296.2 
298.2 
293.2 
293.2 
313.2 
293.2 
323.2 
298.2 
293.2 
293.2 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
296.2 
293.2 
343.2 
293.2 
298.2 
305.8 
333.2 
293.2 
293.2 
293.2 


1.9519 
1.9617 
1.9498 
1.9619 
1.9645 
1.9814 
1.9869 
1.960 
1.943 
1.9780 
1.9738 
10.30 
8.13 
5.55 
4.48 
5.16 
2.884 
4.63 
7.68 
10.54 
3.43 
7.47 
3.59 
T5 
6.41 
3.260 
3.013 
3.312 
3.832 
4.992 
3.338 
7.46 
2.902 
7.58 
4.50 
3.0830 
24.73 
18.73 
25.72 
7.62 
20.44 
3.949 
4.29 
3.58 
2.765 
2.50 
2.090 
2.241 
9.40 
2.390 
8.433 
34.04 
9.16 
11.0 
17,72, 
6.55 
2.73 
2.63 
2.28 


6-169 


0.25821Е-01 


0.26849E+01 
0.25983E+01 


0.23677E+01 


0.51647E+02 
0.63760E+02 
0.12505Е+03 
0.51049Е-02 
0.61698Е-02 
0.84687Е-01 
0.48612Е-02 
0.54581Е-02 
0.57997Е-02 


0.39178Е-02 
0.39715Е-02 
0.68568Е-02 
0.77520Е-02 
-0.59739Е--01 
-0.38440Е-01 
-0.48003Е-01 
0.61967Е-01 
0.23037Е-02 
0.42102Е-00 
0.33354Е-02 


0.86074E+02 
0.91244E+01 
0.65383E+01 
0.67156E+02 
0.57919E+02 
0.66248E+02 


0.83547E+02 
0.63667E+01 


0.77931E+01 
0.52504E+01 


0.40553E+02 
0.36286E+01 
0.22174E+02 
0.11311E+03 
0.33432E+02 
0.14412E+03 
0.41837E+02 
0.69994E+01 


-0.26804E-02 


-0.33712E-02 
-0.28027E-02 


-0.14768E-02 


-0.20371E+00 
-0.27643E+00 
-0.70646E+00 
-0.26664E+00 
-0.33647E+00 
-0.33712E-01 

-0.26773E+00 
-0.24772E+00 
-0.23517E+00 


-0.17976E+00 
-0.23115E+00 
-0.40706E+00 
-0.41724E+00 
0.56700E-01 
0.42327E-01 
0.50740E-01 
-0.63750E-02 
-0.98029E-01 
0.10427E-01 
-0.14077E+00 


-0.42636E+00 
-0.21785E-01 
-0.16172E-01 
-0.16448E+00 
-0.17128E+00 
-0.16417E+00 


-0.31691E+00 
-0.87920E-02 


-0.20015E-01 
-0.10538E-01 


-0.16681E+00 
-0.56885E-02 
-0.66982E-01 
-0.33804E+00 
-0.13497E+00 
-0.79935E+00 
-0.11060E+00 
-0.14553E-02 


0.19404E-05 


0.32949Е-05 
0.24195Е-05 


0.94261Е-07 


0.21320Е-03 
0.31075Е-03 
0.10245Е-02 
0.37280Е-03 
0.49066Е-03 
0.49793Е-04 
0.39972Е-03 
0.29734Е-03 
0.24663Е-03 


0.24218Е-03 
0.36771Е-03 
0.67433Е-03 
0.59448Е-03 
-0.83125Е-04 
-0.61250Е-04 
-0.75000Е-04 


0.12479Е-03 
-0.20438Е-05 
0.17750Е-03 


0.55078Е-03 
0.21018Е-04 
0.14969Е-04 
0.92275Е-04 
0.12949Е-03 
0.12001Е-03 


0.34689Е-03 
0.18750Е-05 


0.19347Е-04 
0.71485Е-05 


0.20659Е-03 
0.50874Е-05 
0.68571Е-04 
0.31324E-03 
0.17788E-03 
0.11839E-02 
0.10401E-03 


Капге/К 


294-324 


292-324 
292-324 


173-373 


258-513 
213-513 
223-383 
243-403 
236-328 
241-316 
237-332 
235-328 
265-328 


229-329 
240-333 
230-279 
239-329 
343-403 
343-403 
343-403 
343-383 
283-383 
230-333 
230-330 


208-318 
283-393 
293-314 
313-393 
233-333 
323-398 


253-333 
273-333 


273-373 
243-323 


213-333 
296-333 
293-353 
343-423 
258-323 
298-323 
306-354 
333-416 


Mol. Form. 


С.Н,уО8 
СН 0; 
СН 0; 
СН 10; 
СН 0 
СН 0; 
CoH} 00; 
CoH} 00; 
CoH, Вг 
Сон МО 
Сон NO 
CoH, NO; 
CoH 
CoH 
CoH 
CoH 
CoH 
CoH 
CoH 
CoH 
С.Н,О 
С.Н,О 
CH 20 
С.Н,5О 
С.Н,5О 
С.Н,5О 
С.Н,О 
СоН 08 
CoH 2S 
CoH 3N 
СоН М 
CoHi N 
CoH)3N 
CoH 051 
CoH 1406 
CoH 451 
CoH O; 
CoH O; 
CoH O; 
CoH 604 
CoH,7N 
CoH ig 
СоН Вт» 
СНО 
СНО 
СНО 
СНО 
ОНО 
ОНО 
ОНО 
СНО 
СНО 
CoHi O; 
ОНО 
ОНО 
CoH Br 
CoH СІ 
CoH; NO 
СУН» 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


4-Acetylthioanisole 

Ethyl benzoate 

Methyl 4-methylbenzoate 
Benzyl acetate 

Phenyl propanoate 
4-Acetylanisole 

Ethyl salicylate 

Methyl 2-methoxybenzoate 
(3-Bromopropyl)benzene 
N-Ethylbenzamide 
N,N-Dimethylbenzamide 
Ethyl 2-aminobenzoate 
Propylbenzene 
Isopropylbenzene 
o-Ethyltoluene 
m-Ethyltoluene 
p-Ethyltoluene 

1,2,3- Trimethylbenzene 

1,2,4- Trimethylbenzene 

1,3,5- Trimethylbenzene 
Benzenepropanol 
a-Ethylbenzenemethanol 
a,a-Dimethylbenzenemethanol 
]-Phenyl-2-propanol 
Benzyl ethyl ether 
2,6-Dimethylanisole 
3,5-Dimethylanisole 

Butyl thiophene-2-carboxylate 
Benzenepropanethiol 
Benzylethylamine 
N-Propylaniline 
2-Methyl-N,N-dimethylaniline 
4-Methyl-N, N-dimethylaniline 
Trimethylphenoxysilane 
Triacetin 
Trimethylphenylsilane 
2-Nonenoic acid 
Cyclohexyl propanoate 
Ethyl cyclohexanecarboxylate 
Diethyl glutarate 
Nonanenitrile 

1-Nonene 
1,9-Dibromononane 
2-Nonanone 

5-Nonanone 

Di-tert-butyl ketone 
2,6-Dimethyl-4-heptanone 
Nonanoic acid 
2-Methyloctanoic acid 
2-Ethylheptanoic acid 
Heptyl acetate 

Pentyl butanoate 

Isopentyl butanoate 
Isobutyl pentanoate 
Methyl octanoate 
1-Bromononane 
1-СШогопопапе 
N,N-Dibutylformamide 
Nonane 


T/K 


925.2 
293.2 
306.2 
303.2 
293.2 
313.2 
308.2 
294.2 
302.2 
352.7 
318.2 
298.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
303.2 
293.2 
298.2 
293.2 
293.2 
293.2 
303.2 
293.2 
293.2 
293.2 
293.2 
298.2 
293.6 
298.2 
296.2 
293.2 
293.2 
303.2 
293.2 
293.2 
293.2 
295.2 
293.2 


287.65 


293.2 
294.9 
293.2 
293.2 
293.2 
301.2 
293.2 
292.2 
293.2 
298.2 
293.2 
293.2 
293.2 


4.36 
4.3 
5.48 
3.4 
3.9 
3.3953 
E 
2.3533 
2.5 
4.82 
4.64 
6.659 
12.08 
2.180 
7.153 
9.14 
10.6 
10.0 
9.91 
2.475 
2.39 
1.98 
4.2 
4.08 
4.0 
3.8 
4.101 
4.74 
4.803 
18.4 
1.9722 


6-170 


0.18216Е-02 


0.11727Е-02 


0.18910Е-02 


0.11360Е-02 
-0.20109Е--03 
0.76725E+02 


0.26933E+01 
0.31149E+01 


0.76006E+01 
0.31517E+01 
0.38998E+01 
0.94482E+02 
0.44520E+02 
0.57072E+01 
0.10762E+03 


0.76700E+01 
0.54981E+01 


0.82411E+01 


0.17819E+02 
0.21463E+01 


0.22710E+01 
0.18931E+02 


0.33178E+02 
0.25039E+01 


0.59029E+01 


0.79870E+01 
0.95528E+01 


0.23894E+01 


-0.62361E-01 


-0.30869E-01 


-0.35623E-01 


-0.27471E-01 
0.17866E+01 
-0.26908E+00 


0.21679E-03 
-0.30801E-02 


-0.29118E-01 
-0.30634E-02 
-0.88072E-02 
-0.45540E+00 
-0.21505E+00 
0.86568E-02 
-0.56026E+00 


-0.18298Е-01 
-0.56651Е-02 


-0.15034Е-01 


-0.53656Е-01 
0.32711Е-02 


0.15797Е-02 
-0.57764Е-01 


-0.11290Е+00 
0.67274Е-03 


-0.49905Е-02 


-0.10488Е-01 
-0.16200Е-01 


-0.14830Е-02 


0.72884Е-04 


0.32340Е-04 


0.46529Е-05 


0.25775Е-04 
-0.31065Е-02 
0.29409Е-03 


-0.44643E-05 
0.19643E-05 


0.41786E-04 
0.14286E-05 
0.11149E-04 
0.59307E-03 
0.29443E-03 
-0.29580E-04 
0.76915E-03 


0.17143E-04 
-0.14286E-05 


0.73617E-05 


0.57 759E-04 
-0.86264E-05 


-0.64286E-05 
0.60000E-04 


0.11454E-03 
-0.24180E-05 


-0.34292E-05 


-0.13450E-05 
-0.16365E-13 


0.14881E-06 


Range/K 


288-343 


303-358 


225-321 


302-358 
353-389 
318-443 


2773-323 
273-323 


273-323 
273-323 
288-358 
213-303 
233-373 
303-373 
233-373 


293-333 
293-333 


303-358 


219-304 
288-323 


273-323 
293-343 


273-393 
295-365 


301-343 


274-328 
293-323 


253-393 


Mol. Form. 


СВ 
СӨН» 
СНА 
СВ 
СВ 
СоН,У:0 
СНО 
СНО 
СНО 
СНО 
СНО 
CoH; B 
СВМ 
СВМ 
СН» О.Р 
C оН7Вг 
Сун 
C4 9H;NO;, 
Сува 
С,уН,О 
СН О 
Ci IH ÍhsrN 
C IH Íh 
Ci IH N 
СН 
CIH Írís 
СНМ 
Ср! |00; 
Ср! 00; 
СН» 
СоН |; 
СН |; 
С,Н,О 
CioHi;O 
СоН |20; 
Сун |20; 
СН |20; 
СН |20; 
CioH |20; 
Ср! |20; 
СоН 
СН 
emm 
CioHi4 
СН 
emm 
CioHi4 
СН 
CioHi4 
CioHi4 
Сон, 
Сува 
C49H440 
СНО 
C49H440 
Србу 
СН 
СН |6 
СН |6 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


2-Methyloctane 
4-Methyloctane 
2,4-Dimethylheptane 
2,5-Dimethylheptane 
2,6-Dimethylheptane 
Tetraethylurea 

1-Nonanol 

2-Nonanol 

3-Nonanol 

4-Nonanol 

5-Nonanol 

Tripropylborane 
Nonylamine 
Tripropylamine 

Tripropyl phosphate 
1-Bromonaphthalene 
1-Chloronaphthalene 
1-Nitronaphthalene 
Naphthalene 

1-Naphthol 

2-Naphthol 
1-Naphthylamine 
2-Naphthylamine 
2-Methylquinoline 
4-Methylquinoline 
6-Methylquinoline 
8-Methylquinoline 

Methyl 2-(acetyloxy)benzoate 
Dimethyl phthalate 
1,2,3,4-Tetrahydronaphthalene 
4-Ethylstyrene 
Dicyclopentadiene 
Tetrahydro-2-naphthol* 
4-Isopropylbenzaldehyde 
4-Allyl-2-methoxyphenol 
2-Phenylethyl acetate 
Benzyl propanoate 

Phenyl butanoate 

Propyl benzoate 

Ethyl phenylacetate 
Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Isobutylbenzene 
1-Isopropyl-4-methylbenzene 
o-Diethylbenzene 
m-Diethylbenzene 
p-Diethylbenzene 
1-Ethyl-3,5-dimethylbenzene 
1,2,3,4- Tetramethylbenzene 
1,2,4,5- Tetramethylbenzene 
L-Nicotine 
]-Phenyl-2-methyl-2-propanol 
Butyl phenyl ether 

Thymol 

N,N-Diethylaniline 
Ү-Тегріпепе 

d-Limonene 

I-Limonene 


T/K 


293.2 
293.2 
293.2 
293.2 
293.2 
296.8 
293.2 
298.2 
298.2 
298.2 
298.2 
293.2 
293.2 
293.2 
293.2 
298.2 
298.2 
333.2 
363.2 
373.0 
413.0 
333.2 
393.0 
293.2 
293.2 
293.2 
293.2 
328.9 
293.2 
298.2 
298.2 
313:2 
293.2 
288.2 
293.2 
297.2 
303.0 
293.2 
303.2 
293.2 
293.2 
293.2 
293.2 
293.2 
298.2 
293.2 
293.2 
293.2 
293.2 
296.0 
356.0 
293.2 
298.2 
293.2 
333.2 
303.2 
298.2 
298.2 
298.2 


0.52820Е-02 
0.97467Е-02 
0.10136Е-03 
0.55214Е-02 
0.27954Е-01 
-0.25463E+01 


0.53575E+01 
0.33380E+01 
0.33166E+02 
0.10561E+02 
0.84861E+01 
0.36267E+02 


0.16489E+02 
0.92865E+01 
0.10577E+02 
0.19722E+02 
0.11688E+02 
0.17788E+02 
0.21696E+02 
0.19356E+02 
0.19579E+02 


0.29172E+01 


0.30564E+01 
0.98978E+02 


0.52377E+02 


0.42301E+01 


0.10927E+02 


0.28348E+01 


0.27924E+01 


0.28055E+01 
0.25266E+01 


0.33822E+01 
0.26834E+01 
0.21347E+02 
0.21922E+02 


0.50773E+01 


-0.18790E+00 
-0.51103E+00 
-0.55612E+00 
-0.31920E+00 
0.30000Е-02 
0.35320Е-01 


-0.71982Е-02 
-0.86332Е-02 
-0.10514E+00 
-0.27671Е-01 
-0.12357Е-01 
-0.41283Е-01 


-0.46700Е-01 
-0.10500Е-01 
-0.22114Е-01 
-0.60679Е-01 
-0.78400Е-02 
-0.32580Е-01 
-0.63400Е-01 
-0.61900Е-01 
-0.69970Е-01 


0.12832E-02 


-0.20000E-02 
-0.48267E+00 


-0.24380E+00 


0.13962E-01 


-0.20535E-01 


-0.68586E-03 


-0.38350E-03 


-0.92614E-03 
-0.25121E-03 


-0.33630E-02 
-0.10327E-02 
-0.57177E-01 
-0.84231E-01 


0.15399E-01 


0.19580E-03 
0.71429E-03 
0.80000E-03 
0.50000E-03 
-0.52375E-13 
-0.50000E-04 


0.1948 1Е-05 
0.18322E-04 
0.10000Е-03 
0.27655Е-04 
0.26899Е-05 
-0.25595Е-04 


0.42857Е-04 
0.42501Е-15 
0.17857Е-04 
0.60714Е-04 
-0.25000Е-04 
0.12500Е-04 
0.62500Е-04 
0.62500Е-04 
0.80889Е-04 


-0.59453Е-05 


0.82443Е-15 
0.63008Е-03 


0.33333Е-03 


-0.36426Е-04 


0.11745Е-04 


-0.32143Е-05 


-0.37500Е-05 


-0.25000Е-05 
-0.24867Е-05 


0.17475Е-05 
-0.73533Е-06 
0.50655Е-04 
0.99475E-04 


-0.50000E-04 


Капге/К 


205-411 
288-343 
288-308 
288-308 
288-308 
288-308 


293-373 
243-293 
293-373 
293-323 
274-328 
333-403 


373-453 
413-453 
333-453 
393-473 
293-333 
293-333 
293-333 
293-333 
329-371 


298-343 


313-373 
293-363 


273-323 
303-358 
303-358 
273-323 
273-323 


273-323 
277-333 


273-412 
356-430 
293-363 
298-423 


303-328 


Mol. Form. 


СН 
СН |6 
СН 
СН |6 
СН 
СНО 
CioHi O 
Сони с 
СН 
CioHis 
CioHis 
С,Н,О 
CioHisO; 
С,0Н, Од 
СоН» 
Су 
Су 
СН» 
CioHoo 
CioHooBr; 
С,НьоС, 
CoH 90 
СН» О 
СоН»0; 
C9H590; 
C9H590; 
СНО 
С,0Н00 
Cy 9H 902 
СоН»0; 
С.Н, Br 
Сон, С 
СоН> NO 
Су 
Суб 
Сто; 
CioH>O 
CioH>O 
CioH,O 
C,9H5;0 
СНО 
СоНу0 
C49H5;0 
C49H5;0 
С,,Н,,О5 
C,9H5305 
CoH 2S 
CoH 3N 
СуоНзоОз5 4 
C49H39058is 
C1 Hio 
СиНь 
СНО 
СІН (0 
СИНО» 
СиНр2Оз 
СНО 
СиН, 0: 
СНО 


PERMITTIVITY (DIELECTRIC CONSTANT) ОЕ LIQUIDS (continued) 


Name 


Terpinolene 

о-Ріпепе 

В-Ріпепе 

а-Тегріпепе 

В-Мугсепе 

Carvenone 

d-Fenchone 
2-Chlorobornane 

Pinane 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Eucalyptol 

Cyclohexyl butanoate 
Diethyl adipate 

1-Decene 

cis-5-Decene 
trans-5-Decene 
5-Methyl-4-nonene 
2,4,6-Trimethyl-3-heptene 
1,10-Dibromodecane 
1,10-Dichlorodecane 
2-Decanone 

Menthol 
2,2-Dimethyloctanoic acid 
Octyl acetate 
2-Methylheptyl acetate 
Pentyl pentanoate 
Isopentyl pentanoate 
Isopentyl isopentanoate 
Methyl nonanoate 
1-Bromodecane 
1-Chlorodecane 
N,N-Dibutylacetamide 
Decane 
2,7-Dimethyloctane 
4-Propylheptane 
1-Decanol 

2-Decanol 

3-Decanol 

4-Decanol 

5-Decanol 
2,2-Dimethyl-1-octanol 
Dipentyl ether 
Diisopentyl ether 
Dipentyl sulfoxide 
Tetraethylene glycol dimethyl ether 
Dipentyl sulfide 
Decylamine 
Decamethyltetrasiloxane 
Decamethylcyclopentasiloxane 
1-Methylnaphthalene 
2-Methylnaphthalene 
]-Methoxynaphthalene 
2-Methoxynaphthalene 
Ethyl trans-cinnamate 
Ethyl benzoylacetate 
Benzyl butanoate 

Phenyl pentanoate 

Butyl benzoate 


T/K 


0.25410E+01 
0.26615E+01 


0.14824E+02 
0.19091E+01 


0.17350E+02 
-0.57423E+01 


0.68202E+01 
-0.34691E+01 
0.23285E+02 
0.77641Е-01 
0.14698Е-02 


0.11202Е-02 
0.68741Е-01 


0.24054Е-01 
0.47195E+02 
0.13621E+03 
0.52090E+02 
-0.11260E+02 
-0.25832E+01 
0.69536E+02 


0.44690E+01 


0.61497E+01 


0.45126E+01 


0.71885E+01 


0.56702E+01 


0.93644E+01 


0.77854E+01 


-0.11420E-02 
-0.21241E-02 


-0.40749E-01 
0.33442E-02 


-0.50328E-01 
0.94220E-01 


-0.15894E-01 
0.58106E-01 
-0.11538E+00 
-0.14335E-01 
-0.57726E-01 


-0.33491Е-01 
-0.12210Е-02 


-0.15445Е-02 
-0.20740Е--00 
-0.81000Е--00 
-0.31020Е+00 
0.93960Е-01 
0.31456Е-01 
-0.34596E+00 


-0.63710Е-02 


-0.12801Е-01 


-0.76480Е-02 


-0.14838Е-01 


-0.69754Е-02 


0.74280Е-01 


-0.34972Е-02 


0.15092Е-06 
0.16864Е-05 


0.37600Е-04 
-0.87500Е-05 


0.48633Е-04 
-0.17500Е-03 


0.20837Е-04 
-0.10952Е-03 
0.17143Е-03 
0.73740Е-05 
0.76190Е-04 


0.36314Е-04 
-0.22500Е-04 


0.44643E-06 
0.24942E-03 
0.12500E-02 
0.50000E-03 
-0.15000E-03 
-0.40000E-04 
0.46250E-03 


0.25000E-05 


0.10606E-04 


0.75000E-05 


0.13750E-04 


0.28571E-05 


-0.20000E-03 


-0.13149E-04 


Капге/К 


293-373 
293-373 


293-343 
273-323 


303-368 
308-338 


309-358 
288-323 
288-323 
306-393 
288-323 


274-328 
293-323 


253-393 
293-343 
288-308 
288-308 
288-308 
288-308 
293-333 


293-323 


293-373 


293-333 


293-333 


353-373 


303-323 


303-358 


Mol. Form. 


СИНО» 
Сун 

Ci His 
Сун» 
СиН»о 
СиНь,О, 
CuH;O; 
Cj H54Br 
Суња 
СиН»О 
iem: 
Србу 
С,,Н,О 
СН 
СНО 
СНО 
СНО 
CH, OS 
Сі2Н |005 
СрН/ 
СНМ 
С,,Н,МХО 
СН} 
СоН 20 
СНО 
CoH |40; 
СНО 
СНО 
СНО: 
CisHi Os 
CioHi Os 
СрНумо 
CioHis 
СН 
СН 
СНО; 
СрН»о 
СрН»о 
Србу 
СН 
СНО 
СНО 
СНО 
Ci H5sBr 
С НСІ 
Срб 
СН» 
СНО 
СНО 
СрНувоз 
СН М 
СрНук 
СрНуОдР 
С.2Н,0451 
Ci H5Sn 
СоНзоО$Ь 
СізН о 
СізН Оз 
СН) 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Isobutyl benzoate 
1,3-Diethyl-5-methylbenzene 
Pentamethylbenzene 
1-Опдесепе 
2-Undecanone 

Nonyl acetate 

Pentyl hexanoate 
1-Bromoundecane 
Undecane 
1-Undecanol 
Undecylamine 
Tris(perfluorobutyl)amine 
Dibenzofuran 
Biphenyl 
trans-Azoxybenzene 
Diphenyl ether 
2-Acetonaphthone 
Бірһепуі sulfoxide 
Бірһепуі sulfone 
Бірһепуі sulfide 
Diphenylamine 
N-1-Naphthylenylacetamide 
1,6-Dimethylnaphthalene 
1-Ethoxynaphthalene 
Propyl cinnamate 
Diethyl phthalate 
2-Cyclohexylphenol 
4-Cyclohexylphenol 
Pentyl benzoate 
Решу! salicylate 
Isopentyl salicylate 
N-Butyl-N-phenylacetamide 
Hexylbenzene 

1,3,5- Triethylbenzene 
Hexamethylbenzene 
1-Вогпуі acetate 
Dicyclohexyl ether 
Cyclododecanone 
Dibutyl tartrate 
1-Dodecene 

"есу acetate 

Ethyl decanoate 
Methyl undecanoate 
1-Bromododecane 
1-Chlorododecane 
1-Iodododecane 
Dodecane 
1-Dodecanol 
2-Butyl-1-octanol 
Tributyl borate 
Dodecylamine 
Tributylamine 
Tributyl phosphate 
Tetrapropoxysilane 
Tetrapropylstannane 
Hexaethyldisiloxane 
Benzophenone 
Phenyl salicylate 
Diphenylmethane 


Т/К 


0.30196E+01 


0.22132E+01 


0.83503E+01 


0.23637E+01 


0.54945E+01 


0.26869E+01 


0.14538E+03 


0.84739E+02 


0.13129E+02 


0.35710E+01 
0.60791E+01 
0.95324E+01 
0.39327E+02 


0.22581E+01 


0.70969E+01 


0.86103E+01 
0.10002E+02 
0.34641E+01 
0.23697E+01 
0.18518E+02 


0.27999E+01 
0.19846E+01 
0.26304E+02 


0.36559E+01 
0.34130E+02 
0.26545E+02 
0.30638E+01 


-0.22619E-02 


0.13121E-02 


-0.18449Е-01 


-0.12500Е-02 


-0.96161Е-02 


0.63072Е-03 


-0.73040E+00 


-0.12391Е+00 


-0.19190Е-01 


-0.46912Е-02 
0.98200E-02 

-0.31740E-01 

-0.13248Е-00 


0.11106Е-02 


-0.15080Е-01 


-0.20891Е-01 
-0.27798Е-01 

0.97404E-02 
-0.12200E-02 
-0.44859E-01 


0.44810E-02 
0.28108E-02 
-0.88480E-01 


-0.72406E-02 
-0.10249Е+00 
-0.11180Е+00 
-0.17286Е-02 


0.83831E-06 


-0.53571E-05 


0.14286E-04 


-0.85869E-16 


0.66017E-05 


-0.30995E-05 


0.10000E-02 


-0.35714E-04 


-0.36060E-05 


0.35088E-05 
-0.50000E-04 
0.37500E-04 
0.13298E-03 


-0.50000E-05 


0.12500E-04 


0.18994E-04 
0.27559E-04 
-0.27602E-04 
-0.36375E-16 
0.99900E-05 


-0.11905E-04 
-0.54545E-05 
0.92857E-04 


0.85714E-05 
0.10268E-03 
0.15220E-03 


Капге/К 


334-413 
273-323 
288-323 
283-363 


293-373 


348-428 


333-363 


433-533 


225-397 


449-489 
303-323 
293-333 
303-423 


273-323 
293-353 


274-328 
274-328 
293-323 
283-363 
303-358 


303-373 
233-293 
293-373 


298-333 
300-420 
290-358 
303-333 


Mol. Form. 


Ci3H 120 
СізН вО 
СізН 
Сабо 
СНО 
Сабоа 
Саб 
Сабо 
СізН«О; 
Сао; 
Сү Н,уВг 
Србу 
Србу 
Сабо 
СН 
СН 
С.Н (0; 
С.Н 20; 
С.Н 20; 
СН 
СНО 
C44H45N 
C4i4H4405Si 
С.Н О; 
СН» 
Cy 4H 604 
Син, Од 
СНО 
СНО 
Сао; 
С.Н-Вг 
СиНэ 
C14H300 
СНз 
СНО 
С Об 
С 300 
C,5H3,Br 
С, Ну 
СНО 
CisHs N 
CisHs N 
СО 
СА 0; 
С,Н.сО, 
Сб 0; 
С,«Н-3Вг 
Сп 
CigH34 
С,6Н;40 
Ci H35N 
С,«Нз65п 
СиНр2Оз 
СНО 
Ср о; 
СН 
СН О 
Со 
СНО 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Benzyl phenyl ether 
Hexyl benzoate 
Heptylbenzene 
Q-Ionone* 

В-Іопопе* 

Diethyl nonanedioate 
1-Тпдесепе 
7-Тидесапопе 

Ethyl undecanoate 
Methyl dodecanoate 
1-Bromotridecane 
Tridecane 
5-Butylnonane 
1-Tridecanol 
Anthracene 
Phenanthrene 

Benzil 

Benzyl benzoate 
Benzyl salicylate 
1,2-Diphenylethane 
Dibenzyl ether 
Dibenzylamine 
Dimethyldiphenoxysilane 
Pentyl cinnamate 
Octylbenzene 
Diisobutyl adipate 
Diethyl sebacate 
Dodecyl acetate 
Ethyl laurate 

Methyl tridecanoate 
1-Bromotetradecane 
Tetradecane 
1-Tetradecanol 
Tetradecylamine 
Phenyl 2-(acetyloxy)benzoate 
Tributyrin 

Methyl tetradecanoate 
1-Bromopentadecane 
Pentadecane 
1-Pentadecanol 
Pentadecylamine 
Triisopentylamine 
Dibutyl phthalate 
Hexadecanoic acid 
Ethyl myristate 
Methyl pentadecanoate 
1-Bromohexadecane 
1-Iodohexadecane 
Hexadecane 
1-Hexadecanol 
Hexadecylamine 
Tetrabutylstannane 
2-Naphthyl salicylate 
9-Heptadecanone 
Methyl palmitate 
Heptadecane 
1-Heptadecanol 
Dipentyl phthalate 
Phenyl laurate 


T/K 


313.2 
293.2 
293.2 
292.4 
297.65 
303.2 
293.2 
303.2 
293.2 
293.2 
281.15 
293.2 
293.2 
333.2 
502.0 
383.2 
368.2 
303.2 
301.2 
331.2 
293.2 
293.2 
298.2 
293.2 
293.2 
293.2 
303.2 
293.2 
273.2 
293.2 
293.2 
293.2 
318.2 
312.55 
384.2 
282.8 
293.2 
293.35 
293.2 
333:2 
313.25 
294.2 
293.2 
338.2 
293.2 
293.2 
298.2 
293.2 
293.2 
333.2 
328.35 
293.2 
293.0 
328.2 
313.2 
293.2 
333.2 
293.2 
293.2 


3.748 
4.80 
2.26 
10.78 
11.66 
5.133 
2.139 
7.6 
3.55 
3.539 
4.19 
2.0213 
2.0319 
4.02 
2.649 
272 
13.04 
5.26 
412 
2.47 
3.821 
3.446 
3.500 
4.89 
2.26 
5.19 
4.995 
3.6 
3.94 
3.442 
3.84 
2.0343 
4.42 
2.90 
4.33 
5.72 
3.352 
3.88 
2.0391 
3.70 
2.85 
2.29 
6.58 
2.417 
3.50 
3.296 
3.68 
3.57 
2.0460 
3.69 
2.71 
9.74 
6.30 
5.43 
3.124 
2.0578 
3.41 
6.00 
3.28 


6-174 


0.14154Е-01 


0.23731Е-01 


0.20571E+02 


-0.23599E+02 
0.76856E+01 


0.31178E+01 
0.80154E+01 


0.51669E+01 


0.39143E+02 


0.10058E+02 
0.23832E+01 
0.12272E+02 


0.13152E+02 


0.23792E+01 


0.12444E+02 


0.52642E+01 


0.58668E+01 
0.79531E+01 
0.23861E+01 
0.85935E+01 


0.56115E+02 
0.11229E+02 
0.44176E+02 


0.23627E+01 


0.66514E-02 


-0.12000E-02 


-0.69169E-01 


0.22715E+00 
-0.80000E-02 


-0.21572E-02 
-0.20536E-01 


-0.77001E-02 


-0.20965E+00 


-0.33905E-01 
-0.11900E-02 
-0.24667E-01 


-0.36684E-01 


-0.11600E-02 


-0.20000E-01 


-0.60000E-02 


-0.73333E-02 
-0.22859Е-01 
-0.11600Е-02 
-0.14714Е-01 


-0.24812E+00 
-0.18857E-01 
-0.21183E+00 


-0.10400E-02 


-0.14286E-04 


-0.21841E-15 


0.66667E-04 


-0.34667E-03 
-0.80361E-15 


0.59800E-06 
0.21250E-04 


0.70156E-05 


0.32000E-03 


0.43528E-04 
-0.51229Е-16 
-0.13168Е-13 


0.36795Е-04 


-0.71069Е-16 


-0.47358Е-15 


-0.52666Е-14 
0.26955Е-04 
0.25555Е-15 

-0.45533E-13 


0.30682E-03 
0.70332E-05 
0.28571E-03 


-0.10397E-12 


Капге/К 


273-323 


283-363 


502-516 


368-393 
303-358 


331-451 
293-333 


283-353 


303-313 


274-328 
283-363 
318-358 


199-283 


283-363 


293-333 
293-353 


298-328 
293-323 
293-363 
333-363 


293-313 
293-353 
328-363 


293-308 


Mol. Form. 


СНО; 
СН, Од 
Саро; 
Ci5H340; 
Самоа 
Слао 
С,5Н,,О, 
Слао; 
CisH3602 
C isH,;Br 
Сао 
С.Н ӘВО; 
СНМ 
СН 
С.Н |;О351 
CioHs;O; 
Ср! до; 
Ci9H3602 
СНО 
СоН;О; 
СоН,0 
C59H3904 
СНО; 
C59H4905 
C59H4905 
C59H4905 
Су 420 
СооН42О 
Cy9H 690 gSig 
C21H2104P 
Су зоб 
CHO; 
C5H440; 
C5Has 
(92327710) 
C54H5904Si 
Сэ Нь Од 
22215197 
C5;H5906 
СзоН5вО4 
C30H62 
Саве» 


C34H 6604 
C34H¢g02 
C3gH7404 
C39H7406 
C; 1НозОб 
Сун 10406 
C57H |0406 
Сун 1 1006 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS (continued) 


Name 


Linolenic acid 
Dicyclohexyl adipate 
Linoleic acid 

Oleic acid 

Dibutyl sebacate 
Stearic acid 

Hexadecyl acetate 
Ethyl palmitate 

Methyl heptadecanoate 
1-Bromooctadecane 
1-Octadecanol 

Trihexyl borate 
Octadecylamine 
Triphenylmethane 
Methyltriphenoxysilane 
Methyl linolenate 
Methyl linoleate 
Methyl oleate 
10-Nonadecanone 
Methyl stearate 
Nonadecane 

Dihexyl phthalate 
Ethyl oleate 

Осїааесу! acetate 

Ethyl stearate 

Methyl nonadecanoate 
1-Eicosanol 

Didecyl ether 
Eicosamethylnonasiloxane 
Tricresyl phosphate* 
1,2,3-Propanetriyl hexanoate 
Butyl oleate 

Вшуі stearate 
Docosane 

1-Docosanol 
Tetraphenoxysilane 
Dioctyl phthalate 
Dioctyl sebacate 
1,2,3-Propanetriyl octanoate 


Ethylene glycol ditetradecanoate 


Triacontane 
2,6,10,15,19,23- 
Hexamethyltetracosane 
Ethylene glycol dipalmitate 
Hexadecyl stearate 
Ethylene glycol distearate 
Glycerol trilaurate 
Glycerol tripalmitate 
Glycerol trioleate 
Glycerol trielaidate 
Glycerol tristearate 


T/K 


293.2 
308.2 
293.2 
293.2 
293.2 
293.2 
308.2 
303.2 
313.2 
303.35 
333.2 
293.2 
326.35 
367.2 
298.2 
293.2 
293.2 
293.2 
353.2 
313.2 
293.2 
293.2 
301.2 
308.2 
313.2 
313.2 
338.2 
293.2 
293.2 
298.2 
293.2 
298.2 
298.2 
293.2 
348.2 
333.2 
293.2 
299.2 
293.2 
343.2 
373.2 
373.2 


348.2 
333.2 
353.2 
313.2 
328.2 
293.2 
313.2 
353.2 


2.825 0.33867Е-01 


2.754 0.32073E+01 
2.336 0.25385E+01 


2.314 0.27159E+01 
3.19 0.47310E+01 
3.07 0.57938E+01 
3.53 0.46790E+01 
3.38 0.73784E+01 


2.46 0.40201E+01 


347 0.57033Е-01 
3.07 0.44569E+01 
2.958 0.70930E+01 
3.13 0.21700E+01 


2.644 0.41465E+01 
2.645 0.57840E+01 


3.120 0.73894E+02 


2.94 0.82062E+01 


2.901 -0.29131E+01 


6-175 


-0.19181E-02 


-0.15477E-02 
-0.69448E-03 


-0.13300E-02 
-0.50000E-02 
-0.12294Е-01 
-0.30355Е-02 
-0.12000Е-01 


-0.66507Е-02 


-0.11223Е-01 
-0.45000Е-02 
-0.19081E-01 

0.12497E-01 


-0.62240E-02 
-0.16568E-01 


-0.46261E+00 


-0.25069Е-01 


0.32206Е-01 


0.41338Е-14 
0.10919Е-04 


-0.24798Е-05 
-0.22871Е-13 


0.65329Е-05 


0.93447Е-05 
0.33923Е-14 
0.19555Е-04 
-0.28571Е-04 


0.37500Е-05 
0.20000Е-04 


0.75500Е-03 


0.28571Е-04 


-0.44154E-04 


Капге/К 


274-368 


275-368 
275-368 


293-373 
308-348 
303-455 
303-332 
333-363 


367-448 


301-423 
308-348 
331-440 
338-363 


293-333 
293-323 


298-343 


348-373 


328-393 


PERMITTIVITY (DIELECTRIC CONSTANT) ОЕ GASES 


This table gives the relative permittivity £ (often called the dielectric constant) of some common gases at a temperature of 20?C and pressure of 
one atmosphere (101.325 kPa). Values of the permanent dipole moment p in Debye Units (1 = 3.33564 х 10-30 C m) are also included. 
The density dependence of the permittivity is given by the equation 


e-1 4пМо AnN y? 
£42 m 3 ` 9-7 


where p, is the molar density, № is Avogadro's number, k is the Boltzmann constant, T is the temperature, and © is the molecular polarizability. 
Therefore, in regions where the gas can be considered ideal, £ — 1 is approximately proportional to the pressure at constant temperature. For nonpolar 
gases (и = 0), € —1 is inversely proportional to temperature at constant pressure. 

The number of significant figures indicates the accuracy of the values given. The values of £ for air, Ar, H}, He, №, O>, and CO; are recommended 
as reference values; these are accurate to 1 ppm or better. 

The second part of the table gives the permittivity of water vapor in equilibrium with liquid water as a function of temperature (derived from 
Reference 4). 


REFERENCE 


1. A. A. Maryott and Е. Buckley, Table of Dielectric Constants and Electric Dipole Moments of Substances in the Gaseous State, National Bureau 
of Standards Circular 537, 1953. 

2. B. A. Younglove, J. Phys. Chem. Ref. Data, 11, Suppl. 1, 1982; 16, 577, 1987 (for data оп N>, H5, O5, and hydrocarbons over a range of pressure 
and temperature). 

3. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, Group IV, Vol. 4, Springer-Verlag, 
Heidelberg, 1980 (for data at high pressures). 

4. G. Birnbaum and S. K. Chatterjee, J. Appl. Phys., 23, 220, 1952 (for data on water vapor). 


Mol. form. Name £ uD 


Compounds not containing carbon 


Air (dry,CO, free) 1.0005364 

Ar Argon 1.0005172 0 

ВЕ; Boron trifluoride 1.0011 0 
BrH Hydrogen bromide 1.00279 0.827 
СІН Hydrogen chloride 1.00390 1.109 
FN Nitrogen trifluoride 1.0013 0.235 
FS Sulfur hexafluoride 1.00200 0 

HI Hydrogen iodide 1.00214 0.448 
Н, Hydrogen 1.0002538 0 
Н,5 Hydrogen sulfide 1.00344 0.97 
H3N Ammonia 1.00622 1.471 
He Helium 1.0000650 0 

Kr Krypton 1.00078 0 

NO Nitric oxide 1.00060 0.159 
М, Nitrogen 1.0005480 0 
№0 Nitrous oxide 1.00104 0.161 
Ne Neon 1.00013 0 

О, Oxygen 1.0004947 0 
0,5 Sulfur dioxide 1.00825 1.633 
О, Ozone 1.0017 0.534 
Xe Xenon 1.00126 0 


Compounds containing carbon 


CF, Tetrafluoromethane 1.00121 0 
CO Carbon monoxide 1.00065 0.110 
CO, Carbon dioxide 1.000922 0 
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PERMITTIVITY (DIELECTRIC CONSTANT) OF GASES (continued) 


Mol. form. 


CH3Br 
CH,Cl 
CH3F 
сна 
СН, 
C,H, 
сна 
CH, 
С›Н;С1 
CH, 
C,H,O 
C.H, 
C.H, 
C.H, 
CH 
СУН 


PERMITTIVITY OF SATURATED WATER УАРОК 


°C 


0 
10 
20 
30 
40 
50 


Name 


Bromomethane 
Chloromethane 
Fluoromethane 
Iodomethane 
Methane 
Acetylene 
Chloroethylene 
Ethylene 
Chloroethane 
Ethane 
Dimethyl ether 
Propene 
Cyclopropane 
Propane 
Butane 
Isobutane 


Е 


1.00007 
1.00012 
1.00022 
1.00037 
1.00060 
1.00095 


6-175 


°C 


60 
70 
80 
90 
100 


1.01028 
1.01080 
1.00973 
1.00914 
1.00081 
1.00124 
1.0075 

1.00134 
1.01325 
1.00140 
1.0062 

1.00228 
1.00178 
1.00200 
1.00258 
1.00260 


1.00144 
1.00213 
1.00305 
1.00428 
1.00587 


AZEOTROPIC DATA FOR BINARY MIXTURES 


Liquid mixtures having an extremum (maximum or minimum) vapor pressure at constant temperature, as a function of composition, are called 
azeotropic mixtures, or simply azeotropes. Mixtures that do not show a maximum or minimum are called zeotropic. Azeotropes in which the pressure 
is a maximum are often called positive azeotropes, while pressure-minimum azeotropes are called negative azeotropes. The coordinates of an 
azeotropic point are the azeotropic temperature 1,,, pressure P,, , and liquid-phase composition, usually expressed as mole fractions. At the azeotropic 
point, the vapor-phase composition is the same as the liquid-phase composition. 

This table gives azeotropic data for a number of binary mixtures at normal atmospheric pressure (P,, 2101.3 kPa). Component 1 of each mixture 
is given in bold face. The temperature ї,, and mole fraction x, of component 1 are listed for each choice of component 2. 

The components are arranged in a modified Hill order, with substances that do not contain carbon preceding those that do contain carbon. 


REFERENCES 


1. Lide, D.R., and Kehiaian, H.V., СЕС Handbook of Thermophysical and Thermochemical Data, СЕС Press, Boca Raton, FL, 1994. 
2. Horsley, L.H., Azeotropic Data, III, American Chemical Society, Washington, D.C., 1973. 


Molecular 
formula Name tC хі 
Water Н,О 
СНСІ; Trichloromethane 56.1 0.160 
CH,0, Formic acid 107.2 0.427 
CH;NO, Nitromethane 83.6 0.511 
CS, Carbon disulfide 42.6 0.109 
ОМ Acetonitrile 76.5 0.307 
С,Н,МО, Nitroethane 87.2 0.624 
С.Н,О Ethanol 78.2 0.096 
С.Н,О, Ethyl acetate 70.4 0.312 
C4H,90 1-Butanol 92.7 0.753 
СІН O 2-Butanol 87 0.601 
C;H5N Pyridine 93.6 0.755 
С.Нү (х Piperidine 92.8 0.718 
С.Н, Pentane 34.6 0.054 
СеН5СІ Chlorobenzene 90.2 0.712 
СН, Benzene 69.3 0.295 
СНО Phenol 99.5 0.981 
С6Ну Cyclohexene 70.8 0.308 
СН, Сусіоһехапе 69.5 0.300 
С6Ни Нехапе 61.6 0.221 
C;Hg Toluene 84.1 0.444 
С-Н |6 Heptane 79.2 0.452 
СзНуо 1,3-Dimethylbenzene 92 0.767 
СаНро Ethylbenzene 92 0.744 
С.Н Octane 89.6 0.673 
СНО Dibutyl ether 92.9 0.781 
СУН» Мопапе 94.8 0.970 
Сри Tributylamine 99.7 0.976 
Tetrachloromethane ССІ, 
CH,0, Formic acid 66.7 0.569 
CH4NO; Nitromethane 71.3 0.660 
СН,О Methanol 55.7 0.445 
C;H4N Acetonitrile 65.1 0.566 
C,H,O Ethanol 65.0 0.615 
С.Н,О Acetone 56.1 0.047 
С.Н,О 1-Ргорапо! 73.4 0.820 
СІН (0 1-Butanol 76.6 0.951 
Formic acid СН,О, 
CS, Carbon disulfide 42.6 0.253 
Nitromethane СН;МО, 
CS, Carbon disulfide 41.2 0.845 
Methanol CH4O 
С.Н,О Асеїопе 55.5 0.198 
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AZEOTROPIC DATA FOR BINARY MIXTURES (continued) 


Molecular 
formula Name t, С хі 
С.Н,О, Methyl acetate 53.5 0.352 
СУН Cyclopentane 38.8 0.263 
С;Н |» Решапе 30.9 0.145 
CsH,;O tert-Butyl methyl ether 51:3 0.315 
СН Benzene 57.5 0.610 
СЕН |» Сус1оһехапе 53.9 0.601 
С-Н, Toluene 63.5 0.883 
С-Нь, Heptane 59.1 0.769 
С,Нь, Octane 62.8 0.881 
СУН Мопапе 64.1 0.953 
Carbon disulfide С5, 
СНО Ethanol 42.6 0.860 
ОНО Acetone 39.3 0.608 
ОНО 1-Ргорапо! 45.7 0.931 
С.Н,О, Ethyl acetate 46.1 0.974 
Acetonitrile С,Н,Х 
С,Н,О Ethanol 72.5 0.469 
C;Hg Toluene 81.4 0.900 
Acetic acid С-Н,О, 
С.Н,О, 1,4-Dioxane 119.5 0.831 
C;H5N Pyridine 138.1 0.579 
C6H6 Benzene 80.1 0.026 
СеН |> Cyclohexane 78.8 0.130 
Сенд Нехапе 68.3 0.084 
СеН,5№ Triethylamine 163 0.774 
C;Hg Toluene 100.7 0.375 
С-Н Нерїапе 91.7 0.451 
СУН Ethylbenzene 114.7 0.774 
СН Осїапе 105.7 0.688 
СУН» Мопапе 112.9 0.826 
Iodoethane C;H;I 
С6Ни Нехапе 64.7 0.420 
Ethanol CjH;O 
С;Н Cyclopentane 44.7 0.110 
С;Н |» Решапе 34.3 0.076 
СН, Benzene 67.9 0.440 
C&4H;5 Cyclohexane 64.8 0.430 
СЕН |; Нехапе 58.7 0.332 
C;Hg Toluene 76.7 0.810 
С,Нь, Octane TI 0.898 
Ethylene glycol СНО, 
C;Hg Toluene 110.1 0.034 
С5Н |6 Неріапе 97.9 0.048 
С,Н,О Dibutyl ether 139.5 0.125 
С.Н»; Decane 161 0.406 
Dimethyl sulfide С-Н;5 
СНу Решапе 31.8 0.503 
1,2-Ethanediamine CHN, 
C;Hg Toluene 104 0.406 
Propanenitrile CH;N 
СН д Нехапе 63.5 0.134 
Acetone C4H;O 
С.Н,О, Methyl acetate 55.8 0.544 
СН Cyclopentane 41 0.404 
C&4H;5 Cyclohexane 53 0.751 
Ethyl formate C4H,O; 
С;Н |» Решапе 32.5 0.294 
Methyl acetate С.Н,О, 
СЕН |> Сус1оһехапе 55.5 0.801 
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AZEOTROPIC DATA FOR BINARY MIXTURES (continued) 


Molecular 
formula Name t °C хі 

СЕН ла Нехапе 51.8 0.642 
Propanoic acid СНО, 

СН. Pyridine 148.6 0.686 

С-Н Неріапе 97.8 0.027 

CoH Propylbenzene 139.5 0.830 
1-Nitropropane С.,Н,МХО, 

ОНО 1-Ргорапо! 97.0 0.061 

С-Нь, Нергапе 96.6 0.149 
1-Propanol С-Н,О 

СНО, 1,4-Dioxane 95.3 0.642 

СН Benzene 77.1 0.209 

СН Cyclohexane 74.7 0.241 

С5Н |6 Нерїапе 84.6 0.470 
2-Propanol С.Н,О 

C,H, N Butylamine 74.7 0.646 

C;H;2 Pentane 35.5 0.071 

СеН |2 Cyclohexane 69.4 0.397 

C;Hg Toluene 80.6 0.773 
Ethyl methyl sulfide С.Н,5 

СЕН |» Methylcyclopentane 65.6 0.664 

С-Н 2,2-Dimethylpentane 66.4 0.908 
1-Propanethiol С.,Н,5 

СЕН |2 Сус1оһехапе 67.8 0.978 

С6Ни Нехапе 64.4 0.557 

СНО Diisopropyl ether 65.9 0.714 
Thiophene С,Н,5 

СЕН |> Сус1оһехапе 77.9 0.412 

СН Нехапе 68.5 0.114 
Butanal С,Н,О 

С6Ни Нехапе 60 0.296 
2-Butanone С,Н,О 

С,НоС 1-Chlorobutane 77 0.440 

СНМ Butylamine 74 0.353 

СН Benzene 78.3 0.460 

С6Нү, Cyclohexane 71.8 0.438 

С5Н | Нерїапе 77 0.764 
Butanoic acid С,Н,О, 

С;Н;М Ругіаіпе 163.2 0.912 

СеН;5СІ Chlorobenzene 131.8 0.035 

C$Hijo 1,2-Dimethylbenzene 143 0.118 
1,4-Dioxane С,Н,О, 

С,Н,Вг 1-Bromobutane 98 0.580 
Ethyl acetate C4H30; 

С6Ни Нехапе 652 0.394 
Methyl propanoate С,Н,О, 

САЊА 1-Chlorobutane 76.8 0.392 
Propyl formate С,Н,О, 

С,НоС 1-Chlorobutane 76.1 0.392 

СН, Benzene 78.5 0.440 

C&4H;5 Cyclohexane 75 0.469 
1-Butanol С.Н, О 

СН. Pyridine 118.6 0.704 

СеН;5СІ Chlorobenzene 115.3 0.659 

СеН Cyclohexene 82 0.055 

C;Hg Toluene 105.5 0.324 

С-Н Нерїапе 93.9 0.229 

СзНуо 1,2-Dimethylbenzene 116.8 0.811 

СУН О Dibutyl ether 117.7 0.892 
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AZEOTROPIC DATA FOR BINARY MIXTURES (continued) 


Molecular 
formula Name t °C хі 

2-Butanol С.Н,О 

C6H6 Benzene 78.5 0.161 

С-Н Нерїапе 88.1 0.439 
Diethyl ether С,Н О 

С5Нр Решапе 33.7 0.553 
tert-Butyl alcohol С.Н О 

C6H6 Benzene 74.0 0.378 

С5Н |6 Нерїапе 78 0.688 
Methyl propyl ether СНО 

С;Н |» Решапе 35.6 0.215 
2-Ethoxyethanol С,Н,,О, 

С-Н Нерїапе 96.5 0.153 

СЫН,» Propylbenzene 134.6 0.842 
2-Furaldehyde С.Н,О, 

С-Н Нерїапе 98.3 0.055 

СН Propylbenzene 151.4 0.475 
Pyridine C;H;N 

C;Hg Toluene 110.1 0.249 
Benzene C,H, 

СеН Cyclohexene 78.9 0.635 

СЕН |2 Сус1оһехапе 77.6 0.538 
Phenol СНО 

CHN 2-Methylpyridine 185.5 0.752 

C,H oN 2,4-Dimethylpyridine 193.4 0.601 

СУН» 1,3,5- Trimethylbenzene 163.5 0.253 

Срб» Decane 168 0.449 
Aniline CHN 

СН 1,3,5- Trimethylbenzene 164.4 0.150 

СынН»0 Dipentyl ether 177.5 0.675 

СН» Dodecane 180.4 0.821 
2-Methylpyridine C;HZN 

C4His Octane 121.1 0.470 
Cyclohexanol СНО 

С,.Ну 1,2-Dimethylbenzene 143 0.147 
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VISCOSITY ОЕ GASES 


The following table gives the viscosity of some common gases as a function of temperature. Unless otherwise noted, the viscosity values refer to 
a pressure of 100 kPa (1 bar). The notation Р=0 indicates the low pressure limiting value is given. The difference between the viscosity at 100 kPa 


and the 


limiting value is generally less than 1%. Viscosity is given in units of uPa s; note that 1 ЦРа s= 107 poise. Substances are listed in the modified 


Hill order (see Introduction). 


Viscosity іп micropascal seconds (Pa s) 


100K 200K 300 K 400 K 500K 600 K Ref. 
Air 7.1 13.3 18.6 23.1 27.1 30.8 1 
Аг Argon 8.0 15.9 22.9 28.8 342 39.0 2,8 
BF; Boron trifluoride 12.3 17.1 21.7 26.1 30.2 13 
CIH Hydrogen chloride 14.6 19.7 24.3 13 
FS Sulfur hexafluoride 
(P=0) 15.3 19.8 23.9 27.7 10 
Н, Hydrogen (Р-0) 42 6.8 9.0 10.9 12.7 14.4 4 
р, Deuterium (P=0) 5.9 9.6 12.6 15.4 17.9 20.3 11 
Н,О Water 10.0 13.3 17.3 21.4 6 
р,О Deuterium oxide 11.1 13.7 17.7 22.0 7 
He Helium (Р-0) 9.7 15.3 20.0 24.4 28.4 32.3 8 
Кг Krypton (Р-0) 8.8 171 25.6 33.1 39.8 45.9 8 
NO Nitric oxide 13.8 19.2 23.8 28.0 31.9 13 
М, Nitrogen (Р-0) 12.9 17.9 222 26.1 29.6 12 
М,О Nitrous oxide 10.0 15.0 19.4 23.6 27.4 13 
Ne Neon (Р-0) 14.4 24.3 32.1 38.9 45.0 50.8 8 
О, Oxygen (Р-0) 7.5 14.6 20.8 26.1 30.8 35.1 12 
0,5 Sulfur dioxide 8.6 12.9 17.5 21.7 13 
Xe Xenon (P-0) 8.3 15.4 232 30.7 37.6 44.0 8 
CO Carbon monoxide 6.7 12.9 17.8 224 25.8 291 13 
СО, Carbon dioxide 10.0 15.0 19.7 24.0 28.0 9,10 
CHCl, Chloroform 10.2 13.7 16.9 20.1 13 
СН, Methane 77 11.2 14.3 17.0 19.4 10 
СНО Methanol 132 16.5 19.6 13 
CH; Acetylene 10.4 13.5 16.5 13 
C;H, Ethylene 7.0 10.4 13.6 16.5 19.1 3 
СН, Ethane 6.4 9.5 12.3 14.9 17.3 5 
С.Н,О Ethanol 11.6 14.5 17.0 13 
С-Н, Ргорапе 8.3 10.9 13.4 15.8 5 
САН Вшапе 7.5 10.0 12.3 14.6 5 
САН Isobutane 7.6 10.0 12.3 14.6 5 
СН О Diethyl ether 7.6 10.1 12.4 13 
СНА Pentane 6.7 9.2 11.4 13.4 13 
С6Ни Нехапе 8.6 10.8 12.8 13 
REFERENCES 
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2. B. A. Younglove and H. J. M. Hanley, The viscosity and thermal conductivity coefficients of gaseous and liquid argon, J. Phys. Chem. Ref. 
Data, 15, 1323, 1986. 
3. P. M. Holland, B. E. Eaton, and H. J. M. Hanley, A Correlation of the viscosity and thermal conductivity data of gaseous and liquid ethylene, 
J. Phys. Chem. Ref. Data, 12, 917, 1983. 
4. M.J. Assael, S. Mixafendi, and W. A. Wakeham, The viscosity and thermal conductivity of normal hydrogen in the limit zero density, J. Phys. 
Chem. Ref. Data, 15, 1315, 1986. 
5. В.А. Younglove and J. Е. Ely, Thermophysical properties of fluids. П. Methane, ethane, propane, isobutane, and normal butane, J. Phys. Chem. 


Ref. Data, 16, 577, 1987. 
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VISCOSITY OF GASES (continued) 
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Chem. Ref. Data, 16, 175, 1987. 


. M. J. Assael, S. Mixafendi, and W. A. Wakeham, The viscosity of normal deuterium in the limit of zero density, J. Phys. Chem. Ref. Data, 
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VISCOSITY OF LIQUIDS 


The absolute viscosity of some common liquids at temperatures between —25 and 1009С is given in this table. Values were derived by fitting 
experimental data to suitable expressions for the temperature dependence. The substances are arranged by molecular formula in the modified Hill order 
(see Preface). АП values are given in units of millipascal seconds (mPa s); this unit is identical to centipoise (cp). 

Viscosity values correspond to a nominal pressure of 1 atmosphere. If a value is given at atemperature above the normal boiling point, the applicable 
pressure is understood to be the vapor pressure of the liquid at that temperature. A few values are given at a temperature slightly below the normal 
freezing point; these refer to the supercooled liquid. 

The accuracy ranges from 1% in the best cases to 5 to 10% in the worst cases. Additional significant figures are included in the table to facilitate 
interpolation. 
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Molecular Viscosity in mPa s 
formula Name -259С 0°C 25°C 50°C 759С 100°C 


Compounds not containing carbon 


Br; Bromine 1.252 0.944 0.746 

СНУ Trichlorosilane 0.415 0.326 

СІР Phosphorous trichloride 0.870 0.662 0.529 0.439 

CLSi Tetrachlorosilane 99.4 96.2 

Н,О Water 1.793 0.890 0.547 0.378 0.282 
H4N5 Hydrazine 0.876 0.628 0.480 0.384 
Hg Mercury 1.526 1.402 1.312 1.245 
NO; Nitrogen dioxide 0.532 0.402 


Compounds containing carbon 


CCLF Trichlorofluoromethane 0.740 0.539 0.421 
CCl, Tetrachloromethane 1.321 0.908 0.656 0.494 
CS, Carbon disulfide 0.429 0.352 
CHBr; Tribromomethane 1.857 1.367 1.029 
CHCl, Trichloromethane 0.988 0.706 0.537 0.427 
CHN Hydrogen cyanide 0.235 0.183 
CH,Br, Dibromomethane 1.948 1.320 0.980 0.779 0.652 
CH,Cl, Dichloromethane 0.727 0.533 0.413 
СН:О, Formic acid 1.607 1.030 0.724 0.545 
СНУ Iodomethane 0.594 0.469 
СН;МО Formamide 7.114 3.343 1.833 
CHNO, Nitromethane 1:311 0.875 0.630 0.481 0.383 0.317 
СН,О Methanol 1.258 0.793 0.544 
СНМ Methylamine 0.319 0.231 
ОСЕ 1,1,2-Trichlorotrifluoro- 

ethane 1.465 0.945 0.656 0.481 
CCl; Tetrachloroethylene 1.114 0.844 0.663 0.535 0.442 
CHCl, Trichloroethylene 0.703 0.545 0.444 0.376 
CHCl; Pentachloroethane 3.761 2.254 1.491 1.061 
C,HF;0, Trifluoroacetic acid 0.808 0.571 
ОЊСЉ cis-1,2-Dichloroethylene 0.786 0.575 0.445 
ОЊСЉ trans-1,2-Dichloroethylene 0.522 0.398 0.317 0.261 
C;H5Cl4 1,1,1,2-Tetrachloroethane 3.660 2.200 1.437 1.006 0.741 0.570 
С-Н;СІЕ, 1-Chloro-1,1-difluoro- 

ethane 0.477 0.376 


Molecular 
formula 


C;H4CIO 
СН.СЬ 
C;HN 
ОНВљ 
C;H4CL 
СНС, 
С.Н,О, 
С.Н,О, 
C+HsBr 
сна 
сына 
C,H;NO 
С,Н,ХО, 
С,Н,О 
С,Н,О8 
СО, 
С,Н,5 
С,Н,5 
C;H;N 
C;H;NO 
CsHsBr 
она 
С,Н.СО 
сыны 
С.Н,О 
С,Н,О 
CHO 
С.Н,О, 
СНО 
С.Н,О, 
С.Н,Вг 
С.Н,Вг 
оња 
C3H,Cl 
сыни 
СНА 
С.Н,МО 
C3H;NO, 
С;Н;О 
С.Н,О 
С.Н,О, 
С.Н,О, 
C4H$S 
C4H$S 
сыны 
CHN 
С,Н,О 
C,H4N 
СНО 
C,H;N 
С,Н,О 
С,Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 


Маше 


Acetyl chloride 
1,1,1-Trichloroethane 
Acetonitrile 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
Acetic acid 

Methyl formate 
Bromoethane 
Chloroethane 
Iodoethane 
N-Methylformamide 
Nitroethane 
Ethanol 

Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfide 
Ethanethiol 
Dimethylamine 
Ethanolamine 
3-Bromopropene 
3-Chloropropene 
Epichlorohydrin 
Propanenitrile 
Acetone 

Allyl alcohol 
Propanal 

Ethyl formate 
Methyl acetate 
Propanoic acid 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
1-Iodopropane 
2-Iodopropane 


N,N-Dimethylformamide 


1-Nitropropane 
1-Propanol 
2-Propanol 
1,2-Propylene glycol 
Glycerol 
1-Propanethiol 
2-Propanethiol 
Propylamine 
Isopropylamine 
Furan 

Pyrrole 

Acetic anhydride 
Butanenitrile 
2-Butanone 
Tetrahydrofuran 
1,4-Dioxane 
Ethyl acetate 
Мешу! propionate 
Propyl formate 
Butanoic acid 


VISCOSITY OF LIQUIDS (continued) 


Viscosity in mPa s 


-25°C 


1.847 


0.635 
0.416 


1.354 
3.262 


0.300 


2.492 


0.540 


1.851 
8.645 


0.661 


0.720 
0.849 


0°C 


1.161 
0.400 


1125 


0.424 
0.477 
0.319 
0.723 
2.549 
0.940 
1.786 


0.356 
0.364 
0.232 


0.620 
0.408 
1.570 


0.395 


0.506 
0.477 
1.499 
0.645 
0.612 
0.436 
0.401 
0.970 
0.883 
1.176 
1.160 
3.815 
4.619 
248 


0.503 
0.477 


0.454 
0.475 
2.085 
1.241 


0.533 
0.605 


0.578 
0.581 
0.669 
2.215 


6-187 


259С 


0.368 
0.793 
0.369 
1.595 
0.464 
0.779 
1.056 
0.325 
0.374 


0.556 
1.678 
0.688 
1.074 
1.987 
16.1 
0.284 
0.287 


211 
0.471 
0.314 
1.073 
0.294 
0.306 
1.218 
0.321 
0.380 
0.364 
1.030 
0.489 
0.458 
0.334 
0.303 
0.703 
0.653 
0.794 
0.798 
1.945 
2.038 

40.4 

934 
0.385 
0.357 
0.376 
0.325 
0.361 
1.225 
0.843 
0.553 
0.405 
0.456 
1.177 
0.423 
0.431 
0.485 
1.426 


50?C 


0.294 
0.578 
0.284 
1.116 
0.362 
0.576 
0.786 


0.444 
1.155 
0.526 
0.694 
1.290 
6.554 


8.560 
0.373 


0.781 
0.240 
0.247 
0.759 
0.249 
0.300 
0.284 
0.749 
0.387 
0.359 


0.541 
0.506 
0.624 
0.589 
1.107 
1.028 
11.3 
152 


0.280 


0.828 
0.614 
0.418 
0.315 
0.359 
0.787 
0.325 
0.333 
0.370 
0.982 


75°С 


0.428 
0.234 
0.837 


0.447 
0.599 


0.365 
0.824 
0.415 
0.476 


3.340 


3.935 


0.597 
0.202 


0.505 


0.569 


0.436 
0.407 


0.460 
0.685 
0.576 
4.770 
39.8 


0.612 
0.472 
0.330 
0.249 


0.569 
0.259 
0.266 
0.293 
0.714 


100°C 


0.661 


0.464 


0.606 


0.337 


1.975 


1.998 


0.474 


0.449 


0.363 


0.374 


2.750 
14.8 


0.377 
0.268 


0.542 


VISCOSITY OF LIQUIDS (continued) 


Molecular Viscosity in mPa s 

formula Name -259С 0°C 25°C 50°C 75°C 100°C 
С.Н,О, 2-Methylpropanoic acid 1.857 1.226 0.863 0.639 0.492 
С,Н,О.5 Sulfolane 6.280 3.818 2.559 
С,Н,5 Tetrahydrothiophene 0.973 0.912 

C,HoBr 1-Bromobutane 0.815 0.606 0.471 0.379 

C4HoCl 1-Chlorobutane 0.556 0.422 0.329 0.261 

С,Н, Pyrrolidine 1.914 1.071 0.704 0.512 

С,Н,МО N,N-Dimethylacetamide 1.927 

С,Н,ХО Morpholine 2.021 1.247 0.850 0.627 
СІН (0 1-Butanol 12.19 5.185 2.544 1.394 0.833 0.533 
СНО 2-Butanol 3.096 1.332 0.698 0.419 
СНО 2-Methyl-2-propanol 4.312 1.421 0.678 

СІН (0 Diethyl ether 0.283 0.224 

САНОО» Diethylene glycol 30.200 11.130 4.917 2.505 
С.Н |5 Diethyl sulfide 0.558 0.422 0.331 0.267 

CHIN Butylamine 0.830 0.574 0.409 0.298 

СІН, Isobutylamine 0.770 0.571 0.367 

CHIN Diethylamine 0.319 0.239 

C,H; NO: Diethanolamine 109.5 28.7 9.100 
С.Н,О, Furfural 2.501 1.587 1.143 0.906 0.772 
С;Н;М Ругіаіпе 1.361 0.879 0.637 0.497 0.409 
С.Н о 1-Решепе 0.313 0.241 0.195 

С$Н о 2-Methyl-2-butene 0.255 0.203 

С$Н о Cyclopentane 0.555 0.413 0.321 

C5H0 Mesityl oxide 1.291 0.838 0.602 0.465 0.381 0.326 
С,:Н,үО 2-Pentanone 0.641 0.470 0.362 0.289 0.238 
СН О 3-Репїапопе 0.592 0.444 0.345 0.276 0.227 
СНО Butyl formate 0.937 0.644 0.472 0.362 0.289 
C5H4905 Propyl acetate 0.768 0.544 0.406 0.316 0.255 
СНО Ethyl propanoate 0.691 0.501 0.380 0.299 0.242 
СНО Methyl butanoate 0.759 0.541 0.406 0.318 0.257 
СНО» Methyl isobutanoate 0.672 0.488 0.373 0.296 

CsHi IN Piperidine 1.573 0.958 0.649 0.474 
С;Н› Pentane 0.351 0.274 0.224 

С.Н, Isopentane 0.376 0.277 0.214 

C;H;,0 1-Pentanol 25.4 8.512 3.619 1.820 1.035 0.646 
С.Н,О 2-Решапо! 3.470 1.447 0.761 0.465 
С,Н,О 3-Pentanol 4.149 1.473 0.727 0.436 
С,Н,О 2-Methyl-1-butanol 4.453 1.963 1.031 0.612 
С.Н,О 3-Methyl-1-butanol 8.627 3.692 1.842 1.031 0.631 
СНОМ Pentylamine 1.030 0.702 0.493 0.356 

С Hexafluorobenzene 2.789 1.730 1.151 

C&;H4CL o-Dichlorobenzene 1.958 1.324 0.962 0.739 0.593 
С,Н,С1, m-Dichlorobenzene 1.492 1.044 0.787 0.628 0.525 
С,Н,Вг Bromobenzene 1.560 1.074 0.798 0.627 0.512 
СН-СІ Chlorobenzene 1.703 1.058 0.753 0.575 0.456 0.369 
СеН;СІО o-Chlorophenol 3.589 1.835 1.131 0.786 
СеН5СІО m-Chlorophenol 4.041 

СеН;Е Fluorobenzene 0.749 0.550 0.423 0.338 

Сен: Iodobenzene 2.354 1.554 1.117 0.854 0.683 
С,Н.ХО, Nitrobenzene 3.036 1.863 1.262 0.918 0.704 
C6H6 Benzene 0.604 0.436 0.335 

C #H ,CIN o-Chloroaniline 3.316 1.913 1.248 0.887 
С,Н,О Рһепо1 3.437 1.784 1.099 
СВМ Aniline 3.847 2.029 1.247 0.850 
CoHgN> Phenylhydrazine 13.0 4.553 1.850 0.848 
С6Ну Cyclohexene 0.882 0.625 0.467 0.364 

C6H0 Cyclohexanone 2.017 1.321 0.919 0.671 
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VISCOSITY OF LIQUIDS (continued) 


Molecular Viscosity in mPa s 
formula Name -259С 09С 25°C 50°C 75°C 100°C 
CHN Hexanenitrile 0.912 0.650 0.488 0.382 
СеН у Cyclohexane 0.894 0.615 0.447 
СЕН» Methylcyclopentane 0.927 0.653 0.479 0.364 
СН 1-Нехепе 0.441 0.326 0.252 0.202 
С,Н,О Cyclohexanol 57.5 12.3 4.274 1.982 
СНО 2-Нехапопе 1.300 0.840 0.583 0.429 0.329 0.262 
СНО 4-Methyl-2-pentanone 0.545 0.406 
СНО Вшуі acetate 1.002 0.685 0.500 0.383 0.305 
СНО Isobutyl acetate 0.676 0.493 0.370 0.286 
СНО Ethyl butanoate 0.639 0.453 
СНО Diacetone alcohol 28.7 6.621 2.798 1.829 1.648 
СеН 03 Paraldehyde 1.079 0.692 0.485 0.362 
СН, х Cyclohexylamine 1.944 1.169 0.782 0.565 
СН Нехапе 0.405 0.300 0.240 
С6Ни 2-Methylpentane 0.372 0.286 0.226 
С6Ни 3-Methylpentane 0.395 0.306 
С,Н,О Dipropyl ether 0.542 0.396 0.304 0.242 
СНО 1-Нехапо! 4.578 2.271 1.270 0.781 
CoH, 5N Triethylamine 0.455 0.347 0.273 0.221 
СН 5М Dipropylamine 0.751 0.517 0.377 0.288 0.228 
СеН,5№ Diisopropylamine 0.393 0.300 0.237 
С,Н,,ХО, Triethanolamine 609 114 31.5 11.7 
САМ Benzonitrile 1.267 0.883 0.662 0.524 
C;H;CI o-Chlorotoluene 1.390 0.964 0.710 0.547 0.437 
C,H,Cl m-Chlorotoluene 1.165 0.823 0.616 0.482 0.391 
C,H,Cl p-Chlorotoluene 0.837 0.621 0.483 0.390 
СІҢ; Toluene 1.165 0.778 0.560 0.424 0.333 0.270 
С-Н,О o-Cresol 3.035 1.562 0.961 
C,H,O m-Cresol 12.9 4.417 2.093 1.207 
С,Н,О Benzyl alcohol 5.474 2.760 1.618 1.055 
С,Н,О Anisole 1.056 0.747 0.554 0.427 
Свом N-Methylaniline 4.120 2.042 1.222 0.825 0.606 
C;H9N o-Methy] aniline 10.3 3.823 1.936 1.198 0.839 
C;H9N m-Methyl aniline 8.180 3.306 1.679 1.014 0.699 
C,H oN Benzylamine 1.624 1.080 0.769 0.577 
СНА Methylcyclohexane 0.991 0.679 0.501 0.390 0.316 
СНА 1-Нерїепе 0.441 0.340 0.273 0.226 
СНАО 2-Heptanone 0.714 0.407 0.297 
СІН 40 Heptanoic acid 3.840 2.282 1.488 1.041 
С.Нь, Heptane 0.757 0.523 0.387 0.301 0.243 
С;Н,6 3-Methylhexane 0.350 
СНО 1-Нерїапо! 5.810 2.603 1.389 0.849 
С,Н,О 2-Heptanol 3,955 1.799 0.987 0.615 
СНО 3-Heptanol 1.957 0.976 0.584 
С,Н,О 4-Нерїапо! 4.207 1.695 0.882 0.539 
СНМ Heptylamine 1.314 0.865 0.600 0.434 
СаНа Styrene 1.050 0.695 0.507 0.390 0.310 
С,Н,О Acetophenone 1.681 0.634 
С,Н,О, Methyl benzoate 1.857 
С,Н,О, Methyl salicylate 1.102 0.815 
СН Ethylbenzene 0.872 0.631 0.482 0.380 0.304 
СН o-Xylene 1.084 0.760 0.561 0.432 0.345 
CgH 0 m-Xylene 0.795 0.581 0.445 0.353 0.289 
СН р-ХУепе 0.603 0.457 0.359 0.290 
СНО Phenetole 1.197 0.817 0.594 0.453 
CH; N N,N-Dimethylaniline 1.996 1.300 0.911 0.675 0.523 
С,Н, N N-Ethylaniline 3.981 2.047 1.231 0.825 0.596 
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Molecular 
formula 


СұН,6 
CgH 602 
СУН 
СН O 
CsH, O 
СН О 
СН О 
СН О 
CHN 
сном 
C9H;N 
СН 
СН 
СНао 
СНО 
СНО; 
СУН 
СНО 
CoH |004 
СН 
СНз 
СНз 
СНО 
СьН»› 
CioH;O 
C, ба 
СНО 
СН» 
СН 
СН 
СНз 
Ci H5504 
Сва 
СН, 


VISCOSITY OF LIQUIDS (continued) 


Viscosity in mPa s 


Name -25?C 


Ethylcyclohexane 

Octanoic acid 

Octane 

1-Octanol 

4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
2-Ethyl-1-hexanol 

Dibutyl ether 1.417 
Dibutylamine 

Diisobutylamine 

Quinoline 

Indane 

Cumene 

Isophorone 

5-Nonanone 

Nonanoic acid 

Nonane 

]-Nonanol 

Dimethyl phthalate 

Butylbenzene 
cis-Decahydronaphthalene 12.8 
trans-Decahydronaphthalene 6.192 
Decanoic acid 

Decane 2.188 
1-Decanol 

Undecane 

Бірһепуі ether 

Dodecane 

Diphenylmethane 

Tridecane 

Tetradecane 

Dibutyl phthalate 483 
Hexadecane 

Octadecane 


0°C 
1.139 
0.700 
1.904 
2.052 
20.7 
0.918 
1.509 
1.115 
2.230 
1.075 
4.201 
0.964 
63.2 


5.645 
3.243 


1.277 
1.707 
2.277 
2.909 


66.4 
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259С 


0.784 
5.020 
0.508 
7.288 
1.085 
1.178 
6.271 
0.637 
0.918 
0.723 
3.337 
1.357 
0.737 
2.329 
1.199 
7.011 
0.665 
9.123 
14.4 
0.950 
3.042 
1.948 


0.838 
10.9 
1.098 


1.383 


1.724 

2.128 
16.6 

3.032 


50°С 


0.579 
2.656 
0.385 
3.232 
0.702 
0.762 
2.631 
0.466 
0.619 
0.511 
1.892 
0.931 
0.547 
1.415 
0.834 
3.712 
0.488 
4.032 
5.309 
0.683 
1.875 
1.289 
4.327 
0.598 
4.590 
0.763 
2.130 
0.930 


1.129 
1.376 
6.470 
1.879 
2.487 


75°С 


1.654 
0.302 
1.681 
0.497 
0.536 
1.360 
0.356 
0.449 
0.384 
1.201 
0.692 


0.923 
0.619 
2.234 
0.375 


2.824 
0.515 
1.271 
0.917 
2.651 
0.453 


0.562 
1.407 
0.673 
1.265 
0.796 
0.953 
3.495 
1.260 
1.609 


100°C 


1.147 
0.243 
0.991 
0.375 
0.401 
0.810 
0.281 
0.345 
0.303 
0.833 
0.545 


0.638 
0.484 
1.475 
0.300 


1.980 


0.924 
0.689 


0.359 


0.433 
1.023 
0.514 
0.929 
0.594 
0.697 
2.425 
0.899 
1.132 


THERMAL СОМЮССТІУІТҮ OF GASES 


This table gives the thermal conductivity of several gases as a function of temperature. Unless otherwise noted, the values refer to a pressure of 
100 kPa (1 bar) or to the saturation vapor pressure if that is less than 100 kPa. The notation P = 0 indicates the low pressure limiting value is given. 
In general, the P 2 0 and Р- 100 kPa values differ by less than 1%. Units are milliwatts per meter kelvin. Substances are listed in the modified Hill 
order. 


Thermal conductivity in mW/m K 


MF Name 100 K 200K 300K 400 K 500K 600 K Ref. 

Air 9.4 18.4 26.2 33.3 39.7 45.7 1 
Аг Argon 62 12.4 17.9 22.6 26.8 30.6 2,8 
BF; Boron trifluoride 19.0 24.6 11 
CIH Hydrogen chloride 9.2 14.5 19.5 24.0 28.1 11 
FS Sulfur hexafluoride (P = 0) 13.0 20.6 27.5 33.8 16 
H, Hydrogen (P = 0) 68.6 131.7 186.9 230.4 4 
H,O Water 18.7 27.1 35.7 47.1 6 

Deuterium oxide 27.0 36.5 47.6 7 
Н,5 Hydrogen sulfide 14.6 20.5 26.4 32.4 11 
H3N Ammonia 24.4 37.4 51.6 66.8 11 
He Helium (P = 0) 75.5 119.3 156.7 190.6 222.3 252.4 8 
Kr Krypton (P = 0) 3:3 6.4 9.5 12.3 14.8 17.1 8 
NO Nitric oxide 17.8 25.9 33.1 39.6 46.2 11 
№ Nitrogen 9.8 18.7 26.0 32.3 38.3 44.0 12 
№0 Nitrous oxide 9.8 17.4 26.0 34.1 41.8 11 
Ne Neon (P = 0) 22.3 37.6 49.8 60.3 69.9 78.7 8 
о, Oxygen 9.3 18.4 26.3 33.7 41.0 48.1 10 
0,8 Sulfur dioxide 9.6 14.3 20.0 25.6 11 
Xe Xenon (P = 0) 2.0 3.6 2:5 7.3 8.9 10.4 8 
CCIF, Dichlorodifluoromethane 9.9 15.0 20.1 25.2 13 
CF, Tetrafluoromethane (P = 0) 16.0 24.1 322 39.9 16 
СО Carbon monoxide (P - 0) 25.0 32.3 39.2 45.7 14 
CO, Carbon dioxide 9.6 16.8 25.1 33.5 41.6 9 
CHCl, Trichloromethane Ted 11.1 15.1 11 
СН, Methane 22.5 34.1 49.1 66.5 84.1 5,15 
CHO Methanol 26.2 38.6 53.0 11 
C,CLF4 1,2-Dichlorotetrafluoro- 

ethane 10.25 15.7 21.1 13 
ОСЕ 1,1,2-Trichlorotrifluoro- 
ethane 9.0 13.6 18.3 13 
C,H, Acetylene 21.4 33:3 45.4 56.8 11 
C;H, Ethylene 11.1 20.5 34.6 49.9 68.6 3 
СН, Ethane 11.0 21.3 35.4 522 70.5 5 
CHO Ethanol 14.4 25.8 38.4 53.2 11 
С,Н,О Acetone 11.5 20.2 30.6 42.7 1 
С-Н, Ргорапе 18.0 30.6 45.5 61.9 5 
СЕ Perfluorocyclobutane 12.5 19.5 13 
САН Butane 16.4 28.4 43.0 59.1 5 
САН Isobutane 16.1 27.9 42.1 57.6 5 
С.НюО Diethyl ether 15.1 25.0 374 11 
СНу Решапе 14.4 24.9 37.8 52.7 11 
С6Ни Hexane 23.4 35.4 48.7 11 
REFERENCES 


1. Kadoya, K. Matsunaga, N., and Nagashima, A., Viscosity and thermal conductivity of dry air in the gaseous phase, J. Phys. Chem. Ref. Data, 
14, 947, 1985. 

2. Younglove, В. A. and Hanley, H. J. M., The viscosity and thermal conductivity coefficients of gaseous and liquid argon, J. Phys. Chem. Ref. 
Data, 15, 1323, 1986. 

3. Holland, P. M., Eaton, B. E., and Hanley, H. J. M., A correlation of the viscosity and thermal conductivity data of gaseous and liquid ethylene, 
J. Phys. Chem. Ref. Data, 12, 917, 1983. 


6-175 


15. 
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THERMAL CONDUCTIVITY OF GASES (continued) 
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THERMAL CONDUCTIVITY OF LIQUIDS 


This table gives the thermal conductivity of some common liquids at temperatures between -25 and 100?C. AII values are given in units of watts 
per meter kelvin (W/m K). Values refer to nominal atmospheric pressure (about 100 kPa); when an entry is given at a temperature above the normal 
boiling point of the substance, the pressure is understood to be the saturation vapor pressure at that temperature. 

Substances are arranged by molecular formula in the modified Hill order, with compounds not containing carbon preceding those that do contain 
carbon. 

The values for water, benzene, toluene, heptane, and dimethyl phthalate are particularly well determined and can be used for calibration purposes. 


REFERENCES 


1. Daubert, T. E., Danner, R. P., Sibul, H. M., and Stebbins, C. C., Physical and Thermodynamic Properties of Pure Compounds: Data 
Compilation, extant 1994 (core with 4 supplements), Taylor & Francis, Bristol, PA (also available as database). 

2. Marsh, K. N., Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 


Molecular Thermal conductivity in W/m K 
formula Name -25°C 0°C 25°C 50°C 75°C 100°C 
CLSi Silicon tetrachloride 0.099 0.096 
H,O Water 0.5610 0.6071 0.6435 0.6668 0.6791 
Hg Mercury 7.25 7.77 8.25 8.68 9.07 9.43 
ССІ, Tetrachloromethane 0.104 0.099 0.093 0.088 
CS, Carbon disulfide 0.154 0.149 
СНСІ; Trichloromethane 0.127 0.122 0.117 0.112 0.107 0.102 
СН,Вг, Dibromomethane 0.120 0.114 0.108 0.103 0.097 
СН,О Methanol 0.214 0.207 0.200 0.193 
CCl, Tetrachloroethylene 0.117 0.110 0.104 0.097 0.091 
C;HCl, Trichloroethylene 0.133 0.124 0.116 0.108 0.100 
C;H4Cl, 1,1,1-Trichloroethane 0.106 0.101 0.096 
C,H,N Acetonitrile 0.208 0.198 0.188 0.178 0.168 
C,H,O, Acetic acid 0.158 0.153 0.149 0.144 
С,Н.С1 Chloroethane 0.145 0.132 0.119 0.106 0.093 
C;H;NO N-Methylformamide 0.203 0.201 0.199 0.196 
С,Н,О Ethanol 0.176 0.169 0.162 
C,H,O, Ethylene glycol 0.256 0.256 0.256 0.256 0.256 
ОВО Ethanolamine 0.299 0.286 0.274 0.261 
С,Н.СО Epichlorohydrin 0.142 0.137 0.131 0.125 0.119 0.114 
С,Н,О Acetone 0.169 0.161 
С.Н,О, Methyl acetate 0.174 0.164 0.153 0.143 0.133 0.122 
C4H;NO N,N-Dimethylformamide 0.184 0.178 0.171 0.165 
С,Н,О 1-Ргорапо! 0.162 0.158 0.154 0.149 0.145 0.141 
С;Н;О 2-Ргорапо! 0.146 0.141 0.135 0.129 0.124 0.118 
С.Н,О, 1,2-Propanediol 0.202 0.200 0.199 0.198 0.197 
С.Н,О, Glycerol 0.292 0.295 0.297 0.300 
С;Н,М Trimethylamine 0.143 0.133 
C,H,O Furan 0.142 0.134 0.126 
C,H,S Thiophene 0.199 0.195 0.191 0.186 
САН 2-Вшупе 0.137 0.129 0.121 
С,Н,О 2-Вшапопе 0.158 0.151 0.145 0.139 0.133 
С,Н,О Tetrahydrofuran 0.132 0.126 0.120 0.114 
С.Н,О, 1,4-Dioxane 0.159 0.147 0.135 0.123 
С.Н,О, Ethyl acetate 0.162 0.153 0.144 0.135 0.126 
С,Н,О 1-Butanol 0.158 0.154 0.149 
С,Н,сО Diethyl ether 0.150 0.140 0.130 0.120 0.110 0.100 
C;H5N Pyridine 0.169 0.165 0.161 0.158 
СУН» Cyclopentene 0.143 0.136 0.129 
СН 1-Pentene 0.131 0.124 0.116 
СН Cyclopentane 0.140 0.133 0.126 
CH; Pentane 0.132 0.122 0.113 0.103 0.095 0.087 
С.Н,О 1-Pentanol 0.157 0.153 0.149 0.145 
(05:50) Chlorobenzene 0.136 0.131 0.127 0.122 0.117 0.112 
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Molecular 
formula 


CoH, 
СНО 
СӨН 
СНО 
CIH, 
СН 
СН 0 
С,Н,О 
СН, 
СН О 
С.Н,О 
Сва 
С,Н,О 
CH, 
C,H, O 
Сұң; 
СН 
CsHio 
CsHio 
СН 
CsHis 
С,Н,О 
CH; 
ОН 
СУН» 
СУН» О 
СН О 
Срба 
СН» 
СНО 
Суња 
СНО 
СН» 
СН» О 
Сан» 
СаНао 
C14H300 
Ci6H2204 
СН 
CigHag 


THERMAL CONDUCTIVITY OF LIQUIDS (continued) 


Name 


Benzene 
Phenol 
Cyclohexene 
Mesityl oxide 
Cyclohexane 
]-Hexene 
Cyclohexanol 
2-Hexanone 
Hexane 
1-Нехапо! 
Benzaldehyde 
Toluene 
Anisole 
Heptane 
1-Нерїапо! 
Styrene 
Ethylbenzene 
o-Xylene 
m-Xylene 
p-Xylene 
Octane 
1-Octanol 
Cumene 
Mesitylene 
Nonane 
1-Nonanol 
Dimethyl phthalate 
p-Cymene 
Decane 
1-Decanol 
Undecane 
Diphenyl ether 
Dodecane 
1-Dodecanol 
Tridecane 
Tetradecane 
1-Tetradecanol 
Dibutyl phthalate 
Hexadecane 
Octadecane 


Thermal conductivity in W/m K 


-25°C 


0.142 
0.170 


0.137 
0.151 
0.137 
0.159 
0.1461 
0.170 
0.1378 


0.148 


0.143 


0.147 
0.144 


0.132 
0.144 


0.144 


0°C 


0.136 
0.163 


0.129 


0.145 
0.128 
0.154 


0.1386 
0.163 
0.1303 
0.166 
0.142 


0.135 
0.168 


0.141 
0.138 
0.166 
0.1501 
0.127 
0.138 


0.157 


0.140 
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25°C 
0.1411 


0.130 
0.156 
0.123 
0.121 
0.134 
0.139 
0.120 
0.150 
0.151 
0.1311 
0.156 
0.1228 
0.159 
0.137 
0.130 
0.131 
0.130 
0.130 
0.128 
0.161 
0.128 
0.136 
0.131 
0.161 
0.1473 
0.122 
0.132 
0.162 
0.140 


0.152 
0.146 
0.137 
0.136 


0.136 
0.140 


50°C 


0.1329 
0.156 
0.124 
0.149 
0.117 
0.113 
0.131 
0.133 
0.111 
0.145 
0.141 
0.1236 
0.150 
0.1152 
0.153 
0.131 
0.124 
0.126 
0.124 
0.124 
0.120 
0.154 
0.120 
0.130 
0.124 
0.155 
0.1443 
0.117 
0.126 
0.156 
0.135 
0.139 
0.146 
0.142 
0.132 
0.131 
0.167 
0.133 
0.135 
0.146 


75°C 


0.1247 
0.153 
0.118 
0.142 
0.111 


0.127 
0.102 
0.141 
0.131 
0.1161 
0.143 
0.1077 
0.147 
0.126 
0.118 
0.120 
0.118 
0.118 
0.113 
0.147 
0.112 
0.124 
0.118 
0.149 
0.1409 
0.112 
0.119 
0.150 
0.129 
0.135 
0.140 
0.139 
0.127 
0.126 
0.162 
0.129 
0.130 
0.142 


100°C 


0.151 


0.134 


0.121 
0.093 
0.137 
0.121 


0.136 


0.141 
0.120 
0.112 
0.114 
0.113 
0.112 
0.106 
0.141 
0.107 
0.118 
0.111 
0.143 
0.1373 
0.107 
0.113 
0.145 
0.123 
0.131 
0.135 
0.135 
0.122 
0.121 
0.157 
0.125 
0.125 
0.137 


DIFFUSION IN GASES 


This table gives binary diffusion coefficients D | for a number of common gases as a function of temperature. Values refer to atmospheric pressure. 
The diffusion coefficient is inversely proportional to pressure as long as the gas is in a regime where binary collisions dominate. See Reference 1 for 
a discussion of the dependence of D, on temperature and composition. 

The first part of the table gives data for several gases in the presence of a large excess of air. The remainder applies to equimolar mixtures of gases. 
Each gas pair is ordered alphabetically according to the most common way of writing the formula. The listing of pairs then follows alphabetical order 
by the first constituent. 


REFERENCES 


1. Marrero, T. R., and Mason, E. A., J. Phys. Chem. Ref. Data, 1, 1, 1972. 
2. Kestin, J., et al., J. Phys. Chem. Ref. Data, 13, 229, 1984. 


D ,/cm2s-1 for p = 101.325 kPa and the Specified T/K 


System 200 273.15 293.15 373.15 473.15 573.15 673.15 


Large Excess of Air 


Ar-air 0.167 0.148 0.289 0.437 0.612 0.810 
СН,-аіг 0.106 0.321 0.485 0.678 0.899 
CO-air 0.208 0.315 0.475 0.662 0.875 
CO»-air 0.160 0.252 0.390 0.549 0.728 
H,-air 0.668 0.627 1.153 1.747 2.444 3.238 
H,O-air 0.242 0.399 0.638 0.873 1.135 
He-air 0.617 0.580 1.057 1.594 2.221 2.933 
SFo-air 0.150 0.233 0.329 0.438 


Equimolar Mixture 


Ar-CH, 0.306 0.467 0.657 0.876 
Ar-CO 0.168 0.187 0.290 0.439 0.615 0.815 
Аг-СО, 0,129 0.078 0.235 0.365 0.517 0.689 
Ar-H, 0.698 0.794 1.228 1.876 2.634 3.496 
Ar-He 0.381 0.645 0.726 1.088 1.617 2.226 2.911 
Ar-Kr 0.064 0.117 0.134 0.210 0.323 0.456 0.605 
Аг-№ 0.168 0.190 0.290 0.439 0.615 0.815 
Ar-Ne 0.160 0277 0.313 0.475 0.710 0.979 1.283 
Ar-O, 0.166 0.189 0.285 0.430 0.600 0.793 
Ar-SF; 0.128 0.202 0.290 0.389 
Ar-Xe 0.052 0.095 0.108 0.171 0.264 0.374 0.498 
CHH, 0.782 1.084 1.648 2311 3.070 
CHy-He 0.723 0.992 1.502 2.101 2.784 
CH+N, 0.220 0.317 0.480 0.671 0.890 
CH4-0, 0.210 0.341 0.523 0.736 0.978 
СН,-8Е, 0.167 0.257 0.363 0.482 
CO-CO, 0.162 0.250 0.384 

со-н, 0.408 0.686 0.772 1.162 1.743 2.423 3.196 
CO-He 0.365 0.619 0.698 1.052 1.577 2.188 2.882 
CO-Kr 0.131 0.581 0.227 0.346 0.485 0.645 
CO-N; 0.133 0.208 0.231 0.336 0.491 0.673 0.878 
СО-О, 0.202 0.307 0.462 0.643 0.849 
CO-SF, 0.144 0.226 0.323 0.432 
со» СЊ 0.084 0.133 0.209 

со-н, 0.315 0.552 0.412 0.964 1.470 2.066 2.745 
СО,-Н,О 0.162 0.292 0.496 0.741 1.021 
СО,-Не 0.300 0.513 0.400 0.878 1.321 

со,-м, 0.160 0.253 0.392 0.553 0.733 
СО,-М,О 0.055 0.099 0.113 0.177 0.276 

СО Ме 0.131 0.227 0.199 0.395 0.603 0.847 
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DIFFUSION IN GASES (continued) 


System 200 273.15 293.15 373.15 473.15 
CO;-O, 0.159 0.248 0.380 
CO;-SF; 0.099 0.155 
р-н, 0.631 1.079 1.219 1.846 2.778 
Н,-Не 0.775 1.320 1.490 2.255 3.394 
Н,-Кг 0.340 0.601 0.682 1.053 1.607 
H-N; 0.408 0.686 0.772 1.162 1.743 
Н,-Ме 0.572 0.982 0.317 1.684 2.541 
H-O, 0.692 0.756 1.188 1.792 
Н,-8Е, 0.208 0.649 0.998 
H,-Xe 0.513 0.122 0.890 1.349 
Н,О-М, 0.242 0.399 

H,0-0, 0.244 0.403 0.645 
He-Kr 0.330 0.559 0.629 0.942 1.404 
Не-М, 0.365 0.619 0.698 1.052 1.577 
He-Ne 0.563 0.948 1.066 1.592 2.362 
He-O; 0.641 0.697 1.092 1.640 
Не-8Е, 1.109 0.592 0.871 
He-Xe 0.282 0.478 0.538 0.807 1.201 
Кг-М, 0.131 0.149 0.227 0.346 
Kr-Ne 0.131 0.228 0.258 0.392 0.587 
Kr-Xe 0.035 0.064 0.073 0.116 0.181 
№ Ме 0.258 0.483 0.731 
№0, 0.202 0.307 0.462 
№-8Е, 0.148 0.231 
№-Хе 0.107 0.123 0.188 0.287 
Ne-Xe 0.111 0.193 0.219 0.332 0.498 
O;-SF; 0.097 0.154 0.238 
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573.15 


0.535 


3.866 
4.726 
2.258 
2.423 
3.541 
2.497 
1.400 
1.885 


0.882 
1.942 
2.188 
3.254 
2.216 
1.190 
1.655 
0.485 
0.812 
0.257 
1.021 
0.643 
0.328 
0.404 
0.688 
0.334 


673.15 


0.710 


5.103 
6.242 
2.999 
3.196 
4.677 
3.299 
1.851 
2.493 


1.147 
2.550 
2.882 
4.262 
2.996 
1.545 
2.168 
0.645 
1.063 
0.344 
1.351 
0.849 
0.436 
0.539 
0.901 
0.441 


DIFFUSION COEFFICIENTS IN LIQUIDS АТ INFINITE DILUTION 


This table lists diffusion coefficients Рава infinite dilution for some binary liquid mixtures. Although values are given to two decimal places, 
measurements in the literature are often in poor agreement. Therefore most values іп the table cannot be relied upon to better than 10%. 
Solvents are listed in alphabetical order, as are the solutes within each solvent group. 


REFERENCE 


Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, Sixth Edition, Vol. II/5a, 1969. 


Dap Dag 
Solute Solvent МӨС 105 ст s Solute Solvent ШС — 105cm? e 

Acetic acid Acetone 25 3.31 Acetone Tetrachloromethane 25 1.75 
Benzoic acid Acetone 25 2.62 Benzene Tetrachloromethane 25 1.42 
Formic acid Acetone 25 3.71 Cyclohexane Tetrachloromethane 25 1.30 
Nitrobenzene Acetone 20 2.94 Ethanol Tetrachloromethane 25 1.90 
Tetrachloromethane Acetone 25 3.29 Iodine Tetrachloromethane 30 1.63 
Trichloromethane Acetone 25 3.64 Trichloromethane Tetrachloromethane 25 1.66 
Water Acetone 25 4.56 Acetic acid Toluene 25 2.26 
Acetic acid Benzene 25 2.09 Benzene Toluene 25 2.54 
Aniline Benzene 25 1.96 Benzoic acid Toluene 25 1.49 
Benzoic acid Benzene 25 1.38 Cyclohexane Toluene 25 2.42 
Bromobenzene Benzene 8 1.45 Formic acid Toluene 25 2.65 
2-Butanone Benzene 30 2.09 Water Toluene 25 6.19 
Chloroethylene Benzene 8 1.77 Acetone Trichloromethane 25 2.55 
Cyclohexane Benzene 25 2.25 Benzene Trichloromethane 25 2.89 
Ethanol Benzene 25 3.02 2-Butanone Trichloromethane 25 2.13 
Formic acid Benzene 25 2.28 Butyl acetate Trichloromethane 25 1.71 
Heptane Benzene 25 1.78 Diethyl ether Trichloromethane 25 2.15 
Methanol Benzene 25 3.80 Ethanol Trichloromethane 15 2.20 
Toluene Benzene 25 1.85 Ethyl acetate Trichloromethane 25 2.02 
1,2,4-Trichlorobenzene Benzene 8 1.34 Acetic acid Water 25 1.29 
Trichloromethane Benzene 25 2.26 Acetone Water 25 1.28 
Adipic acid 1-Butanol 30 0.40 Acetonitrile Water 15 1.26 
Benzene 1-Butanol 25 1.00 Alanine Water 25 0.91 
Biphenyl 1-Butanol 25 0.63 Allyl alcohol Water 15 0.90 
Butyric acid 1-Butanol 30 0.51 Aniline Water 20 0.92 
p-Dichlorobenzene 1-Butanol 25 0.82 Arabinose Water 20 0.69 
Methanol 1-Butanol 30 0.59 Benzene Water 20 1.02 
Oleic acid 1-Butanol 30 0.25 1-Butanol Water 25 0.56 
Propane 1-Butanol 25 1.57 Caprolactam Water 25 0.87 
Water 1-Butanol 25 0.56 Chloroethylene Water 25 1.34 
Benzene Cyclohexane 25 1.41 Cyclohexane Water 20 0.84 
Tetrachloromethane Cyclohexane 25 1.49 Diethylamine Water 20 0.97 
Toluene Cyclohexane 25 1.57 Ethanol Water 25 1.24 
Allyl alcohol Ethanol 20 0.98 Ethanolamine Water 25 1.08 
Benzene Ethanol 25 1.81 Ethyl acetate Water 20 1.00 
Iodine Ethanol 25 1.32 Ethylbenzene Water 20 0.81 
Iodobenzene Ethanol 20 1.00 Ethylene glycol Water 25 1.16 
3-Methyl-1-butanol Ethanol 20 0.81 Glucose Water 25 0.67 
Pyridine Ethanol 20 1.10 Glycerol Water 25 1.06 
Tetrachloromethane Ethanol 25 1.50 Glycine Water 25 1.05 
Water Ethanol 25 1.24 Lactose Water 15 0.38 
Acetic acid Ethyl acetate 20 2.18 Maltose Water 15 0.38 
Acetone Ethyl acetate 20 3.18 Mannitol Water 15 0.50 
2-Butanone Ethyl acetate 30 2.93 Methane Water 25 1.49 
Ethyl benzoate Ethyl acetate 20 1.85 Methanol Water 15 1.28 
Nitrobenzene Ethyl acetate 20 2.25 3-Methyl-1-butanol Water 10 0.69 
Water Ethyl acetate 25 3.20 Methylcyclopentane Water 20 0.85 
Benzene Heptane 25 3.91 Phenol Water 20 0.89 
Toluene Heptane 25 3.72 1-Propanol Water 15 0.87 
Bromobenzene Hexane 8 2.60 Propene Water 25 1.44 
2-Butanone Hexane 30 3.74 Pyridine Water 25 0.58 
Dodecane Hexane 25 2.73 Raffinose Water 15 0.33 
Iodine Hexane 25 4.45 Sucrose Water 25 0.52 
Methane Hexane 25 0.09 Toluene Water 20 0.85 
Propane Hexane 25 4.87 Urea Water 25 1.38 
Tetrachloromethane Hexane 25 3.70 Urethane Water 15 0.80 
Toluene Hexane 25 4.21 
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VAPOR PRESSURE OF SATURATED SALT SOLUTIONS 


This table gives the vapor pressure of water above saturated solutions of some common salts at ambient temperatures. Data on pure water are given 
on the last line for comparison. 
The references provide additional information on water activity, osmotic coefficient, and enthalpy of vaporization. 


REFERENCES 


Apelblat, A., J. Chem. Thermodynamics, 24, 619, 1992. 

Apelblat, A., J. Chem. Thermodynamics, 25, 63, 1993. 

Apelblat, A., J. Chem. Thermodynamics, 25, 1513, 1993. 

Apelblat, A. and Korin, E., J. Chem. Thermodynamics, 30, 59, 1998. 


Жыры 


Vapor Pressure іп kPa 


Salt 10°C 15°C 20°С 25°C 30°C 35C 40°С Ref 
Васі, 0971 1443 2073 2.887 3903 5133 6576 1 
Са(МО)) 0701 1.015 1381 1777 2154 2487 1 
CuSO, 11131574 2189 2.96 4.037 5.363 3 
FeSO, 0978 1.516 2.208 3.035 3.950 4.884 3 
KBr 0.953 1.338 1.853 2.533 23419 4.563 3 
KIO, 1100 1.564 217 2.970 3.979 5.236 6.778 4 
K,CO; 0.541 0.802 1134 1536 1997 2499 3016 1 
LiCl 0.128 0.193 0.279 0.384 2 
Ме(МО)) 0.726 0.999 1339 1749 2231 27842 3.397 1 
MnCl, 0.697 1.064 1.515 2.020 2.535 3.002 3 
NH,Cl 0.971 1.328 1.836 2.481 2 
NH4NO; 0.53 1152 15204 1.972 2 
(NH45SO, 0.90 1319 1871 2.573 3439 4474 3 
NaBr 0.722 1004 1376 1858 2475 3.255 4229 4 
NaCl 0.921 1285 1.768 2401 3218 4262 5581 4 
NaNO, 0.700 0.994 1.381 1888 2.540 3368 4403 4 
NaNO; 0.884 1.244 1719 2335 3121 4109 5333 4 
RbCI 0.862 1215 1.684 2298 308 4089 5.343 4 
ZnSO, 0.945 1401 1.986 2.608 3.523 4431 5382 1 
Water 1228 1.706 22339 3.169 4246 5.627 7381 
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DIFFUSION OF GASES IN WATER 


This table gives values of the diffusion coefficient, D, for diffusion of several common gases in water at various 
temperatures. For simple one-dimensional transport, the diffusion coefficient describes the time-rate of change of 
concentration, dc/dt, through the equation 


dc/dt = D агс/ах? 


where x is, for example, the perpendicular distance from a gas-liquid interface. The values below have been selected 
from the references indicated; in some cases data have been refitted to permit interpolation in temperature. 

Gas-liquid diffusion coefficients are difficult to measure, and large differences are found between values 
obtained by different authors and through different experimental methods. See References 1 and 2 for a discussion 
of measurement techniques. 


REFERENCES 

1. Jahne, B., Heinz, G., and Dietrich, W., J. Geophys. Res., 92, 10767, 1987. 

2. Himmelblau, D. M., Chem. Rev. 64, 527, 1964. 

3. Boerboom, A. J. H., and Kleyn, G., J. Chem. Phys., 50, 1086, 1969. 

4. O'Brien, К. N., and Hyslop, W. F., Can. J. Chem., 55, 1415, 1977. 

5. Maharajh, D. M., and Walkley, J., Can. J. Chem., 51, 944, 1973. 

6. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, Sixth Edition, 

II/5a, Transport Phenomena I (Viscosity and Diffusion), Springer-Verlag, Heidelberg, 1969. 
D/105 cm? s! 
10С 15°С 20°С 25°С 30°C 35°C Ref. 

Ar 25 3,4 
CHCLF 1.80 5 
CH;Br 1.35 5 
CH,Cl 1.40 5 
СН, 1.24 1.43 1,62 1.84 2.08 2,35 1 
СО, 1.26 1.45 1.67 1.91 2.17 2.47 1 
С.Н, 143 1.59 1.78 1.99 2.23 2 
СІ, 1.13 1.5 1.89 2,6 
HBr 3.15 6 
НСІ 3.07 6 
Н, 3.62 4.08 4.58 5.11 5.69 6.31 1 
HS 1.36 2,6 
He 5.67 6.18 6.71 7.28 7.87 8.48 13 
Кг 1.20 1.39 1.60 1.84 2.11 2.40 13 
NH; 13 L5 2 
МО, 1,23 14 1.59 2,6 
№ 2.0 2 
№0 1.62 2.11 2.57 2,6 
Ne 2.93 3.27 3.64 4.03 4.45 4.89 L3 
О 1.67 201 2.42 2,6 
Rn 0.81 0.96 1,13 1.33 1.55 1.80 1 
$05 1,02 1.83 2.07 2,32 2 
Хе 0.93 1.08 1,27 1.47 1.70 1.95 1,3 


О 2000 СЕС Press LLC 


PROPERTIES OF ICE AND SUPERCOOLED WATER 


The common form ofice at ambient temperature and pressure is hexagonal ice, designated as ice 1, (see phase diagram in Section 12). The data given 
here refer to that form. Data have been taken from the references indicated; values have been interpolated and smoothed in some cases. All properties 
are sensitive to the method of preparation of the sample, since air or other gases are sometimes occluded. For this reason there is often disagreement 
among values found in the literature. 

Density values (except at 0°C) and the thermal expansion coefficient were calculated from the temperature variation in the crystal lattice constants 
of ice (see Ref. 1). The thermal expansion coefficient appears to become negative around -200°С, but there is considerable scatter in the data. 


Density of ice 1, and supercooled water in g cm? 


РС р (се) р Gupercooled water) 
0 0.9167 0.9998 
-10 0.9187 0.9982 
-20 0.9203 0.9935 
-30 0.9216 0.9839 
-40 0.9228 
-50 0.9240 
-60 0.9252 
-80 0.9274 
-100 0.9292 
-120 0.9305 
-140 0.9314 
-160 0.9331 
-180 0.9340 
Ref. 1 8 
Phase transition properties: 
Ar, (0'С) = 333.6 J/g (Ref. 2) 
Ag H(0'C) = 2838 J/g (Ref. 2) 
Other properties of ice I, : 
Оу; cubic thermal expansion coefficient, ау = —(1/V)(9V/0t), 


к :adiabatic compressibility, к = —(1/V)( дУјдр)« 
€ :relative permittivity (dielectric constant) 
k : thermal conductivity 


ср; Specific heat capacity at constant pressure 


1O Фе Sq: DNP = ыз 


PROPERTIES OF ICE AND SUPERCOOLED WATER (continued) 


С о,/10-6%С-1 к/10-5 MPa! £ ШУУ enr! °C су! g! °С! 
0 159 13.0 91.6 0.0214 2.11 
-10 155 12.8 94.4 0.023 2.03 
-20 149 12.7 97.5 0.024 1.96 
-30 143 12.5 99.7 0.025 1.88 
-40 137 12.4 101.9 0.026 1.80 
-50 130 12.2 106.9 0.028 1.72 
-60 122 121 119.5 0.030 1.65 
-80 105 11.9 0.033 1.50 
-100 85 11.6 0.037 1.36 
-120 77 11.4 0.042 123 
-140 60 11.3 0.049 110 
-160 45 112 0.057 0.97 
-180 30 111 0.070 0.83 
-200 11.0 0.087 0.67 
-220 10.9 0.118 0.50 
-240 10.9 0.20 0.29 
-250 10.9 0.32 0.17 
Ref. 1,2,3,5 1,5 6 7 1 
REFERENCES 


. Eisenberg, D., and Kauzmann, W., The Structure and Properties of Water, Oxford University Press, Oxford, 1969. 

. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, V/1b, Springer-Verlag, 
Heidelberg, 1982. 

LaPlaca, S., and Post, B., Acta Cryst., 13, 503, 1960. [Thermal expansion of lattice] 

Brill, R., and Tippe, A., Acta Cryst., 23, 343, 1967. [Thermal expansion of lattice] 

Leadbetter, A. J., Proc. Roy. Soc. A 287, 403, 1965. [Compressibility and thermal expansion] 

Auty, R. P., and Cole, R. H., J. Chem. Phys., 20, 1309, 1952. [Dielectric constant] 

Slack, G. A., Phys. Rev. B, 22, 3065, 1980. [Thermal conductivity] 

Hare, D. E., and Sorensen, C. M., J. Chem. Phys., 87, 4840, 1987. [Supercooled water] 

Hobbs, P. V., /ce Physics, Clarendon Press, Oxford, 1974. 
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PROPERTIES ОЕ LIQUID HELIUM 


The following data were obtained by a critical evaluation of all existing experimental measurements on liquid helium, using a fitting procedure 
described in the reference. АП values refer to liquid helium at saturated vapor pressure; temperatures are on the ITS-90 scale. Several properties 
show a singularity at the lambda point (2.1768 K). 


р: vapor pressure С : surface tension 
р: density а : coefficient of linear expansion 
C,: molar heat capacity T : viscosity 
ДуарН : molar enthalpy of vaporization À : thermal conductivity 
g : relative permittivity (dielectric constant) 
REFERENCE 


Donnelly, R. J., and Barenghi, C. F., J. Phys. Chem. Reference Data 27, 1217, 1998. 


TIK р/КРа pigem? С,/Ј mol!K*! АНУ mol! £ o/mNm! 1030/K! mngPas АМУ стока 
0.0 0.1451397 0 59.83 .057255 0.000 

0.5 0.1451377 0.010 70.24 .057254 0.3530 0.107 

1.0 0.01558 0.1451183 0.415 80.33 .057246 0.3471 0.309 3.873 

15 0.4715 0.1451646 4.468 89.35 1.057265 0.3322 -2.36 1.346 

2.0 3.130 0.1456217 21.28 93.07 1.057449 0.3021 -122 1.468 

2:5 10.23 0.1448402 9.083 92.50 .057135 0.2623 39.4 3.259 0.1497 
3.0 24.05 0.1412269 9.944 94.11 .055683 0.2161 61.5 3.517 0.1717 
9:5 47.05 0.1360736 12.37 92.84 053615 0.1626 88.7 3.509 0.1868 
4.0 81.62 0.1289745 15.96 87.00 050770 0.1095 129 3.319 0.1965 
4.5 130.3 0.1188552 21.8 75.86 .046725 0.0609 211 

5.0 196.0 44.7 47.67 0.0157 


€ 2000 by CRC PRESS LLC 


SURFACE TENSION ОЕ AQUEOUS MIXTURES 


The composition dependence of the surface tension of binary mixtures of several compounds with water is given in this table. The data are tabulated 
as a function of the mass percent of the non-aqueous component. Data for methanol, ethanol, 1-propanol, and 2-ргорапо are taken from Reference 
1, which also gives values at other temperatures. 


REFERENCES 


1. Vazquez, G., Alvarez, E., and Navaza, J. M., J. Chem. Eng. Data, 40, 611, 1995. 
2. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, ТУ/16, Surface Tension, Springer- 
Verlag, Heidelberg, 1997. 


Surface Tension in mN/m2 for the Specified Mass % 


Compound °C 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Acetic acid 30 71.2 51.4 43.3 41.2 38.2 37.4 36.1 33.5 31.5 30.2 26.3 
Acetone 25 72.0 44.9 40.5 36.7 33.0 30.1 29.4 29.4 27.6 24.5 23.1 
Acetonitrile 20 72.8 48.5 40.2 34.1 31.6 30.6 30.0 29.6 29.1 28.7 284 
1,2-Butanediol 25 72.0 66.1 60.4 55.1 50.1 45.6 43.3 419 40.8 392 358 
1,3-Butanediol 30 71.2 58.1 51.6 48.7 45.8 43.9 42.4 412 40.0 390 37.0 
1,4-Butanediol 30 71:2 612 56.9 542 52.0 50.7 49.5 47.9 46.6 452 43.8 
Butanoic acid 30 71.2 42.4 37.5 35.5 34.8 32.2 30.8 292 274 26.3 255 
2-Butanone 20 72.8 41.6 322 252 24.6 
y-Butyrolactone 30 71.2 64 58 53 50 48 46 45 44 428 42.7 
Chloroacetic acid 25 72.0 59.8 53.6 51.3 49.7 48.3 47.5 46.1 

Diethanolamine 25 72.0 66.8 63.2 60.7 58.8 57.2 55.7 54.3 52.7 506 472 
N,N-Dimethylacetamide 25 72.0 72.0 72.0 72.4 73.5 74.9 75.4 73.0 65.7 547 364 
N,N-Dimethylformamide 25 72.0 65.4 592 53.8 49.6 473 46.9 449 423 384 352 
1,4-Dioxane 25 72.0 41.2 39.6 37.9 362 345 337 
Ethanol 25 72.01 47.53 37.97 32.98 30.16 27.96 26.23 25.01 23.82 22.72 21.82 
Ethylene glycol 20 72.8 68.5 64.9 61.9 57.0 48.2 
Formic acid 20 72.8 66 60 55.7 522 50.3 48.8 471 447 409 38.0 
Glycerol 25 72.0 70.5 69.5 68.5 67.9 67.4 66.9 66.5 65.7 64.5 62.5 
Methanol 25 72.01 56.18 47.21 41.09 36.51 32.86 29.83 27.48 25.54 23.93 22.51 
Morpholine 20 72.8 65.1 60.7 58.9 56.7 53.0 49.6 47.0 43.7 41.8 38.7 
Nitric acid 20 72.8 71.9 70.7 68.9 66.6 63.8 60.6 56.8 52.6 479 42.6 
Propanoic acid 30 71.2 46.6 42.2 377 35.6 33.1 317 302 282 274 25.8 
1-Ргорапо! 25 72.01 34.32 27.84 25.98 25.26 24.80 2449 24.08 23.86 23.59 23.28 
2-Propanol 25 72.01 40.42 30.57 26.82 2527 2426 2351 22.68 2214 21.69 21.22 
1,2-Propylene glycol 30 71.2 60.5 54.9 50.7 472 44.5 41.5 386 37.6 363 35.5 
1,3-Propylene glycol 30 71.2 62.6 58.8 55.7 53.8 52.8 51.7 50.8 49.6 48.2 47.0 
Pyridine 25 72.0 52.8 512 48.0 46.8 46.6 45.8 45.0 43.6 409 37.0 
Sulfolane 20 72.8 62.5 61.6 59.6 57.1 549 50.9 
Sulfuric acid 50 67.9 73.5 75.1 73.6 71.2 68.0 64.1 60.0 56.4 53.6 51.7 
Trichloroacetaldehyde 25 72.0 56.7 51.0 46.7 44.1 43.0 42.5 41.5 38.9 34.7 29.4 
Trichloroacetic acid 25 72.0 55.8 46.5 42.8 41.6 40.6 39.4 383 37.4 36.5 
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VISCOSITY OF CARBON DIOXIDE ALONG THE SATURATION LINE 
The table below gives the viscosity of gas and liquid СО; along the liquid-vapor saturation line. 
REFERENCES 


1. Fenghour, A., Wakeham, W. A., and Vesovic, V., J. Phys. Chem. Ref. Data, 27, 31, 1998. 
2. Angus, S., et al., International Tables for the Fluid State: Carbon Dioxide, Pergamon Press, Oxford, 1976. 


Gas Liquid 
T/K Р/КРа n/uPas nluPas 


205 227 10.33 

210 327 10.60 

215 465 10.87 

220 600 11.13 241.68 
225 735 11.41 221.72 
230 894 11.69 203.75 
235 1075 11.98 187.48 
240 1283 12.27 172.67 
245 1519 12.58 159.13 
250 1786 12.90 146.69 
255 2085 13.24 135.20 
260 2419 13.61 124.30 
265 2790 14.02 114.63 
270 3203 14.47 105.21 
275 3658 14.99 96.44 
280 4160 15.61 87.89 
285 4712 16.37 79.64 
290 5315 17.36 71.47 
295 5984 18.79 63.01 
300 6710 21.29 53.33 
302 6997 23.52 48.30 
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PERMITTIVITY (DIELECTRIC CONSTANT) OF WATER AS A 
FUNCTION OF TEMPERATURE AND PRESSURE 


The following table summarizes the relative permittivity (static dielectric constant) of liquid water and steam over a wide range of temperature and 
pressure. Values are given from slightly above the freezing point to 1000 К and at pressures from normal atmospheric to 1000 MPa (about 10000 atm). 
The values are generated from an equation that correlates the best experimental measurements from a large number of sources. The correlating equation 
and full details of the formulation may be found in Reference 1. 

Temperatures are given on the ITS-90 scale. Liquid—vapor boundaries are indicated by horizontal lines. 


REFERENCE 
Fernandez, D. P., Goodwin, A. R. H., Lemmon, E. W., Levelt Sengers, J. M. H., and Williams, R. C., J. Phys. Chem. Ref. Data, 26, 1125, 1997. 


Pressure in MPa 


T/K 0.1 1 2 5 10 20 50 100 200 500 1000 
275 87.16 87.20 87.24 87.36 87.57 87.97 89.16 91 05 94.55 103.7 

280 85.19 85.23 85.27 85.39 85.59 85.98 87.14 88.98 92.38 101.3 

285 83.27 83.30 83.34 83.46 83.65 84.04 85.17 86.96 90.27 98.91 

290 81.39 81.42 81.46 81.57 81.76 82.14 83.24 84.99 88.22 96.64 

295 79.55 79.58 79.62 79 73 79.92 80.29 81.37 83.08 86.24 94.44 

300 77.75 77.78 77.82 77.93 78.11 78.48 79.54 81.22 84.31 92.31 

305 75.99 76.02 76.06 76.17 76.35 76.71 77-79 79.40 82.43 90.25 101.3 
310 74.27 74.30 74.33 74.44 74.62 74.98 76.01 77.63 80.61 88.26 99.06 
315 72.58 72.61 72.65 72.76 72.93 73.28 74.30 75.90 78.84 86.34 96.87 
320 70.93 70.97 71.00 71.11 71.28 71.63 72.64 74.22 71.11 84.48 94.76 
340 64.70 64.73 64.77 64.87 65.04 65.38 66.36 67.89 70.65 77.58 87.07 
360 59.00 59.03 59 07 59.17 59.34 59.68 60.65 62.15 64.83 71.45 80.36 
380 1.006 53.83 53.86 53.97 54.14 54.48 55.45 56.94 59.57 65.95 74.43 
400 1.005 49.06 49.10 49.21 49.39 49.73 50.71 52.20 54.80 61.00 69.12 
420 1.005 44.70 44.74 44.85 45.04 45.39 46.39 47.90 50.48 56.53 64.35 
440 1.004 40.70 40.74 4085 41.05 41.42 42.45 43.98 46.55 52.48 60.03 
460 1.004 1.041 37.04 37.17 37.37 37.76 38.84 40.40 42.99 48.81 56.11 
480 1.004 1.038 33.61 33.75 33.97 34.39 35.53 37.14 39.75 45.47 52.55 
500 1.003 1.034 1.074 30.55 30.79 31.25 32.47 34.15 36.79 42.44 49.30 
550 1.003 1.028 1.059 1.177 23.53 24.18 25:13 27.67 30.46 35.99 42.38 
600 1.002 1.024 1.049 1.137 1.365 17.50 19.90 22.29 25.34 30.82 36.82 
650 1.002 1.020 1.041 1.112 1.267 2.066 14.50 17.72 21.12 26.62 32.31 
700 1.002 1.017 1.036 1.095 1.214 1.603 8.963 13.75 17.60 23.17 28.60 
750 1.002 1.015 1.031 1.082 1.179 1.452 4.424 10.34 14.65 20.30 25.51 
800 1.001 1.013 1.027 1.071 1.154 1.365 2.844 7.562 12.17 17.88 22.91 
850 1.001 1.012 1.024 1.063 1.134 1.307 2.269 5.571 10.10 15.83 20.70 
900 1.001 1.011 1.022 1.056 1.118 1.265 1.975 4.284 8.416 14.08 18.80 
950 1.001 1.010 1.020 1.050 1.105 1.232 1.793 3.477 7.066 12.57 17.15 


1000 1.001 1.009 1.018 1.046 1.095 1.206 1.668 2.956 6.003 11.27 15.72 
1050 1.001 1.008 1.016 1.041 1.086 1.184 1.576 2.601 5:172 10.14 14.45 
1100 1.001 1.007 1.015 1.038 1.078 1.167 1.505 2.347 4.523 9.160 13.34 
1150 1.001 1.007 1.014 1.035 1.072 1.151 1.449 2.158 4.012 8.309 12.35 
1200 1.001 1.006 1.013 1.032 1.066 1.139 1.403 2.011 3.606 7.569 11.47 
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VISCOSITY AND DENSITY OF AQUEOUS HYDROXIDE SOLUTIONS 


The viscosity and density of aqueous hydroxide solutions at 25?C is tabulated here as a function of concentration. Viscosity is given in millipascal 
second, which is equal to the c.g.s. unit centipoise (cP). The last entry in each column refers to the saturated solution. 


REFERENCE 
Sipos, P. M., Hefter, G., and May, P. M., J. Chem. Eng. Data 45, 613, 2000. 


Viscosity in mPa s 


cimol L LiOH NaOH КОН  CsOH (СН,),ХОН 


0.5 1.0017 0.997 0.937 0.91 1.017 
1.0 1.169 1.116 0.990 0.94 1.186 
1.5 1.340 1.248 1.050 0.97 1.430 
2.0 1.537 1.396 1.116 1.03 1.762 
3.0 2.050 1.754 1.269 1.19 3.031 
4.0 2734 2.228 1.448 1.41 7.238 
5.0 2.867 1.657 1.67 
6.0 3.727 1.902 1.98 
7.0 4.869 2.196 2.40 
8.0 6.351 2.554 3.09 
9.0 8.230 3.005 4.31 

10.0 10.554 3.581 6.46 

11.0 13.362 4.328 

12.0 16.677 5.303 

13.0 20.503 6.577 

14.0 24.826 8.235 

15.0 29.604 

16.0 34.767 

17.0 40.212 

18.0 45.800 

19.0 51.354 

Sat. 3311 51911 8.526 8.850 


Density in g/cm? 


clmolL! LiOH NaOH КОН Сон (СН;)МОН 


0.5 1.012 1.019 1.022 1.063 0.999 
1.0 1.025 1.040 1.045 1.128 1.002 
1:5 1.038 1.059 1.068 1.193 1.005 
2.0 1.050 1.078 1.090 1.257 1.009 
3.0 1.072 1.115 1.133 1.383 1.019 
4.0 1.093 1.149 1.174 1.508 1.030 
5.0 1.182 1.214 1.632 
6.0 1.213 1:253 1.755 
7.0 1.243 1.290 1.876 
8.0 1.271 1.326 1.997 
9.0 1.299 1.362 2.117 

10.0 1.325 1.396 2.236 

11.0 1.350 1.429 2.354 

12.0 1.374 1.462 2.471 

13.0 1.397 1.494 2.587 

14.0 1.419 1.524 2.703 

15.0 1.441 

16.0 1.461 

17.0 1.481 

18.0 1.499 

19.0 1,517 

Sat. 1.109 1.519 1.529 2.800 1.032 
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VAPOR PRESSURE ОЕ MERCURY 


The following table gives the vapor pressure of mercury in kilopascals (100 kPa = 1 bar) from 09С to 800°С. 


REFERENCES 


1. Vukalovich, M. P., and Fokin, L. R., Thermophysical Properties of Mercury, Standards Press (USSR), 1972. 
2. Vargaftik, N. B., Vinogradov, Y. K., and Yargin, V. S., Handbook of Physical Properties of Liquids and Gases, Third Edition, Begell House, 
New York, 1996. 


ИУС р/КРа ИУС plkPa tPC р/КРа 
0 2.728х105 270 16.527 540 1290.1 
10 7.101х105 280 20.993 550 1434.0 
20 1.729x104 290 26.435 560 1589.9 
30 3.680x10-4 300 33.015 570 1758.4 
40 8.626x10-4 310 40.910 580 1940.3 
50 1.786x10? 320 50.320 590 2136 
60 3.536x10? 330 61.460 600 2346 
70 6.724х103 340 74.567 610 2572 
80 0.01232 350 89.896 620 2814 
90 0.02128 360 107.72 630 3072 
100 0.03745 370 128.34 640 3347 
110 0.06247 380 152.07 650 3641 
120 0.1015 390 179.25 660 3953 
130 0.1608 400 210.24 670 4285 
140 0.2491 410 2454 680 4636 
150 0.3778 420 285.2 690 5009 
160 0.5618 430 329.9 700 5403 
170 0.8204 440 380.1 710 5820 
180 1.178 450 436.2 720 6259 
190 1.664 460 498.6 730 6722 
200 2.315 470 567.9 740 7210 
210 3.177 480 644.6 750 7722 
220 4.304 490 729.2 760 8260 
230 5.758 500 822.2 770 8825 
240 7.614 510 924.2 780 9417 
250 9.959 520 1035.8 790 10037 
260 12.892 530 1157.6 800 10685 


6-147 


VISCOSITY OF LIQUID METALS 


This table gives the viscosity of several liquid metals as a function of temperature. Experimental data from some of the references was smoothed 
to produce the table. Viscosity is given in millipascal second (mPa s), which equals the c.g.s. unit centipoise (cP). 


REFERENCES 


1. Shpil'rain, E. Е., Yakimovich, K. A., Fomin, V. A., Skovorodjko, 5. N., and Mozgovoi, A. G., in Handbook of Thermodynamic and Transport 
Properties of the Alkali Metals, Ohse, R. H., Ed., Blackwell Scientific Publishers, Oxford, 1985. [Li, Na, K, Rb, Cs] 

2. Rothwell, E., J. Inst. Metals 90, 389, 1961. [Al] 

3. Culpin, M. F., Proc. Phys. Soc. 70, 1079, 1957. [Ca] 

4. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, Sixth Edition, Ш5а, Transport Phenomena I 
(Viscosity and Diffusion) , Springer-Verlag, Heidelberg, 1961 [Co, Au, Mg, Ni, Ag] 

5. Spells, K. E., Proc. Phys. Soc. 48, 299, 1936. [Ga] 

6. Walsdorfer, H., Arpshofen, I., and Predel, B., Z. Met. 79, 503, 1988. [In] 


Viscosity in mPa s 


°C Lithium Sodium Potassium Rubidium Cesium Gallium 
50 0.542 0.598 1.921 
100 0.687 0.441 0.435 0.469 1.608 
150 0.542 0.358 0.365 0.389 1.397 
200 0.566 0.451 0.303 0.316 0.334 1.245 
250 0.503 0.387 0.263 0.280 0.294 1.130 
300 0.453 0.341 0.234 0.252 0.264 1.040 
350 0.412 0.306 0.211 0.230 0.240 0.968 
400 0.379 0.278 0.193 0.212 0.221 0.909 
450 0.352 0.255 0.178 0.197 0.206 0.859 
500 0.328 0.237 0.166 0.185 0.192 0.817 
550 0.308 0.221 0.155 0.174 0.181 0.781 
600 0.290 0.208 0.146 0.165 0.171 0.750 
650 0.275 0.196 0.138 0.157 0.163 0.722 
700 0.261 0.186 0.132 0.150 0.156 0.698 
750 0.249 0.177 0.126 0.143 0.149 0.677 
800 0.238 0.170 0.120 0.138 0.143 0.657 
850 0.228 0.163 0.115 0.133 0.138 0.640 
900 0.219 0.156 0.111 0.128 0.134 0.624 
950 0.211 0.151 0.107 0.124 0.129 0.610 
1000 0.204 0.146 0.104 0.120 0.125 0.597 
1050 0.197 0.141 0.101 0.117 0.122 0.585 
1100 0.191 0.137 0.098 0.114 0.119 0.574 
1150 0.185 0.133 0.095 0.111 0.116 
1200 0.180 0.129 0.092 0.108 0.113 
1250 0.175 0.126 0.090 0.105 0.110 
1300 0.170 0.123 0.088 0.103 0.108 
1350 0.166 0.120 0.086 0.101 0.106 
1400 0.162 0.117 0.084 0.099 0.104 
1450 0.158 0.115 0.082 0.097 0.102 
1500 0.155 0.113 0.081 0.095 0.100 
1550 0.151 0.110 0.079 0.093 0.098 
1600 0.148 0.108 0.078 0.092 0.097 
1650 0.145 0.106 0.076 0.090 0.095 
1700 0.142 0.105 0.075 0.094 
1750 0.139 0.103 0.074 0.092 
1800 0.137 0.101 0.091 
1850 0.135 0.100 0.090 
1900 0.132 0.098 0.089 
1950 0.130 0.097 0.088 
2000 0.128 0.096 0.086 
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РС 


250 
300 
350 
400 
450 
700 
750 
800 
850 
900 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 


VISCOSITY OF LIQUID METALS (continued) 


Viscosity in mPa s 


Aluminum 


1.289 
1.200 
1115 
1.028 


Calcium 


1.107 
0.959 


Cobalt 


4.15 
3.89 
3.64 
3.41 
3.20 
2.99 


Gold 


5.130 
4.874 
4.640 
4.429 
4.240 
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Indium 


1.35 
1.22 
112 
1.04 
0.98 


Magnesium 


1.10 
0.96 
0.84 
0.74 
0.67 


Nickel 


4.35 
4.09 
3.87 
3.67 
3.49 
3.32 


Silver 


3.80 
3.56 
3.31 
3.06 
2.82 
2.61 
2.42 
2.28 
2.20 
2.19 


PROPERTIES OF AMINO ACIDS 


This table gives selected properties of some important amino acids and closely related compounds. The first part of the table lists the 20 “standard” 
amino acids that are the basic constituents of proteins (structures of these amino acids may be found in the following table). The second part includes 
other amino acids and related compounds of biochemical importance. Within each part of the table the compounds are listed by name in alphabetical 
order. 


Symbol — Three-letter symbol for the standard amino acids 

M, — Molecular weight 

tm — Melting point 

pK, , pK, рК, , рКа — Negative of the logarithm of the acid dissociation constants for the СООН and МН; groups 
(апа, in some cases, other groups) in the molecule (at 259С) 

pl — pH at the isoelectric point 

S — Solubility in water at 25°C in units of grams of compound per kilogram of water; when quantitative data are not 
available, the notations sl.s. (for slightly soluble) and v.s. (for very soluble) are used. 


Data on the enthalpy of formation of many of these compounds are included in the table “Standard Thermodynamic Properties of Chemical 
Substances” in Section 5 of this Handbook. Absorption spectra and optical rotation data can be found in Reference 3. Partial molar volume and other 
thermodynamic properties, including solubility as a function of temperature, are given in References 3 and 5. Most of the pK values come from 
Reference 7. 


REFERENCES 


Dawson, К. M. C., Elliott, D. C., Elliott, W. H., and Jones, К. M., Data for Biochemical Research, 3rd ed., Clarendon Press, Oxford, 1986. 
Budavari, S., Ed., The Merck Index, Twelfth Edition, Merck & Co., Rahway, NJ, 1996. 

Sober, H. A., Ed., CRC Handbook of Biochemistry. Selected Data for Molecular Biology, CRC Press, Boca Raton, FL, 1968. 

Voet, D. and Voet, J. G., Biochemistry, Second Edition, John Wiley & Sons, New York, 1995. 

Hinz, H. J., Ed., Thermodynamic Data for Biochemistry and Biotechnology, Springer-Verlag, Heidelberg, 1986. 

Fasman, G. D., Ed., Practical Handbook of Biochemistry and Molecular Biology, CRC Press, Boca Raton, FL, 1989. 

Smith, R. M., and Martell, A. E., NIST Standard Reference Database 46: Critically Selected Stability Constants of Metal Complexes 
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SOV Oe Ner 


The standard amino acids: 


Symbol Name Mol. form. M, ес pK, pK, pK, рї 5/6 kg! 
Ala Alanine C4H;NO; 89.09 297 2.33 9.71 6.00 165.0 
Arg Arginine СНО 174.20 244 2.03 9.00 12.10 10.76 182.6 
Asn Asparagine С,Н,М,О, 132.12 235 2.16 8.73 5.41 25.1 
Asp Aspartic acid C4H;NO, 133.10 270 1.95 9.66 3.71 2.77 4.95 
Cys Cysteine C;H;NO,S 121.16 240 1.91 10.28 8.14 5.07 V.S. 
Glu Glutamic acid С5НоМО, 147.13 160 2.16 9.58 4.15 3.22 8.61 
Gln Glutamine С;5Н №0; 146.15 185 2.18 9.00 5.65 42 
Су Glycine C,H;NO, 75.07 290 2.34 9.58 5.97 250.9 
His Histidine С,Н,М.О, 155.16 287 1.70 9.09 6.04 7.59 43.5 
Пе Isoleucine СН, о; 131.17 284 2.26 9.60 6.02 342 
Leu Leucine СН, NO; 131.17 293 2.32 9.58 5.98 22.0 
Lys Lysine С,Н,М0, 146.19 224 2.15 9.16 10.67 9.74 5.8 
Met Methionine CsHiiNO,S 149.21 281 2.16 9.08 5.74 56 
Phe Phenylalanine _ Сон, МО; 165.19 283 2.18 9.09 5.48 27.9 
Рго Proline С.Н,МО, 115.13 221 1.95 10.47 6.30 1623 
Ser Serine C4H;NO, 105.09 228 2.13 9.05 5.68 50.2 
Thr Threonine С.Н.МО, 119.12 256 2.20 8.96 5.60 98.1 
Trp Tryptophan CHNO, 204.23 289 2.38 9.34 5.89 13.2 
Tyr Tyrosine СУН МО; 181.19 343 2.24 9.04 10.10 5.66 0.46 
Уа! Valine СН МО; 117.15 315 2.27 9.52 5.96 88.5 
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Alanine 
(Ala, A) 


Arginine 
(Arg, R) 


Asparagine 
(Asn, N) 


Aspartic acid 
(Asp, D) 


Cysteine 
(Cys, C) 


Glutamine 


(Gin, Q) 


Glutamic acid 
(Glu, E) 


Glycine 
(Gly, G) 


Histidine 
(His, H) 


Isoleucine 
(lle, I) 


STRUCTURES OF COMMON AMINO ACIDS 


NH, Leucine 
Н,С-ф-СООН (Leu, L) 
H 
H NH, Lysine 
H,N—C—N—CH,—CH,—CH,—C—COOH (Lys, K) 
H 
9 NH; Methionine 
HN-Ó-CH,-6- COM (Met, M) 
H 
нн, Phenylalanine 
НООС-СНу-(-СООН (Phe, Е) 
H 
NH, Proline 
ады oe GOSH (Pro, P) 
H 
9 ын, 
саас аг 0и Serine 
H (Ser, S) 
NH, 
HS ЭН ОН алына Threonine 
H (Thr, T) 
NH, 
H (Trp, W) 
NH, 


[p CH e-coon 
№ МН 


Tyrosine 
(Tyr, Y) 
cH,-cH, MH 
ҢС--С--СООН 
cH, | 
: H Valine 
(Val, V) 
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CHa, NH, 


| 
Ңс-сн,--соон 
сн, Я 


ын, 
нәч—сн,-сну-сн,—сн,—@—соон 


н 


мн, 
он,—8—Сн,—Сн,—б-—СООонН 


н 


ү 
( У-сн,-6-соон 


H 


CH,—CH, nH 
7 


“А 
// COOH 
сн,-м 
H 


NH, 


но-сн,--соон 
H 


cH, MH; 
Ңс-с-соон 
2011 

сн” 4 


PROPERTIES OF PURINE AND PYRIMIDINE BASES 


This table lists some of the important purine and pyrimidine bases that occur in nucleic acids. The pK, values (negative logarithm of the acid 
dissociation constant) are given for each ionization stage. The last column gives the aqueous solubility 5 at the indicated temperature in units of grams 
per 100 grams of solution. 

The numbering system in the rings is: 


H H 
AYN 
Ni s zc—b Ж N 

ИШ сн ааг 
HC& 4 4C 9" HCR , 6CH 

N “у 

H N 
Purine Pyrimidine 

REFERENCES 


1. R. M. C. Dawson, et al., Data for Biochemical Research, 3rd Ed., Clarendon Press, Oxford, 1986. 
2. S. Budavari, Ed., The Merck Index, 11th Ed., Merk and Co., Rahway, NJ., 1989. 


Common Systematic Mol Mol. pK, S/mass % 
name name form. wt. values (temp.) 
Pyrimidines 

Cytosine 4-Amino-2-hydroxypyrimidine С,Н,М,О 111.10 4.5 12.2 0.76 (25°C) 
5-Methylcytosine 4-Amino-2-hydroxy-5- 

methylpyrimidine СНО 125.13 4.6 12.4 0.45 (25°C) 
5-Hydroxymethyl- 

cytosine 4-Amino-2-hydroxy-5-hydroxy- 

methylpyrimidine СМО 141.13 4.3 13 
Uracil 2,4-Dihydroxypyrimidine C,4H,N,0> 112.09 0.5 95 >13 0.36 (25°С) 
Thymine 5-Methyluracil С.Н,М,О, 126.11 99 >13 0.4 (25?C) 
Orotic acid Uracil-6-carboxylic acid C;H4N50, 156.10 24 9.5 >13 0.18 (18°С) 

Ригіпев 

Adenine 6-Aminopurine СН 135.14 «1 4.1 9.8 0.09 (25°С) 
Guanine 2-Amino-6-hydroxypurine С,Н,М.О 151.13 33 92 12.3 0.004 (40°C) 
7-Methylguanine 7-Methyl-2-amino-6- 

hydroxypurine CsH,;N;0 165.16 3.5 9.9 
Isoguanine 6-Amino-2-hydroxypurine С;Н;М;О 151.13 4.5 9.0 0.006 (25°С) 
Xanthine 2,6-Dioxopurine С.Н.М,О, 152.11 0.8 7.4 1141 0.05 (20%С) 
Hypoxanthine 6-Hydroxypurine C;H4N4O 136.11 2.0 8.9 12.1 0.07 (19°С) 
Uric acid 2,6,8- Trihydroxypurine С.Н,М,О, 168.11 54 11.3 0.002 (20°С) 


THE GENETIC CODE 


This table gives the correspondence between a messenger RNA codon and the amino acid which it specifies. The symbols for bases in the codon 
are: 


U: uracil 

C: cytosine 
A: adenine 
G: guanine 


The amino acid symbols are given in the table entitled "Structures of Common Amino Acids". A chain-initiating codon is indicated by init and 


a chain-terminating codon by term. 
Example: UCA codes for Ser, UAC codes for Tyr, etc. 


Second position 


First position U С А с Third position 
U Phe Ser Tyr Cys U 
Phe Ser Tyr Cys С 
Leu Ser term term A 
Leu Ser term Trp G 
С Leu Pro His Arg U 
Leu Pro His Arg C 
Leu Pro Gln Arg A 
Leu Pro Gln Arg G 
A lle Thr Asn Ser U 
Пе Thr Asn Ser С 
Пе Ты Гуз Arg A 
Met (init) Thr Lys Arg G 
G Val Ala Asp Gly U 
Val Ala Asp Gly С 
Val Ala Glu Gly A 
Val (init) Ala Glu Gly G 
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PROPERTIES OF FATTY ACIDS 


This table gives the systematic names and selected properties of some of the more important fatty acids of five or more carbon atoms. Compounds 


are listed first by degree of saturation and, secondly, by number of carbon atoms. The following data are included: 


М. Molecular weight 


tm: Melting point in °C 


REFERENCES 


5: Aqueous solubility at 20?C in units of grams of solute per 100 grams of water 


1. Dawson, R. M. C., Elliott, D. C., Elliott, W. H., and Jones, К. M., Data for Biochemical Research, Third Edition, Clarendon Press, Oxford, 


1986. 


2. Fasman, G. D., Ed., Practical Handbook of Biochemistry and Molecular Biology, CRC Press, Boca Raton, FL, 1989. 


Common name 


Valeric acid 
Isovaleric acid 
Caproic acid 
Enanthic acid 
Caprylic acid 
Pelargonic acid 
Capric acid 
Lauric acid 
Tridecylic acid 
Myristic acid 
Pentadecylic acid 
Palmitic acid 
Margaric acid 
Stearic acid 
Arachidic acid 
Phytanic acid 
Behenic acid 
Lignoceric acid 
Cerotic acid 
Montanic acid 


Caproleic acid 
Palmitoleic acid 
Oleic acid 
Elaidic acid 
Vaccenic acid 
Erucic acid 
Brassidic acid 
Nervonic acid 


Linoleic acid 


cis-Eleostearic acid 
trans-Eleostearic acid 


Linolenic acid 


Arachidonic acid 


Systematic name Mol. form. 
Saturated 
Pentanoic acid СНО 
3-Methylbutanoic acid СНО 
Hexanoic acid С6Н:,О, 
Heptanoic acid C;H1405 
Octanoic acid СНО 
Nonanoic acid СНО 
Decanoic acid C,9H5905 
Dodecanoic acid Ci5H5405 
Tridecanoic acid Сао» 
Tetradecanoic acid СНО 
Pentadecanoic acid СН О» 
Hexadecanoic acid C i H,,O; 
Heptadecanoic acid С НО» 
Octadecanoic acid Саво» 
Eicosanoic acid C59H4905 
3,7,11,15-Tetramethylhexadecanoic acid C59H4905 
Docosanoic acid СНО» 
Tetracosanoic acid СНО 
Hexacosanoic acid C6H5202 
Octacosanoic acid С. Нь, О, 
Monounsaturated 
9-Decenoic acid СНО 
cis-9-Hexadecenoic acid C16H3902 
cis-9-Octadecenoic acid СН, О» 
trans-9-Octadecenoic acid СұН;40> 
trans-11-Octadecenoic acid C igH,,O; 
cis-13-Docosenoic acid СНО 
trans-13-Docosenoic acid СуНл О 
cis-15-Tetracosenoic acid C54H4505 
Diunsaturated 
cis,cis-9,12-Octadecadienoic acid СНО 
Triunsaturated 
trans,cis,trans-9,11,13-Octadecatrienoic acid СН О» 
trans,trans,trans-9,11,13- Са НО» 
Octadecatrienoic acid 
cis,cis,cis-9,12,15-Octadecatrienoic acid С НО» 
Tetraunsaturated 

5,8,11,14-Eicosatetraenoic acid, (all-trans) C59H3505 
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304.47 


С 


-49.5 


2.5 

43 
0.967 
024 
0.080 
0.0284 
0.015 
0.0055 
0.0033 
0.0020 
0.0012 
0.00072 
0.00042 
0.00029 


CARBOHYDRATE NAMES AND SYMBOLS 


The following table lists the systematic names and symbols for selected carbohydrates and some of their derivatives. The symbols for monosaccharide 
residues and derivatives are recommended by IUPAC for use in describing the structures of oligosaccharide chains. A more complete list can be found 
in the reference. 


REFERENCE 


McNaught, A. D.,Pure Appl. Chem., 68, 1919-2008, 1996. 


Common Name Symbol Systematic Name 
Abequose Abe 3,6-Dideoxy-p-xylo-hexose 
N-Acetyl-2-deoxyneur-2-enaminic acid Neu2en5Ac 
N-Acetylgalactosamine GalNAc 
N-Acetylglucosamine GIcNAc 
N-Acetylneuraminic acid Neu5Ac 
Allose АП allo-Hexose 
Altrose Alt altro-Hexose 
Apiose Api 3-C-(Hydroxymethyl)-glycero-tetrose 
Arabinitol Ara-ol Arabinitol 
Arabinose Ara arabino-Pentose 
Arcanose 2,6-Dideoxy-3-C-methyl-3-O-methyl-xylo-hexose 
Ascarylose 3,6-Dideoxy-L-arabino-hexose 
Boivinose 2,6-Dideoxy-p-gulose 
Chalcose 4,6-Dideoxy-3-O-methyl-b-xylo-hexose 
Cladinose 2,6-Dideoxy-3-C-methyl-3-O-methyl-L-ribo-hexose 
Colitose 3,6-Dideoxy-L-xylo-hexose 
Cymarose 6-Deoxy-3-O-methyl-ribo-hexose 
3-Deoxy-p-manno-oct-2-ulosonic acid Kdo 
2-Deoxyribose dRib 2-Deoxy-erythro-pentose 
2,3-Diamino-2,3-dideoxy-p-glucose GIcN3N 
Diginose 2,6-Dideoxy-3-O-methyl-/yxo-hexose 
Digitalose 6-Deoxy-3-O-methy]-p-galactose 
Digitoxose 2,6-Dideoxy-p-ribo-hexose 
3,4-Di-O-methylrhamnose Rha3,4Me, 
Ethyl glucopyranuronate GlcpA6Et 
Evalose 6-Deoxy-3-C-methyl-p-mannose 
Fructose Fru arabino-Hex-2-ulose 
Fucitol Fuc-ol 6-Deoxy-p-galactitol 
Fucose Fuc 6-Deoxygalactose 
B-p-Galactopyranose 4-sulfate B-p-Galp4s 
Galactosamine GalN 2-Amino-2-deoxygalactose 
Galactose Gal galacto-Hexose 
Glucitol Glc-ol 
Glucosamine GlcN 2-Amino-2-deoxyglucose 
Glucose Glc gluco-Hexose 
Glucuronic acid GIcA 
N-Glycoloylneuraminic acid Neu5Gc 
Gulose Gul gulo-Hexose 
Hamamelose 2-C-(Hydroxymethyl)-p-ribose 
Idose Ido ido-Hexose 
Iduronic acid IdoA 
Lactose Lac B-p-Galactopyranosyl-(1—4)-p-glucose 
Lyxose Lyx lyxo-Pentose 
Maltose a-p-Glucopyranosyl-(1—>4)-p-glucose 
Mannose Man manno-Hexose 
2-C-Methylxylose Xyl2CMe 
Muramic acid Mur 2-Amino-3-O-[(R)-1-carboxyethyl]-2-deoxy-p-glucose 
Mycarose 2,6-Dideoxy-3-C-methyl-L-ribo-hexose 
Mycinose 6-Deoxy-2,3-di-O-methyl-p-allose 
Neuraminic acid Neu 5-Amino-3,5-dideoxy-p-glycero-pb-galacto-non-2-ulosonic acid 
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Common Name 


Panose 
Paratose 
Primeverose 
Psicose 
Quinovose 
Raffinose 
Rhamnose 
Rhodinose 
Ribose 
Ribose 5-phosphate 
Ribulose 
Rutinose 
Sarmentose 
Sedoheptulose 
Sorbose 
Streptose 
Sucrose 
Tagatose 
Talose 
Turanose 
Tyvelose 
Xylose 
Xylulose 


CARBOHYDRATE NAMES AND SYMBOLS (continued) 


Symbol 


Rib 
Rib5P 
Ribulo (Rul) 


Sor 


Tag 
Tal 


Tyv 
Xyl 
Xylulo (Xul) 


Systematic Name 


a.-p-Glucopyranosyl-(1—6)-0-p-glucopyranosyl-(1— 4)-p-glucose 
3,6-Dideoxy-p-ribo-hexose 

B-p-Xylopyranosyl-(1—6)-p-glucose 

ribo-Hex-2-ulose 

6-Deoxyglucose 
B-p-Fructofuranosyl-c.-p-galactopyranosyl-(1—>6)-o-p-glucopyranoside 
6-Deoxymannose 

2,3,6-Trideoxy-L-threo-hexose 

ribo-Pentose 


erythro-Pent-2-ulose 
Q-L-Rhamnopyranosyl-(1—6)-p-glucose 
2,6-Dideoxy-3-O-methyl-p-xylo-hexose 
p-altro-Hept-2-ulose 

xylo-Hex-2-ulose 
5-Deoxy-3-C-formyl-L-lyxose 
B-p-Fructofuranosyl-a-p-glucopyranoside 
lyxo-Hex-2-ulose 

talo-Hexose 
Q-D-Glucopyranosyl-(1—3)-p-fructose 
3,6-Dideoxy-p-arabino-hexose 
xylo-Pentose 

threo-Pent-2-ulose 
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BIOLOGICAL BUFFERS 


This table of frequently used buffers gives the pK, value at 25?C and the useful pH range of each buffer. The buffers are listed in order of increasing 
pH. 
The table is reprinted with permission of Sigma Chemical Company, St. Louis, Mo. 


Useful 
Acronym Name Mol. wt. pK, pH range 
MES 2-(N-Morpholino)ethanesulfonic acid 195.2 6.1 5.5—6.7 
BIS TRIS Bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane 209.2 6.5 5.8—7.2 
АРА N-(2-Acetamido)-2-iminodiacetic acid 190.2 6.6 6.0—7.2 
ACES 2-[(2-Amino-2-oxoethyl)amino]ethanesulfonic acid 182.2 6.8 6.1—7.5 
PIPES Piperazine-N, N’-bis(2-ethanesulfonic acid) 302.4 6.8 6.1—7.5 
MOPSO 3-(N-Morpholino)-2-hydroxypropanesulfonic acid 225.3 6.9 6.2—7.6 
BIS TRIS PROPANE 1,3-Bis[tris(hydroxymethyl)methylamino]propane 282.3 6.84 6.3—9.5 
BES N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid 2132 7.1 6.4—7.8 
МОР5 3-(N-Morpholino)propanesulfonic acid 209.3 7.2 6.5—7.9 
HEPES N-(2-Hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid) 238.3 75 6.8—8.2 
TES N-Tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid 229.2 7:5 6.8—8.2 
DIPSO 3-[N,N-Bis(2-hydroxyethyl)amino]-2-hydroxypropanesulfonic acid 243.3 7.6 7.0—8.2 
TAPSO 3-[N-Tris(hydroxymethyl)methylamino)-2-hydroxypropanesulfonic 
acid 259.3 7.6 7.0—8.2 
TRIZMA Tris(hydroxymethyl)aminomethane 121.1 8.1 7.0—9.1 
HEPPSO N-(2-hydroxyethyl)piperazine-N -(2-hydroxypropanesulfonic acid) 268.3 7.8 7.1—8.5 
POPSO Piperazine-N,N'-bis(2-hydroxypropanesulfonic acid) 362.4 7.8 7.2—8.5 
EPPS N-(2-Hydroxyethyl)piperazine-N’-(3-propanesulfonic acid) 252.3 8.0 7.3—8.7 
ТЕА Triethanolamine 149.2 7.8 7.3—8.3 
TRICINE N-Tris(hydroxymethyl)methylglycine 179.2 8.1 7.4--8.8 
ВІСІМЕ N,N-Bis(2-hydroxyethyl)glycine 163.2 8.3 7.6—9.0 
TAPS N-Tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid 243.3 8.4 7.7—9.1 
АМРЅО 3-[(1,1-Dimethyl-2-hydroxyethyl)amino]-2-hydroxypropanesulfonic 
acid 221.3 9.0 8.3—9.7 
CHES 2-(N-Cyclohexylamino)ethanesulfonic acid 207.3 9.3 8.6—10.0 
CAPSO 3-(Cyclohexylamino)-2-hydroxy-1-propanesulfonic acid 237.3 9.6 8.9—10.3 
AMP 2-Amino-2-methyl-1-propanol 89.1 9.7 9.0—10.5 
CAPS 3-(Cyclohexylamino)-1-propanesulfonic acid 221.3 10.4 9.7—11.1 


а pK, = 9.0 for the second dissociation stage. 
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TYPICAL рН VALUES ОЕ BIOLOGICAL MATERIALS AND FOODS 


This table gives typical pH ranges for various biological fluids and common foods. АП values refer to 25?C. 


Biological Materials Grapes 3.5-4.5 
Hominy (lye) 6.8-8.0 
Blood, human 7.35-7.45 Jams, fruit 3.5-4.0 
Blood, dog 6.9-7.2 Jellies, fruit 2.8-3.4 
Spinal fluid, human 7.3-7.5 Lemons 2.2-2.4 
Saliva, human 6.5-7.5 Limes 1.8-2.0 
Gastric contents, human 1.0-3.0 Maple syrup 6.5-7.0 
Duodenal contents, human 4.8-8.2 Milk, cows 6.3-6.6 
Feces, human 4.6-8.4 Olives 3.6-3.8 
Urine, human 4.8-8.4 Oranges 3.0-4.0 
Milk, human 6.6-7.6 Oysters 6.1-6.6 
Bile, human 6.8-7.0 Peaches 3.4-3.6 
Pears 3.6-4.0 
Foods Peas 5.8-6.4 
Pickles, dill 3.2-3.6 
Apples 2.9-3.3 Pickles, sour 3.0-3.4 
Apricots 3.6-4.0 Pimento 4.6-5.2 
Asparagus 5.4-5.8 Plums 2.8-3.0 
Bananas 4.5-4.7 Potatoes 5.6-6.0 
Beans 5.0-6.0 Pumpkin 4.8-5.2 
Beers 4.0-5.0 Raspberries 3.2-3.6 
Beets 4.9-5.5 Rhubarb 3.1-3.2 
Blackberries 3.2-3.6 Salmon 6.1-6.3 
Bread, white 5.0-6.0 Sauerkraut 3.4-3.6 
Butter 6.1-6.4 Shrimp 6.8-7.0 
Cabbage 5.2-5.4 Soft drinks 2.0-4.0 
Carrots 4.9-5.3 Spinach 5.1-5.7 
Cheese 4.8-6.4 Squash 5.0-5.4 
Cherries 3.2-4.0 Strawberries 3.0-3.5 
Cider 2.9-3.3 Sweet potatoes 5.3-5.6 
Corn 6.0-6.5 Tomatoes 4.0-4.4 
Crackers 6.5-8.5 Tuna 5.9-6.1 
Dates 6.2-6.4 Turnips 5.2-5.6 
Eggs, fresh white 7.6-8.0 Vinegar 2.4-3.4 
Flour, wheat 5.5-6.5 Water, drinking 6.5-8.0 
Gooseberries 2.8-3.0 Wines 2.8-3.8 
Grapefruit 3.0-3.3 
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CHEMICAL COMPOSITION OF THE HUMAN BODY 


The elemental composition of the “standard man" of mass 70 kg is given below. 


REFERENCES 


1. Padikal, T.N., and Fivozinsky, S.P., Medical Physics Data Book, National Bureau of Standards Handbook 138, U. S. Government Printing 


Office, Washington, DC, 1981. 


2. Snyde, W.S., et al., Reference Man: Anatomical, Physiological, and Metabolic Characteristics, Pergamon, New York, 1975. 


Element 


Oxygen 
Carbon 
Hydrogen 
Nitrogen 
Calcium 
Phosphorus 
Sulfur 
Potassium 
Sodium 
Chlorine 
Magnesium 
Silicon 
Iron 
Fluorine 
Zinc 
Rubidium 
Strontium 
Bromine 
Lead 
Copper 
Aluminum 
Cadmium 
Boron 
Barium 
Tin 
Manganese 
Iodine 
Nickel 
Gold 
Molybdenum 
Chromium 
Cesium 
Cobalt 
Uranium 
Beryllium 
Radium 


Amount 


(2) 


43,000 
16,000 
7000 
1800 
1000 
780 

140 

140 

100 

95 

19 

18 

42 

2.6 

2.3 

0.32 
0.32 
0.20 
0.12 
0.072 
0.061 
0.050 
<0.048 
0.022 
<0.017 
0.012 
0.013 
0.010 
<0.010 
<0.0093 
<0.0018 
0.0015 
0.0015 
0.00009 
0.000036 
3.1-10:1 
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Percent of total 


body mass 


61 

23 

10 
2.6 
1.4 
1.1 
0.20 
0.20 
0.14 
0.12 
0.027 
0.026 
0.006 
0.0037 
0.0033 
0.00046 
0.00046 
0.00029 
0.00017 
0.00010 
0.00009 
0.00007 
0.00007 
0.00003 
0.00002 
0.00002 
0.00002 
0.00001 
0.00001 
0.00001 
0.000003 
0.000002 
0.000002 
0.0000001 


STANDARD TRANSFORMED GIBBS ENERGY ОЕ FORMATION FOR 
IMPORTANT BIOCHEMICAL SPECIES 


Petr Уапузек 


This table lists transformed values of the standard Gibbs energy of formation for several molecules and ions of biochemical importance. Values of 
AG аге given at pH 7, 298.15 К, and 100 kPa for infinite dilution and for two finite ionic strengths, / = 0.1 mol/L and J = 0.25 mol/L. The charge 
of the species (z;) is also given. 

The table can be used for calculating practical (pH 7) reduction potentials for important biological processes. Such listing is more compact than 
offering reduction potentials, which would require tabulating a large number of reactant-product combinations. 

To calculate the standard apparent reduction potential E'? for reduction of acetaldehyde to ethanol at infinite dilution, for example, write first the 
reaction: 


СН,СНО + 2H* + 2 e 1 СН,СН,ОН 


The change in hydrogen count can be accomplished by adding Ht , which in turn has to be compensated by adding the appropriate number of electrons 
(reduction). The correct count of electrons is needed in the subsequent equation for the reduction potential: 


Е^ = [- 1/nF] · [A,G ? (product) - AG *(reactant)] 


where n is the number of electrons to be added and F is the Faraday constant. 
Specifically, for the above reaction: 


Е = [-1/2-9.6485-10* С mol'!)] · [58.1-10? J mol! - 20.83-103 J mol!] = -0.193 V. 


REFERENCE 


Alberty, К. A., Arch. Biochem. Biophys., 353, 116-130, 1998; 358, 25-39, 1998. 


АС [kJ mol! 

Compound 1-0 І- 0.1 mol/L 1 = 0.25 mol/L Zi 
Acetaldehyde 20.83 23.27 24.06 0 
Acetate -249.44 -248.22 -247.82 -1 
Acetone 80.03 83.71 84.89 

cis-Aconitate -797.26 -800.94 -802.12 -3 
Адепіпе 512.07 515.13 516.12 0 
Adenosine 519.43 527.39 529.96 0 
Adenosine diphosphate (ADP) -1234.36 -1230.97 -1230.12 -3 
Adenosine monophosphate (AMP) -367.5 -361.99 -360.29 -2 
Adenosine triphosphate (ATP) -2098 -2097.55 -2097.89 -4 
Alanine -91.31 -87.02 -85.64 0 
Ammonium 80.52 82.35 82.94 1 
Arabinose -342.67 -336.55 -334.57 0 
L-Asparagine -206.28 -201.38 -199.8 0 
Aspartate -456.15 -453.09 -452.1 -1 
1-Butanol 227.72 233.84 235.82 0 
Butyrate -72.94 -69.26 -68.08 -1 
Carbonate -547.33 -547.15 -547.1 -2 
iso-Citrate -956.82 -958.84 -959.58 -3 
Citrate -963.46 -965.49 -966.23 -3 
CO(aq) -119.9 -119.9 -119.9 0 
CO(g) -137.17 -137.17 -137.17 0 
CO»(g) -394.36 -394.36 -394.36 0 
Стеайпе 100.41 105.92 107.69 0 
Creatinine 256.55 260.84 262.22 0 
L-Cysteine -59.23 -55.01 -53.65 0 
L-Cystine -187.03 -179.69 -177.32 0 
Cytochrome c [oxidized] 0 -5.51 -7.29 3 
Cytochrome с [reduced] -24.54 -26.96 -27.75 2 
Ethanol 58.1 61.77 62.96 0 
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STANDARD TRANSFORMED GIBBS ENERGY ОЕ FORMATION FOR 


IMPORTANT BIOCHEMICAL SPECIES (continued) 


Compound 


Ethyl acetate 

Ferredoxin [oxidized] 

Ferredoxin [reduced] 

Flavin adenine dinucleotide [oxidized] 

Flavin adenine dinucleotide [reduced] 

Flavin mononucleotide [oxidized] 

Flavin mononucleotide [reduced] 

Formate 

Fructose 

Fructose-6-phosphate 

Fumarate 

Galactose 

Galactose-1-phosphate 

Glucose 

Glucose-1-phosphate 

Glucose-6-phosphate 

Glutamate 

Glutamine 

Glutathione [oxidized] 

Glutathione [reduced] 

Glycerol 

Glycerol-3-phosphate 

Glycine 

Glycolate 

Glycylglycine 

Glyoxylate 

Н›(ад) 

H,(g) 

H,O 

B-Hydroxypropionate 

Hydrogen peroxide 

Hypoxanthine 

Indole 

L-Isoleucine 

Lactate 

Lactose 

L-Leucine 

Lyxose 

Malate 

Maltose 

D-Mannitol 

Mannose 

Methane 

Methanol 

L-Methionine 

Methylamine 

No(aq) 

Ка) 

Nicotinamide adenine dinucleotide 

(NAD) [reduced] 

Nicotinamide adenine dinucleotide 

(NAD) [oxidized] 

Nicotinamide adenine dinucleotide 

phosphate (NADP) [reduced] 

Nicotinamide adenine dinucleotide 
phosphate (NADP) [oxidized] 


38.07 
1238.65 
1279.68 

759.17 
800.2 
-311.04 
-436.03 
-1321.71 
-521.96 
-429.45 
-1317.5 
-436.42 
-1318.03 
-1325 
-377.82 
-128.46 
1198.69 
625.56 
-177.83 
-1080.22 
-180.13 
-411.08 
-200.55 
-428.64 

97.51 

79.91 
-157.28 
-318.62 

-54.12 
249.33 
503.49 
175.53 
-316.94 
-688.29 
-167.18 
-349.58 
-682.83 
-695.65 
-383.22 
-431.51 
109.11 
-15.45 

-63.4 
199.88 
18.07 

0 


1101.47 


1038.86 


1064.85 


998.91 


АС [kJ mol! 
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I - 0.1 mol/L 


-13.1 
-0.61 
38.07 
1255.17 
1297.43 
768.35 
810.61 
-311.04 
-428.69 
-1317.16 
-523.18 
-422.11 
-1313.01 
-429.08 
-1313.34 
-1320.37 
-373.54 
-122.34 

1214.6 
633.52 
-172.93 
-1077.83 
-177.07 
-409.86 
-195.65 
-428.64 
98.74 
81.17 
-156.05 
-316.17 
-52.89 
251.77 
507.78 
183.49 
-314.49 
-674.82 
-175.14 
-343.46 
-682.83 
-682.19 
-374.65 
-424.17 
111.55 
-13.04 
-56.67 
202.94 
18.07 

0 


1115.55 


1054.17 


1070.97 


1008.7 


1 = 0.25 mol/L 


-11.52 
-0.81 
38.07 
1260.51 
1303.16 
711.32 
813.97 
-311.04 
-426.32 
1315.74 
-523.58 
-419.74 
1311.6 
-426.71 
1311.89 
1318.92 
-372.16 
-120.36 
1219.74 
636.09 
-171.35 
1077.14 
-176.08 
-409.46 
-194.07 
-428.64 
99.13 
81.53 
-155.66 
-315.38 
-52.5 
252.56 
509.16 
186.06 
-313.7 
-670.48 
-177.71 
-341.48 
-682.83 
-677.84 
-371.89 
-421.8 
112.34 
-12.25 
-54.49 
203.93 
18.07 
0 


1120.09 


1059.11 


1072.95 


1011.86 


oo-ocooooconhbooo-ocoooo-c 
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STANDARD TRANSFORMED GIBBS ENERGY ОЕ FORMATION FOR 


IMPORTANT BIOCHEMICAL SPECIES (continued) 


Compound 


Ox(aq) 

Ox(g) 

Oxalate 

Oxaloacetate 
Oxalosuccinate 
2-Oxoglutarate 
Palmitate 
L-Phenylalanine 
Phosphate 

1-Ргорапо! 
2-Ргорапо! 
Pyrophosphate 
Pyruvate 

Retinal 

Retinol 

Ribose 
Ribose-1-phosphate 
Ribose-5-phosphate 
Ribulose 

L-Serine 

D-Sorbose 

Succinate 

Sucrose 

Thioredoxin [oxidized] 
Thioredoxin [reduced] 
L-Tryptophane 
L-Tyrosine 
Ubiquinone [oxidized] 
Ubiquinone [reduced] 
Urate 

Urea 

L-Valine 

Xylose 

D-Xylulose 


-673.9 
-713.37 
-979.06 
-633.59 
979.25 
232.42 
-1058.56 
143.84 
134.43 
-1937.66 

-352.4 
1118.78 
1170.77 
-339.23 
-1215.87 
-1223.95 
-336.38 
-231.18 
-432.47 
-530.62 
-685.66 

0 

54.03 
366.88 
68.82 
3596.07 
3586.16 

-206.1 
-42.92 
-80.87 
-350.93 
-346.59 


АС“ [kJ mol! 
I - 0.1 mol/L 1- 0.25 mol/L Zi 
16.4 16.4 0 
0 0 0 
-676.35 -677.14 -2 
-714.6 -714.99 -2 
-979.06 -979.06 -2 
-633.59 -633.59 -2 
997.6 1003.54 -1 
239.15 241.33 0 
-1059.17 -1059.49 -2 
148.74 150.32 0 
139.32 140.9 0 
-1941.82 -1943.35 -1 
-351.18 -350.78 -1 
1135.91 1141.45 0 
1189.13 1195.06 0 
-333.11 -331.13 0 
-1212.24 -1211.14 -2 
-1220.32 -1219.22 -2 
-330.26 -328.28 0 
-226.89 225.81 0 
-425.13 -422.76 0 
-530.62 -530.62 -2 
-672.2 -667.85 0 
0 0 0 
55.26 55.65 0 
374.22 376.59 0 
75.55 77.73 0 
3651.15 3668.94 0 
3642.47 3660.65 0 
-204.85 204.45 -1 
-40.53 -39.73 0 
-87.6 -89.78 0 
-344.81 -342.83 0 
-340.47 -338.49 0 


THERMODYNAMIC QUANTITIES FOR THE IONIZATION REACTIONS 
OF BUFFERS IN WATER 


Robert N. Goldberg, Nand Kishore, and Rebecca M. Lennen 


This table contains selected values for the pK, standard molar enthalpy of reaction Д.Н?, and standard molar heat-capacity change АС for the 
ionization reactions of 64 buffers many of which are relevant to biochemistry and to biology.! The values pertain to the temperature Т = 298.15 К 
and the pressure p - 0.1 MPa. The standard state is the hypothetical ideal solution of unit molality. These data permit one to calculate values of the 
pK and of A,H? at temperatures in the vicinity (T = (274 К to 350 K)} of the reference temperature Ө = 298.15 К by using the following equations? 


A.G%= -RT ШК, = In(10) Трку, (1) 
RinKz— -(AG9/0) + А.Н (1/0) -/T)) + AC926((8/T) – 1 + In(T/0)), Q) 
АНФ-АНф + АСЗ (T- 0). (3) 


Неге, A,G? is the standard molar Gibbs energy change and К is the equilibrium constant for a reaction; R is the gas constant (8.314 472 J K-! тог). 
The subscripts T and 0 denote the temperature to which a quantity pertains, the subscript p denotes constant pressure, and the subscript r denotes that 
the quantity refers to a reaction. Combination of equations (1) and (2) yields the following equation that gives pK as a function of temperature: 


pK; = -(RAn(10))- [- (In(10-RT.pKo /0) + A,H% (0/0) - (VT )) + Со ((0/T) - 1+ In(T/0))]. (4) 


The above equations neglect higher order terms that involve temperature derivatives of A.C. Also, it is important to recognize that the values of 
pK and AI? effectively pertain to ionic strength / = 0. However, the values of pK and А.Н? are almost always dependent on the ionic strength and 
the actual composition of the solution. These issues are discussed in Reference 1 which also gives an approximate method for making appropriate 
corrections. 


REFERENCES 


1. Goldberg, В. N., Kishore, N., and Lennen, В. M., “Thermodynamic Quantities for the Ionization Reactions of Buffers,” J. Phys. Chem. Ref. 


Data, in press. 


2. Clarke, E. C. W., and Glew, D. N., Trans. Faraday Soc., 62, 539-547, 1966. 


Selected Values of Thermodynamic Quantities for the Ionization Reactions of Buffers in Water at T = 298.15 К and p = 0.1 MPa 


AH? AC; 

Buffer Reaction pK kJ mol! J K- mor! 
ACES HL: = Н+ + L-, (HL = СІН|0М0,5) 6.847 30.43 -49 
Acetate HL = Н+ +12, (HL = ОНО) 4.756 -0.41 -142 
ADA H3L* = Н+ + НІ, (HL = C6H1oN205) 1.59 

Ноя = Н+ + HL 2.48 16.7 

HL = Н+ + L> 6.844 12.23 -144 
2-Amino-2-methyl-1,3-propanediol HL* = Ht + L, (L = СН МО) 8.801 49.85 -44 
2-Amino-2-methyl-1-propanol HL* = Ht + L, (L = C,H, МО) 9.694 54.05 =-21 
3-Amino-1-propanesulfonic acid HL = Н+ +17, (HL = С;НуМО;5) 10.2 
Ammonia NHj- Н+ + NH; 9.245 51.95 8 
AMPSO HL: = Н+ + L, (HL = С;Н|;МО55) 9.138 43.19 -61 
Arsenate Н;АѕО; = Н+ + ЊАзОј 2.31 -7.8 

H5AsO; = Н+ + HAsO+ 7.05 1.7 

НА5ОТ- Н+ + AsO} 11.9 15.9 
Barbital H.L = Н+ + HL, (Ног. = C4Hj2N503) 7.980 24.27 -135 

HL = Н+ + L> 12.8 
BES HL: = Н+ +17, (HL = C;H;5NO5S) 7.187 24.25 -2 
Bicine HL* = Ht + НІЎ, (HL = СЫН 3МО.) 2.0 

НІЎ = Ht +17 8.334 26.34 0 
Bis-tris H34L* = Ht + H;L*, (H5L = СН МО.) 6.484 28.4 27 
Bis-tris propane HL?” = Н+ + HL*, (L = Cj, Не О) 6.65 

HL*-H*«L 9.10 
Borate ЊВОз = Н+ + ЊВОЗ 9.237 13.8 =-240 
Cacodylate H5L* = Н+ + HL, (HL = C;HgAsO;) 1.78 -3.5 

HL-H*-«L- 6.28 -3.0 -86 
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THERMODYNAMIC QUANTITIES FOR THE IONIZATION REACTIONS 
OF BUFFERS IN WATER (continued) 


Selected Values of Thermodynamic Quantities for the Ionization Reactions of Buffers in Water at T = 298.15 К and p = 0.1 MPa 


А.Н? AC; 
Buffer Reaction pK kJ mol"! J K mor! 
CAPS HL: = Н+ + L-, (HL = C9H;9NOSS) 10.499 48.1 57 
CAPSO HL: = Н+ +17, (HL = C9H;9NO,S) 9.825 46.67 21 
Carbonate ЊСО = Н+ + HCO; 6.351 9.15 -371 
HCO;- Ht + COT 10.329 14.70 -249 
CHES HL: = Н+ +17, (HL = CgH,7NO;S) 9.394 39.55 9 
Citrate H3L = Ht + НІ, (Н; = C¿HsO;) 3.128 4.07 -131 
HL = Н+ + HL? 4.761 2.23 -178 
HL? = Н+ + L* 6.396 -3.38 -254 
L-Cysteine H3L* = Ht + ЊЕ, (H5L = C4H;NO5S) 1.71 =-0.6 
H+L = H* + HL 8.36 36.1 =-66 
HL-= Н+ + L% 10.75 34.1 =-204 
Diethanolamine НМ  H* + L, (L = С.Н МО) 8.883 42.08 36 
Diglycolate HL = Ht + HL, (Н = C4H$05) 3.05 -0.1 =-142 
HL- = Н+ + L> 4.37 -72 =-138 
3,3-Dimethylglutarate HL = Ht + HL, (ЊЕ = C;H4504) 3.70 
HL- = Н+ + L> 6.34 
DIPSO HL* = Ht + Ls, (HL = C7H,7NO;S) 7.576 30.18 42 
Ethanolamine НЫ = Н+ + L, (L = С-Н;МО) 9.498 50.52 26 
N-Ethylmorpholine НИЯ = Н* + L, (L = СНО) 7.77 27.4 
Glycerol 2-phosphate H.L = H* + HL, (Н = C4H9NO4P) 1.329 -122 -330 
HL- = Н+ + L> 6.650 -1.85 -212 
Glycine H L* = Ht + НІЎ, (HL = C,H;NO,) 2.351 4.00 -139 
НІЎ = Н+ +17 9.780 44.2 -57 
Glycine amide HL* = Ht + L, (L = CoH N.O) 8.04 42.9 
Glycylglycine Но = Ht + НІЎ, (HL = СІН;М,О;) 3.140 0.11 -128 
НІЎ = Н+ +17 8.265 43.4 -16 
Glycylglycylglycine Ноя = Н+ + НІЎ, (HL = СЕН МО) 3.224 0.84 
На = Н+ + L- 8.090 41.7 
HEPES Но = Ht + НІЎ, (HL = СН 045) =3.0 
НІЎ = Н+ +17 7.564 20.4 47 
НЕРР5 HL* = Ht + L;, (HL = СбН,М:0,5) 7.957 21.3 48 
HEPPSO HL: = Н+ +17, (HL = C9H59N505S) 8.042 23.70 47 
L-Histidine Н;12+ = Н+ + ЊУ, (HL = CSH9N50;) 1.54 3.6 
Н+ = Ht + HL 6.07 29.5 176 
HL=Ht: + L- 9.34 43.8 -233 
Hydrazine HoL2+ = Н+ + HL*, (L = НАМ) -0.99 38.1 
HL*-H*«L 8.02 41.7 
Imidazole НМ = Н+ + L, (L = C4H4N;) 6.993 36.64 -9 
Maleate H5L = Ht + HL, (ЊЕ = C4H404) 1.92 14 =-21 
HL- = Н+ + L> 6.27 -3.6 =-31 
2-Mercaptoethanol HL = Н+ +L, (HL = СНеО5) 9.75 26.2 
MES HL: = Ht +17, (HL = C;9H;4NO,S) 6.270 14.8 5 
Methylamine НИЯ = Н* + L, (L = СНМ) 10.645 55.34 33 
2-Methylimidazole HL* = Ht + L, (L = C4jHgN;) 8.0; 36.8 
MOPS HL: = Н+ +17, (HL = СУН МО,5) 7.184 21.1 25 
MOPSO Но = Н+ + НІЎ, (HL = C;H;5NO5S) 0.060 
НІЎ = Н+ + 17 6.90 25.0 =38 
Oxalate HL = Н* + HL, (ЊЕ = ОЊО,) 1.27 -3.9 2-231 
HL- = Н+ + L> 4.266 7.00 -231 
Phosphate H3PO, = Н+ + H;PO; 2.148 -8.0 -141 
Н,РО; = Н+ + HPO} 7.198 3.6 -230 
НРОТ- Н+ + PO} 12.35 16.0 -242 
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THERMODYNAMIC QUANTITIES FOR THE IONIZATION REACTIONS 
OF BUFFERS IN WATER (continued) 


Selected Values of Thermodynamic Quantities for the Ionization Reactions of Buffers in Water at T = 298.15 К and p = 0.1 MPa 


AH? АС? 
Вийїег Reaction pK kJ mor"! J K- mol"! 
Phthalate HL = Ht + НІГ, (НА, = C4H404) 2.950 -2.70 -91 
HL- = Н+ + 12- 5.408 -2.17 -295 
Piperazine H;,L2+* = Ht + НГ», (L = СІН oN) 5.333 31.11 86 
НІЎ = Н+ +1, 9.731 42.89 75 
РІРЕЅ НІЎ = Н+ + L-, (HL = СН 5068) 7.141 112 22 
POPSO HL* = Ht + L (HL = C,oH;N.O,S;) =8.0 
Pyrophosphate H,P,0, = Н+ + H3P50; 0.83 -9.2 =-90 
НЭР,О5 = Ht + Н.Р.О?- 2.26 -5.0 =-130 
H;P,02-- Н+ + НР,О3- 6.72 0.5 -136 
НР,03= Н+ + P.Of 9.46 1.4 -141 
Succinate H,L = Ht + HL, (ELL = C4H404) 4.207 3.0 -121 
HL- = Н+ + 12- 5.636 -0.5 -217 
Sulfate HSO; = H* + SOF 1.987 -22.4 -258 
Sulfite H,SO; = Н+ + HSO; 1.857 -17.80 -272 
HSO; = Н+ + SOF 7.172 -3.65 -262 
TAPS НІЎ = Н+ +1, (HL = СН, NOS) 8.44 40.4 15 
TAPSO НІЎ = Н+ + L, (HL = СН МО, 5) 7.635 39.09 -16 
L(+)-Tartaric acid HL = Ht + HL, (LL = C,H,0,) 3.036 3.19 -147 
HL- = Н+ +12 4.366 0.93 -218 
TES НІХ = Н+ + L, (HL = СЕН, КО) 7.550 32.13 0 
Ттісіпе Нл = Ht + НІХ, (HL = CHi4NO;) 2.023 5.85 -196 
НІЎ = Н+ +L- 8.135 31.37 -53 
Triethanolamine НМ = Ht +L, (L = СН МО) 7.162 33.6 50 
Triethylamine HL* = H* + L, (L = СЫН) 10.72 43.13 151 
Tris HL+ = Н+ + L, (L = C,H, ,NO;) 8.072 47.45 -59 
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PREPARATION ОЕ SPECIAL ANALYTICAL REAGENTS 


Aluminon (qualitative test for aluminum). Aluminon is a trade name for the ammonium salt of aurintricarboxylic acid. Dissolve 1 g of the salt in 1 
L of distilled water. Shake the solution well to insure thorough mixing. 

Bang's reagent (for glucose estimation). Dissolve 100 g of K;CO,, 66 g of КС! and 160 g of KHCO, in the order given in about 700 mL of water 
at 30°C. Add 4.4 g of Си50, and dilute to 1 L after the CO, is evolved. This solution should be shaken only in such a manner as not to allow entry 
of air. After 24 hours 300 mL are diluted to 1 L with saturated KCI solution, shaken gently and used after 24 hours; 50 mL is equivalent to 10 mg 
glucose. 

Barfoed's reagent (test for glucose). See Cupric acetate. 

Baudisch's reagent. See Cupferron. 

Benedict's solution (qualitative reagent for glucose). With the aid of heat, dissolve 173 g of sodium citrate and 100 g of Na;CO; in 800 mL of water. 
Filter, if necessary, and dilute to 850 mL. Dissolve 17.3 g of CuSO,:5H,O in 100 mL of water. Pour the latter solution, with constant stirring, into 
the carbonate-citrate solution, and dilute to 1 L. 

Benzidine hydrochloride solution (for sulfite determination). Make a paste of 8 g of benzidine hydrochloride (C;,Hg(NH3)2:2HCl) and 20 mL of 
water, add 20 mL of НС (sp. gr. 1.12) and dilute to 1 L with water. Each mL of this solution is equivalent to 0.00357 g of H5SO,. 

Bertrand's reagent (glucose estimation). Consists of the following solutions: 

1. Dissolve 200 g of Rochelle salt and 150 g of NaOH in sufficient water to make 1 L of solution. 

2. Dissolve 40 g of CuSO, in enough water to make 1 L of solution. 

3. Dissolve 50 g of Fex(SO4)3 and 200 g of H5SO, (sp. gr. 1.84) in sufficient water to make 1 L of solution. 
4. Dissolve 5 g of KMnO; in sufficient water to make 1 L of solution. 

Bial’s reagent (for pentose). Dissolve 1 g of orcinol (5-methyl-1,3-benzenediol) іп 500 mL of 30% HCI to which 30 drops of a 10% solution of FeCl, 
has been added. 

Boutron — Boudet soap solution: 

1. Dissolve 100 е of pure castile soap in about 2.5 L of 56% ethanol. 

2. Dissolve 0.59 g of Ва(МО:), in 1 L of water. 
Adjust the castile soap solution so that 2.4 mL of it will give a permanent lather with 40 mL of solution (b). When adjusted, 2.4 mL of soap solution 
is equivalent to 220 parts per million of hardness (as CaCO,) for a 40 mL sample. See also Soap solution. 

Brucke's reagent (protein precipitation). See Potassium iodide-mercuric iodide. 

Clarke's soap solution (estimation of hardness in water). 

1. Dissolve 100 g of pure powdered castile soap in 1 L of 8096 ethanol and allow to stand over night. 

2. Prepare a solution of CaCl, by dissolving 0.5 g of CaCO; in НСІ (sp. gr. 1.19), neutralize with NH,OH and make slightly alkaline to litmus, 

and dilute to 500 mL. One mL is equivalent to 1 mg of CaCO3. 
Titrate (1) against (2) and dilute (1) with 8096 ethanol until 1 mL of the resulting solution is equivalent to 1 mL of (2) after making allowance for 
the lather factor (the amount of standard soap solution required to produce a permanent lather in 50 mL of distilled water). One mL of the adjusted 
solution after subtracting the lather factor is equivalent to 1 mg of CaCO}. See also Soap solution. 

Cobalticyanide paper (Rinnmann's test for Zn). Dissolve 4 g of K;Co(CN), and 1 g of KCIO, in 100 mL of water. Soak filter paper in solution and 
dry at 100°С. Apply drop of zinc solution and burn in an evaporating dish. A green disk is obtained if zinc is present. 

Cochineal. Extract 1 g of cochineal for 4 days with 20 mL of alcohol and 60 mL of distilled water. Filter. 

Congo red. Dissolve 0.5 g of congo red in 90 mL of distilled water and 10 mL of alcohol. 

Cupferron (Baudisch's reagent for iron analysis). Dissolve 6 g of the ammonium salt of N-hydroxy-N-nitrosoaniline (cupferron) in 100 mL of H5O. 
Reagent good for 1 week only and must be kept in the dark. 

Cupric acetate (Barfoed's reagent for reducing monosaccharides). Dissolve 66 g of cupric acetate and 10 mL of glacial acetic acid in water and dilute 
tol L. 

Cupric oxide, ammoniacal; Schweitzer's reagent (dissolves cotton, linen, and silk, but not wool). 

1. Dissolve 5 g of cupric sulfate in 100 mL of boiling water, and add sodium hydroxide until precipitation is complete. Wash the precipitate 
well, and dissolve it in a minimum quantity of ammonium hydroxide. 
2. Bubble a slow stream of air through 300 mL of strong ammonium hydroxide containing 50 g of fine copper turnings. Continue for 1 hour. 

Cupric sulfate in glycerin-potassium hydroxide (reagent for silk). Dissolve 10 g of cupric sulfate, Си5О,-5Н,О, in 100 mL of water and add 5 g 
of glycerol. Add KOH solution slowly until a deep blue solution is obtained. 

Cupron (precipitates copper). Dissolve 5 g of benzoinoxime in 100 mL of 95% ethanol. 

Cuprous chloride, acidic (reagent for CO in gas analysis). 

1. Coverthe bottom of a 2-L flask with a layer of cupric oxide about 0.5 inch deep, suspend a coil of copper wire so as to reach from the bottom 
to the top of the solution, and fill the flask with hydrochloric acid (sp. gr. 1.10). Shake occasionally. When the solution becomes nearly colorless, 
transfer to reagent bottles, which should also contain copper wire. The stock bottle may be refilled with dilute hydrochloric acid until either 
the cupric oxide or the copper wire is used up. Copper sulfate may be substituted for copper oxide in the above procedure. 

2. Dissolve 340 g of CuCl,:2H,0O in 600 mL of conc. НСІ and reduce the cupric chloride by adding 190 mL of a saturated solution of stannous 
chloride or until the solution is colorless. The stannous chloride is prepared by treating 300 g of metallic tin in а 500 mL flask with conc. НСІ 
until no more tin goes into solution. 

3. (Winkler method). Add a mixture of 86 g of CuO and 17 g of finely divided metallic Cu, made by the reduction of CuO with hydrogen, to 
a solution of НСІ, made by diluting 650 mL of conc. НСІ with 325 mL of water. After the mixture has been added slowly and with frequent 
stirring, a spiral of copper wire is suspended in the bottle, reaching all the way to the bottom. Shake occasionally, and when the solution becomes 
colorless, it is ready for use. 


PREPARATION ОЕ SPECIAL ANALYTICAL REAGENTS (continued) 


Cuprous chloride, ammoniacal (reagent for CO in gas analysis). 

1. The acid solution of cuprous chloride as prepared above is neutralized with ammonium hydroxide until an ammonia odor persists. An excess 
of metallic copper must be kept in the solution. 

2. Pour 800 mL of acidic cuprous chloride, prepared by the Winkler method, into about 4 L of water. Transfer the precipitate to a 250 mL 
graduate. After several hours, siphon off the liquid above the 50 mL mark and refill with 7.5% NH4OH solution which may be prepared by 
diluting 50 mL of conc. NH4OH with 150 mL of water. The solution is well shaken and allowed to stand for several hours. It should have a 
faint odor of ammonia. 

Dichlorofluorescein indicator. Dissolve 1 g in 1 L of 70% alcohol or 1 g of the sodium salt in 1 L of water. 

Dimethyglyoxime, 0.01 N. Dissolve 0.6 g of dimethylglyoxime (2,3-butanedione oxime) in 500 mL of 9596 ethanol. This is an especially sensitive 
test for nickel, a very definite crimson color being produced. 

Diphenylamine (reagent for rayon). Dissolve 0.2 g in 100 mL of concentrated sulfuric acid. 

Diphenylamine sulfonate (for titration of iron with K,Cr,0;). Dissolve 0.32 g of the barium salt of diphenylamine sulfonic acid in 100 mL of water, 
add 0.5 g of sodium sulfate and filter off the precipitate of BaSO,. 

Diphenylcarbazide. Dissolve 0.2 2 of diphenylcarbazide in 10 mL of glacial acetic acid and dilute to 100 mL with 95% ethanol. 

Esbach's reagent (estimation of protein). To a water solution of 10 g of picric acid and 20 g of citric acid, add sufficient water to make 1 L of solution. 

Eschka’s compound. Two parts of calcined (“light”) magnesia are thoroughly mixed with 1 part of anhydrous sodium carbonate. 

Fehling's solution (reagent for reducing sugars.) 

1. Copper sulfate solution. Dissolve 34.66 g of CuSO,:5H,O in water and dilute to 500 mL. 
2. Alkaline tartrate solution. Dissolve 173 g of potassium sodium tartrate (Rochelle salt, КМаС,Н,О, 4Н,О) and 50 g of NaOH in water and 
dilute when cold to 500 mL. 

Mix equal volumes of the two solutions at the time of using. 

Ferric-alum indicator. Dissolve 140 g of ferric ammonium sulfate crystals in 400 mL of hot water. When cool, filter, and make up to a volume of 
500 mL with dilute nitric acid. 

Folin's mixture (for uric acid). To 650 mL of water add 500 g of (МН,),50,, 5 g of uranium acetate, and 6 g of glacial acetic acid. Dilute to 1 L. 

Formaldehyde — sulfuric acid (Marquis' reagent for alkaloids). Add 10 mL of formaldehyde solution to 50 mL of sulfuric acid. 

Froehde's reagent. See Sulfomolybdic acid. 

Fuchsin (reagent for linen). Dissolve 1 g of fuchsin in 100 mL of alcohol. 

Fuchsin — sulfurous acid (Schiff' s reagent for aldehydes). Dissolve 0.5 g of fuchsin and 9 g of sodium bisulfite in 500 mL of water, and add 10 mL 
of HCl. Keep in well-stoppered bottles and protect from light. 

Gunzberg's reagent (detection of НСІ in gastric juice). Prepare as needed a solution containing 4 g of phloroglucinol (1,3,5-benzenetriol) and 2 g 
of vanillin in 100 mL of absolute ethanol. 

Hager's reagent. See Picric acid. 

Hanus solution (for iodine number). Dissolve 13.2 g of resublimed iodine in 1 L of glacial acetic acid which will pass the dichromate test for reducible 
matter. Add sufficient bromine to double the halogen content, determined by titration (3 mL is about the proper amount). The iodine may be 
dissolved by the aid of heat, but the solution should be cold when the bromine is added. 

Iodine, tincture of. То 50 mL of water add 70 g of L, and 50 g of KI. Dilute to 1 L with alcohol. 

Iodo-potassium iodide (Wagner's reagent for alkaloids). Dissolve 2 g of iodine and 6 е of KI in 100 mL of water. 

Litmus (indicator). Extract litmus powder three times with boiling alcohol, each treatment consuming an hour. Reject the alcoholic extract. Treat 
residue with an equal weight of cold water and filter; then exhaust with five times its weight of boiling water, cool and filter. Combine the aqueous 
extracts. 

Magnesia mixture (reagent for phosphates and arsenates). Dissolve 55 g of magnesium chloride and 105 g of ammonium chloride in water, barely 

acidify with hydrochloric acid, and dilute to 1 L. The ammonium hydroxide may be omitted until just previous to use. The reagent, if completely 

mixed and stored for any period of time, becomes turbid 

Magnesium uranyl acetate. Dissolve 100 g of UO;(C;H50;);:2H50 in 60 mL of glacial acetic acid and dilute to 500 mL. Dissolve 330 g of 

Ме(С.,Н,О,),4Н,О in 60 mL of glacial acetic acid and dilute to 200 mL. Heat solutions to the boiling point until clear, pour the magnesium solution 

into the uranyl solution, cool and dilute to 1 L. Let stand over night and filter if necessary. 

Marme's reagent. See Potassium-cadmium iodide. 

Marquis' reagent. See Formaldehyde-sulfuric acid. 

Mayer's reagent (white precipitate with most alkaloids in slightly acid solutions). Dissolve 1.358 g of HgCl, in 60 mL of water and pour into a solution 

of 5 g of KI in 10 mL of H,O. Add sufficient water to make 100 mL. 

Methyl orange indicator. Dissolve 1 g of methyl orange in 1 L of water. Filter, if necessary. 

Methyl orange, modified. Dissolve 2 g of methyl orange and 2.8 g of xylene cyanole FF in 1 L of 5096 alcohol. 

Methyl red indicator. Dissolve 1 g of methyl red in 600 mL of alcohol and dilute with 400 mL of water. 

Methyl red, modified. Dissolve 0.50 g of methyl red and 1.25 g of xylene cyanole FF in 1 L of 90% alcohol. Or, dissolve 1.25 g of methyl red and 

0.825 g of methylene blue in 1 L of 90% alcohol. 

Millon's reagent (for albumins and phenols). Dissolve 1 part of mercury in 1 part of cold fuming nitric acid. Dilute with twice the volume of water 

and decant the clear solution after several hours. 

Molisch's reagent. See 1-Naphthol. 

1-Naphthol (Molisch's reagent for wool). Dissolve 15 g of 1-naphthol in 100 mL of alcohol or chloroform. 

Nessler's reagent (for ammonia). Dissolve 50 g of KI in the smallest possible quantity of cold water (50 mL). Add a saturated solution of mercuric 
chloride (about 22 g in 350 mL of water will be needed) until an excess is indicated by the formation of a precipitate. Then add 200 mL of 5 М NaOH 
and dilute to 1 L. Let settle, and draw off the clear liquid. 
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Nickel oxide, ammoniacal (reagent for silk). Dissolve 5 g of nickel sulfate in 100 mL of water, and add sodium hydroxide solution until nickel 
hydroxide is completely precipitated. Wash the precipitate well and dissolve in 25 mL of concentrated ammonium hydroxide and 25 mL of water. 

Nitron (detection of nitrate radical). Dissolve 10 е of nitron (1,4-diphenyl-3-(phenylamino)-1,2,4-triazolium hydroxide) in 5 mL of glacial acetic acid 
and 95 mL of water. The solution may be filtered with slight suction through an alumdum crucible and kept in a dark bottle. 

1-Nitroso-2-naphthol. Make a saturated solution in 50% acetic acid (1 part of glacial acetic acid with 1 part of water). Does not keep well. 

Nylander's solution (carbohydrates). Dissolve 20 g of bismuth subnitrate and 40 g of Rochelle salt in 1 L of 876 NaOH solution. Cool and filter. 

Obermayer's reagent (for indoxyl in urine). Dissolve 4 g of FeCl, in 1 L of HCI (sp. gr. 1.19). 

Oxine. Dissolve 14 g of 8-hydroxyquinoline in 30 mL of glacial acetic acid. Warm slightly, if necessary. Dilute to 1 L. 

Oxygen absorbent. Dissolve 300 g of ammonium chloride in 1 L of water and add 1 L of concentrated ammonium hydroxide solution. Shake the 
solution thoroughly. For use as an oxygen absorbent, a bottle half full of copper turnings is filled nearly full with the МН,С1-МН,ОН solution and 
the gas passed through. 

Pasteur's salt solution. To 1 L of distilled water add 2.5 g of potassium phosphate, 0.25 g of calcium phosphate, 0.25 g of magnesium sulfate, and 
12.00 g of ammonium tartrate. 

Pavy's solution (glucose reagent). To 120 mL of Fehling's solution, add 300 mL of NH4OH (sp. gr. 0.88) and dilute to 1 L with water. 

Phenanthroline ferrous ion indicator. Dissolve 1.485 g of 1,10-phenanthroline monohydrate in 100 mL of 0.025 M ferrous sulfate solution. 

Phenolphthalein. Dissolve 1 g of phenolphthalein in 50 mL of alcohol and add 50 mL of water. 

Phenolsulfonic acid (determination of nitrogen as nitrate). Dissolve 25 g of phenol in 150 mL of conc. H5SO,, add 75 mL of fuming H5SO, (1596 
$03), stir well and heat for 2 hours at 100°C. 

Phloroglucinol solution (pentosans). Make a 3% phloroglucinol (1,3,5-benzenetriol) solution in alcohol. Keep in a dark bottle. 

Phosphomolybdic acid (Sonnenschein's reagent for alkaloids). 

1. Prepare ammonium phosphomolybdate and after washing with water, boil with nitric acid and expel NH}; evaporate to dryness and dissolve 
in 2 M nitric acid. 

2. Dissolve ammonium molybdate in НМО; and treat with phosphoric acid. Filter, wash the precipitate, and boil with aqua regia until the 
ammonium salt is decomposed. Evaporate to dryness. The residue dissolved in 10 % НМО; constitutes Sonnenschein's reagent. 

Phosphoric acid — sulfuric acid mixture. Dilute 150 mL of conc. H5SO, and 100 mL of conc. H4PO, (8596) with water to a volume of 1 L. 

Phosphotungstic acid (Schcibicr's reagent for alkaloids). 

1. Dissolve 20 g of sodium tungstate and 15 g of sodium phosphate in 100 mL of water containing a little nitric acid. 

2. The reagent is a 10% solution of phosphotungstic acid in water. Thc.phosphotungstic acid is prepared by evaporating a mixture of 10 g of 
sodium tungstate dissolved in 5 g of phosphoric acid (sp. gr. 1.13) and enough boiling water to effect solution. Crystals of phosphotungstic 
acid separate. 

Picric acid (Hager's reagent for alkaloids, wool and silk). Dissolve 1 g of picric acid in 100 mL of water. 

Potassium antimonate (reagent for sodium). Boil 22 g of potassium antimonate with 1 L of water until nearly all ofthe salt has dissolved, cool quickly, 
and add 35 mL of 1046 potassium hydroxide. Filter after standing overnight. 

Potassium-cadmium iodide (Marme's reagent for alkaloids). Add 2 g of Cdl, to a boiling solution of 4 g of KI in 12 mL of water, and then mix with 
12 mL of saturated KI solution. 

Potassium hydroxide (for CO, absorption). Dissolve 360 g of KOH in water and dilute to 1 L. 

Potassium iodide — mercuric iodide (Brucke's reagent for proteins). Dissolve 50 g of KI in 500 mL of water, and saturate with mercuric iodide (about 
120 g). Dilute to 1 L. 

Potassium pyrogallate (for oxygen absorption). For mixtures of gases containing less than 28% oxygen, add 100 mL of KOH solution (50 g of KOH 
to 100 mL of water) to 5 g of pyrogallol. For mixtures containing more than 28% oxygen the KOH solution should contain 120 g of KOH to 100 
mL of water. 

Pyrogallol, alkaline. 

1. Dissolve 75 g of pyrogallic acid in 75 mL of water. 
2. Dissolve 500 g of KOH in 250 mL of water. When cool, adjust until sp. gr. is 1.55. 
For use, add 270 mL of solution (2) to 30 mL of solution (1). 

Rosolic acid (indicator). Dissolve 1 g of rosolic acid in 10 mL of alcohol and add 100 mL of water. 

Scheibler's reagent. See Phosphotungstic acid. 

Schiff's reagent. See Fuchsin-sulfurous acid. 

Schweitzer's reagent. See Cupric oxide, ammoniacal. 

Soap solution (reagent for hardness in water). Dissolve 100 g of dry castile soap in 1 L of 8096 alcohol (5 parts alcohol to 1 part water). Allow to stand 
several days and dilute with 7096 to 8096 alcohol until 6.4 mL produces a permanent lather with 20 mL of standard calcium solution. The latter 
solution is made by dissolving 0.2 g of CaCO, in a small amount of dilute НСІ, evaporating to dryness and making up to 1 L. 

Sodium bismuthate (oxidation of manganese). Heat 20 parts of NaOH nearly to redness in an iron or nickel crucible and add slowly 10 parts of basic 
bismuth nitrate which has been previously dried. Add 2 parts of sodium peroxide, and pour the brownish-yellow fused mass onto an iron plate to 
cool. When cold, break up in a mortar, extract with water, and collect on an asbestos filter. 

Sodium hydroxide (for CO, absorption). Dissolve 330 g of NaOH in water and dilute to 1 L. 

Sodium nitroprusside (reagent for hydrogen sulfide and wool). Use a freshly prepared solution of 1 g of sodium nitroferricyanide in 10 mL of water. 

Sodium oxalate (primary standard). Dissolve 30 g of the commercial salt in 1 L of water, make slightly alkaline with sodium hydroxide, and let stand 
until perfectly clear. Filter and evaporate the filtrate to 100 mL. Cool and filter. Pulverize the residue and wash it several times with small volumes 
of water. The procedure is repeated until the mother liquor is free from sulfate and is neutral to phenolphthalein. 

Sodium plumbite (reagent for wool). Dissolve 5 g of sodium hydroxide in 100 mL of water. Add 5 g of litharge (PbO) and boil until dissolved. 
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Sodium polysulfide. Dissolve 480 g of Na,S-9H,O in 500 mL of water, add 40 g of NaOH and 18 g of sulfur. Stir thoroughly and dilute to 1 L with 
water. 

Sonnenschein's reagent. See Phosphomolybdic acid. 

Starch solution. 

1. Make a paste with 2 g of soluble starch and 0.01 g of Ноћ with a small amount of water. Add the mixture slowly to 1 L of boiling water 
and boil for a few minutes. Keep in a glass stoppered bottle. If other than soluble starch is used, the solution will not clear on boiling; it should 
be allowed to stand and the clear liquid decanted. 

2. A solution of starch which keeps indefinitely is made as follows: Mix 500 mL of saturated NaCl solution (filtered), 80 mL of glacial acetic 
acid, 20 mL of water and 3 g of starch. Bring slowly to a boil and boil for 2 minutes. 

3. Make a paste with 1 g of soluble starch and 5 mg of HgL, using as little cold water as possible. Then pour about 200 mL of boiling water 
on the paste and stir immediately. This will give a clear solution if the paste is prepared correctly and the water actually boiling. Cool and add 
4 g of KI. Starch solution decomposes on standing due to bacterial action, but this solution will keep well if stored under a layer of toluene. 

Stoke's reagent. Dissolve 30 g of FeSO, and 20 g of tartaric acid in water and dilute to 1 L. Just before using, add concentrated NH,OH until the 
precipitate first formed is redissolved. 

Sulfanilic acid (reagent for nitrites). Dissolve 0.5 g of sulfanilic acid in a mixture of 15 mL of glacial acetic acid and 135 mL of recently boiled water. 

Sulfomolybdic acid (Froehde's reagent for alkaloids and glucosides). Dissolve 10 g of molybdic acid or sodium molybdate in 100 mL of conc. H5SO,. 

Tannic acid (reagent for albumin, alkaloids, and gelatin). Dissolve 10 g of tannic acid in 10 mL of alcohol and dilute with water to 100 mL. 

Titration mixture. (residual chlorine in water analyasis). Prepare 1 L of dilute НСІ (100 mL of HCI (sp. gr. 1.19) in sufficient water to make 1 L). 
Dissolve 1 g of o-tolidine in 100 mL of the dilute HCl and dilute to 1 L with dilute НСІ solution. 

Trinitrophenol solution. See Picric acid. 

Turmeric tincture (reagent for borates). Digest ground turmeric root with several quantities of water which are discarded. Dry the residue and digest 
it several days with six times its weight of alcohol. Filter. 

Uffelmann's reagent (turns yellow in presence of lactic acid). To a 296 solution of pure phenol in water, add a water solution of FeCl, until the phenol 
solution becomes violet in color. 

Wagner's reagent. See Iodo-potassium iodide. 

Wagner's solution (used in phosphate rock analysis to prevent precipitation of iron and aluminum). Dissolve 25 g of citric acid and 1 g of salicylic 
acid in water and dilute to 1 L. Use 50 mL of the reagent. 

Wij'siodine monochloride solution (foriodine number). Dissolve 13 g of resublimed iodine in 1 Lof glacialacetic acid which will pass the dichromate 
test for reducible matter. Set aside 25 mL of this solution. Pass into the remainder of the solution dry chlorine gas (dried and washed by passing 
through H5SO, (sp. gr. 1.84)) until the characteristic color of free iodine has been discharged. Now add the iodine solution which was reserved, 
until all free chlorine has been destroyed. A slight excess of iodine does little or no harm, but an excess of chlorine must be avoided. Preserve in 
well stoppered, amber colored bottles. Avoid use of solutions which have been prepared for more than 30 days. 

Wij's special solution (for iodine number). To 200 mL of glacial acetic acid that will pass the dichromate test for reducible matter, add 12 g of 
dichloramine T (N,N-dichloro-4-methyl-benzenesulfonamide), and 16.6 g of dry KI (in small quantities with continual shaking until all the KI has 
dissolved). Make up to 1 L with the same quality of acetic acid used above and preserve in a dark colored bottle. 

Zimmermann-Reinhardt reagent (determination of iron). Dissolve 70 g of MnSOu-4H,O in 500 mL of water, add 125 mL of conc. H5SO, and 125 
mL of 85% Н.РО,, and dilute to 1 L. 

Zinc chloride solution, basic (reagent for silk). Dissolve 1000 g of zinc chloride in 850 mL of water, and add 40 g of zinc oxide. Heat until solution 
is complete. 

Zinc uranyl acetate (reagent for sodium). Dissolve 10 g of UO,(C,H30,),:2H,O in 6 $ of 30% acetic acid with heat, if necessary, and dilute to 50 
mL. Dissolve 30 g of 2д(С,Н,О,),Н,О in 3 g of 30% acetic acid and dilute to 50 mL. Mix the two solutions, add 50 mg of NaCl, allow to stand 
overnight and filter. 


STANDARD SOLUTIONS OF ACIDS, BASES, AND SALTS 


For each compound listed, the last column of this table gives the mass in grams which is contained in 1 liter of a solution whose amount-of-substance 
concentration divided by the equivalence factor of the compound equals 0.1 mol/L. In the older literature such a solution is often referred to as a 
“decinormal solution" (0.1 М). 


REFERENCE 


Compendium of Analytical Nomenclature (IUPAC), Pergamon Press, Oxford, 1978. 


Atomic or 
molecular Equivalence Mass in 
Name Formula weight factor grams 
Acetic acid НОВО; 60.0530 1 6.0053 
Ammonia NH; 17.0306 1 1.7031 
Ammonium ion МН, 18.0386 1 1.8039 
Ammonium chloride NH4CI 53.4916 1 5.3492 
Ammonium sulfate (ХН,),5О, 132.1388 /2 6.6069 
Ammonium thiocyanate NH4CNS 76.1204 1 7.6120 
Barium Ba 137.34 1/2 6.867 
Barium carbonate ВаСО; 197.3494 1/2 9.8675 
Barium chloride hydrate ВаСІ,.2Н,О 244.2767 1/2 12.2138 
Barium hydroxide Ba(OH); 171.3547 1/2 8.5677 
Barium oxide BaO 153.3394 1/2 7.6670 
Bromine Br 79.909 1 7.9909 
Calcium Ca 40.08 1/2 2.004 
Calcium carbonate СаСО; 100.0894 1/2 5.0045 
Calcium chloride CaCl, 110.9860 1/2 5.5493 
Calcium chloride hydrate CaCl, - 6H,0 219.0150 1/2 10.9508 
Calcium hydroxide Са(ОН), 74.0947 1/2 3.7047 
Calcium oxide CaO 56.0794 1/2 2.8040 
Chlorine СІ 35.453 1 3.5453 
Citric acid С,Н,О,-Н,О 210.1418 1/3 7.0047 
Cobalt Co 58.9332 1/2 2.9466 
Copper Cu 63.54 1/2 3.177 
Copper oxide (cupric) CuO 79.5394 1⁄2 3.9770 
Copper sulfate hydrate CuSO, -5Н,О 249.6783 1/2 12.4839 
Hydrochloric acid НСІ 36.4610 1 3.6461 
Hydrocyanic acid HCN 27.0258 1 2.7026 
Iodine I 126.9044 1 12.6904 
Lactic acid С.Н,О, 90.0795 1 9.0080 
Malic acid С.Н,О, 134.0894 1/2 6.7045 
Magnesium Mg 24.312 1/2 1.2156 
Magnesium carbonate MgCO; 84.3214 1/2 4.2161 
Magnesium chloride MgCl, 95.2180 1/2 4.7609 
Magnesium chloride hydrate MgCl, . 6Н,О 203.2370 1/2 10.1623 
Magnesium oxide MgO 40.3114 1/2 2.0156 
Manganese Mn 54.938 1/2 2.7469 
Manganese sulfate MnSO, 150.9996 1/2 7.5500 
Mercuric chloride HgCl, 271.4960 1/2 13.5748 
Nickel Ni 58.71 1/2 2.9356 
Nitric acid HNO, 63.0129 1 6.3013 
Oxalic acid H,C 04 90.0358 1/2 4.5018 
Oxalic acid hydrate H,C,0, : 29,0 126.0665 1/2 6.3033 
Oxalic acid anhydride С,О, 72.0205 1/2 3.6010 
Phosphoric acid ЕРО, 97.9953 1/3 3.2665 
Potassium K 39.102 1 3.9102 
Potassium bicarbonate КНСО; 100.1193 1 10.0119 
Potassium carbonate К,СО, 138.2134 1/2 6.9106 
Potassium chloride КСІ 74.5550 1 7.4555 
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Name 


Potassium cyanide 
Potassium hydroxide 
Potassium oxide 
Potassium tartrate 
Silver 

Silver nitrate 
Sodium 

Sodium bicarbonate 
Sodium carbonate 
Sodium chloride 
Sodium hydroxide 
Sodium oxide 
Sodium sulfide 
Succinic acid 
Sulfuric acid 
Tartaric acid 

Zinc 

Zinc sulfate hydrate 


STANDARD SOLUTIONS OF ACIDS, BASES, AND SALTS (continued) 


Formula 


ZnSO, - 79,0 


О 2000 СЕС Press LLC 


Atomic or 
molecular 
weight 


65.1199 
56.1094 
94.2034 
226.2769 
107.87 
169.8749 
22.9898 
84.0071 
105.9890 
58.4428 
39.9972 
61.9790 
78.0436 
118.0900 
98.0775 
150.0888 
65.37 
287.5390 


Equivalence 
factor 


Mass in 
grams 


6.5120 
5.6109 
4.7102 
11.3139 
10.787 
16.9875 
2.2990 
8.4007 
5.2995 
5.8443 
3.9997 
3.0990 
3.9022 
5.9045 
4.9039 
7.5044 
3.269 
14.3769 


STANDARD SOLUTIONS OF OXIDATION AND REDUCTION REAGENTS 


For each reagent listed, the last column of this table gives the mass in grams which is contained in a solution whose amount-of-substance 
concentration divided by the equivalence factor of the compound equals 0.1 mol/L. The equivalence factor given refers to the most common reactions 
of the reagent. In the older literature such a solution is often called a “decinormal solution" (0.1 №. 


REFERENCE 


Compendium of Analytical Nomenclature (IUPAC), Pergamon Press, Oxford, 1978. 


Atomic or 
molecular Equivalence Mass in 
Name Formula weight factor grams 

Antimony Sb 121.75 1/2 6.0875 
Arsenic As 74.9216 1/2 3.7461 
Arsenic trisulfide А5$253 246.0352 1/4 6.1509 
Arsenous oxide АО; 197.8414 1/4 4.9460 
Barium peroxide ВаО, 169.3388 1/2 8.4669 
Barium peroxide hydrate ВаО,-8Н,О 313.4615 1/2 15.6730 
Calcium Ca 40.08 1/2 2.004 

Calcium carbonate СасО; 100.0894 1/2 5.0045 
Calcium hypochlorite Ca(OCI), 142.9848 1/4 3.5746 
Calcium oxide CaO 56.0794 1/2 2.8040 
Chlorine СІ 35.453 1 3.5453 
Chromium trioxide CrO, 99.9942 1/3 3.3331 
Ferrous ammonium sulfate FeSO4(NH4)SO, · 6H,0 392.0764 1 39.2076 
Hydroferrocyanic acid Н,Ее(СМ), 215.9860 1 21.5986 
Hydrogen peroxide Н,О, 34.0147 1/2 1.7007 
Hydrogen sulfide Н,5 34.0799 1/2 1.7040 
Iodine I 126.9044 1 12.6904 
Поп Fe 55.847 1 5.5847 
Iron oxide (ferrous) FeO 71.8464 1 7.1846 
Iron oxide (ferric) Fe,03 159.6922 1/2 7.9846 
Lead peroxide PbO, 239.1888 1/2 11.9594 
Manganese dioxide MnO, 86.9368 1/2 4.3468 
Nitric acid HNO; 63.0129 1/3 2.1004 
Nitrogen trioxide М,О, 76.0116 1/4 1.9002 
Nitrogen pentoxide №0; 108.0104 1/6 1.8001 
Oxalic acid С.Н:О, 90.0358 1/2 4.5018 
Охайс acid hydrate С,Н,О, · 29,0 126.0665 12 6.3033 
Oxygen О 15.9994 1/2 0.8000 
Potassium dichromate K5Cr;0; 294.1918 1/6 4.9032 
Potassium chlorate КСІО; 122.5532 1/6 2.0425 
Potassium chromate K5CrO, 194.1076 1/3 6.4733 
Potassium ferrocyanide KyFe(CN)¢ 368.3621 1 36.8362 
Potassium ferrocyanide hydrate K,Fe(CN), · ЗЊО 422.4081 1 42.2408 
Potassium iodide КІ 166.0064 1 16.6006 
Potassium nitrate КМО, 101.1069 1/3 3.3702 
Potassium perchlorate КСІО, 138.5526 1/8 1.7319 
Potassium permanganate KMnO, 158.0376 1/5 3.1608 
Sodium chlorate NaClO; 106.4410 1/6 1.7740 
Sodium nitrate NaNO; 84.9947 1/3 2.8332 
Sodium thiosulfate hydrate Ма,5,О,-5Н,О 248.1825 1 24.8183 
Stannous chloride SnCl 189.5960 1/2 9.4798 
Stannous oxide SnO 134.6894 1/2 6.7345 
Sulfur dioxide SO, 64.0628 1/2 3.2031 
Tin 5п 118.69 1/2 5.935 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 


Determination 


Aluminium 


Ammonia 


Antimony 


Arsenic 


Barium 


Beryllium 


Bismuth 


Boron 


INORGANIC SUBSTANCES 


G. Ackermann, L. Sommer, and D. Thorburn Burns 


Reagents 
Alizarin Red S 
Aluminon 


Aluminon + Cetyltrimethylammonium bromide 
Chrome Azurol S 


Chrome Azurol S 4 Cetyltrimethylammonium bromide 


Chromazol KS + Cetylpyridinium bromide 
Eriochrome Cyanine R 


Eriochrome Cyanine R + Cetyltrimethylammonium 
bromide 

8-Hydroxyquinoline 

Phenol + Sodium hypochlorite 

Brilliant Green 

Bromopyrogallol Red 


Rhodamine B 


Silver diethyldithiocarbamate 
Silver diethyldithiocarbamate 
Sulfonazo III 


Beryllon II 
Chrome Azurol S 


Chrome Azurol $ + Cetyltrimethylammonium bromide 

Eriochrome Cyanine R 

Eriochrome Cyanine В + Cetyltrimethylammonium 
bromide 

Dithizone 

Pyrocatechol Violet 

Pyrocatechol Violet + Cetyltrimethylammonium bromide 

Thiourea 

Xylenol Orange 

Azomethine H 


Carminic acid 


Curcumin 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Bromide 


Cadmium 


Calcium 


Cerium 


Chlorine 


Chromium 


Cobalt 


Copper 


Cyanide 


Reagents 


Methylene Blue 


Fluorescein 
Phenol Red 
2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol 


Cadion 
Dithizone 


4—(2-Pyridylazo)resorcinol 
Chlorophosphonazo III 
Glyoxal-bis(2-hydroxyanil) 
Murexide 

Phthalein Purple 
N-benzoyl-N-phenylhydroxylamine 


8-Hydroxyquinoline 


N,N-Diethyl-1,4-phenylenediamine 


1,5-Diphenylcarbazide 


4-(2-Pyridylazo)resorcinol 
4-(2-Pyridylazo)resorcinol + Tetradecyldimethyl- 

benzylammonium chloride 
4-(2-Pyridylazo)resorcinol + Hydrogen peroxide 
Nitroso-R salt 


1-Nitroso-2-naphthol 

2-Nitroso-1-naphthol 

4-(2-Pyridylazo)resorcinol 
4-(2-Pyridylazo)resorcinol + Diphenylguanidine 
Bathocuproine 


Bathocuproine disulfonic acid 
Dithizone 


Neocuproine 
Cuprizone 


4-(2-pyridylazo)resorcinol + Tetradecyldimethyl- 
benzylammonium chloride 


Barbituric Acid + Pyridine 


Barbituric Acid + Pyridine-4-carboxylic acid 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Fluoride 


Gallium 


Germanium 


Gold 


Hafnium 


Indium 


Iodide 
Iodine 


Iridium 


Поп 


Lanthanum 


Reagents 


Alizarin Fluorine blue + Lanthanum(IID ion 


Eriochrome Cyanine В + Zirconium(IV) ion 


Pyrocatechol violet + Diphenylguanidine 
8-Hydroxyquinoline 


1-(2-Pyridylazo)-2-naphthol 


4-(2-Pyridylazo)resorcinol 
Rhodamine B 


Xylenol Orange 
Xylenol Orange + 8-Hydroxyquinoline 


Brilliant Green + Molybdate 
Phenylfluorone 


5-(4-Diethylaminobenzylidene) rhodanine 


Rhodamine B 


Arsenazo III 


Bromopyrogallol Red 

Chrome Azurol S 

Chrome Azurol S 4 Cetyltrimethylammonium bromide 
Dithizone 


8-Hydroxyquinoline 


1-(2-Pyridylazo)-2-naphthol 
4-(2-Pyridylazo)resorcinol 


Neocuproine + Соррег(П) 
Starch 


Rhodamine 6G + Tin(II) 
N,N-Dimethyl-4-nitrosoaniline 
Bathophenanthroline 

Bathophenanthroline disulfonic acid 
2,2/-Віругідуі 

Chrome Azurol $ + Cetyltrimethylammonium 


bromide 
1,10-Phenanthroline 


1,10-Phenanthroline + Bromothymol Blue 
Ferrozine 


Arsenazo III 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Lead 


Lithium 


Magnesium 


Manganese 


Mercury 


Molybdenum 


Nickel 


Niobium 


Reagents 


Dithizone 


Sodium diethyldithiocarbamate 
4-(2-Pyridylazo)resorcinol 
Thoron 


Eriochrome Black T 


8-Hydroxyquinoline 
8-Hydroxyquinoline + Butylamine 
Titan Yellow 

Xylidyl Blue 


Formaldoxime 


Dithizone 


Michler's thioketone 

Xylenol Orange 

Bromopyrogallol Red + Cetylpyridium chloride 
Phenylfluorone 


Toluene-3,4-dithiol 


2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol 


Dimethylglyoxime 


Dimethylglyoxime + Oxidant 
2,2’-Furildioxime 


2-(2-Pyridylazo)-2-naphthol 
4-(2-Pyridylazo)resorcinol 


N-Benzoyl-N-phenylhydroxylamine 
Pyrocatechol + EDTA or 2,2’Bipyridyl ог 

1-(2-thenoyl)-3,3,3,-trifluoroacetone 
Bromopyrogallol red 


Bromopyrogallol red + Cetylpyridinium chloride 
4-(2-Pyridylazo)resorcinol 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Nitrate 


Nitrite 


Osmium 
Palladium 


Phosphate 


Platinum 


Rare Earths 


Rhenium 


Rhodium 


Ruthenium 


Scandium 


Reagents 


Sulfochlorophenol S 


Xylenol Orange 
Brucine 


Chromotropic acid 


Sulfanilamide + N-(1-Naphthyl)ethylenediamine 


dihydrochloride 


Sulfanilamide + N-(1-Naphthyl)ethylenediamine 


dihydrochlorine 


Sulfanilic acid + 1-Naphthylamine 


1,5-Diphenylcarbazide 


2-(5 Bromo-2-pyridylazo)-5-diethylaminophenol 


Dithizone 
2-Nitroso-1-naphthol 
4-(2-Pyridylazo)resorcinol 


Rhodamine B + Molybdate 
Malachite Green + Molybdate 


Sulfochlorophenolazorhodamine 
Dithizone 
2-Mercaptobenzothiazole 
Arsenazo I 


Arsenazo III 


Xylenol Orange 


2,2’-Furildioxime 


1-(2-Pyridylazo)-2-naphthol 
1,10-Phenanthroline 

Thiourea 
1,4-Diphenylthiosemicarbazide 
Alizarin red S 


Arsenazo ІП 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Selenium 


Silver 


Sulfate 
Sulfide 


Sulfite 


Tantalum 


Tellurium 


Thallium 


Thorium 


Tin 


Titanium 


Reagents 


Chrome Azurol S 


Xylenol Orange 


3,3’-Diaminobenzidine 


2,3-Diaminonaphthaline 
Dithizone 


Eosin + 1,10-Phenanthroline 
Methylthymol blue + Barium (II) 
N,N,-Dimethy]-1,4-phenylenediamine 


Pararosaniline + Formaldehyde 


Methyl Violet 


4-(2-Pyridylazo)resorcinol 
Phenylfluorone 


Diethyldithiocarbamate 


Bismuthiol П 


Brilliant green 


Dithizone 


Rhodamine B 


Arsenazo ІП 


Thoron 

Xylenol Orange 

Xylenol Orange + Cetyltrimethylammonium bromide 

Pyrocatechol violet (and + Cetyltrimethylammonium 
bromide) 


Gallein 


Phenylfluorone 


Toluene-3,4-dithiol + Dispersant 


Chromotropic acid 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


Determination 


Tungsten 


Uranium 


Vanadium 


Yttrium 


Zinc 


Zirconium 


Reagents 


Diantipyrinylmethane 
Tiron 


Pyrocatechol Violet 


Tetraphenylarsonium chloride + Thiocyanate 


Toluene-3,5-dithiol 


Arsenazo III 


2-(5-Bromo-2-pyridylazo)diethylaminophenol 


Chlorophosphonazo III 
1-(2-Pyridylazo)-2-naphthol 
N-Benzoyl-N-phenylhydroxylamine 
8-Hydroxyquinoline 


4-(2-pyridylazo)resorcinol 


Alizarin Red S 
Arsenazo III 
Xylenol Orange 


Dithizone 


1-(2-Pyridylazo)-2-naphthol 


Xylenol Orange 


Zircon 


Alizarin Red S 


Arsenazo III 
Pyrocatechol Violet 
Morin 


Xylenol Orange 
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ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION OF 
INORGANIC SUBSTANCES (continued) 


REVIEWS 


Sommer, L, Ackermann, G., Thorburn Burns, D., and Savvin, S. B., Pure and Applied Chem., 62, 2147, 1990. 
Sommer, L., Ackermann, G., and Thorburn Burns, D., Pure and Applied Chem., 62, 2323, 1990) 

Sommer, L., Komarek, J., and Thorburn Burns, D., Pure and Applied Chem., 64, 213, 1992. 

Savvin, S. B., Crit. Rev. Anal. Chem., 8, 55, 1979. 


MONOGRAPHS 


1. Boltz, D. F., and Howell, J. А., Colorimetric Determination of Nonmetals, 2nd ed, Wiley, New York, 1978. 
2. Fries, J. and Getrost, H., Organic Reagents for Trace Analysis, E Merck, Darmstadt, 1977. 
3. Marczenko, Z., Separation and Spectrophotometric Determination of Elements, Ellis Horwood, Chichester, 1986. 
4. Sandell, E. B. and Onishi, H., Photometric Determination of Traces of Metals. General Aspects, Part I, 4th ed, J. Wiley, New York, 1978. 
5. Onishi, H., Photometric Determination of Traces of Metals. Part Ila: Individual Metals, Aluminium to Lithium, 4th ed, J. Wiley, New York, 
1986. 
6. Onishi, H., Photometric Determination of Traces of Metals. Part IIb: Individual Metals, Magnesium to Zinc, 4th ed, J. Wiley, New York, 1989. 
7. Snell, F. D., Photometric and Fluorimetric Methods of Analysis, Metals Part 1, J. Wiley, New York, 1978. 
8. Snell, F. D., Photometric and Fluorimetric Methods of Analysis, Metals Part 2, J. Wiley, New York, 1978. 
9. Snell, F. D., Photometric and Fluorimetric Methods of Analysis, Nonmetals, J. Wiley, New York, 1981. 
10. West, T. S. and Nürnberg, H. W., Eds., The Determination of Trace Metals in Natural Waters, Blackwell, Oxford, 1988. 
11. Williams, УУ. J.,, Handbook of Anion Determination, Butterworth, London, 1979. 
12. Townshend, A., Burns, D. T., Guilbault, G. G., Lobinski, R., Marczenko, Z., Newman, E., and Onishi, H., Dictionary of Analytical Reagents, 
Chapman & Hall, London, 1993. 


8-15 


ACID-BASE INDICATORS 


A. K. Covington 


The first part of this table lists some common acid-base indicators in alphabetical order along with the approximate pH range(s) at which a color 


change occurs. Following this is a table of the same indicators ordered by pH range, which includes the nature of the color change, instructions on 


preparation of the indicator solution, and the acid dissociation constant pK, when available. The color code is: 


С = colorless A — amber B/G = blue-green Pk = pink Y = yellow V = violet 
P = purple О- orange 


REFERENCE 


Bishop, E., Ed., /ndicators, Pergamon, Oxford, 1972. 


Indicator pH Range Indicator 
Alizarin 5.6-7.2; 11.0-12.4 Erythrosin, disodium salt 
Alizarin Red S 4.6-6.0 4-(p-Ethoxyphenylazo)-m- 
Alizarin Yellow R 10.1-12.0 phenylene-diamine 
Benzopurpurine 4B 2.2-4.2 monohydrochloride 
4,4'-Bis(2-amino-1- Ethyl bis(2,4-dimethylphenyl) 
naphthylazo)-2,2'- ethanoate 
stilbenedisulfonic acid 3.0-4.0 Ethyl Orange 
4,4'-Bis(4-amino-1- Ethyl Red 
naphthylazo)-2,2'- Ethyl Violet 
stilbenedisulfonic acid 8.0-9.0 5,5'-Indigodisulfonic acid, 
Brilliant Yellow 6.6-7.8 disodium salt 
Bromocresol Green 3.8-5.4 Malachite Green 
Bromocresol Purple 5.2-6.8 Metacresol Purple 
Bromophenol Blue 3.0-4.6 Metanil Yellow 
Bromothymol Blue 6.0-7.6 Methyl Green 
Chlorophenol Red 5.2-6.8 Methyl Orange 
Clayton Yellow 12.2-13.2 Methyl Red 
Congo Red 3.0-5.0 Methyl Violet 
o-Cresolphthalein 8.2-9.8 p-Naphtholbenzein 
Cresol Red 0.0-1.0; 7.0-8.8 Neutral Red 
Crystal Violet 0.0-1.8 p-Nitrophenol 
Curcumin (Turmaric) 7.4-8.6 m-Nitrophenol 
p-(2,4-Dihydroxyphenylazo) Orange IV 
benzenesulfonic acid, Paramethyl Red 
sodium salt 11.4-12.6 Phenolphthalein 
p-Dimethylaminoazobenzene 2.8-4.4 Phenol Red 
4-(4-Dimethylamino-1- 4-Phenylazodiphenylamine 
naphylazo)-3- 4-Phenylazo-1-naphthylamine 
methoxybenzenesulfonic Propyl Red 
acid 3.5-4.8 Quinaldine Red 
2-(p-Dimethylamino- Resazurin 
phenylazo)pyridine 0.2-1.8; 4.4-5.6 Resorcin Blue 
N,N-Dimethyl-p- Tetrabromophenolphthalein 
(m-tolylazo)aniline 2.6-4.8 ethyl ester, potassium salt 
2,4-Dinitrophenol 2.0-4.7 Thymol Blue 
2-(2,4 Dinitrophenylazo)-1- Thymolphthalein 
naphthol-3,6-disulfonic 4-o-Tolylazo-o-toluidine 
acid, disodium salt 6.0-7.0 1,3,5-Trinitrobenzene 
6,8-Dinitro-2,4- 2,4,6-Trinitrotoluene 
(1A) quinazolinedione 6.4-8.0 Turmaric 


© 2000 by CRC PRESS LLC 


R=red B= blue 


pH Range 


2.2-3.6 


4.4-5.8 


8.4-9.6 
3.4-4.8 
4.0-5.8 
0.0-2.4 


11.4-13.0 
0.2-1.8 
1.2-2.8; 7.4-9.0 
1.2-2.4 
0.2-1.8 
3.2-4.4 
4.8-6.0 
0.0-1.6 
8.2-10.0 
6.8-8.0 
5.4-6.6 
6.8-8.6 
1.4-2.8 
1.0-3.0 
8.2-10.0 
6.6-8.0 
1.2-2.6 
4.0-5.6 
4.8-6.6 
1.4-3.2 
3.8-6.4 
4.4-6.2 


3.0-4.2 

1.2-2.8; 8.0-9.6 
9.4-10.6 
1.4-2.8 
12.0-14.0 
11.5-13.0 
7.4-8.6 


pH range 


0.0-1.0 
0.0-1.6 
0.0-1.8 
0.0-2.4 
0.2-1.8 
0.2-1.8 
0.2-1.8 
1.0-3.0 
1.2-2.4 
1.2-2.6 
1.2-2.8 
1.2-2.8 
1.4-2.8 
1.4-2.8 
1.4-3.2 
2.0-4.7 
2.2-3.6 
22-42 
2.6-4.8 
2.8-4.4 
3.0-4.0 


3.0-4.2 


3.0-4.6 
3.0-5.0 
3.2-4.4 
3.4-4.8 
3.5-4.8 


3.8-5.4 
3.8-6.4 
4.0-5.6 
4.0-5.8 
4.4-5.6 
4.4-5.8 


4.4-6.2 
4.6-6.0 
4.8-6.0 
4.8-6.6 
5.2-6.8 
5.2-6.8 
5.4-6.6 
5.6-7.2 
6.0-7.0 


6.0-7.6 
6.4-8.0 
6.6-7.8 
6.6-8.0 
6.8-8.0 
6.8-8.6 
7.0-8.8 
7.4-8.6 
7.4-9.0 
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Color 
change 


R-Y 
Y-B 
Y-B 
Y-B 
Y-B/G 
Y-B 
Y-R 
R-Y 
R-Y 
R-Y 
R-Y 
R-Y 
R-Y 
O-Y 
C-R 
C-Y 
O-R 
V-R 
R-Y 
R-Y 
P-R 


ACID-BASE INDICATORS (continued) 


Indicator 


Cresol Red 

Methyl Violet 

Crystal Violet 

Ethyl Violet 

Malachite Green 

Methyl Green 
2-(p-Dimethylaminophenylazo)pyridine 
Paramethyl Red 

Metanil Yellow 
4-Phenylazodiphenylamine 

Thymol Blue 

Metacresol Purple 

Orange IV 

4-o-Tolylazo-o-toluidine 

Quinaldine Red 

2,4-Dinitrophenol 

Erythrosin, disodium salt 
Benzopurpurine 4B 
N,N-Dimethyl-p-(m-tolylazo)aniline 
p-Dimethylaminoazobenzene 
4,4'-Bis(2-amino-1-naphthylazo)-2,2'- 
stilbenedisulfonic acid 
Tetrabromophenolphthalein ethyl ester, 
potassium salt 

Bromophenol Blue 

Congo Red 

Methyl Orange 

Ethyl Orange 
4-(4-Dimethylamino-1-naphylazo)-3- 
methoxybenzenesulfonic acid 
Bromocresol Green 

Resazurin 
4-Phenylazo-1-naphthylamine 

Ethyl Red 
2-(p-Dimethylaminophenylazo)pyridine 
4-(p-Ethoxyphenylazo)-m-phenylene- 
diamine monohydrochloride 
Resorcin Blue 

Alizarin Red S 

Methyl Red 

Propyl Red 

Bromocresol Purple 

Chlorophenol Red 

p-Nitrophenol 

Alizarin 
2-(2,4-Dinitrophenylazo)-1-naphthol- 
3,6-disulfonic acid, disodium salt 
Bromothymol Blue 
6,8-Dinitro-2,4-(1H)quinazolinedione 
Brilliant Yellow 

Phenol Red 

Neutral Red 

m-Nitrophenol 

Cresol Red 

Turmaric (Curcumin) 

Metacresol Purple 


pK 


1.3 


1.65 
1.51 


2.63 
3.96 


4.10 
3.46 
4.34 


4.90 


5.42 


Preparation 


0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
0.01-0.05% in water 

0.02% in water 

0.1 g in 50 mL 50% v/v methanol-water 

water 

0.1% in water 

0.196 in ethanol 

ethanol 

0.0196 in water 


0.01 g in 1 mL 1 M HCI + 50 mL ethanol + 49 mL water 


0.1 g in 21.5 mL 0.01 M NaOH + 228.5 mL water 
0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
0.0196 in water 

water 

196 in ethanol 

sat. solution in water 

0.196 in water 

0.196 in water 

0.1% in water 

0.1 g in 100 mL 9046 v/v ethanol-water 

0.1 g in 5.9 mL 0.05 M NaOH + 94.1 mL water 


0.196 in ethanol 


0.1 g in 14.9 mL 0.01 M NaOH + 235.1 mL water 
0.196 in water 

0.196 in water 

0.05-0.2% in water or aqueous ethanol 

0.196 in 6096 ethanol-water 


0.1 g in 14.3 mL 0.01 M NaOH + 235.7 mL water 
water 

0.196 in ethanol 

0.1 g in 100 mL 50% v/v methanol-water 

0.196 in ethanol 

0.196 in water 


0.296 in ethanol 

water 

0.02 g in 100 mL 60% v/v ethanol-water 

ethanol 

0.1 сш 18.5 mL 0.01 M NaOH + 231.5 mL water 
0.1 g in 23.6 mL 0.01 M NaOH - 226.4 mL water 
0.196 in water 

0.196 in methanol 

0.1% in water 


0.1 g in 16 mL 0.01 M NaOH - 234 mL water 

25 gin 115 mL 1 M NaOH + 50 mL water at 100°C 
1% in water 

0.1 g in 28.2 mL 0.01 M NaOH + 221.8 mL water 
0.01 g in 100 mL 50% v/v ethanol-water 

0.3% in water 

0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
ethanol 

0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 


pH range 
8.0-9.0 


8.0-9.6 
8.2-10.0 
8.2-10.0 
8.2-9.8 
8.4-9.6 
9.4-10.6 
10.1-12.0 
11.0-12.4 
11.4-12.6 


11.4-13.0 
11.5-13.0 
12.0-14.0 
12.2-13.2 
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Color 
change 


B-R 


Y-B 
O-B 
C-Pk 
C-R 
C-B 
C-B 
Y-R 
R-P 
Y-O 


B-Y 
C-O 
C-O 
Y-A 


ACID-BASE INDICATORS (continued) 


Indicator 


4,4'-Bis(4-amino-1-naphthylazo)-2,2'- 
stilbenedisulfonic acid 

Thymol Blue 

p-Naphtholbenzein 

Phenolphthalein 

o-Cresolphthalein 

Ethyl bis(2,4-dimethylphenyl)ethanoate 
Thymolphthalein 

Alizarin Yellow R 

Alizarin 

p-(2,4-Dihydroxyphenylazo) 
benzenesulfonic acid, sodium salt 
5,5'-Indigodisulfonic acid, disodium salt 
2,4,6-Trinitrotoluene 
1,3,5-Trinitrobenzene 

Clayton Yellow 


pk 


9.20 


9.5 


Preparation 


0.1 g in 5.9 mL 0.05 M NaOH + 94.1 mL water 


0.1 g in 21.5 mL 0.01 M NaOH + 228.5 mL water 
1% in dil. alkali 

0.5 g in 100 mL 50% v/v ethanol-water 

0.04% in ethanol 

sat. solution in 50% acetone-ethanol 

0.04 g in 100 mL 50% v/v ethanol-water 

0.01% in water 

0.1% in methanol 

0.1% in water 


water 

0.1-0.5% in ethanol 
0.1-0.5% in ethanol 
0.1% in water 


FLUORESCENT INDICATORS 
Jack DeMent 


Fluorescent indicators are substances which show definite changes in fluorescence with change in pH. Some 
fluorescent materials are not suitable for indicators since their change in fluorescence is too gradual. Fluores- 
cent indicators find greatest utility in the titration of opaque, highly turbid or deeply colored solutions. A 
long wavelength ultraviolet (“black light") lamp in a dimly lighted room provides the best environment for 
titrations involving fluorescent indicators, although bright daylight is sometimes sufficient to evoke a re- 
sponse in the bright green, yellow and orange fluorescent indicators. Titrations are carried out in non-fluores- 
cent glassware. One should check the glassware prior to use to make certain that it does not fluoresce due to 
the wavelengths of light involved in the titration. The meniscus of the liquid in the burette can be followed 
when a few particles of an insoluble fluorescent solid are dropped onto its surface. 


In this table the indicators are arranged by approximate pH range covered. In the case of some of the 
dyestuffs the end point may vary slightly with the source or manufacturer. 


pH 0 to 2 
Indicator C.I. From pH 'To pH 

Benzoflavine — 0.3, yellow fl. 1.7, green fl. 
3,6-Dioxyphthalimide - 0, blue fl. 2.4, green fl. 
Eosine YS 708 0, yellow colored 3.0, yellow fl. 
Erythrosine 772 0, yellow colored 3.6, yellow fl. 
Esculin -- 1.5, colorless 2, blue fi. 
4-Ethoxyacridone — 1.2, green fl. 3.2, blue fi. 
3,6-Tetramethyldiaminooxanthone — 1.2, green fl. 3.4, blue fl. 

pH 2 to 4 
Chromotropic acid — 3.5, colorless 4.5, blue fl. 
Fluorescein 766 4, colorless 4.5, green fl. 
Magdala Red — 3.0, purple colored 4.0, fl. 
a-Naphthylamine — 3.4, colorless 4.8, blue fl. 
B-Naphthylamine — 2.8, colorless 4.4, violet fl. 
Phloxine 774 3.4, colorless 5.0, bright yellow fl. 
Salicylie acid — 2.5, colorless 3.5, blue fl. 

pH 4 to 6 
Acridine 788 4.9, green fl. 5.1, violet colored 
Dichlorofluorescein — 4.0, colorless 5.0, green fl. 
3,6-Dioxyxanthone — 5.4, colorless 7.6, blue-violet fl. 
Erythrosine 712 4.0, colorless 4.5, yellow-green fl. 
8-Methyleseculetin — 4.0, colorless 6.2, blue fl. 
Neville-Winther acid - 6.0, colorless 6.5, blue fl. 
Resorufin -- 4.4, yellow fl. 6.4, weak orange fl. 
Quininic acid — 4.0, yellow colored 5.0, blue fl. 
Quinine [first end point] — 5.0, blue fi. 6.1, violet fl. 

pH 6 to 8 
Acid R Phosphine — (claimed for range рН 6.0-7.0) 
Brilliant Diazol Yellow — 6.5, colorless 7.5, violet fl. 
Cleves acid — 6.5, colorless 7.5, green fl. 
Coumaric acid — 7.2, colorless 9.0, green fl. 
3,6-Dioxyphthalic dinitrile — 5.8, blue fl. 8.2, green fl. 
Magnesium 8-hydroxyquinolinate -- 6.5, colorless 7.5, golden 8. 
B-Methylumbelliferone -- 7.0, colorless 7.5, blue fl. 
1-Naphthol-4-sulfonic acid — 6.0, colorless 6.5, blue fl. 
Orcinaurine — 6.5, colorless 8.0, green fl. 
Patent Phosphine 789 (for the range рН 6.0-7.0, green-yellow fl.) 
Thioflavine 816 (for the region pH 6.5-7.0, yellow fl.) 
Umbelliferone -- 6.5, colorless | 7.6, blue fl. 


FLUORESCENT INDICATORS (Continued) 


pH 8 to 10 
Indicator С.Т. From pH To pH 
Acridine Orange 788 8.4, orange colored 10.4, green fl. 
Ethoxyphenylnaphthostilbazonium chloride - 9, green fl. 11, non-fl. 
G Salt -- 9.0, dull blue fl. 9.5, bright blue fl. 
Naphthazol derivatives — 8.2, colorless 10.0, yellow or green fl. 
a-Naphthionie acid — 9, blue fl. 11, green fl. 
2-Naphthol-3,6-disulfonic acid -- 9.5, dark blue fl. Light blue fl. at higher 
pH 
B-Naphthol — 8.6, colorless Blue fl. at higher pH 
a-Naphtholsulfonic acid — 8.0, dark blue fl. 9.0, bright violet fl. 
1,4-Naphtholsulfonic acid — 8.2, dark blue fl. Light blue fl. at higher 
pH 
Orcinsulfonphthalein — 8.6, yellow colored 10.08. 
Quinine [second end point] — 9.5, violet fl. 10.0, colorless 
R-Salt -- 9.0, dull blue 8. 9.5, bright blue fl. 
Sodium 1-naphthol-2-sulfonate — 9.0, dark blue fl. 10.0, bright violet fl. 
pH 10 to 12 
Coumarin — 9.8, deep green fl. 12, light green fl. 
Eosine BN 771 10.5, colorless 14.0, yellow fl. 
Papaverine (permanganate oxidized) -- 9.5, yellow fl. 11.0, blue fl. 
Schaffers Salt -- 5.0, violet fl. 11.0, green-blue fl. 
SS-Acid (sodium salt) — 10.0, violet fl. 12.0, yellow colored 
pH 12 to 14 
Cotarnine — 12.0, yellow fl. 13.0, white fl. 
a-Naphthionic acid - 12, blue fl. 13, green fl. 


8-Naphthionic acid - 12, blue fl. 18, violet fl. 


CONVERSION FORMULAS FOR CONCENTRATION OF SOLUTIONS 


A - Weight per cent of solute С = Molality 
В = Molecular weight of solvent M = Molarity 
E - Molecular weight of solute М = Mole fraction 
F = Grams of solute per liter of solution В = Density of solution іп grams per milliliter 
Concentration of Concentration of solute—GIVEN 
solute—SOUGHT A N G M 
A 100N ХЁ 100G x E МХЕ F 
Е NXE+(1-NB 100 +СХЕ 10 108 
А 
м Е BxG BxM BxF 
А 10-4 B x G + 1000 M(B – E) + 10008 ЕВ — E) + 1000R X E 
E B 
G 10004 10007 1000М 1000Ғ 
Е(100 - А) В-МхВ ш 1000R — (M x E) E(1000R — F) 
M 10R X A 1000R x N 1000R x G F 
E NXE+(1-NB 100-ЕХО ~ E 


F 10АК 1000 X NXE 1000R x G x E MxE 
N x E + (1 — МВ 1000 + G x E U 
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ELECTROCHEMICAL SERIES 


Petr Vanysek 


There are three tables for this electrochemical series. Each table lists standard reduction potentials, E? values, at 298.15 K (25?C), and at a pressure 
of 101.325 kPa (1 atm). Table 1 is an alphabetical listing of the elements, according to the symbol of the elements. Thus, data for silver (Ag) precedes 
those for aluminum (А1). Table 2 lists only those reduction reactions which have Е? values positive in respect to the standard hydrogen electrode. In 
Table 2, the reactions are listed in the order of increasing positive potential, and they range from 0.0000 V to + 3.4 V. Table 3 lists only those reduction 
potentials which have E? negative with respectto the standard hydrogen electrode. In Table 3, the reactions are listed in the order of decreasing potential 
and range from 0.0000 V to —4.10 V. The reliability of the potentials is not the same for all the data. Typically, the values with fewer significant figures 
have lower reliability. The values of reduction potentials, in particular those of less common reactions, are not definite; they are subject to occasional 
revisions. 


Abbreviations: ac = acetate; bipy = 2,2’-dipyridine, or bipyridine; en = ethylenediamine; phen = 1,10-phenanthroline. 
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TABLE 1 
Alphabetical Listing 


Reaction E?IN Reaction E?IN 
Actt+3e == Ас -2.20 АКОН) + Зе == Al+40H- -2.328 
Ас? же == Ag 0.7996 Н›АЮз + HO + Зе == А1Т+40Н- -2.33 
Ag +e == Аг 1.980 АЕ + Зе == А1+6 –2.069 
Ag(ac)+e == Аг + (ас) 0.643 Аш +e = Ат» 2.60 
AgBr+e == Ag+Br 0.07133 | Ашё-26 = Am -19 
AgBrO;+e == Ag-BrO4 0.546 Am3++3e == Am -2.048 
Ав С,0, 426 = 2 Ав + C04 0.4647 | Ашё ес — Аш? -23 
АС +е == Ав-СГ 0.22233 | Аз+3Н++3е = AsH; -0.608 
AgCN+e == Ав+ СК -0.017 As;0 + 6 Н+ + 6e == 2А5%3Ң,0 0.234 
Ag,CO;+2e == 2 Аг + СОУ- 0.47 HAsO, +3 Н+ + Зе == Аѕ+2 ЊО 0.248 
Ag;CrO, +2 е == 2 Ag + CrO, 0.4470 AsO; + 2 Њ0 + Зе == Аѕ +4 ОН- –0.68 
AgF+e = Ag+F- 0.779 ЊАЗО, 42Н"-26--. HAsO, +2 ЊО 0.560 
Ag,[Fe(CN)g] + 4e == 4 Ag+ [Ее(СК) = 0.1478 AsO, + 2 Њ0 + 2е == AsO, +4 ОН- -0.71 
АзТ+е == Ар+Г -0.15224 | At, -2e == 2АГ 0.3 
AglO;+e == Аб +10; 0.354 Aut+e == Au 1.692 
Ав2МоО,-2е == 2 Аг + МоО„” 0.4573 Auit+2e == Aut 1.401 
AgNO, +e == Ag +2 NO, 0.564 Aut+3e == Au 1.498 
А О + ЊО +2е == 2Ag*20H- 0.342 Ау? + +е-— Aut 1.8 
Ag ,03;+H,0+2e == 2 А20 + 2 ОН 0.739 AuOH?* + Н+ -2e == Aut+H,O 1.32 
Ag*-2e == Ав! 1.9 AuBry +e == Au+2Br 0.959 
Ag +e == Арг» 1.8 AuBrr +3e == Au+4Br 0.854 
Ag;0,* 4H*«e = 2Ag+2H,0 1.802 AuCl--3e == Аи+4 СЕ 1.002 
2 А20 + ЊО +2е == Аз›О + 2 ОН- 0.607 Au(OH) +3 Н+ + Зе == Au+3 H,O 1.45 
AgOCN +e == Аг + ОСЫ- 0.41 Н,ВОз + 5 ЊО +8е = BH, + 8 ОН- -124 
Ав28-26 == 2 Ав + 52- -0.691 ЊВО + ЊО + Зе = B«40H- -1.79 
Ав5%2Н%%2е == 2Ag+H)S -0.0366 Н,ВО,43Н"-3е-»8-3Н,О -0.8698 
AgSCN +e == Ag+SCN- 0.08951 | B(OH) +7H*+8e == BH, +3H,0 -0.481 
А8:860,-26 == 2 Ав + 5е0,2- 0.3629 Ва2+ +2e = Ba -2.912 
Ag;,SO,-2e = 2Ав-5О2- 0.654 Ва» +2е = Ba(Hg) -1.570 
АФ УО, +2е == 2 Ар + WO, 0.4660 Ва(ОН), + 2е == Ва-2ОН- -2.99 
AP*-3e == Al -1.662 Ве 42e == Ве -1.847 
АКОН); +3e == Al+3 OH- -2.31 Ве,032- +3 НО + 4е == 2 Ве+ 6 ОН- -2.63 
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ELECTROCHEMICAL SERIES (continued) 


Reaction 
p-benzoquinone + 2 Ht + 2 e == hydroquinone 
Bitte == Bi 


Bi++3e = Bi 

Bi +2e = Bit 

Bi+3Ht+3e == ВІН; 

ВС 43e == В1+4 СГ 
Bi,O;+3H,0+6e == 2 Ві + 6 ОН- 
ВО; +4 Н+ +2 е == 2BiO* + 2 H,O 
BiO* +2 Н+ + Зе = Ві + ЊО 
ВІОСІ + 2 Н+ + Зе == Ві + СГ + HO 
Bk^ +e = ВК» 

ВК+ +2 е = ВК 

Bk% +e = ВК» 

Вгхад) +2е == 2 Вг 

Вг,(1) +2е == 2Br- 
НВгО + Н*+2е == Br + HO 

НВгО + Н+ +e == 1/2 Вг,(ад) «НО 
НВгО + Н+ +е == 1/2 Br; (1) + H,O 
BrO- + ЊО +2е == Вг + 2 ОН- 
ВТО; +6 Н+ + 5 е == 1/2 Вг, + 3 H,O 
BrO; +6 Н+ + бе == Br + 3 Н.О 
ВгО; +3 HO + бе == Br +6 ОН- 
(CN), +2 Н+ + 2е == 2 НСМ 

2 НСМО +2 Н+ + 2е == (CN) +2 ЊО 
(CNS) +2e == 2 С№- 
СО, +2 Н+ +2е == НСООН 

Cat+e == Са 

Са» +2 е = Са 

Са(ОН), +2е == Са-2ОН- 
Calomel electrode, 1 molal КС! 
Calomel electrode, 1 molar КО (NCE) 
Calomel electrode, 0.1 molar КС 
Calomel electrode, saturated KCl (SCE) 
Calomel electrode, saturated NaCl (SSCE) 
Са» 42e = Са 

Са++2е = Cd(Hg) 

СОН), + 2е == Cd(Hg) + 2 OH- 
С450,%2е = Са + SO4- 
Са(он) 2- + 2е == Саі + 4 ОН- 
Сао + ЊО + 2е == Сі+ 2 ОН- 
Ce% +3 е = Се 

Се++3е = Ce(Hg) 

Се» +e == Се» 

CeOH?* + Н+ - e = Се++ HO 

Cft +e = Cf 

СВ++е = Cf? 

СВ++3е = Cf 

СР++2е = Cf 

CL(g)+2e == 2СГ 

НОО +Н++е == 1/2Cl,+H,O 
HCIO + Н+ -x 2e == СІ-Н,О 
CIO- + ЊО +2е == СІ- + 2 ОН- 
CIO; + Н+ x e == НСО, 

НОО) +2 Н+ + 2е == НОО + H,O 
НСО, +3 Н*+3е == 1⁄2 Cl, +2 H,O 
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TABLE 1 
Alphabetical Listing (continued) 


ЕУ 


0.6992 
0.5 
0.308 
0.2 
-0.8 
0.16 
-0.46 
1.593 
0.320 
0.1583 
1.67 
-1.6 
-2.8 
1.0873 
1.066 
1.331 
1.574 
1.596 
0.761 
1.482 
1.423 
0.61 
0.373 
0.330 
0.77 
—0.199 
-3.80 
-2.868 
-3.02 
0.2800 
0.2801 
0.3337 
0.2412 
0.2360 
—0.4030 
-0.3521 
-0.809 
-0.246 
-0.658 
-0.783 
-2.336 
-1.4373 
1.72 
1.715 
33 
-1.6 
-1.94 
-2.12 
1.35827 
1.611 
1.482 
0.81 
1277 
1.645 
1.628 


Reaction 


НСО, +3 Н*+4е == CE -2H;0 
CIO; + ЊО +2е == CIO- + 2 ОН- 
CIO; +2 Н›О+4е == СІ- + 4 ОН- 
СІО (ад) +e = CIO; 

СО; +2 Н+ +е = CIO, + H,O 
СО; +3 Н+ + 2е == НОО, + H,O 
СОЗ +6 Н+ + 5 е == 1/2 СІ, +3 H,O 
CIO; +6 Н+ + бе == CE +3 H,O 
CIO," + HO + 2е == CIO; + 2 ОН- 
CIO, +3 Н,О + бе == С + 6 ОН- 
СО +2 Н+ + 2е — ClOy H,O 
ClO, +8 Н+ +7 е == 1/2 Cl, +4 H,O 
СО +8 Н++8е == Cl+4H,0 
СО; + HO + 2е == CIO; +2 ОН- 


Ст + е = Ста 

Cm% +3 е = Cm 

Co? +2 е == Co 

Co? +e = Со» 

[Co(NH4)gP* + е == | [Co(NH3)gP* 


Со(ОН), +2е — Со+2 ОН- 
Co(OH)3 +e == Со(ОН), + OH- 
Сг++2е = Cr 

СЗ++е = Ст» 

Ст++3е = Cr 

Сг,О05-414Н" + бе == 2 С7++7 ЊО 
СО; +2 ЊО +3е = Сг+40Н- 
НСгО +7 Н. + Зе == С + 4 H,O 
CrO, +4 Н+ +е == Ст + 2Н,О 

Cr(V) +e == СГУ) 

С10,2-+4Н,0 + Зе — Cr(OH); + 5 ОН- 
Cr(OH); + 3 е == Сг+ 3 ОН- 


Cst+e == Cs 
Сите == Cu 
Cu? +e = Cut 


Си» +2е == Си 

Си» +2е = Cu(Hg) 

Cu +e == Си» 

Си,О, +6 Н+ 2e == 2Cu2*+3H,0 
Си» +2 СМ +е = [Cu(CN);]- 
Си +e == Си+2Г 
CujO + ЊО 42e — 2 Си +2 ОН- 
Cu(OH), +2e == Cu+2 ОН 
2CuOH) +2е — CuO +2 ОН- + HjO 
2р++2е = D, 

ру»+2е = Dy 

Руз++3е = Dy 

Dy% +e = у? 

Er*-2e — Er 

Ег+ +3е = Er 

Ert +e == Ег+ 

Esit+e == Es% 

Es*++3e = Es 

Es2*+2e = Es 

Eu? 42e = Би 

Eu? + Зе = Би 


ЕУ 


1.570 
0.66 
0.76 
0.954 
1.152 
1.214 
1.47 
1.451 
0.33 
0.62 
1.189 
1.39 
1.389 
0.36 
3.0 
-2.04 
-0.28 
1.92 
0.108 
-0.73 
0.17 
-0.913 
-0.407 
-0.744 
1.232 
-12 
1.350 
1.48 
1.34 
-0.13 
-1.48 
-3.026 
0.521 
0.153 
0.3419 
0.345 
2.4 
2.0 
1,103 
0.00 
-0.360 
-0.222 
-0.080 
-0.013 
-22 
-2.295 
-2.6 
-2.0 
-2.331 
-3.0 
-13 
-1.91 
-2.23 
-2.812 
-1.991 


ELECTROCHEMICAL SERIES (continued) 


Reaction 


Eu3++e = Еп» 
F,-:2H*4*2e == 2 НЕ 

F +2e == 2F 
EO-2H*-4e == H,0+2F 


Fe? 42e == Fe 
Fe*43e == Fe 
Feit+e == Fe% 


2 HFeO, + 8 Н+ + бе == Fe,03;+5H,O 
HFeO, +4 Н+ + Зе = FeOOH + 2 НО 
НЕеО +7 Н+ +3 e == Fe% +4 НО 
Ее,О,-4Н" «2e == 2FeOH* + H,O 
[Fe(CN)gP- +е = [Fe(CNg]- 

Ее О. +8 Н+ + 3е == Fe% +4H,O 
[Ее(Ыру)>]+ +e ==  Fe(bipy);?* 
[Ее(Ыру)з]3+ +e == Fe(bipy)3]** 
Fe(OH) +e == Fe(OH), + OH- 
[Fe(phen),P* +e == [Fe(phen)?* 
[Fe(phen),P* +e == [Fe(phen),P* (1 molar H,SO,) 


[Ferricinium]* +e == ferrocene 
Fm3++e == Fm? 

Fm3++3e = Fm 

Ет2+ 42e == Fm 

Fri+e == Fr 

Gait+3e = Ga 

Gat+e == Ga 


СаОН?+ + Н+ - 3e = Ga+H,O 
H,GaO-; + ЊО + Зе == Сба+ 4 ОН- 
ад + 3е = Gd 

Ge? 42e = Ge 

бе» +4е == Ge 

Ge+++2e = бе» 
GeO, +2 Ht +2е == бео + ЊО 
Н,СеО; +4 Ht +4е == ОСе-3Н,О 
2Н"-26--Н, 

H,+2e == 2H 

НО, + Н++е == H,O, 

2 ЊО+2е == Н,-2ОН 
Н,О,-2Н"-26 = 2 Њ0 

НӨ +4е == Hf 
НО» +2 Н*+4е == НЕ ЊО 
НО, +4Н*+4е == Hf + 2 ЊО 
HfO(OH), + ЊО + 4е == НЁ+4ОН- 
Но» +2е — Hg 

2Hg*-2e = Но» 

На,» +2е = 2 Не 

Неожас) + 2 е == 2 Hg + 2(ac) 
НоВг +2е == 2Hg+2Br 
Hg,Cl+2e == 2 Hg +2 СЕ 

Hg НРО, +2 e = 2 Hg + HPO, 
Hg: +2е == 2Но-2Г 

HgO +Н›О+2е == 2 На+2 ОН 
HgO + H,O + 2е == Hg«20H- 
Hg(OH) +2 Н+ + 2е == На+2 НО 
Не,504 + 2е == 2 Hg + SO, 
Но» +2 е = Но 
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TABLE 1 
Alphabetical Listing (continued) 


ЕУ 


-0.36 
3.053 
2.866 
2.153 

-0.447 

-0.037 
0.771 
2.09 
2.08 
2.07 
0.16 
0.358 
2.20 
0.78 
1.03 

-0.56 
1.147 
1.06 
0.400 

-11 

-1.89 

-2.30 

-2.9 

-0.549 

-0.2 

-0.498 

-1.219 

-2.279 
0.24 
0.124 
0.00 

-0.118 

-0.182 
0.00000 

-2.23 
1,495 

-0.8277 
1.776 

-1.55 

-1.724 

-1.505 

-2.50 
0.851 
0.920 
0.7973 
0.51163 
0.13923 
0.26808 
0.6359 

-0.0405 
0.123 
0.0977 
1.034 
0.6125 

-2.1 


Reaction 


Ho% +3е == Ho 

Ho% +e = Ho? 

L+2e == 2Г 

ћ + 2е = ЗГ 

НЛО + 2 е == 1053 + 3 ОН- 
НО + Н*+2е == 107 + 3 ЊО 
2 НО +2 Н+ + 2е == 1+2 ЊО 
НО + Н+ 2e == Г + HO 
10-+H,0+2e == Г+2 ОН 
210, + 12 Н+ + 10е == 1+6 Н,0 
IO; +6Н++бе == Г+3 Н,О 
10; +2 НО + 4е == IO + 4 ОН- 
ТО +3 ЊО + бе == І0- + 6 ОН- 


Int-e == In 
2+ +e — Int 
Int +e == In? 
In* -2e = Int 
I*-3e = In 


Ш(ОН); + Зе == In+3 ОН 
ШОН) + Зе == In+4OH- 
InjO4 + 3 ЊО + бе == 2 + 6 ОН- 
I?*-3e == Ir 

ШС]? +e =  [IrClgP- 

[IIClgP- +3е = Ir+6CI- 
10, -3 H0 + бе == 21r- 6OH- 
К++е == К 

Таз» +3 е == La 

Га(ОН) “Зе == Га +3 ОН 
Lit+e = Li 

L?*-3e == Lr 

Lu3++3e = Lu 

Md +e = Ма» 

Ма + Зе — Md 

Ма» +2е = Md 

Mgt +e == Mg 

Мо» +2е — Mg 

Mg(OH), +2е == Мг+20Н 

Mn? +2е = Mn 

Ми + Зе == Mn” 
MnO, +4 Н++2е == Ма» + 2 ЊО 
MnO, +e = MnOj4- 

MnO, -4H*«*3e == MnO, + 2 H,O 
MnO, -8H*-5e == Мп2+ +4 H,O 
MnO, +2 ЊО + Зе == MnO,-40H- 
MnO4- +2 H,O + 2е == MnO, «4 ОН- 
Mn(OH), +2е == Мп-2ОН- 
Mn(OH), +e == Mn(OH), + OH- 
МО +6 Hx e = 2Mn**+3H,0 
Мо» + Зе = Мо 

MoO, -4H* + 4е == Мо-4Н,О 
H4Mo;O447 + 45 Н+ + 42e == 7 Мо + 24 HO 
MoO, +6 Ht+6e == Мо-3Н,О 
М,-2Н,О-Ф6Н"-бе-- 2МН,ОН 
3N,+2Ht+2e == 2НМ, 

N+ +3Ht+2e = 2NH, 


ES/V 


—2.33 
—2.8 
0.5355 
0.536 
0.7 
1.601 
1.439 
0.987 
0.485 
1.195 
1.085 
0.15 
0.26 
—0.14 
—0.40 
—0.49 
—0.443 
—0.3382 
—0.99 
—1.007 
—1.034 
1.156 
0.8665 
0.77 
0.098 
-2.931 
-2.319 
-2.90 
-3.0401 
-1.96 
-2.28 
—0.1 
-1.65 
-2.40 
-2.70 
-2.372 
-2.690 
-1.185 
1,5415 
1.224 
0.558 
1.679 
1.507 
0.595 
0.60 
-1.56 
0.15 
1.485 
-0.200 
-0.152 
0.082 
0.075 
0.092 
-3.09 
1.275 


ELECTROCHEMICAL SERIES (continued) 


Reaction 


N,0+2H*++2e == №+Н›О 
Н›№0О, +2 Н*+2е == N,+2H,O 
МО, +2 е == 2 МО” 
МО, +2 Н++2е == 2 МНО, 

МО, +4Н*+4е == 2 МО + 2 ЊО 
2 МОН“ + Н+ +2 е == №НЯ+2Н›О 
2 МО +2Н-+2е == N.O + H,O 

2 МО + ЊО + 2е = МО-2ОН- 
HNO, + Н+ +е == МО + ЊО 

2 HNO, +4 Н*+4е == Н,М,0,-2Н:0 
2 HNO, +4H*+4e == М0%3Ң,0 
МО; + НО +е = NO-«20H- 

2 МО; +2 ЊО +4е = МО, + 4 ОН- 
2 МО; +3 ЊО + 4е == №0 + 6 ОН- 
МО; +3 Н+ + 2е == HNO, + ЊО 
МО; +4Н++ Зе == МО + 2 ЊО 
2NO3;-+4Ht+2e == МО, +2 H,O 
МО + ЊО + 2е == NO, + 2 ОН- 

2 МО; +2 ЊО +2е == №0; +4 ОН- 
Nat+e == Ма 

№3++3е == № 

NbO, +2 Ht +2e == NbO+H,0 
NbO, +4 Н*+4е == Nb+2 H,O 
МО + 2 Н+ +2е == Nb+H,0 
Nb,O; + 10 Н+ + 10е == 2№+5Н›О 
Ма +3 е = Nd 

Nd? +2е == Nd 

Nd +e = Ма» 

№++2е — Мі 

Ni(OH); +2е == № + 2 ОН- 

МО, +4Н++2е = Ni + 2 ЊО 
NiO, +2 ЊО + 2е == Ni(OH), + 2 OH- 
No% +e = No? 

Мо +3 е = № 

No? +2 е — Мо 

Np* +3 е == Np 

Np +e = Мр» 

Кро, + ЊО + Н+ +е == Мр(ОН), 

О, +2Н' +2е = H,O, 

О, +4Н*++4е = 2 ЊО 

О; +"ЊО +2е == НО; + OH- 

О; +2 ЊО +2е == H,O, + 2 ОН- 
О; +2 ЊО +4е == 40H- 

О, +2Н'+2е == О, +" HO 

Оз + НО +2е == О,-2ОН 
O(g +2 Ht +2е == H,O 

ОН +e == ОН 

HO; + ЊО + 2е == 3 ОН- 
О50, +8 Н+ + 8 е == 05 +4 HO 
О50, +4 Н*+4е == 050, + 2 ЊО 
[Os(bipy);P* + e == [Os(bipy);* 
[Os(bipy),P* +e == [Os(bipy),* 
P(red) + 3 Н+ + Зе == PH;(g) 
P(white) + 3 Н+ +3 е == PH;,(g) 
Р+ЕЗЊО+3е == РН, (в) +3 OH 
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TABLE 1 


ЕҰУ 


1.766 
2.65 
0.867 
1.065 
1.035 
1.42 
1.591 
0.76 
0.983 
0.86 
1.297 
-0.46 
-0.18 
0.15 
0.934 
0.957 
0.803 
0.01 
-0.85 
—2.71 
—1.099 
—0.646 
—0.690 
-0.733 
-0.644 
-2.323 
-2.1 
-2.7 
-0.257 
-0.72 
1.678 
-0.490 
1.4 
-1.20 
-2.50 
-1.856 
0.147 
-0.962 
0.695 
1.229 
-0.076 
-0.146 
0.401 
2.076 
124 
2.421 
2.02 
0.878 
0.838 
1.02 
0.81 
0.80 
—0.111 
—0.063 
-0.87 


Alphabetical Listing (continued) 


Reaction 


ЊРу +e == Р+2 ОН- 
HPO, + Н+ +е == Р+2 ЊО 
HPO; +2 Н*+2е == НаРО,-Н:О 
HPO; +3 Н*+3е == Р+3 Н,0 
HPO; +2 ЊО + 2е == Н,РО + 3 ОН- 
HPO; + 2 ЊО + Зе == Р+ 5 ОН- 
ЊРО, +2 Ht +2 е == НРО, + ЊО 
PO,- +2 ЊО +2 е = НРО;2- + 3 ОН- 
Раз» + Зе = Ра 

Ра» + Де == Ра 

Ра» +е == Ра” 

РЬ”-26-- Pb 

Pb? 42e == Pb(Hg) 

РЬВг + 2е == Pb+2Br 

РЫСЬ +2е == РЬ+2 Cr 

РЫБЕ, +2е == Pb+2F 
РЬНРО, + 2е == РЬ + HPO, 

РЫ, +2е == РЬ+2 Г 

PbO + ЊО + 2е == РЬ +2 ОН 
PbO, +4 Н+ + 2 е == Pb? + 2 H,O 
НРЬО + ЊО + 2е == РЬ +3 ОН- 
PbO, + ЊО + 2е == PbO + 2 ОН- 


PbO, + SOZ- + 4 Ht + 2 е == РЬЅО, + 2 H,O 


РЬ50, + 2е == РЬ + 50,2 
PbSO,+2e = РЫН2) + $0,2- 
Ра?++2е == Ра 

[PdCl] +2 e == Р4-4СГ 
[PdCl]- + ге = [РАС]? +2 СЕ 
Ра(ОН), +2е = Pd +2 ОН- 


Pm% +2е = Pm 
Pm3++3e == Pm 
Pm3++e == Pm? 
Ро +2 е = Po 
Pot +4е == Ро 
Prt +e == Pr 
Pr++2e = Pr 
P?*-3e == Pr 
Prt +e == Pr? 
РЕ++2е = Pt 


[РС] -2e == Ри-4СГ 

[PCI] - + 2e == [РЕСІ] + 2 СГ 
РКОН)5 +2е == Pt-20H- 
РО; +2 Ht +2 e == РО,-Н,О 
РЮО: - 4H* +2 e == Pt(OH),? + H,O 
РОН” + H* - 2e == Pt - H,O 
РО, +2 Ht +2 e == РО + ЊО 
РО, +4 Ht +4e == Pt + 2 H,O 


Puit+3e == Ри 
Put +e == Ри" 
Put +e == Ри” 


РИОХОН), +2 H++2 e = Pu(OH), 
РиО,(ОН), + Н+ +e — PuO,OH + HO 
Ка» 42e = Ra 

Rb*-e = Rb 

Re*43e — Re 


E?IN 


-1.82 
-0.508 
-0.499 
-0.454 
-1.65 
-171 
-0.276 
-1.05 
-1.34 
-1.49 
-19 
-0.1262 
-0.1205 
-0.284 
-0.2675 
-0.3444 
-0.465 
-0.365 
-0.580 
1,455 
-0.537 
0.247 
1,6913 
-0.3588 
-0.3505 
0.951 
0.591 
1.288 
0.07 
-22 
-2.30 
-2.6 
0.9 
0.76 
3.2 
-2.0 
-2.353 
-3.1 
1.18 
0.755 
0.68 
0.14 
1.7 
1.5 
1.2 
1.01 
1.00 
-2.031 
1.006 
1.099 
1.325 
1.062 
-2.8 
-2.98 
0.300 


ELECTROCHEMICAL SERIES (continued) 


Reaction 


ReO, +4Ht+3e == ВеО, + 2 Н,0 
ВеО, +4 Н+ 4е == Ке-2Н,О 
ВеО +2 Н+ +е == ВеО; + ЊО 
ReO, +4Н›О+7е == Ке + 8 ОН- 
ВеО +8 Н+ + 7е == Ве+4 НО 
Rh++e == Еһ 

Rh*-2e— Rh 

Rh* 43e = Rh 

[ЕС] ]- + Зе = Ёа-6СГ 
КЋОН + Н+ - 3e = Еһ + HO 
Ru? 42e = Ru 

Ruit+e = Еп» 

ВиО, +4Н+ +2е == Ки» + 2 ЊО 
ВиО +e == ЁнО- 

RuO, +e == ВиО 
ВиО, +6 Н++4е = ВОН) + 2 HO 
КиО, + 8 Н+8е == Ru+4H,O 


[Ru(bipy)3)** +е = [Ru(bipy),]?* 
[Ru(H;O)gP* + е ==  [Ви(Н›О) + 
ГЁШОЧН,) + е-— (ВийЧН-) р” 
[Ru(en4P* + е ===  [Ru(en)3]?* 
[Ru(CN)gP- +e-—= (Ки(СМ) 4 
$+2е = S> 


5 +2Н++2е == Н,5(а4) 

$+Н›О+2е == SH + OH- 

2$+2е = S> 

S206- +4 Н++2е == 2Н,6О, 
5:0%-%2е = 250,- 

S,0,7 +2 Ht +2e = 2Н5Ор 

S406 +2e == 28,047 
2Н,5О,-Н"-26 == Н5,Ог-2Н:0 
HSO; +4Н*+4е == $+3Н›О 
250, +2 ЊО +2е == SO + 4 ОН- 
2505 + ЗЊО + 4е == SO + 6 ОН- 
50/--4Н%-2е = H,SO; + H,O 

2 S04- + 4Н++2е == SO + ЊО 
SO,- + ЊО +2е == SO; + 2 ОН- 

Sb +3 Н++3е == ЬН; 
55,0, +6 Н+ + бе == 256+3Н›О 
55,О, (senarmontite) + 4 Н+ + 4e == 56,0; + 2 H5O 
56,0; (valentinite) + 4 Н+ + 4e == 56,0; + 2 ЊО 
56,05 +6 Н+ + 4е == 2550" + 3 H,O 
500+ +2 Н+ +3 е == 56 +2 Н,О 
8605-+2 ЊО + Зе == 8Ь + 4 ОН- 
SbO; + ЊО +2 е == 550, + 2 ОН- 
Sc*-3e == Sc 

56-26 == Se^ 

Se-2H*-2e == H,Se(aq) 
Њзео, - 4H* «4e == Se+3 H,O 
5е+2 Н+ +2е == Н,5е 

Se047 +3 Н›О+4е == Se+6OH- 
SeO4- +4 Н+ + 2е == H,SeO, + H,O 
56О2-4Н,0-26 == 5е0;--2ОН- 
SI +4е == 51+6 Е- 
$10+2Н++2е == 51+ HO 
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TABLE 1 
Alphabetical Listing (continued) 


ЕУ 


0.510 
0.2513 
0.768 
-0.584 
0.368 
0.600 
0.600 
0.758 
0.431 
0.83 
0.455 
0.2487 
1.120 
0.59 
1.00 
1.40 
1.038 
1.24 
0.23 
0.10 
0.210 
0.86 
-0.47627 
0.142 
-0.478 
-0.42836 
0.564 
2.010 
2.123 
0.08 
—0.056 
0.449 
-1.12 
-0.571 
0.172 
-0.22 
-0.93 
-0.510 
0.152 
0.671 
0.649 
0.581 
0.212 
-0.66 
-0.59 
-2.077 
-0.924 
-0.399 
0.74 
-0.082 
-0.366 
1,151 
0.05 
-1.24 
-0.8 


Reaction 


SiO, (quartz) + 4H* - 4e == Si+2 H,O 
SiO4- +3 Н›О+4е == 51+ 6OH- 


Sm3++e = Sm? 

Smit+3e = Sm 

Sm% +2е = Sm 

$12++2е == Sn 

$п##+2е == Ѕп2+ 

5(ОН) + 3 Н+ + 2е — 512+ + 3 Н,О 
SnO;-4H*-2e— 8п2+ + 2 Н,О 


SnO, +4 Н+ + 4е == Ѕп +2 ЊО 
SnO, +3 Н+ +2 е == SnOH* + H,O 
5п05 +2 ЊО + 4е == Ѕп + 4 ОН- 
HSnO; + ЊО + 2е == Ѕр + 3 ОН 
Ѕп(ОН) 2 +2 е = НЅпО +3 ОН- + H,O 
бізге == Sr 

$12++2е == Sr 

$12++2е == Sr(Hg) 

Sr(OH) -2e == 8г+ 2 ОН- 
Та,О5 + 10 Н+ + 10е == 2 Та+ 5 НО 
Та» + Зе == Та 

Тс?++2е == Tc 
ТеОр +4 Н*+3е == Тео, +2 НО 
Tot +e == Tc? 
ТсО +8 Н+ +7 е == Tc+4H,0 
Tb^ +e == Tb? 

Тр + Зе == Tb 

Те+2е = Te? 

Te-2H*-2e == Н,е 

Te^*-4e — Те 

ТеО,-4Н 446 == Те+2 ЊО 
TeO47 +3 Н›О+4е = Те + 6 ОН- 
ТеО +8H*+7e == Те-4Н,О 
Нетеоб +2 Н++2е == Тео; + 4 Н,О 
Th + 4 е == Th 

ТБО, +> АН" + 4е == Th+2H,0 
ТА(ОН), + 4 е == Тһ + 4 ОН- 

те +2е = Ti 

Tit +e == Ti? 

ТО,-4Н +2е == Т2+ + 2 Н,О 
ТВ++3е = Ті 

TiOH?* + H*c e == Ti^ + Н,О 

T +e == TI 

Tl'-e = TI(Hg) 

TP*-2e = ТІР 

TP*-3e == TI 

ТІВг+е == TI 4 Br- 

ТІСІ +е == ТІ-СІ- 

ТП +e = П+Г 
TLO; +3 H,O + 4е == 2 ТІ + 6 ОН- 
ПОН +e == TI + OH- 
Т(ОН);-2е == TIOH + 2 OH- 
ТІ,50,%2е = Т + SO, 


Ти +e == Tm?* 
Таг + Зе == Tm 
Tm? +2е == Tm 


ES/V 


0.857 
-1.697 
-1.55 
-2.304 
-2.68 
-0.1375 

0.151 

0.142 
-0.094 
-0.117 
-0.194 
-0.945 
-0.909 
-0.93 
-4.10 
-2.899 
-1.793 
-2.88 
-0.750 
-0.6 

0.400 

0.782 

0.3 

0.472 

3.1 
-2.28 
-1.143 
-0.793 

0.568 

0.593 
-0.57 

0.472 

1.02 
-1.899 
-1.789 
-2.48 
-1.630 
-0.9 
-0.502 
-1.37 
-0.055 
-0.336 
-0.3338 

1,252 

0.741 
-0.658 
-0.5568 
-0.752 

0.02 
-0.34 
-0.05 
-0.4360 
-22 
-2.319 
-2.4 


Reaction 


U+4+3e = U 

U^ +e = U* 

UO;-4H*-e = U^ +2 Н,О 
UO,” +e = 005, 
UO,” + 498 +2е == 04+ +2 НО 
00,» +АН++бе = U+2H,0 
У2*+2е — У 

Vette = V 

VO? +2 Н+ +е == V% + H0 
VO;t-2H*«e = VO? + HO 
V0; +6 Н++2е = 2 УО» + 3 H.O 
V20; + 10 Н+ + 10е == 2 У + 5 ЊО 
МОН) +2 Н +e — УО» +3 ЊО 
У(ОН) +4 Н+ + 5е = У +4ЊО 
[V(phen)]?* + е == [V(phen)3]** 
УЗ + Зе = W 

W,0; +2 Н*+2е == 2 МО, + H,O 
УО,-4Н" 446 == W+2H,0 
МО; +6 Н++6е == W+3H,0 
МО; +2 Н++2е == WO, + H,O 


ELECTROCHEMICAL SERIES (continued) 


TABLE 1 
Alphabetical Listing (continued) 


EV Reaction 
-1.798 2 WO +2 Н+*+2е == W,0; + H,O 
—0.607 HyXeO, +2 Ht+2e == ХеО. + 3 H,O 
0.612 ХеО. +6 Н++6е == Хе-3Н:О 
0.062 XeF +e == Хе+Е 
0.327 У3++3е = Y 
-1.444 Yb? +e = Yb% 
-1.175 Yb + Зе == Yb 
-0.255 Yb?* 42e = Yb 
0.337 Zn?* +2е == Zn 
0.991 Zn-2e = Zn(Hg) 
0.957 ?л0О/-%2Н,О-2е == 7п+4ОН- 
-0.242 7150, : 7 Н2О+2е = Zn(Hg) + SO + 7 НО 
1.00 (Saturated ZnSO.) 
-0.254 ZnOH* + Н+ +2е == Хп + ЊО 
0.14 Zn(OH); +2e == 2п +4 ОН- 
0.1 Zn(OH) +2e == Хп+2 ОН- 
-0.031 ZnO + ЊО +2е == Zn+2 ОН- 
-0.119 ZrO, +4 Ht +4e == 71 +2 ЊО 
-0.090 ZrO(OH); + ЊО + 4e == Zr-4O0H- 
0.036 Zrt +4е — Zr 
TABLE 2 


ES/V 


—0.029 
2.42 
2.10 
3.4 

—2.372 

-1.05 

-2.19 

-2.76 

-0.7618 

-0.7628 

-1.215 

-0.7993 


-0.497 
-1.199 
-1.249 
-1.260 
-1.553 
-2.36 

-1.45 


Reduction Reactions Having E? Values More Positive than that of the Standard Hydrogen Electrode 


Reaction ЕУ Reaction 
2H++2e == H, 0.00000 Зп(ОН)з+ +3 Н+ + 2 е = Sn? + 3 H,O 
Cul +e = Си+2Е 0.00 Мр +e == Мр» 
Се +2е == бе» 0.00 Ag,[Fe(CN)g] + 4e == 4 Ав + [Fe(CN)g]^- 
NO; + ЊО + 2е == NO, + 2 ОН- 0.01 10; +2 НО + 4е == IO--4OH- 
TLO; +3 H,O + 4е == 2TI*- 6OH- 0.02 Mn(OH) +e == Mn(OH), + OH 
520, + ЊО + 2e = SeO4- + 2 ОН- 0.05 2 МОу +3 ЊО + 4е = №0 + 6 ОН- 
WO; +2 Н++2е — МО, + H,O 0.036 Sn +2е == Sn 
UO, +e = О0О, + 0.062 5,0; +6 Н+ + 6e == 2 SSb + 3 НО 
Pd(OH),-2e == Ра+2 ОН- 0.07 Си» +e — Cut 
AgBr+e == Аз+Вг 0.07133 BiOCI +2 Н*+3е == Bi+Cl+H,O 
МоО; +6 Н+ + бе == Мо-3Н,О 0.075 ВС“ + Зе = Ві+4 СГ 
5,02-426 == 28,05 0.08 Ее,О,-4Н"-26 == 2 FeOH* + H,O 
H4Mo;O;4- + 45 Н+ + 42 е == 7 Мо + 24 HO 0.082 Co(OH); “е == Со(ОН), + OH 
AgSCN+e == Ag+SCN- 0.8951 502-+4Н++2е == H,SO,+H,O 
N,+2H,O+6Ht+6e == 2NH,OH 0.092 BP*42e = Bit 
НгО + ЊО +2е == На +2 ОН- 0.0977 [Ru(en;P* +e == [Ru(en)P* 
1,0; +3 Њ0 + бе = 2 1 +60Н- 0.098 SbOt+2Ht+3e = 55+2 ЊО 
2 МО +2е == NO; 0.10 AgCl+e == Ас“ СГ 
[Ru(NH5)]P* +e == [Ru(NH3)g?* 0.10 [Ru(H5O)gP* +e == [Ru(H,0)¢]** 
УЗ + Зе = W 0.1 Аѕ,О; + 6 H* + бе == 2Ав%3Ң,0 
[Co(NH3)gP* +e == [Co(NH;),]** 0.108 Calomel electrode, saturated NaCl (SSCE) 
HgO + ЊО +2e == 2 На +2 ОН- 0.123 бе»+2е == бе 
Ge^ +4е == бе 0.124 Ки?*+е == Ru* 
Hg Brn +2e == 2Hg+2Br 0.13923 Calomel electrode, saturated КС! 
РКОН) + 2е = Рё+2 ОН- 0.14 PbO, + ЊО + 2е == PbO + 2 ОН- 
[V(phen)P* + е == [V(phen)* 0.14 HAsO, + 3 Ht+3e == Аѕ + 2 ЊО 
$+2Н++2е = H,S(aq) 0.142 Ru3++e = Ви? 
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ЕУ 


0.142 
0.147 
0.1478 
0.15 
0.15 
0.15 
0.151 
0.152 
0.153 
0.1583 
0.16 
0.16 
0.17 
0.172 
0.2 
0.210 
0.212 
0.22233 
0.23 
0.234 
0.2360 
0.24 
0.24 
0.2412 
0.247 
0.248 
0.2487 


ELECTROCHEMICAL SERIES (continued) 


TABLE 2 
Reduction Reactions Having E? Values More Positive than that of the Standard Hydrogen Electrode 
(continued) 
Reaction ЕЧУ Reaction ЕЧУ 

ReO, +4Н*+4е == Ке-2Н,О 0.2513 [PHCL]--2e = Ра+4 СГ 0.591 
IO, +3 Н,О + бе == Г + ОН- 0.26 Тео; +4 Н+ 4е == Те+2 ЊО 0.593 
НоСђ +2е == 2 На+2СГ 0.26808 MnO, +2 ЊО + Зе == МпО, + 4 ОН- 0.595 
Calomel electrode, 1 тоја КС 0.2800 Rh? 42e == Rh 0.600 
Calomel electrode, 1 molar KCI (NCE) 0.2801 Rht+e == Rh 0.600 
АБ +2е == 2At 0.3 MnO,- +2 ЊО + 2е = MnO,-40H- 0.60 
Ке» + 3е == Ке 0.300 2 AgO +" ЊО + 2е == АљО +2 ОН- 0.607 
Tc +e == Tc% 0.3 ВгО; +3 Н0 + бе == Br + 6 ОН- 0.61 
ВВ++3е — Bi 0.308 00, +4 Н++е == 04+ + 2 ЊО 0.612 
BiO* +2 Н++ 3e == Ві + H,O 0.320 Hg;SO, +2е == 2 Hg + SO, 0.6125 
002+ +4Ht+2e == U^ + 2 ЊО 0.327 СО +3 Н,О + бе == CI + 6 ОН- 0.62 
СО; + HO + 2е == ClO, + 2 ОН- 0.33 Hg;HPO, + 2е == 2 Hg + НРО,2- 0.6359 
2 НСМО +2 Н+ + 2е == (СМ), +2 ЊО 0.330 Ас(ас)--е == Аг “(ас)” 0.643 
Calomel electrode, 0.1 molar KCl 0.3337 Sb;Os(valentinite) + 4 Ht + 4e == 856,0; + 2 HO 0.649 
VO?* +2 Н++е == Všt + H,O 0.337 Ag;SO,*2e == 2Ав-50О2- 0.654 
Си»+2е == Cu 0.3419 CIO; + ЊО +2е == СО-+2ОН- 0.66 
АљО + ЊО += 2е == 2 Ag +2 ОН 0.342 Sb;Os(senarmontite) + 4 Н+ + Ае == 590. + 2 H,O 0.671 
Cu? +2e = Cu(Hg) 0.345 [PtCIlg]- + 2e == [РКЦ] + 2 СЕ 0.68 
А Оз +e == Аг+107 0.354 O,+2Ht+2e == H,O, 0.695 
[Fe(CN)gP- +e = [Fe(CN).]* 0.358 p-benzoquinone + 2 Ht +2 е == hydroquinone 0.6992 
ClO, + HO + 2е == С10-42ОН- 0.36 НО +2е == IO; + 3 ОН- 07 
Ag»SeO;+2e == 2 Ag + 5е0;2- 0.3629 Ag)O4* ЊО +2e == 2 AgO + 2 OH- 0.739 
ВеО +8 Н*+7е == Ке-4Н,О 0.368 TP*-3e = ТІ 0.741 
(СК) +2 Н++2е == 2HCN 0.373 [РЕСІ ]2- + 2e == Ри-4СГ 0.755 
[Ferricinium]* +e == ferrocene 0.400 Вһ3+ +3 е == Rh 0.758 
Тс2+ +2 е == Tc 0.400 CIO; +2 ЊО + 4е == С + 4 ОН- 0.76 
О, +2 ЊО + 4е == 40Н- 0.401 2 МО + ЊО +2е == №0 + 2 ОН- 0.76 
AgOCN +e == Аз + ОСЫ- 0.41 Pot + 4е == Ро 0.76 
[ВВС + Зе = Ёа-6СГ 0.431 ВгО- + HO +2е == Br + 2 ОН- 0.761 
Ag;CrO, +2е == 2 Аг + CrO, 0.4470 ВеО +2 Н+ +е== ВеО; + Н,О 0.768 
HSO; +4 Н+ +4е == 5 + 3 НО 0.449 (CNS)-2e == 2CNS- 0.77 
Ru*+2e == Ru 0.455 КС] + 3e = Ir+6CI- 0.77 
Ag,MoO,+2e == 2 Ав + МоО,” 0.4573 Ее3++е == Fe% 0.771 
Ag;C)0,*2e == 2 Ag + C047 0.4647 AgF +e == Аг + Е 0.779 
АМО, +2е == 2 Ар + WO) 0.4660 [Fe(bipy);P* +e ==  [Fe(bipy);* 0.78 
Аг СО, +2е == 2 Ag + СО = 0.47 Тео, +4Н++3е == Тео, +2 ЊО 0.782 
TcO, +8 Н*+7е == Tc+4H,0 0.472 Hg,* +2е == 2 На 0.7973 
ТеО -8H* *7e == Те-4Н,О 0.472 Аг-+е == Ag 0.7996 
IO- + ЊО +2е == Г+2 ОН- 0.485 [Os(bipy)]* +e == [Os(bipy)3]?* 0.80 
NiO, +2 H,O +2e == Ni(OH), +2 OH- 0.490 2 МО; +4 Н*+2е == №0, +2 Н,О 0.803 
Bit+e — Bi 0.5 [Os(bipy);]* +e ==  [Os(bipy);* 0.81 
ВеОх -4H* 4 3e == ReO,+2H,0 0.510 RhOH**+H+3e == Еһ-Н,О 0.83 
Hg,(ac))+2e == 2 Hg + Хас) 0.51163 OsO,+ 8 H*+8e == Os+4H,0 0.838 
Cut+e — Cu 0.521 CIO- + ЊО +2е == CI + 2 ОН- 0.841 
L-2e = 21 0.5355 Но» +2е = Hg 0.851 
L +2e = ЗГ 0.536 AuBrj +3е == Au+4Br- 0.854 
AgBrO;+e == Ag+ BrO;- 0.546 SiO,(quartz) + 4H* + 4e == Si+2H,O 0.857 
MnO, +e == MnO; 0.558 2HNO,*4H*-4e == Н,М,О,-Н:О 0.86 
ЊАЗО, +2 Н+ + 2е == HAsO, + 2 H,O 0.560 [ВСК +е-— [ВСЮ 0.86 
S206- -4H* +2е == 2Н,5О; 0.564 [Cl] +e =  [IrClg?- 0.8665 
AgNO, +e == Аз + МО 0.564 МО, +2е == 2NO; 0.867 
Те + Де == Те 0.568 HO; + ЊО +2е == 30H- 0.878 
55,0. +6 Н*+4е == 2SbO*+3H,0 0.581 Ро +2е == Ро» 0.9 
ВиО +e = RuO,- 0.59 2Hg*-2e == Hg,” 0.920 
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ELECTROCHEMICAL SERIES (continued) 


TABLE 2 
Reduction Reactions Having E? Values More Positive than that of the Standard Hydrogen Electrode 
(continued) 
Reaction ЕЧУ Reaction ЕЧУ 

NO; +3H*+2e = HNO,+H,0 0.934 Сир) +2е == 20 1.35827 
Ра2++2е = Ра 0.951 СО) +8 Н + 8 е == CF + 4 Н,0 1.389 
СО ад) +e = CIO; 0.954 Clo, +8 Н+ + 7е = 1/2 Cl, +4 H0 1.39 
МО +4H*+3e — МО +2 НО 0.957 Мо? +e = Қо? 1.4 
У,0;+6Н++2е = 2 VO? £3 H0 0.957 ВиО, +6Н+*+4е = Ru(OH),2* +2 H,O 1.40 
AuBr; +e = Au+2 Br 0.959 Aut +2e == Aut 1.401 
HNO, + Н++е = МО +ЊО 0.983 2NH4OH*- Н+ 2e — N>Hs++2H,0 142 
НО +Н*+2е == Г + Н,О 0.987 ВгОз +6 Н+ + бе == Br +3ЊО 1.423 
VO, +2 Н+ +е = VO? + HO 0.991 2НЮ-2Н"-26 — 5+2 ЊО 1.439 
РЮ,+4Н++4е = Pt*2H0 1.00 Au(OH);+3H*++3e = Au-+3H,0 1.45 
RuO,+e = ВиО 1.00 3103-+6 Н+ + бе = С-+3Н,О 1.451 
У(ОН) +2 Н+ +e = VO + 3 H,O 1.00 PbO, +4 Н+ + је = Pb? +2 ЊО 1.455 
AuCl-+3e == Au*4Cl- 1.002 ClO,-+6Ht+5e = 1/2Cl,+3H,0 1.47 
Pu* +e == Ри» 1.006 CrO,+4Ht+e == Cr++2H,0 1.48 
PtO; +2 Ht +2 e == РіО + H,O 1.01 ВТО; +6 Н++5е == 1⁄2 Br; + 3 H,O 1.482 
050.+4Н+4е == OsO, +2 0 1.02 HCIO + Н+ +2е = С-+ НО 1.482 
НеТеО, +2 Н+ +2 e = ТеО,44 Н,О 1.02 Mn,O; +6 Н+ +e = 2 Мп+ +3 HO 1.485 
[Fe(bipy)P* + e == [Ее(Ыру)з]2+ 1.03 НО, + Н++е == H,O, 1.495 
Hg(OH), +2 Н+ + 2е == Hg +2 HO 1.034 Аџ3+ +3е == Au 1.498 
№0.+4Н*+4е = 2 МО +2 Њ0 1.035 РО, +4 Ht 42e — РЦОН) + HO 15 
Као, +8 Н++8е == Ки-4Н,О 1.038 MnO, + 8 Н++5е == Mn? + 4 НО 1.507 
[Fe(phen)P* + e == [Fe(phen)]?* (1 molar H,SO,) 1.06 Mn? +e == Ми? 1.5415 
РиО (ОН), + Н+ +e = PuO;OH + H,O 1.062 HCIO, +3 Н+ + де = CF +2 ЊО 1.570 
МО, +2 Н+ + 2е == 2 НМО; 1.065 НВгО + Н+ +e == 1/2 Вг,(ад) + НО 1.574 
Br,(1)+2e = 2Br 1.066 2МО + 2 Н++2е — N,O+H,0 1.591 
104-4 6H* «6e = Г+3ЊО 1.085 Ві,0,%4Н%-2е = 2BiO* +2 H,O 1.593 
Br,(aq) +2е == 2Вг 1.0873 НВгО + Н+ +e == 1/2 Br(D + HO 1.596 
Put +e == Put 1.099 HO, + H* «2e = IO; +3 H,O 1.601 
Си» +2 СМ-+е = [Cu(CN),} 1.103 HCIO + Н+ +е = 1⁄2 Cl, + ЊО 1611 
RuO;-4H*42e — Ru% +2 ЊО 1.120 HCIO, +3 Н++3е = 12 Cl, +2 H,O 1.628 
[Fe(phen),P* +e == [Fe(phen)?* 1.147 НСІО, +2 Н+ + 2е = НОО + H,O 1.645 
SeO4- 44H* 42e = H,SeO; + H,O 1.151 Вк +e = Bk# 1.67 
СО +2 Ht +e = CIO, + HjO 1.152 МО, +4Н++2е — №*+2Н,О 1.678 
I?*-3e = Ir 1.156 MnO, +4Н++ Зе == MnO, + 2 H,O 1.679 
PÜ*42e = Pt 1.18 PbO, + SO,- +4 Н++2е == РЬЅ0; +2 НО 1.6913 
Clo, +2 Н++2е = CIO; «HO 1.189 Au**e == Au 1.692 
210; + 12 Н*+ 10e == 1,+6H,0 1.195 РО; +2 Ht +2 e == РО,-Н,О 1.7 
PtOH* + Н+ -2e == Pt+ H,O 1.2 CeOH?* + H*c e = Се++ HO 1.715 
со 43H*«-2e = HCIO, + H,O 1214 Сезе = Сез 1.72 
MnO, +4 Н+ +2е == Мп» + 2 H,O 1.224 МЉО +2Н*+2е == N,+H,0 1.766 
0,+4H++4e = 2Ң,0 1.229 H,O, +2 Н++2е = 2 ЊО 1.776 
СО + 14 Ht+6e == 2С7++7 ЊО 1.232 Ag +e — Ag? 1.8 
О,ФН,О-26--0,-2ОН- 1.24 Аш2+ +ет== Aut 1.8 
[Ru(bipy),P* + e == [Ки(ыру)»]?* 1.24 АвО +4 Н+ +е == 2 Ав+2 ЊО 1.802 
TP*-2e = ТЇ 1.252 Со +e = С02-(2 molar Њ80,) 1.83 
но +3 Ht «2e = 2NH, 1.275 Ар» +2е == Ав 19 
со, + Н+ +е = HCIO, 1277 Со“ +е = Соз 1.92 
[PdCl] + 2e = [ГРАС + 2 СЕ 1.288 Ар?* +е == Agt 1.980 
2 HNO, +4Н*+4е == N,O+3H,0 1.297 Cuj0, +6 Н*+2е == 2 Си» +3 H,O 2.0 
AuOH^ + Н++2е == Аџ + H,O 132 5,02-426 = 2804- 2.010 
РиО (ОН), +2 Н-+2е = Pu(OH), 1.325 ОН +е = OH 2.02 
HBrO +Н*+2е — Br + HO 1.331 HFeOr +7 Н+ + Зе == Fe++4H,O 2.07 
Cr(V) +e — СУ) 1.34 0,+2Ht+2e = 0,4 HO 2.076 
НСО) +7Н*+3е = Cr*44H0 1.350 HFeO, +4 Ht +3 e = ЕеООН +2 H,O 2.08 
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ELECTROCHEMICAL SERIES (continued) 


Reduction Reactions Having E? Values More Positive than that of the Standard Hydrogen Electrode 


Reaction 


2 HFeO, +8 Н+ + бе == Fe;0,45 ЊО 
ХеО; +6 Н++бе == Хе-3Н,О 
$2082 -2H* «2e = 2Н$О 
EO-2H*-4e = H,0+2F 
FeO,2- +8 Ня + Зе == Fe% +4H,O 
Cu +e = Си» 

H,XeO, +2 Ht+2e == ХеО,-3Н,О 
O(g) +2 Н. +2е = H,O 

Am^ +e — Ат” 


EcIV 


2.65 
2.866 
3.0 
3.053 
3.1 
32 
3.3 
3.4 


Reduction Reactions Having E? Values More Negative than that of the Standard Hydrogen Electrode 


Reaction 


2Н*+2е = Н, 

2Dt+2e = р, 

AgCN +e == Ag + СМ 
2МО; +2 Н+ +2 е == №,0; + ЊО 
У,0,42Н +2е == 2 МО, + ЊО 
AgS +2 Н+ +2е == 2 Ag + Н,5 

Без +3 е == Fe 

Но +2е == 2Но-2Г 
Т(ОН);-2е == TIOH + 2 OH- 
ТОН? + Н+ +е == Tit + Н,О 

2 HSO; + Н+ + 2е == НО + 2 ЊО 
P(white) + 3 Н+ +3 е == РНо(®) 

О, + Н0 + 2е == HO, + ОН- 

2 СОН), + 2е == Cu,0+2 OH- + H,O 
8е+2 Н+ +2 е == Н,е 
МО; +6 Н+ + бе == МУ +3 Н,О 
SnO, +4 Н++2е — Sn? +2 ЊО 
Ма» +e == Md?+ 

P(red) +3 Ht + 3e == PH,(g) 
SnO, +4 Н*+4е == Sn+2 H,O 
GeO, +2 Ht +2е == GeO+H,0 
МО, -4Н" 446 == МУ +2 ЊО 
РЬ”-26-- Pb(Hg) 

Pb? 2e == Pb 
CrO,- +4 H0 + Зе == Cr(OH), + 5 ОН- 
$12-+2е == Sn 

Int+e == In 

О, +2 ЊО +2е = H,O, +2 ОН- 
MoO, -4H* + 4е == Мо-4Н,О 
Agl+e == Ag-«L 
2NO,-+2H,O+4e = М,0,-%4 ОН- 
Н,СеО; +4Н*+4е == бе+ 3 H,O 
5:0-43Н"-26 == SnOH* + H,O 
СО, +2Н*+2е == HCOOH 
Мо» + Зе = Мо 

Gat+e == Ga 

250,2-+4Н++2е = 5,02-4Н,О 
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TABLE 2 
(continued) 
E?IN Reaction 

2.09 но, +2 Ht +2 e = М,-2Н,0 

2.10 Е,+2е = 2F- 

2.123 Cm^ +e = Cm* 

2.153 F,+2Ht+2e == 2 НЕ 

2.20 Tb^ +e == Tb? 

24 Prt +e == Pr 

2.42 СЕЗ +e == Cf 

2.421 XeF +e == Xe+F 

2.60 

TABLE 3 
ЕЧУ Reaction 
0.00000 Cu(OH), +2 e — Cu+20H- 

-0.013 У,0; + 10 H* + 10e = 2V45H;0 
-0.017 CdS0, 42e — С4-502- 
0.029 МО и + 4H* 45e — V+4H,0 
-0.031 Уље = у» 
–0.0366 №++2е — Мі 
—0.037 РЫСЬ +2е == РЬ-2СГ 
0.0405 НРО, +2 Н+ «2e — HPO; + НО 
-0.05 Со2+ +2 е = Со 
-0.055 РЬВг,-26 == Pb+2Br 
-0.056 Tl*-e = TI(Hg) 
—0.063 Tl*-e = TI 
-0.076 п»-+3е = In 
—0.080 ПОН +е = TI - OH- 
—0.082 PbF,+2e == РЬ+2 Е- 
-0.090 РБ5О, +2е = Ре) + 50,> 
0.094 са» 2e = Cd(Hg) 
-0.1 PbSO,+2e = РЬ+50,2- 
-0.111 CujO + HO +2е — 2Cu+2 0H- 
-0.117 Eu? +e == Eu? 
-0.118 РЫ, +2e == РЬ+21- 
-0.119 5е032-+3 Н,0 + 4е = Se+6 ОН- 
0.1205 Ѕе+2 Н+ +2 е == H,Se(aq) 
0.1262 In? +e == Int 
-0.13 Cd? +2 е = Са 
0.1375 СІЗ фе == Cr+ 
-0.14 2S+2e — S> 
-0.146 ТІ,50,%2е = Т14502- 
-0.152 12-26 = Int 
—0.15224 Бе2+ 42e == Fe 
—0.18 Н;РО; +3 Н*+3е == P+3H,O 
-0.182 Ві,0;+3 0+ бе = 2Bi 4 6OH- 
-0.194 NO, +НО+е — NO+20H 
-0.199 РЬНРО, +2е = Pb + НРО,2- 
—0.200 $+2е — $2 
—0.2 S+H,0+2e == Н5-4ОН: 
-0.22 B(OH),*7H*48e = ВН, +3 H,O 


ЕЧУ 


-0.222 
-0.242 
-0.246 
-0.254 
-0.255 
-0.257 
-0.2675 
-0.276 
-0.28 
-0.284 
-0.3338 
-0.336 
-0.3382 
-0.34 
-0.3444 
-0.3505 
-0.3521 
-0.3588 
-0.360 
-0.36 
-0.365 
-0.366 
-0.399 
-0.40 
-0.4030 
-0.407 
-0.42836 
-0.4360 
-0.443 
-0.447 
-0.454 
-0.46 
-0.46 
-0.465 
-0.47627 
-0.478 
-0.481 


ELECTROCHEMICAL SERIES (continued) 


TABLE 3 
Reduction Reactions Having E? Values More Negative than that of the Standard Hydrogen Electrode 
(continued) 


Reaction 


поље = 12+ 

ZnOH* -H* x 2e == 71 + H,O 
GaOH?* + Н+ + Зе = Ga+ H,O 
H;PO; +2 Ht +2e == ЊРО; + ЊО 
TiO,+4Ht+2e == ТР++2Н›О 
HPO, + Н+ +е == Р+2 НО 
Sb-3H*-3e == SbH; 
HPbO, + ЊО +2е == Pb«-30H- 
ба» +3е == Ga 

ТІСІ +е == ТІ-СІ- 

Fe(OH); +e — Fe(OH), + OH- 
ТеО;2- +3 Н,0 + 4е = Те+ 6б ОН- 
2503 +3 ЊО +4е == SO; + 6 ОН- 
PbO + ЊО + 2е == РЬ +2 ОН 
ReO; +4Н›О+7е == Ке + 8 ОН- 
5507 + ЊО + 2е == SbO; + 2 ОН- 
Та + Зе == Та 

О4+ +e = 03+ 

As+3H*t+3e == AsH; 
Nb,O; + 10 Н+ + 10е == 2Nb+5H,0 
NbO, +2 H++2e == NbO+H,0 
С4(ОН)2-426 == Cd + 4 ОН- 
ТІВг+е = TI+Br 
550; +2 ЊО + Зе == 55 + 4 ОН- 
AsO; + 2 ЊО + Зе == Аз+4 ОН- 
NbO,-4H*-4e == Nb+2H,0 
Ар5%2е = 2 А2+5— 
AsO,3-+2H,0+2e == АзОу + 4 ОН- 
Ni(OH); +2е == № + 2 ОН- 
Co(OH), + 2е == Со+2 ОН 
МО +2 Н+ + 2е == М + Н,О 
Н,5е0; +4 Н+ + 4e == бе +3 H,O 
Ст» +3е = Cr 
Та›О; + 10 H* + 10e == 2 Та+5 H,O 
Tite = ТІ-Г 

7л%%2е = Zn 

Zn-2e = Zn(Hg) 
Сао + HO + 2е == Са+ 2 ОН- 
Те+2 Н. +2 е == Н,Те 

ZnSO,7H,0 + 2е = Zn(Hg) + 50,2- +7 HO 
(Saturated 715О,) 

Bi+3Ht+3e = ВІН; 
$10+2Н++2е == 51+ HO 
Са(он), + 2е = Cd(Hg) + 2 OH- 
2H,0+2e = Н, +2 ОН- 

2 МОг,-42Н,О-26-- МО, +4 ОН- 
HBO; +3 Н+ + Зе == В + 3 Н,О 
P+3H,0+3e == PH4(g) +3 OH- 
Tit +e = Ti? 

HSnO; + ЊО + 2е == Ѕр + 3 ОН 
Сг++2е = Cr 

56-26 == Se% 

SO +Н›О+2е == SO; + 2 ОН- 
5” (ОН) --2е = НЅпО + 3 ОН- + H,O 
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ES/V 


—0.49 
—0.497 
—0.498 
—0.499 
—0.502 
—0.508 
—0.510 
—0.537 
—0.549 
—0.5568 
—0.56 
—0.57 
-0.571 
-0.580 
-0.584 
-0.59 
-0.6 
-0.607 
-0.608 
-0.644 
-0.646 
-0.658 
-0.658 
-0.66 
-0.68 
-0.690 
-0.691 
-0.71 
-0.72 
-0.73 
-0.733 
-0.74 
-0.744 
-0.750 
-0.752 
-0.7618 
-0.7628 
-0.783 
-0.793 
-0.7993 


-0.8 
-0.8 
-0.809 
-0.8277 
-0.85 
-0.8698 
-0.87 
-0.9 
-0.909 
-0.913 
-0.924 
-0.93 
-0.93 


Reaction 


SnO, +2 ЊО + 4е == Ѕп +4 ОН- 
(ОН); + Зе == 1 + 3 ОН 
NpO, + HO + Н+ +е = Мр(ОН); 
ШОН) + Зе == І +4 ОН- 

ТО +"ЗЊО + бе == 2 а + 6 ОН- 
PO, +2 ЊО + 2е = HPO; + 3 ОН- 
Yb**+e = уђ» 

Nb? + Зе — Nb 

Fm% +e = Fm? 
25052-+2 0 +2е = 5,02-44ОН- 
Те+2е = Te? 

У%++2е == V 

Mn? +2е = Mn 

Zn(OH); +2e == Zn+4OH- 
CrO, + 2 H,O + Зе == Сг+ 4 ОН- 
№3++3е = № 
ZnO, +2 ЊО + 2е == Zn+4OH- 
H,GaO4 + H,O + Зе == Са-4ОН- 
HBO; +5 Н›О+8е == ВН, + 8 ОН- 
51 +4e = Si+6F 

Zn(OH) +2e == Хп+2 ОН 

ZnO +H,0+2e == 70 +2 ОН 
Es3++e = Es? 

Раз» + Зе == Ра 

ТВ++3е = Ті 

Се++3е = Ce(Hg) 

UO,” +4H+*+6e == U+2H,0 
Zrt +4е — Zr 

Cr(OH); + 3e == Cr+3 ОН- 
Pat*-4e == Ра 

HfO,+4H++4e == Hf+2H,0 
Hf**-4e = Hf 

Sm% +e == Sm? 
ZrO, 2 4H* «4e = Zr+2H,0 
Mn(OH),+2e = Ма + 2 ОН- 
Ва» +2 е = Ba(Hg) 

ВК+ +2 е = ВК 

СВ++е = СР 

те +2е = Ti 

Ма» - 3e = Ма 
HPO; +2 ЊО + 2е == Н,РО +3 ОН- 
АР*+Зе == Al 
510, + ЊО +4е == 51+6 ОН- 
HPO; + 2 ЊО + Зе == Р+5 ОН- 
НО» -2H* + 4e — Hf+H,O 
ThO, +4Н*+4е == ТЬ+2 Н,0 
ЊВО + H,O + Зе == В +4 ОН- 
512+ +2 е == Sr(Hg) 

U*43e = U 

HPO; +e == Р+2 ОН 

Ве2+ +2 е = Ве 

М№р3+ +3 е == Np 

Fm% +3 е = Fm 

ТА + 4е == Th 


ES/V 


—0.945 
—0.99 
—0.962 
—1.007 
—1.034 
-1.05 
-1.05 
-1.099 
—1.1 
-1.12 
-1.143 
-1.175 
-1.185 
-1.199 
-12 
-1.20 
-1.215 
-1.219 
-1.24 
-1.24 
-1.249 
-1.260 
-13 
-1.34 
-1.37 
-1.4373 
-1.444 
-1.45 
-1.48 
-1.49 
-1.505 
-1.55 
-1.55 
-1.553 
-1.56 
-1.570 
-1.6 
-1.6 
—1.630 
-1.65 
-1.65 
-1.662 
-1.697 
-171 
-1.724 
-1.789 
-1.79 
-1.793 
-1.798 
-1.82 
-1.847 
-1.856 
-1.89 
-1.899 


ELECTROCHEMICAL SERIES (continued) 


TABLE 3 
Reduction Reactions Having E? Values More Negative than that of the Standard Hydrogen Electrode 
(continued) 
Reaction ЕЧУ Reaction ЕЧУ 
Am? +2е = Am -1.9 ZrO(OH), + HO + 4e == 71 +40Н- -2.36 
Pat +e == Ра” -1.9 Ме» +2е = Mg -2.372 
Е53+ + Зе = Es -1.91 У3++3е = Y -2.372 
С++ Зе = Cf -1.94 Lait+3e == La -2.379 
Lr++3e == Lr -1.96 Tm? + 2е == Tm -2.4 
Eu? 43e = Eu -1.991 Ма» +2е = Md -2.40 
Er*+2e — Er -2.0 Th(OH),+4e => Та+4 ОН -2.48 
Pr*+2e = Pr -2.0 HfO(OH), + Њ0 + де — НЕ+4 ОН -2.50 
Риз++3е == Ри -2.031 No?* +2 е == No -2.50 
Cm?* -3e = Cm -2.04 Dy% +e = ру2+ -2.6 
Am*++3e = Am —2.048 Pm3++e == Pm? -2.6 
АҚ + Зе == Al+6F- -2.069 Ве,032-+3 Н,0+4е = 2Be+6OH- 2.63 
Ѕс3+ + Зе = Sc -2.077 Sm? -2e = Sm -2.68 
Но» +2е = Но -2.1 Mg(OH) -2e == Мє-2ОН- -2.690 
Nd? +2е — Nd -2.1 Ма» +e = Ма» -2Л 
СР++2е = Cf -2.12 Mg*-e = Mg -2.70 
Yb* + Зе == Yb -2.19 Nat+e == Na -2.71 
Ас3++3е = Ас -2.20 Yb?*-2e = Yb -2.76 
ру»+2е = Dy -22 Bk% +e = ВК» -2.8 
Ти +e == Tm?* -2.2 Ho% +e = Ho? -2.8 
Pm?* +2е = Pm -22 Ка» +2е = Ra -2.8 
Es2*+2e = Es -2.23 Eu? 42e = Би -2.812 
H,+2e == 2H- -2.23 Са: +2е == Са – 2.868 
Gd +3е = Gd -2.279 Sr(OH) +2 е == Sr-20H- -2.88 
Tb?**-3e == Tb -228 $12++2е == Sr -2.89 
Lu? + Зе == Lu -2.28 Fr-e = Fr -2.9 
Руз++3е == Dy -2.295 ГаА(ОН) +3е == La +3 OH- -2.90 
Amt +e == Аш? -2.3 Ва» +2e = Ва -2.912 
Ет2+ 42e == Fm -2.30 К++е = K —2.931 
Рт +3е = Pm -2.30 Rb++e == Rb -2.98 
Ѕт3+ +3 е = Sm -2.304 Ba(OH), +2е == Ва+2 ОН- -2.99 
АКОН); “Зе == Al+3 OH- -2.31 Ег%ке == Ег2+ -3.0 
Та + Зе = Tm -2.319 Са(ОН), +2е = Са+2 ОН -3.02 
Ма» +3 е = Nd – 2.323 Cst+e = Cs —3.026 
АЦОН)- + Зе == Al+40H- – 2.328 пе = Li -3.0401 
НАТО + H,O + Зе == Al+40H- -2.33 3N, +2H*+2e = 2 HN; -3.09 
Ho% +3e == Но -2.33 Prt +e == Pr? -3.1 
Ert +3е = Er -2.331 Cat+e — Са -3.80 
Ce* 43e — Ce -2.336 Srr+e == Sr -4.10 
РгЗ+ + Зе == Pr -2.353 
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REDUCTION AND OXIDATION POTENTIALS FOR CERTAIN ION RADICALS 
Petr Vanysek 


There are two tables for ion radicals. The first table lists reduction potentials for organic compounds which produce anion radicals during reduction, 
a process described as A +е == А”. The second table lists oxidation potentials for organic compounds which produce cation radicals during oxidation, 
а process described as A — А+. + ег. To obtain reduction potential for a reverse reaction, the sign for the potential is changed. 

Unlike the table of the Electrochemical Series, which lists standard potentials, values for radicals are experimental values with experimental 
conditions given in the second column. Since the measurements leading to potentials for ion radicals are very dependent on conditions, an attempt to 
report standard potentials for radicals would serve no useful purpose. For the same reason, the potentials are also reported as experimental values, 
usually a half-wave potential (E, in polarography) or a peak potential (Е, in cyclic voltammetry). Unless otherwise stated, the values are reported 
vs. SCE (saturated calomel electrode). To obtain a value vs. normal hydrogen electrode, 0.241 V has to be added to the SCE values. АП the ion radicals 
chosen for inclusion in the tables result from electrochemically reversible reactions. More detailed data on ion radicals can be found in the Encyclopedia 
of Electrochemistry of Elements, (A. J. Bard, Ed.), Vol. XI and XII in particular, Marcel Dekker, New York, 1978. 


Abbreviations are: CV — cyclic voltammetry; DMF — N,N-Dimethylformamide; E swp — potential sweep; E? — standard potential; Е, — peak 
potential; Е, — half-peak potential; Е — half wave potential; M — mol/L; MeCN — acetonitrile; pol — polarography; rot Pt dsk — rotated Pt 
disk; SCE — saturated calomel electrode; TBABF, — tetrabutylammonium tetrafluoroborate; TBAI — tetrabutylammonium iodide; TBAP — 
tetrabutylammonium perchlorate; TEABr — tetraethylammonium bromide; TEAP — tetraethylammonium perchlorate; THF — tetrahydrofuran; 
TPACF;SO, — tetrapropylammonium trifluoromethanesulfite; TPAP — tetrapropylammonium perchlorate; and wr — wire. 


Reduction Potentials (Products are Anion Radicals) 


Potential 
Substance Conditions/electrode/technique V (vs. SCE) 
Acetone DMF, 0.1 M TEABr/Hg/pol E;n = -2.84 
1-Naphthyphenylacetylene DMF, 0.03 M ТВА1/Не/ро! Ер =-1.91 
1-Naphthalenecarboxyaldehyde -/Hg/pol Ер--091 
2-Naphthalenecarboxyaldehyde -/Hg/pol Ер--0.96 
2-Phenanthrenecarboxaldehyde -/Hg/pol E;n -1.00 
3-Phenanthrenecarboxaldehyde -/Hg/pol Ein = 0.94 
9-Phenanthrenecarboxaldehyde -/Hg/pol E;n = -0.83 
1-Anthracenecarboxaldehyde -/Hg/pol Eip =-0.75 
1-Pyrenecarboxaldehyde -/Hg/pol Ер--076 
2-Pyrenecarboxaldehyde -/Hg/pol Ein =-1.00 
Anthracene DMF, 0.1 M TBAP/Pt dsk/CV E, --2.00 
DMF, 0.5 M TBABFJ/Hg/CV Ein = -1.93 
MeCN, 0.1 M TEAP/Hg/CV E\ = -2.07 
DMF, 0.1 M TBAI/Hg/pol E;n = -1.92 
9,10-Dimethylanthracene DMF, 0.1 M TBAP/PUCV Ey --2.08 
MeCN, 0.1 M TBAP/PUCV E, =-2.10 
1-Phenylanthracene DMF, 0.5 М TBABF,/Hg/CV Ер =-1.91 
DMF, 0.1 М TBAI/Hg/pol Ер--1.878 
2-Phenylanthracene DMF, 0.1 M TBAI/Hg/pol E;n =-1.875 
8-Phenylanthracene DMF, 0.5 М TBABF,/Hg/CV E;n = -1.91 
9-Phenylanthracene DMF, 0.5 M ТВАВЕ,/Нг/СУ E;n =-1.93 
DMF, 0.1 M TBAI/Hg/pol Ej = —1.863 
1,8-Diphenylanthracene DMF, 0.5 М TBABF,/Hg/CV E;n =-1.88 
1,9-Diphenylanthracene DMF, 0.1 M TBAI/Hg/pol Ein = —1.846 
1,10-Diphenylanthracene DMF, 0.1 M TBAI/Hg/pol Ер =-1.786 
8,9-Diphenylanthracene DMF, 0.5 М TBABF,/Hg/CV Ер =-1.90 
9,10-Diphenylanthracene MeCN, 0.1 M TBAP/rot PUE swp E;n = -1.83 
DMF, 0.1 М ТВА1/Не/ро! Ej» =-1.835 
1,8,9-Triphenylanthracene DMF, 0.5 M TBABF,/Hg/CV Ер =-1.85 
1,8,10-Triphenylanthracene DMF, 0.5 M TBABF,/Hg/CV Ер--181 
9,10-Dibiphenylanthracene MeCN, 0.1 M TBAP/rot PUE swp Ер =-1.94 
Benz(a)anthracene MeCN, 0.1 M TEAP/Hg/CV Ер =-2.11 
MeCN, 0.1 М TEAP/Hg/pol E;n = -2.40* 
Azulene DMF, 0.1 M TBAI/Hg/pol Ej = —1.10° 
Аппшепе DMF, 0.5 M ТВАР 0°С/Нэ/ро! E;n =-1.23 
Benzaldehyde DMF, 0.1 M TBAP/Hg/pol Ер =-1.67 
Benzil DMSO, 0.1 M TBAP/Hg/pol E;n =-1.04 
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REDUCTION AND OXIDATION POTENTIALS FOR CERTAIN ION RADICALS (continued) 


Reduction Potentials (Products are Anion Radicals) (continued) 


Substance 


Benzophenone 


Chrysene 

Fluoranthrene 

Cyclohexanone 
5,5-Dimethyl-3-phenyl-2-cyclohexen-1-one 
1,2,3-Indanetrione hydrate (ninhydrin) 
Naphthacene 

Naphthalene 


1-Phenylnaphthalene 
1,2-Diphenylnaphthalene 
Cyclopentanone 
Phenanthrene 


Pentacene 

Perylene 

1,3-Diphenyl-1,3-propanedione 
2,2-Dimethyl-1,3-diphenyl-1,3 propanedione 
Pyrene 


Diphenylsulfone 

Triphenylene 

9,10-Anthraquinone 

1,4-Benzoquinone 
1,4-Naphthohydroquinone, dipotassium salt 
Rubrene 


Benzocyclooctatetraene 
sym-Dibenzocyclooctatetraene 
Ubiquinone-6 
(9-Phenyl-fluorenyl)* 
(Triphenylcyclopropenyl)* 
(Triphenylmethyl)* 


(Tribiphenylmethyl)* 
(Tri-4-t-butyl-5-phenylmethyl)* 
(Tri-4-isopropylphenylmethyl)* 
(Tri-4-methylphenylmethyl)* 
(Tri-4-cyclopropylphenylmethyl)* 
(Tropylium)* 
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Conditions/electrode/technique 


-/Hg/pol 

DMF/Pt dsk/CV 

MeCN, 0.1 M TEAP/Hg/pol 
DMF, 0.1 M TBAP/Pt dsk/CV 
DMF, 0.1 M TEABr/Hg/pol 
DMF, 0.5 M/Hg/pol 

DMF, 0.2 M NaNO,/Hg/pol 
DMF, 0.1 M TBAI/Hg/pol 
DMF, 0.1 M TBAP/Pt dsk/CV 
DMF, 0.5 M TBABF,/Hg/CV 
DMF, MeCN, 0.1 M TEAP/Hg/CV 
DMF, 0.1 M TBAI/Hg/pol 
DMF, 0.5 M TBABF,/Hg/CV 
DMF, 0.5 M TBABF,/Hg/CV 
DMF, 0.1 M TEABr/Hg/pol 
MeCN, 0.1 M TBAP/Pt wr/CV 
MeCN, 0.1 M TEAP/Hg/pol 
THF, 0.1 M TBAP/rot Pt dsk/E swp 
MeCN, 0.1 M TEAP/Hg/CV 
DMSO, 0.2 M TBAP/Hg/CV 
DMSO, TBAP/Hg/CV 

DMF, 0.1 M TBAP/PUCV 
MeCN, 0.1 M TEAP/Hg/pol 
DMF, TEABr 

MeCN, 0.1 M TEAP/Hg/pol 
DMF, 0.5 M ТВАР, 20°/Pt dsk/CV 
MeCN, 0.1 M TEAP/PUCV 
DMF, 0.5 M ТВАР, 20°/Pt dsk/CV 
DMF, 0.1 M TBAP/Pt dsk/CV 
DMF, 0.1 M TBAI/Hg/pol 
THF, 0.1 M TBAP/Hg/pol 
THF, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TEAP/PUCV 
10.2 M H,SO,/Hg/CV 

MeCN, 0.1 M TEAP/Hg/CV 
MeCN, 0.1 M TBAP/Hg/pol 
Н,50,, 10.2 M/Hg/CV 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M TBAI/Hg/pol 
DMF, 0.15 M ТВА1/Не/ро! 


Potential 
V (vs. SCE) 
Ер = -1.80 
Е° = -1.72 
E;n = -2.73% 
E, =-1.76 
Ej, = -2.79 
Ein = -1.71 
E;n = —0.039 
Ер = -1.53 
E, =-2.55 
Ер = -2.56 
Ејр = -2.63 
Ey = -2.50 
E;n = -2.36 
Ејр = -2.25 
En = -2.82 
E;n = -2.47 
E;n = -2.88° 
Ер = -140 
Ер =–173 
Ер = –1.42 
Ey; = -1.80 
Е,--214 
E;n = -2.49% 
Ер=-2.16 
E, = -2.87^ 
Ер =-1.01 
Е,--0.54 
En =-1.55 
Е,--1.48 
Ер --1410 
Ej, = 2.13 
E;n = —2.29 
E, =-1.05° 
E, - -0.01* 
E, =-1.87 
Ер-027 
Е,- -0.589 
Ej = 0.19 
Ер = 0.13 
Ер = 0.07 
En = 0.05 
Е,»-0.01 
Ey = -0.17 
Ер=-1.55 
Ер--1.55 
Ер--1.57 
Ein =—1.60 
Ер=-1.87 
Е р = -1.96 
Ер=-2.05 


Substance 


Anthracene 
9,10-Dimethylanthracene 
9,10-Dipropylanthracene 
1,8-Diphenylanthracene 
8,9-Diphenylanthracene 
9,10-Diphenylanthracene 
Perylene 

Pyrene 

Rubrene 

Tetracene 
1,4-Dithiabenzene 
1,4-Dithianaphthalene 
Thianthrene 


vs 0.01 M Ag/AgClO, 


тов 


о 


vs Hg pool 
vs Ag/saturated AgNO; 
vs Ag/0.01 M Ag* 


a 


о 
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vs. Hg/Hg5SO,, 17 М Н5О, 


Oxidation Potentials (Products are Cation Radicals) 


Conditions/electrode/technique 


СН-Сі,, 0.2 M TBABF,, —70°С/РЕ dsk/CV 
MeCN, 0.1 M LiClO,/Pt wr/CV 

MeCN, 0.1 M TEAP/PUCV 

СН.СЬ, 0.2 M ТРГАСЕ, ЗО rot Pt wr/E swp 
СН.СЬ, 0.2 M TPrACF;SO,/rot Pt wr/E swp 
MeCN/Pt/CV 

MeCN, 0.1 M TBAP/PUCV 

DMF, 0.1 M TBAP/Pt dsk/CV 

DMF, 0.1 M TBAP/Pt dsk/CV 

СН-Сі,, 0.2 M TBABF,, —70?C/Pt wr/CV 
MeCN, 0.1 M TEAP/Pt dsk/rot 

MeCN, 0.1 M ТЕАР/РЕ dsk/rot 

0.1 M TPAP/PUCV 


REDUCTION AND OXIDATION POTENTIALS FOR CERTAIN ION RADICALS (continued) 


Potential 
V (vs. SCE) 


E, = 40.731 
E, =+1.0 
E, = +1.08 
Ein = +1.34 
E;n = 41.30 
E, = +1.22 
E, = +1.34 
E, = +1.25 
Е,- 41.10 
E, = 40.351 
E;n = 40.69 
E;n = 40.80 
Ер = +1.28 


РН SCALE FOR AQUEOUS SOLUTIONS 


A. K. Covington 


The pH value is the negative decadic logarithm of the (relative) ion activity of the hydrogen ion in the solution. 
pH = -log ay (1) 


This is only а notional definition since Equation 1 involves a single ion activity, which is immeasurable, and has to be attained through а 
nonthermodynamic assumption such as that described in Equation 5 below. In terms of substance concentration, molarity, Equation 1 may be rewritten 


pH = -log (снун/с°) (2) 


where c? is an arbitrary constant representing the standard state condition and equal to 1 mol dm, сн is the concentration of hydrogen ion and ун is 
the single ion activity of the hydrogen ion. In terms of molality, Equation 1 may be rewritten 


pH = -log (myfy/m?) (3) 


where то is an arbitrary constant representing the standard state condition and equal to 1 mol kg", my is the concentration of hydrogen ion and Үн 
is the single ion activity of the hydrogen ion. For most purposes the difference between these two scales can be ignored for dilute aqueous solutions; 
the difference is 0.001 at 25? C and 0.02 at 100? C. Arising from the nonexperimental determinability of single ion activities, the definition and 
determination of pH have an operational basis, and depend on the assignment of pH values to a standard solution (or solutions) together with the 
determination of pH difference by a cell with liquid junction called the operational cell. 


The Operational Definition of pH Difference!” 
The electromotive force, EMF, E(X) of the cell with liquid junction: 


Reference electrode | KCl (aq., concentrated) || Solution Х| Нь | Pt (D 
is measured, and likewise that, E(S), of the cell: 
Reference electrode | KCl (aq., concentrated) || Solution S | Њ | Pt (ID 
The temperature of both cells (I and ID must be equal and uniform throughout, and the hydrogen gas pressures identical. The two bridge solutions 
may be any molality of KCI not less than 3.5 mol Ко“! provided they are the same. 
The pH of the solution X, pH(X), is then related to the assigned pH of the solution S, pH(S) by the definition: 
pH(X) = pH(S) + [E(S) – ECX)|/[(RT/F) 1n 10 (4) 
where В is the gas constant, T the thermodynamic temperature, F the Faraday constant. The quantity k = (RT/F) 1n 10 is called the slope factor whose 
values are given as a function of temperature in Table 1. As a consequence of this definition any difference in liquid junction potential between cells 
Тапа П is subsumed into the value of pH(X). 
The pH Scale 
The pH scale at a particular temperature is defined by Equation 4 as a straight line, on the plot of pH against E(X), having a slope of k drawn through 
the pH value assigned to the Reference Value Standard (R VS) solution (as given in Table 2) and the value of E(S) for cell II when it contains the 
Reference Value Standard solution. The solution chosen for ће RVS is 0.05 mol ко“! aqueous potassium hydrogen phthalate. The procedure by which 
pH(RVS) values have been assigned to the Reference Value Standard (RVS) is the cell III without transference:!3 


Pt(Pd)| Н, (g, р=1 atm = 101 325 Ра)| RVS, CH AgCIl Ag (Ш) 


The palladised-platinum hydrogen electrode is used to reduce the catalytised chemical reduction of the phthalate by hydrogen gas. The calculation 
involves a non-thermodynamic assumption, the Bates-Guggenheim Convention, for the single ion activity of the chloride ion!? as 


log (yc)? = CAQ/m9)!?/[1 + 1.5 (I/m9)!?] (5) 
where I is the ionic strength = (1/2)Emjz? = 0.0534 mol ко“! for ће RVS solution and A is a known function of temperature (Table 1). 
To prepare ће R VS solution, dry the sample at 1 10? C for 2 h before use. The water should have a conductivity of less than 0.1 mS m-!. The required 


solution contains 10.211 g Ке“! water. It can be prepared on a volume basis by dissolving 10.138 g potassium hydrogen phthalate in water and making 
up to 1 L at 20? C. This solution is 0.04964 mol/L with a density of 1.00300 g/L at 20? C. 
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РН SCALE FOR AQUEOUS SOLUTIONS (continued) 


Primary Standards? 

pH values may be assigned by the cell without transference method (cell Ш) to six other buffer solutions which meet certain criteria of 
reproducibility of preparation and properties. These solutions are called primary pH standards (PS), and details and the pH(PS) values assigned to them 
are given in Table 3. When these PS solutions are used in the operational cell 1, the experimental value of the slope will not be in accord with the slope 
factor values of Table 1, and, moreover, the experimental value could change if additional primary solutions were to be defined. Hence the pH value 
determined for an unknown solution can be slightly dependent (+0.02) on the choice of primary standard.?^^ Some useful data for standard buffers 
are given in Table 5. 


Operational Standards?6 

Operational standards (OS) are also defined which are traceable to the Reference Value Standard (RVS). Values are assigned by means of the 
operational cells I and II where the liquid junctions are the free diffusion type reproducibly formed in 1 mm vertical capillary tubes. These operational 
standards are not restricted in number provided certain preparation criteria are met, and pH(OS) values for 16 solutions are given in Table 4.? These 
OS represent an alternative procedure and are in no way to be regarded as inferior to the primary standards. As a consequence of their definition, all 
pH(OS) values fall on the line with slope given by the slope factor value for the appropriate temperature in Table 1. Any difference in liquid junction 
potential between the solutions of cells I and П and КСІ 18 subsumed into the assigned value of pH(OS). 


Measurement of pH. Choice of Standard Reference Solution 
la. If pH is not required to better than +0.05 any standard reference solution may be selected. 
16. IfpHisrequired to +0.002 and interpretation in terms of hydrogen ion concentration or activity is desired, choose a standard reference solution, 
pH(PS) or pH(OS), to match X as closely as possible in terms of pH, composition and ionic strength. 
2. Alternatively, a bracketting procedure may be adopted whereby two standard reference solutions are chosen whose pH values, pH(S1), pH(S2) 
are on either side of pH(X). Then if the corresponding potential difference measurements are E(S1), E(S2), E(X), then pH(X) is obtained from 


PHX) = pH(S1) + [E(X) – Е(81)/ %k 


where %k = 100[E(S2) – E(S1)]/[pH(S2) – pH(S1)] is the apparent percentage slope. This procedure is very easily done on some pH meters simply 
by adjusting downwards the slope factor control with the electrodes in S2. The purpose of the bracketting procedure is to compensate for deficiencies 
in the electrodes and measuring system. 


Information to be Given about the Measurement of pH(X) 
The standard solutions selected for calibration of the pH meter system should be reported with the measurement as follows, 


1.System calibrated with pH(RVS) = .... at ...K. 
2.System calibrated with two primary standards pH(PS1) = .... and pH(PS2) = .... at ... К. 
3.System calibrated with two operational standards pH(OS1) =..... and pH(OS2) = .... at .... К. 


Interpretation of pH(X) in Terms of Hydrogen Ion Concentration 

The operationally defined pH has no simple interpretation in terms of hydrogen ion concentration but the mean ionic activity coefficient of a typical 
1:1 electrolyte can be substituted into equation 2 or 3 to obtain hydrogen ion concentration subject to an uncertainty of 3.9% in concentration 
corresponding to 0.02 in pH. 
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рН SCALE FOR AQUEOUS SOLUTIONS (continued) 


TABLE 1 
Standard EMF, Slope Factor and Debye-Huckel Constant A 
(Unit Weight of Solvent) as Functions of Temperature 


Тетрегаште/ С E?/mV? Slope Factor k/mV А! 
0 236.55 54.199 0.4918 
5 234.13 55.191 0.4952 

10 231.42 56.183 0.4988 
15 228.57 57.175 0.5026 
20 225.57 58.167 0.5066 
25 222.34 59.159 0.5108 
30 219.04 60.152 0.5150 
35 215.65 61.144 0.5196 
40 212.08 62.136 0.5242 
45 208.35 63.128 0.5291 
50 204.49 64.120 0.5341 
55 200.56 65.112 0.5393 
60 196.49 66.104 0.5448 
70 187.82 68.088 0.5562 
80 178.73 70.073 0.5685 
90 169.52 72.057 0.5817 
95 165.11 73.049 0.5886 
TABLE 2 


Values of pH(RVS) for the Reference Value Standard of 0.05 mol kg! Potassium 
Hydrogen Phthalate at Various Temperatures 


tC pH(RVS) °С pH(RVS) tC pH(RVS) 

0 4.000 35 4.018 65 4.097 
5 3.998 37 4.022 70 4.116 
10 3.997 40 4.027 75 4.137 
15 3.998 45 4.038 80 4.159 
20 4.001 50 4.050 85 4.183 
25 4.005 55 4.064 90 4.21 

30 4.011 60 4.080 95 4.24 
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85-8 


Primary ref. 
standard 


Saturated (at 25? C) 
Potassium hydrogen 
tartrate 


0.1 mol/kg Potassium 
dihydrogen citrate 


0.025 mol/kg Disodium 
hydrogen phosphate 
40.025 mol/kg 

Potassium dihydrogen 
phosphate 


0.03043 mol/kg 
Disodium hydrogen 
phosphate 
0.008695 mol/kg 
Potassium dihydrogen 
phosphate 


0.01 mol/kg Disodium 
tetraborate 


0.025 mol/kg Sodium 
hydrogen carbonate 
0,025 mol/kg sodium 
carbonate 


3.863 


6.984 


7.534 


9.464 


10.317 


3.840 


6.951 


7.500 


9.395 


10.245 


10 


3.820 


6.923 


7.472 


9.332 


10.179 


pH SCALE FOR AQUEOUS SOLUTIONS (continued) 


TABLE 3 
Values of pH(PS) for Primary Standard Reference Solutions 
РС 
15 20 25 30 35 37 40 50 60 


-- - 3.557 3.552 3.549 3.548 3.547 3.549 3.560 


3.802 3.788 3.776 3.766 3.759 3.756 3.754 3749 -- 


6.900 6.881 6.865 6.853 6844 64841 6.838 6.833 6.836 


7.448 7.429 1.413 7.400 7.389 7.386 7.380 7.367  — 


9.276 9225. 9.180 9.139 9.102 9.088 9.068 9.011 8.962 


10.118 10.062 10012 9966 9.926 9.910 9.889 9.828 — 


Note: Based оп an uncertainty of +0.2 mV in determined (Е-Е), the uncertainty is +0.003 іп рН in ће range 0—50° C. 


70 


3.580 


6.845 


8.921 


80 


3.610 


6.859 


8.884 


3.650 


6.876 


8.850 


95 


3.674 


6.886 


8.833 
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Operational standard 
ref. solution 


0.1 mol/kg 
Potassium tetroxalate* 

0.05 mol/kg potassium 
tetroxalate* 

0.05 mol/kg sodium 
hydrogen diglycolate^ 

Saturated (at 25? C) 
potassium hydrogen 
tartrate 

0.05 mol/kg 
Potassium hydrogen 
phthalate (RVS) 

0.1 mol/dm? Acetic 
acid 0.1 mol/dm? 
sodium acetate 

0.01 mol/dm? Acetic 
acid + 0.1 mol/dm? 
Sodium acetate 

0.02 mol/kg Piperazine 
phosphate* 

0.025 mol/kg Disodium 
hydrogen phosphate 
+ 0.025 mol/kg 
potassium 
dihydrogen phosphate 

0.03043 mol/kg 
Disodium hydrogen 
phosphate + 0.008695 
mol/kg potassium 
disodium phosphate 
0.04 mol/kg Disodium 
hydrogen phosphate 
+ 0.01 mol/kg potassium 
dihydrogen phosphate 

0.05 mol/kg Tris 
hydrochloride + 0.01667 
mol/kg Tris’ 

0.05 mol/kg Disodium 
tetraborate (Na,B „О 

0.01 mol/kg Disodium 
tetraborate (Na,B,O.) 


pH SCALE FOR AQUEOUS SOLUTIONS (continued) 


TABLE 4 
pH (OS) Values for Operational Reference Solutions 
(C 
0 5 10 15 20 25 30 3 40 50 60 70 80 90 95 
= = - - 1475 1.479 1.483 1.490 1.493 1.503 1513 152 153 — 153 1.53 
- - 1.638 1.642 1.644 1.646 1.648 1.649 1.650 1.653 1.660 — L671 1.689 172 173 
- 3.466 3.470 3.476 3.484 3.492 3.502 3.519 3.527 3.558 3.59 -- - ЗЕ = 
= = - - - 3.556 3,549 354 3.542 3544 3.558 3.570 35% 367 3.649 
4.000 3.998 3.997 3.998 4.000 4.005 4011 4.022 4027 4050 400 4115 4159 421 424 
4.664 4.657 4.652 4.647 4.645 4.644 4.643 4.647 4650 4663 4684 4713 475 480 483 
4.729 4.722 4717 4.714 4.712 4.713 4715 4122 4726 4743 4768 4800 4839 488 491 
E 6471 6419 6.364 6.310 6.259 6.209 6.143 6.116 6030 592 — - - - 
6.961 6.935 6.912 6.891 6.873 6.857 6.843 6828 683 6814 6817 6830 685 690 692 
7.506 7.482 7.460 7441 7.423 7.406 7.390 7369  — — - B B — - 
- 7.512 7.488 7.466 7.445 7428 7414 7404 | — - - - - - - 
8.399 8.238 8.083 7933 7.788 7.648 7.513 7332 7257 7018 6794 - — - - 
9.475 9.409 9.347 9.288 9.233 9.182 9.134 904 905 8983 8932 8898 888 884 889 
9.451 9,388 9.329 9.275 9225 9.179 9.138 9.086 9066 9009 895 8932 891 $890 889 


рН SCALE FOR AQUEOUS SOLUTIONS (continued) 


TABLE 4 
pH(OS) Values for Operational Standard Reference Solutions (continued) 


Operational standard (PC 
ref. solution 0 5 10 15 20 25 30 37 40 50 60 70 80 90 95 
0.025 mol/kg Sodium 10.273 10.212 10.154 10.098 10.045 9.995 9.948 9.889 9.866 9.800 9.753 9.728 9.725 9.75 977 
hydrogen carbonate 
+ 0.025 mol/kg sodium 
carbonate 
Saturated (at 209 C) 13.360 13.159 12.965 12.780 12.602 12.431 12.267 12.049 11.959 11.678 11.423 11.192 10.984 10.80 10,71 
calcium hydroxide 
Note: Uncertainty is +0.003 in pH between 0 and 60° C rising to +0.01 above 70? C. 
* Potassium trihydrogen dioxalate (KH,C,O,). 
° Sodium hydrogen 2,2’-oxydiethanoate. 
° CHN, НРО, 
4 2-Amino-2-(hydroxymethyl)-1,3 propanediol or tris(hydroxymethyl)aminomethane. 
TABLE 5 
Useful Data on Some Standard Buffer Solutions 
Mass Mass tolerance 
Density Molarity at ofiL Mass tolerance expressed as 
Molecular Molality Relative at 20° С at 20° C at 20° C for +0.001 pH* a percentage 
formula (mol/kg) molar mass (g/cm?) (mol/L) (е) (g) (%) 
Potassium tetraoxalate KH,C,O, : 2H,O 0.1 254.1913 1.0091 0.09875 25.1017 0.07 0.27 
Potassium tetraoxalate KH,C,O, · 2H,O 0.05 254.1913 1.0038 0.04965 12.6202 0.034 0.26 
Disodium hydrogen Na HPO, 0.025 141.9588 3.5379 0.02 0.56 
orthophosphate ) 1.0038 0.02492 
Potassium dihydrogen KH,PO, 0.025 136.0852 3.3912 0.02 0.58 
orthophosphate 
Disodium tetraborate М№а,В,О, · 10H,O 0.05 381.367 1.0075 0.04985 19.0117 0.9 473 
Disodium tetraborate NajB,O, - 10H,O 0.01 381.367 1.0001 0.009981 3.8064 0.19 0.49 
Sodium carbonate Ма,СО, 0.025 105.9887 10001 0.02494 2.6428 0.017 0.064 
Sodium hydrogen NaHCO, 0.025 84.0069 6 ë 2.0947 0.013 0.62 
carbonate 


a Calculated from known dilution value of solution. 


PRACTICAL pH MEASUREMENTS ON NATURAL WATERS 


A. K. Covington and W. Davison 


(1) Dilute solutions and freshwater including ‘acid-rain’ samples (J < 0.02 mol kg!) 


Major problems could be encountered due to errors associated with the liquid junction. It is recommended that either a free diffusion junction is 
used or it is verified that the junction is working correctly using dilute solutions as follows. For commercial electrodes calibrated with IUPAC aqueous 
RVS or PS standards, the pH(X) of dilute solutions should be within +0.02 of those given in Table 1. The difference in determined pH(X) between 
a stirred and unstirred dilute solution should be « 0.02. The characteristics of glass electrodes are such that below pH 5 the readings should be stable 
within 2 min, but for pH 5 to 8, 8 or so minutes may be necessary to attain stability. Interpretation of pH(X) measured in this way in terms of activity 
of hydrogen ion, аң, is subject! to an uncertainty of +0.02 in pH. 


(2) Seawater 


Measurements made by calibration of electrodes with IUPAC aqueous RVS or PS standards to obtain pH(X) are perfectly valid. However, the 
interpretation of pH(X) in terms of the activity of hydrogen ion is complicated by the non zero residual liquid junction potential as well as by systematic 
differences between electrode pairs, principally attributable to the reference electrode. For 35%o salinity seawater (S = 0.035) аң, calculated from 
pH(X) is typically 12% too low. Special seawater pH scales have been devised to overcome this problem: 

(1) The total hydrogen ion scale, рН, is defined in terms of the sum of free and complexed (total) hydrogen ion concentrations, where 


TC, = [H*] + [HSO,] + [HF]. 
So, pH, = - log TCh 


Calibration of the electrodes with a buffer having a composition similar to that of seawater, to which pH, has been assigned, results in values of pHT(X) 
(Tables 2, 3) which are accurately interpretable in terms of TCy. 
(ii) The free hydrogen ion scale, рНь, is defined, and fully interpretable, іп terms of the concentration of free hydrogen ions. 


pH; = - log [H*] 


Values of pH; as a function of temperature have been assigned to the same set of pH; seawater buffers,and so alternatively can be used for calibration 
(Tables 2, 3) 23 


(3) Estuarine water 


Prescriptions for seawater scale buffers are available for a range of salinities. Reliable estuarine pH measurements can be made by calibrating with 
a buffer of the same salinity as the sample. However, these buffers are difficult to prepare and their use presumes prior knowledge of salinity of the 
sample. Interpretable measurements of estuarine pH can be made by calibration with IUPAC aqueous RVS or PS standards if the electrode pair is 
additionally calibrated using a 2096 salinity seawater buffer.* The difference between the assigned рНсуу of the seawater buffer and its measured 
pH(X) value using RVS or PS standards is 


ApH - pHsws - pH(X) 


Values of ApH should be in the range of 0.08 to 0.18. It empirically corrects for differences between the two pH scales and for measurement errors 
associated with the electrode pair. The pH(X) of samples measured using IUPAC aqueous buffers, can be converted to pH; огрНур using the appropriate 
measured ApH: 


РНт = pH(X) - ApH 
or pH; = pH(X) - ApH 


This simple procedure is appropriate to pH measurement at salinities from 2%o to 35%о. For salinities lower than 2%o the procedures for freshwaters 
should be adopted. 
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PRACTICAL pH MEASUREMENTS ON NATURAL WATERS (continued) 


pH of Dilute Solutions at 25?C, Degassed and Equilibrated with Air, Suitable as Quality Control 


Potassium hydrogen phthalate 


ХКН,РО, + xNa,HPO, 
ХКН,РО, + 3.5xNa;HPO, 
Na5B40;- 10Н,О 

HCI 

SRM2694-]* 
SRM2694-ITI* 


Table 1 
Standards 
Ionic strength Concentration(x) 
mmol kg? mmol kg? 

10.7 10 

11 1 

9.9 2.5 
10 0.87 
10 5 

0.1 0.1 


рН 
Pco,= 0 


4.12 
4.33 
7.07 
7.61 
9.20 
4.03 
4.30 
3.59 


Note: The pH of solutions near to pH 4 is virtually independent of temperature over the range of 5 to 30°C. 


pH 
Pco,= air 


á Simulated rainwater samples are available (Reference 5) from NIST containing sulfate, nitrate, chloride, fluoride, sodium, 


potassium, calcium and magnesium 


Table 2 


Composition of Seawater Buffer of Salinity 5 = 35%е at 25°C 
(Reference 3) 


Solute 


NaCl 
Na,SO, 
KCl 
CaCl, 
MgCl, 
Tris 

Tris: НСІ 


mol dm? 


0.3666 
0.02926 
0.01058 
0.01077 
0.05518 
0.06 
0.06 


mol kg? 


0.3493 

0.02788 
0.01008 
0.01026 
0.05258 
0.05717 
0.05717 


Tris = tris(hydroxymethyl)aminomethane (НОСН,):СМН,. 
A 20%o buffer is made by diluting the 35% in the ratio 20:35. 


Table 3 


gkg! 


20.416 
3.96 
0.752 
1.139 
5.006 
6.926 
9.010 


g dm? 


20.946 
4.063 
0.772 
1.169 
5.139 
7.106 
9.244 


Assigned Values of 20%о and 35% Buffers on Free and Total 
Hydrogen Ion Scales. Calculated from Equations Provided by 


Temp (°C) 


5 
10 
15 
20 
25 
30 
35 


Millero (Reference 3) 
pHr pH, 

S = 20% S = 35% 
8.683 8.718 
8.513 8.542 
8.351 8.374 
8.195 8.212 
8.045 8.057 
7.901 7.908 
7.162 7.164 
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РНр 
S = 20% 


8.759 
8.597 
8.442 
8.292 
8.149 
8.011 
7.879 


рНь 
5 = 35%о 


8.81 

8.647 
8.491 
8.341 
8.197 
8.059 
7.926 


BUFFER SOLUTIONS GIVING ROUND VALUES OF pH AT 25°С 


B С р 
pH x pH х рН х рН х рН 
1.00 67.0 2.20 49.5 4.10 13 5.80 3.6 7.00 
1.10 52.8 2.30 45.8 4.20 3.0 5.90 4.6 7.10 
1.20 42.5 2.40 422 4.30 47 6.00 5.6 7.20 
1.30 33.6 2.50 38.8 4.40 6.6 6.10 6.8 7.30 
1.40 26.6 2.60 35.4 4.50 8.7 6.20 81 7.40 
1.50 20.7 2.70 32.1 4.60 11.1 6.30 9.7 7.50 
1.60 16.2 2.80 28.9 4.70 13.6 6.40 11.6 7.60 
1.70 13.0 2.90 25.7 4.80 16.5 6.50 13.9 7.10 
1.80 10.2 3.00 22.3 4.90 19.4 6.60 16.4 7.80 
1.90 8.1 3.10 18.8 5.00 22.6 6.70 19.3 7.90 
2.00 6.5 3.20 1x7 5.10 25.5 6.80 224 8.00 
2.10 5.10 3.30 12.9 520 28.8 6.90 25.9 8.10 
2.20 3.9 3.40 10.4 5.30 31.6 7.00 29.1 8.20 
3.50 8.2 5.40 341 7.10 321 8.30 
3.60 6.3 5.50 36.6 7.20 34.7 8.40 
3.70 4.5 5.60 38.8 7.30 37.0 8.50 
3.80 2.9 5.70 40.6 7.40 39.1 8.60 
3.90 14 5.80 42.3 7.50 40.9 8.70 
4.00 0.1 5.90 43.7 7.60 42.4 8.80 
7.70 43.5 8.90 
7.80 44.5 9.00 
7.90 45.3 
8.00 46.1 
с Н І 
рН х рН х рН х рН х рН 
8.00 20.5 9.20 0.9 9.60 5.0 0.90 33 12.00 
8.10 19.7 9.30 3.6 9.70 62 1.00 4.1 12.10 
8.20 18.8 9.40 6.2 9.80 7.6 1.10 5.1 12.20 
8.30 17.7 9.50 8.8 9.90 9.1 11.20 6.3 12.30 
8.40 16.6 9.60 11.1 10.00 10.7 11.30 7.6 12.40 
8.50 15:2 9.70 13.1 10.10 12.2 1.40 9.1 12.50 
8.60 13.5 9.80 15.0 10.20 13.8 1.50 11.1 12.60 
8.70 11.6 9.90 16.7 10.30 15.2 11.60 13.5 12.70 
8.80 9.6 10.00 18.3 10.40 16.5 1.70 16.2 12.80 
8.90 7.1 10.10 19.5 10.50 17.8 1.80 19.4 12.90 
9.00 4.6 10.20 20.5 10.60 19.1 1.90 23.0 13.00 
9.10 2.0 10.30 21.3 10.70 20.2 2.00 26.9 
10.40 22.1 10.80 212 
10.50 22Л 10.90 22.0 
10.60 23.3 11.00 22.7 
10.70 23.8 
10.80 24.25 


25 ml of 0.2 molar КС! + x ml of 0.2 molar НСІ. 

50 ml of 0.1 molar potassium hydrogen phthalate + x ml of 0.1 molar НСІ. 

50 ml of 0.1 molar potassium hydrogen phthalate + х ml of 0.1 molar NaOH. 
50 ml of 0.1 molar potassium dihydrogen phosphate + x ml of 0.1 molar NaOH. 
50 ml of 0.1 molar tris(hydroxymethyl)aminomethane + x ml of 0.1 M НСІ. 

50 ml of 0.025 molar borax + x ml of 0.1 molar НСІ. 

50 ml of 0.025 molar borax + x ml of 0.1 molar NaOH. 

50 ml of 0.05 molar sodium bicarbonate + x ml of 0.1 molar NaOH. 

50 ml of 0.05 molar disodium hydrogen phosphate + x ml of 0.1 molar NaOH. 
25 ml of 0.2 molar KCl + x ml of 0.2 molar NaOH. 


""доттров»> 


Final volume of mixtures = 100 ml. 
REFERENCES 


1. Bower, V.E., and Bates, R.G., J. Res. Natl. Bur. Stand., 55, 197, 1955 (А-В). 
2. Bates, R.G., and Bower, V.E., Anal. Chem., 28, 1322, 1956 (E-J). 
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DISSOCIATION CONSTANTS ОЕ INORGANIC ACIDS AND BASES 


The data іп this table are presented as values of pK,, defined as the negative logarithm of the acid dissociation constant K, for the reaction 
BH == B-+Ht 
Thus pK, = -log K, , and the hydrogen ion concentration [H*] сап be calculated from 
н? | [в- 
аР 


° [вн] 


In the case of bases, the entry in the table is for the conjugate acid; e.g., ammonium ion for ammonia. Тһе ОН” concentration in the system 
NH; + ЊО == МН + OH- 


сап be calculated from the equation 


Ky e K water /К, ы [su] 
3 


where Kwater = 1.01 x 10:15 at 25 °C. Note that pK, + pK, = pK water- 


All values refer to dilute aqueous solutions at zero ionic strength at the temperature indicated. The table is arranged alphabetically by compound 
name. 


REFERENCE 


1. Perrin, D. D., Jonization Constants of Inorganic Acids and Bases іп Aqueous Solution, Second Edition, Pergamon, Oxford, 1982. 


Name Formula Step tC pK, 
Aluminum(lIII) ion АЗ 25 5.0 
Аттоша NH; 25 9.25 
Arsenic acid Н;А5О, 1 25 2.26 

2 25 6.76 
3 25 11.29 
Arsenious acid Н,АѕО; 25 9.29 
Barium(II) ion Ba? 25 13.4 
Boric acid Н.ВО, 1 20 9.27 
2 20 >14 
Calcium(II) ion Ca? 25 12.6 
Carbonic acid Н,СО, 1 25 6.35 
2 25 10.33 
Chlorous acid НОО; 25 1.94 
Chromic acid H5CrO, 1 25 0.74 
2 25 6.49 
Суашс acid HCNO 25 3.46 
Germanic acid H,GeO, 1 25 9.01 
2 95 12.3 
Hydrazine МН, 25 8.1 
Hydrazoic acid HN; 25 4.6 
Hydrocyanic acid HCN 25 9.21 
Hydrofluoric acid HF 25 3.20 
Hydrogen peroxide Н:О, 25 11.62 
Hydrogen selenide Н,5е 1 25 3.89 
2 25 11.0 
Hydrogen sulfide Н,5 1 25 7.05 
2 25 19 
Hydrogen telluride Н,Те 1 18 2.6 
2, 25 11 
Hydroxylamine NH,OH 25 5.94 
Hypobromous acid HBrO 25 8.55 
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DISSOCIATION CONSTANTS OF INORGANIC ACIDS AND BASES (continued) 


Name Formula Step uc pK, 
Hypochlorous acid HCIO 25 7.40 
Hypoiodous acid HIO 25 10.5 
Iodic acid НІО; 25 0.78 
Lithium ion Lit 25 13.8 
Magnesium(II) ion Mg? 25 11.4 
Nitrous acid HNO, 25 3.25 
Perchloric acid НОО, 20 -1.6 
Periodic acid HIO, 25 1.64 
Phosphoric acid HPO, 1 25 2.16 

2 25 7.21 
3 25 12.32 
Phosphorous acid HPO; 1 20 1.3 
2 20 6.70 
Pyrophosphoric acid H4P50; 1 25 0.91 
2 25 2.10 
3 25 6.70 
4 25 9.32 
Selenic acid Н,5еО, 2 25 1.7 
Selenious acid Н,5еО, 1 25 2.62 
2 25 8.32 
Silicic acid H4SiO4 1 30 9.9 
2 30 11.8 
3 30 12 
4 30 12 
Sodium ion Na* 25 14.8 
Strontium(II) ion Sr? 25 13.2 
Sulfamic acid NH,SO3H 25 1.05 
Sulfuric acid H5SO, 2 25 1.99 
Sulfurous acid Н,50, 1 25 1.85 
2 25 72 
Telluric acid H,TeO, 1 18 7.68 
2 18 11.0 
Tellurous acid Н,Тео, 1 25 6.27 
2 25 8.43 
Tetrafluoroboric acid НВЕ, 25 0.5 
Thiocyanic acid HSCN 25 -1.8 
Water Н,О 25 13.995 
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DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES 


This table lists the dissociation (ionization) constants of over 1070 organic acids, bases, and amphoteric compounds. АП data apply to dilute aqueous 
solutions and are presented as values of pK,, which is defined as the negative of the logarithm of the equilibrium constant K, for the reaction 


НА = H+ + A 
K, = [НАНА] 
where [H+], etc. represent the concentrations of the respective species in mol/L. It follows that pK, = pH + log[HA] - log[A `], so that a solution with 
50% dissociation has pH equal to the pK, of the acid. 
Data for bases are presented as pK, values for the conjugate acid, i.e., for the reaction 
BH* — H* - B 
In older literature, an ionization constant K, was used for the reaction B + ЊО = BH* + ОН. This is related to K, by 
pK, +рКь = PKwater = 14.00 (at 25°C) 
Compounds are listed by molecular formula in Hill order. 
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3. Albert, A., “Ionization Constants of Heterocyclic Substances”, in Katritzky, A.R., Ed., Physical Methods in Heterocyclic Chemistry, Academic 
Press, New York, 1963. 


4. Sober, H.A., Ed., CRC Handbook of Biochemistry, CRC Press, Boca Raton, FL, 1968. 

5. Perrin, D.D., Dempsey, B., and Serjeant, E.P., pK, Prediction for Organic Acids and Bases, Chapman and Hall, London, 1981. 

6. Albert, А., and Serjeant, E. P., The Determination of Ionization Constants, Third Edition, Chapman and Hall, London, 1984. 
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Mol. Form. Name Step °С pK, Mol. Form. Name Step °С рк, 
CHNO Cyanic acid 25 3.7 CH N; Aminoacetonitrile 25 5.34 
СН,М, Cyanamide 29 1.1 C,H,O Acetaldehyde 25 13.57 
СН,О Formaldehyde 25 13.27 С,Н,О8 Thioacetic acid 25 3:33 
СН,0, Formic acid 25 3.75 С.Н,О, Acetic acid 25 4.756 
CHNO, Nitromethane 25 10.21 С.Н,О,5 Thioglycolic acid 25 3.68 
CH4NS, Carbamodithioic acid 25 2.95 ОВОЈ Glycolic acid 25 3.83 
СН,М,О Urea 25 0.10 С,Н,Х Ethyleneimine 25 8.04 
CH4N5S Thiourea 25 -1 ОНО Acetamide 25 15.1 
СНО Methanol 25 15.5 ОНО; Acetohydroxamic acid 8.70 
СН,5 Methanethiol 25 10.33 ОНО; Nitroethane 25 8.46 
CH;N Methylamine 25 10.66 ОНО; Сіусіле 1 25 2.35 
CH;NO O-Methylhydroxylamine 12.5 2 25 9.78 
CH;N; Guanidine 25 13.6 C,H ,N; Ethanimidamide 25 12.1 
С,НСЦО Trichloroacetaldehyde 25 10.04 С.Н,О Ethanol 25 15.5 
С-НСІ;О, Trichloroacetic acid 20 0.66 С,Н,О5 2-Mercaptoethanol 25 9.72 
C+HF,O; Trifluoroacetic acid 25 0.52 С.Н,О, Ethyleneglycol 25 15.1 
С,Н,С1,0› Dichloroacetic acid 25 1.35 С,Н,А80, Dimethylarsinic acid 1 25 1.57 
С,Н,О; Glyoxylic acid 25 3.18 2 25 6.27 
С.Н:О, Охайс acid 1 25 1.25 С,Н5М Ethylamine 25 10.65 

25 3.81 С,Н5М Dimethylamine 25 10.73 

С,Н,ВгО, Bromoacetic acid 25 2.90 CjH;NO Ethanolamine 25 9.50 
ОВО, СШогоасейс acid 25 2.87 С,Н5М№О;8 2-Aminoethanesulfonic 1 25 1.5 
С-Н;СІ5О 2,2,2-Trichloroethanol 25 12.24 acid 2 25 9.06 
C,H3FO, Fluoroacetic acid 25 2.59 С,Н,М5 Cysteamine 1 25 8.27 
С-Н;Е;О 2,2,2-Trifluoroethanol 25 12.37 2 25 10.53 
С,.Н.0О, Iodoacetic acid 25 3.18 СН Віспаліде 1 11.52 
С-Н;МО, Nitroacetic acid 24 1.48 2 2.93 
ОВ 1H-1,2,3-Triazole 20 1.17 ОВ 1,2-Ethanediamine 1 25 9.92 
ОМ 1H-1,2,4-Triazole 20 2.27 2 25 6.86 


Mol. Form. 


CoHsO;P; 


с;н,о, 
C4H;NO 
C3H;NO 
СО, 
CHNS 
C3H3N;03 


ОВА 
С 
С 
C;H,0 
СНО 
C;H40; 
С.Н,О, 


СНО; 


C3H;BrO, 
СНОО 
С,Н.СЇО, 
C3H6N2 
C3H6No 


C3H,O 
C4Hq05 
C3H,0,S 
C3H,0; 
C3H,0; 
C4Hq0, 
C3H;N 
C3H;N 
C;H;NO 
C;H;NO; 


СНО; 
СНО; 


C;H,NO,S 


C3H;NO, 


C;H;NO,S 


CsH;N;O; 
С;Н;О; 


CsHsOs 
сұм 
сұм 
сұм 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name 


1-Hydroxy-1,1- 
diphosphonoethane 


2-Propynoic acid 
Oxazole 
Isoxazole 
Cyanoacetic acid 
Thiazole 
Cyanuric acid 


1H-Pyrazole 
Imidazole 
2-Thiazolamine 
Propargyl alcohol 
Acrylic acid 
Pyruvic acid 
Malonic acid 


Hydroxypropanedioic 
acid 
3-Bromopropanoic acid 
2-Chloropropanoic acid 
3-Chloropropanoic acid 
3-Aminopropanenitrile 
1,3,5- Triazine-2,4,6- 
triamine 
Allyl alcohol 
Propanoic acid 
(Methylthio)acetic acid 
Lactic acid 


3-Hydroxypropanoic acid 


Glyceric acid 
Allylamine 
Azetidine 
2-Propanone oxime 
L-Alanine 


B-Alanine 
Sarcosine 


L-Cysteine 


L-Serine 


DL-Cysteic acid 


Glycocyamine 
Ethylene glycol 
monomethyl ether 
Glycerol 
Propylamine 
Isopropylamine 
Trimethylamine 


Step 


Бр — 


Ne Ne 


Q ND к 29 — Q Мм ке NK NK NS 


°C 


25 
33 
25 
25 
25 


25 
25 
20 
25 
25 
25 
25 
25 


25 
25 
25 
20 
25 


25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


25 
25 
25 
25 


pK, 


1.35 
2.87 
7.03 
11.3 
1.84 
0.8 
-2.0 
2.47 
2.52 
6.88 
11.40 
13.5 
2.49 
6.99 
5.36 
13.6 
4.25 
2.39 
2.85 
5.70 
2.42 
4.54 
4.00 
2.83 
3.98 
7.80 
5.00 


15.5 
4.87 
3.66 
3.86 
4.51 
3.52 
9.49 

11.29 

12.42 
2.34 
9.87 
3.55 

10.24 
2.21 

10.1 
1.5 
8.7 

10.2 
2.19 
9.21 
1.3 
1.9 
8.70 
2.82 

14.8 


14.15 
10.54 
10.63 

9.80 


Mol. Form. 


CHNO 
CHNO 
ОН 10N2 


СНМ; 
CsHioN;O 
CsHiIN; 


С.Н,ЕМ,О 
C,H,N, 
C4H4N5 
снам 
СНО; 
СНО 
C4H4N505 
СНО 
СНО; 
C4H40, 


C4H40, 


со; 


C,H+N 
C,H;NO, 
СН 
СН 
СНО 


C4H3N40, 


СН 
СНО 
СНЕМОЗ5 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 


C4H40, 
C4H405 
СН 
C4H40, 
СН О 
со; 
сањао; 


C,H;CIO, 
C,H;CIO, 


Name Step 


2-Methoxyethylamine 
Trimethylamine oxide 
1,2-Propanediamine, (+) 
1,3-Propanediamine 


1,3-Diamino-2-propanol 


1,2,3- Triaminopropane 


NOR NF NK NK 


Flucytosine 

Pyrazine 

Pyrimidine 

Pyridazine 

Uracil 

Barbituric acid 
Alloxanic acid 
5-Nitropyrimidinamine 
2-Butynoic acid 
Maleic acid 


Fumaric acid 


Oxaloacetic acid 


Q N — У — NS 


Pyrrole 

Succinimide 
2-Pyrimidinamine 
4-Pyrimidinamine 

Cytosine 1 


6-Methyl-1,2,4-triazine- 
3,5(2H,4H)-dione 
1-Methylimidazol 
Allantoin 
Acetazolamide 
trans-Crotonic acid 
3-Butenoic acid 
Cyclopropanecarboxylic acid 
2-Oxobutanoic acid 
Acetoacetic acid 
Succinic acid 


Methylmalonic acid 
Malic acid 
DL-Tartaric acid 
meso-Tartaric acid 


L-Tartaric acid 


Ne 2 — У У — N = ƏN = 


Dihydroxytartaric acid 
2-Chlorobutanoic acid 
3-Chlorobutanoic acid 
4-Chlorobutanoic acid 


°C 


25 
25 


29 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


pK, 


9.40 
4.65 
9.82 
6.61 
10.55 
8.88 
9.69 
7.93 
9.59 
7.95 
3.26 
0.65 
1.23 
2.24 
9.45 
4.01 
6.64 
0.35 
2.62 
1.92 
6.23 
3.02 
4.38 
2.55 
4.37 
13.03 
-3.8 
9.62 
3.45 
5.71 
4.60 
12.16 
7.6 


6.95 
8.96 
72 

4.69 
4.34 
4.83 
2.50 
3.6 

4.21 
5.64 
3.07 
5.76 
3.40 
5.11 
3.03 
4.37 
3.17 
4.91 
2.98 
4.34 
1.92 
2.86 
4.05 
4.52 


Mol. Form. 


C,H,NO, 
C,H;NO, 
C4H;NO, 


СНО, 


СНО 


C4H;N; 
C4HgN50, 


СО 


с.Н,о, 
С.Н,О: 
СОЗ 
СОЗ 
С.Н»; 
C,HoN 
елге) 

С.НоМО: 


C,H NO, 
C,HoNO; 


C,H NO, 


C,H)NO,S 


C,H NO; 


C4H9NO; 


C4HN40, 
C,H 10N2 


C,H 520; 


СІН 00; 
CHIN 
CHIN 
CHIN 
CHIN 
C4H; NO; 


С4Н 12№ 


СВА 
снам 
снам 
снам 
C;H,FN 
СНО» 
C;H4N4 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name 


4-Cyanobutanoic acid 
N-Acetylglycine 
Iminodiacetic acid 


L-Aspartic acid 


Creatinine 


2,4,6-Pyrimidinetriamine 
L-Asparagine 


N-Glycylglycine 


Butanoic acid 
2-Methylpropanoic acid 


Step 


Ne Q м-н 


юк бо — 


3-Hydroxybutanoic acid, (+) 


4-Hydroxybutanoic acid 
Ethoxyacetic acid 
Pyrrolidine 

Morpholine 
2-Methylalanine 


N,N-Dimethylglycine 


DL-2-Aminobutanoic acid 


4-Aminobutanoic acid 


DL-Homocysteine 


L-Threonine 
L-Homoserine 
Creatine 


Piperazine 


2,4-Diaminobutanoic acid 


1,2,3,4-Butanetetrol 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Diethylamine 
Tris(hydroxymethyl) 
methylamine 
1,4-Butanediamine 


3-Bromopyridine 
2-Chloropyridine 
3-Chloropyridine 
4-Chloropyridine 
2-Fluoropyridine 
4-Nitropyridine 
1H-Purine 


°C 


25 
25 


25 
25 
25 
25 


20 
20 
20 
25 


25 
20 
25 
25 
18 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


25 
25 
25 
25 
20 


25 
25 
25 
25 
25 
25 
25 
25 
20 
20 


pK, 


2.42 
3.67 
2.98 
9.89 
1.99 
3.90 
9.90 
4.8 
92 
6.84 
2.1 
8.80 
3.14 
8.17 
4.83 
4.84 
4.70 
4.72 
3.65 
11.31 
8.50 
2.36 
10.21 
9.89 
2.29 
9.83 
4.031 
10.556 
2.22 
8.87 
10.86 
2.09 
9.10 
2.71 
9.62 
2.63 
14.3 
9.73 
5.33 
1.85 
8.24 
10.44 
13.9 
10.60 
10.56 
10.68 
10.84 
8.3 


10.80 
9.63 
2.84 
0.49 
2.81 
3.83 

-0.44 
1.61 
2.30 
8.96 


Mol. Form. 


СНО 
C;H,N,O 
СНО 
C5H4N,S 


С.Н,0,8 
СНО 
С.Н,О, 
C;H40; 
CsHsN 
С.Н.МО 


СНО 
С.Н.МО 
С.Н.МО 


C;H4NO 
C;H;NO, 


С.Н.МО, 


СНО 
CHN; 


C;H;N;O 
СН 
СН 
СН 
СН 
СНО 
С.Н,О, 


C;H40, 
C;H40, 
C;H405 
C;H,NO; 


C;H;NO, 
СН 
СН 
C;H;N40, 
С 
С.Н,М,055: 
C;H,0, 
С.Н,О, 
С.Н,О, 


С.Н,О, 
C;H NO, 
СНОО 


C;H NO; 


Name 


Hypoxanthine 

Allopurinol 

Uric acid 

1,7-Dihydro-6H- 
purine-6-thione 


2-Thiophenecarboxylic acid 
3-Thiophenecarboxylic acid 


2-Furancarboxylic acid 
3-Furancarboxylic acid 
Pyridine 

2-Pyridinol 


3-Pyridinol 
4-Pyridinol 
2(1H)-Pyridinone 


Pyridine-1-oxide 
1H-Pyrrole-2-carboxylic 
acid 
1H-Pyrrole-3-carboxylic 
acid 
Pyrazinecarboxamide 
Adenine 


Guanine 
2-Pyridinamine 
3-Pyridinamine 
4-Pyridinamine 
2-Methylpyrazine 
Thymine 
1,1-Cyclopropanedi- 
carboxylic acid 
trans-1-Propene-1,2- 
dicarboxylic acid 
1-Propene-2,3- 
dicarboxylic acid 
2-Oxoglutaric acid 


5,5-Dimethyl-2,4- 

oxazolidinedione 
L-Pyroglutamic acid 
2,5-Pyridinediamine 
Methylaminopyrazine 
Azaserine 
2,4-Dimethylimidazole 
Methazolamide 
trans-3-Pentenoic acid 
Dimethylmalonic acid 
Glutaric acid 


Methylsuccinic acid 
L-Proline 
5-Amino-4-oxopentanoic 


acid 
trans-A-Hydroxyproline 


Step 


Ne N — NN = ƏN — 


Ne он D — NK 


°С 


pK, 


8.7 
10.2 
3.89 
7.77 
11.17 
3.49 
4.1 
3.16 
3.9 
5.23 
0.75 
11.65 
4.79 
8.75 
3.20 
11.12 
0.75 
11.65 
0.79 
4.45 


5.00 


0.5 

4.3 

9.83 
9.92 
6.82 
6.04 
9.11 
1.45 
9.94 
1.82 
7.43 
3.09 
4.75 
3.85 
5.45 
2.47 
4.68 
6.13 


3.32 
6.48 
3.39 
8.55 
8.36 
7.30 
4.51 
3.15 
4.32 
5.42 
4.13 
5.64 
1.95 
10.64 
4.05 
8.90 
1.82 


Mol. Form. 


CHNO, 


сом 


CsHioN;Os 
CsH9N203 


CsHioN204 


СН, 0; 
С5Н 00 
С.Н, 0; 
С.Н, 0; 
C5H 1904 
С5Н 005 
CH 005 
С.Нү 
СН, 
C;H,,NO 

C;H, NO, 


N 
N 


C;H;;NO; 
C;H;;NO; 
C;H;;NO; 
СН, NO; 


C5H, МО; 
С.Н,(М0,8 


С5Н 5:0 
СНО; 


сном 
C;HjN 
сном 
сном 
сном 
сном 
C;H,,NO 
С5Н № 


С.Н.СЬМ,О, 


C&;H4N50; 
C&H4CLO 
С,Н,М:О, 
С,Н,М:О, 
СНМ 
СеН;ВгО 
СсН,ВгО 
СсН,ВгО 
C #HsBr,N 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name 


L-Glutamic acid 


Histamine 


Glycylalanine 
L-Glutamine 


Glycylserine 


Pentanoic acid 
2-Methylbutanoic acid 
3-Methylbutanoic acid 
2,2-Dimethylpropanoic acid 
D-2-Deoxyribose 
L-Ribose 

D-Xylose 

Piperidine 
N-Methylpyrrolidine 
4-Methylmorpholine 
L-Valine 


DL-Norvaline 
L-Norvaline 
N-Propylglycine 
5-Aminopentanoic acid 


Betaine 
L-Methionine 


Tetramethylurea 
L-Ornithine 


Pentylamine 
3-Pentanamine 
3-Methyl-1-butanamine 
2-Methyl-2-butanamine 
2,2-Dimethylpropylamine 
Diethylmethylamine 
Choline 
1,5-Pentanediamine 


4-Amino-3,5,6-trichloro- 
2-pyridinecarboxlic acid 
2,4,6-Trinitrophenol 
2,3-Dichlorophenol 
2,4-Dinitrophenol 
2,5-Dinitrophenol 
Pteridine 
2-Bromophenol 
3-Bromophenol 
4-Bromophenol 
3,5-Dibromoaniline 


Step 


ошо м ~ 


Ne Ne 


Ne NRF NF NK NE 


= 


°C 


25 
25 
25 


25 
25 
25 
25 
25 
25 
25 
20 
25 
25 
20 
25 
25 
18 
25 
25 
25 
25 
25 


pK, 


9.66 
2.13 
4.31 
9.67 
6.04 
9.75 
3.15 
2.17 
9.13 
2.98 
8.38 
4.83 
4.80 
4.77 
5.03 
12.61 
12.22 
12.14 
11.123 
10.46 
7.38 
2.29 
9.74 
2.36 
9.72 
2.32 
9.81 
2:35 
10.19 
4.27 


Mol. Form. 


СеН5СІО 
С,Н.С1О 
С,Н.С1О 
СоН5СЬМ 
CHFO 
C4H4FO 
C4H;FO 
CHIO 
CHIO 
СНО 
C4H4NO 
C4H;NO 
СЕ МО; 
сын;хо, 


СНО; 
сын;хо, 


С,Н МО, 
С,Н МО, 
C,H;NO, 
СЕН 
С,Н МО 


CcH5N50; 


CHBrN 
CHBrN 
CHBrN 
CoH,CIN 
CH ,CIN 
CeH,CIN 
CoH FN 
СЕМ 
СеН;ЕМ 
сена 
CHIN 
CeHgIN 
СНО 
СНО 


С,Н,М,О, 
С,Н,М,О, 
С,Н,М,О, 
СНО 
СНО 


С,Н,О, 
С,Н,О, 
C;H,O,S 
С.Н,О,8 
CH 0, 


CdH40,8 


Name 


2-Chlorophenol 
3-Chlorophenol 
4-Chlorophenol 
2,4-Dichloroaniline 
2-Fluorophenol 
3-Fluorophenol 
4-Fluorophenol 
2-Iodophenol 
3-Iodophenol 
4-Iodophenol 
2-Pyridinecarboxaldehyde 
4-Pyridinecarboxaldehyde 
Nitrobenzene 
2-Pyridinecarboxylic acid 


3-Pyridinecarboxylic acid 
4-Pyridinecarboxylic acid 


2-Nitrophenol 
3-Nitrophenol 
4-Nitrophenol 
1H-Benzotriazole 
2-Amino-4- 
hydroxypteridine 
Xanthopterin 


2-Bromoaniline 
3-Bromoaniline 
4-Bromoaniline 
2-Chloroaniline 
3-Chloroaniline 
4-Chloroaniline 
2-Fluoroaniline 
3-Fluoroaniline 
4-Fluoroaniline 
2-Iodoaniline 
3-Iodoaniline 
4-Todoaniline 
3-Pyridinecarboxamide 
2-Pyridinecarbox- 
aldehyde oxime 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Phenol 
p-Hydroquinone 


Pyrocatechol 
Resorcinol 


Benzenesulfinic acid 

Benzenesulfonic acid 

5-Hydroxy-2-(hydroxy- 
methyl)-4H-pyran-4-one 

3-Hydroxybenzene- 
sulfonic acid 


Step 


N — NF мы 


эээ.» 


Ne N — мю — 


°C 


25 
25 
25 
22 
25 
25 
25 


25 


pK, 


8.56 
9.12 
9.41 
2.05 
8.73 
9.29 
9.89 
8.51 
9.03 
9.33 
12.68 


9.07 


Mol. Form. 


C6H604S 
С.Н,О, 
с.Н,О, 
С,Н,5 
С,Н,ВО, 
CHN 
CHN 
CHN 
СЕМ 
CHNO 
С,Н,МО 
С,Н,МО 
CHNO 
С,Н,МО 
С,Н,МО 
C4H;NO,S 
C4H;NOsS 
С,Н,МО,8 


C HsN; 
C HsN; 


C HsN; 


C HsN; 


C HsN; 
С,Н,О, 
C HsO; 
СоНзО4 


СНО 


СНО 


CH NO, 


CH NO, 


C HoNs 


C HoN;O; 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name 


4-Hydroxybenzene- 
sulfonic acid 
cis-1-Propene-1,2,3- 
tricarboxylic acid 
trans-1-Propene-1,2,3- 
tricarboxylic acid 
Benzenethiol 
Benzeneboronic acid 
Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
2-Aminophenol 


3-Aminophenol 
4-Aminophenol 


2-Methoxypyridine 
3-Methoxypyridine 
4-Methoxypyridine 
2-Aminobenzenesulfonic 
acid 
3-Aminobenzenesulfonic 
acid 
4-Aminobenzenesulfonic 
acid 
N-Methylpyridinamine 
o-Phenylenediamine 


m-Phenylenediamine 
p-Phenylenediamine 
Phenylhydrazine 
2,4-Hexadienoic acid 
1,3-Cyclohexanedione 
2,2-Dimethyl-1,3- 
dioxane-4,6-dione 


L-Ascorbic acid 


Citric acid 


Isocitric acid 


Nitrilotriacetic acid 


L-y-Carboxyglutamic acid 


4,6-Dimethylpyrimi- 
dinamine 
L-Histidine 


Step 


Ne NK м — Ne NK NK 


+ чш о — Q го — WNKWNK NK 


- 


°С 


25 


25 


25 
25 
25 


25 
25 
25 
25 
20 
20 
20 
20 
25 
25 
20 
25 
25 
25 


25 


25 


20 
20 
20 
20 
20 
20 
20 
15 
25 
25 


25 
16 
25 
25 
25 
25 
25 
25 
20 
20 
20 
25 
25 
25 
25 
20 


25 
25 
25 


pK, 


9.11 
1.95 


2.80 
4.46 
6.62 
8.83 
4.87 
6.00 
5.70 
5.99 
4.78 
9.97 
4.37 
9.82 
5.48 
10.30 
3.28 
4.78 
6.58 
2.46 


3.74 
3.23 


9.65 
4.57 
0.80 
5.11 
2.50 
6.31 
2:91 
8.79 
4.76 
5.26 
54 


4.04 
11.7 
3.13 
4.76 
6.40 
3.29 
4.71 
6.40 
3.03 
3.07 
10.70 
1.7 
32 
4.75 
9.9 
4.82 


1.80 
6.04 
9.33 


Mol. Form. 


CoH 0; 
СН, 0, 
CH |004 
CoH 00; 
САМО 
Сен, NO, 
C Hu МО, 
СН, №04 
Сен N50, 


СН 12№ 


C IH 520,5; 


СН 1202 
СН 1202 
C IH 1206 
СН 1206 
СН 1206 
СН 13 
СН 13 
СН 13 
СН, МО 

СН 1 МО, 


ZZZ 


Сб Ако; 
СН ко; 
Сб А ако; 
СН, МО, 
СН Оз 
СН, М, 
СН № 
СН, № 


СН №0 


СНО; 


СеН Os 
сын 
сын 
сыны 


Мате 


Сусїорешапесагрохуйс 
acid 

Ethyl acetoacetate 

3-Methylglutaric acid 

Adipic acid 


2-Piperidinecarboxylic 
acid 

Adipamic acid 

2-Aminoadipic acid 


N-(N-Glycylglycyl)glycine 


Glycylasparagine 
Triethylenediamine 


L-Cystine 


Hexanoic acid 
4-Methylpentanoic acid 
B-D-Fructose 
a.-D-Glucose 
D-Mannose 
Cyclohexylamine 
1-Methylpiperidine 
1,2-Dimethylpyrrolidine 
N-Ethylmorpholine 
L-Leucine 


L-Isoleucine 
L-Norleucine 
6-Aminohexanoic acid 


N,N-Bis(2-hydroxy- 
ethyl)glycine 
Citrulline 


cis-1,2-Cyclohexane- 
diamine 

trans-1,2-Cyclohexane- 
diamine 

cis-2,5-Dimethyl- 
piperazine 

L-Lysine 


L-Arginine 


D-Mannitol 
Hexylamine 
Diisopropylamine 
Triethylamine 


Step 


эн н 


+ шош нон 9 о шо — 


N D) онооны 


Q l2— шо о к о — [ыо к NK NS 


Mol. Form. 


СН |5МОҙ 
C #Hi N; 


C Hi No 


СеН,95і, 
C;HF50; 
C;HjBr,NO 


СУН МО, 
C;H4ChNO,; 
Сун, МО, 
С7Н5ВгО> 
C,H;BrO, 
C,H;BrO, 
C;H;CIO; 
C;HsCIO, 
C;H;CIO, 
C;H;FO, 
C;H;FO, 
C;H;FO, 
СНО 
C;H;F,O 
C;H3IO; 
C;H3IO, 
СНО, 
C;H;NO 
C;H;NO 
C-H;NO 
C+HsNO,S 
C;HNO, 
CjH;NO, 
C)H;NO, 
СНО, 


С,Н.МО, 


СНО, 


CHNO, 
C;H4CIN4O4S; 


СВМ 
СВМ 
CHIN; 
CH ,N; 
CHN; 
CH ,N; 
С,Н,О 
C;H,O; 
C;H,O; 
C;H,O; 
СО; 
СО 


СО 


СНО; 


DISSOCIATION CONSTANTS ОЕ ORGANIC ACIDS AND BASES (continued) 


Name 


Triethanolamine 
1,6-Hexanediamine 


N,N,N',N"-Tetramethyl- 
1,2-ethanediamine 
Hexamethyldisilazane 
Pentafluorobenzoic acid 
3,5-Dibromo-4- 
hydroxybenzonitrile 
2,4,6-Trinitrobenzoic acid 
Triclopyr 
2,4-Dinitrobenzoic acid 
2-Bromobenzoic acid 
3-Bromobenzoic acid 
4-Bromobenzoic acid 
2-Chlorobenzoic acid 
3-Chlorobenzoic acid 
4-Chlorobenzoic acid 
2-Fluorobenzoic acid 
3-Fluorobenzoic acid 
4-Fluorobenzoic acid 
2-(Trifluoromethyl)phenol 
3-(Trifluoromethyl)phenol 
2-Iodobenzoic acid 
3-Iodobenzoic acid 
4-Iodobenzoic acid 
2-Hydroxybenzonitrile 
3-Hydroxybenzonitrile 
4-Hydroxybenzonitrile 
Saccharin 
2-Nitrobenzoic acid 
3-Nitrobenzoic acid 
4-Nitrobenzoic acid 
2,3-Pyridinedicarboxylic 
acid 
2,4-Pyridinedicarboxylic 
acid 
2,6-Pyridinedicarboxylic 
acid 
3,5-Pyridinedicarboxylic 
acid 
Chlorothiazide 


3-(Trifluoromethyl)aniline 
4-(Trifluoromethyl)aniline 
1H-Benzimidazole 
2-Aminobenzonitrile 
3-Aminobenzonitrile 
4-Aminobenzonitrile 
Benzaldehyde 

Benzoic acid 
Salicylaldehyde 
3-Hydroxybenzaldehyde 
4-Hydroxybenzaldehyde 
2-Hydroxybenzoic acid 


3-Hydroxybenzoic acid 


4-Hydroxybenzoic acid 


Step 


N — Ne 


– о = > не 


°C 


Mol. Form. 


C;Hq0, 


C.H,O, 
СНО, 


CHO, 
С7Н;О5 
С-Н,О, 


C;H;NO 
СМО, 


СНО; 


СО, 


C;H;NO; 
C;H4CIN4O4S; 


СМО; 
СМО 
C;H,O 
C;H,O 
C;H;O 
C;H,OS 
СО 
СО 
СО 
C;H,S 
C;HəoN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHN 
CHNO 
CHNO 
CHNO 
CjH NS 
CHNS 
CHN; 


C-H; 1530; 


C-H; 1530; 


Мате 


Step 


2 


2,4-Dihydroxybenzoic acid 1 


2 
3 


2,5-Dihydroxybenzoic acid 1 
3,4-Dihydroxybenzoic acid 1 


3,5-Dihydroxybenzoic acid 


2,4,6-Trihydroxybenzoic 
acid 

3,4,5-Trihydroxybenzoic 
acid 

Benzamide 

Aniline-2-carboxylic acid 


Aniline-3-carboxylic acid 
Aniline-4-carboxylic acid 


4-Amino-2-hydroxy- 
benzoic acid 
Hydrochlorothiazide 


Theobromine 
Theophylline 
o-Cresol 

m-Cresol 

p-Cresol 
4-(Methylthio)phenol 
2-Methoxyphenol 
3-Methoxyphenol 
4-Methoxyphenol 
Benzenemethanethiol 
Benzylamine 
2-Methylaniline 
3-Methylaniline 
4-Methylaniline 
N-Methylaniline 
2-Ethylpyridine 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
2-Methoxyaniline 
3-Methoxyaniline 
4-Methoxyaniline 
2-(Methylthio)aniline 
4-(Methylthio)aniline 
2-Dimethylaminopurine 


L-1-Methylhistidine 


L-3-Methylhistidine 


2 
3 
1 


Ne 


Q УЗ — WN м = 


°C 


Mol. Form. 


C;H;50; 
СІН 20; 


C;H 1204 
СН МО, 


СІН,40; 
СТАО 
СНМ 
СВМ 
С,Н, МО, 
сним 
СВМ 
сын;хо, 
С,Н.МО, 
СН 
САН 
CHN, 
СН 
СНО 
С,Н,О, 
С,Н,О, 
C;H,O, 


СНО, 
C4H40, 


СНС, 
СНС, 
C$H;CIO; 
СНС, 
C$H;CIO, 
CHNO, 
CsH;NO, 
СНО, 
CgHgF3N304S2 


CsHsN; 
СО 
СұН;О; 
Саво; 
СұН;О; 
СұН;О; 
СұН;О; 
СұН;О; 
С,Н,О, 
С,Н,О, 
С,Н,О, 
С,Н,О, 
С,Н,О, 
Саво, 


CHNO 
CsHoNO, 


Соко; 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name Step 


Cyclohexanecarboxylic acid 
Heptanedioic acid 


Butylpropanedioic acid 
a-Ethylglutamic acid 


nenne 


Heptanoic acid 
a-Methylglucoside 
1-Ethylpiperidine 
1,2-Dimethylpiperidine,(+) 
Carnitine 
Heptylamine 
2-Heptanamine 
3-Cyanobenzoic acid 
4-Cyanobenzoic acid 
Cinnoline 
Quinazoline 
Quinoxaline 
Phthalazine 
Nitrofurantoin 
3-Formylbenzoic acid 
4-Formylbenzoic acid 
Phthalic acid 


Isophthalic acid 


Terephthalic acid 


N — он Ne 


2-Chlorobenzeneacetic acid 
3-Chlorobenzeneacetic acid 
4-Chlorobenzeneacetic acid 
2-Chlorophenoxyacetic acid 
3-Chlorophenoxyacetic acid 
2-Nitrobenzeneacetic acid 
3-Nitrobenzeneacetic acid 
4-Nitrobenzeneacetic acid 
Hydroflumethiazide 1 
2 

2-Methyl-1 H-benzimidazole 
o-Toluic acid 
m-Toluic acid 
p-Toluic acid 
Benzeneacetic acid 
1-(2-Hydroxyphenyl)ethanone 
1-(3-Hydroxyphenyl)ethanone 
1-(4-Hydroxyphenyl)ethanone 
2-Methoxybenzoic acid 
3-Methoxybenzoic acid 
4-Methoxybenzoic acid 
Phenoxyacetic acid 
Mandelic acid 
2,5-Hydroxybenzeneacetic 
acid 
Acetanilide 
2-(Methylamino)benzoic 

acid 
3-(Methylamino)benzoic 

acid 


°С 


pK, 


4.91 
4.71 
5.58 
2.96 
3.846 
7.838 
4.89 
13.71 
10.45 
10.22 
3.80 
10.67 
10.7 
3.60 
3.55 
2,31. 
3.43 
0.56 
3.47 
72 
3.84 
3.77 
2.943 
5.432 
3.70 
4.60 
3.54 
4.34 
4.07 
4.14 
4.19 
3.05 
3.10 
4.00 
3.97 
3.85 
8.9 
9.7 
6.19 
3.91 
4.25 
4.37 
4.31 
10.06 
9.19 
8.05 
4.08 
410 
4.50 
3.17 
3.37 
4.40 


0.5 
5.34 


5.10 


Mol. Form. 


сұын,хо, 
CsH NO, 
СНовм 
CsH (СІМ 
СЫН СІМ 
Сан 10N202 


CHN 
сыну 
Сыну 
С.Ни 
С.Ни 
СН NO 
CH; NO 
СН МО 
CH; NO 


N 
N 


CH; NO 
CgH;;NO; 


CHNO; 


C;H; 1N306 
Сан) 15% 


СН, Оз 
C$H150; 


CHNO, 
С,Н,055, 
CsHuO, 
СуН,5МО 
СН! 5МО 
СұН|6М:0; 
СұН|6М:0; 


CH |65045; 


CsH, O; 
СУН O; 
CgH\7N 
CgH\7N 
С:Н,5МО 


CgH9N 
СН 
СұаН 
С,Н,оМ, 


N 
N 


CHBrN 
C;H;CIO, 


Name Step 


4-(Methylamino)benzoic 
acid 
N-Phenylglycine 1 


4-Bromo-N, N- 
dimethylaniline 
3-Chloro-N, № 
dimethylaniline 
4-Chloro-N, N- 
dimethylaniline 
N,N-Dimethyl-3- 
nitroaniline 
N-Ethylaniline 
N,N-Dimethylaniline 
2,6-Dimethylaniline 
Benzeneethanamine 
2,4,6-Trimethylpyridine 
2-Ethoxyaniline 
3-Ethoxyaniline 
4-Ethoxyaniline 
4-(2-Aminoethyl)phenol 1 
2 
2-(2-Methoxyethyl)pyridine 
Dopamine 


Norepinephrine 


ом — 


6-Azauridine 
Phenylbiguanide 1 


Barbital 
5,5-Dimethyl-1,3- 
cyclohexanedione 
Arecoline 
Thioctic acid 
Octanedioic acid 1 
Тторіпе 
Pseudotropine 
N-Glycylleucine 
N-Leucylglycine 


Homocystine 


+ Q LDO — мон 


Octanoic acid 
2-Propylpentanoic acid 
2-Propylpiperidine,(S) 
2,2,4-Trimethylpiperidine 
trans-6-Propyl-3- 
piperidinol,(35) 
Octylamine 
N-Methyl-2-heptanamine 
Dibutylamine 
1,8-Octanediamine 1 


3-Bromoquinoline 
trans-o-Chlorocinnamic 
acid 


°С 


25 
25 


25 
15 
15 
25 
25 
25 
25 
25 
25 
25 
25 


30 


pK, 


5.04 


1.83 
4.39 
4.23 


3.83 
4.39 
2.62 


5.12 
5.07 
3.89 
9.83 
7.43 
4.43 
4.18 
5.20 
9.74 
10.52 
5.5 
8.9 
10.6 
8.64 
9.70 
6.70 
10.76 
2.13 
7.43 
5.15 


6.84 
5.4 
4.52 
3.80 
3.80 
3.18 
3.25 
8.2 
1.59 
2.54 
8.52 
9.44 
4.89 
4.6 
10.9 
11.04 
10.3 


10.65 
10.99 
11.25 
11.00 
101 
2.69 
4.23 


Mol. Form. 


CoH;CIlO; 
C;H;CIO, 


CoH;N 
СМ 
C;H;NO 


CoH,NO 
СНО 
C9H;NO 
C,H, NO 
C;H;NO 


CyH,NO, 

C4H;NO, 

C4H;NO, 

С.Н,М,0,8 
С,Н,М, 
С,Н,М, 
CoHsN; 
СА 
СА 
CoHsO; 
CoHsO; 
CoHsO; 


СНО, 
СН,Вг,МО, 
С.Н СО, 
сос, 
СНС, 
CoHol,NO3 
CoHoNO, 
Соко, 
Соко, 
Сон: О» 


С,Н,М:О:5, 
СНО 


СН № 
CoH 1002 
CoH 1002 
CoH 100» 
CoH Оз 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name Step 


trans-m-Chlorocinnamic 
acid 

trans-p-Chlorocinnamic 
acid 

Quinoline 

Isoquinoline 

2-Quinolinol 


3-Quinolinol 
4-Quinolinol 
6-Quinolinol 
8-Quinolinol 


7-Isoquinolinol 


Ne N — NK NK NK NS 


2-Cyanophenoxyacetic acid 
3-Cyanophenoxyacetic acid 
4-Cyanophenoxyacetic acid 
Azathioprine 
2-Quinolinamine 
3-Quinolinamine 
4-Quinolinamine 
1-Isoquinolinamine 
3-Isoquinolinamine 
cis-Cinnamic acid 
trans-Cinnamic acid 
a-Methylenebenezene- 
acetic acid 
2-(Acetyloxy)benzoic acid 
3,5-Dibromo-L-tyrosine 1 


3-(2-Chlorophenyl)- 
propanoic acid 
3-(3-Chlorophenyl)- 
propanoic acid 
3-(4-Chlorophenyl)- 
propanoic acid 
L-3,5-Diiodotyrosine 1 


N-Benzoylglycine 
3-(2-Nitrophenyl)- 

propanoic acid 
3-(4-Nitrophenyl)- 

propanoic acid 
Carbendazim 
Sulfathiazole 
L-3-Iodotyrosine 1 


2-Ethylbenzimidazole 
3,5-Dimethylbenzoic acid 
Benzenepropanoic acid 
a-Methylbenzeneacetic acid 
а-Нудгоху-а- те ћу!- 
benezeneacetic acid 


°C 


25 


25 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
25 
25 
20 
20 
25 
25 
25 


20 
20 
20 
20 
20 
25 
25 


25 


25 


25 


25 


25 
25 
25 
25 
25 


25 


25 
25 
25 
25 
25 
25 
25 
25 


pK, 


4.29 
4.41 


4.90 
5.40 
-0.31 
11.76 
4.28 
8.08 
2.23 
11.28 
5.15 
8.90 
4.91 
9.81 
5.68 
8.90 
2.98 
3.03 
2.93 
8.2 
7.34 
4.91 
9.17 
7.62 
5.05 
3.88 
4.44 
4.35 


3.48 
2.17 
6.45 
7.60 
4.58 


4.59 
4.61 


2.12 
5.32 
9.48 
3.62 
4.50 


4.47 


4.48 
7.2 
22 
8.7 
9.1 
6.18 
4.32 
4.66 
4.64 
3.47 


Mol. Form. 


Name 


СОН, | СІ,М;0458; Methylclothiazide 


СНим 
СНим 
CoHi NO2 


CoH МО; 
CoH, NO 


CoH) МО; 


CoH, МО, 


ОН О 
CoH 1 3N 
CoH) МО, 
CoH 1 3N209P 
CH 1 3№05 
CoH, 4CINO 
СН МО, 
CoH gN3OgP 


CoH) МО; 


CoH,;NO;S 


Сон, ;№;0 
СН 604 


CoH 1 8О» 
СОН м 
CoH 19N 


СНМ 
C ioH;jNO; 
СоН;О 
СоН;О 
Со НоМ 
СоНоМ 
СНМ 
СууН 
Ci oHoN 
CioHoNO 
C ioHoNO 
CipHyNO, 
СН 00; 
СоН 00; 
Ср! 490; 
CoH 25; 
СрН о 


N-Allylaniline 

1-Indanamine 

4-(Dimethylamino)- 
benzoic acid 

Ethyl 4-aminobenzoate 

L-Phenylalanine 


L-Tyrosine 


Levodopa 


Tyrosineamide 
N-Isopropylaniline 
Epinephrine 


5'-Uridylic acid 
Cytidine 


Phenylpropanolamine 
hydrochloride 

Metharbital 

3'-Cytidylic acid 


Carnosine 


Captopril 


Minoxidil 
Nonanedioic acid 


Nonanoic acid 
N-Butylpiperidine 
2,2,6,6- Tetramethyl- 
piperidine 
Nonylamine 


8-Quinolinecarboxylic acid 


1-Naphthol 

2-Naphthol 
1-Naphthylamine 
2-Naphthylamine 
2-Methylquinoline 
4-Methylquinoline 
5-Methylquinoline 
5-Amino-1-naphthol 
6-Methoxyquinoline 
1H-Indole-3-acetic acid 
o-Methylcinnamic acid 
m-Methylcinnamic acid 
p-Methylcinnamic acid 
Tryptamine 
5-Hydroxytryptamine 


Step 


Ne NF Ne + Q гю — Q мон м н 


N — O мю — WN н 


- 


°C 


25 
22 


25 
25 
29 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


20 
20 


pK, 


9.4 
4.17 
9.2] 
6.03 
11.49 
2.5 
2.20 
9.31 
2.20 
9.11 
10.1 
2.32 
8.72 
9.96 
11.79 
7.33 
5.77 
8.66 
9.95 
6.4 
9.5 
4.22 
12.5 
9.44 


8.45 
0.8 
4.28 
6.0 
2.73 
6.87 
9.73 
3.7 
9.8 
4.61 
4.53 
5.33 
4.96 
10.47 
11.07 


10.64 
1.82 
9.39 
9.63 
3.92 
4.16 
5.83 
5.67 
5.20 
3.97 
5.03 
4.75 
4.50 
4.44 
4.56 

10.2 
9.8 

11.1 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Mol. Form. Name 


СоН|>М205 Біповер 
CjgHj;N4O, X Dideoxyinosine 


СНО 5,6,7,8-Tetrahydro-2- 
naphthalenol 

СНО Benzenebutanoic acid 

Сун ог Propyl 3,4,5-trihydroxy- 
benzoate 

СН |3М50) Adenosine 

C49H;4N5 L-Nicotine 

СН, ОР  5'-Adenylic acid 

СрНао 2-tert-Butylphenol 

СрНао 3-tert-Butylphenol 

СНО 4-tert-Butylphenol 

C4o9H45N N-tert-Butylaniline 

C iH i N N,N-Diethylaniline 


CIH, NO d-Ephedrine 
Сун мо !-Ерћедппе 


CioH}7N30,S  [-Glutathione 

СоН NOS — L-Argininosuccinic acid 

Ср: Ол Sebacic acid 

СН ӘМ Bornylamine 

CIH i IN Neobornylamine 

СоН> М Butylcyclohexylamine 

Cj oH2,N 1,2,2,6,6-Pentamethyl- 
piperidine 

СоН2зМ Decylamine 

CHN; 1H-Perimidine 

СНО; 1-Naphthalenecarboxylic 
acid 

С НО 2-Naphthalenecarboxylic 
acid 

СНМ Methyl-1-naphthylamine 


CjiHjLNO,  Iopanoic acid 
CjHj9N5)0O; ` L-Tryptophan 


CjHj9N4OSS  Sulfamethoxypyridazine 
C,,;H)3F3N03S Mefluidide 

СН, NO; Hydrastinine 
C,,;H;3N303S  Sulfisoxazole 


C,,H,4N,O Cytisine 

С Н.О 2-tert-Butylbenzoic acid 
СНО 3-tert-Butylbenzoic acid 
СНО 4-tert-Butylbenzoic acid 


С,Н,сМ.О, Pilocarpine 


С,Н,сМ,О, X Pentostatin 
C,,H,7N N,N-Diethyl-2-methyl- 
aniline 


Step 


Ne NK NY — 


N — + Q D — + Q LD н 


°С 


25 


25 


25 
25 


25 
25 
25 
25 
25 
10 
10 
25 
25 
25 
25 
25 
25 
25 
25 


25 
25 
25 
30 


25 
20 
25 


25 


27 


25 
25 


25 
25 
25 
25 
25 


25 


pK, 


4.62 
9.12 
10.48 


4.76 
8.11 


3.6 
12.4 
8.02 
3.12 
3.8 
6.2 
10.62 
10.12 
10.23 
7.00 
6.57 
10.139 
9.958 
2:12 
3.59 
8.75 
9.65 
1.62 
2.70 
4.26 
9.58 
4.59 
5.59 
10.17 
10.01 
11.23 
11.25 


10.64 
6.35 
3.69 


Mol. Form. 


СиНиМОз 
Cj Hi N30; 
C,,H,gCINO3 
Cii HigN205 
Cj H55N 

C44 Ho59NO;PS 


CyH¢C1,0.8 


Сри; 
Србу; 
СНО 
СНО 
СНО 
СНМ 
СНМ 
СНМ 
СНМ 
СНМ 
СрНу 
CHN? 


С рН 12№Оз 


СН Оз 
СН N 


СоНзМ 
СН. №405 


СН. №4035 
СН |7550; 


С і2НәоМ. 20; 
Србу М5О8; 


СізН|;М:05 
CisH; N 
Сана Оз 
Србу М:0, 


Мате Step 


Isoproterenol 
Tetrodotoxin 
Methoxamine hydrochloride 
Amobarbital 
Undecylamine 
Methylphosphonothioic acid 
S[2-[bis(1-isopropyl)amino]- 
ethyl],O-ethylester 
Bithionol 1 
2 
1,10-Phenanthroline 
Phenazine 
2-Hydroxybiphenyl 
3-Hydroxybiphenyl 
4-Hydroxybiphenyl 
Diphenylamine 
2-Aminobiphenyl 
3-Aminobiphenyl 
4-Aminobiphenyl 
2-Benzylpyridine 
4-Aminoazobenzene 
p-Benzidine 


Phenobarbital 


о-ы к= 


Iocetamic acid 
N,N-Dimethyl-1- 
naphthylamine 
N,N-Dimethyl-2- 
naphthylamine 
Sulfamethazine 1 


Sulfacytine 
Agaritine 1 


Aspergillic acid 
Nizatidine 1 


Sucrose 

a-Maltose 
Dicyclohexylamine 
Dodecylamine 

Acridine 

Phenanthridine 
9-Acridinamine 
2-Phenylbenzimidazole 1 


2-Phenylbenzoic acid 
2-Phenoxybenzoic acid 
3-Phenoxybenzoic acid 
4-Phenoxybenzoic acid 
3,6-Acridinediamine 
Ethacrynic acid 
Harmine 
Sulfabenzamide 
4-Benzylaniline 
Harmaline 

Imazapyr 1 


°C 


25 
25 
25 


25 


25 


25 
21 


25 
20 
20 
20 
25 
25 
25 
25 
25 
25 
20 


25 
25 


DISSOCIATION CONSTANTS ОЕ ORGANIC ACIDS AND BASES (continued) 


Mol. Form. Name Step °С pK, Mol. Form. Name Step {°С pK, 
C,;3H;6CINO Ketamine 75 Са На С1М:0,5 Clindamycin 7.6 
СаНоМмол5 4-[(Dipropylamino)- 5.8 Сам Octadecylamine 25 10.60 
sulfonyl]benzoic acid С оНоВ14О5$ Bromophenol Blue 4.0 
СНМ 2,6-Di-tert-butylpyridine 3.58 С.Н |4055 Phenol Red 7.9 
СізНәМ (Tridecyl)amine 25 10.63 СН, СМО, Indomethacin 4.5 
Слано NOS, Perfluidone 2.5 СоН№045> Cephaloridine 32 
С.Н |20: a-Phenylbenzeneacetic acid 25 3.94 СоНоМ20 Phenylbutazone 4.5 
СНО; о-Нуагоху-0-рһепу1- 25 3.04 СНМ Protriptyline 8.2 
benezeneacetic acid Србу МО: Thebaine 15 6.05 
С.Н МО Trimethoprim 6.6 СН››№О Cinchonine 1 5.85 
CuHiÍ NO; Methylphenidate 8.9 2 9.92 
С.Н,|М;0О0;5  Tolazamide 25 3.6 СоН>>№0 Cinchonidine 1 5.80 
Ci4H53N5035 Atenolol 9.6 2 10.03 
Сањам Tetradecylamine 25 10.62 СоН›>№0› Сиргеіпе 6.57 
С.Н СКОз Clonazepam 1 1.5 СНО СіБбеге с acid 4.0 
2 10.5 Cj9H23N30,  Ergometrinine 7.3 
СаН у МО, L-Thyroxine 1 25 22 CjoH23N30, Егеопоуіпе 6.8 
2 25 6.45 Cy9H 404 Phenolphthalein 25 9.7 
3 25 10.1 Суб МО, Рарамеппе 6.4 
С,5Н Оз Fenoprofen 7.3 Cy9H23N Amitriptyline 9.4 
С,,Н,,4МХО, Mefenamic acid 4.2 Cy9H23N707 Folinic acid 1 3.1 
Сан О X Methyl Red 1 2.5 2 4.8 
9.5 3 10.4 
С,,Н,уСМ, NeutralRed 6.7 Суб О Quinine 1 25 8.52 
С.Н мо; Tropacocaine 15 4.32 2 25 4.13 
С 5Нь№Оз — Imazethapyr 1 22 Суб О Ошпапе 1 20 5.4 
2 3.9 2 20 10.0 
С,,Н,М:О0, Physostigmine 1 6.12 Суб О; Hydroquinine 5.33 
2 12.24 C,,;H,4Br,0;S Вгошосгево! Green 47 
CIisH, N; Sparteine 1 20 2.24 C,,;H;sBr,0;S Bromocresol Purple 6.3 
2 20 9.46 С.Н 5055 CresolRed 8.3 
С 5НззМ Pentadecylamine 25 10.61 СН МО Hydrastine 7.8 
СНОО Valium 3.4 С,(Н,,М:О, Strychnine 25 8.26 
С.Н ІСІМ;О  Chlorodiazepoxide 4.8 C,,;H23;CIFNO, Haloperidol 8.3 
Со О — Lysergic acid 1 3.44 СМО Furethidine 7.48 
2 7.68 C,,;H35N307 Lisinopril 1 2.5 
С 6Ни№04$ Cephalexin 1 5.2 2 4.0 
2 7.3 3 6.7 
С.Н :У3045 Cephradine 1 2.63 4 10.1 
2 7.27 (62511671 o-Cresolphthalein 9.4 
Ci H55N5 Lycodine 1 3.97 Су НЕКО; Droperidol 7.64 
2 8.08 Су Ва МО; Мовсарше 7.8 
СИМ Hexadecylamine 25 10.61 C5;H;4NOg Colchicine 20 12.36 
С,5Н,5МО Apomorphine 1 7.0 Суб у МО Benzpiperylon 1 6.73 
2 8.92 2 9.13 
Cj5;Hj9NO; Piperine 18 12.22 Су На МО; Atisine 122 
Cj5;Hj9NO; Morphine 1 25 8.21 СН №0. Вгисше 1 6.04 
2 20 9.85 2 11.07 
Сон 9У406 Riboflavin 1 17 Cy4H 4904 Deoxycholic acid 6.58 
2 25 9.69 СНО; Cholic acid 6.4 
Ci;H; Oç Mycophenolic acid 4.5 С›5Н»ЬМО» Amiodarone 25 6.56 
Срб МО, Hyoscyamine 21 9.7 СНА МО Асопіпе 9.52 
Санио Nadolol 9.67 Со А МО, Glycocholic acid 4.4 
СН СІМ, Clozapine 1 3.70 Cy6HysNO7S . Taurocholic acid 1.4 
2 7.60 С,7Н,Вг,055 Bromothymol Blue 7.0 
Су Н, МО; Содеше 8.21 Суб О, Verapamil 8.6 
Са МО Dibenzepin 8.25 Cy9H320 13 Etoposide 9.8 
С 3Нз2О> Linoleic acid 7.6 Co4,H4j9N;O, X Emetine 1 5.77 
6.64 


Mol. Form. 


C39H53BrO, 
C30H4803 
C31H36N2011 


C32H32013S 
Са Но МО, 
C4H4NO;, 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES (continued) 


Name 


Bromadiolone 
Oleanolic acid 
Novobiocin 


Teniposide 
Reserpine 
Aconitine 


Step 


°С 


21 


pK, 


4.04 
2.52 
4.3 
9.1 
10.13 
6.6 
5.88 


Mol. Form. 


СН; 1 МО, 1 
C37H¢;NO 13 
Cy3HsgN4O 12 


CysH73NO 15 
Сл МО 10 
Слава № Оо 


Мате 


Veratridine 
Erythromycin 
Rifampin 


Solanine 
Vincristine 
Vinblastine 


Step °С 
1 
2 

15 
1 


pK, 


9.54 
8.8 
1.7 
7.9 
6.66 
5.4 
5.4 
7.4 


CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY 


This table gives properties of aqueous solutions of 66 substances as a function of concentration. АП data refer to a temperature of 20?C. The 
properties are: 


Mass %: Mass of solute divided Бу total mass of solution, expressed as percent. 

Molality (moles of solute per kg of water). 

Molarity (moles of solute per liter of solution). 

Density of solution in g/cm?. 

Index of refraction, relative to air, at a wavelength of 589 nm (sodium D line); the index of pure water at 20°С is 1.3330. 
Freezing point depression in ?C relative to pure water. 

Absolute (dynamic) viscosity in mPa s (equal to centipoise, cP); the viscosity of pure water at 20°C is 1.002 mPa s. 


Apsooszs 


Density data for aqueous solutions over a wider range of temperatures and pressures (and for other compounds) may be found in Reference 2. 
Solutes are listed in the following order: 


Acetic acid Lithium chloride 2-Propanol 

Acetone Magnesium chloride Silver nitrate 

Ammonia Magnesium sulfate Sodium acetate 

Ammonium chloride Maltose Sodium bicarbonate 

Ammonium sulfate Manganese(II) sulfate Sodium bromide 

Barium chloride D-Mannitol Sodium carbonate 

Calcium chloride Methanol Sodium chloride 

Cesium chloride Nitric acid Sodium citrate 

Citric acid Oxalic acid Sodium hydroxide 

Copper sulfate Phosphoric acid Sodium nitrate 

Disodium ethylenediamine Potassium bicarbonate Sodium phosphate 
tetraacetate (EDTA sodium) Potassium bromide Sodium hydrogen phosphate 

Ethanol Potassium carbonate Sodium dihydrogen phosphate 

Ethylene glycol Potassium chloride Sodium sulfate 

Ferric chloride Potassium hydroxide Sodium thiosulfate 

Formic acid Potassium iodide Strontium chloride 

D-Fructose Potassium nitrate Sucrose 

D-Glucose Potassium permanganate Sulfuric acid 

Glycerol Potassium hydrogen phosphate Trichloroacetic acid 

Hydrochloric acid Potassium dihydrogen phosphate Tris(hydroxymethyl)methylamine 

Lactic acid Potassium sulfate Urea 

Lactose 1-Propanol Zinc sulfate 

REFERENCES 


1. Wolf, A. V., Aqueous Solutions and Body Fluids, Hoeber, 1966. 
2. Sóhnel, O., and Novotny, P., Densities of Aqueous Solutions of Inorganic Substances, Elsevier, Amsterdam, 1985. 


Solute Mass % m/mol kg"! c/mol 11 p/g ст? n АРС T/mPa $ 
Acetic acid 0.5 0.084 0.083 0.9989 1.3334 0.16 1.012 
CH4COOH 1.0 0.168 0.166 0.9996 1.3337 0.32 1.022 
2.0 0.340 0.333 1.0011 1.3345 0.63 1.042 
3.0 0.515 0.501 1.0025 1.3352 0.94 1.063 
4.0 0.694 0.669 1.0038 1.3359 1.26 1.084 
5.0 0.876 0.837 1.0052 1.3366 1.58 1.105 
6.0 1.063 1.006 1.0066 1.3373 1.90 1.125 
7.0 1.253 1.175 1.0080 1.3381 2,23 1.143 
8.0 1.448 1.345 1.0093 1.3388 2.56 1.162 
9.0 1.647 1.515 1.0107 1.3395 2.89 1.186 
10.0 1.850 1.685 1.0121 1.3402 3.23 1.210 
12.0 2.271 2.028 1.0147 1.3416 3.91 1.253 
14.0 2711 2.372 1.0174 1.3430 4.61 1.298 
16.0 3.172 2.718 1.0200 1.3444 5.33 1.341 
18.0 3.655 3.065 1.0225 1.3458 6.06 1.380 
20.0 4.163 3.414 1.0250 1.3472 6.81 1.431 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg"! c/mol 11 p/g ст? n АЛС т/шРа $ 
22.0 4,697 3.764 1.0275 1.3485 7.57 1.478 
24.0 5.259 4.116 1.0299 1.3498 8.36 1.525 
26.0 5.851 4.470 1.0323 1:3512 9.17 1.572 
28.0 6.476 4.824 1.0346 1.3525 10.00 1.613 
30.0 7.137 5.180 1.0369 1.3537 10.84 1.669 
32.0 7.837 5.537 1.0391 1.3550 11.70 1.715 
34.0 8.579 5.896 1.0413 1.3562 12.55 1.762 
36.0 9.367 6.255 1.0434 1.3574 13.38 1.812 
38.0 10.207 6.615 1.0454 1.3586 1.852 
40.0 11.102 6.977 1.0474 1.3598 1.912 
50.0 16.653 8.794 1.0562 1.3653 2.158 
60.0 24.979 10.620 1.0629 1.3700 2.409 
70.0 38.857 12.441 1.0673 1.3738 2.629 
80.0 66.611 14.228 1.0680 1.3767 2.720 
90.0 149.875 15.953 1.0644 1.3771 2.386 
92.0 191.507 16.284 1.0629 1.3766 2.240 
94.0 260.894 16.602 1.0606 1.3759 2.036 
96.0 399.667 16.911 1.0578 1.3748 1.813 
98.0 815.987 17.198 1.0538 1.3734 1.535 
100.0 17.447 1.0477 1.3716 1.223 
Acetone 0.5 0.087 0.086 0.9975 1.3334 0.16 1.013 
(CH3),CO 1.0 0.174 0.172 0.9968 1.3337 0.32 1.024 
2.0 0.351 0.343 0.9954 1.3344 0.65 1.047 
3.0 0.533 0.513 0.9940 1.3352 0.97 1.072 
4.0 0.717 0.684 0.9926 1.3359 1.30 1.099 
5.0 0.906 0.853 0.9912 1.3366 1.63 1.125 
6.0 1.099 1.023 0.9899 1.3373 1.96 1.150 
7.0 1.296 1.191 0.9886 1.3381 2.29 1.174 
8.0 1.497 1.360 0.9874 1.3388 2.62 1.198 
9.0 1.703 1.528 0.9861 1.3395 2.95 1.221 
10.0 1.913 1.696 0.9849 1.3402 3.29 1.244 
Ammonia 0.5 0.295 0.292 0.9960 1.3332 0.55 1.009 
NH; 1.0 0.593 0.584 0.9938 1.3335 1.14 1.015 
2.0 1.198 1.162 0.9895 1.3339 2.32 1.029 
3.0 1.816 1.736 0.9853 1.3344 3.53 1.043 
4.0 2.447 2.304 0.9811 1.3349 4.78 1.057 
5.0 3.090 2.868 0.9770 1.3354 6.08 1.071 
6.0 3.748 3.428 0.9730 1.3359 7.43 1.085 
7.0 4.420 3.983 0.9690 1.3365 8.95 1.099 
8.0 5.106 4.533 0.9651 1.3370 10.34 1.113 
9.0 5.807 5.080 0.9613 1.3376 11.90 1.127 
10.0 6.524 5.622 0.9575 1.3381 13.55 1.141 
12.0 8.007 6.695 0.9502 1.3393 17.13 1.169 
14.0 9.558 7.753 0.9431 1.3404 21.13 1.195 
16.0 11.184 8.794 0.9361 1.3416 25.63 1.218 
18.0 12.889 9.823 0.9294 1.3428 30.70 1.237 
20.0 14.679 10.837 0.9228 1.3440 36.42 1.254 
22.0 16.561 11.838 0.9164 1.3453 43.36 1.268 
24.0 18.542 12.826 0.9102 1.3465 51.38 1.280 
26.0 20.630 13.801 0.9040 1.3477 60.77 1.288 
28.0 22.834 14.764 0.8980 1.3490 71.66 
30.0 25.164 15.713 0.8920 1.3502 84.06 
Ammonium 0.5 0.094 0.093 0.9998 1.3340 0.32 0.999 
chloride 1.0 0.189 0.187 1.0014 1.3349 0.64 0.996 
NH,Cl 2.0 0.382 0.376 1.0045 1.3369 1:277 0.992 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
3.0 0.578 0.565 1.0076 1.3388 1.91 0.988 
4.0 0.779 0.756 1.0107 1.3407 2.57 0.985 
5.0 0.984 0.948 1.0138 1.3426 3.25 0.982 
6.0 1.193 1.141 1.0168 1.3445 3.94 0.979 
7.0 1.407 1.335 1.0198 1.3464 4.66 0.976 
8.0 1.626 1.529 1.0227 1.3483 5.40 0.974 
9.0 1.849 1.726 1.0257 1.3502 6.16 0.972 
10.0 2.077 1.923 1.0286 1.3521 6.95 0.970 
12.0 2.549 2.320 1.0344 1.3559 8.60 0.969 
14.0 3.043 2.722 1.0401 1.3596 0.969 
16.0 3.561 3.128 1.0457 1.3634 0.971 
18.0 4.104 3.537 1.0512 1.3671 0.973 
20.0 4.674 3.951 1.0567 1.3708 0.978 
22.0 5.273 4.368 1.0621 1.3745 0.986 
24.0 5.903 4.789 1.0674 1.3782 0.996 
Ammonium 0.5 0.038 0.038 1.0012 1.3338 0.17 1.008 
sulfate 1.0 0.076 0.076 1.0042 1.3346 0.33 1.014 
(NH4)2SO4 2.0 0.154 0.153 1.0101 1.3363 0.63 1.027 
3.0 0.234 0.231 1.0160 1.3379 0.92 1.041 
4.0 0.315 0.309 1.0220 1.3395 1.21 1.057 
5.0 0.398 0.389 1.0279 1.3411 1.49 1.073 
6.0 0.483 0.469 1.0338 1.3428 1.77 1.090 
7.0 0.570 0.551 1.0397 1.3444 2.05 1.108 
8.0 0.658 0.633 1.0456 1.3460 2.33 1.127 
9.0 0.748 0.716 1.0515 1.3476 2.61 1.147 
10.0 0.841 0.800 1.0574 1.3492 2.89 1.168 
12.0 1.032 0.971 1.0691 1.3523 3.47 1.210 
14.0 1,232 1.145 1.0808 1.3555 4.07 1.256 
16.0 1.441 1.323 1.0924 1.3586 4.69 1.305 
18.0 1.661 1.504 1.1039 1.3616 1.359 
20.0 1.892 1.688 1.1154 1.3647 1.421 
22.0 2.134 1.876 1.1269 1.3677 1.490 
24.0 2.390 2.067 1.1383 1.3707 1.566 
26.0 2.659 2.262 1.1496 1.3737 1.650 
28.0 2.943 2.460 1.1609 1.3766 1.743 
30.0 3.243 2.661 1.1721 1.3795 1.847 
32.0 3.561 2.866 1.1833 1.3824 1.961 
34.0 3.898 3.073 1.1945 1.3853 2.086 
36.0 4.257 3.284 1.2056 1.3881 2.222 
38.0 4.638 3.499 1.2166 1.3909 2.371 
40.0 5.045 3.716 1.2277 1.3938 2.530 
Barium 0.5 0.024 0.024 1.0026 1.3337 0.12 1.009 
chloride 1.0 0.049 0.048 1.0070 1.3345 0.23 1.016 
BaCl, 2.0 0.098 0.098 1.0159 1.3360 0.46 1.026 
3.0 0.149 0.148 1.0249 1.3375 0.69 1.037 
4.0 0.200 0.199 1.0341 1.3391 0.93 1.049 
5.0 0.253 0.251 1.0434 1.3406 1.18 1.062 
6.0 0.307 0.303 1.0528 1.3422 1.44 1.075 
7.0 0.361 0.357 1.0624 1.3438 1.70 1.087 
8.0 0.418 0.412 1.0721 1.3454 1.98 1.101 
9.0 0.475 0.468 1.0820 1.3470 2.27 1.114 
10.0 0.534 0.524 1.0921 1.3487 2.58 1.129 
12.0 0.655 0.641 1.1128 1.3520 3.22 1.161 
14.0 0.782 0.763 1.1342 1.3555 3.92 1.195 
16.0 0.915 0.889 1.1564 1.3591 4.69 1.234 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
18.0 1.054 1.019 1.1793 1.3627 1.277 
20.0 1.201 1.156 1.2031 1.3664 1.325 
22.0 1.355 1.297 1.2277 1.3703 1.378 
24.0 1.517 1.444 1.2531 1.3741 1.437 
26.0 1.687 1.597 1.2793 1.3781 1.503 
Calcium 0.5 0.045 0.045 1.0024 1.3342 0.22 1.015 
chloride 1.0 0.091 0.091 1.0065 1.3354 0.44 1.028 
CaCl, 2.0 0.184 0.183 1.0148 1.3378 0.88 1.050 
3.0 0.279 0.277 1.0232 1.3402 1.33 1.078 
4.0 0.375 0.372 1.0316 1.3426 1.82 1.110 
5.0 0.474 0.469 1.0401 1.3451 2:35 1.143 
6.0 0.575 0.567 1.0486 1.3475 2.93 1.175 
7.0 0.678 0.667 1.0572 1.3500 3.57 1.208 
8.0 0.784 0.768 1.0659 1.3525 4.28 1.242 
9.0 0.891 0.872 1.0747 1.3549 5.04 1.279 
10.0 1.001 0.976 1.0835 1.3575 5.86 1.319 
12.0 1.229 1.191 1.1014 1.3625 7.70 1.408 
14.0 1.467 1.413 1.1198 1.3677 9.83 1.508 
16.0 1.716 1.641 1.1386 1.3730 12.28 1.625 
18.0 1.978 1.878 1.1579 1.3784 15.11 1.764 
20.0 2.253 2.122 1.1775 1.3839 18.30 1.930 
22.0 2.541 2.374 1.1976 1.3895 21.70 2.127 
24.0 2.845 2.634 1.2180 1.3951 25.30 2.356 
26.0 3.166 2.902 1.2388 1.4008 29.70 2.645 
28.0 3.504 3.179 1.2600 1.4066 34.70 3.000 
30.0 3.862 3.464 1.2816 1.4124 41.00 3.467 
32.0 4.240 3.759 1.3036 1.4183 49.70 4.035 
34.0 4.642 4.062 1.3260 1.4242 4.820 
36.0 5.068 4.375 1.3488 1.4301 5.807 
38.0 5.522 4.698 1.3720 1.4361 7.321 
40.0 6.007 5.030 1.3957 1.4420 8.997 
Cesium 0.5 0.030 0.030 1.0020 1.3334 0.10 1.000 
chloride 1.0 0.060 0.060 1.0058 1.3337 0.20 0.997 
CsCl 2.0 0.121 0.120 1.0135 1.3345 0.40 0.992 
3.0 0.184 0.182 1.0214 1.3353 0.61 0.988 
4.0 0.247 0.245 1.0293 1.3361 0.81 0.984 
5.0 0.313 0.308 1.0374 1.3369 1.02 0.980 
6.0 0.379 0.373 1.0456 1.3377 1.22 0.977 
7.0 0.447 0.438 1.0540 1.3386 1.43 0.974 
8.0 0.516 0.505 1.0625 1.3394 1.64 0.971 
9.0 0.587 0.573 1.0711 1.3403 1.85 0.969 
10.0 0.660 0.641 1.0798 1.3412 2.06 0.966 
12.0 0.810 0.782 1.0978 1.3430 2.51 0.961 
14.0 0.967 0.928 1.1163 1.3448 2.97 0.955 
16.0 1.131 1.079 1.1355 1.3468 3.46 0.950 
18.0 1.304 1.235 1.1552 1.3487 3.96 0.945 
20.0 1.485 1.397 1.1756 1.3507 4.49 0.939 
22.0 1.675 1.564 1.1967 1.3528 0.934 
24.0 1.876 1.737 1.2185 1.3550 0.930 
26.0 2.087 1.917 1.2411 1.3572 0.926 
28.0 2.310 2.103 1.2644 1.3594 0.924 
30.0 2.546 2.296 1.2885 1.3617 0.922 
32.0 2.795 2.497 1.3135 1.3641 0.922 
34.0 3.060 2.705 1.3393 1.3666 0.924 
36.0 3.341 2.921 1.3661 1.3691 0.926 
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CONCENTRATIVE PROPERTIES ОҒ AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
38.0 3.640 3.146 1.3938 1.3717 0.930 
40.0 3.960 3.380 1.4226 1.3744 0.934 
42.0 4.301 3.624 1.4525 1.3771 0.940 
44.0 4.667 3.877 1.4835 1.3800 0.947 
46.0 5.060 4.142 1.5158 1.3829 0.956 
48.0 5.483 4.418 1.5495 1.3860 0.967 
50.0 5.940 4.706 1.5846 1.3892 0.981 
60.0 8.910 6.368 1.7868 1.4076 1.120 
64.0 10.560 7.163 1.8842 1.4167 1.238 
Citric acid 0.5 0.026 0.026 1.0002 1.3336 0.05 1.013 
(НО)С(СООН), 1.0 0.053 0.052 1.0022 1.3343 0.11 1.024 
2.0 0.106 0.105 1.0063 1.3356 0.21 1.048 
3.0 0.161 0.158 1.0105 1.3368 0.32 1.073 
4.0 0.217 0.211 1.0147 1.3381 0.43 1.098 
5.0 0.274 0.265 1.0189 1.3394 0.54 1.125 
6.0 0.332 0.320 1.0232 1.3407 0.65 1.153 
7.0 0.392 0.374 1.0274 1.3420 0.76 1.183 
8.0 0.453 0.430 1.0316 1.3433 0.88 1.214 
9.0 0.515 0.485 1.0359 1.3446 1.00 1.247 
10.0 0.578 0.541 1.0402 1.3459 1.12 1.283 
12.0 0.710 0.655 1.0490 1.3486 1.38 1.357 
14.0 0.847 0.771 1.0580 1.3514 1.66 1.436 
16.0 0.991 0.889 1.0672 1.3541 1.95 1.525 
18.0 1.143 1.008 1.0764 1.3569 2.26 1.625 
20.0 1.301 1.130 1.0858 1.3598 2.57 1.740 
22.0 1.468 1.254 1.0953 1.3626 2.88 1.872 
24.0 1.644 1.380 1.1049 1.3655 321 2.017 
26.0 1.829 1.508 1.1147 1.3684 3.55 2.178 
28.0 2.024 1.639 1.1246 1.3714 3.89 2.356 
30.0 2.231 1.772 1.1346 1.3744 4.25 2.549 
Copper 0.5 0.031 0.031 1.0033 1.3339 0.08 1.017 
sulfate 1.0 0.063 0.063 1.0085 1.3348 0.14 1.036 
CuSO, 2.0 0.128 0.128 1.0190 1.3367 0.26 1.084 
3.0 0.194 0.194 1.0296 1.3386 0.37 1.129 
4.0 0.261 0.261 1.0403 1.3405 0.48 1473 
5.0 0.330 0.329 1.0511 1.3424 0.59 1.221 
6.0 0.400 0.399 1.0620 1.3443 0.70 1.276 
7.0 0.472 0.471 1.0730 1.3462 0.82 1.336 
8.0 0.545 0.543 1.0842 1.3481 0.93 1.400 
9.0 0.620 0.618 1.0955 1.3501 1.05 1.469 
10.0 0.696 0.694 1.1070 1.3520 1.18 1.543 
12.0 0.854 0.850 1.1304 1.3560 1.45 1.701 
14.0 1.020 1.013 1.1545 1.3601 1.75 1.889 
16.0 1.193 1.182 1.1796 1.3644 2.136 
18.0 1.375 1.360 1.2059 1.3689 2.449 
Disodium 0.5 0.015 0.015 1.0009 1.3339 0.07 1.017 
ethylenediamine 1.0 0.030 0.030 1.0036 1.3348 0.14 1.032 
tetraacetate 1.5 0.045 0.045 1.0062 1.3356 0.21 1.046 
(EDTA sodium) 2.0 0.061 0.060 1.0089 1.3365 0.27 1.062 
МаСүН,М,О, 2.5 0.076 0.075 1.0115 1.3374 0.33 1.077 
3.0 0.092 0.090 1.0142 1.3383 0.40 1.093 
3.5 0.108 0.106 1.0169 1.3392 0.46 1.109 
4.0 0.124 0.121 1.0196 1.3400 0.52 1.125 
4.5 0.140 0.137 1.0223 1.3409 0.58 1.142 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
5.0 0.157 0.152 1.0250 1.3418 0.65 1.160 
5.5 0.173 0.168 1.0277 1.3427 0.71 1.178 
6.0 0.190 0.184 1.0305 1.3436 0.77 1.197 
Ethanol 0.5 0.109 0.108 0.9973 1.3333 0.20 1.023 
СН,СН,ОН 1.0 0.219 0.216 0.9963 1.3336 0.40 1.046 
2.0 0.443 0.432 0.9945 1.3342 0.81 1.095 
3.0 0.671 0.646 0.9927 1.3348 1.23 1.140 
4.0 0.904 0.860 0.9910 1.3354 1.65 1.183 
5.0 1.142 1.074 0.9893 1.3360 2.09 1.228 
6.0 1.385 1.286 0.9878 1.3367 2.54 1.279 
7.0 1.634 1.498 0.9862 1.3374 2.99 1.331 
8.0 1.887 1.710 0.9847 1.3381 3.47 1.385 
9.0 2.147 1.921 0.9833 1.3388 3.96 1.442 
10.0 2.412 2.131 0.9819 1.3395 4.47 1.501 
12.0 2.960 2.551 0.9792 1.3410 5.56 1.627 
14.0 3.534 2.967 0.9765 1.3425 6.73 1.761 
16.0 4.134 3.382 0.9739 1.3440 8.01 1.890 
18.0 4.765 3.795 0.9713 1.3455 9.40 2.019 
20.0 5.427 4.205 0.9687 1.3469 10.92 2.142 
22.0 6.122 4.613 0.9660 1.3484 12.60 2.259 
24.0 6.855 5.018 0.9632 1.3498 14.47 2.370 
26.0 7.626 5.419 0.9602 1.3511 16.41 2.476 
28.0 8.441 5.817 0.9571 1.3524 18.43 2.581 
30.0 9.303 6.212 0.9539 1.3535 20.47 2.667 
32.0 10.215 6.601 0.9504 1.3546 22.44 2.726 
34.0 11.182 6.987 0.9468 1.3557 24.27 2.768 
36.0 12.210 7.370 0.9431 1.3566 25.98 2.803 
38.0 13.304 7.141 0.9392 1.3575 27.62 2.829 
40.0 14.471 8.120 0.9352 1.3583 29.26 2.846 
42.0 15.718 8.488 0.9311 1.3590 30.98 2.852 
44.0 17.055 8.853 0.9269 1.3598 32.68 2.850 
46.0 18.490 9.213 0.9227 1.3604 34.36 2.843 
48.0 20.036 9.568 0.9183 1.3610 36.04 2.832 
50.0 21.706 9.919 0.9139 1.3616 37.67 2.813 
60.0 32.559 11.605 0.8911 1.3638 44.93 2.547 
70.0 50.648 13.183 0.8676 1.3652 2.214 
80.0 86.824 14.649 0.8436 1.3658 1.881 
90.0 195.355 15.980 0.8180 1.3650 1.542 
92.0 249.620 16.225 0.8125 1.3646 1.475 
94.0 340.062 16.466 0.8070 1.3642 1.407 
96.0 520.946 16.697 0.8013 1.3636 1.342 
98.0 16.920 0.7954 1.3630 1.273 
100.0 17.133 0.7893 1.3614 1.203 
Ethylene 0.5 0.081 0.080 0.9988 1.3335 0.15 1.010 
glycol 1.0 0.163 0.161 0.9995 1.3339 0.30 1.020 
(CH,OH), 2.0 0.329 0.322 1.0007 1.3348 0.61 1.048 
3.0 0.498 0.484 1.0019 1.3358 0.92 1.074 
4.0 0.671 0.646 1.0032 1.3367 1.24 1.099 
5.0 0.848 0.809 1.0044 1.3377 1.58 1.125 
6.0 1.028 0.972 1.0057 1.3386 1.91 1.153 
7.0 1.213 1.136 1.0070 1.3396 2.26 1.182 
8.0 1.401 1.299 1.0082 1.3405 2.62 1.212 
9.0 1.593 1.464 1.0095 1.3415 2.99 1.243 
10.0 1.790 1.628 1.0108 1.3425 3.37 1.277 
12.0 2.197 1.959 1.0134 1.3444 4.16 1.348 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
14.0 2.623 2.292 1.0161 1.3464 5.01 1.424 
16.0 3.069 2.626 1.0188 1.3484 5.91 1.500 
18.0 3.537 2.962 1.0214 1.3503 6.89 1.578 
20.0 4.028 3.300 1.0241 1.3523 7.93 1.661 
24.0 5.088 3.981 1.0296 1.3564 10.28 1.843 
28.0 6.265 4.669 1.0350 1.3605 13.03 2.047 
32.0 7.582 5.364 1.0405 1.3646 16.23 2.280 
36.0 9.062 6.067 1.0460 1.3687 19.82 2.537 
40.0 10.741 6.716 1.0514 1.3728 23.84 2.832 
44.0 12.659 7.491 1.0567 1.3769 28.32 3.166 
48.0 14.872 8.212 1.0619 1.3811 33.30 3.544 
52.0 17.453 8.939 1.0670 1.3851 38.81 3.981 
56.0 20.505 9.671 1.0719 1.3892 44.83 4.475 
60.0 24.166 10.406 1.0765 1.3931 51.23 5.026 
Ferric 0.5 0.031 0.031 1.0025 1.3344 0.21 1.024 
chloride 1.0 0.062 0.062 1.0068 1.3358 0.39 1.047 
FeCl, 2.0 0.126 0.125 1.0153 1.3386 0.75 1.093 
3.0 0.191 0.189 1.0238 1.3413 1.15 1.139 
4.0 0.257 0.255 1.0323 1.3441 1.56 1.187 
5.0 0.324 0.321 1.0408 1.3468 2.00 1.238 
6.0 0.394 0.388 1.0493 1.3496 2.48 1.292 
7.0 0.464 0.457 1.0580 1.3524 2.99 1.350 
8.0 0.536 0.526 1.0668 1.3552 3.57 1.412 
9.0 0.610 0.597 1.0760 1.3581 4.19 1.480 
10.0 0.685 0.669 1.0853 1.3611 4.85 1.553 
12.0 0.841 0.817 1.1040 1.3670 6.38 1.707 
14.0 1.004 0.969 1.1228 1.3730 8.22 1.879 
16.0 1.174 1.126 1.1420 10.45 2.080 
18.0 1.353 1.289 1.1615 13.08 2.311 
20.0 1.541 1.457 1.1816 16.14 2.570 
24.0 1.947 1.810 1.2234 23.79 3.178 
28.0 2.398 2.189 1.2679 33.61 4.038 
32.0 2.901 2.595 1.3153 49.16 5.274 
36.0 3.468 3.030 1.3654 7.130 
40.0 4.110 3.496 1.4176 9.674 
Formic acid 0.5 0.109 0.109 0.9994 1.3333 0.21 1.006 
HCOOH 1.0 0.219 0.217 1.0006 1.3336 0.42 1.011 
2.0 0.443 0.436 1.0029 1.3342 0.82 1.017 
3.0 0.672 0.655 1.0053 1.3348 1.24 1.195 
4.0 0.905 0.876 1.0077 1.3354 1.67 1.032 
5.0 1.143 1.097 1.0102 1.3359 2.10 1.039 
6.0 1.387 1.320 1.0126 1.3365 2.53 1.046 
7.0 1.635 1.544 1.0150 1.3371 2:97 1.052 
8.0 1.889 1.768 1.0175 1.3376 3.40 1.058 
9.0 2.149 1.994 1.0199 1.3382 3.84 1.064 
10.0 2.414 2.221 1.0224 1.3387 4.27 1.070 
12.0 2.962 2.678 1.0273 1.3397 5.19 1.082 
14.0 3.537 3.139 1.0322 1.3408 6.11 1.094 
16.0 4.138 3.605 1.0371 1.3418 7.06 1.106 
18.0 4.769 4.074 1.0419 1.3428 8.08 1.119 
20.0 5.431 4.548 1.0467 1.3437 9.11 1.132 
28.0 8.449 6.481 1.0654 1.3475 13.10 1.179 
36.0 12.220 8.477 1.0839 1.3511 17.65 1.227 
44.0 17.070 10.529 1.1015 1.3547 22.93 1.281 
52.0 23.535 12.633 1.1183 1.3581 29.69 1.340 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol 17! p/g cm? n APC n/mPa s 
60.0 32.587 14.813 1.1364 1.3612 38.26 1.410 
68.0 46.166 17.054 1.1544 1.3641 1.490 

D-Fructose 0.5 0.028 0.028 1.0002 1.3337 0.05 1.015 

СНО, 1.0 0.056 0.056 1.0021 1.3344 0.10 1.028 

2.0 0.113 0.112 1.0061 1.3358 0.21 1.054 
3.0 0.172 0.168 1.0101 1.3373 0.32 1.080 
4.0 0.231 0.225 1.0140 1.3387 0.43 1.106 
5.0 0.292 0.283 1.0181 1.3402 0.54 1,134 
6.0 0.354 0.340 1.0221 1.3417 0.66 1.165 
7.0 0.418 0.399 1.0262 1.3431 0.78 1.198 
8.0 0.483 0.458 1.0303 1.3446 0.90 1.232 
9.0 0.549 0.517 1.0344 1.3461 1.03 1.270 
10.0 0.617 0.576 1.0385 1.3476 1.16 1.309 
12.0 0.757 0.697 1.0469 1.3507 1.43 1.391 
14.0 0.904 0.820 1.0554 1.3538 1.71 1.483 
16.0 1.057 0.945 1.0640 1.3569 2.01 1.587 
18.0 1.218 1.072 1.0728 1.3601 2.32 1.703 
20.0 1.388 1.201 1.0816 1.3634 2.64 1.837 
22.0 1.566 1.332 1.0906 1.3667 3.05 1.986 
24.0 1.753 1.465 1.0996 1.3700 3.43 2.154 
26.0 1.950 1.600 1.1089 1.3734 3.82 2.348 
28.0 2.159 1.738 1.1182 1.3768 4.20 2.562 
30.0 2.379 1.878 1.1276 1.3803 2.817 
32.0 2.612 2.020 1.1372 1.3839 3.112 
34.0 2.859 2.164 1.1469 1.3874 3.462 
36.0 3.122 2.312 1.1568 1.3911 3.899 
38.0 3.402 2.461 1.1668 1.3948 4.418 
40.0 3.700 2.613 1.1769 1.3985 5.046 
42.0 4.019 2.767 1.1871 1.4023 5.773 
44.0 4.361 2.925 1.1975 1.4062 6.644 
46.0 4.728 3.084 1.2080 1.4101 7.753 
48.0 5.124 3.247 1.2187 1.4141 9.060 
D-Glucose 0.5 0.028 0.028 1.0001 1.3337 0.05 1.010 
CH 120, 1.0 0.056 0.056 1.0020 1.3344 0.11 1.021 
2.0 0.113 0.112 1.0058 1.3358 0.21 1.052 
3.0 0.172 0.168 1.0097 1.3373 0.32 1.083 
4.0 0.231 0.225 1.0136 1.3387 0.43 1.113 
5.0 0.292 0.282 1.0175 1.3402 0.55 1.145 
6.0 0.354 0.340 1.0214 1.3417 0.67 1.179 
7.0 0.418 0.398 1.0254 1.3432 0.79 1.214 
8.0 0.483 0.457 1.0294 1.3447 0.91 1.250 
9.0 0.549 0.516 1.0334 1.3462 1.04 1.289 
10.0 0.617 0.576 1.0375 1.3477 1.17 1.330 
12.0 0.757 0.697 1.0457 1.3508 1.44 1.416 
14.0 0.904 0.819 1.0540 1.3539 1.73 1.512 
16.0 1.057 0.944 1.0624 1.3571 2.03 1.625 
18.0 1.218 1.070 1.0710 1.3603 2.35 1.757 
20.0 1.388 1.199 1.0797 1.3635 2.70 1.904 
22.0 1.566 1.329 1.0884 1.3668 3.07 2.063 
24.0 1.753 1.462 1.0973 1.3702 3.48 2.242 
26.0 1.950 1.597 1.1063 1.3736 3.90 2.458 
28.0 2.159 1.734 1.1154 1.3770 4.34 2.707 
30.0 2.379 1.873 1.1246 1.3805 4.79 2.998 
32.0 2.612 2.014 1.1340 1.3840 3.324 
34.0 2.859 2.158 1.1434 1.3876 3.704 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass Ф m/mol kg! с/шо! 17! p/g cm? n APC T/mPa s 
36.0 3.122 2.304 1.1529 1.3912 4.193 
38.0 3.402 2.452 1.1626 1.3949 4.786 
40.0 3.700 2.603 1.1724 1.3986 5.493 
42.0 4.019 2.756 1.1823 1.4024 6.288 
44.0 4.361 2.912 1.1924 1.4062 7.235 
46.0 4.728 3.071 1.2026 1.4101 8.454 
48.0 5.124 3.232 1.2130 1.4141 9.883 
50.0 5.551 3.396 1.2235 1.4181 11.884 
52.0 6.013 3.562 1.2342 1.4222 14.489 
54.0 6.516 3.732 1.2451 1.4263 17.916 
56.0 7.064 3.905 1.2562 1.4306 22.886 
58.0 7.665 4.081 1.2676 1.4349 29.389 
60.0 8.326 4.261 1.2793 1.4394 37.445 
Glycerol 0.5 0.055 0.054 0.9994 1.3336 0.07 1.011 
СН,ОНСНОНСН,ОН 1.0 0.110 0.109 1.0005 1.3342 0.18 1.022 
2.0 0.222 0.218 1.0028 1.3353 0.41 1.048 
3.0 0.336 0.327 1.0051 1.3365 0.63 1.074 
4.0 0.452 0.438 1.0074 1.3376 0.85 1.100 
5.0 0.572 0.548 1.0097 1.3388 1.08 1.127 
6.0 0.693 0.659 1.0120 1.3400 1:32 1.157 
7.0 0.817 0.771 1.0144 1.3412 1.56 1.188 
8.0 0.944 0.883 1.0167 1.3424 1.81 1.220 
9.0 1.074 0.996 1.0191 1.3436 2.06 1.256 
10.0 1.207 1.109 1.0215 1.3448 2.32 1.291 
12.0 1.481 1.337 1.0262 1.3472 2.88 1.365 
14.0 1.768 1.568 1.0311 1.3496 3.47 1.445 
16.0 2.068 1.800 1.0360 1.3521 4.09 1.533 
18.0 2.384 2.035 1.0409 1.3547 4.76 1.630 
20.0 2.715 2271 1.0459 1.3572 5.46 1.737 
24.0 3.429 2.752 1.0561 1.3624 7.01 1.988 
28.0 4.223 3.242 1.0664 1.3676 8.77 2.279 
32.0 5.110 3.742 1.0770 1.3730 10.74 2.637 
36.0 6.108 4.252 1.0876 1.3785 12.96 3.088 
40.0 7.239 4.771 1.0984 1.3841 15.50 3.653 
44.0 8.532 5.300 1.1092 1.3897 4.443 
48.0 10.024 5.838 1.1200 1.3954 5.413 
52.0 11.764 6.385 1.1308 1.4011 6.666 
56.0 13.820 6.944 1.1419 1.4069 8.349 
60.0 16.288 7.512 1.1530 1.4129 10.681 
64.0 19.305 8.092 1.1643 1.4189 13.657 
68.0 23.075 8.680 1.1755 1.4249 18.457 
72.0 27.923 9.277 1.1866 1,4310 27.625 
76.0 34.387 9.884 1.1976 1.4370 40.571 
80.0 43.436 10.498 1.2085 1.4431 59.900 
84.0 57.009 11.121 1.2192 1.4492 84.338 
88.0 79.632 11.753 1.2299 1,4553 147.494 
92.0 124.878 12.392 1.2404 1.4613 384.467 
96.0 260.615 13.039 1.2508 1.4674 780.458 
100.0 13.694 1.2611 1.4735 
Hydrochloric 0.5 0.138 0.137 1.0007 1.3341 0.49 1.008 
acid 1.0 0.277 0.275 1.0031 1.3353 0.99 1.015 
HCI 2.0 0.560 0.553 1.0081 1.3376 2.08 1.029 
3.0 0.848 0.833 1.0130 1.3399 3.28 1.044 
4.0 1.143 1.117 1.0179 1.3422 4.58 1.059 
5.0 1.444 1.403 1.0228 1.3445 5.98 1.075 


8-65 


CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
6.0 1.751 1.691 1.0278 1.3468 7.52 1.091 
7.0 2.064 1.983 1.0327 1.3491 9.22 1.108 
8.0 2.385 2.277 1.0377 1.3515 11.10 1.125 
9.0 2.713 2.574 1.0426 1.3538 13.15 1.143 

10.0 3.047 2.873 1.0476 1.3561 15.40 1.161 
12.0 3.740 3.481 1.0576 1.3607 20.51 1.199 
14.0 4.465 4.099 1.0676 1.3653 1.239 
16.0 5.224 4.729 1.0777 1.3700 1.282 
18.0 6.020 5.370 1.0878 1.3746 1.326 
20.0 6.857 6.023 1.0980 1.3792 1.374 
22.0 7.136 6.687 1.1083 1.3838 1.426 
24.0 8.661 7.362 1.1185 1.3884 1.483 
26.0 9.636 8.049 1.1288 1.3930 1.547 
28.0 10.666 8.748 1.1391 1.3976 1.620 
30.0 11.754 9.456 1.1492 1.4020 1.705 
32.0 12.907 10.175 1.1594 1.4066 1.799 
34.0 14.129 10.904 1.1693 1.4112 1.900 
36.0 15.427 11.642 1.1791 1.4158 2.002 
38.0 16.810 12.388 1.1886 1.4204 2.105 
40.0 18.284 13.140 1.1977 1.4250 

Lactic acid 0.5 0.056 0.055 0.9992 1.3335 0.10 1.014 

СН,СНОНСООН 1.0 0.112 0.111 1.0002 1.3340 0.19 1.027 
2.0 0.227 0.223 1.0023 1.3350 0.38 1.056 
3.0 0.343 0.334 1.0043 1.3360 0.57 1.084 
4.0 0.463 0.447 1.0065 1.3370 0.76 1.110 
5.0 0.584 0.560 1.0086 1.3380 0.95 1.138 
6.0 0.709 0.673 1.0108 1.3390 1.16 1.167 
7.0 0.836 0.787 1.0131 1.3400 1.36 1.198 
8.0 0.965 0.902 1.0153 1.3410 1.57 1.229 
9.0 1.098 1.017 1.0176 1.3420 1.79 1.262 

10.0 1.233 1.132 1.0199 1.3430 2.02 1.296 
12.0 1.514 1.365 1.0246 1.3450 2.49 1.366 
14.0 1.807 1.600 1.0294 1.3470 2.99 1.441 
16.0 2.115 1.837 1.0342 1.3491 3.48 1.522 
18.0 2.437 2.076 1.0390 1.3511 3.96 1.607 
20.0 2.T15 2.318 1.0439 1.3532 4.44 1.699 
24.0 3.506 2.807 1.0536 1.3573 1.902 
28.0 4.317 3.305 1.0632 1.3615 2.136 
32.0 5.224 3.811 1.0728 1.3657 2.414 
36.0 6.244 4.325 1.0822 1.3700 2.730 
40.0 7.401 4.847 1.0915 1.3743 3.114 
44.0 8.722 5.377 1.1008 1.3786 3.566 
48.0 10.247 5.917 1.1105 1.3828 4.106 
52.0 12.026 6.466 1.1201 1.3871 4.789 
56.0 14.129 7.023 1.1297 1.3914 5.579 
60.0 16.652 7.588 1.1392 1.3958 6.679 
64.0 19.736 8.161 1.1486 1.4001 8.024 
68.0 23.590 8.741 1.1579 1.4045 9.863 
72.0 28.546 9.328 1.1670 1.4088 12.866 
76.0 35.154 9.922 1.1760 1.4131 16.974 
80.0 44.405 10.522 1.1848 1.4173 22.164 

Lactose 0.5 0.015 0.015 1.0002 1.3337 0.03 1.013 

СЕН 10 0.030 0.029 1.0021 1.3345 0.06 1.026 
2.0 0.060 0.059 1.0061 1.3359 0.11 1.058 
3.0 0.090 0.089 1.0102 1.3375 0.17 1.089 
4.0 0.122 0.119 1.0143 1.3390 0.23 1.120 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
5.0 0.154 0.149 1.0184 1.3406 0.29 1.154 
6.0 0.186 0.179 1.0225 1.3421 0.35 1.191 
7.0 0.220 0.210 1.0267 1.3437 0.42 1.232 
8.0 0.254 0.241 1.0308 1.3453 0.50 1.276 
9.0 0.289 0.272 1.0349 1.3468 1.321 
10.0 0.325 0.304 1.0390 1.3484 1.370 
12.0 0.398 0.367 1.0473 1.3515 1.476 
14.0 0.476 0.432 1.0558 1.3548 1.593 
16.0 0.556 0.498 1.0648 1.3582 1.724 
18.0 0.641 0.565 1.0746 1.3619 1.869 
Lithium 0.5 0.119 0.118 1.0012 1.3341 0.42 1.019 
chloride 1.0 0.238 0.237 1.0041 1.3351 0.84 1.037 
LiCl 2.0 0.481 0.476 1.0099 1.3373 1.72 1.072 
3.0 0.730 0.719 1.0157 1.3394 2.68 1.108 
4.0 0.983 0.964 1.0215 1.3415 3.73 1.146 
5.0 1.241 1.211 1.0272 1.3436 4.86 1.185 
6.0 1.506 1.462 1.0330 1.3457 6.14 1.226 
7.0 1.775 1.715 1.0387 1.3478 7.56 1.269 
8.0 2.051 1.971 1.0444 1.3499 9.11 1.313 
9.0 2.333 2.230 1.0502 1.3520 10.79 1.360 
10.0 2.621 2.491 1.0560 1.3541 12.61 1.411 
12.0 3.217 3.022 1.0675 1.3583 16.59 1.522 
14.0 3.840 3.564 1.0792 1.3625 21.04 1.647 
16.0 4.493 4.118 1.0910 1.3668 1.787 
18.0 5.178 4.683 1.1029 1.3711 1.942 
20.0 5.897 5.260 1.1150 1.3755 2.128 
22.0 6.653 5.851 1.1274 1.3799 2.341 
24.0 7.449 6.453 1.1399 1.3844 2.600 
26.0 8.288 7.069 1.1527 1.3890 2.925 
28.0 9.173 7.700 1.1658 1.3936 3.318 
30.0 10.109 8.344 1.1791 1.3983 3.785 
Magnesium 0.5 0.053 0.053 1.0022 1.3343 0.26 1.024 
chloride 1.0 0.106 0.106 1.0062 1.3356 0.52 1.046 
MgCl, 2.0 0.214 0.213 1.0144 1.3381 1.06 1.091 
3.0 0.325 0.322 1.0226 1.3406 1.65 1.139 
4.0 0.438 0.433 1.0309 1.3432 2.30 1.188 
5.0 0.553 0.546 1.0394 1.3457 3.01 1.241 
6.0 0.670 0.660 1.0479 1.3483 1.298 
7.0 0.791 0.777 1.0564 1.3508 1.358 
8.0 0.913 0.895 1.0651 1.3534 1.423 
9.0 1.039 1.015 1.0738 1.3560 1.493 
10.0 1.167 1.137 1.0826 1.3587 1.570 
12.0 1.432 1.387 1.1005 1.3641 1.745 
14.0 1.710 1.645 1.1189 1.3695 1.956 
16.0 2.001 1.911 1.1372 1.3749 2.207 
18.0 2.306 2.184 1.1553 1.3804 2.507 
20.0 2.626 2.467 1.1742 1.3859 2.867 
22.0 2.962 2.758 1.1938 1.3915 3.323 
24.0 3.317 3.060 1.2140 1.3972 3.917 
26.0 3.690 3.371 1.2346 1.4030 4.694 
28.0 4.085 3.692 1.2555 1.4089 5.709 
30.0 4.501 4.022 1.2763 1.4148 7.017 
Magnesium 0.5 0.042 0.042 1.0033 1.3340 0.10 1.027 
sulfate 1.0 0.084 0.084 1.0084 1.3350 0.19 1.054 
MgSO, 2.0 0.170 0.169 1.0186 1.3371 0.36 1.112 
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CONCENTRATIVE PROPERTIES ОҒ AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
3.0 0.257 0.256 1.0289 1.3391 0.52 1.177 
4.0 0.346 0.345 1.0392 1.3411 0.69 1.249 
5.0 0.437 0.436 1.0497 1.3431 0.87 1.328 
6.0 0.530 0.528 1.0602 1.3451 1.05 1.411 
7.0 0.625 0.623 1.0708 1.3471 1.24 1.498 
8.0 0.722 0.719 1.0816 1.3492 1.43 1.593 
9.0 0.822 0.817 1.0924 1.3512 1.64 1.702 
10.0 0.923 0.917 1.1034 1.3532 1.85 1.829 
12.0 1.133 1.122 1.1257 1.3572 2.31 2.104 
14.0 1.352 1.336 1.1484 1.3613 2.86 2.412 
16.0 1.582 1.557 1.1717 1.3654 3.67 2.809 
18.0 1.824 1.788 1.1955 1.3694 3.360 
20.0 2.077 2.027 1.2198 1.3735 4.147 
22.0 2.343 2.275 1.2447 1.3776 5.199 
24.0 2.624 2.532 1.2701 1.3817 6.498 
26.0 2.919 2.800 1.2961 1.3858 8.066 
Maltose 0.5 0.015 0.015 1.0003 1.3337 0.03 1.016 
СНО 10 0.030 0.029 1.0023 1.3345 0.06 1.030 
2.0 0.060 0.059 1.0063 1.3359 0.11 1.060 
3.0 0.090 0.089 1.0104 1.3374 0.17 1.092 
4.0 0.122 0.119 1.0144 1.3389 0.23 1.126 
5.0 0.154 0.149 1.0184 1.3404 0.29 1.162 
6.0 0.186 0.179 1.0224 1.3420 0.35 1.200 
7.0 0.220 0.210 1.0265 1.3435 0.42 1.239 
8.0 0.254 0.241 1.0305 1.3450 0.48 1.281 
9.0 0.289 0.272 1.0345 1.3466 0.55 1.325 
10.0 0.325 0.303 1.0385 1.3482 0.62 1.372 
12.0 0.398 0.367 1.0465 1.3513 0.77 1.474 
14.0 0.476 0.431 1.0545 1.3546 0.92 1.588 
16.0 0.556 0.497 1.0629 1.3578 1.08 1.715 
18.0 0.641 0.564 1.0716 1.3612 1.25 1.859 
20.0 0.730 0.631 1.0801 1.3644 1.43 2.021 
22.0 0.824 0.700 1.0894 1.3678 1.64 2.216 
24.0 0.923 0.770 1.0984 1.3714 1.85 2.463 
26.0 1.026 0.842 1.1080 1.3749 2.08 2.753 
28.0 1.136 0.914 1.1171 1.3785 2.34 3.066 
30.0 1.252 0.988 1.1269 1.3821 2.62 3.427 
40.0 1.948 1.375 1.1769 1.4013 4.41 6.926 
50.0 2.921 1.797 1.2304 1.4217 17.786 
52.0 3.165 1.886 1.2416 1.4260 22.034 
54.0 3.429 1.976 1.2528 1.4308 28.757 
56.0 3.718 2.068 1.2638 1.4350 38.226 
58.0 4.034 2.159 1.2740 1.4394 49.298 
60.0 4.382 2.253 1.2855 1.4440 
Manganese(II) 1.0 0.067 0.067 1.0080 1.3348 0.16 1.046 
sulfate 2.0 0.135 0.135 1.0178 1.3366 0.31 1.090 
MnSO, 3.0 0.205 0.204 1.0277 1.3384 0.44 1.137 
4.0 0.276 0.275 1.0378 1.3402 0.57 1.187 
5.0 0.349 0.347 1.0480 1.3420 0.70 1.242 
6.0 0.423 0.421 1.0583 1.3438 0.84 1.301 
7.0 0.498 0.495 1.0688 1.3457 0.98 1.363 
8.0 0.576 0.572 1.0794 1.3475 1.12 1.431 
9.0 0.655 0.650 1.0902 1.3494 1.28 1.505 
10.0 0.736 0.729 1.1012 1.3513 1.44 1.587 
12.0 0.903 0.893 1.1236 1.3551 1.80 1.779 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! cimol 121 р/ cm? n APC n/mPa s 
14.0 1.078 1.063 1.1467 1.3589 221 2.005 
16.0 1.261 1.240 1.1705 1.3629 2.67 2.272 
18.0 1.454 1.424 1.1950 1.3668 3.19 2.580 
20.0 1.656 1.616 1.2203 1.3708 3.80 2.938 
D-Mannitol 0.5 0.028 0.027 1.0000 1.3337 0.05 1.019 
CH,(CHOH),CH,0H 1.0 0.055 0.055 1.0017 1.3345 0.10 1.032 
2.0 0.112 0.110 1.0053 1.3359 0.21 1.057 
3.0 0.170 0.166 1.0088 1.3374 0.32 1.081 
4.0 0.229 0.222 1.0124 1.3389 0.43 1.107 
5.0 0.289 0.279 1.0159 1.3403 0.54 1:135 
6.0 0.350 0.336 1.0195 1.3418 0.66 1.166 
7.0 0.413 0.393 1.0230 1.3433 0.77 1.200 
8.0 0.477 0.451 1.0266 1.3447 0.90 1.236 
9.0 0.543 0.509 1.0302 1.3462 1.02 1.275 
10.0 0.610 0.567 1.0338 1.3477 1.15 1.314 
11.0 0.678 0.626 1.0375 1.3491 1.28 1.355 
12.0 0.749 0.686 1.0412 1.3506 1.41 1.398 
13.0 0.820 0.746 1.0450 1.3521 1.55 1.443 
14.0 0.894 0.806 1.0489 1.3536 1.69 1.489 
15.0 0.969 0.867 1.0529 1.3552 1.84 1.537 
Methanol 0.5 0.157 0.156 0.9973 1.3331 0.28 1.022 
СН,ОН 1.0 0.315 0.311 0.9964 1.3332 0.56 1.040 
2.0 0.637 0.621 0.9947 1.3334 1.14 1.070 
3.0 0.965 0.930 0.9930 1.3336 1.75 1.100 
4.0 1.300 1.238 0.9913 1.3339 2.37 1.131 
5.0 1.643 1.544 0.9896 1.3341 3.02 1.163 
6.0 1.992 1.850 0.9880 1.3343 3.71 1.196 
7.0 2.349 2.155 0.9864 1.3346 4.41 1.229 
8.0 2.714 2.459 0.9848 1.3348 5.13 1.264 
9.0 3.087 2.162 0.9832 1.3351 5.85 1.297 
10.0 3.468 3.064 0.9816 1.3354 6.60 1.329 
12.0 4.256 3.665 0.9785 1.3359 8.14 1.389 
14.0 5.081 4.262 0.9755 1.3365 9.72 1.446 
16.0 5.945 4.856 0.9725 1.3370 11.36 1.501 
18.0 6.851 5.447 0.9695 1.3376 13.13 1.554 
20.0 7.803 6.034 0.9666 1.3381 15.02 1.604 
22.0 8.803 6.616 0.9636 1.3387 16.98 1.652 
24.0 9.856 7.196 0.9606 1.3392 19.04 1.697 
26.0 10.966 7771 0.9576 1.3397 21.23 1.735 
28.0 12.138 8.341 0.9545 1.3402 23.59 1.769 
30.0 13.376 8.908 0.9514 1.3407 25.91 1.795 
32.0 14.688 9.470 0.9482 1.3411 28.15 1.814 
34.0 16.078 10.028 0.9450 1.3415 30.48 1.827 
36.0 17.556 10.580 0.9416 1.3419 32.97 1.835 
38.0 19.129 11.127 0.9382 1.3422 35.60 1.839 
40.0 20.807 11.669 0.9347 1.3425 38.60 1.837 
50.0 31.211 14.288 0.9156 1.3431 54.50 1.761 
60.0 46.816 16.749 0.8944 1.3426 74.50 1.600 
70.0 72.826 19.040 0.8715 1.3411 1.368 
80.0 124.844 21.144 0.8468 1.3385 1.128 
90.0 280.899 23.045 0.8204 1.3348 0.861 
100.0 24.710 0.7917 1.3290 0.586 
Nitric acid 0.5 0.080 0.079 1.0009 1.3336 0.28 1.004 
HNO; 1.0 0.160 0.159 1.0037 1.3343 0.56 1.005 
2.0 0.324 0.320 1.0091 1.3356 1.12 1.007 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
3.0 0.491 0.483 1.0146 1.3368 1.70 1.010 
4.0 0.661 0.648 1.0202 1.3381 2.32 1.014 
5.0 0.835 0.814 1.0257 1.3394 2.96 1.018 
6.0 1.013 0.982 1.0314 1.3407 3.63 1.022 
7.0 1.194 1.152 1.0370 1.3421 4.33 1.027 
8.0 1.380 1.324 1.0427 1.3434 5.05 1.032 
9.0 1.570 1.498 1.0485 1.3447 5.81 1.038 
10.0 1.763 1.673 1.0543 1.3460 6.60 1.044 
12.0 2.164 2.030 1.0660 1.3487 8.27 1.058 
14.0 2.583 2.395 1.0780 1.3514 10.08 1.075 
16.0 3.023 2.768 1.0901 1.3541 12.04 1.094 
18.0 3.484 3.149 1.1025 1.3569 14.16 1.116 
20.0 3.967 3.539 1.1150 1.3596 1.141 
22.0 4.476 3.937 1.1277 1.3624 1.169 
24.0 5.011 4.344 1.1406 1.3652 1.199 
26.0 5.576 4.760 1.1536 1.3680 1.233 
28.0 6.172 5.185 1.1668 1.3708 1.271 
30.0 6.801 5.618 1.1801 1.3736 1.311 
32.0 7.468 6.060 1.1934 1.3763 1.354 
34.0 8.175 6.512 1.2068 1.3790 1.400 
36.0 8.927 6.971 1.2202 1.3817 1.450 
38.0 9.727 7.439 1.2335 1.3842 1.504 
40.0 10.580 7.913 1.2466 1.3867 1.561 
Oxalic acid 0.5 0.056 0.056 1.0006 1.3336 0.16 1.013 
(СООН), 1.0 0.112 0.111 1.0030 1.3342 0.30 1.023 
1.5 0.169 0.167 1.0054 1.3347 0.44 1.033 
2.0 0.227 0.224 1.0079 1.3353 0.57 1.044 
2.5 0.285 0.281 1.0103 1.3359 0.71 1.055 
3.0 0.343 0.337 1.0126 1.3364 0.84 1.065 
3.5 0.403 0.395 1.0150 1.3370 0.97 1.076 
4.0 0.463 0.452 1.0174 1.3375 1.09 1.086 
4.5 0.523 0.510 1.0197 1.3381 1.097 
5.0 0.585 0.568 1.0220 1.3386 1.108 
6.0 0.709 0.684 1.0265 1.3397 1.129 
7.0 0.836 0.802 1.0310 1.3407 1.150 
8.0 0.966 0.920 1.0355 1.3418 1.172 
Phosphoric 0.5 0.051 0.051 1.0010 1.3335 0.12 1.010 
acid 1.0 0.103 0.102 1.0038 1.3340 0.24 1.020 
Н;РО; 2.0 0.208 0.206 1.0092 1.3349 0.46 1.050 
3.0 0.316 0.311 1.0146 1.3358 0.69 1.079 
4.0 0.425 0.416 1.0200 1.3367 0.93 1.108 
5.0 0.537 0.523 1.0254 1.3376 1.16 1.138 
6.0 0.651 0.631 1.0309 1.3385 1.38 1.169 
7.0 0.768 0.740 1.0363 1.3394 1.62 1.200 
8.0 0.887 0.850 1.0418 1.3403 1.88 1.232 
9.0 1.009 0.962 1.0474 1.3413 2.16 1.267 
10.0 1.134 1.075 1.0531 1.3422 2.45 1.303 
12.0 1.392 1.304 1.0647 1.3441 3.01 1.382 
14.0 1.661 1.538 1.0765 1.3460 3.76 1.469 
16.0 1.944 1.777 1.0885 1.3480 4.45 1.565 
18.0 2.240 2.022 1.1009 1.3500 5.25 1.671 
20.0 2.551 2.273 1.1135 1.3520 6.23 1.788 
22.0 2.878 2.529 1.1263 1.3540 7.38 1.914 
24.0 3.223 2.791 1.1395 1.3561 8.69 2.049 
26.0 3.585 3.059 1.1528 1.3582 10.12 2.198 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg"! c/mol 11 p/g cm? n АРС T/mPa $ 
28.0 3.968 3.333 1.1665 1.3604 11.64 2.365 
30.0 4.373 3.614 1.1804 1.3625 13.23 2.553 
32.0 4.802 3.901 1.1945 1.3647 14.94 2.766 
34.0 5.257 4.194 1.2089 1.3669 16.81 3.001 
36.0 5.740 4.495 1.2236 1.3691 18.85 3.260 
38.0 6.254 4.803 1.2385 1.3713 21.09 3.544 
40.0 6.803 5.117 1.2536 1.3735 23.58 3.856 
Potassium 0.5 0.050 0.050 1.0014 1.3335 0.18 1.009 
bicarbonate 1.0 0.101 0.100 1.0046 1.3341 0.34 1.015 
КНСО; 2.0 0.204 0.202 1.0114 1.3353 0.67 1.027 
3.0 0.309 0.305 1.0181 1.3365 0.98 1.040 
4.0 0.416 0.409 1.0247 1.3376 1.29 1.053 
5.0 0.526 0.515 1.0310 1.3386 1.60 1.067 
6.0 0.638 0.622 1.0379 1.3397 1.91 1.081 
7.0 0.752 0.730 1.0446 1.3409 2.22 1.096 
8.0 0.869 0.840 1.0514 1.3419 2.53 1.112 
9.0 0.988 0.951 1.0581 1.3430 2.84 1.128 
10.0 1.110 1.064 1.0650 1.3441 3.16 1.145 
12.0 1.362 1.293 1.0788 1.3462 3.79 1.183 
14.0 1.626 1.528 1.0929 1.3484 4.41 1.224 
16.0 1.903 1.770 1.1073 1.3506 1.270 
18.0 2.193 2.017 1.1221 1.3528 1.319 
20.0 2.497 2272 1.1372 1.3550 1.373 
22.0 2.817 2:533 1.1527 1.3572 1.432 
24.0 3.154 2.801 1.1685 1.3595 1.497 
Potassium 0.5 0.042 0.042 1.0018 1.3336 0.15 1.000 
bromide 1.0 0.085 0.084 1.0054 1.3342 0.29 0.998 
KBr 2.0 0.171 0.170 1.0127 1.3354 0.59 0.994 
3.0 0.260 0.257 1.0200 1.3366 0.88 0.990 
4.0 0.350 0.345 1.0275 1.3379 1.18 0.985 
5.0 0.442 0.435 1.0350 1.3391 1.48 0.981 
6.0 0.536 0.526 1.0426 1.3403 1.78 0.977 
7.0 0.633 0.618 1.0503 1.3416 2.10 0.974 
8.0 0.731 0.711 1.0581 1.3429 2.42 0.970 
9.0 0.831 0.806 1.0660 1.3441 2.74 0.967 
10.0 0.934 0.903 1.0740 1.3454 3.07 0.964 
12.0 1.146 1.099 1.0903 1.3481 3.76 0.958 
14.0 1.368 1.302 1.1070 1.3507 4.49 0.953 
16.0 1.601 1.512. 1.1242 1.3535 5:25 0.949 
18.0 1.845 1.727 1.1419 1.3562 6.04 0.946 
20.0 2.101 1.950 1.1601 1.3591 6.88 0.944 
22.0 2.370 2.179 1.1788 1.3620 7.76 0.943 
24.0 2.654 2.416 1.1980 1.3650 8.70 0.943 
26.0 2.952 2.661 1.2179 1.3680 9.68 0.944 
28.0 3.268 2.914 1.2383 1.3711 10.72 0.947 
30.0 3.601 3.175 1.2593 1.3743 11.82 0.952 
32.0 3.954 3.445 1.2810 1.3776 12.98 0.959 
34.0 4.329 3.724 1.3033 1.3809 0.968 
36.0 4.727 4.012 1.3263 1.3843 0.979 
38.0 5.150 4.311 1.3501 1.3878 0.993 
40.0 5.602 4.620 1.3746 1.3914 1.010 
Potassium 0.5 0.036 0.036 1.0027 1.3339 0.18 1.013 
carbonate 1.0 0.073 0.073 1.0072 1.3347 0.34 1.025 
K,CO; 2.0 0.148 0.147 1.0163 1.3365 0.66 1.048 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol 17! p/g cm? n APC n/mPa s 
3.0 0.224 0.223 1.0254 1.3382 0.99 1.071 
4.0 0.301 0.299 1.0345 1.3399 1:32 1.094 
5.0 0.381 0.378 1.0437 1.3416 1.67 1.119 
6.0 0.462 0.457 1.0529 1.3433 2.03 1.146 
7.0 0.545 0.538 1.0622 1.3450 2.40 1.174 
8.0 0.629 0.620 1.0715 1.3467 2.71 1.204 
9.0 0.716 0.704 1.0809 1.3484 3.17 1.235 
10.0 0.804 0.789 1.0904 1.3501 3.57 1.269 
12.0 0.987 0.963 1.1095 1.3535 4.45 1.339 
14.0 1.178 1.144 1.1291 1.3569 5.39 1.414 
16.0 1.378 1.330 1.1490 1.3603 6.42 1.497 
18.0 1.588 1.523 1.1692 1.3637 7.55 1.594 
20.0 1.809 1.722 1.1898 1.3671 8.82 1.707 
24.0 2.285 2.139 1.2320 1.3739 11.96 1.978 
28.0 2.814 2.584 1.2755 1.3807 16.01 2.331 
32.0 3.405 3.057 1.3204 1.3874 21.46 2.834 
36.0 4.070 3.559 1.3665 1.3940 28.58 3.503 
40.0 4.824 4.093 1.4142 1.4006 37.55 4.360 
50.0 7.236 5.573 1.5404 1.4168 9.369 
Potassium 0.5 0.067 0.067 1.0014 1.3337 0.23 1.000 
chloride 1.0 0.135 0.135 1.0046 1.3343 0.46 0.999 
KCI 2.0 0.274 0.271 1.0110 1.3357 0.92 0.999 
3.0 0.415 0.409 1.0174 1.3371 1.38 0.998 
4.0 0.559 0.549 1.0239 1.3384 1.85 0.997 
5.0 0.706 0.691 1.0304 1.3398 2:32 0.996 
6.0 0.856 0.835 1.0369 1.3411 2.80 0.994 
7.0 1.010 0.980 1.0434 1.3425 3.29 0.992 
8.0 1.166 1.127 1.0500 1.3438 3.80 0.990 
9.0 1.327 1.276 1.0566 1.3452 4.30 0.989 
10.0 1.490 1.426 1.0633 1.3466 4.81 0.988 
12.0 1.829 1.733 1.0768 1.3493 5.88 0.990 
14.0 2.184 2.048 1.0905 1.3521 0.994 
16.0 2.555 2.370 1.1043 1.3549 0.999 
18.0 2.944 2.701 1.1185 1.3577 1.004 
20.0 3.353 3.039 1.1328 1.3606 1.012 
22.0 3.783 3.386 1.1474 1.3635 1.024 
24.0 4.236 3.742 1.1623 1.3665 1.040 
Potassium 0.5 0.090 0.089 1.0025 1.3340 0.30 1.010 
hydroxide 1.0 0.180 0.179 1.0068 1.3350 0.61 1.019 
KOH 2.0 0.364 0.362 1.0155 1.3369 1.24 1.038 
3.0 0.551 0.548 1.0242 1.3388 1.89 1.058 
4.0 0.743 0.736 1.0330 1.3408 2.57 1.079 
5.0 0.938 0.929 1.0419 1.3427 3.36 1.102 
6.0 1.138 1.124 1.0509 1.3445 4.14 1.126 
7.0 1.342 1.322 1.0599 1.3464 4.92 1.151 
8.0 1.550 1.524 1.0690 1.3483 1.177 
9.0 1.763 1.729 1.0781 1.3502 1.205 
10.0 1.980 1.938 1.0873 1.3520 1.233 
12.0 2.431 2.365 1.1059 1.3558 1.294 
14.0 2.902 2.806 1.1246 1.3595 1.361 
16.0 3.395 3.261 1.1435 1.3632 1.436 
18.0 3.913 3.730 1.1626 1.3670 1.521 
20.0 4.456 4.213 1.1818 1.3707 1.619 
22.0 5.027 4.711 1.2014 1.3744 1.732 
24.0 5.629 5.223 1.2210 1.3781 1.861 
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CONCENTRATIVE PROPERTIES ОҒ AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L'! p/g cm? n APC n/mPa s 
26.0 6.262 5.750 1.2408 1.3818 2.006 
28.0 6.931 6.293 1.2609 1.3854 2.170 
30.0 7.639 6.851 1.2813 1.3889 2.357 
40.0 11.882 9.896 1.3881 1.4068 3.879 
50.0 17.824 13.389 1.5024 1.4247 7.892 
Potassium 0.5 0.030 0.030 1.0019 1.3337 0.11 0.999 
iodide 1.0 0.061 0.061 1.0056 1.3343 0.22 0.997 
KI 2.0 0.123 0.122 1.0131 1.3357 0.43 0.991 
3.0 0.186 0.184 1.0206 1.3370 0.64 0.986 
4.0 0.251 0.248 1.0282 1.3384 0.86 0.981 
5.0 0.317 0.312 1.0360 1.3397 1.08 0.976 
6.0 0.385 0.377 1.0438 1.3411 1.30 0.969 
7.0 0.453 0.443 1.0517 1.3425 1.53 0.963 
8.0 0.524 0.511 1.0598 1.3440 1.77 0.957 
9.0 0.596 0.579 1.0679 1.3454 2.01 0.951 
10.0 0.669 0.648 1.0762 1.3469 2.26 0.946 
12.0 0.821 0.790 1.0931 1.3498 2.77 0.937 
14.0 0.981 0.937 1.1105 1.3529 3.30 0.929 
16.0 1.147 1.088 1.1284 1.3560 3.87 0.921 
18.0 1.322 1.244 1.1469 1.3593 4.46 0.915 
20.0 1.506 1.405 1.1659 1.3626 5.09 0.910 
22.0 1.699 1.571 1.1856 1.3661 5.76 0.905 
24.0 1.902 1.744 1.2060 1.3696 6.46 0.901 
26.0 2.117 1.922 1.2270 1.3733 7.21 0.898 
28.0 2.343 2.106 1.2487 1.3771 8.01 0.895 
30.0 2.582 2.297 1.2712 1.3810 8.86 0.892 
32.0 2.835 2.495 1.2944 1.3851 9.76 0.891 
34.0 3.103 2.700 1.3185 1.3893 10.72 0.890 
36.0 3.388 2.913 1.3434 1.3936 11.73 0.890 
38.0 3.692 3.134 1.3692 1.3981 12.81 0.893 
40.0 4.016 3.364 1.3959 1.4027 13.97 0.897 
Potassium 0.5 0.050 0.050 1.0014 1.3335 0.17 0.999 
nitrate 1.0 0.100 0.099 1.0045 1.3339 0.33 0.996 
KNO, 2.0 0.202 0.200 1.0108 1.3349 0.64 0.990 
3.0 0.306 0.302 1.0171 1.3358 0.94 0.986 
4.0 0.412 0.405 1.0234 1.3368 1.22 0.983 
5.0 0.521 0.509 1.0298 1.3377 1.50 0.980 
6.0 0.631 0.615 1.0363 1.3386 1.76 0.977 
7.0 0.744 0.722 1.0428 1.3396 2.02 0.975 
8.0 0.860 0.830 1.0494 1.3405 2.27 0.973 
9.0 0.978 0.940 1.0560 1.3415 2.52 0.971 
10.0 1.099 1.051 1.0627 1.3425 2.75 0.970 
12.0 1.349 1.277 1.0762 1.3444 0.970 
14.0 1.610 1.509 1.0899 1.3463 0.972 
16.0 1.884 1.747 1.1039 1.3482 0.976 
18.0 2.171 1.991 1.1181 1.3502 0.982 
20.0 2.473 2.240 1.1326 1.3521 0.990 
22.0 2.790 2.497 1.1473 1.3541 0.999 
24.0 3.123 2.759 1.1623 1.3561 1.010 
Potassium 0.5 0.032 0.032 1.0017 0.11 1.001 
permanganate 1.0 0.064 0.064 1.0051 0.22 1.000 
KMnO, 1.5 0.096 0.096 1.0085 0.32 0.999 
2.0 0.129 0.128 1.0118 0.43 0.998 
3.0 0.196 0.193 1.0186 0.995 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol 17! p/g cm? n APC n/mPa s 
4.0 0.264 0.260 1.0254 0.992 
5.0 0.333 0.327 1.0322 0.989 
6.0 0.404 0.394 1.0390 0.985 
Potassium 0.5 0.029 0.029 1.0025 1.3338 0.13 1.013 
hydrogen 1.0 0.058 0.058 1.0068 1.3345 0.25 1.023 
phosphate 1.5 0.087 0.087 1.0110 1.3353 0.37 1.034 
К,НРО, 2.0 0.117 0.117 1.0153 1.3361 0.49 1.046 
2.5 0.147 0.146 1.0195 1.3368 0.61 1.057 
3.0 0.178 0.176 1.0238 1.3376 0.73 1.069 
9:5 0.208 0.207 1.0281 1.3384 0.86 1.081 
4.0 0.239 0.237 1.0324 1.3392 0.97 1.094 
4.5 0.271 0.268 1.0368 1.3399 1.10 1.107 
5.0 0.302 0.299 1.0412 1.3407 1.22 1.120 
6.0 0.366 0.362 1.0500 1.3422 1.46 1.147 
7.0 0.432 0.426 1.0590 1.3438 1.70 1.177 
8.0 0.499 0.491 1.0680 1.3453 1.95 1.209 
Potassium 0.5 0.037 0.037 1.0018 1.3336 0.13 1.010 
dihydrogen 1.0 0.074 0.074 1.0053 1.3342 0.25 1.019 
phosphate ES 0.112 0.111 1.0089 1.3348 0.37 1.028 
КЊРО, 2.0 0.150 0.149 1.0125 1.3354 0.49 1.038 
3.0 0.227 0.225 1.0197 1.3365 0.72 1.060 
4.0 0.306 0.302 1.0269 1.3377 0.96 1.083 
5.0 0.387 0.380 1.0342 1.3388 1.19 1.108 
6.0 0.469 0.459 1.0414 1.3400 1.41 1.133 
7.0 0.553 0.539 1.0486 1.3411 1.63 1.160 
8.0 0.639 0.621 1.0558 1.3422 1.84 1.187 
9.0 0.727 0.703 1.0630 1.3434 2.04 1.215 
10.0 0.816 0.786 1.0703 1.3445 2.23 1.245 
Potassium 0.5 0.029 0.029 1.0022 1.3336 0.14 1.006 
sulfate 1.0 0.058 0.058 1.0062 1.3343 0.26 1.011 
К,50, 2.0 0.117 0.116 1.0143 1.3355 0.50 1.021 
3.0 0.177 0.176 1.0224 1.3368 0.73 1.033 
4.0 0.239 0.237 1.0306 1.3380 0.95 1.045 
5.0 0.302 0.298 1.0388 1.3393 1.17 1.058 
6.0 0.366 0.360 1.0470 1.3405 1.072 
7.0 0.432 0.424 1.0553 1.3417 1.087 
8.0 0.499 0.488 1.0637 1.3428 1.102 
9.0 0.568 0.554 1.0721 1.3440 1.117 
10.0 0.638 0.620 1.0806 1.3452 1.132 
]-Propanol 1.0 0.168 0.166 0.9963 1.3339 0.31 1.051 
СН,СН,СН,ОН 2.0 0.340 0.331 0.9946 1.3348 0.61 1.100 
3.0 0.515 0.496 0.9928 1.3357 0.93 1.152 
4.0 0.693 0.660 0.9911 1.3366 1.24 1.208 
5.0 0.876 0.823 0.9896 1.3376 1.57 1.267 
6.0 1.062 0.987 0.9882 1.3385 1.91 1.325 
7.0 1.252 1.149 0.9868 1.3394 2.26 1.387 
8.0 1.447 1.312 0.9855 1.3404 2.61 1.449 
9.0 1.646 1.474 0.9842 1.3414 2.99 1.514 
10.0 1.849 1.635 0.9829 1.3423 3.36 1.577 
12.0 2.269 1.958 0.9804 1.3442 4.09 1.710 
14.0 2.709 2.278 0.9779 1.3460 4.91 1.849 
16.0 3.169 2.595 0.9749 1.3477 5.78 1.986 
18.0 3.652 2.911 0.9719 1.3494 6.67 2.106 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol 17! p/g cm? n APC n/mPa s 
20.0 4.160 3.223 0.9686 1.3510 7.76 2.218 
24.0 5.254 3.838 0.9612 1.3539 9.12 2.432 
28.0 6.471 4.441 0.9533 1.3566 10.17 2.612 
32.0 7.830 5.033 0.9452 1.3592 10.66 2.765 
36.0 9.359 5.613 0.9370 1.3614 2.900 
40.0 11.093 6.182 0.9288 1.3635 3.010 
60.0 24.958 8.860 0.8875 1.3734 3.186 
80.0 66.556 11.275 0.8470 1.3812 2.822 
100.0 13.368 0.8034 1.3852 2.227 
2-Propanol 1.0 0.168 0.166 0.9960 1.3338 0.30 1.056 
СН,СНОНСН, 2.0 0.340 0.331 0.9939 1.3346 0.60 1.112 
3.0 0.515 0.495 0.9920 1.3355 0.93 1.166 
4.0 0.693 0.659 0.9902 1.3364 1.26 1.225 
5.0 0.876 0.822 0.9884 1.3373 1.61 1.287 
6.0 1.062 0.985 0.9871 1.3382 1.96 1.352 
7.0 1.252 1.148 0.9855 1.3392 2.32 1.417 
8.0 1.447 1.310 0.9843 1.3400 2.68 1.485 
9.0 1.646 1.472 0.9831 1.3410 3.06 1.553 
10.0 1.849 1.633 0.9816 1.3420 3.48 1.629 
12.0 2.269 1.955 0.9793 1.3439 4.43 1.794 
14.0 2.709 2.276 0.9772 1.3459 5.29 1.970 
16.0 3.169 2.596 0.9751 1.3478 6.36 2.160 
18.0 3.652 2.913 0.9725 1.3496 7.40 2.352 
20.0 4.160 3.227 0.9696 1.3514 8.52 2.550 
40.0 11.093 6.191 0.9302 1.3642 
60.0 24.958 8.809 0.8824 1.3717 
80.0 66.556 11.103 0.8341 1.3765 
100.0 13.058 0.7848 1.3742 
Silver 0.5 0.030 0.030 1.0027 1.3336 0.10 1.003 
nitrate 1.0 0.059 0.059 1.0070 1.3342 0.20 1.005 
AgNO; 2.0 0.120 0.120 1.0154 1.3352 0.40 1.009 
3.0 0.182 0.181 1.0239 1.3363 0.59 1.013 
4.0 0.245 0.243 1.0327 1.3374 0.78 1.016 
5.0 0.310 0.307 1.0417 1.3385 0.96 1.020 
6.0 0.376 0.371 1.0506 1.3396 1.15 1.024 
7.0 0.443 0.437 1.0597 1.3407 1.33 1.027 
8.0 0.512 0.503 1.0690 1.3419 1.51 1.031 
9.0 0.582 0.571 1.0785 1.3431 1.69 1.035 
10.0 0.654 0.641 1.0882 1.3443 1.87 1.039 
12.0 0.803 0.783 1.1079 1.3467 2.21 1.049 
14.0 0.958 0.930 1.1284 1.3493 2:55 1.060 
16.0 1.121 1.083 1.1496 1.3519 2.86 1.072 
18.0 1.292 1.241 1.1715 1.3546 1.086 
20.0 1.472 1.406 1.1942 1.3574 1.101 
22.0 1.660 1.577 1.2177 1.3602 1.117 
24.0 1.859 1.755 1.2420 1.3632 1.135 
26.0 2.068 1.940 1.2672 1.3662 1.154 
28.0 2.289 2.132 1.2933 1.3694 1.176 
30.0 2.523 2.332 1.3204 1.3726 1.200 
32.0 2.770 2.541 1.3487 1.3760 1.227 
34.0 3.033 2.758 1.3780 1.3795 1.257 
36.0 3.311 2.985 1.4087 1.3832 1.290 
38.0 3.608 3.223 1.4407 1.3871 1.326 
40.0 3.925 3.472 1.4743 1.3911 1.366 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
Sodium 0.5 0.061 0.061 1.0008 1.3337 0.22 1.021 
acetate 1.0 0.123 0.122 1.0034 1.3344 0.43 1.040 
CH4COONa 2.0 0.249 0.246 1.0085 1.3358 0.88 1.080 
3.0 0.377 0.371 1.0135 1.3372 1.34 1.124 
4.0 0.508 0.497 1.0184 1.3386 1.82 1.171 
5.0 0.642 0.624 1.0234 1.3400 2.32 1.222 
6.0 0.778 0.752 1.0283 1.3414 2.85 1.278 
7.0 0.918 0.882 1.0334 1.3428 3.40 1.337 
8.0 1.060 1.013 1.0386 1.3442 3.98 1.401 
9.0 1.206 1.145 1.0440 1.3456 4.57 1.468 
10.0 1.354 1.279 1.0495 1.3470 1.539 
12.0 1.662 1.552 1.0607 1.3498 1.688 
14.0 1.984 1.829 1.0718 1.3526 1.855 
16.0 2.322 2.112 1.0830 1.3554 2.054 
18.0 2.676 2.400 1.0940 1.3583 2.284 
20.0 3.047 2.694 1.1050 1.3611 2.567 
22.0 3.438 2.993 1.1159 1.3639 2.948 
24.0 3.849 3.297 1.1268 1.3666 3.400 
26.0 4.283 3.606 1.1377 1.3693 3.877 
28.0 4.741 3.92] 1.1488 1.3720 4.388 
30.0 5.224 4.243 1.1602 1.3748 4.940 
Sodium 0.5 0.060 0.060 1.0018 1.3337 0.20 1.015 
bicarbonate 1.0 0.120 0.120 1.0054 1.3344 0.40 1.028 
МаНСО, 1:5 0.181 0.180 1.0089 1.3351 0.59 1.042 
2.0 0.243 0.241 1.0125 1.3357 0.78 1.057 
2.5 0.305 0.302 1.0160 1.3364 0.98 1.071 
3.0 0.368 0.364 1.0196 1.3370 1.16 1.086 
3.5 0.432 0.426 1.0231 1.3377 1.35 1.102 
4.0 0.496 0.489 1.0266 1.3383 1.54 1.118 
4.5 0.561 0.552 1.0301 1.3390 1.72 1.134 
5.0 0.627 0.615 1.0337 1.3396 1.90 1.151 
5.5 0.693 0.679 1.0372 1.3403 2.08 1.168 
6.0 0.760 0.743 1.0408 1.3409 2.26 1.185 
Sodium 0.5 0.049 0.049 1.0021 1.3337 0.17 1.004 
bromide 1.0 0.098 0.098 1.0060 1.3344 0.34 1.007 
NaBr 2.0 0.198 0.197 1.0139 1.3358 0.69 1.012 
3.0 0.301 0.298 1.0218 1.3372 1.04 1.017 
4.0 0.405 0.400 1.0298 1.3386 1.39 1.022 
5.0 0.512 0.504 1.0380 1.3401 1.76 1.028 
6.0 0.620 0.610 1.0462 1.3415 2.14 1.034 
7.0 0.732 0.717 1.0546 1.3430 2.53 1.040 
8.0 0.845 0.826 1.0630 1.3445 2.93 1.046 
9.0 0.961 0.937 1.0716 1.3460 3.34 1.053 
10.0 1.080 1.050 1.0803 1.3475 3.77 1.060 
12.0 1.325 1.281 1.0981 1.3506 4.67 1.077 
14.0 1.582 1.519 1.1164 1.3538 5.65 1.096 
16.0 1.851 1.765 1.1352 1.3570 6.74 1.119 
18.0 2.133 2.020 1.1546 1.3604 1.144 
20.0 2.430 2.283 1.1745 1.3638 1.174 
22.0 2.741 2.555 1.1951 1.3673 1.207 
24.0 3.069 2.837 1.2163 1.3708 1.244 
26.0 3.415 3.129 1.2382 1.3745 1.287 
28.0 3.780 3.431 1.2608 1.3783 1.336 
30.0 4.165 3.744 1.2842 1.3822 1.395 
32.0 4.574 4.069 1.3083 1.3862 1.465 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
34.0 5.007 4.406 1.3333 1.3903 1.546 
36.0 5.467 4.755 1.3592 1.3946 1.639 
38.0 5.957 5.119 1.3860 1.3990 1.745 
40.0 6.479 5.496 1.4138 1.4035 1.866 
Sodium 0.5 0.047 0.047 1.0034 1.3341 0.22 1.025 
carbonate 1.0 0.095 0.095 1.0086 1.3352 0.43 1.049 
Na,CO3 2.0 0.193 0.192 1.0190 1.3375 0.75 1.102 
3.0 0.292 0.291 1.0294 1.3397 1.08 1.159 
4.0 0.393 0.392 1.0398 1.3419 1.42 1.222 
5.0 0.497 0.495 1.0502 1.3440 1.77 1.292 
6.0 0.602 0.600 1.0606 1.3462 2.13 1.367 
7.0 0.710 0.707 1.0711 1.3483 1.448 
8.0 0.820 0.816 1.0816 1.3504 1.538 
9.0 0.933 0.927 1.0922 1.3525 1.638 
10.0 1.048 1.041 1.1029 1.3547 1.754 
11.0 1.166 1.156 1.1136 1.3568 1.884 
12.0 1.287 1.273 1.1244 1.3589 2.028 
13.0 1.410 1.392 1.1353 1.3610 2.186 
14.0 1.536 1.514 1.1463 1.3631 2.361 
15.0 1.665 1.638 1.1574 1.3652 2.551 
Sodium 0.5 0.086 0.086 1.0018 1.3339 0.30 1.011 
chloride 1.0 0.173 0.172 1.0053 1.3347 0.59 1.020 
NaCl 2.0 0.349 0.346 1.0125 1.3365 1.19 1.036 
3.0 0.529 0.523 1.0196 1.3383 1.79 1.052 
4.0 0.713 0.703 1.0268 1.3400 2.41 1.068 
5.0 0.901 0.885 1.0340 1.3418 3.05 1.085 
6.0 1.092 1.069 1.0413 1.3435 3.70 1.104 
7.0 1.288 1.256 1.0486 1.3453 4.38 1.124 
8.0 1.488 1.445 1.0559 1.3470 5.08 1.145 
9.0 1.692 1.637 1.0633 1.3488 5.81 1.168 
10.0 1.901 1.832 1.0707 1.3505 6.56 1,193 
12.0 2.333 2.229 1.0857 1.3541 8.18 1.250 
14.0 2.785 2.637 1.1008 1.3576 9.94 1.317 
16.0 3.259 3.056 1.1162 1.3612 11.89 1.388 
18.0 3.756 3.486 1.1319 1.3648 14.04 1.463 
20.0 4.278 3.928 1.1478 1.3684 16.46 1.557 
22.0 4.826 4.382 1.1640 1.3721 19.18 1.676 
24.0 5.403 4.847 1.1804 1.3757 1.821 
26.0 6.012 5.326 1.1972 1.3795 1.990 
Sodium 1.0 0.039 0.039 1.0049 1.3348 0.20 1.043 
citrate 2.0 0.079 0.078 1.0120 1.3366 0.39 1.081 
(HO)C(COONa); 3.0 0.120 0.118 1.0186 1.3383 0.59 1.122 
4.0 0.161 0.159 1.0260 1.3401 0.79 1.166 
5.0 0.204 0.200 1.0331 1.3419 0.97 1.210 
6.0 0.247 0.242 1.0405 1.3437 1.17 1.263 
7.0 0.292 0.284 1.0482 1.3455 1.36 1.314 
8.0 0.337 0.327 1.0557 1.3473 1.57 1.371 
9.0 0.383 0.371 1.0632 1.3491 1.77 1.427 
10.0 0.431 0.415 1.0708 1.3509 1.96 1.499 
12.0 0.528 0.505 1.0861 1.3546 2.38 1.649 
14.0 0.631 0.598 1.1019 1.3583 2.82 1.832 
16.0 0.738 0.693 1.1173 1.3618 3.27 2.045 
18.0 0.851 0.790 1.1327 1.3656 3.82 2.290 
20.0 0.969 0.891 1.1492 1.3693 4.39 2.596 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg"! c/mol L-1 p/g cm? n APC n/mPa s 
24.0 1.224 1.099 1.1813 1.3767 3.409 
28.0 1.507 1.318 1.2151 1.3845 4.586 
32.0 1.823 1.548 1.2487 1.3923 6.541 
36.0 2.180 1.792 1.2843 1.4001 9.788 
Sodium 0.5 0.126 0.125 1.0039 1.3344 0.43 1.027 
hydroxide 1.0 0.253 0.252 1.0095 1.3358 0.86 1.054 
NaOH 2.0 0.510 0.510 1.0207 1.3386 1.74 1.112 
3.0 0.773 0.774 1.0318 1.3414 2.64 1.176 
4.0 1.042 1.043 1.0428 1.3441 3.59 1.248 
5.0 1.316 1.317 1.0538 1.3467 4.57 1.329 
6.0 1.596 1.597 1.0648 1.3494 5.60 1.416 
7.0 1.882 1.883 1.0758 1.3520 6.69 1.510 
8.0 2.174 2.174 1.0869 1.3546 7.87 1.616 
9.0 2.473 2.470 1.0979 1.3572 9.12 1.737 
10.0 2.778 2.772 1.1089 1.3597 10.47 1.882 
12.0 3.409 3.393 1.1309 1.3648 13.42 2.201 
14.0 4.070 4.036 1.1530 1.3697 16.76 2.568 
15.0 4.412 4.365 1.1640 1.3722 2.789 
16.0 4.762 4.701 1.1751 1.3746 3.043 
18.0 5.488 5.387 1.1971 1.3793 3.698 
20.0 6.250 6.096 1.2192 1.3840 4.619 
22.0 7.052 6.827 1.2412 1.3885 5.765 
24.0 7.895 7.579 1.2631 1.3929 7.100 
26.0 8.784 8.352 1.2848 1.3971 8.744 
28.0 9.723 9.145 1.3064 1.4012 10.832 
30.0 10.715 9.958 1.3277 1.4051 13.517 
32.0 11.766 10.791 1.3488 1.4088 16.844 
34.0 12.880 11.643 1.3697 1.4123 20.751 
36.0 14.064 12.512 1.3901 1.4156 25.290 
38.0 15.324 13.398 1.4102 1.4186 30.461 
40.0 16.668 14.300 1.4299 1.4215 36.312 
Sodium 0.5 0.059 0.059 1.0016 1.3336 0.20 1.004 
nitrate 1.0 0.119 0.118 1.0050 1.3341 0.40 1.007 
NaNO; 2.0 0.240 0.238 1.0117 1.3353 0.79 1.012 
3.0 0.364 0.359 1.0185 1.3364 1.18 1.018 
4.0 0.490 0.483 1.0254 1.3375 1.56 1.025 
5.0 0.619 0.607 1.0322 1.3387 1.94 1.032 
6.0 0.751 0.734 1.0392 1.3398 2.32 1.040 
7.0 0.886 0.862 1.0462 1.3409 2.70 1.049 
8.0 1.023 0.991 1.0532 1.3421 3.08 1.059 
9.0 1.164 1.123 1.0603 1.3432 3.46 1.069 
10.0 1.307 1.256 1.0674 1.3443 3.84 1.081 
12.0 1.604 1.527 1.0819 1.3466 4.60 1.107 
14.0 1.915 1.806 1.0967 1.3489 5.37 1.138 
18.0 2.583 2.387 1.1272 1.3536 6.98 1.215 
20.0 2.941 2.689 1.1429 1.3559 7.81 1.263 
30.0 5.042 4.326 1.2256 1.3678 1.609 
40.0 7.844 6.200 1.3175 1.3802 2.226 
Sodium 0.5 0.031 0.031 1.0042 1.3343 0.19 1.033 
phosphate 1.0 0.062 0.062 1.0100 1.3356 0.37 1.064 
Na4PO, 1:5 0.093 0.093 1.0158 1.3369 0.53 1.094 
2.0 0.124 0.125 1.0216 1.3381 0.67 1.126 
2.5 0.156 0.157 1.0275 1.3394 0.79 1.161 
3.0 0.189 0.189 1.0335 1.3406 1.198 
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CONCENTRATIVE PROPERTIES ОҒ AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg"! c/mol L-1 p/g cm? n APC n/mPa s 
3.5 0.221 0.222 1.0395 1.3419 1.238 
4.0 0.254 0.255 1.0456 1.3432 1.281 
4.5 0.287 0.289 1.0517 1.3444 1.327 
5.0 0.321 0.323 1.0579 1.3457 1.375 
5.5 0.355 0.357 1.0642 1.3470 1.426 
6.0 0.389 0.392 1.0705 1.3482 1.480 
6.5 0.424 0.427 1.0768 1.3495 1.538 
7.0 0.459 0.462 1.0832 1.3507 1.598 
7.5 0.495 0.498 1.0896 1.3519 1.662 
8.0 0.530 0.535 1.0961 1.3532 1.729 
Sodium hydrogen 0.5 0.035 0.035 1.0032 1.3340 0.17 1.021 
phosphate 1.0 0.071 0.071 1.0082 1.3349 0.32 1.042 
Ма,НРО, 15 0.107 0.107 1.0131 1.3358 0.46 1.064 
2.0 0.144 0.143 1.0180 1.3368 1.088 
2.5 0.181 0.180 1.0229 1.3377 1,113 
3.0 0.218 0.217 1.0279 1.3386 1.138 
3.5 0.255 0.255 1.0328 1.3396 1.165 
4.0 0.293 0.292 1.0378 1.3405 1.193 
4.5 0.332 0.331 1.0428 1.3414 1.223 
5.0 0.371 0.369 1.0478 1.3424 1.254 
5.5 0.410 0.408 1.0528 1.3433 1.286 
Sodium 0.5 0.042 0.042 1.0019 1.3336 0.14 1.018 
dihydrogen 1.0 0.084 0.084 1.0056 1.3343 0.28 1.035 
phosphate 1.5 0.127 0.126 1.0094 1.3349 0.42 1.051 
NaH,PO, 2.0 0.170 0.169 1.0131 1.3356 0.56 1.068 
2.5 0.214 0.212 1.0168 1.3362 0.70 1.085 
3.0 0.258 0.255 1.0206 1.3369 0.84 1.103 
3.5 0.302 0.299 1.0244 1.3375 0.98 1.121 
4.0 0.347 0.343 1.0281 1.3382 1.12 1.140 
4.5 0.393 0.387 1.0319 1.3388 1.25 1.160 
5.0 0.439 0.432 1.0358 1.3395 1.39 1.180 
6.0 0.532 0.522 1.0434 1.3408 1.65 1.223 
7.0 0.627 0.613 1.0511 1.3421 1.89 1.270 
8.0 0.725 0.706 1.0589 1.3434 2.12 1.319 
9.0 0.824 0.800 1.0668 1.3447 2.35 1.371 
10.0 0.926 0.896 1.0747 1.3460 2.58 1.428 
12.0 1.137 1.091 1.0907 1.3486 3.06 1.552 
14.0 1.357 1.292 1.1070 1.3512 3.53 1.694 
16.0 1.588 1.499 1.1236 1.3538 4.03 1.861 
18.0 1.830 1711 1.1404 1.3565 4.55 2.050 
20.0 2.084 1.930 1.1576 1.3592 5.10 2.283 
22.0 2.351 2.155 1.1752 1.3618 2.550 
24.0 2.632 2.387 1.1931 1.3646 2.850 
26.0 2.929 2.625 1.2113 1.3673 3.214 
28.0 3.242 2.870 1.2299 1.3700 3.682 
30.0 3.572 3.123 1.2488 1.3728 4.300 
32.0 3.923 3.383 1.2682 1.3756 5.079 
34.0 4.294 3.650 1.2879 1.3784 6.008 
36.0 4.689 3.925 1.3080 1.3812 7.098 
38.0 5.109 4.208 1.3285 1.3840 8.363 
40.0 5.557 4.499 1.3493 1.3869 9.814 
Sodium 0.5 0.035 0.035 1.0027 1.3338 0.17 1.013 
sulfate 1.0 0.071 0.071 1.0071 1.3345 0.32 1.026 
NaSO, 2.0 0.144 0.143 1.0161 1.3360 0.61 1.058 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol L-1 p/g cm? n APC n/mPa s 
3.0 0.218 0.217 1.0252 1.3376 0.87 1.091 
4.0 0.293 0.291 1.0343 1.3391 1.13 1.126 
5.0 0.371 0.367 1.0436 1.3406 1.36 1.163 
6.0 0.449 0.445 1.0526 1.3420 1.56 1.202 
7.0 0.530 0.523 1.0619 1.3435 1.244 
8.0 0.612 0.603 1.0713 1.3449 1.289 
9.0 0.696 0.685 1.0808 1.3464 1.337 
10.0 0.782 0.768 1.0905 1.3479 1.390 
12.0 0.960 0.938 1.1101 1.3509 1.508 
14.0 1.146 1.114 1.1301 1.3539 1.646 
16.0 1.341 1.296 1.1503 1.3567 1.812 
18.0 1.545 1.483 1.1705 1.3595 2.005 
20.0 1.760 1.677 1.1907 1.3620 2221 
22.0 1.986 1.875 1.2106 1.3643 2.481 
Sodium 0.5 0.032 0.032 1.0024 1.3340 0.14 1.012 
thiosulfate 1.0 0.064 0.064 1.0065 1.3351 0.28 1.023 
М№а,5,0; 2.0 0.129 0.128 1.0148 1.3371 0.57 1.044 
3.0 0.196 0.194 1.0231 1.3392 0.84 1.066 
4.0 0.264 0.261 1.0315 1.3413 1.09 1.090 
5.0 0.333 0.329 1.0399 1.3434 1.34 1.115 
6.0 0.404 0.398 1.0483 1.3454 1.59 1.141 
7.0 0.476 0.468 1.0568 1.3475 1.83 1.169 
8.0 0.550 0.539 1.0654 1.3496 2.06 1.199 
9.0 0.626 0.611 1.0740 1.3517 2.30 1.231 
10.0 0.703 0.685 1.0827 1.3538 2.55 1.267 
12.0 0.862 0.835 1.1003 1.3581 3.06 1.345 
14.0 1.030 0.990 1.1182 1.3624 3.60 1.435 
16.0 1.205 1.150 1.1365 1.3667 4.17 1.537 
18.0 1.388 1.315 1.1551 1.3711 4.76 1.657 
20.0 1.581 1.485 1.1740 1.3756 5.37 1.798 
30.0 2.711 2.417 1.2739 1.3987 2.903 
40.0 4.216 3.498 1.3827 1.4229 5.758 
Strontium 0.5 0.032 0.032 1.0027 1.3339 0.16 1.012 
chloride 1.0 0.064 0.064 1.0071 1.3348 0.31 1.021 
SrCl, 2.0 0.129 0.128 1.0161 1.3366 0.62 1.039 
3.0 0.195 0.194 1.0252 1.3384 0.93 1.057 
4.0 0.263 0.261 1.0344 1.3402 1.26 1.076 
5.0 0.332 0.329 1.0437 1.3421 1.61 1.096 
6.0 0.403 0.399 1.0532 1.3440 1.98 1.116 
7.0 0.475 0.469 1.0628 1.3459 2.38 1.136 
8.0 0.549 0.541 1.0726 1.3478 2.80 1.157 
9.0 0.624 0.615 1.0825 1.3498 3.25 1.180 
10.0 0.701 0.689 1.0925 1.3518 3.74 1.204 
12.0 0.860 0.843 1.1131 1.3558 4.81 1.258 
14.0 1.027 1.002 1.1342 1.3599 6.03 1.317 
16.0 1.202 1.167 1.1558 1.3641 7.41 1.383 
18.0 1.385 1.338 1.1780 1.3684 8.98 1.460 
20.0 1.577 1.515 1.2008 1.3728 10.74 1.549 
22.0 1.779 1.699 1.2241 1.3772 12.74 1.650 
24.0 1.992 1.890 1.2481 1.3817 14.99 1.765 
26.0 2.216 2.087 1.2728 1.3864 1.897 
28.0 2.453 2.293 1.2983 1.3911 2.056 
30.0 2.703 2.507 1.3248 1.3961 2.245 
32.0 2.968 2.730 1.3523 1.4013 2.527 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! cimol 17! p/g cm? n APC T/mPa s 
34.0 3.250 2.962 1.3811 1.4067 2.846 
36.0 3.548 3.205 1.4114 1.4124 3.206 

Sucrose 0.5 0.015 0.015 1.0002 1.3337 0.03 1.015 

СНО 10 0.030 0.029 1.0021 1.3344 0.06 1.028 

2.0 0.060 0.059 1.0060 1.3359 0.11 1.055 
3.0 0.090 0.089 1.0099 1.3373 0.17 1.084 
4.0 0.122 0.118 1.0139 1.3388 0.23 1.114 
5.0 0.154 0.149 1.0178 1.3403 0.29 1.146 
6.0 0.186 0.179 1.0218 1.3418 0.35 1.179 
7.0 0.220 0.210 1.0259 1.3433 0.42 1.215 
8.0 0.254 0.241 1.0299 1.3448 0.49 1.254 
9.0 0.289 0.272 1.0340 1.3463 0.55 1.294 
10.0 0.325 0.303 1.0381 1.3478 0.63 1.336 
12.0 0.398 0.367 1.0465 1.3509 0.77 1.429 
14.0 0.476 0.431 1.0549 1.3541 0.93 1.534 
16.0 0.556 0.497 1.0635 1.3573 1.10 1.653 
18.0 0.641 0.564 1.0722 1.3606 1.27 1.790 
20.0 0.730 0.632 1.0810 1.3639 1.47 1.945 
22.0 0.824 0.700 1.0899 1.3672 1.67 2.124 
24.0 0.923 0.771 1.0990 1.3706 1.89 2.331 
26.0 1.026 0.842 1.1082 1.3741 2.12 2.573 
28.0 1.136 0.914 1.1175 1.3776 2.37 2.855 
30.0 1.252 0.988 1.1270 1.3812 2.64 3.187 
32.0 1.375 1.063 1.1366 1.3848 2.94 3.762 
34.0 1.505 1.139 1.1464 1.3885 3.27 4.052 
36.0 1.643 1.216 1.1562 1.3922 3.63 4.621 
38.0 1.791 1.295 1.1663 1.3960 4.02 5.315 
40.0 1.948 1.375 1.1765 1.3999 4.45 6.162 
42.0 2.116 1.456 1.1868 1.4038 4.93 7.234 
44.0 2.295 1.539 1.1972 1.4078 8.596 
46.0 2.489 1.623 1.2079 1.4118 10.301 
48.0 2.697 1.709 1.2186 1.4159 12.515 
50.0 2.921 1.796 1.2295 1.4201 15.431 
60.0 4.382 2.255 1.2864 1.4419 58.487 
70.0 6.817 2.755 1.3472 1.4654 481.561 
80.0 11.686 3.299 1.4117 1.4906 
Sulfuric acid 0.5 0.051 0.051 1.0016 1.3336 0.21 1.010 
H5SO, 1.0 0.103 0.102 1.0049 1.3342 0.42 1.019 
2.0 0.208 0.206 1.0116 1.3355 0.80 1.036 
3.0 0.315 0.311 1.0183 1.3367 1.17 1.059 
4.0 0.425 0.418 1.0250 1.3379 1.60 1.085 
5.0 0.537 0.526 1.0318 1.3391 2.05 1.112 
6.0 0.651 0.635 1.0385 1.3403 2.50 1.136 
7.0 0.767 0.746 1.0453 1.3415 2.95 1.159 
8.0 0.887 0.858 1.0522 1.3427 3.49 1.182 
9.0 1.008 0.972 1.0591 1.3439 4.08 1.206 
10.0 1.133 1.087 1.0661 1.3451 4.64 1.230 
12.0 1.390 1.322 1.0802 1.3475 5.93 1.282 
14.0 1.660 1.563 1.0947 1.3500 7.49 1.337 
16.0 1.942 1.810 1.1094 1.3525 9.26 1.399 
18.0 2.238 2.064 1.1245 1.3551 11.29 1.470 
20.0 2.549 2.324 1.1398 1.3576 13.64 1.546 
22.0 2.876 2.592 1.1554 1.3602 16.48 1.624 
24.0 3.220 2.866 1.1714 1.3628 19.85 1.706 
26.0 3.582 3.147 1.1872 1.3653 24.29 1.797 
28.0 3.965 3.435 1.2031 1.3677 29.65 1.894 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg! c/mol 17! p/g cm? n APC n/mPa s 
30.0 4.370 3.729 1.2191 1.3701 36.21 2.001 
32.0 4.798 4.030 1.2353 1.3725 44.76 2.122 
34.0 3:252 4.339 1.2518 1.3749 55.28 2.255 
36.0 5.735 4.656 1.2685 1.3773 2.392 
38.0 6.249 4.981 1.2855 1.3797 2.533 
40.0 6.797 5.313 1.3028 1.3821 2.690 
42.0 7.383 5.655 1.3205 1.3846 2.872 
44.0 8.011 6.005 1.3386 1.3870 3.073 
46.0 8.685 6.364 1.3570 1.3895 3.299 
48.0 9.411 6.734 1.3759 1.3920 3.546 
50.0 10.196 7.113 1.3952 1.3945 3.826 
52.0 11.045 7.502 1.4149 1.3971 4.142 
54.0 11.969 7.901 1.4351 1.3997 4.499 
56.0 12.976 8.312 1.4558 1.4024 4.906 
58.0 14.080 8.734 1.4770 1.4050 5.354 
60.0 15.294 9.168 1.4987 1.4077 5.917 
70.0 23.790 11.494 1.6105 
80.0 40.783 14.088 1.7272 
90.0 91.762 16.649 1.8144 
92.0 117.251 17.109 1.8240 
94.0 159.734 17.550 1.8312 
96.0 244.698 17.966 1.8355 
98.0 499.592 18.346 1.8361 
100.0 18.663 1.8305 
Trichloroacetic 0.5 0.031 0.031 1.0008 1.3337 0.11 1.011 
acid 1.0 0.062 0.061 1.0034 1.3343 0.21 1.021 
ССЬСООН 2.0 0.125 0.123 1.0083 1.3356 0.42 1.044 
3.0 0.189 0.186 1.0133 1.3369 0.64 1.069 
4.0 0.255 0.249 1.0182 1.3381 0.86 1.096 
5.0 0.322 0.313 1.0230 1.3394 1.08 1.123 
6.0 0.391 0.377 1.0279 1.3406 1.30 1.150 
7.0 0.461 0.442 1.0328 1.3418 1.53 1.177 
8.0 0.532 0.508 1.0378 1.3431 1.76 1.204 
9.0 0.605 0.574 1.0428 1.3444 1.99 1233 
10.0 0.680 0.641 1.0479 1.3456 2:23 1.263 
12.0 0.835 0.777 1.0583 1.3483 2.73 1.326 
14.0 0.996 0.916 1.0692 1.3510 3.26 1.393 
16.0 1.166 1.058 1.0806 1.3539 3.82 1.462 
18.0 1,343 1.203 1.0921 1.3568 1,533 
20.0 1,530 1.351 1.1035 1.3597 1.608 
24.0 1,933 1.654 1.1260 1.3652 1.768 
28.0 2.380 1.968 1.1485 1.3705 1.935 
32.0 2.880 2.294 1.1713 1.3759 2.118 
36.0 3.443 2.632 1.1947 1.3813 2.320 
40.0 4.080 2.984 1.2188 1.3868 1.543 
44.0 4.809 3.349 1.2435 1.3923 2.797 
48.0 5.650 3.726 1.2682 1.3977 3.076 
Tris 0.5 0.041 0.041 0.9994 1.3337 0.08 1.014 
(hydroxymethyl)- 1.0 0.083 0.083 1.0006 1.3344 0.16 1.027 
methylamine 2.0 0.168 0.166 1.0030 1.3359 0.31 1.054 
H,NC(CH,0H)3 3.0 0.255 0.249 1.0054 1.3374 0.47 1.083 
4.0 0.344 0.333 1.0078 1.3388 0.64 1.115 
5.0 0.434 0.417 1.0103 1.3403 0.80 1.148 
6.0 0.527 0.502 1.0128 1.3418 0.97 1.182 
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CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: 
DENSITY, REFRACTIVE INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY (continued) 


Solute Mass % m/mol kg"! c/mol 17! p/g cm? n APC n/mPa s 
7.0 0.621 0.587 1.0153 1.3433 1.15 1.218 
8.0 0.718 0.672 1.0179 1.3448 1.33 1.256 
9.0 0.816 0.758 1.0204 1.3463 1.51 1.295 

10.0 0.917 0.844 1.0230 1.3478 1.70 1.337 
12.0 1.126 1.019 1.0282 1.3508 2.08 1.427 
14.0 1.344 1.194 1.0335 1.3539 2.47 1.527 
16.0 1.572 1.372 1.0389 1.3570 2.90 1.642 
18.0 1.812 1.552 1.0443 1.3601 3.36 1.772 
20.0 2.064 1.733 1.0498 1.3633 3.85 1.920 
30.0 3.538 2.670 1.0781 1.3797 2.998 
40.0 5.503 3.657 1.1076 1.3970 5.208 

Urea 0.5 0.084 0.083 0.9995 1.3337 0.16 1.007 

(МН,):СО 1.0 0.168 0.167 1.0007 1.3344 0.31 1.010 
2.0 0.340 0.334 1.0033 1.3358 0.62 1.012 
3.0 0.515 0.502 1.0058 1.3372 0.93 1.017 
4.0 0.694 0.672 1.0085 1.3387 1.24 1.025 
5.0 0.876 0.842 1.0111 1.3401 1.55 1.033 
6.0 1.063 1.013 1.0138 1.3416 1.88 1.041 
7.0 1.253 1.185 1.0165 1.3431 2.22 1.049 
8.0 1.448 1.358 1.0192 1.3446 2.56 1.057 
9.0 1.647 1.531 1.0220 1.3461 2.91 1.065 

10.0 1.850 1.706 1.0248 1.3476 3.26 1.074 
12.0 2.270 2.059 1.0304 1.3506 3.95 1.091 
14.0 2.710 2.415 1.0360 1.3537 4.66 1.109 
16.0 3.171 2.775 1.0417 1.3568 5.40 1.130 
18.0 3.655 3.139 1.0473 1.3599 6.19 1.153 
20.0 4.163 3.506 1.0530 1.3629 7.00 1.178 
22.0 4.696 3.878 1.0586 1.3661 7.81 1.205 
24.0 5.258 4.253 1.0643 1.3692 8.64 1.235 
26.0 5.850 4.632 1.0699 1.3723 9.52 1.266 
28.0 6.475 5.014 1.0756 1.3754 10.45 1.298 
30.0 7.136 5.401 1.0812 1.3785 11.40 1.332 
32.0 7.835 5.791 1.0869 1.3817 12.34 1.371 
34.0 8.577 6.185 1.0926 1.3848 13.27 1.413 
36.0 9.366 6.584 1.0984 1.3881 14.20 1.459 
38.0 10.205 6.988 1.1044 1.3913 15.11 1.509 
40.0 11.100 7.397 1.1106 1.3947 15.99 1.565 
42.0 12.057 7.812 1.1171 1.3982 16.83 1.629 
44.0 13.082 8.234 1.1239 1.4018 17.62 1.700 
46.0 14.183 8.665 1.1313 1.4056 1.780 

Zinc sulfate 0.5 0.031 0.031 1.0034 1.3339 0.08 1.021 

ZnSO, 1.0 0.063 0.062 1.0085 1.3348 0.15 1.040 
2.0 0.126 0.126 1.0190 1.3366 0.28 1.081 
3.0 0.192 0.191 1.0296 1.3384 0.41 1.126 
4.0 0.258 0.258 1.0403 1.3403 0.53 1.175 
5.0 0.326 0.326 1.0511 1.3421 0.65 1.227 
6.0 0.395 0.395 1.0620 1.3439 0.77 1.283 
7.0 0.466 0.465 1.0730 1.3457 0.89 1.341 
8.0 0.539 0.537 1.0842 1.3475 1.01 1.403 
9.0 0.613 0.611 1.0956 1.3494 1.14 1.470 

10.0 0.688 0.686 1.1071 1.3513 1.27 1.545 
12.0 0.845 0.840 1.1308 1.3551 1.55 1.716 
14.0 1.008 1.002 1.1553 1.3590 1.89 1.918 
16.0 1.180 1.170 1.1806 1.3630 2.31 2.152 
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ION PRODUCT ОЕ WATER SUBSTANCE 
William L. Marshall and E. U. Franck 


Pressure Temperature (°С) 
(bars) 0 25 50 75 100 150 200 250 300 
Saturated vapor 14.938 13.995 13.275 12.712 12.265 11.638 11.289 11.191 11.406 
250 14.83 13.90 13.19 12.63 12.18 11.54 11.16 11.01 11.14 
500 14.72 13.82 13.11 12.55 12.10 11.45 11.05 10.85 10.86 
750 14.62 13.73 13.04 12.48 12.03 11.36 10.95 10.72 10.66 
1,000 14.53 13.66 12.96 12.41 11.96 11.29 10.86 10.60 10.50 
1,500 14.34 13.53 12.85 12.29 11.84 11.16 10.71 10.43 10.26 
2,000 14.21 13.40 12.73 12.18 11.72 11.04 10.57 10.27 10.08 
2,500 14.08 13.28 12.62 12.07 11.61 10.92 10.45 10.12 9.91 
3,000 13.97 13.18 12.53 11.98 11.53 10.83 10.34 9.99 9.76 
3,500 13.87 13.09 12.44 11.90 11.44 10.74 10.24 9.88 9.63 
4,000 13.77 13.00 12.35 11.82 11.37 10.66 10.16 9.79 9.52 
5,000 13.60 12.83 12.19 11.66 11.22 10.52 10.00 9.62 9.34 
6,000 13.44 12.68 12.05 11.53 11.09 10.39 9.87 9.48 9.18 
7,000 13.31 12.55 11.93 11.41 10.97 10.27 9.75 9.35 9.04 
8,000 13.18 12.43 11.82 11.30 10.86 10.17 9.64 9.24 8.93 
9,000 13.04 12.31 11.71 11.20 10.77 10.07 9.54 9.13 8.82 
10,000 12.91 1221 11.62 11.11 10.68 9.98 9.45 9.04 8.71 
Pressure Temperature (?C) 
(bars) 350 400 450 500 600 700 800 900 1000 


Saturated vapor 12.30 — = 22) 22 
250 11.77 19.43 21.59 22.40 23.27 23.81 24.23 24.59 24.93 


500 11.14 11.88 13.74 16.13 18.30 19.29 19.92 20.39 20.80 
750 10.79 11.17 11.89 13.01 15.25 16.55 17.35 17.93 18.39 
1,000 10.54 10.77 11.19 11.81 13.40 14.70 15.58 16.22 16.72 
1,500 10.22 10.29 10.48 10.77 11.59 12.50 13.30 13.97 14.50 
2,000 9.98 9.98 10.07 10.23 10.73 11.36 11.98 12.54 12.97 
2,500 9.79 9.74 9.77 9.86 10.18 10.63 11.11 11.59 12.02 
3,000 9.61 9.54 9.53 9.57 9.78 10.11 10.49 10.89 11.24 
3,500 9.47 9.37 9.33 9.34 9.48 9.71 10.02 10.35 10.62 
4,000 9.34 9.22 9.16 9.15 9.23 9.41 9.65 9.93 10.13 
5,000 9.13 8.99 8.90 8.85 8.85 8.95 9.11 9.30 9.42 
6,000 8.96 8.80 8.69 8.62 8.57 8.61 8.72 8.86 8.97 
7,000 8.81 8.64 8.51 8.42 8.34 8.34 8.40 8.51 8.64 
8,000 8.68 8.50 8.36 8.25 8.13 8.10 8.13 8.21 8.38 
9,000 8.57 8.37 8.22 8.10 7.95 7.89 7.89 7.95 8.12 
10,000 8.46 8.25 8.09 7.96 7.78 7.10 7.68 7.10 7.85 


Data in this table were calculated from the equation, 10010 Ку“ = А + B/T + C/T? + DIT? + (Е + FIT + G/T’) logo Ру“, where Ку = Ки (то! Ко-!), 
and р,“ = p /(g cm °). The parameters are: 


А--4.098 Е = +13.957 
B = -3245.2 К F = 1262.3 K 
C = +2.2362 x 105 K? G = +8.5641 x 107 K? 


D = -3.984 x 107 КЗ 


Reprinted with permission from W. L. Marshall and E. U. Franck, J. Phys. Chem. Ref. Data, 10, 295, 1981. 
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IONIZATION CONSTANT ОЕ NORMAL AND HEAVY WATER 


This table gives the ionization constant in molality terms for Н,О апа D,O at temperatures 
from 0 to 100°C at the saturated vapor pressure. The quantity tabulated is -log Kw, where Kw is 
defined by 

Ку = т. X m_ 
and m, and т are the molalities, іп mol/kg of water, for H* and ОН”, respectively. 


REFERENCES 


1. W.L. Marshall and E.U. Franck, J. Phys. Chem. Ref. Data, 10, 295, 1981. 
2. R.E. Mesmer and D.L. Herting, J. Solution Chem., 7, 901, 1978. 


-log Kw 

tC Н,О р,О 
0 14.938 15.972 
5 14.727 15.743 
10 14.528 15.527 
15 14.340 15.324 
20 14.163 15.132 
25 13.995 14.951 
30 13.836 14.779 
35 13.685 14.616 
40 13.542 14.462 
45 13.405 14.316 
50 13.275 14.176 
55 13.152 14.044 
60 13.034 13.918 
65 12.921 13.798 
70 12.814 13.683 
75 12.712 13.574 
80 12.613 13.470 
85 12.520 13.371 
90 12.428 13.276 
95 12.345 13.186 
100 12.265 13.099 
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SOLUBILITY OF SELECTED GASES IN WATER 


L. H. Gevantman 


The values in this table are taken almost exclusively from the International Union of Pure and Applied Chemistry “Solubility Data Series". Unless 
noted, they comprise evaluated data fitted to a smoothing equation. The data at each temperature are then derived from the smoothing equation which 
expresses the mole fraction solubility X; of the gas in solution as: 


In X =A + B/T* + C In T* 
where 
T* = Т/100 К 


АП values refer to a partial pressure of the gas of 101.325 kPa (one atmosphere). 

The equation constants, the standard deviation for In X, (except where noted), and the temperature range over which the equation applies are given 
in the column headed Equation constants. There are two exceptions. The equation for methane has an added term, DT *. The equation for H,Se and 
Н:, 5 takes the form, 


In Xy =А +В/1 + СпТ + DT 


where Т 18 the temperature in kelvin. 

Solubilities given for those gases which react with water, namely ozone, nitrogen oxides, chlorine and its oxides, carbon dioxide, hydrogen sulfide, 
hydrogen selenide and sulfur dioxide, are recorded as bulk solubilities; i.e., all chemical species of the gas and its reaction products with water are 
included. 


Gas TIK Solubility (Х)) Equation constants Ref. 

Hydrogen (Нь) 288.15 1.510 x 105 A 248.1611 1 
М, = 2.01588 293.15 1.455 x 10° В-55.2845 

298.15 1.411 x 102 С = 16.8893 

303.15 1.377 x 10° Std. dev. = + 0.5496 

308.15 1.350 x 105 Temp.range - 273.15—353.15 
Deuterium (D3) 283.15 1.675 x 10? € 0.5796 Averaged experimental 1 
М, = 4.0282 288.15 1.595 x 10? + 0.57% values 

293.15 1.512 x 10? + 0.7896 Temp. range - 278.15--303.15 

298.15 1.460 x 10-5 + 0.52% 

303.15 1.395 x 105 + 0.37% 
Helium (Не) 288.15 7.123 х 10-6 А=-41.4611 2 
А, = 4.0026 293.15 7.044 х 10-6 В = 42.5962 

298.15 6.997 х 10-6 С = 14.0094 

303.15 6.978 х 10-6 Std. dev. = +0.54% 

308.15 6.987 x 10-6 Temp.range - 273.15--348.15 
Меоп (Ме) 288.15 8.702 х 10-6 А--52.8573 2 
А,-20.1797 293.15 8.395 х 10-6 В = 61.0494 

298.15 8.152 х 1076 С = 18.9157 

303.15 7.966 x 10-6 Std. dev. = +0.47% 

308.15 7.829 x 10-6 Temp.range - 273.15--348.15 
Argon (Ar) 288.15 3.025 x 10° А = —57.6661 3 
А, = 39.948 293.15 2.748 x 105 В = 74.7627 

298.15 2.519 х 105 С = 20.1398 

303.15 2.328 x 105 Std. dev. = +0.26% 

308.15 2.169 х 105 Temp.range = 273.15--348.15 
Krypton (Kr) 288.15 5.696 x 10-5 А--66.9928 4 
A, = 83.80 293.15 5.041 x 102 B = 91.0166 

298.15 4.512 х 10> С = 24.2207 
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Gas 


Xenon (Xe) 
A, = 131.29 


Кадоп-222(22?Вп) 
A, = 222 


Oxygen (Oo) 
М, = 31.9988 


Ozone (Оз) 
М, = 47.9982 


Nitrogen (№) 
М, = 28.0134 


Nitrous oxide (№0) 
М, = 44.0129 


Nitric oxide (МО) 
М, = 30.0061 


Carbon monoxide (CO) 
М, = 28.0104 


Carbon dioxide (СО;) 
М, = 44.0098 


Hydrogen selenide (H5Se) 


M, = 80.976 


SOLUBILITY OF SELECTED GASES IN WATER (continued) 


T/K 


303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


293.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
298.15 
308.15 


Solubility (X) 


4.079 x 105 
3.725 x 105 


10.519 x 102 
9.051 х 105 
7.890 x 105 
6.961 x 107 
6.212 x 105 


2.299 х 104 
1.945 x 10+ 
1.671 x 104 
1.457 x 104 
1.288 x 10+ 


2.756 x 105 
2.501 x 105 
2.203 x 105 
2.122 x 105 
1.982 x 105 


1.885 х 10-6 + 10% 
pH =7.0 


1.386 x 105 
1.274 x 10° 
1.183 x 10° 
1.108 x 105 
1.047 x 10% 


5.948 x 10-4 
5.068 x 10+ 
4.367 x 104 
3.805 x 107 
3.348 x 104 


4.163 x 105 
3.786 x 105 
3.477 x 105 
3.222 x 105 
3.012 x 105 


2.095 x 105 
1.918 x 105 
1.774 x 105 
1.657 x 105 
1.562 x 105 


8.21 x 10+ 
7.07 x 107 
6.15 x 107 
5.41 x 107 
4.80 x 10+ 


1.80 x 1073 


1.49 x 102 
1.24 x 102 
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Equation constants 


Std. dev. = +0.32% 
Temp.range - 273.15—353.15 


А=-74.7398 

В = 105.210 

С = 27.4664 

Std. dev. = +0.35% 
Temp.range = 273.15--348.15 


А--90.5481 

В = 130.026 

С = 35.0047 

Std. dev. = +1.02% 
Temp.range = 273.15—373.15 


А = —66.7354 

В-87.4755 

С = 24.4526 

Std. dev. = +0.36% 
Temp.range = 273.15--348.15 


Experimental value derived 
from Henry's Law Constant 


А--67.3877 

В-86.3213 

С = 24.7981 

Std. dev. = +0.72% 
Temp.range = 273.15--348.15 


А--60.7467 

В = 88.8280 

С = 21.2531 

Std. dev. = +1.2% 
Temp.range = 273.15--313.15 


А=-62.8086 

В = 82.3420 

С= 22.8155 

Std. dev. = +0.76% 
Temp.range = 273.15--358.15 


Derived from Henry's 

Law Constant Equation 

Std. dev. = +0.043% 
Temp.range - 273.15— 328.15 


Derived from Henry's 
Law Constant Equation 
Std. dev. = +1.1% 
Temp.range - 273.15—353.15 


А=9.15 
В- 974 
C=-3.542 
D = 0.0042 


Ref. 


10 


Gas 


Hydrogen sulfide (H5S) 
М, = 34.082 


Sulfur dioxide (5О,) 
M, = 64.0648 


Chlorine (CL) 
М, = 70.9054 


Chlorine monoxide (СІ-О) 
M, = 86.9048 


Chlorine dioxide (СТО) 
М, = 67.4515 


Methane (СН,) 
М, = 16.0428 


Ethane (C;H;) 
М, = 30.0696 


Propane (C3Hg) 
M, = 44.097 


Butane (С.Н |0) 
М, = 58.123 


2-Methyl propane (Isobutane) 


SOLUBILITY OF SELECTED GASES IN WATER (continued) 


T/K 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


283.15 
293.15 
303.15 
313.15 


273.15 
276.61 
283.15 
293.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 


Solubility (X) 


2.335 x 102 
2.075 x 1073 
1.85 x 10-3 
1.66 x 103 
1.51 x 1073 


3.45 x 102 
2.90 x 102 
2.46 x 102 
2.10 x 102 
1.80 x 102 


2.48 x 102 + 2% 
1.88 x 1073 + 296 
1.50 x 1073 + 296 
1.23 x 1073 + 296 


5.25 x 107! + 196 
4.54 x 107! + 1% 


4.273 x 107! + 196 
3.353 x 107! + 1% 


2.67 х 10? 
2.20 х 107 
1.823 х 102 
1.513 x 102 
1.259 x 102 


3.122 x 105 
2.806 x 10-5 
2.552 x 105 
2.346 x 10-5 
2.180 x 10-5 


4.556 x 105 
3.907 x 10-5 
3.401 x 105 
3.002 x 10-5 
2.686 x 10-5 


3.813 x 105 
3.200 x 105 
2.732 x 105 
2.370 x 105 
2.088 x 105 


3.274 x 105 
2.687 x 10-5 
2.244 x 10-5 
1.906 x 10? 
1.645 x 10° 


2.333 x 105 
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Equation constants 


Std. dev. = +2.3 x 10° 
Temp. range - 288.15--343.15 


А--24.912 

В-3477 

С-0.3993 

D=0.0157 

Std. dev. = +6.5 x 10> 

Temp. range = 283.15—603.15 


А = –25.2629 

В = 45.7552 

C = 5.6855 

Std. dev. = +1.8% 
Temp.range = 278.15—328.15 


Experimental data 
Temp.range - 283.15—333.15 


Experimental data 
Temp. range - 273.15—293.15 


А = 7.9163 

В = 0.4791 

С = 11.0593 

Std. dev. = +4.6% 
Temp.range = 283.15—333.15 


А = -115.6477 

В = 155.5756 

С = 65.2553 

D = –6.1698 

Std. dev. = 0.05696 
Temp.range - 273.15—328.15 


А--90.8225 

В- 126.9559 

С = 34.7413 

Std. dev. = +0.13% 
Temp.range = 273.15--323.15 


А=-102.044 

В = 144.345 

С = 39.4740 

Std. dev. = +0.012% 
Temp.range = 273.15--347.15 


А=-102.029 

В = 146.040 

С = 38.7599 

Std. dev. = +0.026% 
Temp.range = 273.15--349.15 


А--129.714 


Ref. 


10 


11 


11 


11 


11 


12 


13 


14 


14 


14 


SOLUBILITY OF SELECTED GASES IN WATER (continued) 


Gas Т/К Solubility (Х)) Equation constants Ref. 
(C4H,9) 293.15 1.947 x 10° В = 183.044 
М, = 58.123 298.15 1.659 х 105 С = 53.4651 
303.15 1.443 x 10° Std. dev. = 0.034% 
308.15 1.278 x 10-5 Temp.range = 278.15—318.15 
REFERENCES 
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H. L. Clever, Ed., /UPAC Solubility Data Series, Vol. 1, Helium and Neon, Pergamon Press, Oxford, England, 1979. 
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SOLUBILITY OF CARBON DIOXIDE IN WATER АТ VARIOUS TEMPERATURES 
AND PRESSURES 


The solubility of CO, in water, expressed as mole fraction of CO, in the liquid phase, is given for pressures up to atmospheric 
and temperatures of 0 to 100°C. Note that 1 standard atmosphere equals 101.325 kPa. The references give data over a wider range 
of temperature and pressure. The estimated accuracy is about 2%. 


REFERENCES 
1. Carroll, J. J., Slupsky, J. D., and Mather, A. Е., J. Phys. Chem. Ref. Data, 20, 1201, 1991. 


2. Fernandez-Prini, R. and Crovetto, R., J. Phys. Chem. Ref. Data, 18, 1231, 1989. 
3. Crovetto, R., J. Phys. Chem. Ref. Data, 20, 575,1991 


1000 x mole fraction of CO, in liquid phase 


Partial pressure of СО; in kPa 


°C 5 10 20 30 40 50 100 
0 0.067 0.135 0.269 0.404 0.538 0.671 1.337 
5 0.056 0.113 0.226 0.338 0.451 0.564 1.123 

10 0.048 0.096 0.191 0.287 0.382 0.477 0.950 
15 0.041 0.082 0.164 0.245 0.327 0.409 0.814 

20 0.035 0.071 0.141 0.212 0.283 0.353 0.704 

25 0.031 0.062 0.123 0.185 0.247 0.308 0.614 

30 0.027 0.054 0.109 0.163 0.218 0.271 0.541 

35 0.024 0.048 0.097 0.145 0.193 0.242 0.481 

40 0.022 0.043 0.087 0.130 0.173 0.216 0.431 

45 0.020 0.039 0.078 0.117 0.156 0.196 0.389 

50 0.018 0.036 0.071 0.107 0.142 0.178 0.354 

55 0.016 0.033 0.065 0.098 0.131 0.163 0.325 

60 0.015 0.030 0.060 0.090 0.121 0.150 0.300 

65 0.014 0.028 0.056 0.084 0.112 0.140 0.279 

70 0.013 0.026 0.052 0.079 0.105 0.131 0.261 

75 0.012 0.025 0.049 0.074 0.099 0.123 0.245 

80 0.012 0.023 0.047 0.070 0.093 0.116 0.232 
85 0.011 0.022 0.044 0.067 0.089 0.111 0.221 

90 0.011 0.021 0.042 0.064 0.085 0.106 0.211 

95 0.010 0.020 0.041 0.061 0.082 0.102 0.203 

100 0.010 0.020 0.039 0.059 0.079 0.098 0.196 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS ОЕ ORGANIC COMPOUNDS 


The solubility in water of about 800 organic compounds, including many compounds of environmental interest, is tabulated here. Values are given 
at 25?C or at the nearest temperature to this where data are available. In some cases solubility values are given at other temperatures as well. 

Solubility ofa solidis defined as the concentration of the compound ina solution that is in equilibrium with the solid phase at the specified temperature 
and one atmosphere pressure. For liquids whose water mixtures separate into two phases, the solubility given here is the concentration of the compound 
inthe water-rich phase at equilibrium. In the case of gases (i.e., compounds whose vapor pressure at the specified temperature exceeds one atmosphere) 
the solubility is defined here as the concentration in the water phase when the partial pressure of the compound above the solution is 101.325 kPa (1 
atm). Values for gases are marked with an asterisk. 

АП solubility values are expressed as mass percent of solute, 5 = 100 и, where the mass fraction у; is given by 


w тэ (тү +m). 


In these equations m, is the mass of solute and т) the mass of water. This quantity is related to other common measures of solubility as follows: 


Molality: m» = 1000уу:/М-(1-у;) 
Mole fraction: хо = (wo/ Му (и Мо) + (1-w3)/M] 
Mass of solute per 100 g of H5O: ry = 100wj/(1-w;) 


Неге М is the molar mass of the solute and M, = 18.015 g/mol is the molar mass of water. For small values of 5 the amount of substance concentration 
с) in moles per liter is approximately 105/М.. 

Data have been selected from evaluated sources wherever possible, in particular the JUPAC Solubility Data Series (References 1, 2, 3, 4, 25). The 
primary source for each value is listed in the column following the solubility values. The user is cautioned that wide variations of data are found in 
the literature for the lower solubility compounds. 

The table also contains values of the Henry's Law constant ky, which provides a measure of the partition of a substance between the atmosphere 
and the aqueous phase. Неге ky is defined as the limit оҒр:/с; as the concentration approaches zero, where р» is the partial pressure of the solute above 
the solution and c; is the solute concentration (other formulations of Henry’s Law are often used; see Reference 5). The values of ky listed here are 
basedon directexperimental measurement whenever available, but many ofthem are simply calculated as the ratio ofthe pure compound vapor pressure 
to the solubility. This approximation is reliable only for compounds of very low solubility. In fact, values of ky found in the literature frequently differ 
by a factor of two or three, and variations over an order of magnitude are not unusual (Reference 5). Therefore the data given here should be taken 
only as a rough indication of the true Henry's Law constant, which is difficult to measure precisely. 

All values of Кн refer to 25°C. If the vapor pressure of the compound at 25°C is greater than one atmosphere, it can be assumed that the ky value 
has been calculated as 101.325/c; kPa m?/mol. The source of the Henry's Law data is given in the last column. The air-water partition coefficient 
(i.e., ratio of air concentration to water concentration when both are expressed in the same units) is equal to ky/RT or ky/2.48 in the units used here. 

Compounds are listed by molecular formula following the Hill convention. To locate a compound by name or CAS Registry Number when the 
molecular formula is not known, use the “Physical Constants of Organic Compounds” table in Section 3 and its indexes to determine the molecular 
formula. 

* [ndicates a value of S for a gas at a partial pressure of 101.325 kPa (1 atm) in equilibrium with the solution. 


REFERENCES 
1. Solubility Data Series, International Union of Pure and Applied Chemistry, Vol. 15, Pergamon Press, Oxford, 1982. 
2. Solubility Data Series, International Union of Pure and Applied Chemistry, Vol. 20, Pergamon Press, Oxford, 1985. 
3. Solubility Data Series, International Union of Pure and Applied Chemistry, Vol. 37, Pergamon Press, Oxford, 1988. 
4. Solubility Data Series, International Union of Pure and Applied Chemistry, Vol. 38, Pergamon Press, Oxford, 1988. 
5. Mackay, D., and Shiu, W. Y., J. Phys. Chem. Ref. Data, 10, 1175, 1981. 
6. Pearlman, R. S., and Yalkowsky, S. H., J. Phys. Chem. Ref. Data, 13, 555, 1984. 
7. Shiu, W. Y., and Mackay, D., J. Phys. Chem. Ref. Data, 15, 911, 1986. 
8. Varhanickova, D., Lee, S. C., Shiu, W. Y., and Mackay, D., J. Chem. Eng. Data, 40, 620, 1995. 
9. Miller, M. M., Ghodbane, S., Wasik, S. P., Tewari, Y. B., and Martire, D. E., J. Chem. Eng. Data, 29, 184, 1984. 
10. Riddick, J. A., Bunger, W. B., and Sakano, T. K., Organic Solvents, Fourth Edition, John Wiley & Sons, New York, 1986. 
11. Mackay, D., Shiu, W. Y., and Ma, K. C., /llustrated Handbook of Physical-Chemical Properties and Environmental Fate for Organic 
Chemicals, Vol. I, Lewis Publishers/CRC Press, Boca Raton, FL, 1992. 
12. Mackay, D., Shiu, W. Y., and Ma, К. C., Ilustrated Handbook of Physical- Chemical Properties and Environmental Fate for Organic 
Chemicals, Vol. II, Lewis Publishers/CRC Press, Boca Raton, FL, 1992. 
13. Mackay, D., Shiu, W. Y., and Ma, К. C., Illustrated Handbook of Physical- Chemical Properties and Environmental Fate for Organic 
Chemicals, Vol. III, Lewis Publishers/CRC Press, Boca Raton, FL, 1993. 
14. Horvath, A. L., Halogenated Hydrocarbons, Marcel Dekker, New York, 1982. 
15. Howard, P. H., Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Vol. I, Lewis Publishers/CRC Press, Boca Raton, 
FL, 1989. 
16. Howard, P. H., Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Vol. II, Lewis Publishers/CRC Press, Boca Raton, 
FL, 1990. 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


17. Banergee, S., Yalkowsky, S. H., and Valvani, S. C., Environ. Sci. Technol., 14, 1227, 1980. 

18. Gevantman, L., in CRC Handbook of Chemistry and Physics, 82nd Edition, Section 8, CRC Press, Boca Raton, FL, 2001. 

19. Wilhelm, E., Battino, R., and Wilcock, R. J., Chem. Rev. 77, 219, 1977. 

20. Stephenson, R. M., J. Chem. Eng. Data, 37, 80, 1992. 

21. Stephenson, R. M., Stuart, J., and Tabak, M., J. Chem. Eng. Data, 29, 287, 1984. 

22. Shiu, W.-Y., and Ma, K.-C, J. Phys. Chem. Ref. Data, 29, A1, 2000. 

23. Lun, R., Varhanickova, D., Shiu, W.-Y., and Mackay, D., J. Chem. Eng. Data, 42, 951, 1997. 

24. Huang, G.-L., Xiao, H., Chi, J., Shiu, W.-Y., and Mackay, D., J. Chem. Eng. Data, 45, 411, 2000. 

25. Horvath, A. L., Getzen, F. W., and Maczynska, Z., J. Phys. Chem. Ref. Data, 28, 395, 1999. 

26. Dawson, В. M. C., Elliott, D. C., Elliott, W. H., and Jones, К. M., Data for Biochemical Research, Third Edition, Clarendon Press, Oxford, 
1986. 

27. Stephen, H., and Stephen, T., Solubilities of Organic and Inorganic Compounds, MacMillan, New York, 1963. 

28. Shiu, W.-Y., and Mackay, D., J. Chem. Eng. Data, 42, 277, 1997. 

29. Hinz, H.-J., ed., Thermodynamic Data for Biochemistry and Biotechnology, Springer-Verlag, Berlin, 1986. 

30. Budavari, S., ed., The Merck Index, Twelfth Edition, Merck «с Co., Rahway, NJ, 1996. 

31. Bamford, H. A., Poster, D. L., and Baker, J. E., J. Chem. Eng. Data, 45, 1069, 2000. 


Mol. Form Name °C S/mass % Ref. ky/kPa m?mol! Ref. 
СВтЕ; Bromotrifluoromethane 25 0.032* 14 
CBr3F Tribromofluoromethane 25 0.040 14 
CBr, Tetrabromomethane 30 0.024 14 
CCIF, Chlorotrifluoromethane 25 0.009* 10 6.9 13 
CCIF, Dichlorodifluoromethane 20 0.028* 5 41 13 
CCLF Trichlorofluoromethane 20 0.11 5 10.2 13 
ССІ Tetrachloromethane 25 0.065 20 2.99 13 
СЕ, Tetrafluoromethane 25 0.00187* 19 
CHBr, Tribromomethane 25 0.30 5 0.047 13 
CHCIF, Chlorodifluoromethane 25 0.30* 10 3.0 13 
CHCLF Dichlorofluoromethane 25 0.95* 10 
СНСІ; Trichloromethane 25 0.80 20 0.43 13 
CHF; Trifluoromethane 25 0.09* 14 
CHI, Triiodomethane 25 0.012 14 
CH,BrCl Bromochloromethane 25 1.7 10 0.18 13 
СН-Вт; Dibromomethane 25 1.14 14 0.086 13 
СН-СІЕ Chlorofluoromethane 25 1.05* 14 
СН-СІ, Dichloromethane 25 1.73 20 0.30 13 
СН, Diiodomethane 30 0.124 10 0.032 13 
СН,Вг Bromomethane 20 1.80* 5 0.63 13 
СН, (1 Chloromethane 25 0.535* 5 0.98 13 
СНЕ Fluoromethane 30 0.177* 5 
CHI Iodomethane 20 1.4 10 0.54 13 
CHNO, Nitromethane 25 11.1 10 
СН, Methane 25 0.00227* 18 67.4 5 
CO Carbon monoxide 25 0.00276* 18 
СО, Carbon dioxide 25 0.1501 18 
CS, Carbon disulfide 20 0.210 10 
C5Br;F, 1,2-Dibromotetrafluoroethane 25 0.00030 25 
C;CIF; Chloropentafluoroethane 25 0.006* 10 260 13 
С,СЬЕ, 1,2-Dichlorotetrafluoroethane 25 0.013* 10 127 13 
ОСЕ 1,1,2-Trichlorotrifluoroethane 25 0.017 25 32 13 
C;Cl, Tetrachloroethylene 0 0.024 25 
25 0.021 25 1.73 13 
50 0.020 25 
CCF 1,1,2,2-Tetrachloro-1,2-difluoroethane 27 0.016 25 
CCl, Hexachloroethane 25 0.005 25 0.85 13 
С.Е, Tetrafluoroethylene 25 0.0158* 19 
С-НВІСІЕ; 2-Bromo-2-chloro-1,1,1-trifluoroethane 10 0.52 25 
25 0.41 25 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
40 0.40 25 
C;HCLF; 2,2-Dichloro-1,1,1-trifluoroethane 25 0.46 25 
CHCl, Trichloroethylene 0 0.145 25 
25 0.128 25 1.03 13 
60 0.133 25 
С-НСІО, Trichloroacetic acid 25 92.3 27 
CHCl; Pentachloroethane 25 0.049 25 0.25 13 
CH, Acetylene 25 0.1081* 19 
С,Н,Вг-СІ, 1,2-Dibromo-1,2-dichloroethane 20 0.070 25 
CjH5Br, 1,1,2,2-Tetrabromoethane 0 0.052 25 
25 0.068 25 
50 0.106 25 
100 0.307 25 
С,Н,С1, 1,1-Dichloroethylene 5 0.310 25 
25 0.242 25 2.62 13 
50 0.225 25 
90 0.355 25 
C,H>Cl, cis-1,2-Dichloroethylene 10 0.76 25 
25 0.64 25 0.46 13 
40 0.66 25 
C;H;CL trans-1,2-Dichloroethylene 10 0.53 25 
25 0.45 25 0.96 13 
40 0.41 25 
С,Н,.СЬЕ, 1,2-Dichloro-1,1-difluoroethane 24 0.49 25 
С,Н,СІц 1,1,1,2-Tetrachloroethane 0 0.120 25 
25 0.107 25 0.24 13 
50 0.123 25 
С-Н-СІ, 1,1,2,2- Tetrachloroethane 5 0.302 25 
25 0.283 25 0.026 13 
50 0.318 25 
CjH5b cis-1,2-Diiodoethene 25 0.046 25 
С-Н,1, trans-1,2-Diiodoethene 25 0.015 25 
С-Н:О, Охайс acid 20 8.69 27 
80 45.8 27 
C,H;Br,Cl 1,2-Dibromo-1-chloroethane 20 0.060 25 
С,Н,Вг; 1,1,2-Tribromoethane 20 0.050 25 
СНС Chloroethylene 25 0.27* 5 2.68 13 
С,Н.СьЕ 1,1-Dichloro-1-fluoroethane 25 0.042 25 
C;H;Cl 1,1,1-Trichloroethane 0 0.134 25 
25 0.129 25 1.76 13 
50 0.138 25 
С,Н.С, 1,1,2-Trichloroethane 0 0.425 25 
25 0.459 25 0.092 13 
50 0.536 25 
С,Н,КО, Potassium acetate 25 7249 
С,Н,МаО, Sodium acetate 25 33.5 
С-Н, Ethylene 25 0.01336* 19 21.7 5 
C,H,BrCl 1-Bromo-2-chloroethane 30 0.683 25 
CHBr, 1,2-Dibromoethane 0 0.31 25 
25 0.39 25 0.066 13 
50 0.54 25 
75 0.76 25 
C,H,Cl, 1,1-Dichloroethane 0 0.62 25 
25 0.50 25 0.63 13 
50 0.50 25 
C,H,Cl, 1,2-Dichloroethane 0 0.92 25 
25 0.86 25 0.14 13 
50 1.05 25 
100 247 25 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
C;H405 Methyl formate 25 23 10 
С,Н;Вг Bromoethane 0 1.05 25 
25 0.90 25 1.23 13 
С,Н.С Chloroethane 0 0.45 25 
25 0.67 25 1.02 13 
C;H;F Fluoroethane 25 0.216* 14 
С,Н44 Iodoethane 0 0.44 25 
25 0.40 25 0.52 13 
C;H;NO Acetamide 20 40.8 10 
С,Н.МО, Nitroethane 25 4.68 10 
ОНО; Methyl carbamate 15 69 27 
C,H;NO, Glycine 25 20.06 26 
СН; Ethane 25 0.00568* 18 50.6 5 
С-Н,О Dimethyl ether 24 35.3* 10 0.077 13 
С,Н,О8 Dimethyl sulfoxide 25 25.3 10 
C5H404S Dimethyl sulfate 18 2.7 27 
С,Н,5 Dimethyl sulfide 25 2 10 
С,№ Суаповеп 25 0.8 30 
CsBr,Fç 1,2-Dibromo-1,1,2,3,3,3- 21 0.0068 25 
hexafluoropropane 
C3CLF, 1,2-Dichlorohexafluoropropane 21 0.0096 25 
С.СЬЕ, 1,1,1-ТисШого-2,2,3,3,3- 21 0.0058 25 
pentafluoropropane 
C4CLF, 1,1,1,3- Tetrachloro-2,2,3,3- 21 0.0052 25 
tetrafluoropropane 
ССБ Hexachloropropene 20 0.00118 25 
СБ Perfluoropropene 25 0.0194* 14 
СЕ; Perfluoropropane 15 0.0015* 14 
C4H4N 2-Propenenitrile 20 7.35 10 
ОН, Ргорупе 25 0.364» 5 1.11 5 
C3H,CIF; 3-Chloro-1,1,1-trifluoropropane 20 0.133 25 
С.Н,СЬ, cis-1,3-Dichloropropene 20 0.27 5 0.24 5 
С.Н,СЬ, trans-1,3-Dichloropropene 20 0.28 5 0.18 5 
С.Н,СЬ, 2,3-Dichloropropene 25 0.215 5 0.36 5 
ОНО 2,4-Imidazolidinedione 25 3.93 29 
С.Н,О Acrolein 20 20.8 10 
С.Н.Вг 3-Bromopropene 25 0.38 25 
С:Н;Вг›СІ 1,2-Dibromo-3-chloropropane 20 0.123 25 
сова 3-Chloropropene 25 0.40 25 1.10 5 
50 0.13 25 
С:Н;СІО Epichlorohydrin 20 6.58 10 0.003 13 
С.Н.С, 1,2,3-Trichloropropane 10 0.14 25 
25 0.20 25 0.038 13 
C3H;N Propanenitrile 25 10.3 10 
С.Н, Рторепе 25 0.0200* 5 21.3 5 
ОН Сусіоргорапе 25 0.0484“ 19 
С.Н,В 1-Bromo-3-chloropropane 25 0.223 25 
СНеВљ 1,2-Dibromopropane 25 0.143 10 
СНеВљ 1,3-Dibromopropane 25 0.169 25 
С.Н,СЬ, 1,2-Dichloropropane 5 0.270 25 
25 0.274 25 0.29 13 
40 0.297 25 
С.Н,СЬ, 1,3-Dichloropropane 5 0.218 25 
25 0.280 25 
С.Н,М,О, Hexahydro-1,3,5-trinitro-1,3,5-triazine 25 0.0060 17 
СНО Ргорапа! 25 30.6 10 
С.Н,О Methyloxirane 20 40.5 10 0.0087 13 
С.Н,О, Ethyl formate 25 11.8 10 
С.Н,О, Methyl acetate 20 24.5 10 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
СНО; 1,3,5-Тгіохапе 25 17.4 30 
С.Н,Вг 1-Bromopropane 0 0.298 25 
25 0.234 25 3.8 13 
С.Н,Вг 2-Bromopropane 20 0.32 25 1.27 13 
C3H,Cl 1-Chloropropane 25 0.250 25 1.41 13 
C4H;CI 2-Chloropropane 0 0.44 25 
20 0.30 25 
СОЊЕ 1-Fluoropropane 14 0.386* 14 
СОЊЕ 2-Fluoropropane 15 0.366 14 
ОНА 1-Тодоргорапе 0 0.114 25 
20 0.100 25 0.93 13 
СНА 2-Тодоргорапе 0 0.167 25 
20 0.140 25 
С.Н,ХО, 1-Миторгорапе 25 1.50 10 
СНО; 2-Nitropropane 25 1.71 10 
С.Н,ХО, Ethyl carbamate 15 48 27 
СНО; Alanine 25 14.30 26 
C4H;NO; B-Alanine 25 47.1 26 
С.Н,ХО, Загсовше [N-Methylglycine] 25 30.0 26 
СНО Зеппе 25 4.76 26 
С.Н,М.О, Glycocyamine 25 0.5 26 
C4Hg Propane 25 0.00669* 18 71.6 5 
С.Н,О, Dimethoxymethane 16 24.4 10 
C4Cl; Hexachloro-1,3-butadiene 25 0.41 25 
С.Е; Perfluorocyclobutane 21 0.014* 14 
СНА Succinonitrile 25 11.5 10 
С.Н,М:О, Uracil 25 0.27 29 
С,Н,О Ғагап 25 1 10 0.54 13 
С.Н5М Methylacrylonitrile 20 2.57 10 
САНМ Руггоје 25 4.5 10 
САНМО Cytosine 25 0.73 29 
C4H6 1,3-Butadiene 25 0.0735* 5 20.7 13 
САНК ]-Butyne 25 0.287* 5 1.91 3 
С,Н,ВаО, Barium acetate 25 44.2 
СНО 2,5-Piperazinedione 25 1.64 29 
С,Н,О trans-2-Butenal 20 15.6 10 
СНО, trans-Crotonic acid 25 9 10 
С.Н,О, Methacrylic acid 20 8.9 10 
С.Н,О, Vinyl acetate 20 2.0 10 
СНО Methyl acrylate 25 4.94 10 
С.Н,О, Succinic acid 25 771 27 
75 37.6 27 
С.Н,О, Dimethyl oxalate 20 5.82 277 
C4H405 Malic acid 25 58 27 
С,Н,Вг 4-Bromo-1-butene 25 0.076 25 
C,H,Cl 1-Chloro-2-methylpropene 25 0.916 5 0.12 5 
C,H7N Butanenitrile 20 3.3 10 
C4H;NO, Aspartic acid 25 0.501 26 
СН» 1-Вшепе 25 0.0222* 5 25.6 3 
СН, Isobutene 25 0.0263* 5 21.6 13 
CyHgBry 1,4-Dibromobutane 0.035 25 
СС 1,1-Dichlorobutane 25 0.050 25 
СС 1,4-Dichlorobutane 25 0.16 25 
СС 2,3-Dichlorobutane 20 0.056 25 
С,Н,СьО Bis(2-chloroethyl) ether 25 1.03 10 0.003 13 
СНО Succinamide 50 18.4 27 
C4HgN50, Asparagine 25 2.45 26 
С,Д,М:О, N-Glycylglycine 25 18.4 29 
С,Н,О cis-Crotonyl alcohol 20 16.6 10 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
С.НзО Ethyl vinyl ether 20 0.9 10 
С,Н,О Butanal 25 7.1 10 
С,Н,О Isobutanal 20 9.1 10 
C4,H,0 2-Butanone 25 25.9 20 
C4H405 2-Methylpropanoic acid 20 22.8 10 
С,Н,О, Propyl formate 22 2.05 10 
C4H405 Ethyl acetate 25 8.08 10 
С.Н,О, Methyl propanoate 6 30 
С,Н,Вг 1-Bromobutane 25 0.087 25 1.2 13 
C,H Br 1-Bromo-2-methylpropane 18 0.051 25 
C4H Cl 1-Chlorobutane 1 0.062 25 
25 0.087 25 1.54 13 
C4H Cl 2-Chlorobutane 0 0.107 25 
25 0.092 25 
СН СІ 1-Chloro-2-methylpropane 25 0.92 25 
C4HoCl 2-Chloro-2-methylpropane 15 0.29 25 
СНУ 1-Iodobutane 17 0.021 10 1.87 13 
СОКО; Ethyl-N-methyl carbamate 15 69 27 
С.Н.МО, 2-Methylalanine 25 12.0 26 
C,HoNO; DL-2-Aminobutanoic acid 25 17.4 26 
C,HoNO; DL-3-Aminobutanoic acid 25 55.6 26 
C4H9NO, Threonine 25 8.93 26 
C4H9NO, L-Homoserine 25 52.4 26 
СМО Стеайпе 25 1.6 26 
САН Butane 25 0.00724* 18 95.9 5 
СН Isobutane 25 0.00535* 18 120 5 
C4H0 1-Butanol 0 10.4 1 
25 7.4 
50 6.4 Ї 
СІН O 2-Вшапо1 10 23.9 1 
25 18.1 1 
50 14.0 Ї 
C4H0 2-Methyl-1-propanol 0 11.5 1 
25 8.1 Ї 0.00273 28 
50 6.5 Ї 
СІН O Diethyl ether 25 6.04 10 0.088 13 
СІН yO Methyl propyl ether 25 35 30 
С.Н |00, 1,2,3,4-Вшапеге то! 20 38.0 27 
САН 05 1-Вшапе о! 20 0.0597 10 
C,H, МО; Diethanolamine 20 95.4 10 
C4H;5Si Tetramethylsilane 25 0.00196 10 
СС Octachloro-1,3-pentadiene 20 0.000020 25 
СЕ Perfluoropentane 25 0.00012 25 
С.Н.М:О, Orotic acid 18 0.18 26 
C;H4N4O Hypoxanthine 25 0.070 29 
С.Н.М,О» Xanthine 20 0.05 26 
С.Н.М,Оз Uric acid 20 0.002 26 
С.Н,О, Furfural 20 8.2 10 
СНМ; Adenine 25 0.104 29 
СНО Guanine 25 0.0068 29 
С;Н;М;О Isoguanine 25 0.006 26 
CsHç 1,3-Cyclopentadiene 25 0.068 3 
СНО Thymine 25 0.35 29 
С.Н,ХО, Ethyl cyanoacetate 20 25.9 10 
C;H;N;,O 5-Methylcytosine 25 0.45 26 
СН; 1,4-Pentadiene 25 0.056 3 12 5 
С.Н, 2-Methyl-1,3-butadiene 25 0.061 3 7.78 5 
50 0.076* 3 
С-Н, 1-Pentyne 25 0.157 3 2.5 5 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
СН; Cyclopentene 25 0.054 3 6.56 15 
С.Н,О, Ethyl acrylate 25 1.50 10 
СНО, Methyl methacrylate 20 1.56 10 
С.Н,О, 2,4-Pentanedione 20 16.6 10 
С.Н,МО, Proline 25 61.9 26 
С.Н,МО, trans-4-Hydroxyproline 25 26.5 26 
C;H9NO, DL-Glutamic acid 25 2.30 29 
С.Н,МО, Glutamic acid 25 0.85 26 
СН 1-Решепе 25 0.0148 3 40.3 5 
СН cis-2-Pentene 25 0.0203 3 22.8 5 
СН 3-Methyl-1-butene 25 0.013* 3 54.7 5 
СН 2-Methyl-2-butene 25 0.041 3 
С;Н |0 Cyclopentane 25 0.0157 3 19.1 13 
СН (СІ, 2,3-Dichloro-2-methylbutane 25 0.029 25 
СН (СІ, 2,3-Dichloropentane 25 0.029 25 
СН (СІ, 1,2-Dichloropentane 25 0.029 25 
СН (СІ, 1,5-Dichloropentane 19 0.02 25 
С.Н,,М:04 Glutamine 25 4.0 26 
СНО 2-Решапопе 25 9:9 20 0.00847 28 
СНО 3-Решапопе 25 4.72 20 
СНоо Tetrahydropyran 25 8.02 10 
СНО 2-Methyltetrahydrofuran 25 13.9 10 0.67 13 
СНО Pentanoic acid 20 2/5 26 
СНО 3-Methylbutanoic acid 21 4.3 26 
СНО Isobutyl formate 22 1.0 10 
СНО Propyl acetate 20 23 10 
СНО Isopropyl acetate 20 2.9 10 
СНО Ethyl propanoate 20 1.92 10 
СНО Methyl butanoate 1.6 30 
С;Н Br 1-Bromopentane 25 0.0127 25 
СНиВг 1-Bromo-3-methylbutane 16 0.020 25 
сна 1-Chloropentane 5 0.020 25 
25 0.021 25 2.37 13 
сна 3-Chloropentane 25 0.025 25 
СН, МО; Valine 25 8.13 26 
CsHi iNO; L-Norvaline 25 9.7 26 
С.Н,,МХО,5 Methionine 25 5:3 26 
CiHj5 Pentane 25 0.0041 3 128 13 
С.Н,» Isopentane 25 0.00485 3 479 13 
CiHj5 Neopentane 25 0.00332* 3 220 13 
CsH,;O 1-Pentanol 0 3.1 1 
25 2.20 1 
50 1.8 | 
СНО 2-Pentanol 25 4.3 21 
CsH,;O 3-Pentanol 25 5.6 21 
CsH,;O 2-Methyl-1-butanol 25 3.0 3 
C;Hj50 3-Methyl-1-butanol 25 2.7 1 
CsH,;O 2-Methyl-2-butanol 25 11.0 1 
CsH,;O 3-Methyl-2-butanol 25 5.6 1 
С.Н,О 2,2-Dimethyl-1-propanol 25 3:5 1 
СНО Methyl tert-butyl ether 25 3.62 0.070 13 
C5H4504 Pentaerythritol 15 23 30 
C&Clg Hexachlorobenzene 25 0.0000005 2 0.131 11 
CoFi4 Perfluorohexane 25 0.0000098 25 
СЕ Perfluoro-2-methylpentane 25 0.000017 25 
CHCl; Pentachlorobenzene 25 0.000055 2 0.085 11 
СНСІО Pentachlorophenol 25 0.0013 24 
C6H2Br4 1,2,4,5-Tetrabromobenzene 25 0.00000434 2 
C&H5Cl, 1,2,3,4-Tetrachlorobenzene 25 0.0000433 2 0.144 11 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 

C&H5Cl, 1,2,3,5- Tetrachlorobenzene 25 0.000346 2 0.59 11 

СН-СІ, 1,2,4,5- Tetrachlorobenzene 25 0.0000606 2 0.122 11 

C&;H5CLO 2,3,4,6- Tetrachlorophenol 25 0.017 24 

СЊСЦО, 3,4,5,6-Tetrachloro-1,2-benzenediol 25 0.071 8 

С,Н.Вг: 1,2,4- Tribromobenzene 25 0.0010 2 

СоНзВтз 1,3,5- Tribromobenzene 25 0.0000789 2 

С,Н.Вг,О 2,4,6-Tribromophenol 15 0.0007 2 

СС 1,2,3- Trichlorobenzene 25 0.00309 2 0.242 11 

СоНзСВ 1,2,4-Trichlorobenzene 25 0.00379 2 0.277 11 

С,Н.С, 1,3,5-Trichlorobenzene 25 0.000655 2 1.1 11 

СН;СІ;О 2,4,5-Trichlorophenol 25 0.1 2 

СН;СІО 2,4,6-Trichlorophenol 25 0.050 24 

СН;СІ;О, 3,4,5- Trichloro-1,2-benzenediol 25 0.051 8 

С,Н.М.О, 2,4,6-Trinitrophenol 20 1.43 27 

C.H,BrCl 1-Bromo-2-chlorobenzene 25 0.0124 2 

C&H4BrCI 1-Bromo-3-chlorobenzene 25 0.0118 2 

C&H4BrCI 1-Bromo-4-chlorobenzene 25 0.00442 2 

C&H4BrI 1-Bromo-4-iodobenzene 25 0.000794 2 

СеНВг› o-Dibromobenzene 25 0.00748 2 

C&H4Br; m-Dibromobenzene 25 0.0064 2 

C&H4Br; p-Dibromobenzene 25 0.0020 2 

C&;H4Br;O 2,4-Dibromophenol 25 0.2 2 

C&H4CII 1-Chloro-2-iodobenzene 25 0.00689 2 

C&H4CII 1-Chloro-3-iodobenzene 25 0.00674 2 

C&H4CII 1-Chloro-4-iodobenzene 25 0.00311 2 

C6H4Cl, o-Dichlorobenzene 0 0.0142 2 
25 0.0147 2 0.195 28 
50 0.0212 2 

С,Н,СЬ, m-Dichlorobenzene 10 0.0103 2 
25 0.0106 2 0.376 11 
50 0.0165 2 

С,Н,СЬ, p-Dichlorobenzene 10 0.00512 2 
25 0.00829 2 0.244 28 
50 0.0167 2 

C |H,ClLO 2,4-Dichlorophenol 20 0.49 24 

С,Н,СЬО, 3,5-Dichloro-1,2-benzenediol 25 0.78 8 

С,Н,СЬО, 4,5-Dichloro-1,2-benzenediol 25 1.19 8 

СНЕ» o-Difluorobenzene 25 0.114 2 

СНЕ» m-Difluorobenzene 25 0.114 2 

СНЕ» p-Difluorobenzene 25 0.122 2 

C H; o-Diiodobenzene 25 0.00192 2 

C H; m-Diiodobenzene 25 0.000185 2 

СН p-Diiodobenzene 25 0.000893 2 

Co6HyN 04 1,2-Dinitrobenzene 20 0.21 27 

СНО 1,3-Dinitrobenzene 20 2.09 27 

C |H N.O, 1,4-Dinitrobenzene 20 1.30 27 

СНО, p-Benzoquinone 25 1.36 27 

С,Н.Вг Bromobenzene 10 0.0387 2 
25 0.0445 2 0.250 28 
40 0.0516 2 

С,Н.ВгО p-Bromophenol 25 1.86 2 

СНС Chlorobenzene 10 0.0387 2 
25 0.0495 2 0.32 28 
50 0.0882 2 

СНОО o-Chlorophenol 25 2.0 2 

C&4H5CIO m-Chlorophenol 25 22 2 

СеН;СІО p-Chlorophenol 25 27 2 

СеН5Е Fluorobenzene 27 0.154 2 0.70 11 

C&HI Iodobenzene 10 0.0193 2 
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Mol. Form Name °С S/mass % Ref. kg/kPa m?mol! Ref. 
25 0.0226 2 0.078 11 
45 0.0279 2 

С,Н,МХО, Nitrobenzene 25 0.21 17 

СНО; 2-Nitrophenol 20 0.21 27 

СНО; 3-Nitrophenol 20 2.14 27 

С,Н.ХО, 4-Nitrophenol 20 1.32 27 

СН, Benzene 10 0.178 3 
25 0.178 22 0.557 22 
50 0.208 3 

C |H ,CIN o-Chloroaniline 25 0.876 10 

C |H N.O; 2-Nitroaniline 30 1.47 27 

C +H N.O; 3-Nitroaniline 30 0.121 27 

C |H N.O; 4-Nitroaniline 30 0.073 27 

СНО Phenol 25 8.66 10 

СНО, p-Hydroquinone 25 7.42 27 

СНО, Pyrocatechol 20 31.1 27 

СНО; Resorcinol 20 63.7 27 

СНО; 1,2,3-Benzenetriol 25 38.5 27 

СНО; 1,3,5-Benzenetriol 20 1.12 27 

СНО Aconitic acid 15 58.5 27 

СНМ Aniline 25 3.38 10 14 15 

C |H;,NOs,S 4-Aminobenzenesulfonic acid 7 0.59 27 

Cs Hs 1,4-Cyclohexadiene 25 0.08 3 1.03 13 

СОМ Aniline hydrochloride 15 15.1 27 

C #HsN; Adiponitrile 20 0.80 16 

CoHgN> m-Phenylenediamine 20 19.2 27 

СеНұ№ p-Phenylenediamine 1 30 

С,Н,О, Dimethyl maleate 25 8.0 10 

С,Н,М.О, Histidine 25 4.17 26 

СН 1,5-Hexadiene 25 0.017 3 

СеН |0 1-Нехупе 25 0.036 3 4.14 13 

СН уо Сусіоһехеле 25 0.016 3 4.57 13 

СНО Сусіоһехапопе 25 8.8 20 

C6H0 Mesityl oxide 20 2.89 10 

СЕН О» Ethyl acetoacetate 25 12 10 

СН |004 Adipic acid 15 1.42 27 

СН NO Caprolactam 25 84.0 10 

СеН у 1-Нехепе 25 0.0053 3 41.8 5 

СН,» trans-2-Hexene 25 0.0067 3 

СН 2-Methyl-1-pentene 25 0.0078 3 28.1 5 

СН 4-Methyl-1-pentene 25 0.0048 3 63.2 5 

СН 2,3-Dimethyl-1-butene 30 0.046 3 

СН Cyclohexane 25 0.0058 3 19.4 13 

СН Methylcyclopentane 25 0.0043 3 36.7 5 

С,Н,:М,0,5 L-Lanthionine 25 0.15 26 

C&H,45N504S, L-Cystine 25 0.011 26 

СеН,№ Methenamine 12 44.8 27 

СНО 1-Нехеп-3-о1 25 2:52 1 

СеНљо 4-Нехеп-2-01 25 3.81 1 

СНО Butyl vinyl ether 20 0.3 10 

СеНљо 2-Нехапопе 20 1:73 10 

СНО 4-Methyl-2-pentanone 25 1.7 10 

СНО Cyclohexanol 10 4.62 1 
25 3.8 Ї 
40 3.30 1 

СеН 0; Hexanoic acid 20 0.97 26 

С,Н,О, Isopentyl formate 22 0.3 27 

СНО Butyl acetate 20 0.68 10 

СНО sec-Butyl acetate 20 0.62 10 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
СеН 0; Isobutyl acetate 20 0.63 10 
СНО Propyl propanoate 25 0.6 27 
СНО Ethyl butanoate 20 0.49 10 
C&4H450, Ethylene glycol monoethyl 14 30 
ether acetate 
СЕН Оз Paraldehyde 25 11 30 
СеН Об D-Galactose 20 40.6 27 
C&H1506 a-D-Glucose 15 45.0 27 
30 54.6 27 
80 81.5 27 
СеНзВг 1-Вготоћехапе 25 0.00258 25 
СН аза 1-Chlorohexane 5 0.0047 25 
25 0.0064 25 
СН, Мо; Leucine 25 2.15 26 
СН, МО, Isoleucine 25 3.31 26 
СН, ХО, L-Norleucine 25 1.5 26 
СНО о; Ethyl N-propylcarbamate 15 7.70 27 
С6Ни Нехапе 25 0.0011 3 183 13 
60 0.00136 3 
СН 2-Methylpentane 25 0.00137 3 176 13 
СН 3-Methylpentane 25 0.00129 3 170 13 
С6Ни 2,2-Dimethylbutane 25 0.0021 3 199 13 
С6Ни 2,3-Dimethylbutane 25 0.0021 3 144 13 
C IH N.O; Lysine 25 0.58 26 
СН, МО Arginine 25 15.44 26 
СНО 2-Methoxy-2-methylbutane 20 1.25 27 
СНО 1-Hexanol 0 0.79 1 
25 0.60 1 
50 0.51 Ї 
C ,Н,О 2-Hexanol 25 1.4 1 
C IH, O 3-Hexanol 25 1.6 1 
СНО 2-Methyl-1-pentanol 25 0.81 1 
СНО 4-Methyl-1-pentanol 25 0.76 1 
СНО 2-Methyl-2-pentanol 25 32 1 
C +H i ,O 3-Methyl-2-pentanol 25 1.9 1 
СНО 4-Methyl-2-pentanol 27 15 1 
СНО 2-Methyl-3-pentanol 25 2.0 1 
СНО 3-Methyl-3-pentanol 25 4.3 1 
СНО 2-Ethyl-1-butanol 25 1.0 1 
C +H i ,O 2,2-Dimethyl-1-butanol 25 0.8 1 
СНО 2,3-Dimethyl-2-butanol 25 4.2 1 
СНО 3,3-Dimethyl-2-butanol 25 2.4 1 
C IH, O Dipropyl ether 25 0.49 10 0.26 13 
СНО Diisopropyl ether 20 1.2 10 0.26 13 
C +H, O; 1,1-Diethoxyethane 25 5 10 
СН 406 D-Mannitol 25 17.7 27 
СНМ Dipropylamine 20 2.5 10 
СНМ Triethylamine 20 5.5 10 
CoH СІМ Triethylamine hydrochloride 25 57.8 27 
СЕ Perfluoroheptane 25 0.0000013 25 
C;H4CINO, 3-Chloro-2-nitrobenzoic acid 25 0.047 27 
C;H4CINO, 5-Chloro-2-nitrobenzoic acid 25 0.96 27 
СНАСЦО 2,3,4,6- Tetrachloro-5-methylphenol 25 0.00061 2 
C;H4N50g 3,5-Dinitrobenzoic acid 25 0.134 27 
C;H40g 4-Oxo-4H-pyran-2,6-dicarboxylic acid 25 1.45 27 
C;H40; 3-Hydroxy-4-oxo-AH-pyran-2,6- 25 0.84 27 
dicarboxylic acid 
С,Н.В:О, 2-Bromobenzoic acid 25 0.185 27 
С,Н.В:О, 3-Bromobenzoic acid 25 0.040 27 


8-102 


AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
C,H;BrO, 4-Bromobenzoic acid 25 0.0056 27 
С,Н.СО, 2-Chlorobenzoic acid 25 0.209 27 
C;H5CIO; 3-Chlorobenzoic acid 25 0.040 27 
С,Н.СО, 4-Chlorobenzoic acid 25 0.072 27 
С,Н.С, (Trichloromethyl)benzene 5 0.0053 10 
C;H;ClO 2,4,6-Trichloro-3-methylphenol 25 0.0112 2 
C;H;FO, 2-Fluorobenzoic acid 25 0.72 27 
C;H;FO, 3-Fluorobenzoic acid 25 0.15 27 
С,Н.ЁО, 4-Fluorobenzoic acid 25 0.12 27 
СНО; 2-Iodobenzoic acid 25 0.095 27 
С,Н.О, 3-Iodobenzoic acid 25 0.016 27 
СНО, 4-Iodobenzoic acid 25 0.0027 27 
С,Н.Х Benzonitrile 25 0.2 10 
C;H;NO Benzoxazole 20 0.834 6 
C;H5NO, 3-Nitrobenzaldehyde 25 0.16 27 
C;H5NO, 4-Nitrobenzaldehyde 25 0.23 27 
C;H5NO,S Saccharin 25 0.40 27 
100 4.0 27 
C;H5N350g 2,4,6-Trinitrotoluene 25 0.015 27 
100 0.015 27 
С,Н,СЬ, (Dichloromethyl)benzene 30 0.025 10 
С,Н,С,О 2,4-Dichloro-6-methylphenol 25 0.0283 2 
C;H&4CLO 2,6-Dichloro-4-methylphenol 25 0.0673 2 
С,Н,М, 1H-Benzimidazole 20 0.201 6 
С.Н,М, 1H-Indazole 20 0.0827 6 
С,Н,О Benzaldehyde 20 0.3 10 
СНО, Benzoic acid 25 0.34 27 
СНО, Salicylaldehyde 86 1.68 10 
C;H405 4-Hydroxybenzoic acid 25 0.64 27 
80 12.0 27 
C;H405 3,4,5- Trihydroxybenzoic acid 15 0.94 27 
100 25.0 27 
C;H;Br p-Bromotoluene 25 0.011 2 
C;H;Cl (Chloromethyl)benzene 20 0.0493 10 
С,Н,СЮ 2-Chloro-6-methylphenol 25 0.36 2 
С,Н,СЮ 4-Chloro-2-methylphenol 25 0.68 2 
C;H;CIO 4-Chloro-3-methylphenol 25 0.40 2 
C;H;NO Benzamide 12 0.577 27 
С,Н,ХО, 2-Nitrotoluene 30 0.065 27 
С,Н,ХО, 3-Nitrotoluene 30 0.050 27 
С,Н,ХО, 4-Nitrotoluene 30 0.044 27 
С,Н,ХО, 2-Nitroanisole 30 0.169 10 
C;H;NO, 4-Nitroanisole 30 0.059 27 
СІН; Toluene 5 0.063 3 
25 0.0531 22 0.660 22 
СІН; 1,3,5-Cycloheptatriene 25 0.064 3 0.47 13 
СІН; 1,6-Heptadiyne 25 0.125 ЕЈ 
C;HgN5S Phenylthiourea 25 2.55 27 
C+HsN,O; Theophylline 20 0.52 29 
СО o-Cresol 40 3.08 10 
СО m-Cresol 40 2:51 10 
Со р- Стево! 40 2.26 10 
С,Н,О Benzyl alcohol 20 0.08 10 
С,Н,О Anisole 25 0.19 20 0.025 13 
C,H oN o-Methylaniline 20 1.66 10 
Свом p-Methylaniline 21 7.35 10 
C;H9NO5S 2-Methylbenzenesulfonamide 25 0.162 27 
С,Н,МО-5 3-Methylbenzenesulfonamide 25 0.78 27 
С,Н,МО-5 4-Methylbenzenesulfonamide 25 0.316 27 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 

СН,» 1-Heptyne 25 0.0094 3 4.47 13 

СН,» Cycloheptene 25 0.0066 3 4.9 13 

С-Н 1-Methylyclohexene 25 0.0052 3 

СНО Cyclohexanecarboxylic acid 15 0.201 27 

СНА 1-Нерїепе 25 0.032 3 40.3 13 

С,Ни trans-2-Heptene 25 0.015 3 42.2 13 

СІН, Cycloheptane 25 0.0030 3 9.59 13 

СІН, Methylcyclohexane 25 0.00151 3 43.3 13 
50 0.0019 3 

СІН Ethylcyclopentane 20 0.012 3 

С,Н,О 1-Heptanal 11 0.124 27 

С,Н,О 2-Нерїапопе 25 0.43 10 0.0171 28 

СНАО 3-Heptanone 20 1.43 10 

СНО 2,4-Dimethyl-3-pentanone 20 0.59 10 

C;H,405 Heptanoic acid 15 0.24 27 

C;H4405 Pentyl acetate 20 0.17 10 

C;H4405 Isopentyl acetate 20 0.2 10 

С-Н О sec-Pentyl acetate 25 0.2 27 

C.H I O; Butyl propanoate 22 0.572 27 

C;H4405 Propyl butanoate 17 0.162 27 

C.H I O; Ethyl pentanoate 25 0.3 27 

C;H4405 Ethyl 3-methylbutanoate 20 0.2 10 

С,Н,,Вг 1-Вготоћергапе 25 0.00067 25 

сна 1-Chloroheptane 25 0.00136 25 

С5Н,51 1-Iodoheptane 25 0.00035 25 

С.Нь, Heptane 0 0.0003 3 
25 0.00024 3 209 13 
40 0.00025 3 

С:Н,, 2-Methylhexane 25 0.00025 3 346 5 

С.Нь, 3-Methylhexane 25 0.00026 3 249 13 

С-Н 2,2-Dimethylpentane 25 0.00044 3 318 5 

С.Нь, 2,3-Dimethylpentane 25 0.00052 3 175 5 

С.Нь, 2,4-Dimethylpentane 25 0.00042 3 323 13 

C;Hjg 3,3-Dimethylpentane 25 0.00059 3 186 5 

СНО 1-Нерїапо! 10 0.25 1 
25 0.174 Ї 0.00562 28 
50 0.12 Ї 

СНО 2-Нерїапо! 30 0.33 1 

СНО 3-Heptanol 25 0.43 1 

СНО 4-Нерїапо! 25 0.47 1 

С,Н,О 2-Methyl-2-hexanol 25 1.0 1 

С,Н,О 5-Methyl-2-hexanol 25 0.49 1 

СНО 3-Methyl-3-hexanol 25 1.2 I 

СНО 3-Ethyl-3-pentanol 25 1.7 1 

С,Н,О 2,3-Dimethyl-2-pentanol 25 1.5 1 

С,Н,О 2,4-Dimethyl-2-pentanol 25 13 1 

С,Н,О 2,2-Dimethyl-3-pentanol 25 0.82 1 

С,Н,О 2,3-Dimethyl-3-pentanol 25 1.6 1 

СНО 2,4-Dimethyl-3-pentanol 25 0.70 1 

СНО 2,3,3- Trimethyl-2-butanol 40 22 1 

CsF;s Perfluorooctane 25 0.00000017 25 

CsH;Fç 1,3-Bis(trifluoromethyl)benzene 25 0.0041 2 

С,Н,М, Quinoxaline 50 54 6 

С,Н,О, Phthalic acid 14 0.54 27 

С,Н,О, Isophthalic acid 25 0.013 27 

С,Н,5 Benzo[b]thiophene 20 0.0130 6 

С,Н,СО, 3-Chloro-4-hydroxy-5- 25 0.093 8 

methoxybenzaldehyde 
С,Н,СО, 2-Chloro-4-hydroxy-5- 25 0.013 8 
methoxybenzaldehyde 
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AQUEOUS SOLUBILITY AND HENRY'S LAW CONSTANTS OF ORGANIC COMPOUNDS (continued) 


Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 

CgH,Cl,0 2,4,6-Trichloro-3,5-dimethylphenol 25 0.00050 2 

СВ Тпдоје 20 0.187 6 

CsHs Styrene 25 0.0321 22 0.286 22 
50 0.046 4 0.30 13 

CsHsHeO; Мегсигу(П) phenyl acetate 0.2 30 

CHN 2-Methyl-1H-benzimidazole 20 0.145 6 

СұН;О Acetophenone 25 0.55 28 0.00108 28 

С,Н,О, о-ТоШіс acid 25 0.118 27 

С,Н,О, т-ТоШіс acid 25 0.098 27 

С,Н,О, p-Toluic acid 25 0.345 27 

С,Н,О, Benzeneacetic acid 25 1.71 27 

СО Methyl benzoate 20 0.21 10 

С,Н,О, 4-Methoxybenzoic acid 25 0.023 27 

С,Н,О, Mandelic acid 25 11.3 27 

С,Н,О, Methyl salicylate 30 0.74 10 

С,Н,О, 4-Hydroxy-3-methoxybenzaldehyde 25 0.247 8 

CgH ClO 4-Chloro-2,5-dimethylphenol 25 0.89 2 

CgH ClO 4-Chloro-2,6-dimethylphenol 25 0.52 2 

CgH ClO 4-Chloro-3,5-dimethylphenol 25 0.34 2 

С,Н,ХО Acetanilide 20 0.52 27 
70 2.7 27 

СН Ethylbenzene 0 0.020 4 
25 0.0161 22 0.843 22 
40 0.0200 4 

СаН о o-Xylene 25 0.0171 22 0.551 22 
45 0.021 4 

СұН |0 m-Xylene 0 0.0203 4 
25 0.0161 22 0.730 22 
40 0.022 4 

СН p-Xylene 0 0.0160 4 
25 0.0181 22 0.690 22 
40 0.022 4 

СУН МАО» Caffeine 25 2.12 29 

СНО 2,4-Xylenol 25 0.787 10 

СНО 3,5-Xylenol 29 0.62 10 

СНО Phenetole 25 0.12 10 

СНМ 2,5-Dimethylaniline 20 0.66 27 

C4Hj; 4-Vinylcyclohexene 25 0.005 4 

СУН 1-Octyne 25 0.0024 4 7.87 13 

СН 1-Octene 25 0.00027 4 96.3 13 

C$Hijg Cyclooctane 25 0.00079 4 10.7 13 

СН Ethylcyclohexane 40 0.00066 4 

C$Hijg cis-1,2-Dimethylcyclohexane 25 0.00060 4 36 3 

СН trans-1,4-Dimethylcyclohexane 25 0.000384 4 88.2 5 

СН Propylcyclopentane 25 0.00020 4 90.2 5 

C$Hijg 1,1,3- Trimethylcyclopentane 25 0.00037 4 159 5 

С,Н,,М:0:5, Homocystine 25 0.02 26 

СНО 2-Осїапопе 25 0.113 10 

СНО Octanoic acid 25 0.080 26 

СұН |60; Hexyl acetate 20 0.02 10 

CgH 602 sec-Hexyl acetate 20 0.13 10 

СН О» Решу! propanoate 20 0.1 27 

СНО; Isobutyl isobutanoate 20 0.5 10 

СұН |60; Ethyl hexanoate 20 0.063 27 

CgH,7Br 1-Bromooctane 25 0.000167 25 

Санта 1-СШогоосїапе 25 0.0345 25 

Сана 3-(Chloromethyl)heptane 20 0.01 10 

СУН Octane 25 0.000071 4 311 13 
50 0.00010 4 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 

Сав 3-Methylheptane 25 0.000079 4 376 5 

С.Н 2,2,4-Trimethylpentane 25 0.00022 4 307 13 

С.Н 2,3,4- Trimethylpentane 25 0.00018 4 206 3 

С,Н,О 1-Octanol 25 0.054 1 

С,Н,О 2-Octanol 25 0.4 1 

С,Н,О 2-Methyl-2-heptanol 30 0.25 1 

С,Н,О 2-Ethyl-1-hexanol 25 0.01 1 

СНО Dibutyl ether 20 0.03 10 0.48 13 

СНом Dibutylamine 20 0.47 10 

CgHioN 2-Ethylhexylamine 20 0.25 10 

СұН,5і Tetraethylsilane 25 0.0000325 10 

С,Н,В:О, 2-(Acetyloxy)-5-bromobenzoic acid 0.07 30 

CoH7N Quinoline 20 0.633 6 

СВМ Isoquinoline 20 0.452 6 

СоНзО> trans-Cinnamic acid 25 0.056 27 

CoHgO4 2-(Acetyloxy)benzoic acid 0.25 27 

CHol NO; L-3,5-Diiodotyrosine 25 0.062 26 

CoH oN 3-Methyl-1H-indole 20 0.050 6 

CHNO; N-Benzoylglycine 25 0.37 29 

СУН Indan 25 0.010 4 

CoH |00; Ethyl benzoate 25 0.083 20 

CoH, МО; DL-Phenylalanine 25 1.40 29 

CoH i МО» Phenylalanine 25 2.71 26 

CH; МО; L-Tyrosine 25 0.046 26 

CH; NO; DL-Tyrosine 25 0.35 30 

CoH, МО, Levodopa [3-Hydroxy-L-tyrosine] 25 62.3 26 

ОН 1,8-Nonadiyne 25 0.0125 4 

СН Propylbenzene 25 0.0052 22 1.041 22 

CoH Isopropylbenzene 25 0.0050 22 1.466 22 

СН o-Ethyltoluene 25 0.0093 5 0.529 13 

ОН p-Ethyltoluene 25 0.0094 5 0.500 13 

СӘН,» 1,2,3- Trimethylbenzene 25 0.0070 22 0.343 22 

ОН 1,2,4- Trimethylbenzene 25 0.0057 22 0.569 22 

CoH 1,3,5-Trimethylbenzene 25 0.0050 22 0.781 22 

CoH, МО; Carnosine 25 24.4 26 

CoH, 406 Triacetin 25 5.8 10 

CoH 6 1-Nonyne 25 0.00072 4 

CoH 1,1,3-Trimethylcyclohexane 25 0.000177 4 105 13 

СӘН ҚО Diisobutyl ketone 25 0.043 10 

CoH sO; Nonanoic acid 20 0.0284 26 

CoH О Ethyl heptanoate 20 0.029 27 

CoH Nonane 25 0.000017 4 333 13 
50 0.000022 4 

СН 4-Methyloctane 25 0.0000115 4 1000 5 

СУН» 2,2,5-Trimethylhexane 25 0.00008 + 246 13 

СНО 3,5-Dimethyl-4-heptanol 15 0.072 1 

СУН» О 1-Nonanol 25 0.014 1 

СУН» О 2-Nonanol 15 0.026 1 

СНО 3-Nonanol 15 0.032 1 

СУН» О 4-Мопапо1 15 0.0026 1 

СУН» О 5-Nonanol 15 0.0032 1 

СЕ» Perfluorodecane 20 0.000031 25 

Соња 1-Chloronaphthalene 25 0.00224 5 0.0363 28 

Соња 2-Chloronaphthalene 25 0.00117 5 0.0335 28 

Сон, Naphthalene 10 0.0019 4 
25 0.00316 22 0.043 22 
50 0.0082 4 

CioHsO 2-Naphthol 0.1 30 

СНМ 3-Methylisoquinoline 20 0.092 6 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
СоНюО4 Dimethyl phthalate 25 0.40 15 
C4o9H45N405 Inosine 20 1.6 29 
СоНз№0Оз 2'-Deoxyadenosine 25 0.67 29 
Cy oH) МО, Adenosine 25 0.51 29 
CioH i МО, Guanosine 25 0.0500 29 
СН Butylbenzene 25 0.00138 22 1.33 22 
CyoHy4 sec-Butylbenzene 25 0.0014 4 1.89 11 
СН tert-Butylbenzene 25 0.0032 4 1.28 11 
СН Isobutylbenzene 25 0.0010 4 3,32 11 
СоНа р-Сутепе 25 0.0051 23 0.80 5 
СоНа 1,2,4,5- Tetramethylbenzene 25 0.000348 4 2:55 11 
Срба МО Thymidine 25 5.1 29 
СНО Сагуопе 15 0.13 27 
СНО Thymol 0.1 30 
Ср је d-Limonene 0 0.00097 4 
25 0.00138 4 
СНО Camphor 20 0.01 10 
СНО Сагуепопе 15 0.22 27 
СН, 0, trans-Camphoric acid 25 0.8 27 
CioHjg trans-Decahydronaphthalene 25 0.000089 4 3 13 
СНО Вогпео! 25 0.074 27 
СНО о-Тетріпео! 15 0.20 27 
СН» 1-Decene 25 0.00057 4 
СН» Pentylcyclopentane 25 0.0000115 4 185 5 
Срб O; Decanoic acid 20 0.015 26 
СН, O; Ethyl octanoate 20 0.007 27 
С.Н»; Decane 0 0.0000015 4 479 13 
СынН»0 1-Decanol 25 0.0037 1 
СНО Diisopentyl ether 20 0.02 10 
Сл НО; 1-Naphthalenecarboxylic acid 25 0.0058 27 
Cy Hy 1-Methylnaphthalene 25 0.00281 22 0.045 22 
СН 2-Methylnaphthalene 25 0.0025 4 0.051 12 
Cj Hi5N505 Tryptophan 25 1.30 26 
СН Pentylbenzene 25 0.00105 5 1.69 11 
Cj;H5505 Ethyl nonanoate 20 0.003 27 
СС1 Decachlorobiphenyl 25 0.00000000012 7 0.0208 7 
СЕ» Hexacosafluorododecane 20 0.00000096 25 
Cj НС 2,2',3,3',4,5,5',6,6'-Nonachlorobipheny] 25 0.0000000018 7 
СНС 2,2',3,3',5,5',6,6'-Octachlorobipheny] 25 0.0000003 T 0.0381 7 
Со С 2,2',3,3',4,4',6-Heptachlorobipheny1 25 0.0000002 7 0.0054 
Ci H4Clg 2,2',3,3',4,4'-Hexachlorobiphenyl 25 0.00000006 7 0.0354 31 
C45 H4Clg 2,2',4,4',6,6'-Hexachlorobiphenyl 25 0.00000007 7 0.818 7 
Cy 2H Cle 2,2',3,3',6,6'-Hexachlorobipheny] 25 0.00000008 7 
С,,Н.СКБ, 2,3,4,5,6-Pentachlorobiphenyl 25 0.0000008 7 
СНС 2,2',4,5,5'-Pentachlorobiphenyl 25 0.000001 7 0.0421 31 
CjH4Cl4 2,3,4,5- Tetrachlorobiphenyl 25 0.000002 7 
СНС 2,2',4',5-Tetrachlorobipheny] 25 0.0000016 9 
С,,Н,СЬ, 2,4,5-Trichlorobiphenyl 25 0.000014 7 0.0379 31 
СНС 2,4,6-Trichlorobiphenyl 25 0.00002 T 0.0495 7 
Сон, Acenaphthylene 20 0.0016 28 0.012 28 
Cji5HgCl5 2,5-Dichlorobiphenyl 25 0.0002 T 0.0201 7 
СНС 2,6-Dichlorobiphenyl 25 0.00014 7 
C4i5HgO Dibenzofuran 25 0.000656 6 0.011 12 
С,,Н,5 Dibenzothiophene 25 0.000103 6 
С|›Н»С1 2-Chlorobiphenyl 25 0.00055 7 0.0701 7 
Cji5H9N Carbazole 22 0.000120 6 
СН Acenaphthene 0 0.00015 4 
25 0.000380 22 0.01217 22 
50 0.00092 4 
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Mol. Form Name °С S/mass % Ref. kg/kPa m?mol! Ref. 
СН Вїрһепу1 0 0.000272 4 
25 0.00072 22 0.0280 22 
50 0.0022 4 
С.Н 0У; Azobenzene 20 0.03 27 
С,,Н,сүМ:0 N-Nitrosodiphenylamine 25 0.0035 17 
С,Н,О Diphenyl ether 25 0.00180 6 0.027 13 
СН 1-Ethylnaphthalene 25 0.00101 4 0.039 12 
СН 2-Ethylnaphthalene 25 0.00080 4 0.078 12 
СН» 1,3-Dimethylnaphthalene 25 0.0008 4 
СЫН; 1,4-Dimethylnaphthalene 25 0.00114 4 
СЫН; 1,5-Dimethylnaphthalene 25 0.00031 4 0.036 28 
СЫН; 2,3-Dimethylnaphthalene 25 0.00025 4 
СН» 2,6-Dimethylnaphthalene 25 0.00017 4 
СН Hexylbenzene 25 0.00021 4 
C5H50;, Sucrose 20 67.1 27 
50 72.3 27 
100 83.0 27 
СНО at-Maltose 20 51.9 27 
Ср O; Dodecanoic acid 20 0.0055 26 
Ср до Ethyl decanoate 20 0.0015 27 
СН» Dodecane 25 0.00000037 4 750 5 
СНО 1-Dodecanol 25 0.0004 1 
C4;H5;04P Tributyl phosphate 25 0.039 10 
C)3HoN Acridine 25 0.00466 6 
Cj4H9N Benzo[f]quinoline 25 0.0079 6 
Са Ну 9H-Fluorene 0 0.00007 4 
25 0.00019 22 0.00787 22 
50 0.00063 4 
СН, Diphenylmethane 25 0.000141 4 0.001 12 
СН 1,4,5- Trimethylnaphthalene 25 0.00021 4 
Саво; Tridecanoic acid 20 0.0033 26 
СН Anthracene 0 0.0000022 4 
25 0.0000045 22 0.00396 22 
СН Phenanthrene 10 0.000050 4 
25 0.00011 22 0.00324 22 
50 0.00041 4 
С.Н,» trans-Stilbene 25 0.000029 4 0.040 12 
СаНа 1,2-Diphenylethane 25 0.00044 6 0.017 12 
СаНао Dibenzyl ether 35 0.0040 10 
СНО, Tetradecanoic acid 20 0.0020 26 
С.Н СІ 1-Chlorotetradecane 25 0.0232 25 
Ci4Hao Tetradecane 25 0.000012 5 
Си НО 1-Tetradecanol 25 0.000031 1 
С.Н; 1-Methylphenanthrene 25 0.0000269 4 
С.Н; 2-Methylanthracene 25 0.00003 22 
С.Н; 9-Methylanthracene 25 0.000026 4 
С\5Н О» Pentadecanoic acid 20 0.0012 26 
C,5H3,0 1-Pentadecanol 25 0.000010 1 
СН Fluoranthene 25 0.000026 22 0.00096 22 
Сү Ну Ругепе 25 0.000013 22 0.00092 22 
50 0.00009 4 
С,Ни 9,10-Dimethylanthracene 25 0.0000056 4 
С.,Н, МО, N-Benzoyl-L-phenylalanine 25 0.085 29 
Cj 6H2204 Dibutyl phthalate 25 0.00112 15 
С Hexadecanoic acid 20 0.00072 26 
СНО 1-Нехааесапо! 25 0.000003 1 
СН» 11H-Benzo[a]fluorene 25 0.0000045 4 
Сб) 11H-Benzo[b]fluorene 25 0.0000002 4 
С,,Н,,МОз Morphine 20 0.015 27 
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Mol. Form Name tC S/mass % Ref. kg/kPa m?mol! Ref. 
Са О, Сосате 25 0.17 27 
Cı7H3402 Heptadecanoic acid 20 0.00042 26 
СН Benzo[a]anthracene 25 0.0000011 22 0.00058 22 
СН Chrysene 25 0.0000002 22 0.000065 22 
С.Н Naphthacene 25 0.00000006 4 0.000004 12 
СаНр Triphenylene 25 0.0000041 4 0.00001 12 
CjsHj5N5 2,2'-Biquinoline 24 0.000102 6 
C isH, Оз Codeine 25 0.79 27 
CisH32016 Raffinose 20 12.5 27 
Само, Dibutyl sebacate 20 0.004 10 
CisH, O; Octadecanoic acid 20 0.00029 26 
С,Н.,О 1-Octadecanol 34 0.000011 1 
CyoHy4 9-Methylbenz[a]anthracene 27 0.0000066 4 
СНА 10-Methylbenz[a]anthracene 25 0.0000055 4 
Cy Hy 4 5-Methylchrysene 27 0.0000062 4 
СН) Регу!епе 25 0.00000004. 4 0.000003 12 
СН) Benzo[a]pyrene 25 0.0000003 22 0.0000465 22 
СН Benzo[e]pyrene 20 0.0000005 22 0.0000467 22 
С.Н 205 Fluorescein 20 0.005 27 
СоНзМ 13H-Dibenzo[a,i]carbazole 24 0.00000104 6 
СН 1,.2-Dihydrobenz[j Jaceanthrylene 25 0.00000036 6 
СНО Phenolphthalein 20 0.018 27 
C59H54N505 Quinine 25 0.057 27 
С.уНь,М:О» Quinidine 20 0.020 27 
СН Еїсовапе 25 0.00000019 4 
С.Н М Dibenz[a,j]acridine 25 0.000016 6 
С.Н 1,2-Dihydro-3- 25 0.00000022 6 
methylbenz[j]aceanthrylene 
С Н>>№05 Strychnine 20 0.013 27 
СНО 17,21-Dihydroxypregn-4-ene- 25 0.028 30 
3,11,20-trione 
СН!» Benzo[ghi]perylene 25 0.000000026 4 0.000075 12 
СЫН, Рісепе 25 0.00000025 4 
СН Benzo|[b]triphenylene 25 0.0000027 4 
СН Dibenz[a,h]anthracene 25 0.00000006 4 
СН Dibenz[a,j]anthracene 25 0.0000012 4 
СНО Butyl stearate 25 0.2 10 
Са ЊЕ МБ Од Brucine 20 0.012 27 
C23H27NO; Narceine 13 0.078 27 
СН!» Coronene 25 0.000000014 4 
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AQUEOUS SOLUBILITY ОЕ INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES 


The solubility of over 300 common inorganic compounds in water is tabulated here as a function of temperature. Solubility is defined as the 
concentration of the compound in a solution that is in equilibrium with a solid phase at the specified temperature. In this table the solid phase is generally 
the most stable crystalline phase at the temperature in question. An asterisk * on solubility values in adjacent columns indicates that the solid phase 
changes between those two temperatures (usually from one hydrated phase to another or from a hydrate to the anhydrous solid). In such cases the slope 
of the solubility vs. temperature curve may show a discontinuity. 

All solubility values are expressed as mass percent of solute, 100-w5, where 


w ту (тү + тз) 


and т, is the mass of solute and m, the mass of water. This quantity is related (о other common measures of solubility as follows: 


Molarity: c; = 1000 ри»/ М; 

Molality: m; = 1000wj/M5(1-w;5) 

Mole fraction: x; = (у Му ((w5/M5) + (1-и УМ) ) 
Mass of solute per 100 g of H5O: r, = 100wj/(1-w;) 


Here M; is the molar mass of the solute and M, = 18.015 g/mol is the molar mass of water. p is the density of the solution іп g cm. 

The data in the table have been derived from the references indicated; in many cases the data have been refitted or interpolated in order to present 
solubility at rounded values of temperature. Where available, values were taken from the IUPAC Solubility Data Series (Reference 1) or the related 
papers in the Journal of Physical and Chemical Reference Data (References 2 to 5), which present carefully evaluated data. 

The solubility of sparingly soluble compounds that do not appear in this table may be calculated from the data in the table “Solubility Product 
Constants”. Solubility of inorganic gases may be found in the table “Solubility of Selected Gases in Water". 

Compounds are listed alphabetically by chemical formula in the most commonly used form (e.g., NaCl, NH4NO., etc.). 


DMP wb 
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111:8 


Compound 


AgBrO, 
AgCIO, 
AgCIO, 
AgClo, 
AgNO, 
AgNO; 
Ав:50; 
ДІСІ; 
Al(C104)3 
AIF; 
АКО) 
Al,(SO4)3 
А8:0, 
ВаВљ 
Ва(ВтО;); 
Ва(С-Н;О;); 
ВаСІ, 
Ва(СІО-)» 
Ва(СІО;)» 
Ва(СІО,)» 
ВаЕ, 

Bal, 
Ba(1O;)> 
Ва(ХО,); 
Ва(ХО;); 
Ва(ОН), 
Ва5 
Ва(5СМ), 
Ва5 О; 
BeCl, 
Be(ClO4); 
BeS О, 
СаВг, 
CaCl, 
Ca(ClO4); 
Са(СІО,), 
СаЕ, 

Cal, 
Садо» 
Са(ХО,)» 
Са(ХО;), 
Са50, 
Са50, 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS АТ VARIOUS TEMPERATURES (continued) 


0°C 


0.17 


81.6 
0.155 
55.9 
0.56 
30.84 
54.9 
0.25 
37.0 
27.5 
1.19 
47.6 
0.285 
37.0 
23.30 
30.5 
16.90 
67.30 


62.5 
0.0182 
31.1 
4.7 
1.67 
2.79 


40.5 


26.69 
55 
36.70 
63.2 


0.0013 
64.6 
0.082 
38.6 
50.1 


0.174 


10°C 


0.31 


83.0 


62.3 
0.67 
30.91 


0.34 
38.2 


1.48 
48.5 
0.442 


24.88 


21.23 
70.96 
0.158 
64.7 
0.0262 
36.6 
6.3 


4.78 


27.58 
56 
39.19 
64.2 


66.0 
0.155 
39,5 
53.1 


0.191 


20?C 


0.47 


84.2 


67.8 
0.78 
31.03 


0.44 
39.9 


1.80 
49.5 
0.656 


26.33 


23.66 
74.30 


67.3 
0.0342 
41.8 
8.2 


6.97 


28.61 
59 
42.13 
65.5 


67.6 
0.243 
44.5 
56.7 
0.0059 
0.202 


25°С 


0.193 
0.55 
15 
84.8 
0.413 
70.1 
0.83 
31.10 


0.50 
40.8 
27.8 
2.01 
50.0 
0.788 
44.2 
27.03 
31.3 
27.50 
75.75 
0.161 
68.8 
0.0396 
44.3 
9.3 
4.68 
8.21 
62.6 
0.0011 
41.7 
59.5 
29.22 
61 
44.83* 
66.3 
65.3 
0.0016 
68.3 
0.305 
48.6 
59.0 
0.0054 
0.205 


30?C 


0.64 


85.3 


72.3 
0.88 
31.18 


0.56 
42.0 
28.2 
2.27 
50.4 
0.935 


27.70 


29.43 
71.05 


69.1 
0.045* 
46.8 
10.2 
8.4 
9.58 


29.90 
63 
49.12* 
67.2 


69.0 
0.384* 


60.9 
0.0049 
0.208 


40?C 


0.82 


86.3 


76.1 
0.97 
31.37 


0.68 
44.5 
29.2 
2.86 
51.4 
1.30 


29.00 


33.16 
79.23 


69.5 
0.058% 
51.6 
12.4 
19 
12.67 


31.51 
68 
52.85* 
69.0 


70.8 
0.517% 


65.4 
0.0041 
0.210 


50°С 


1.02 


86.9 


79.2 
1.05 
31.60 


0.81 
47.3 
30.7 
3.43 
52.5 
1.74 


30.27 


36.69 
80.92 


70.1 
0.073 
562 
14.7 
33 
16.18 


33.39 
71 
56.05% 
71.0 


72.4 
0.590 


77.8 
0.0035 
0.207 


60?C 


1.22 


87.5 


81.7 
113 
31.87 


0.96 
50.4 
32.6 
4.11 
53.5 
2.27 


31.53 


40.05 
82.21 


70.7 
0.090 
60.5 
17.0 
52 
20.05 


35.50 
73 
56.73 
732 


74.0 
0.652 


78.1 
0.0030 
0.201 


70?C 


1.44 


87.9 


83.8 
1.20 
321177 


1.11 
53.8* 
34.9 
4.89 
54.5 
2.90 


32.81 


43.04 
83.16 


71.3 
0.109 
64.6 
19.3 
74 
24.19 


37.78 


57.44 
75.5" 


76.0 
0.811% 


78.2 
0.0026 
0.193 


80?C 


40.21 


5821 
77.4% 


78.0 
0.665% 


78.3 
0.0023 
0.184 


90°C 


1.32 
1.88 


88.6 


86.7 
1.32 
32.90 
64.4 
1.45 


40.7 
6.72 
56.6 
4.40 


35.54 


48.70 
84.43 


72.7 
0.156 
72.1 
23.5 


33.04 


42.72 


59.04 
717 


79.6 
0.668 


78.4 
0.0020 
0.173 


100°C 


45.28 


59.94 


78.0 


81.0 


78.5 
0.0019 
0.163 


Ref. 
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Compound 


Савг, 
CdC,0, 
CdCl, 
Cd(CIO4); 
CdF, 
Са, 
Cd(103); 
САО); 
CdSO, 
Са5еО, 
Се(ХО;); 
CoCl, 
Co(CIO4); 
СоЁ, 
CoL 
Со(МО.)› 
Со(МО:)› 
CoSO, 
Со(8СМ), 
CrO; 
CsBr 
С5ВтО; 
CsCl 
CsClO,; 
CsClO, 
CsI 

CsIO; 
CsNO; 
CsOH 
Cs,SO4 
CuBr, 
CuCl, 
Cu(CIO4); 
CuF, 
Cu(NO3) 
CuSO, 
CuSeO, 
Dy(NO3)3 
Er(NO3)3 
Eu(NO3) 
FeBry 
FeCl, 
FeCl, 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES (continued) 


0°C 10°C 20°C 25°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C 
36.0 43.0 49.9 53.4 56.4 60.3* 60.3* 60.5 60.7 60.9 61.3 61.6 
0.0060 
47.2 50.1 53.2 54.6 56.3% 57.3% 57.5 57.8 58.1 58.51 58.98 59.5 
58.7 66.9 
5.82 4.65 4.18 3.76 
44.1 44.9 45.8 46.3 46.8 47.9 49.0 50.2 215 52.7 541 55.4 
0.091 
55.4 97.1 59.6 61.0 62.8 66.5 70.6 86.1 86.5 86.8 87.1 87.4 
43.1 43.1 43.2 43.4 43.6 444 43.5 42.5 414 40.2 38.5 36.7 
42.04 40.59 39.02 38.18 37.29 35.35 33.15 30.65 27.84 24.69 21.24 17.49 
57.99 59.80 61.89 63.05 64.31* 67.05 68.6 71,1% 74.95 79.2 80.9 83.1 
30.30 32.60 34.87 35.99 37.10 39.27 41.38 43.46 45.50 47.51 49.51 51.50 
50.0 53.0 
1.4 
58.00 61.78 65.35 66.99 68.51 71.17 73.41 75.29 76.89 78.28 79.52 80.70 
0.076 0.49 
45.5 47.0 49.4 50.8 52.4 56.0 60.1 62.6 64.9 67.7 
19.9 23.0 26.1 277 29.2 32.3 34.4 35.9 35.5 33.2 30.6 27.8 
50.7 
62.2 62.3 62.6 62.8 63.0 63.5 64.1 64.7 65.5 66.2 67.1 67.9 
55.2 
1.16 1.93 3.01 3.69 4.46 6.32 8.60 11.32 14.45 17.96 21.83 25.98 
61.83 63.48 64.96 65.64 66.29 67.50 68.60 69.61 70.54 71.40 72.21 72.96 
2.40 3.87 5.94 7.22 8.69 12.15 16.33 21.14 26.45 32.10 37.89 43.42 
0.79 1.01 1.51 1.96 2.57 4.28 6.55 9.29 12.41 15.80 19.39 23.07 
30.9 37.2 432 45.9 48.6 53.3 57.3 60.7 63.6 65.9 67.7 69.2 
1.08 1.58 2.21 2.59 3.02 3.96 5.06 6.29 7.70 9.20 10.79 12.45 
8.46 13.0 18.6 21.8 25.1 32.0 39.0 45.7 51.9 57.3 62.1 66.2 
ТЭ 
62.6 63.4 64.1 64.5 64.8 65.5 66.1 66.7 67.3 67.8 68.3 68.8 
55.8 
40.8 41.7 42.6 43.1 43.7 44.8 46.0 47.2 48.5 49.9 51.3 52.7 
54.3 59.3 
0.075 
45.2 49.8 56.3 59.2 61.1 62.0 63.1 64.5 65.9 67.5 69.2 71.0 
12.4 14.4 16.7 18.0 19.3 22.2 25.4 28.8 32.4 36.3 40.3 43.5 
10.6 16.0 
58.79 59.99 61.49 62.35 63.29 65.43 68.04 71.58 
61.58 63.15 64.84 65.75 66.69 68.70 70.96 73.64 71.15 
552 56.7 58.5 59.4 60.4 62.5 64.6 
54.6 64.85 
33:25 39.48 48.75 
42.7 44.9 47.9 47.7 51.6 74.8 76.7 84.6 84.3 84.3 84.4 84.7 


Ref. 
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Compound 


Ее(С1О,)» 
FeF; 
Fe(NO3)3 
Fe(NO3)5 
FeSO, 
Gd(NO3)3 
HIO; 
Н;ВО; 
HgBr; 
Hg(CN); 
HgCl, 
HgL 
Hg(SCN); 
Hg;Cl; 
Hg;(ClO;); 
Не›80, 
Ho(NO3)3 
КВЕ, 
КВг 
KBrO; 
KC,H;0, 
KCl 
КСІО; 
КСЮ, 
КЕ 
КНСО, 
KHSO, 
КЊРО, 
KI 

KIO; 
KIO, 
KMnO, 
КМО; 
КОН 
KSCN 
KCO; 
KCrO, 
K5Cr;0; 
K HAsO, 
K HPO, 
K M00, 
K,SO; 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES (continued) 


0°C 
63.39 


40.15 
41.44 
13:5 
56.3 
73.45 
2.61 
0.26 
6.57 
4.24 


73.8 
0.038 


0.28 
35.0 
2.97 
68.40 
21.74 
3.03 
0.70 
30.90 
18.62 
21.1 
11.74 
56.0 
4.53 
0.16 
2.74 
73.7 
12.0 
48.7 
63.8 
513 
37.1 
4.30 
48.55 
57.0 


51.30 


109С 


17.0 
57.7 
74.10 
3.57 
0.37 
7.83 
5.05 


0.043 


0.34 
37.3 
4.48 
70.29 
23.61 
4.67 
1.10 
39.8 
21.73 
29.7 
14.91 
57.6 
5.96 
0.22 
4.12 
74.6 
17.6 
50.8 
66.4 
51.7 
38.1 
7.12 


59.1 


51.39 


20?C 


20.8 
592 
74.98 
4.77 
0.52 
9.33 
6.17 
0.0041 


0.048 


0.45 
39.4 
6.42 
72.09 
25.39 
6.74 
1.67 
47.3 
24.92 
32.3 
18.25 
59.0 
7.57 
0.37 
5.96 
75.3 
24.2 
53.2 
69.1 
52.3 
38.9 
10.9 


61.5 


51.49 


25°С 


67.76 
5.59 
46.57 
46.67 
22.8 
60.1 
75.48 
5.48 
0.61 
10.2 
6.81 
0.0055 
0.070 
0.0004 
79.8* 
0.051 
63.8 
0.55 
40.4 
7.55 
72.92 
26.22 
7.93 
2.04 
50.41 
26.6 
33.6 
19.97 
59.7 
8.44 
0.51 
7.06 
75.7 
27.7 
54.7 
70.4 
52.7 
39.4 
13.1 
63.6* 
62.7 
64.7 
51:55 


30°C 


24.8 
61.0 
76.03 
6.27 
0.72 
11.1 
7.62 
0.0072 


0.054 


0.75 
414 
8.79 
73.70 
27.04 
9.21 
2.47 
53.2 
28.13 
35.0 
21.77 
60.4 
9.34 
0.70 
8.28 
76.0 
31.3 
56.1 
71.6 
53.1 
39.8 
15.5 


64.1 


51.62 


40°C 


28.8 
62.9 
77.20 
8.10 
0.96 
13.1 
9.53 
0.0122 


0.059 


1.38 
43.2 
11.57 
75.08 
28.59 
12.06 
3.54 


31.32 
37.8 
25.28 
61.6 
11.09 
1.24 
11.11 
76.7 
38.6 
57.9 
74.1 
54.0 
40.5 
20.8 


07.75 


51.76 


50°С 


32.8 
65.2 
78.46 
10.3 
1.26 
15.5 
12.02 
0.0199 


0.065 


2.09 
44.8 
14.71 
76.27 
30.04 
15.26 
4.94 


34.46 
40.5 
28.95 
62.8 
13.22 
1.96 
14.42 
774 
45.7 
58.6 
76.5 
54.9 
41.3 
26.3 


51.93 


60°C 


35.5 
67.9 
79.78 
12.9 
1.63 
18.2 
15.18 


0.070 


2.82 
46.2 
18.14 
77.31 
31.40 
18.78 
6.74 


37.51 
43.4 
32.76 
63.8 
15.29 
2.83 
18.16 
78.0 
522 
59.5 
78.9 
56.0 
41.9 
31:7 


72% 


52.11 


70°C 


33.6 
71.5 
81.13 
15.9 
2.08 
21:2 
19.16 


0.076 


3.58 
47.6 
21.79 
78.22 
32.66 
22.65 
8.99 


40.45 
46.2 
36.75 
64.8 
17.41 
3.82 


78.5 
58.0 
60.6 
81.1 
57.2 
42.6 
36.9 


52.32 


80?C 


30.4 


82.48 
19:3 
2.61 
24.6 
24.06 


0.082 


4.34 
48.8 
25.57 
79.04 
33.86 
26.88 
11.71 
60.0 


49.02 
40.96 
65.7 
19.58 
4.89 


79.1 
63.0 
61.8 
83.3 
58.4 
432 
41.5 


52.54 


90°C 


27.1 


83.82 
23.1 
3.23 
28.3 
29.90 


0.088 


5.12 

49.8 

29.42 
79.80 
34.99 
31.53 
14.94 


51.82 
45.41 
66.6 
21.78 
6.02 


79.6 
67.3 
63.1 
85.3 
59.6 
43.8 
45.5 


66.5 
52.79 


100°C 


24.0 


85.14 
27.3 
3.95 
323 
36.62 


85.35 
0.093 


5.90 

50.8 

33.28 
80.55 
36.05 
36.65 
18.67 


54.6 
50.12 
67.4 
24.03 
7.17 


80.1 
70.8 
64.6 
87.3 
61.0 
44.3 
48.9 
79.85 


53.06 


Ref. 
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Compound 


К,50, 
К,5,0, 
К,5,0, 
К,5еО, 
К,5еО, 
К,А5О, 
K3Fe(CN), 
K4PO, 
K,Fe(CN), 
Гас; 
La(NO;); 
LiBr 
LiBrO; 
LiC,H;O; 
LiCl 
LiClO, 
LiClO, 
LiF 
LiH,PO, 
Lil 

LilO, 
АМО, 
LiNO, 
LiOH 
LiSCN 
Li,CO; 
11,С,04 
Li,HPO, 
11,504 
Li;PO, 
Lu(NO3) 
MgBr; 
Mg(BrOs)> 
Ме(С:Н;О;)» 
MgC50, 
MgCl, 
Mg(CIO5); 
Mg(CIO,); 
MgCrO, 
MgCr;O; 
Мәр, 
Mel, 
Mg(IO3); 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES (continued) 


0°C 


7.11 
49.0* 
22.1 
68.4* 
52.70 
51.55 
23.9 
44.3 
12:5 
49.0 
55.0 
58.4 
61.03 
23.76 
40.45 
73:2 
30.1 
0.120 
55.8 
59.4 


41 
34.8 
10.8 


1.54 


9.07 
26.3 


49.3 
43.0 
36.18 


33.96 
53.35 
47.8 
32.06* 


54.7 
3.19* 


10?C 


8.46 


26.7 


52.93 


27.6 


17.3 
48.5 
56.9 
60.1 
62.62 
26.49 
42.46* 
75.6* 
32.6 
0.126 


60.5 


45 
37.6 
10.8 


1.43 


8.40 
25.9 


49.8 
45.2 
37.55 


34.85 
54.40 
48.7 


56.1 
6.70* 


20°С 


9.95 


311 


22.0 
48.6 
58.9 
62.7 
64.44 
29.42 
45.29% 
80.85 
35.5 
0.131 


58.2 
7.92 


25°С 


10.7 
62.3* 
33.1 
68.5* 
53.30 
55.6* 
32.8 
51.4 
23.9 
48.9 
60.0 
64.4 
65.44 
31.02 
45.81 
82.1 
37.0 
0.134 


62.3 
43.8 
51 
50.5 
11:1 
54.5 
1.28 
5.87 
7.47 
25.5 
0.027 
711 
50.6 
49.4 
39.61 
0.038 
35.90 
58.66 
50.1 


35:39" 


58.9 
0.013 
59.4 
8.52 


30?C 


11.4 


35.2 


53.43 


34.3 


25.6 
49.3 
61.1 
65.9 
66.51 
32,72 
46.25 
83.4 
38.6 


60.8 
9.11 


40°C 


12.9 


39.0 


36.77 
65.46* 
213 


63.9 
10.45 


50°С 


14.2 


42.6 


53.99 


39.6 


32.5 
52.1 
66.3 
68.3 
71.68% 
40.65 
48.47 
87.15 
45.5 


65.8 
60 

62.2 
12.2 
1.07 
6.16 
24.8 


52.1 
57.9 


37.34 
67.33 
52.1 


65.0 
11.99 


60?C 


65.0 
13.7 


70?C 


16.7 


49.1 


54.61 


43.5 


38.2 
56.3 
74.1* 
69.8 
74.43 
49.93 
51.27 
89.6 
53.2 


68.8 
66 

65.7 
13.4 
0.92 
5.30 
24.3 


53.5 
65.3 


38.71 


71.01 


65.0 
15.6 


80°C 


90°C 


18.6 
ТӘЛ 
54.6 


55.26 


461 


414 
61.7 


717 
76.93 
60.04 
54.98* 
93.4 
61.3 


81.7 


68.5 


15.1 


0.78 


4.53 


23.8 


55.0 
70.9* 


40.75 


73.48 


65.1 
19.6 


100?C 
19.3 
68.5* 
55.60 
73* 
47.0 
43.1 
72.8 
78.32 
65.26 
56.34* 


95.7 
71.4 


82.6 


69.7 


16.1 


0.72 


4.16 


23.6 


55.7 
71.7 


42.15 


65.2 


Ref. 
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Compound 


Mg(NO5) 
Mg(NO3) 
MgSO; 
MgSO, 
MgS,03 
MgSeO, 
MnBr; 
MnCl, 
MnF, 
Мп(105)» 
Mn(NOə,); 
MnSO, 
NH,Br 
NH4CI 
NH4CIO, 
МН,Е 
NH,HCO; 
NH,H,AsO, 
NH4H;PO, 
NH,I 


МаВтО; 
МаСНО, 
МаС-Н;О, 
NaCl 
NaClO 
NaClO, 
NaClO; 
NaClO, 
NaF 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES (continued) 


0°C 


38.4 
0.32 
18.2 
30.7 
31.4* 
56.00 
38.7 
0.80* 


50.5 
34.6 
37.5 
22.92 
10.8 
417 
10.6 
25.2 
17.8 
60.7 


55.7 
54.0 


2.31 
36.4 
65.5 
37.00 
32.2 
41.3 
49.0 


44.4 
20.0 
30.8 
26.5 
26.28 
22.7 


44.27 
61.9 
3.52 


109С 


39.5 
0.37 
21.7 


57.72 
40.6 


37.3 
402 
25:12 
14.1 
432 
13.7 
29.0 
22.0 
62.1 


59.0 
60.1 


3.11 
38.2 
67.9 
40.45 
34.9 
42.1 
51.1 


45.9 
23.22 
37.9 
28.8 
26.32 


46.67 
64.1 
3.72 


20?C 


40.8 
0.46 
25.1 


59.39 
42.5 


38.6 
42.7 
20:27 
17.8 
44.7 
17.6 
327 
26.4 
63.4 


64.9 
65.5 


4.25 
40.0 
69.8 
43.84 
377 
42.9 
53.4 


47.7 
26.65 
45.7 
31.8 
26.41 


49.3 
66.2 
3.89 


25°С 


47 
41.6 
0.52 
26.3 
34.1 
35.7* 
60.19 
43.6 
1.01* 
0.27 
61.7 
38.9 
43.9 
28.34 
19.7 
45.5 
19.9 
34.5 
28.8 
64.0 
3.70 
68.8 
68.0 
64.4 
4.94 
41.0 
70.5 
45.49 
39.1 
43.3 
54.7 
54.02 
15.5 
48.6 
28.28 
48.7 
33.5 
26.45 
44.4 
97.0* 
50.1 
67.2 
3.97 


30°C 


42.4 
0.61 
28.2 


60.96 
44.7 


38.9 
45.1 
29.39 
21.7 
46.3 
22.4 
36.3 
31.2 
64.6 
4.20 


70.3 


5.73 
42.0 
71.3 
47.11 
40.6 
43.8 
56.0 


49.6 
29.86 
50.6 
39.5 
26.52 


512 
68.3 
4.05 


40°C 


44.1 
0.87* 
30.9 


62.41 
47.0 


377 
47.3 
31.46 
25.8 
47.8 
27.9 
39.7 
36.2 
65.8 
5.64 


74.3 


7.56 
441 
72.3 
50.25 
43.7 
44.7 
58.9 


51.6 
32.83 
52.0 
39.9 
26.67 


53.6 
70.4 
4.20 


50°С 


45.9 
0.85* 
33.4 


63.75 
49.4 


36.3 
49.4 
33.50 
29.8 
49.3 
34.2 
43.1 
41.6 
66.8 
7.63 


777 


9.73 
46.2 
72.9 
53.28 
47.0 
45.6 
62.0 


53.7 
35.55 
53.5 
45.1 
26.84 


55.5 
72.5 
4.34 


60°С 


47.9 
0.76 
35.6 


65.01 
54.1 


34.6 
51.3 
35.49 
33.6 
50.9 
414 
46.2 
47.2 
67.8 


80.8 


12.2 
48.5 
73.1 
56.23 
50.6 
46.6 
65.4 


54.1 
38.05 
55.0 
58.3 
27.03 


95.35 
57.0 
74.1 
4.46 


70°C 


50.0 
0.69 
36.9 


66.19 
54.7 


32.8 
53.0 
37.46 
37.3 
52.5 
49.3 
49.3 
53.0 
68.7 


83.4 
81.1 
15.1 
50.9 


59.13 
54.5 
47.5 
69.1 


54.3 
40.37 


59.3 
27.25 


58.5 
74.7 
4.57 


80?C 


90°C 


21.8 
55.9 


49.5 


54.7 


61.7 
27.78 


63.3 
76.1 
4.75 


100°C 


50.5 


54.9 


62.9 
28.05 


67.1 
76.7 
4.82 


Ref. 
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Compound 


МаНСО, 
NaHS О, 
NaH;PO, 
Nal 
МАО; 
Ма, 
МаМО, 
NaNO, 
NaOH 
NaSCN 
Na,B,O; 
Na;CO, 
Na5C50, 
Na5CrO, 
Na;Cr;0; 
Ма,НА80, 
Ма,НРО, 
Ма,МоО, 
Na,S 
NaSO; 
NaSO, 
Ма:5:О, 
М 25205 
Na5SeO, 
Na5SeO, 
Na,WO, 
Na3PO, 
Na4P50; 
Мас 
Nd(NO3)3 
NiCl, 
М(СІО,)» 
МЕ» 

Nil 
МИМО) 
КО, 
Ni(SCN); 
NiSeO, 
PbBr; 
РЬСЬ 
РЬ(СІО,)» 
РЬЕ, 

РЫ, 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS АТ VARIOUS TEMPERATURES (continued) 


0°C 
6.48 


36.54 
61.2 
2.43 


41.9 
42.2 
30 


1.23 
6.44 
2.62 
22.6 
62.1 
5.6* 
1.66 
30.6 


0.041 


10°C 
7.59 


41.07 
62.4 
4.40 


43.4 
44.4 
39 

52.9 
171 
10.8 
2.95 
32.3 
63.1 


4.19 
38.8 
13.2 
16.1 


36.3 
38.4 


41.9 
7.30 
3.28 
49.3 
57.49 
36.1 


57.68 
46.0 
24.4 


0.620 


0.81 


0.0603 
0.052 


20°С 
8.73 


46.00 
63.9 
7.78* 


45.1 
46.6 
46 

57.1 
2.50 
17.9 
3.30 
44.6 
64.4 


7.51 
39.4 
15.7 
20.9 
16.13 
40.6 
39.5 


42.3 
10.8 
4.81 
49.7 
59.37 
38.5 


59.78 
48.4 
27.4 


26.2* 
0.841 
0.98 


0.0649 
0.067 


25°С 


9.32 
22.2 
48.68 
64.8 
8.65* 
12.62 
45.9 
47.7 
50 
60.2 
3.07 
23.5 
3.48 
46.7 
65.2 
29.3* 
10.55 
39.4 
17.1 
23.5 
21.94 
43.3 
40.0 
47.3* 
36.9* 
42.6 
12.6 
6.62 
50.0 
60.38 
40.3 
52.8 
2.50 
60.69 
49.8 
28.8 
35.48 


0.966 
1.07 
81.5 
0.0670 
0.076 


30°C 
9.91 


51.54 
65.7 
9.60 


46.8 
48.8 
53 

62.7 
3.82 
28.7 
3.65 
46.9 
66.1 


16.34% 
39.8 
18.6 
26.35 
29.22* 
45.9 
40.6 


42.9 
14.1 
7.00 
50.4 
61.43 
41.7 


61.50 
51.3 
30.3* 


1.118 


1.17 


0.0693 
0.086 


40°C 
11.13 


57.89% 
67.7 
11.67 


48.7 
51.0 
58 

63.5 
6.02 
32.8 
4.00 
48.9 
68.0 


35.17* 
40.3 
22.1 
27.3* 
32.35* 
52.0 
41.8 


43.6 
16.6 
10.10 
512 
63.69 
42.1 


62.80 
54.6 
32.0* 


1.46 
1.39 


0.112 


50?C 
12.40 


61.7* 
69.8 
13.99 


50.7 
53.2 
63 
64.2 
9.7 
32,2 
4.36 
51.0 
70.1 


44.64* 
41.0 
26.7 
25.9 
31.55 
62.3 
43.0 


44.4 
22.9 
14.38 
52.2 
66.27 
432 


63.73 
58.3 
341 


1.89 
1.64 


0.144 


60°C 


13.70 


62.3* 
72.0 
16.52 


52.8 
55.3 
67 

65.0 
14.9 
31.7 
4.71 
53.4 
72.3 


45.20 
41.7 
28.1 
24.8 
30.90 
65.7 
442 


45.3 
28.4 
20.07 
53.3 
69.47 
45.0 


64.38 
61.0 
35.8 


1.93 


0.187 


70°C 
15.02 


65.9 
74.7 
19:25% 


55.0 
57.5 
71 

65.9 
171 
31.3 
5.06 
55.3 
74.6 


46.81 
42.6 
30.2 
237 
30.39 
68.8 
45.5 


46.2 
32.4 
27.31 
54.5 


46.1 


64.80 
63.1 
377 


2.24 


0.243 


80°C 
16.37 


68.7 
74.8 
21,1% 


572 
59.6 
74 

66.9 
19.9 
ЗІЛ 
5.41 
55:5 
77.0 


48.78 
43.5 
33.0 
22.8 
30.02 
69.4 
46.8 


47.3 
37.6 
36.03 
55.8 


46.2 


65.09 
65.6 
39.9 


2.60 


0.315 


90°C 


17.73 


74.9 
22.9 


59.5 
61.7 
76 

67.9 
235 
30.9 
5.75 
55.8 
79.6 


50.52 
44.5 
36.4 
224 
29.79 
70.1 
48.1 


48.4 
40.4 
32.37 
57.1 


46.4 
2.52 
65.30 


67.9 
42.3 


2.99 


100°C 


19.10 
33.3 


75.1 
24.7 


61.8 
63.8 
79 
69.0 
28.0 
30.9 
6.08 
56.1 
80.7 
67% 
51.53 
45.5 
410 
21.5 
29.67 
71.0 
49.5 
45% 
42.15 
49.5 
43.5 
30.67 
58.5 


46.6 


69.0 
44.8 


45.65 


3.42 
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Compound 


Pb(0,); 
Pb(NO4); 
PbSO, 
PrCl, 
Pr(NO3)3 
RbBr 
RbBrO, 
RbCI 
RbCIO; 
RbCIO, 
RbF 
RbHCO, 
RbI 
RbIO; 
RbNO; 
RbOH 
Rb;CrO, 
Rb,SO, 
SbCl, 
SbF; 
Sc(NO})3 
Sm(NO3)3 
SmCl, 
SnCl, 
Snl, 
SrBr; 
Sr(BrO4); 
SrCl, 
Sr(CIO;); 
Sr(C103) 
5(СІО))» 
SrE; 

Srl, 
50103) 
5:(МпО,)» 
Sr(NO5); 
Sr(NO;); 
Sr(OH); 
SrSO, 
SrSO, 
515,0; 
Tb(NO3) 
Т1,804 


AQUEOUS SOLUBILITY ОЕ INORGANIC COMPOUNDS АТ VARIOUS TEMPERATURES (continued) 


0°C 


28.46 
0.0033 
48.0 
57.50 


2.65 


10°C 


32.13 
0.0038 
48.1 
59.20 
5041 
1.55 
45.65 
3.38 


58.6 
1.53 
25.0 


30.0 


59.3 
56.33 
48.0 
64 


48.3 
22.00 
32.93 


13.6 
63.42 


62.8 
0.126 


34.6 


13:2 


3.56 


20°С 


35.67 
0.0042 
48.6 
61.16 
52.6 
2.36 
47.53 
5.14 


75 

93,7 
61.1 
2.07 
34.6 


325 


61.6 
58.08 
48.2 


0.97 
50.6 
25.39 
34.43 
14.1 
63.64 


63.5 
0.152 


41.0 


17.7 
60.6 
4.61 


25°С 


0.0025 
37.38 
0.0044 
49.0 
62.24 
53.8 
2.87 
48.42 
6.22 
1.5 


62.3 
2.38 
39.4 


43.26 
33.7 
90.8 
83.1 
62.8 
59.05 
48.4 


51.7 
27.02 
35.37 
14.3 
63.77 
75927 
0.021 
63.9 
0.165 


44.5 
22 
0.0015 
0.0135 
20.0 
61.02 
5.19 


30°C 


39.05 
0.0047 
49.5 
63.40% 
54.9 
3.45 
49.27 
7.45 


63.4 
2.74 
442 
63.4 


34.8 


63.9 
60.08 
48.6 


52.9 
28.59 
36.43 
14.5 
63.93 


64.5 


0.179 


41.9 
47.0 


22.2 


5.80 


40°C 


42.22 
0.0052 
50.8 
65.7* 
57.0 
4.87 
50.86 
10.35 


65.4 
3.52 
53.1 


36.9 


66.2 
62.38 
49.2 


55.2 
31.55 
38.93 
14.9 
64.29 
78.44% 


65.8 
0.206 


44.3 
47.4 


26.8 


7.09 


50°С 


45.17 
0.0058 
52.3 
67.8 
58.8 
6.64 
52.34 
13.85 


67.2 
4.41 
60.8 


38.7 


68.5 
65.05% 
50.0 


57.6 
34.21 
41.94 
15.3 
64.70 


67.3 
0.233 


47.9 


8.46 


60°C 


47.90 


54.1 
70.2 
60.6 
8.78 
53.67 
17.93 


68.8 
5.42 
67.2 


40.3 


68.1* 


59.9 
36.57 
45.44* 
15.6 
65.16 


69.0 
0.259 


48.4 


9.89 


70°C 


50.42 


56.1 
73.4 
62.1 
11.29 
54.92 
22.53 


70.3 
6.52 
72.2 


41.8 


70.8 


62.3 
38.64* 
46.81* 
15.9 
65.65 


70.8 
0.284 


48.9 


11:33 


80?C 


52.72 


43.0 


74.2 


64.6 
40.2* 
47.69 


66.18 


72Л 
0.307 


49.5 


12.77 


90°C 


54.82 


64.8 

17.32 
57.16 
32.96 


72.7 
9.00 
79.0 


44.1 


66.8 
40.8 
48.70 


66.74 


747 
0.328 


50.1 


14.18 


100°С 


56.75 


65.9 
20.76 
58.15 
38.60 
17 


73.8 
10.36 
81.2 


44.9 


3.87 
69.0 
41.0 
49.87 


67.31 


79.2 


0.346 


58.6 
50.7 


15.53 
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Compound 


Tm(NO3)3 
UO;(NO3); 
Y(NO;); 
Yb(NO3)3 
?аВт» 
ZnC50, 
ZnCl, 
Zn(C1O4)> 
?лЕ, 

7, 
Zn(IO3); 
Zn(NO3); 
ZnSO; 
ZnS О, 
?л5еО, 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS АТ VARIOUS TEMPERATURES (continued) 


0°C 
49.52 
55.57 


79.3 


44.29% 


81.1 


47.8 


29.1 
33.06 


109С 
51.82 
56.93 
80.1 
0.0010 
76.6 
812 


50.8 


32.0 
34.98 


20°С 


54.42 
58.75 


81.8 
0.0019 
79.0 


81.3 
0.58 
54.4 
0.1786 
35.0 
37.38 


25°С 


67.9 
55.85 
59.86 
70.5 
83.0 
0.0026 
80.3 
46.27% 
1.53 
81.4 
0.64 
54.6 
0.1790 
36.6 
38.79 


30°C 


57.55 
61.11* 


84.1 


81.4 


81.5 
0.69 
58.5 
0.1794 
38.2 
40.34 


40°C 


61.59 
63.3* 


85.6 


81.8 


81.7 
0.77 
79.1 
0.1803 
41.3 


50°C 


67.07 
64.9 


85.8 


82.4 
48.70 


82.0 
0.82 
80.1 
0.1812 
43.0 


60°C 


67.9 


86.1 


87.5 


421 


70°C 


72:5 


86.3 


89.9 


41.0 


80?C 


86.6 


84.4 


39.9 


90°C 


86.8 


85.2 


83.3 


38.8 


100°C 


87.1 


86.0 


37.6 


©л С\ A С\ QA С\ л м С\ л 


SOLUBILITY PRODUCT CONSTANTS 


The solubility product constant K,, is a useful parameter for calculating the aqueous solubility of sparingly soluble compounds under various 
conditions. It may be determined by direct measurement or calculated from the standard Gibbs energies of formation A;G° of the species involved at 
their standard states. Thus if Ку, = [M*]" [A7]" is the equilibrium constant for the reaction 


M,A,(s) == mM*(aq) + nA- (aq), 


where М „А, is the slightly soluble substance and M* and A are the ions produced in solution by the dissociation of M,,A,, then the Gibbs energy change 
is 


AG? = m A;G? (M*,aq) + n AG? (А,ад) -А; 09 (М,,А,, s) 
The solubility product constant is calculated from the equation 
In Ksp = -A СКТ 


The first table below gives selected values of Ку at 25°C. Many of these have been calculated from standard state thermodynamic data in References 
1 and 2; other values are taken from publications of the IUPAC Solubility Data Project (References 3 to 7). 

The above formulation is not convenient for treating sulfides because the 5-2 ion is usually not present in significant concentrations (see Reference 
8). This is due to the hydrolysis reaction 


S?.- НО = HS- + OH- 


whichis strongly shifted to the right except in very basic solutions. Furthermore, the equilibrium constant for this reaction, which depends on the second 
ionization constant of Н,5, is poorly known. Therefore it is more useful in the case of sulfides to define a different solubility product Ка based on 
the reaction 


M,,S,(s) + 2H* = mM: + nH5S (aq) 


Values of Кора, taken from Reference 8, are given for several sulfides in the auxiliary table following the main table. Additional discussion of sulfide 
equilibria may be found in References 7 and 9. 
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19.00 ЕМ UN. copo po 


Compound Formula Ky 
Aluminum phosphate AIPO, 9.84- 10?! 
Barium bromate Ba(BrO4); 2.43.1104 
Barium carbonate ВаСО; 2.58-10° 
Barium chromate BaCrO, 1.17.1010 
Barium fluoride ВаЕ, 1.84-107 
Barium hydroxide octahydrate Ва(ОН),:8Н:О 2.55-104 
Barium iodate Ba(I103); 4.01-10? 
Barium iodate monohydrate Ba(IO3);:H5O 1.67.10? 
Barium molybdate ВаМоО, 3.54-10°8 
Barium nitrate Ва(МОз)» 4.64-103 
Barium selenate BaSeO, 3.40:10% 
Barium sulfate BaSO, 1.08-10:10 
Barium sulfite Ва5О; 5.0-10:10 
Beryllium hydroxide Ве(ОН), 6.92.1077? 
Bismuth arsenate BiAsO, 4.43.1019 
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SOLUBILITY PRODUCT CONSTANTS (continued) 


Compound 


Bismuth iodide 

Cadmium arsenate 
Cadmium carbonate 
Cadmium fluoride 

Cadmium hydroxide 
Cadmium iodate 

Cadmium oxalate trihydrate 
Cadmium phosphate 
Calcium carbonate (calcite) 
Calcium fluoride 

Calcium hydroxide 

Calcium iodate 

Calcium iodate hexahydrate 
Calcium molybdate 

Calcium oxalate monohydrate 
Calcium phosphate 

Calcium sulfate 

Calcium sulfate dihydrate 
Calcium sulfite hemihydrate 
Cesium perchlorate 

Cesium periodate 

Cobalt(IT) arsenate 
Cobalt(IT) hydroxide (blue) 
Cobalt(II) iodate dihydrate 
Cobalt(II) phosphate 
Copper(I) bromide 
Copper(I) chloride 
Copper(I) cyanide 

Copper(I) iodide 

Соррег(1) thiocyanate 
Соррег(П) arsenate 
Соррег(П) iodate monohydrate 
Соррег(П) oxalate 
Соррег(П) phosphate 
Europium(III) hydroxide 
Gallium(III) hydroxide 
Iron(II) carbonate 

Iron(II) fluoride 

Поп(П) hydroxide 

Поп(1П) hydroxide 

Поп(Ш) phosphate dihydrate 
Lanthanum iodate 

Lead(II) bromide 

Lead(II) carbonate 

Lead(II) chloride 

Lead(II) fluoride 

Lead(II) hydroxide 

Lead(II) iodate 

Lead(II) iodide 

Lead(II) selenate 

Lead(II) sulfate 

Lithium carbonate 

Lithium fluoride 

Lithium phosphate 
Magnesium carbonate 
Magnesium carbonate trihydrate 
Magnesium carbonate pentahydrate 
Magnesium fluoride 
Magnesium hydroxide 
Magnesium oxalate dihydrate 
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Formula 


Bil, 
Cd4(AsO4); 
Сасо; 

CdF, 
САОН) 
Сао, 
С4С,О,3Н,О 
Са;(РО4); 
CaCO; 

СаЕ, 
Ca(OH), 
Сао», 
Ca(IO3)7-6H,O 
CaMoO, 
CaC,0,4-H,O 
Саз(РО;) 
Са5О, 

Са5о, 2Њ0 
Са5О;:0.5Н,О 
С5СІО, 
СО, 
Co4(AsO4); 
Со(ОН), 
Со(10:),:2Н:0 
Co4(PO4); 
CuBr 

CuCl 

CuCN 

Cul 

CuSCN 
Cu4(AsO4); 
Са(10)-Н;О 
СаСО; 
Саз(РО,); 
Еч(ОН); 
Са(ОН); 
ЕеСО, 

FeF, 

Fe(OH), 
Fe(OH), 
FePO,:2H,O 
Тадо 
PbBr, 

PbCO; 

РЬСЬ 

PbF, 
Pb(OH); 
РБОО 

РЫ, 

РЬ5еО, 
PbSO, 

Li CO; 

LiF 

Li;PO, 
MgCO, 
MgCO;-3H,O0 
Месо, 5ЊО 
МеЕ, 
Mg(OH)» 
MgC5,0,2H;O0 


Ky, 
7.711019 
2.2.1033 
1.0-10-2 
6.44- 10? 
7.2-10:5 
2.5108 
1.42-10% 
2.53.1033 
3.36.10? 
3.45.107!! 
5.02.10-6 
6.47.10-6 
7.10-107 
1.46-10% 
2.32.10? 
2.07.1033 
4.93-105 
3.14.1105 
3.1-107 
3.95.10? 
5.16109 
6.80- 1079 
5.92.1075 
1.2110? 
2.05-10735 
6.27.10? 
172-107 
3.47.1029 
1.27-10:12 
1.77-10:3 
7.95.10-36 
6.94-10% 
4.43.1019 
1.40-10737 
9.38-10727 
7.28.10-36 
3.13-10:! 
2.36-10 6 
4.87.1077 
279-10-39 
9.91-10:16 
7.50:10:12 
6.60-10-6 
7.40:10:4 
1.70:105 
3.3.10% 
1.43.10-20 
3.69.1013 
9.8.10? 
1.37107 
2.53.10-8 
8.15.10 
1.84.103 
2.37.10-И 
6.82.1059 
2.38-10°° 
3.79-109 
541610! 
5.61.10? 
4.83.1056 


SOLUBILITY PRODUCT CONSTANTS (continued) 


Compound 


Magnesium phosphate 
Manganese(II) carbonate 
Manganese(II) iodate 
Manganese(II) oxalate dihydrate 
Mercury(I) bromide 
Mercury(I) carbonate 
Мегсигу(1) chloride 
Mercury(I) fluoride 
Mercury(I) iodide 
Mercury(I) oxalate 
Mercury(I) sulfate 
Mercury(I) thiocyanate 
Мегсигу(П) bromide 
Мегсигу(11) iodide 
Neodymium carbonate 
Nickel(II) carbonate 
Nickel(II) hydroxide 
Nickel(II) iodate 
Nickel(II) phosphate 
Palladium(I) thiocyanate 
Potassium hexachloroplatinate 
Potassium perchlorate 
Potassium periodate 
Praseodymium hydroxide 
Radium iodate 

Radium sulfate 
Rubidium perchlorate 
Scandium fluoride 
Scandium hydroxide 
Silver(I) acetate 

Silver(I) arsenate 
Silver(I) bromate 
Silver(I) bromide 
Silver(I) carbonate 
Silver(I) chloride 
Silver(I) chromate 
Silver(I) cyanide 
Silver(I) iodate 

Silver(I) iodide 

Silver(I) oxalate 

Silver(I) phosphate 
Silver(I) sulfate 

Silver(I) sulfite 

Silver(I) thiocyanate 
Strontium arsenate 
Strontium carbonate 
Strontium fluoride 
Strontium iodate 
Strontium iodate monohydrate 
Strontium iodate hexahydrate 
Strontium sulfate 
Thallium(I) bromate 
Thallium(I) bromide 
Thallium(D chloride 
Thallium(I) chromate 
Thallium(I) iodate 
Thallium(I) iodide 
Thallium(1) thiocyanate 
Thallium(1II) hydroxide 
Tin(II) hydroxide 
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Formula 


Mg;(PO4); 
МаСО; 
МайО;); 
MnC,0,-2H,O 
HgjBr; 
Hg3CO; 
Hg,Cly 
Не›Р 
Hg, 
Hg;C50, 
Но:5О, 
Но:(5СМ); 
HgBr, 
Hgl, 
Nd3(CO3)3 
NiCO, 
МҚОН)» 
МАО) 
МЕ(РОЈ 5 
Pd(SCN); 
КӘРІСІ 
као, 
KIO, 
РОН); 
Ra(IO4); 
RaS О, 
RbCIO,; 
5сЕ; 
5с(ОН); 
АвСН;СОО 
Ag4AsO, 
AgBrO; 
AgBr 

Ag; CO; 
AgCl 
Ag;CrO, 
AgCN 
АО; 

Agl 
Ag;C;0, 
Ag;PO, 
Ag5S0, 
AgSO3 
AgSCN 
5гз(АвО4); 
5:СО, 
SrF, 
Sr(IO3); 
5103) Н,О 
5:00:),:6Н:О 
85:50, 
TIBrO; 
TIBr 

ТІСІ 
ТІ,СгОц 
ТПО; 

ТІ 

TISCN 
Т(ОН); 
Sn(OH); 


Ка 
1.04-10 
2.24107! 
4.37107 
170-1077 
6.40-10-23 
3.6.1077 
1.43.1018 
3.10-109 
5.2.10-29 
1.75.1013 
6.5-107 
3.2.10-20 
6.2.1020 
2.9.1029 
1.08.1033 
1.42.107 
5.48.1016 
4.71:105 
4.74-10:2 
4.39.1022 
7.48.1056 
1.05-102 
3.71.10 
3.39.1074 
1.16.10? 
3.66-10!! 
3.00-10? 
5.81-1074 
2.22.10?! 
1.94.103 
1.03-10-22 
5.38.10? 
5.35.1013 
8.46-10:2 
1.77-10:10 
1.12-10:2 
5.97-10:7 
3.17.10-8 
8.52.1017 
5.40-10:2 
8.89-10:7 
1.20-105 
1.50:10:14 
1.03.1072 
4.29-10:19 
5.60- 10:10 
4.33.10? 
1.14-107 
377-107 
4.55-107 
3.44.1077 
1.10-10+ 
3.71-10% 
1.86-104 
8.67-10:13 
3.12-109 
5.54-10% 
1.57-104 
1.68-10-4 
5.45.1027 


SOLUBILITY PRODUCT CONSTANTS (continued) 


Compound 


Yttrium carbonate 

Yttrium fluoride 

Yttrium hydroxide 
Yttrium iodate 

Zinc arsenate 

Zinc carbonate 

Zinc carbonate monohydrate 
Zinc fluoride 

Zinc hydroxide 

Zinc iodate dihydrate 

Zinc oxalate dihydrate 
Zinc selenide 

Zinc selenite monohydrate 


Compound 


Cadmium sulfide 
Соррег(П) sulfide 

Iron(II) sulfide 

Lead(II) sulfide 
Manganese(II) sulfide (green) 
Мегсигу(П) sulfide (red) 
Мегсигу(П) sulfide (black) 
Silver(I) sulfide 

Tin(ID sulfide 

Zinc sulfide (sphalerite) 
Zinc sulfide (wurtzite) 
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Formula 


Y4CO3 

YF, 

Ү(ОН), 
уо 
Zn3(AsO4); 
ZnCO; 
7лСО--Н,О 
ZnF, 
Zn(OH)» 
Zn(IO3),-2H,O 
ZnC;04:2H;0 
ZnSe 
?лбеО;:Н;О 


Sulfides 


Formula 


CdS 
CuS 
FeS 
PbS 
MnS 
HgS 
HgS 
AgS 
505 
ZnS 
ZnS 


Кор 
1.03.1031 
8.62.1072! 
1.00-10:2 
1.12-10:10 
2.8.1028 
1.46:10:10 
5.42-10:1 
3.04-10? 
3.1077 
4.1.10-6 
1.38.10? 
3.6.1026 
1.59107 


SIr-8 


SOLUBILITY CHART 


Abbreviations: УУ, soluble in water; A, insoluble in water but soluble in acids; уу, sparingly soluble in water but soluble in acids; a, insoluble in water and only sparingly soluble in acids; 1, insoluble in water 
and acids; d, decomposes in water. * Indicates two modifications of the salt 


No. 


24 


25 


Acetate 
—(C?H305) 
Arsenate 
—(AsO,) 
Arsenite 
—(AsO3) 
Benzoate 
—(C;H505) 
Bromide 


Carbonate 


Chlorate 
--(С104) 
Chloride 


Chromate 
(С) 
Citrate 
--(С,Н,О1) 
Cyanide 


Ferricy' de 
—(Fe(CN)) 
Ferrocy'de 
—(Fe(CN)) 
Fluoride 


Formate 
—(CHO,) 
Hydroxide 

Iodide 
Nitrate 
Oxalate 
—(€;04) 
Oxide 
Phosphate 
Silicate, 
—(Si03) 
Sulfate 


Sulfide 


Tartrate 
-4С,Н,06) 


Al 


w 
Alg(—)3 
У 
AIF, 
У 
Al(—)3 
A 
АКОН), 
У 
All; 
У 
AI(NO3) 
A 
Al(—)s 
a 
ALO; 
A 
AIPO, 
I 
Al,(—)3 
w 
Al,(SO4)3 
d 
ALS, 
w 
Al,(—)3 


NH, Sb Ba Bi Cd 
w w w w 
NH,(—) Вас) Bi(—); Cd, 
w A w A A 
(МН Sb(—) Ba; Bi(—) Са) 
w A 
МН,АЗО, Sb(—) 

w w A w 
NH,(—) Вас) Bi(—); Cd; 
w d w d w 
NH,Br SbBr; BaBr; BiBr3 СаВт; 
w w A 
(NH4,CO, ВаСО; сасо; 
w w w w 
NH,(—) Вас), Bi(—); Cd, 
w w w а w 
NH4CI SbCl, BaCl, ВІСІ; CdCl, 
w A A 
(NH, Ba(— сас) 
w w A A 
(МН Ba» Ві) са —>» 
w w w w 
NH4CN Ва(СМ); Bi(CN)3 Cd(CN); 
w w A 
(МН); -) Ваз(—)› Сазу(—)› 
w w A 
(МН ва — Ca(—) 
w w w w w 
МНЕ SbF; BaF, ВЕ, САР, 
w w w w 
NH,(—) Вас) Ві) са) 
w w A A 
NH,OH Ba(OH) Bi(OH); Са(ОН), 
w d w A w 
NH,I 565 Вађ Bil; Cdl, 
w w а w 
МНМО; Ва(МО); Bi(NO3)3 САМО) 
w w A w 
(NH, Ba(— Bi(—), các 

w w A A 
55,О, BaO Bi,O; CdO 
w A A A 
NH,H,PO, Ва(РО)» BiPO, Cd;(PO4); 
w A 
Ва(-) Cd(—) 
w A a а w 
(МН,) 5506 56804) BaSO, BiXSO4, CdSO, 
w A d A A 
(NH45S $6553 Ва5 Ві;5; CdS 
w w w A A 
(NH), Sb; Ba(— Bi(—), Các 


Ca 


w 
Ca(—» 
w 
Сах— > 
w 
Саз(—)› 
уу 
Ca(—» 
У 
СаВтг, 
w 
CaCO, 
w 
Ca(—)2 
w 
CaCl, 
У 
Ca(—) 
w 
Ca - 
У 
Ca(CN), 
w 
Сау(—)› 
уу 
Сах-) 
w 
СаЕ, 
w 
Са(-); 
уу 
Са(ОН), 
w 
Cal, 
У 
Са(МО:)› 
А 
Са(—) 


Ск—) 


ССМ); 


Cr(OH); 
w 
Cri, 
w 
Cr(NO3) 
w 
Ск—) 
а 
Cr,03 
w 
Cr)(PO4); 


W(D* 
Cr,(SO4)s 
а 
Сі;53 
а 


Со 


уу 
Co(—» 
A 
Co3(—)2 
A 
СозНе(—)4 
w 
Co(—» 
уу 
CoBr; 
A 
Сосо, 
w 
Co(—» 
уу 
CoCh 
A 
Co(—) 
w 
Co —)» 
A 
Co(CN); 
I 
Соу(—)› 
1 
Сож—) 
У 
СоЁ, 
уу 
Co(—» 
A 
Со(ОН), 
w 
Col, 
У 
Со(МОз); 
А 
Со(—) 
А 
CoO 
A 
Co;(PO4); 
A 
Co,Si0, 
уу 
CoSO, 


A 
Cu(CN) 
I 
Са -» 
І 
Cu —) 
w 
Си 
У 
Си(—)› 
А 
Cu(OH), 


Au (D 


AuBr 


AuCl 


AuCN 


Au)0 


Aus 


Au (II) 


w 


AuBr; 


AuCl, 


Au(CN), 


Аџи; 


H Fe (ID Fe (III) 
w 
ОВО; Ее(—) Ес,(-2 
w A A 
HAsO, Ее -» Fe(—) 
w w A 
C,H,O; Ее(—) Ееж— у 
w w w 
HBr FeBr; FeBr; 
w 
FeCO; 

w w w 
НСІО; Ее(—)› Fe(—5 
w w У 
HCI FeCl, FeCl, 

A 
Fe,(—)3 
w w 
СоНзО7 Fe(—) 
WwW a 
HCN Fe(CN); 
w I 
H4 Fej —)» 
I a 
Н.С) Fe,(—) Fe,(—)3 
w w w 
HF FeF; FeF; 
w w w 
СН:О, Ғе(-» Fe(—5 
A A 
Fe(OH), Fe(OH), 
w w w 
HI Fel, Fel; 
w w w 
HNO; Fe(NO4, Ее(МО), 
w A w 
C;H50, Fe(—) Fe—3 
w A A 
H;O; FeO Fe,0; 
w A w 
Fe4(PO4); ЕеРО, 
І 
H5SiO, 

w w w 
HSO, Ее5О, Fe(SO4), 
w A d 

Н,5 FeS Fe;S; 
w A d 
CH Oy Fe(—) Fe,(—); 


911:8 


26 


Thiocy'te 


Acetate 
--(С:Н;0:) 
Arsenate 
—(AsO,) 
Arsenite 
—(AsO3) 
Benzoate 
—(C;H505) 
Bromide 


Carbonate 


Chlorate 
--(С104) 
Chloride 


Chromate 
—(Cr0;) 
Citrate 
—(€4H507) 
Cyanide 


Ferricy' de 
—Fe(CN); 
Ferrocy'de 
—Fe(CN); 
Fluoride 


Formate 
—(CHOj) 
Hydroxide 

Iodide 
Nitrate 
Oxalate 

--(С:0) 
Oxide 
Phosphate 
Silicate 


—(SiO4) 
Sulfate 


Al 


РБС—); 
w 
PbBr; 
A 
РЬСО, 
У 
РЫ -) 
У 
PbCl; 
A 
Pb(—) 
w 
РЬ,(- 
w 
РЫСЫ), 
w 
Pb —)» 
a 
Pb;(— 
w 
РЬЕ, 
У 
РЫ(-) 
w 
Pb(OH); 
w 
ры, 
У 
РЫМО:)> 
А 
Pb(—) 
w 
РЬО 
А 
РЬз(РО > 
А 
Pb(—) 
w 
PbSO, 


Mg(—» 
A 
Mg;(—) 
У 
Mg;(—)2 
w 
Mg(—» 
У 
МеВг; 
w 
MgCO; 
w 
Mg(—» 
w 
Месі, 
w 
Mg(—) 
уу 
Mg3(—)2 
w 
Mg(CN); 
У 
Mg;(—)2 
У 
Ме(-) 
w 
MgF, 
У 
Mg(—» 
A 
Mg(OH); 
w 
Mel, 
w 
Mg(NOs)> 
w 
Mg(—) 


Sb Ba 
w 
Ba(CNS); 

Mn Hg (D 
w w 
Mn; НЕС) 
w A 
MnH(—) Hgi 
A A 

Mn3H(—)4 Hg3(—) 
w A 
Mn(—), Hg)» 
w A 
MnBr; HgBr 
w A 
МаСО; Hg,CO; 
w w 
Mn(—), Hg(—) 
WwW a 
MnCl, HgCl 
w 
Hg) 
w w 
MnH(— Нез) 
А 
Несм 
А 
Mn,(—) 

A d 
MnF, HgF 
w w 
Mn; НЕС) 

А 
Ми(ОН)› 
w A 
Mnl, На 
w w 
Mn(NO3); HgNO; 
w a 
Mn(—) Нех—) 
А А 
MnO HgjO 
w A 
Mn;(PO4) Hg3PO, 
I 
Mn(—) 
У w 
MnSO, Не,50, 


са 


Не(СМ)» 
А 
Hg3(—)2 
I 
Не: -) 
а 
Нећу 
w 
Hg(—» 
A 
Hg(OH), 
w 
Нађ 
w 
Hg(NO3); 
A 
HgC— 
w 
HgO 
A 
Не (РО); 


HgSO, 


Ca 


w 
Ca(CNS) 


Ni 


w 
Ni(—» 
A 
Nis(—)2 
A 
NiH«(—4 
w 
Ni(—), 
уу 
NiBr 
w 
NiCO, 
w 
Ni(—), 
уу 
му, 
А 
Ni(—) 
У 
Ni(—» 
a 
МСМ)» 
І 
ХВО) 
1 
Ni —) 
w 
NiF, 
уу 
Ni(—» 
w 
Ni(OH), 
У 
Nil, 
уу 
МКМОз)› 
А 
Ni(—) 
A 
NiO 
A 
Ni4(PO4); 


NiSO, 


SOLUBILITY CHART (continued) 


Co 
w 
Co(CNS); 
Pt Ag 
w 
Ag(—) 
A 
Ag3(—) 
A 
Ag3(—) 
w 
Ag(—) 
w a 
PtBry AgBr 
A 
Ав:СО, 
w 
Ag(—) 
w a 
РІСІ, AgCI 
w 
Ago(—) 
w 
Ag; (—) 
I a 
Pt(CN); AgCN 
I 
Ag3(—) 
I 
Aga(—) 
w w 
РЕ, AgF 
w 
Ag(—) 
A 
РОН) 
І І 
РЦ; Аг 
w w 
Pt(NO3)4 AgNO, 
a 
Ago(—) 
A w 
РО Аво 
А 
АваРО, 
У w 
Pt(SO,); Ag,SO, 


Cu 


CuCNS 


Au (D Au (ID) Fe (ID 
w w 
CNSH Fe(CNS); 
Sn (IV) Sn (ID Sr Zn 
w d w w 
58-44 Sn(—)» Sr(—)2 Zn(—» 
w A 
SiH—) | Zn(—» 
A w 
Sn3(—)2 513(—)2 
w 
Zn(—), 
w w w w 
SnBr, SnBr; SrBr; ?лВт; 
м м 
SrCO, ZnCO; 
w w w 
Sn(—)) 5г(-); 711-) 
w w w w 
SnCl, SnCl, SrCl, ZnCl, 
w A w w 
Sn(—)» Sn(—) Sr(—) Zn(—) 
A w 
SH) 24-» 
w A 
Sr(CN); Zn(CN); 
A w A 
Sn3(—)2 513(—)2 Zn3(—)2 
a w I 
5п%—) Sr(—) Zny—) 
w w w w 
SnF, SnF, SrF, ?лЕ, 
w w 
Sr(—)2 Zn(—)» 
w A w A 
Sn(OH), Sn(OH), Sr(OH); Zn(OH); 
d w w w 
Snl, Snl, 511, Znl, 
d w w 
Sn(NOs); 5:(МОу), . Zn(NO3, 
A w A 
Sn(—) Sr(—) Zn(—) 
A A w w 
SnO, SnO SrO ZnO 
A A A 
Sns(PO.) Sr(PO),; | Zn3(PO4)2 
A A 
Sr— Zn(—) 
w w w w 
5п(80,); 5850, SrSO, ZnSO, 


Fe (Ш) 


Fe(CNS); 


111:8 


25 


26 


Sulfide 


Tartrate 
—(C4H409) 
Thiocy'te 


Pb 


Pb(—) 
м 
РЬ(СМ8), 


Mg(—) 
w 
Mg(CNS); 


SOLUBILITY CHART (continued) 


Hg (ID Ni 
I A 
HgS Nis 
I A 
Ni(—) 
w 
Hg(CNS); 


Pt Ag 
I A 
Pts AgS 
I A 
Авх(-) 
1 
AgCNS 


Sn (ID Sr Zn 
A w A 
SnS SrS ZnS 
A w A 
5п(—) Sr(—) Zn(—) 

w w 
Sr(CNS); Zn(CNS); 


REDUCTION OF WEIGHINGS IN AIR TO VACUO 


When the mass M of a body is determined in air, a correction is necessary for the buoyancy of the air. The corrected mass is given by M + kM/1000, 
where k is a function of the material used for the weights, given by 


k= 1000р,С1/рьсау u 1/Pweight ) 


and p is density. The table below is computed for an air density of 0.0012 g/cm? and for densities of three common weights: platinum-iridium (21.6 
g/cm?), brass (8.5 g/cm), and aluminum or quartz (2.65 g/cm°). 


REFERENCES 


1. Kaye, G. W. C., and Laby, T. H., Tables of Physical and Chemical Constants, 16th Edition, pp. 25-28, Longman, London, 1995. 
2. Giacomo, P., Metrologia 18, 33, 1982. 
3. Davis, R. S., Metrologia 29, 67, 1992. 


Density of Value of k for weights of: Density of Value of k for weights of: 

body (g/cm?)  Pt-Ir Brass Quartz or Al body (g/cm?) — Pt-Ir Brass Quartz or Al 
0.5 2.34 2.26 1.95 1.8 0.61 0.53 0.21 
0.6 1.94 1.86 1.55 1.9 0.58 0.49 0.18 
0.7 1.66 1.57 1.26 2.0 0.54 0.46 0.15 
0.8 1.44 1.36 1.05 2.5 0.42 0.34 0.03 
0.9 1.28 1.19 0.88 3.0 0.34 0.26 -0.05 
1.0 1.14 1.06 0.75 4.0 0.24 0.16 -0.15 
1.1 1.04 0.95 0.64 6.0 0.14 0.06 -0.25 
1.2 0.94 0.86 0.55 8.0 0.09 0.01 -0.30 
1.3 0.87 0.78 0.47 10.0 0.06 -0.02 -0.33 
1.4 0.80 0.72 0.40 15.0 0.02 -0.06 -0.37 
1.5 0.74 0.66 0.35 20.0 0.00 -0.08 -0.39 
1.6 0.69 0.61 0.30 22.0 0.00 -0.09 -0.40 
1.7 0.65 0.56 0.25 


For a more accurate calculation, use the following values of the density of air (assuming 50% relative humidity and 0.04% CO): 


Air temperature 
P/kPa 10°C 20°C 30°C 
85 0.001043 0.001005 0.000968 
90 0.001105 0.001065 0.001025 
95 0.001166 0.001124 0.001083 
100 0.001228 0.001184 0.001140 
105 0.001290 0.001243 0.001198 


Formulas for calculating the density of air over more extended ranges of temperature, pressure, and humidity may be found in the references. 


VOLUME OF ONE GRAM OF WATER 


The following table, which is designed for gravimetric calibration of volumetric apparatus, gives the specific volume of water at standard atmospheric 


pressure as a function of temperature. 


REFERENCE 


Marsh, K. N., Editor, Recommended Reference Materials for the Realization of Physicochemical Properties, pp. 25-27, Blackwell Scientific 
Publications, Oxford, 1987. 


Volume of 1 g Volume of 1g Volume of 1 g 
°С H,O in ст? t/°C H,O in ст? t/°C Н,О in cm? 
10 1.0002980 17 1.0012246 24 1.0027079 
11 1.0003928 18 1.0014044 25 1.0029607 
12 1.0005007 19 1.0015952 26 1.0032234 
13 1.0006212 20 1.0017969 27 1.0034956 
14 1.0007542. 21 1.0020092 28 1.0037771 
15 1.0008992 22 1.0022320 29 1.0040679 
16 1.0010561 23 1.0024649 30 1.0043679 


PROPERTIES OF CARRIER GASES FOR GAS CHROMATOGRAPHY 


The following is a list of carrier gases sometimes used in gas chromatography, with properties relevant to the design of chromatographic systems. 
АП data refer to normal atmospheric pressure (101.325 kPa). 


M, : Molecular weight (relative molar mass) 
pos : Density at 25°C in g/L 
À : Thermal conductivity in mW/m °C 


T : Viscosity in uPa s (equal to 10% cp) 
с, : Specific heat at 25°C in J/g °C 


REFERENCES 


1. Lide, D. R., and Kehiaian, H. V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 
2. Bruno, T. J., and Svoronos, P. D. N., CRC Handbook of Basic Tables for Chemical Analysis, CRC Press, Boca Raton, FL, 1989 


At 25°C At 250°C 
P 25 À n À n c, (25 °C) 

Gas M, gL! mW/m °С uPa s mW/m °C uPa s J/g °C 
Hydrogen 2.016 0.0824 185.9 8.9 280 13.1 14.3 
Helium 4.003 0.1636 154.6 19.9 230 29.5 5.20 
Argon 39.95 1.6329 17.8 22.7 27.7 35.3 0.521 
Nitrogen 28.01 1.1449 25.9 17.9 39.6 26.8 1.039 
Oxygen 32.00 1.3080 26.2 20.7 42.6 31.8 0.919 
Carbon monoxide 28.01 1.1449 24.8 17.8 40.7 26.5 1.039 
Carbon dioxide 44.01 1.7989 16.7 14.9 35.5 24.9 0.843 
Sulfur hexafluoride 146.05 5.9696 13.1 28.1 15.3 24.8 0.664 
Methane 16.04 0.6556 34.5 11.1 75.0 17.6 2.23 
Ethane 30.07 1.2291 20.9 9.4 57.7 15.5 1.75 
Ethylene 28.05 1.1465 20.5 10.3 53.8 17.2 1.53 
Propane 44.10 1.8025 17.9 8.3 49.2 14.0 1.67 
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SOLVENTS FOR ULTRAVIOLET 5РЕСТКОРНОТОМЕТКҮ 


This table lists some solvents commonly used for sample preparation for ultraviolet spectrophotometry. The properties given are: 


Эс cutoff wavelength, below which the solvent absorption becomes excessive. 
g: dielectric constant (relative permittivity); the temperature in °С is given as a superscript. 
ty: normal boiling point. 


REFERENCES 


1. Bruno, T. J., and Svoronos, P. D. N., CRC Handbook of Basic Tables for Chemical Analysis, CRC Press, Boca Raton, FL, 1989. 
2. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, IV/6, Static Dielectric Constants 
of Pure Liquids and Binary Liquid Mixtures, Springer-Verlag, Heidelberg, 1991. 


Name Anm € t °C 
Acetic acid 260 6.2020 117.9 
Acetone 330 21.0120 56.0 
Acetonitrile 190 36.6420 81.6 
Benzene 280 2.2820 80.0 
2-Butanol 260 17.2620 99.5 
Butyl acetate 254 5.0720 126.1 
Carbon disulfide 380 2.6320 46 
Carbon tetrachloride 265 2.2420 76.8 
]-Chlorobutane 220 7.2820 78.6 
Chloroform 245 4.8120 61.1 
Cyclohexane 210 2.0220 80.7 
1,2-Dichloroethane 226 10.4220 83.5 
Dichloromethane 235 8.9325 40 
Diethyl ether 218 4.2720 34.5 
N,N-Dimethylacetamide 268 38.85?! 165 
N,N-Dimethylformamide 270 38.2520 153 
Dimethyl sulfoxide 265 47.2420 189 
1,4-Dioxane 215 2.2220 101.5 
Ethanol 210 25.320 78.2 
Ethyl acetate 255 6.0820 7741 
Ethylene glycol dimethyl ether 240 7.3024 85 
Ethylene glycol monoethyl ether 210 13.3825 135 
Ethylene glycol monomethyl ether 210 17.225 124.1 
Glycerol 207 46.5320 290 
Heptane 197 1.9220 98.5 
Hexadecane 200 2.0520 286.8 
Нехапе 210 1.8920 68.7 
Methanol 210 33.020 64.6 
Methylcyclohexane 210 2.0220 100.9 
Methyl ethyl ketone 330 18.5620 79.5 
Methyl isobutyl ketone 335 13.1120 116.5 
2-Methyl-1-propanol 230 17.93?0 107.8 
N-Methyl-2-pyrrolidone 285 32.5520 202 
Nitromethane 380 37.2720 101.1 
Pentane 210 1.8420 36.0 
Pentyl acetate 212 4.7920 149.2 
]-Propanol 210 20.820 97.2 
2-Propanol 210 20.1820 82.3 
Рупаше 330 13.2620 115.2 
Tetrachloroethylene 290 2.2730 121.3 
Tetrahydrofuran 220 7.522 65 
Toluene 286 2.3823 110.6 
1,1,2-Trichloro-1,2,2-trifluoroethane 231 2.4125 477 
2,2,4-Trimethylpentane 215 1.9420 99.2 
Water 191 80.1020 100.0 
o-Xylene 290 2.5620 144.5 
т-Хуепе 290 2.3620 139.1 
р-Хуепе 290 2.2720 138.3 
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ІЗС CHEMICAL SHIFTS ОЕ USEFUL NMR SOLVENTS 


The following table gives the expected carbon-13 chemical shifts, relative to tetramethylsilane, for various useful NMR solvents. In some solvents, 


slight changes can occur with change of concentration.2? 


REFERENCES 


Bruno, T. J. and Svoronos, P. D. N., CRC Handbook of Basic Tables for Chemical Analysis, CRC Press, Boca Raton, FL, 1989. 
Silverstein, R. M., Bassler, G. C., and Morrill, T. C., Spectrometric Identification of Organic Compounds, John Wiley & Sons, Now York, 1981. 
Rahman, A. U., Nuclear Magnetic Resonance. Basic Principles, Springer-Verlag, New York, 1986. 

Pretsch, E., Clerc, T., Seibl, J., and Simon, W., Spectral Data for Structure Determination of Organic Compounds, Second Edition, Springer- 
Verlag, Heidelberg, 1989. 


Ne 


ын 


Solvent Formula Chemical shift (ppm) 

Acetic acid-d4 CD4COOD 20.0 (CD3) 205.8 (C=O) 
Acetone (CH3),C=O 30.7 (CH3) 206.7 (C=O) 
Acetone-d¢ (CD3),C=O 29.2 (CD3) 204.1 (C=O) 
Acetonitrile-d; CD;C=N 1.3 (Ср) 117.1 (Сем) 
Benzene C6H6 128.5 

Benzene-dg СО, 128.4 

Carbon disulfide CS, 192.3 

Carbon tetrachloride СС 96.0 

Chloroform СНСІ; 77.2 

Chloroform-d; CDC1; 77.05 

Сусіоһехапе-4 |; Серу 27.5 

Dichloromethane-d; СЮ-СІ, 53.6 

Dimethylformamide-d; (CD3),NCDO 31 (CD3) 36 (CD3) 162.4 (C=O) 
Dimethylsulfoxide-d¢ (CD3),S=O 39.6 

Dioxane-dg C4D4,05 67.4 

Formic acid-d; DCOOD 165.5 

Methanol-d, CD4OD 49.3 

Nitromethane-d; CD3NO, 57.3 

Pyridine C;H5N 123.6 (C3) 135.7 (Сд) 149.8 (С;) 
Pyridine-d; C;D;N 123.9 (C3) 135.9 (C4) 150.2 (C5) 
1,1,2,2-Tetrachloroethane-d, CDC1,CDC1, 79:5 

Tetrahydrofuran-dg САО 25.8 (C5) 67.9 (C) 
Trichlorofluoromethane СЕСІ; 117.6 
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MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS 


The strongest peaks in the mass spectra of 200 important solvents are listed in this table. The e/m value for each peak is followed by the relative 
intensity in parentheses, with the strongest peak assigned an intensity of 100. The peaks for each compound are listed in order of decreasing intensity. 
Solvents are listed in alphabetical order by common name. 

Data on the physical properties of the same compounds may be found in Section 15 in the table "Properties of Common Laboratory Solvents". 


REFERENCES 
1. NIST/EPA/NIH Mass Spectral Database, National Institute of Standards and Technology, Gaithersburg, MD, 20899. 


2. Lide, D.R., and Milne, G.W.A., Editors, Handbook of Data on Organic Compounds, Third Edition, CRC Press, Boca Raton, FL, 1994. (Also 
available as a CD ROM database.) 


АЫ: 


Compound 


Acetal (1,1-Diethoxyethane) 

Acetic acid 

Acetone 

Acetonitrile 

Acetylacetone 

Acrylonitrile 

Adiponitrile 

Allyl alcohol 

Allylamine 

2-Aminoisobutanol 

Benzal chloride 

Benzaldehyde 

Benzene 

Benzonitrile 

Benzyl chloride 

Bromochloromethane 

Bromoform (Tribromomethane) 

Butyl acetate 

Butyl alcohol 

sec-Butyl alcohol 

tert-Butyl alcohol 

Butylamine 

tert-Butylamine 

Butyl methyl ketone 

p-tert-Butyltoluene 

y-Butyrolactone 

Caprolactam 

Carbon disulfide 

Carbon tetrachloride 

1-Chloro-1,1-difluoroethane 

Chlorobenzene 

Chloroform 

Chloropentafluoroethane 

Cumene (Isopropylbenzene) 

Cyclohexane 

Cyclohexanol 

Cyclohexanone 

Cyclohexylamine 

Cyclopentane 

Cyclopentanone 

p-Cymene (1-Methyl-4-isopropyl- 
benzene) 

cis-Decalin 

trans-Decalin 


MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS (continued) 


e/m (intensity) 


44(100) 
43(100) 
43(100) 
41(100) 
43(100) 
53(100) 
411100) 
57(100) 
30(100) 
58(100) 
125(100) 
51(100) 
78(100) 
103(100) 
91(100) 
49(100) 
173(100) 
43(100) 
31(100) 
45(100) 
59(100) 
30(100) 
58(100) 
43(100) 
133(100) 
28(100) 
55(100) 
76(100) 
117(100) 
65(100) 
112(100) 
83(100) 
85(100) 
105(100) 
56(100) 
57(100) 
55(100) 
56(100) 
42(100) 
55(100) 


119(100) 
67(100) 
41(100) 


43(92) 
45(87) 
15(34) 
40(46) 
85(31) 
26(85) 
68(50) 
31(34) 
56(80) 
41018) 
127(32) 
77(81) 
7700) 
76(34) 
12620) 
130(67) 
171(50) 
56(34) 
56(81) 
31(22) 
31(33) 
73(10) 
4101) 
58(60) 
105(38) 
42(74) 
113(87) 
32(22) 
119(98) 
45(31) 
77(63) 
85(64) 
69(61) 
12005) 
84(71) 
44(68) 
42(85) 
43(23) 
70(30) 
28(50) 


91(42) 
81(87) 
68(91) 


29(77) 
6057) 
58(23) 
39(13) 
10000) 
52(79) 
54(42) 
29(32) 
28(76) 
18(17) 
160(14) 
50(55) 
52(19) 
50(13) 
65(14) 
128(52) 
175(49) 
4117) 
41(62) 
2702) 
4102) 
28(5) 
42(15) 
57(17) 
4103) 
29(48) 
30(81) 
44(17) 
12181) 
85(14) 
114(33) 
47(35) 
31(38) 
77(13) 
41(70) 
41(68) 
41(34) 
28(17) 
55(29) 
84(42) 


134(33) 
41(81) 
67(88) 


31(76) 
15(42) 
27(9) 
14(9) 
27(12) 
51(34) 
4001) 
28(31) 
57(33) 
42413) 
89(13) 
106(44) 
51(17) 
104(9) 
92(9) 
5131) 
93(22) 
27(16) 
43(60) 
59(20) 
43(18) 
413) 
18(9) 
100(16) 
148(18) 
27(33) 
56(66) 
78(9) 
82024) 
31(10) 
51(29) 
3519) 
87(32) 
51112) 
27(37) 
3951) 
27(33) 
99(10) 
4109) 
4138) 


39(27) 
138(67) 
82(67) 


45(74) 
42(14) 
14(9) 
38(6) 
42(10) 
273) 
55(20) 
58(25) 
3921) 
28111) 
162(9) 
105(43) 
50415) 
75(7) 
39(9) 
93(23) 
91(22) 
29(15) 
27(50) 
29(18) 
29(13) 
27(3) 
30(8) 
29(15) 
93(16) 
4107) 
84(60) 
38(6) 
47(23) 
64(8) 
50(14) 
48(16) 
50(17) 
79(10) 
55(36) 
32(40) 
98(31) 
70(8) 
39(22) 
56(29) 


41(20) 
96(62) 
27(65) 


27(52) 
29(13) 
42(8) 
28(4) 
29(10) 
50(8) 
2707) 
3922) 
29(20) 
56(10) 
63(9) 
52(26) 
39(12) 
51(7) 
63(8) 
81(20) 
79(18) 
73(11) 
42(31) 
43(13) 
27(11) 
188) 
15(8) 
4143) 
91(14) 
56(25) 
85(57) 
28(5) 
84(16) 
44(7) 
75(8) 
49(12) 
35(8) 
106(9) 
39(35) 
43(38) 
39(27) 
57(6) 
27(15) 
27(24) 


117(18) 
82(62) 
96(61) 


72(48) 
14(13) 
2607) 
26(4) 
4107) 
25(7) 
39(16) 
27(20) 
27(18) 
30(10) 
126(8) 
78(16) 
79(6) 
77(5) 
128(6) 
79(20) 
81117) 
61(10) 
29(31) 
4112) 
57(10) 
440) 
39(7) 
85(8) 
115(13) 
86(24) 
42(51) 
77(3) 
35(14) 
35(6) 
1130) 
87(10) 
119(6) 
39(9) 
42(30) 
3182) 
69(26) 
30(6) 
40(7) 
39(19) 


65(18) 
39(50) 
95(55) 


73(23) 
28(7) 
29(5) 
25(3) 
39(7) 
38(5) 
28(13) 
30(16) 
2613) 
29(8) 
62(7) 
39(13) 
76(5) 
52(4) 
45(6) 
95(17) 
94(13) 
28(7) 
28(17) 
44(8) 
42(4) 
420) 
57(6) 
27(8) 
134(11) 
26018) 
41(33) 
64(1) 
49(8) 
26(6) 
78(5) 
37(6) 
66(4) 
27(8) 
69(23) 
4202) 
7000) 
93(5) 
29(5) 
42(15) 


77(17) 
55(45) 
138(51) 


28(17) 
18(6) 
28(5) 
420) 
31(5) 
54(3) 
52(7) 
32(14) 
41(8) 
43(6) 
105(5) 
27(10) 
74(4) 
39(4) 
89(5) 
132(16) 
9213) 
55(6) 
39(16) 
18(8) 
60(3) 
310) 
28(6) 
7107) 
39(11) 
85(10) 
28(26) 
46(1) 
28(8) 
87(5) 
76(5) 
50(5) 
100(3) 
103(6) 
28(18) 
67(18) 
43(14) 
54(4) 
28(4) 
26(9) 


27(16) 
27(44) 
81(51) 


46(15) 
16(6) 
39(4) 
272) 
26(5) 
37(3) 
426) 
26(11) 
18(8) 
59(5) 
39(5) 
74(8) 
38(4) 
74(3) 
125(3) 
47(8) 
254(11) 
39(6) 
55(12) 
28(5) 
28(3) 
29(2) 
59(4) 
59(5) 
116(10) 
39(10) 
43(17) 
39(1) 
36(6) 
81(4) 
28(4) 
84(4) 
47(3) 
91(5) 
43(14) 
82(16) 
28(14) 
41(4) 
438) 
29(7) 


12015) 
95(42) 
29(51) 
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MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS (continued) 


Compound e/m (intensity) 

Diacetone alcohol 43(100) 59(41) 58(17) 101(10) 41(9) 31(9) 83(6) 56(6) 55(6) 29(6) 
1,2-Dibromoethane 27(100) 107(77) 109(72) 26(24) 28(10) 81(5) 79(5) 25(5) 95(4) 93(4) 
Dibromofluoromethane 111(100) 113(98) 192(29) 43(16) 41(16) 190(15) 194(14) 81(9) 79(9) 122(7) 
Dibromomethane 174(100) 93(96) 95(84) 172(53) 176(50) 91(11) 81(9) 79(9) 94(5) 65(5) 
1,2-Dibromotetrafluoroethane 179(100) 181(97) 129(34) 131(33) 100(17) 31(13) 260(12) 50(8) 69(7) 262(6) 
Dibutylamine 86(100) 72(52) 30(48) 44(40) 29(31) 5724) 4101) 73(15) 28(15) 43(13) 
o-Dichlorobenzene 146(100) 148(64) 111(38) 75(23) 113(12) 74(12) 50(11) 150(10) 73(9) 147(7) 
1,1-Dichloroethane 

(Ethylidene dichloride) 63(100) 27(71) 65(31) 26(19) 83(11) 85(7) 61(7) 35(6) 98(5) 62(5) 
1,2-Dichloroethane 

(Ethylene dichloride) 62(100) 27(91) 49(40) 64(32) 26(31) 63(19) 98(14) 51(13) 61(12) 100(9) 
1,1-Dichloroethylene 61(100) 96(61) 98(38) 63(32) 26(16) 60(15) 62(7) 25(7) 100(6) 35(6) 
cis-1,2-Dichloroethylene 61(100) 96(73) 98(47) 63(32) 26(30) 60(21) 25(13) 35(12) 62(9) 100(8) 
trans-1,2-Dichloroethylene 61(100) 96(67) 98(43) 26(34) 63(32) 60(24) 25(15) 62(10) 100(7) 47(7) 
Dichloroethyl ether 93(100) 63(74) 27(38) 95(32) 65(24) 31(9) 49(4) 28(4) 94(3) 62(3) 
Dichloromethane 

(Methylene chloride) 49(100) 84(64) 86(39) 51(31) 47(14) 48(8) 88(6) 50(3) 85(2) 83(2) 
1,2-Dichloropropane 63(100) 62(71) 27 (57) 41(49) 39(32) 65(31) 76(27) 64(25) 49(13) 77(12) 
1,2-Dichlorotetrafluoroethane 85(100) 135(52) 87(33) 137(17) 101(9) 31(9) 103(6) 100(6) 50(5) 69(4) 
Diethanolamine 30(100) 74(82) 28(77) 56(69) 18(50) 42(46) 29(36) 27(34) 45(30) 43(19) 
Diethylamine 30(100) 58(81) 4428) 73(18) 29(18) 28(17) 72(12) 42(11) 27(11) 59(4) 
Diethyl carbonate 29(100) 45(70) 31(53) 27(39) 91(24) 28(15) 63(11) 26(10) 30(6) 43(5) 
Diethylene glycol 45(100) 75(23) 31(20) 44(16) 27(14) 76(12) 29(12) 43(11) 42(9) 41(4) 
Diethylene glycol dimethyl 

ether (Diglyme) 59(100) 58(43) 31(34) 29(32) 45(28) 28(19) 89(15) 43(9) 27(5) 60(4) 
Diethylene glycol monoethyl 

ether (Carbitol) 45(100) 59(56) 72(37) 73(22) 60(14) 31(13) 75(11) 44(9) 104(8) 103(7) 
Diethylene glycol monoethyl 

ether acetate 43(100) 29(51) 31(42) 45(40) 59(24) 72(18) 44(10) 73(9) 42(9) 30(6) 
Diethylene glycol monomethyl 

ether 45(100) 31(42) 59(41) 29(38) 28(32) 58(21) 43(14) 27(13) 44(11) 32(10) 
Diethylenetriamine 44(100) 73(59) 30(35) 19(18) 56(16) 28(16) 27(16) 42(11) 99(8) 43(8) 
Diethyl ether 31(100) 29(63) 59(40) 27(35) 45(33) 74(23) 15(17) 43(9) 28(9) 26(9) 
Diisobutyl ketone (Isovalerone) 57(100) 85(82) 41(46) 43(39) 58(33) 28(30) 26(30) 39(22) 42(12) 142(11) 
Diisopropyl ether 45(100) 43(39) 87(15) 41(12) 59(10) 27(8) 39(4) 69(3) 42(3) 31(3) 
N,N-Dimethylacetamide 44(100) 87(69) 43(46) 45(23) 42(19) 72(15) 15(11) 30(8) 28(5) 88(4) 
Dimethylamine 44(100) 45(81) 18(32) 28(30) 43(19) 42(15) 15(9) 46(5) 41(5) 27(5) 
Dimethyl disulfide 94(100) 45(63) 79(59) 46(38) 47(26) 15(18) 48(14) 61(12) 64(11) 96(9) 
N,N-Dimethylformamide 73(100) 44(86) 42(36) 30(22) 28(20) 29(8) 43(7) 72(6) 58(5) 74(4) 
Dimethyl sulfoxide 63(100) 78(70) 15(40) 45(35) 29(16) 61(13) 46(12) 31(11) 48(10) 47(10) 
1,4-Dioxane 28(100) 29(37) 88(31) 58(24) 31(17) 15(17) 27(15) 30(13) 43(11) 26(9) 
1,3-Dioxolane 73(100) 29(56) 44(53) 45(28) 28021) 43(20) 2783) 31(7) 74(5) 42(3) 
Dipentene 68(100) 93(50) 67(44) 94(22) 39(22) 107(18) 92(18) 53(18) 136(16) 79(16) 


Epichlorohydrin 57(100) 27(39) 29(32) 49(25) 31(22) 62(18) 28(16) 921) 


9С1-8 


Compound 


Ethanolamine (Glycinol) 

Ethyl acetate 

Ethyl acetoacetate 

Ethyl alcohol 

Ethylamine 

Ethylbenzene 

Ethyl bromide (Bromoethane) 

Ethyl chloride (Cloroethane) 

Ethylene carbonate 

Ethylenediamine (1,2-Ethane- 
diamine) 

Ethylene glycol 

Ethylene glycol diethyl ether 

Ethylene glycol dimethyl ether 

Ethylene glycol monobutyl ether 

Ethylene glycol monoethyl ether 
(Cellosolve) 

Ethylene glycol monoethyl 
ether acetate 

Ethylene glycol monomethyl ether 

Ethylene glycol monomethyl ether 
acetate 

Ethyl formate 

Furan 

Furfural 

Furfuryl alcohol 

Glycerol 

Heptane 

1-Heptanol 

Hexane 

1-Hexanol (Caproyl alcohol) 

Hexylene glycol 

Hexyl methyl ketone 

Isobutyl acetate 

Isobutyl alcohol 

Isobutylamine 

Isopentyl acetate 

Isophorone 

Isopropyl acetate 

Isopropyl alcohol 

Isoquinoline 

d-Limonene (Citrene) 

2,6-Lutidine (2,6-Dimethyl- 
pyridine) 


MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS (continued) 


elm (intensity) 


30(100) 
43(100) 
43(100) 
31(100) 
30(100) 
91(100) 
108(100) 
64(100) 
29(100) 


30(100) 
31(100) 
31(100) 
45(100) 
57(100) 


31(100) 


43(100) 
45(100) 


43(100) 
31(100) 
68(100) 
39(100) 
98(100) 
61(100) 
43(100) 
41(100) 
57(100) 
56(100) 
59(100) 
43(100) 
43(100) 
43(100) 
30(100) 
43(100) 
82(100) 
43(100) 
45(100) 
129(100) 
68(100) 


107(100) 


18(30) 
29(46) 
29(24) 
45(44) 
28(32) 
106(31) 
110(97) 
28(91) 
44(62) 


18(13) 
33(35) 
59(71) 
60(13) 
45(38) 


29(52) 


31(34) 
31(15) 


45(48) 
28(73) 
39(64) 
96(55) 
41(65) 
43(90) 
41(56) 
70(87) 
43(78) 
43(78) 
43(61) 
58(79) 
56(26) 
33(73) 
28(9) 
70(49) 
39(20) 
61(17) 
43(19) 
102(26) 
93(50) 


39(39) 


28(15) 
27(33) 
88(18) 
46(18) 
44(20) 
51(14) 
29(62) 
29(84) 
43(54) 


42(6) 

29(13) 
29(58) 
29(13) 
29(35) 


59(50) 


59(31) 
29(14) 


58(42) 
27(51) 
40(9) 
95(52) 
39(59) 
31(57) 
29(49) 
56(86) 
41(77) 
31(74) 
56(25) 
41(56) 
73(15) 
31(72) 
416) 
55(38) 
138(17) 
4114) 
27(17) 
51(20) 
67(49) 


106(29) 


42(7) 

45(32) 
28(16) 
2708) 
45019) 
39(10) 
27(51) 
27(75) 
88(40) 


43(5) 
32(11) 
45(43) 
90(7) 
41(31) 


27(27) 


72(28) 
28(11) 


29(10) 
29(38) 
38(9) 
38(38) 
81(55) 
44(54) 
57(47) 
31(78) 
29(61) 
41(71) 
45(17) 
59(52) 
4100) 
4166) 
73(5) 
61(15) 
54(13) 
87(9) 
29(12) 
128(18) 
4102) 


66(22) 


31(6) 

61(28) 
85(14) 
29(15) 
27(13) 
77(8) 

28(35) 
66(32) 
30(16) 


27(5) 
43(6) 
27(33) 
58(6) 
87(16) 


45(26) 


44(25) 
47(9) 


42(4) 
45(34) 
42(6) 

29(35) 
53(53) 
29(38) 
27(46) 
43(72) 
27(57) 
27(64) 
4106) 
71(49) 
29(5) 

42(60) 
27(5) 

42(15) 
27(12) 
59(8) 

41(7) 

50(11) 
94(21) 


92(18) 


17(6) 

28(25) 
272) 
43(14) 
15(10) 
65(8) 

26(14) 
26(28) 
2801) 


44(4) 
27(5) 
7407) 
3165) 
27(12) 


72(14) 


29(24) 
76(6) 


31(4) 
26(17) 
29(6) 
37(29) 
97(51) 
18(32) 
71(45) 
29(70) 
56(45) 
29(59) 
57(13) 
27(46) 
71(3) 
27(43) 
39(4) 
4114) 
41010) 
27(8) 
31(6) 
130(10) 
79(21) 


65(18) 


61(5) 
42(18) 
42(11) 
306) 
42(9) 
105(7) 
93(6) 
49(25) 
45(7) 


29(4) 
28(4) 
43(15) 
28(5) 
56(11) 


43(14) 


45(12) 
43(6) 


73(3) 
74(11) 
37(5) 
40(11) 
42(49) 
27(12) 
56(27) 
55(67) 
42(39) 
55(58) 
42(13) 
29(36) 
57(3) 
29(18) 
29(3) 
27(12) 
53(8) 
42(7) 
19(6) 
75(10) 
39(21) 


38(12) 


15(5) 
73(11) 
60(9) 
42(3) 
29(8) 
92(7) 
32(6) 
518) 
58(6) 


17(4) 
62(3) 
15(14) 
43(4) 
31(9) 


15(14) 


27(11) 
58(4) 


27(3) 
43(9) 
69(4) 
97(9) 
69(39) 
4201) 
4206) 
27(65) 
39(27) 
42(53) 
85(11) 
39(27) 
39(3) 
39(17) 
15(3) 
87(11) 
83(7) 
39(4) 
42(5) 
76(9) 
136(20) 


27(11) 


43(3) 
88(10) 
130(6) 
19(3) 
41(5) 
78(7) 
95(5) 
63(6) 
42(6) 


15(4) 
30(3) 
28(12) 
59(3) 
75(7) 


28(8) 


15(11) 
46(4) 


59(2) 
47(8) 
3402) 
50(7) 
70(36) 
60(10) 
39(23) 
42(54) 
28(16) 
39(37) 
61(10) 
57(18) 
27(3) 
28(8) 
58(2) 
29(10) 
29(7) 
450) 
44(4) 
103(8) 
53(19) 


79(9) 


29(3) 
70(10) 
45(6) 
14(3) 
40(5) 
27(6) 
81(5) 
65(4) 
73(4) 


410) 
44(2) 
44(10) 
46(2) 
28(7) 


26(6) 


87(7) 
27(4) 


2602) 
56(4) 
670) 
42(7) 
29(28) 
45(10) 
70(18) 
69(41) 
86(14) 
69(27) 
3100) 
55(17) 
86(2) 
746) 
56(2) 
73(9) 
55(6) 
440) 
59(3) 
74(7) 
12116) 


6309) 
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MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS (continued) 


Compound elm (intensity) 

Mesitylene (1,3,5-Trimethyl- 

benzene) 105(100) 120(64) 119(15) 77(13) 39(11) 106(9) 91(9) 51(8) 27(7) 121(6) 
Mesityl oxide 55(100) 83(89) 43(73) 29(42) 98(36) 39(32) 27(28) 53(11) 41010) 56(5) 
Methyl acetate 43(100) 74(52) 28(38) 42(19) 59(17) 44(8) 32(8) 29(6) 31(4) 75(2) 
Methylal (Dimethoxymethane) 45(100) 75(61) 29(59) 31(13) 30(6) 15(6) 47(5) 76(2) 46(2) 440) 
Methyl alcohol 31(100) 29(72) 32(67) 15(42) 28(12) 14(10) 30(9) 13(6) 12(3) 16(2) 
Methylamine 30(100) 31(87) 28(56) 29(19) 32(15) 15(12) 27 (9) 
Methyl benzoate 105(100) 77(81) 51(45) 136(24) 50(18) 106(8) 78(6) 28(6) 39(5) 27(5) 
Methylcyclohexane 83(100) 55(82) 41(60) 98(44) 42(35) 56(30) 27(29) 39(27) 69(23) 70(22) 
Methyl ethyl ketone 43(100) 72(24) 29(19) 27(12) 57(7) 42(5) 26(4) 28(3) 440) 39(2) 
N-Methylformamide 59(100) 30(54) 28(34) 29(13) 58(8) 15(7) 60(3) 41(3) 27(3) 31(2) 
Methyl formate 31(100) 29(63) 32(34) 60(28) 30(7) 28(7) 44(2) 18(2) 61(1) 59(1) 
Methyl iodide (Iodomethane) 142(100) 127(38) 141(14) 15(13) 139(5) 140(4) 128(3) 14(1) 13(1) 71(0) 
Methyl isobutyl ketone 43(100) 58(84) 29(65) 41(56) 57(44) 27(42) 39(31) 85(19) 100(14) 42(14) 
Methyl isopentyl ketone 43(100) 58(34) 27(14) 41(13) 15(13) 57(11) 39(9) 71(8) 59(8) 29(8) 
2-Methylpentane 43(100) 42(53) 41(35) 27(31) 7109) 39(20) 29(18) 57(11) 15(10) 70(7) 
4-Methyl-2-pentanol 45(100) 43(47) 6930) 41(27) 27(19) 39(13) 29(12) 87(11) 84(10) 57(10) 
Methyl pentyl ketone 43(100) 58(60) 71(14) 41(11) 27(11) 59(9) 39(8) 29(8) 42(5) 1144) 
Methyl ргору! ketone 43(100) 41(17) 86(12) 42(12) 27(11) 39(8) 71(7) 58(7) 45(7) 4403) 
N-Methyl-2-pyrrolidone 99(100) 44(89) 98(80) 42(60) 41(38) 43(17) 28(17) 71(13) 39(11) 70(10) 
Morpholine 57(100) 29(100) 87(69) 28(69) 30(38) 56(33) 86(28) 31(28) 27(12) 15(7) 
Nitrobenzene 77(100) 51(59) 123(42) 50(25) 30(15) 65(14) 39(10) 93(9) 74(7) 78(6) 
Nitroethane 29(100) 30(12) 28(11) 26(9) 27(8) 43(5) 41(5) 14(5) 15(3) 46(2) 
Nitromethane 30(100) 61(64) 46(39) 28(30) 45(8) 27 (8) 44(7) 29(7) 60(5) 43(4) 
1-Мигоргорапе 43(100) 27(93) 41(90) 39(34) 30(25) 44(20) 42(20) 26(20) 28(13) 54(12) 
2-Nitropropane 43(100) 41(73) 27(71) 39(30) 30(18) 15(11) 4209) 28(8) 26(8) 38(6) 
Octane 43(100) 57(30) 85(25) 41(25) 71(19) 29(17) 56(14) 70(10) 42(10) 27(10) 
1-Octanol 41(100) 56(85) 43(82) 55(81) 31(69) 27(69) 29(68) 42(62) 70(53) 69(48) 
Pentachloroethane 167(100) 165(91) 117(90) 119(89) 83(58) 169(54) 130(43) 132(42) 60(40) 85(37) 
Pentamethylene glycol 

(1,5-Pentanediol) 31(100) 56(85) 41(67) 57(59) 55(51) 44(45) 29(37) 43(31) 68(29) 27(26) 
Pentane 43(100) 42(55) 41(45) 27(42) 29(26) 39(19) 57(13) 28(9) 15(9) 72(8) 
]-Pentanol (Amyl alcohol) 42(100) 70(72) 55(65) 41(56) 31(47) 29(41) 27(26) 57(22) 28(22) 4300 
Pentyl acetate (Amyl acetate) 43(100) 70(90) 42(52) 28(51) 61(50) 55(41) 73(21) 41(20) 29(14) 69(11) 
2-Picoline (2-Methylpyridine) 93(100) 66(41) 39(31) 92(20) 78(19) 51(19) 65(16) 38(13) 50(12) 52(11) 
о-Ріпепе 93(100) 92(30) 39(24) 41023) 77(22) 9101) 27(21) 79(18) 121(13) 53(10) 
В-Ріпепе 93(100) 41(64) 69(47) 39(33) 27(31) 79(20) 77(18) 53(14) 94(13) 91(13) 
Piperidine (Hexahydropyridine) 84(100) 85(53) 56(46) 57(43) 28(41) 29(37) 44(34) 42(30) 30(30) 43(25) 
Propanenitrile 28(100) 54(63) 26(20) 27(17) 52(11) 55(10) 51(9) 15(9) 53(7) 25(7) 
Propyl acetate 43(100) 61(19) 31(18) 27(15) 42(11) 73(9) 41(9) 29(9) 59(5) 39(5) 
Propyl alcohol 31(100) 27(19) 29(18) 59(11) 42(9) 60(7) 41(7) 28(7) 43(3) 32(3) 
Propylamine 30(100) 28(13) 59(8) 27(7) 41(5) 42(3) 39(3) 29(3) 26(3) 18(3) 
Propylbenzene 91(100) 12021) 92(10) 38(10) 65(9) 78(6) 51(6) 27(5) 63(4) 105(3) 


1,2-Propylene glycol 45(100) 18(46) 29(21) 43(19) 31(18) 277) 28(11) 19(8) 44(6) 61(5) 
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MASS SPECTRAL PEAKS ОҒ COMMON ORGANIC SOLVENTS (continued) 


Compound e/m (intensity) 


Pseudocumene (1,2,4-Trimethyl- 


benzene) 105(100) 120(56) 119(17) TI(15) 39(15) 51(11) 91(10) 27(10) 106(9) 79(7) 
Pyridine 79(100) 52(62) 51031) 50(19) 78(11) 5307) 39(7) 80(6) 27(3) 77(2) 
Pyrrole 67(100) 41(58) 39(58) 40(51) 28(42) 38(20) 37(12) 66(7) 68(5) 27(3) 
Pyrrolidine 43(100) 28(52) 70(33) 71(26) 42(22) 41(20) 27(16) 39(15) 29(10) 30(9) 
2-Pyrrolidone 85(100) 42(43) 41(36) 28(33) 30(29) 56(16) 84(14) 40(12) 27(12) 29(9) 
Quinoline 129(100) 51028) 76(25) 128(24) 44(24) 50(20) 32(19) 75(18) 74(12) 103(11) 
Styrene 104(100) 103(41) 78(32) 51(28) 77(23) 105(12) 50(12) 52(11) 39(11) 102(10) 
Sulfolane 41(100) 28(94) 56(82) 55(72) 120(37) 27(32) 39(19) 29(17) 26(11) 48(5) 
a-Terpinene 121(100) 93(85) 136(43) 91(40) 7134) 39(33) 27(33) 79(27) 41(26) 43(18) 
1,1,1,2-Tetrachloro-2,2- 

difluoroethane 167(100) 169(96) 117(85) 119(82) 17181) 85(29) 121(26) 82(14) 47(14) 101(13) 
Tetrachloro-1,2-difluoroethane 101(100) 103(64) 167(54) 169(52) 117(19) 119(18) 171(17) 105(11) 31(11) 132(9) 
1,1,1,2- Tetrachloroethane 131(100) 133(96) 117(76) 119(73) 95(34) 135(31) 12123) 97(23) 61(19) 60(18) 
1,1,2,2- Tetrachloroethane 83(100) 85(63) 95(11) 87(10) 168(8) 133(8) 131(8) 96(8) 61(8) 60(8) 
Tetrachloroethylene 166(100) 164(82) 131(71) 129(71) 168(45) 94(38) 47(31) 96(24) 133(20) 59(17) 
Tetraethylene glycol 45(100) 89(10) 44(8) 43(6) 31(6) 29(6) 27(6) 10165) 75(5) 28(5) 
Tetrahydrofuran 42(100) 41(52) 27(33) 72(29) 71(27) 39(24) 43(22) 29(22) 40(13) 15(10) 
1,2,3,4- Tetrahydronaphthalene 104(100) 132(53) 91(43) 51(17) 39(17) 131(15) 117(15) 115(14) 78(13) 77(13) 
Tetrahydropyran 41(100) 28(64) 56(57) 45(57) 29(51) 27(49) 85(47) 86(42) 39(28) 55(23) 
Tetramethylsilane 73(100) 43(14) 45(12) 74(8) 29(7) 15(5) 75(4) 44(4) 42(4) 314) 
Тошепе 91(100) 92(73) 39(20) 65(14) 63(11) 51(11) 50(7) 27(6) 93(5) 90(5) 
o-Toluidine 106(100) 107(83) 77(17) 79(13) 39(12) 53(10) 52(10) 54(9) 51(9) 28(9) 
Triacetin 43(100) 103(44) 145(34) 116(17) 115(13) 44(10) 86(9) 28(8) 7307) 4207) 
Tributylamine 142(100) 100(19) 143(11) 29(8) 185(7) 57(6) 44(6) 41(6) 30(5) 86(4) 
1,1,1-Trichloroethane 97(100) 99(64) 61(58) 26(31) 27(24) 11709) 6309) 11918) 3507) 62011) 
1,1,2- Trichloroethane 97(100) 83(95) 99(62) 85(60) 61(58) 26(23) 9621) 63(19) 2707) 98(15) 
Trichloroethylene 95(100) 130(90) 132(85) 60(65) 97(64) 35(40) 13427) 47(26) 62(21) 59(13) 
Trichlorofluoromethane 101(100) 103(66) 66(13) 105(11) 35(11) 47(9) 31(8) 82(4) 68(4) 37(4) 
1,1,2- Trichlorotrifluoroethane 101(100) 151(68) 103(64) 85(45) 31(45) 153(44) 35(20) 66(19) 47(18) 87(14) 
Triethanolamine 118(100) 56(69) 45(60) 42(56) 44(27) 43(25) 41(14) 116(8) 57(8) 86(7) 
Triethylamine 86(100) 30(68) 58(37) 28(24) 29(23) 27(19) 44(18) 101(17) 42(16) 56(8) 
Triethylene glycol 45(100) 58(11) 89(9) 31(8) 29(8) 75(7) 44(7) 43(7) 27(7) 28(5) 
Triethyl phosphate 99(100) 81(71) 155(56) 82(45) 45(45) 109(44) 127(41) 43(24) 125(16) 111(14) 
Trimethylamine 58(100) 59(47) 30(29) 42(26) 44(17) 15(14) 28(10) 18(10) 43(8) 57(7) 
Trimethylene glycol 

(1,3-Propanediol) 28(100) 58(93) 31(76) 57(70) 29(40) 27(26) 45(24) 43(23) 19(18) 30(17) 
Trimethyl phosphate 110(100) 109(35) 79(34) 95(25) 80(23) 15(20) 140(18) 47(10) 31(7) 139(5) 
Veratrole 138(100) 95(65) 77(48) 123(44) 52(42) 41(33) 65(30) 51(29) 39(19) 63(17) 
o-Xylene 91(100) 106(40) 39(21) 105(17) 51(17) 77(15) 27(12) 65(10) 92(8) 79(8) 
m-Xylene 91(100) 106(65) 105(29) 39(18) 51(15) 77(14) 27(10) 92(8) 79(8) 78(8) 


р-Ху!епе 91(100) 106(62) 105(30) 51(16) 39(16) 77(13) 27(11) 92(7) 78(7) 65(7) 


SOLUBILITY OF COMMON SALTS АТ AMBIENT TEMPERATURES 


This table gives the aqueous solubility of selected salts at temperatures from 10?C to 40?C. Values are given in 
molality terms. 
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Salt 109C 15°C 20°С 25°C  30C  35C 40°С Ref 
BaCl; 1.000 1659 1716 1.774 1834 1895 1958 1 
Ca(NO3)> 6896 7.398 7986 8.675 9.480 10421 1 
CuSO, 1055 1153 1260 1376 1.502 1.639 3 
FeSO, 1352 1533 1729 1940 2165 2405 3 
KBr 5.002 5237 5471 5.703 5932 6457 3 
KIO; 0.291 0.333 0.378 0426 0478 0.534 0593 4 
K,CO; 7756 7.846 7.948 8.063 8.191 8331 8483 1 
LiCl 19.296 19.456 19.670 19.935 2 
Ме(МО)» 4403 4.523 4.56 4.800 4958 5130 5314 1 
MnCl; 5421 5.644 5.884 6143 6422 6.721 3 
NH,Cl 6199 6.566 6.943 7.331 2 
NH,NO; 18.809 21163 23.721 26.496 2 
(NH4.SO, 5.494 5.589 5.688 5.790 5.896 6.005 3 
NaBr 8258 8546 8856 9.191 9.550 9.937 10351 4 
NaCl 6110 6121 6136 6.153 6174 6197 6222 4 
NaNO; 11111 11484 11883 12310 12.766 13253 13772 4 
NaNO; 9.355 9.819 10.261 10.723 11204 11.706 12230 4 
RbCI 6911 7.180 7449 7.17 7986 8253 8520 4 
ZnSO, 2911 3.116 3.336 3573 3.827 4099 4194 1 


О 2000 СЕС Press LLC 


Violet 


Potassium compounds. Purple red through blue glass. Easily obscured by sodium flame. Bluish-green through green glass. Rubidium and cesium 


FLAME AND BEAD TESTS 


Flame Colorations 


compounds impart same flame as potassium compounds. 


Blues 


Azure — Copper chloride. Copper bromide gives azure blue followed by green. Other copper compounds give same coloration when moistened 


with hydrochloric acid. 
Light blue — Lead, arsenic, selenium. 


Greens 


Emerald — Copper compounds except the halides, and when not moistened with hydrochloric acid. 
Pure green — Compounds of thallium and tellurium. 


Yellowish — Barium compounds. Some molybdenum compounds. Borates, especially when treated with sulfuric acid or when burned with alcohol. 


Bluish — Phosphates with sulfuric acid. 


Feeble — Antimony compounds. Ammonium compounds. 


Whitish — Zinc. 


Reds 


Carmine — Lithium compounds. Violet through blue glass. Invisible through green glass. Masked by barium flame. 
Scarlet — Strontium compounds. Violet through blue glass. Yellowish through green glass. Masked by barium flame. 
Yellowish — Calcium compounds. Greenish through blue glass. Green through green glass. Masked by 


barium flame. 


Yellow 


Yellow — АП sodium compounds. Invisible with blue glass. 


Bead Tests 


Abbreviations employed: s = saturated; ss = supersaturated; ns = not saturated; ћ = hot; c = cold 


Substance 


Aluminum 
Antimony 
Barium 
Bismuth 
Cadmium 
Calcium 
Cerium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silicon 
Silver 
Strontium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 


Borax Beads 


Oxidizing flame 


Colorless (h, c, ns); opaque (ss) 
Colorless; yellow or brownish (h, ss) 
Colorless (ns) 

Colorless; yellow or brownish (h, ss) 
Colorless 

Colorless (ns) 

Red (h) 

Green (c) 

Blue (h, c) 

Green (h); blue (c) 

Yellow or brownish red (h, ns) 
Colorless; yellow or brownish (h, ss) 
Colorless (ns) 

Violet (h, c) 

Colorless 

Brown; red (c) 

Colorless (h, c); opaque (ss) 
Colorless (ns) 

Colorless (ns) 

Colorless (h, c); opaque (ss) 
Colorless 

Colorless 

Yellow or brownish (h, ns) 
Colorless 
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Reducing flame 


Colorless; opaque (s) 
Gray and opaque 


Gray and opaque 
Gray and opaque 


Colorless (h, c) 

Green 

Blue (h, c) 

Red (c); opaque (ss); colorless (h) 
Green (ss) 

Gray and opaque 


Colorless (h, c) 
Yellow or brown (h) 
Gray and opaque 
Colorless; opaque (s) 
Gray and opaque 


Colorless; opaque (s) 
Yellow (h); violet (c) 
Brown 
Green 
Green 


Substance 


Aluminum 
Antimony 
Barium 
Bismuth 
Cadmium 
Calcium 
Cerium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silver 
Strontium 
Tin 
Titanium 
Uranium 
Vanadium 
Zinc 


Substance 


Manganese 


FLAME AND BEAD TESTS (continued) 


Beads of Microcosmic Salt 


NaNH,HPO, 
Oxidizing flame 


Colorless; opaque (s) 
Colorless (ns) 
Colorless; opaque (s) 
Colorless (ns) 
Colorless (ns) 
Colorless; opaque (s) 
Yellow or brownish red (h, s) 
Red (h, s); green (c) 
Blue (h, c) 

Blue (c); green (h) 
Yellow or brown (h, s) 
Colorless (ns) 
Colorless; opaque (s) 
Violet (h, c) 
Colorless; green (h) 
Yellow (c); red (h, s) 


Colorless; opaque (s) 
Colorless; opaque (s) 
Colorless (ns) 

Green; yellow or brownish 
Yellow 

Colorless (ns) 


Reducing flame 


Colorless; not clear (ss) 

Gray and opaque 

Colorless; not clear (ss) 

Gray and opaque 

Gray and opaque 

Colorless; not clear (ss) 
Colorless 

Green (c) 

Blue (h, c) 

Red and opaque (c) 

Colorless; yellow or brownish (h) 
Gray and opaque 

Colorless; not clear (ss) 

Colorless 

Green (h) 

Yellow (c); red (h); gray and opaque 
Gray and opaque 

Colorless; not clear (ss) 
Colorless 

Violet (c); yellow or brownish (h) 
Green (h) (h, s) 

Green 

Gray and opaque 


Sodium Carbonate Bead 


Oxidizing flame 


Green 
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Reducing flame 


Colorless 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS 


The following table gives average interatomic distances for bonds between the elements H, B, C, N, O, F, Si, P, S, Cl, As, Se, Br, Te, and I as 
determined from X-ray and neutron diffraction measurements on organic crystals. The table has been derived from an analysis of high-precision 
structure data on about 10,000 crystals contained in the 1985 version of the Cambridge Structural Database, which is maintained by the Cambridge 
Crystallographic Data Center. The explanation of the columns is: 


Column 1: 


Column 2: 


Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: 
Column 9: 


Specification of elements in the bond, with coordination number given in parentheses, and bond type (single, double, etc.). For carbon, 
the hybridization state is given. 

Substructure in which the bond is found. The target bond is set in boldface. Where X is not specified, it denotes any element type. Cit 
indicates any sp? carbon atom, and С“ denotes an sp? carbon whose bonds, in addition to those specified іп the linear formulation, аге 
to C and H atoms only. 

d is the unweighted mean in А units of all the values for that bond length found in the sample. 

m is the median in À units of all values. 

0 is the standard deviation in the sample. 

4, is the lower quartile for the sample (і.е., 25% of values are less than 4, and 75% exceed it). 

q, 15 the upper quartile for the sample. 

n is number of observations in the sample. 

Notes refer to the footnotes in Appendix 1. 


References to special cases are given in a shorthand form and listed in Appendix 2. Further information on the method of analysis of the data may 
be found in the reference cited below. 
The table is reprinted with permission of the authors, the Royal Society of Chemistry, and the International Union of Crystallography. 


REFERENCE 


Frank H. Allen, Olga Kennard, David С. Watson, Lee Brammer, А. Guy Orpen, and Robin Taylor, J. Chem. Soc. Perkin Trans. 11, SI—S19, 1987. 


Bond Substructure d m с а, [A n Note 
As(3)-As(3) X;-As-As-X; 2459 2457 0.011 2456 2.466 8 
As-B see CUDLOC (2.065), CUDLUI (2.041) 
As-Br see CODDEE, CODDII (2.346--3.203) 
As(4)-C Х,-Аз-СН, 1.903 1.907 0.016 1.893 1.916 12 
(X)x(C,O,S=)As-Csp3 1.927 1.929 0.017 1.921 1.937 16 
As-Car in Ph,As* 1.905 1.909 0.012 1.897 1.912 108 
(X)2(C,O,S=)As—Car 1922 1.927 0.016 1.908 1.934 36 
As(3)-C X4-As-Csp? 1.963 1.965 0.017 1.948 1.978 6 
X4-As-Car 1.956 1.956 0.015 1.944 1.964 41 
As(3)-CI X;-As-Cl 2.268 2.256 0.039 2.247 2281 10 
As(6)-F in ASF, 1.678 1.676 0.020 1.659 1.695 36 
As(3)-I see OPIMAS (2.579, 2.590) 
As(3)-NQ) X;-As-N-X; 1.858 1.858 0.029 1.839 1.873 19 
As(4)-N(2) see TPASSN (1.837) 
As(4}-O (X),(O=)As-OH 1.710 1.712 0.017 1.695 1.726 6 
As(3)-O see ASAZOC, РНАЗОСИ! (1.787—1.845) 
As(4)-O X,-As-O 1.661 1.661 0.016 1.652 1.667 9 
As(3)=P(3) see BELNIP (2.350, 2.362) t 
As(3)- P(3) see BUTHAZIO (2.124) t 
As(3)-S X;-As-S 2215 2.266 0.032 2247 2.298 14 
As(4)-S X,-As-S 2.083 2.082 0.004 2.080 2.086 9 
As(3)- Se(2) see COSDIX, ESEARS (2.355—2.401) + 
As(3)-Si(4) see BICGEZ, MESIAD (2.351—2.365) t 
As(3)- TeQ) see ETEARS (2.571, 2.576) t 
B(n)-B(n) п = 5—7 in boron cages 1.775 1.773 0.031 1.763 1.786 688 
B(4)-B(4) see CETTAW (2.041) 
B(4)-B(3) see COFVOI (1.698) 
B(3)-B(3) Х;-В-В-Х, 1.701 1.700 0.014 1.691 1.712 8 
B(6)-Br 1.967 1.971 0.014 1.954 1.979 7 t 
B(4)-Br 2017 2.008 0.031 1.990 2.044 15 t 
B(n-c п = 5—7: B-C in cages 1.716 1717 0.020 1.707 1.728 96 
п = 3—4: B-Csp? not cages 1.597 1.599 0.022 1.585 1.611 29 1 
п = 4: B-Car 1.606 1.607 0.012 1.596 1.615 41 
п = 4; B-Car in Ph,B ` 1.643 1.643 0.006 1.641 1.645 16 
B(n)-C n = 3: B-Car 1.556 1.552 0.015 1.546 1.566 24 
B(»)-Cl B(5)-Cl and B(3)-Cl 1.751 1.751 0.011 1.743 1.761 14 
В(4)-01 1.833 1.833 0.013 1.821 1.843 22 
B(4)-F B-F (B neutral) 1.366 1.368 0.017 1.356 1.375 25 
B^-F in BF, 1.365 1.372 0.029 1.352 1.390 84 
В(4)-1 see TMPBTI (2.220, 2.253) 
B(4)-N(3) Х;-В-М(-СХХ) 1.611 1.617 0.013 1.601 1.625 8 
in pyrazaboles 1.549 1.552 0.015 1.536 1.560 10 
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Bond 
B(3)-N(3) 


В(4)-О 


В(3)-О(2) 
B(n)-P 


B(4)-S 
В(3)-5 


Вг-Вг 
Br-C 


“Ви(2)-01 
Вг-І 
Br-N 
Br-O 
Br-P 
Br-S(2) 
Br-S(3) 
Br-S(3)* 
Br-Se 
Br-Si 
Br-Te 


Csp?-Csp? 


Csp?-Csp? 


Csp?-Csp* 


Substructure 
X;-B-N-C;: all coplanar 


for т(ВМ) > 30° see BOGSUL, BUSHAY, 


CILRUK (1.434—1.530) 
S,-B-N-X, 
B^-O in BO, 
for neutral В-О see Note 3 
Х,-В-0-Х 
n= 4: B-P 


п = 3: see BUPSIBIO (1.892, 1.893) 


B(4-S(3) 


N-B-S, 
(=X-)(N-)B-S 

see BEPZEB, TPASTB 
Br-C* 

Br-Csp? (cyclopropane) 
Br-Csp? 

Br-Car (mono-Br + т.р-Вг,) 
Вг-Саг (0-Вг,) 

see TEACBR (2.362--2.402) 


see DTHIBRIO (2.646), TPHOSI (2.695) 


see NBBZAM (1.843) 

see CIYFOF 

see CISTED (2.366) 

see BEMLIO (2.206) 

see CIWYIQ (2.435, 2.453) 
see THINBR (2.321) 

see CIFZUM (2.508, 2.619) 
see BIZJAV (2.284) 


In Br,Te?^ see CUGBAH (2.692—2.716) 
Вг-Те(4) see ВЕТОТЕ10 (3.079, 3.015) 
Вг-Те(3) see BTUPTE (2.835) 


C#-CH,-CH, 
(C#),-CH-CH, 
(C#),-C-CH, 
C#-CH,-CH,-C# 
(C#),-CH-CH,-C# 
(С%);-С-СН;-Сф 
(С%;-СН-СН-(Сф); 
(С%);-С-СН-(Сф); 
(Cf),-C-C-(Cf), 
C*-C* (overall) 
jn cyclopropane (any subst.) 
in cyclobutane (any subst.) 
in cyclopentane (C,H-subst.) 
in cyclohexane (C,H-subst.) 
cyclopropyl-C* (exocyclic) 
cyclobutyl-C* (exocyclic) 
cyclopentyl-C* (exocyclic) 
cyclohexyl-C* (exocyclic) 
in cyclobutene (any subst.) 
in cyclopentene (C,H-subst.) 
in cyclohexene (C,H-subst.) 
in oxirane (epoxide) 
in aziridine 
in oxetane 
in azetidine 
oxiranyl-C* (exocyclic) 
aziridinyl-C* (exocyclic) 
СН,-С-С 
Cj-CH;-C-C 
(СЮу-СН-С-С 
(Cf),-C-C-C 
C*-C=C (overall) 
C*-C-C (endocyclic) 

in cyclopropene 

in cyclobutene 

in cyclopentene 

in cyclohexene 

in cyclopentadiene 

in cyclohexa-1,3-diene 
С"-С-С (exocyclic): 

cyclopropenyl-C* 

cyclobutenyl-C* 


d 
1.404 


1.447 
1.468 


1.367 
1.922 


1.930 
1.896 
1.806 
1.851 
2.542 
1.966 
1.910 
1.883 
1.899 
1.875 


1.581 


1.513 
1.524 
1.534 
1.524 
1.531 
1.538 
1.542 
1.556 
1.588 
1.530 
1.510 
1.554 
1.543 
1.535 
1.518 
1.529 
1.540 
1.539 
1.573 
1,541 
1.541 
1.466 
1.480 
1,541 
1.548 
1.509 
1.512 
1.503 
1.502 
1.510 
1.522 
1.507 


1.509 
1.513 
1.512 
1.506 
1.502 
1.504 


1.478 
1.489 
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m 
1.404 


1.443 
1.468 


1.367 
1.927 


1.927 
1.896 
1.806 
1.854 
2.548 
1.967 
1.910 
1.881 
1.899 
1.872 


1.581 


1.514 
1.526 
1.534 
1.524 
1.531 
1.539 
1.542 
1.556 
1.580 
1.530 
1.509 
1.553 
1.543 
1.535 
1.518 
1.529 
1.541 
1.538 
1.574 
1.539 
1.541 
1.466 
1.481 
1.541 
1.543 
1.507 
1.512 
1.504 
1.502 
1.510 
1.522 
1.507 


1.508 
1.512 
1.512 
1.505 
1.503 
1.504 


1.475 
1.483 


с 
0.014 


0013 
0.022 


0.024 
0.027 


0.009 
0.004 
0.010 
0.013 
0.015 
0.029 
0.010 
0.015 
0.012 
0.011 


0.007 


0.014 
0.015 
0011 
0.014 
0.012 
0.010 
0.011 
0.011 
0.025 
0.015 
0.026 
0.021 
0.018 
0.016 
0.019 
0.016 
0.017 
0.016 
0.017 
0.015 
0.020 
0.015 
0.021 
0.019 
0.018 
0.018 
0.018 
0.011 
0.013 
0.014 
0.016 


0.015 


0.016 
0.018 
0.014 
0.016 
0.019 
0.017 


0.012 
0.015 


q 
1.389 


1.435 
1.453 


1.349 
1.900 


1.925 
1.893 
1.799 
1.842 
2.526 
1951 
1.900 
1.874 
1.892 
1.864 


1.574 


1.507 
1.518 
1.527 
1.516 
1.524 
1.533 
1.536 
1.549 
1.566 
1.521 
1.497 
1.540 
1.532 
1.525 
1.505 
1.519 
1.527 
1.529 
1.566 
1.532 
1.528 
1.458 
1.465 
1.527 
1.536 
1.497 
1.496 
1.497 
1.494 
1.501 
1.511 


1.499 


1.500 
1.500 
1.502 
1.495 
1.490 
1.491 


1.470 
1.479 


9 
1.408 


1.470 
1.479 


1.382 
1.954 


1.934 
1.899 
1.816 
1.859 
2.551 
1.983 
1.914 
1.894 
1.906 
1.884 


1.587 


1.523 
1.534 
1.541 
1.532 
1.538 
1.544 
1.549 
1.562 
1.610 
1.539 
1.523 
1.567 
1.554 
1.545 
1.531 
1,539 
1.549 
1.549 
1.586 
1.549 
1.554 
1.474 
1.496 
1.557 
1.558 
1.519 
1.526 
1.509 
1.510 
1.518 
1.533 


1.517 


1.516 
1.525 
1.521 
1.516 
1.515 
1.517 


1.485 
1.496 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


192 
226 
825 
2459 
1217 
330 
321 
215 
21 
577 
888 
679 

1 641 
2814 
366 
376 
956 
2682 


208 
586 
249 


Note 


^45 > 


+ ++ 


о № 


Bond 


Csp?-Car 


Csp?-Csp! 


Csp?-Csp? 


Csp?-Car 


Csp?-Car 


Substructure 


cyclopentenyl-C* 
cyclohexenyl-C* 
C*-CH-O in aldehydes 
(С%;-С-О 
in ketones 
in cyclobutanone 
in cyclopentanone 
acyclic and 6+ rings 
C*-COOH in carboxylic acids 
С%-СООТ in carboxylate anions 
C*-C(-O)-OC*) 
in acyclic esters 
in B-lactones 
in y-lactones 
in 8-lactones 
cyclopropyl (С)-С-О in ketones, acids 
and esters 
C*-C(-O)(-NH;) in acyclic amides 
C*-C(-O)(-NHC*) in acyclic amides 
C*-C(=O)[-N(C*),] in acyclic amides 
СН,-Саг 
C4-CH;-Car 
(СЮу-СН-Саг 
(СЮу-С-Саг 
C*-Car (overall) 
cyclopropyl (C)-Car 
С*-С=С 
С#-С=С 
С*-С=М 
cyclopropyl (С)-С=М 
С=С-С=С 
(conjugated) 
(unconjugated) 
(overall) 
C-C-C-C-C-C 
С-С-С-С (endocyclic in TCNQ) 
С-С-С(-ОХ-С") 
(conjugated) 
(unconjugated) 
(overall) 
С-С-С(-О)-С-С 
in benzoquinone (C,H-subst. only) 
in benzoquinone (any subst.) 
non-quinonoid 
C-C-COOH 
C-C-COOC* 
C-C-COO^ 
HOOC-COOH 
НООС-СОО” 
“ООС-СОО” 


formal Csp?-Csp? single bond in selected 


non-fused heterocycles: 

in 1H-pyrrole (C3-C4) 

in furan (С3-С4) 

in thiophene (C3-C4) 

in pyrazole (С3-С4) 

in isoxazole (C3-C4) 

in furazan (С3-С4) 

in furoxan (С3-С4) 
C=C-Car 

(conjugated) 


(overall) 
cyclopropenyl (С-С)-Саг 
Сағ-С(-О)-С“ 
Сағ-С(-О)-Сағ 
Саг-СООН 
Car-C(=O)(-OC*) 
Саг-СОО” 
Саг-С(-0)-МН, 
Саг-С-М-С 

(conjugated) 

(unconjugated) 

(overall) 


d 


1.504 
1.511 
1.510 


1.511 
1.529 
1.514 
1.509 
1.502 
1.520 


1,497 
1.519 
1.512 
1.504 


1.486 
1.514 
1.506 
1.505 
1.506 
1.510 
1.515 
1.527 
1.513 
1.490 
1.466 
1.472 
1.470 
1.444 


1.455 
1.478 
1.460 
1.443 
1.432 


1.464 
1.484 
1.465 


1.478 
1.478 
1.456 
1.475 
1.488 
1.502 
1.538 
1.549 
1.564 


1.412 
1.423 
1.424 
1.410 
1.425 
1.428 
1.417 


1.470 
1.488 
1.483 
1.447 
1.488 
1.480 
1.484 
1.487 
1.504 
1.500 


1.476 
1.491 
1.485 
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т 


1.506 
1511 
1.510 


1.511 
1.530 
1.514 
1.509 
1.502 
1.521 


1.496 
1.519 
1.512 
1.502 


1.485 
1.512 
1.505 
1.505 
1.507 
1.510 
1.515 
1.530 
1,513 
1.490 
1.465 
1.472 
1.469 
1.447 


1.455 
1.476 
1.460 
1.445 
1.433 


1.462 
1.486 
1.462 


1.476 
1.478 
1.455 
1.476 
1.489 
1.499 
1.537 
1.552 
1.559 


1.410 
1,423 
1.425 
1412 
1.425 
1427 
1.417 


1.470 
1.490 
1.483 
1.448 
1.489 
1.481 
1.485 
1.487 
1.509 
1.503 


1.478 
1.490 
1.487 


G 


0.012 
0.013 
0.008 


0.015 
0.016 
0.016 
0.016 
0014 
0011 


0.018 
0.020 
0.015 
0.013 


0.018 
0.016 
0.012 
0011 
0.011 
0.009 
0.011 
0.016 
0.014 
0.015 
0.010 
0.012 
0.013 
0.010 


0.011 
0.012 
0.015 
0.013 
0.012 


0.018 
0.017 
0.018 


0011 
0.031 
0.012 
0.015 
0.014 
0.017 
0.007 
0.009 
0.022 


0.016 
0.016 
0.015 
0.016 
0.016 
0.007 
0.006 


0.015 
0.012 
0.015 
0.006 
0.016 
0.017 
0.014 
0.012 
0.014 
0.020 


0.014 
0.008 
0.013 


qı 


1.495 
1.502 
1.501 


1.501 
1.514 
1.505 
1.499 
1.495 
1.516 


1.484 
1.500 
1.501 
1.495 


1.474 
1.506 
1.498 
1.496 
1.501 
1.505 
1.508 
1.517 
1.505 
1.479 
1.460 
1.464 
1.463 
1.436 


1.447 
1.470 
1.450 
1.431 
1.424 


1.453 
1.475 
1.453 


1.469 
1.464 
1.447 
1.461 
1.478 
1.488 
1.535 
1.546 
1.554 


1.401 
1.412 
1.415 
1.400 
1.413 
1.422 
1.412 


1.463 
1.480 
1.472 
1.441 
1.478 
1.468 
1.474 
1.480 
1.495 
1.498 


1.466 
1.485 
1.481 


Ч. 


1.512 
1.519 
1.518 


1.521 
1.545 
1.523 
1.519 
1.510 
1.528 


1.509 
1.538 
1.521 
1.517 


1.497 
1.526 
1.515 
1.517 
1.513 
1.516 
1.522 
1.539 
1.521 
1.503 
1.469 
1.481 
1.479 
1451 


1.463 
1.479 
1.470 
1454 
1.441 


1.476 
1.497 
1.478 


1.488 
1.498 
1.464 
1.488 
1.497 
1.510 
1.541 
1.553 
1.568 


1.427 
1.433 
1.433 
1.418 
1.438 
1.435 
1.422 


1.480 
1.496 
1.494 
1.452 
1.500 
1.494 
1.491 
1.494 
1.512 
1.510 


1.486 
1.496 
1.493 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


29 
62 
40 
20 

9 

6 
14 


37 
87 
124 
8 
84 
58 
75 
218 
26 
19 


27 
48 
75 


Note 


11 


16,18 
17,18 


10 


16 
17 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure d m с а, Ф п Note 
in indole (C3-C3a) 1.434 1.434 0011 1.428 1.439 40 
Csp?-Csp! С-С-С«С 1.431 1.427 0.014 1.425 1.441 N 7b 
C=C-CEN in TCNQ 1.427 1.427 0.010 1.420 1.433 280 19 
Car-Car in biphenyls (ortho subst. all H) 1.487 1.488 0.007 1.484 1.493 30 
(21 non-H ortho-subst.) 1.490 1.491 0.010 1.486 1.495 212 
Car-Csp! Сағ-С-С 1.434 1.436 0.006 1.430 1.437 37 
Car-C=N 1.443 1.444 0.008 1.436 1.448 31 
Csp!-Csp! СаС-С-С 1.377 1.378 0.012 1.374 1.384 21 
Csp?-Csp? C*-CH-CH; 1.299 1.300 0027 1.280 1.311 42 
(С%;-С-СН, 1.321 1.321 0.013 1.313 1.328 77 
C*-CH-CH-C* . 
(сіз) 1.317 1.318 0.013 1.310 1.323 106 
(trans) 1.312 1.311 0.011 1.304 1.320 19 
(overall) 1.316 1.317 0.015 1.309 1.323 127 
(C*),-C=CH-C* 1.326 1.328 0.011 1.319 1.334 168 
(C*),-C-CXC*); 1.331 1.330 0.009 1.326 1.334 89 
(C*,H);-C-C-(C*,H); (overall) 1.322 1.323 0014 1.315 1.331 493 5 
in cyclopropene (any subst.) 1.294 1.288 0.017 1.284 1.302 10 10 
in cyclobutene (any subst.) 1.335 1.335 0.019 1.324 1.347 25 8 
in cyclopentene (C,H-subst.) 1.323 1.324 0.013 1.314 1.331 104 
in cyclohexene (C,H-subst.) 1.326 1.325 0012 1.318 1.334 196 
С-С-С (allenes, апу subst.) 1.307 1.307 0.005 1.303 1.310 18 
C=C-C=C (C,H subst., conjugated) 1.330 1.330 0.014 1.322 1.338 76 16 
С-С-С-С-С-С (С.Н subst., conjugated) 1.345 1.345 0.012 1.337 1.350 58 16 
C-C-Car (C,H subst., conjugated) 1.339 1.340 0.011 1.334 1.346 124 16 
С-С in cyclopenta-1,3-diene (any subst.) 1.341 1.341 0.017 1.328 1.356 18 
С-С in cyclohexa-1,3-diene (any subst.) 1.332 1.332 0.013 1.323 1.341 56 
in С-С-С-О 
(С.Н subst., conjugated) 1.340 1.340 0.013 1.332 1.348 211 16,18 
(С.Н subst., unconjugated) 1.331 1.330 0.008 1.326 1.339 14 17,18 
(С.Н subst., overall) 1.340 1.339 0.013 1.332 1.348 226 
in cyclohexa-2,5-dien-1-ones 1.329 1.327 0011 1.321 1.335 28 
іп p-benzoquinones 
(C*;H subst.) 1.333 1.337 0011 1.325 1.338 14 
(any subst.) 1.349 1.339 0.030 1.330 1.364 86 
in TCNQ 
(endocyclic) 1.352 1.353 0.010 1.345 1.358 142 19 
(exocyclic) 1.392 1.391 0.017 1.379 1.405 139 19 
C-C-OH in епо! tautomers 1.362 1.360 0.020 1.349 1.370 54 
in heterocycles (any subst.): 
1H-pyrrole (C2-C3, C4-C5) 1.375 1.377 0.018 1.361 1.388 58 
furan (C2-C3, C4-C5) 1.341 1.342 0.021 1.329 1.351 125 
thiophene (C2-C3, С4-С5) 1.362 1.359 0.025 1.346 1.377 60 
pyrazole (C4-C5) 1.369 1.372 0.019 1.362 1.383 20 
imidazole (C4-C5) 1.360 1.361 0.014 1.352 1.367 44 
isoxazole (C4-C5) 1.341 1.336 0.012 1.331 1.355 9 
indole (C2-C3) 1.364 1.363 0.012 1.355 1.371 40 
Car =Car in phenyl rings with C*,H subst. only 
H-C=C-H 1.380 1.381 0.013 1.372 1.388 2191 
C*-C«C-H 1.387 1.388 0.010 1.382 1.393 891 
С*-С=С-С* 1.397 1.397 0.009 1.392 1.403 182 
C=C (overall) 1.384 1.384 0.013 1.375 1391 3264 
Е-С>С-Е 1.372 1.374 0.011 1.366 1.380 84 4 
СІ-С = C-CI 1.388 1.389 0.014 1.380 1.398 152 4 
іп naphthalene (D;,, any subst.) 
C1-C2 1.364 1.364 0.014 1.356 1.373 440 
С2-С3 1.406 1.406 0.014 1.397 1.415 218 
Ci-C8a 1.420 1.419 0.012 1.412 1.426 440 
C4a-C8a 1.422 1.424 0011 1.417 1.429 109 
Car z Car in anthracene (D;,, any subst.) 
СІ-С2 1.356 1.356 0.009 1.350 1.360 56 
С2-С3 1.410 1.410 0.010 1.401 1.416 34 
СІ-Сда 1.430 1.430 0.006 1.426 1.434 56 
C4a-C9a 1.435 1.436 0.007 1.429 1.440 34 
C9-C9a 1.400 1.402 0.009 1.395 1.406 68 
in pyridine (C,H subst.) 1.379 1.381 0.012 1.371 1.387 276 20 
(any subst.) 1.380 1.380 0.015 1371 1.389 537 20 


in pyridinium cation 
(N*-H; С.Н subst. on C) 


C2-C3 1.373 1.375 0.012 1.368 1.380 30 

C3-C4 1.379 1.380 0011 1.371 1.388 30 
(N*-X; С.Н subst. on C) 

C2-C3 1.373 1.372 0.019 1.362 1.382 151 

C3-C4 1.383 1.385 0.019 1.372 1.394 151 


9-4 


Вопд 


Сзрі=Сзр! 


Csp?-Cl 


Csp?-Cl 


Car-Cl 


Csp'-Cl 
Сэр”-Е 


Csp?-F 
Car-F 


Csp?-H 


Csp?-H 
Car-H 
Csp?-1 
Сағ-1 
Csp?-N(4) 


Csp?-N(3) 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Substructure 


in pyrazine (H subst. on C) 
(any subst. on C) 
in pyrimidine (C,H subst. on C) 
Х-С-С-Х 
С,Н-С=С-С,Н 
іп C=C-C(sp2;ar) 
in С=С-С=С 
іп CH=C-C# 
Omitting 1,2-dichlorides: 
C-CH,-Cl 
C,-CH-Cl 
С;-С-СІ 
Х-СН,-СІ (X = C,H,N,O) 
Х--СН-СІ (X = СИМО) 
X,-C-Cl (X = СНМО) 
X,-C-Cl, (X = C,H,N,O) 
X-C-Cl, (X = C,H,N,O) 
CI-CH(-C)-CH(-C)-Cl 
C-C(-C;-C(-C;-Cl 
cyclopropyl-Cl 
С-С-СІ (C,H,N,O subst. on C) 
C2C-CL (C,H,N,O subst. оп C) 
СІ-С-С-СІ 
Car-Cl (mono-Cl + тр-Сђ) 
Car-Cl (o-Cl;) 
see HCLENE!0 (1.634, 1.646) 
Omitting 1,2-difluorides 
С-СН,-Е and С,-СН-Е 
C,-C-F 
(C* H);-C-F; 
C*-C-F, 
F-C*-C*-F 
X,-C-F (X = СНМО) 
X,-C-F, (X = СНМО) 
X-C-F, (X = С.Н,М,О) 


Е-С(-Х);-С(-Х),-Е (X = СНМО) 


F-C(-X),-NO, (X = any subst.) 
С-С-Е (C,H,N,O subst. on C) 
Car-F (mono-F + myp-F;) 

Car-F (o-F;) 

C-C-H, (methyl) 

C;-C-H, (primary) 

С;-С-Н (secondary) 

С, ,-C-H (primary and secondary) 
X-C-H, (methyl) 

X;-C-H, (primary) 

X,-C-H (secondary) 
Х,з-С-Н (primary and secondary) 
С-С-С- 

Саг-Н 

C*-i 

Car-1 

C*-NH,* 

(C*);-NH;* 

(C*),-NH* 

(C*),-N* 

C*-N* (overall) 

C*-N* in N-subst. pyridinium 
С"-МН, (№р?: pyramidal) 
(C*),-NH (Nsp*: pyramidal) 
(C*),-N (Nsp*: pyramidal) 
C*-Nsp? (overall) 

Csp?- Nsp? 

in aziridine 

in azetidine 

in tetrahydropyrrole 

in piperidine 
Csp?-Nsp? (N planar) in: 

acyclic amides C*-NH-C-O 

B-lactams C*-N(-X)-C-O (endo) 

y-lactams 

C*-NH-C-O (endo) 
C*-N(-C*)-C-O (endo) 
C*-N(-C*)-C-O (exo) 


m 


1.377 
1.405 
1.389 
1.183 
1.181 
1.193 
1.192 
1.174 


1.790 
1.802 
1.856 
1.791 
1.803 
1.838 
1.776 
1.765 
1.793 
1.760 
1.756 
1.729 
1.716 
1711 
1.741 
1.720 


1.399 
1,431 
1,347 
1.334 
1.374 
1.389 
1.349 
1.323 
1.374 
1.319 
1.340 
1.362 
1.340 
1.061 
1.095 
1.097 
1.095 
1.074 
1.095 
1.099 
1.096 
1.079 
1.083 
2.159 
2.095 
1,488 
1,493 
1.502 
1.509 
1.498 
1.484 
1.470 
1.467 
1.468 
1.468 


1471 
1.481 
1.473 
1473 


1451 
1.465 


1.458 
1.461 
1.456 


1.388 
1.420 


1.193 
1.192 
1.195 
1.197 
1.180 


1.795 
1.807 
1.858 
1.797 
1.812 
1.858 
1.790 
1.776 
1.800 
1.765 
1.763 
1.748 
1.729 
1.720 
1.745 
1717 


1.408 
1.435 
1.356 
1.344 
1.375 
1.408 
1.356 
1.332 
1.377 
1.327 
1.346 
1.368 
1.344 
1.083 
1.099 
1.103 
1.100 
1.087 
1.099 
1.103 
1.100 
1.085 
1.087 
2.179 
2.104 
1.495 
1.503 
1.512 
1.523 
1.510 
1.490 
1.474 
1.477 
1.476 
1.476 


1.482 
1.495 
1.483 
1.479 


1.461 
1.475 


1.465 
1.466 
1465 


Note 


ыы. эь эж эээ. 


php Pd d bh B dp 


22 
522 
522 


23 
14 
13 


13 
13 
13 


BOND LENGTHS ІМ CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure 


-lactams 
C*-NH-C-O (endo) 
C*-N(-C*)-C-O (endo) 
C*-N(-C*)-C-O (exo) 
nitro compounds (1,2-dinitro omitted): 
С-СН,-МО, 
C;-CH-NO, 
C,-C-NO, 
С;-С-(МО,), 
1,2-dinitro: МО,-С"-С"-МО, 
Csp?-N(2) C#-N=N 
C*-NzC-Car 
Csp?-N(3) С-С-МН, Nsp? planar 
С-С-МН-СУ Nsp? planar 
C=C-N-(C#); 
Nsp2 planar 
Nsp? pyramidal 
Csp?—Nsp? (М planar) in: 
acyclic amides 
NH;-C-O 
C*-NH-C-O 
(C*),-N-C-O 
B-lactams С*-МН-С=О 
y-lactams 
C*-NH-C-O 
C*-N(-C*)-C-O 
$-lactams 
C*-NH-C-O 
C*-N(-C*)-C-O 
peptides Cj-N(-X)-C(-C/)-O) 
ureas 
(NH,),-C=0 
(C#-NH),-C=O 
[(C),-N];-C-O 
thioureas 
(X;N)-C-S 
imides 
[C4/-C(-0)];-NH 
[C#-C(=O)],-N-C# 
[Csp?-C(=O)},-N-CH 
[Csp?-C(-0)];-N-Csp? 
guanidinium [C-NH;),]* (unsubst.) 
(any subst.) 
in heterocyclic systems (any subst.) 
1H-pyrrole (N1-C2, М1-С5) 
indole (N1-C2) 
pyrazole (N1-C5) 
imidazole (N1-C2) 
imidazole (М1-С5) 
Csp?-N(2) in imidazole (N3-C4) 
Car-N(4) Car-N* CH), 
Car-N(3) Car-NH; 
(Nsp?: planar) 
(Nsp2: pyramidal) 
(overall) 
Car-N(3) Car-NH-C# 
(Nsp?: planar) 
(Nsp*: pyramidal) 
(overall) 
Car-N-(Cf); 
(Nsp?: planar) 
(Nsp*: pyramidal) 
(overall) 
in indole (М!-СТа) 
Саг-МО, 
Сағ-МО) Car-N-N 
Csp?=N(3) in furoxan (+ N22C3) 
Csp?zN(2) Car-C-N-Cj 
(С.Н);-С-М-ОН in oximes 
S-C-N-X 
in pyrazole (N2=C3) 
in imidazole (C2-N3) 
in isoxazole (N2-C3) 


Фа 


1.491 
1.482 
1.477 


1.502 
1.511 
1.539 
1.550 
1.572 
1.506 
1.472 
1.348 
1.351 


1.363 
1.432 


1.331 
1.343 
1.356 
1.396 


1.337 
1.359 


1.339 
1.356 
1.340 


1.339 
1.354 
1.370 
1.361 


1.383 
1.404 
1.403 
1.419 
1.327 
1.333 


1.384 
1.377 
1.365 
1.358 
1.377 
1.384 
1.470 


1.372 
1.403 
1.394 


1.359 
1,432 
1.412 


1.382 
1,431 
1.420 
1.376 
1.476 
1.442 
1,324 
1.285 
1.288 
1.319 
1.339 
1.319 
1.320 


OERRRBSS 


14 
14 
14 


23 
22 
28 


23 
22 
28 


23 
22 
28 


Bond 


Car = №3) 


Car = N(2) 


Csp'=N(2) 
Csp!sN(1) 


Csp?-O(2) 


Csp?-O(2) 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Substructure 


in furazan (142-С3, С4-М5) 
in furoxan (С4-М5) 
CzxN*-H (pyrimidinium) 
С-М%-С“ (pyrimidinium) 
CzxN*-O: (pyrimidinium) 
С=М (pyridine) 

C=N (pyrazine) 

С-М-«С (pyrimidine) 
N=C=N (pyrimidine) 

С> М (pyrimidine) (overall) 


in any 6-membered N-containing aromatic 


ring: 
H-CzN-«C-H 
H-C=N=C-C* 
C*-CxzN«C-C* 
С=М=С (overall) 

X-S-N=C- (isothiocyanide) 

С"-Сам 

С-С-С-М іп ТСМО 

Car-C=N 

Х-С=М 

(5-СеМ)” 

in alcohols 
СН,-ОН 
С-СН,-ОН 
С;-СН-ОН 
С;-С-ОН 
C*-OH (overall) 

in dialkyl ethers 
СН,-0-С" 
С-СН,-О-С" 
C;-CH-O-C* 
С;-С-О-С“ 
C*-O-C* (overall) 

in aryl alkyl ethers 
СН,-О-Саг 
C-CH;-O-Car 
С» СН-О-Саг 
С;-С-О-Сағ 
C*-O-Car (overall) 

in alkyl esters of carboxylic acids 
СН,-0-С(-0)-С" 
С-СН,-0-С(-0)-С" 
C;,-CH-O-C(-O)-C* 
C,-C-O-C(-O)--C* 
С"-О-С(-0)-С" (overall) 


in alkyl esters of «,B-unsaturated acids: 


С“-О-С(-О)-С-С (overall) 
in alkyl esters of benzoic acid 
C*-O-C(2O)-C(phenyl) (overall) 
in ring systems 
oxirane (epoxides) (any subst.) 
oxetane (any subst.) 
tetrahydrofuran (C,H subst.) 
tetrahydropyran (C,H subst.) 
B-lactones: C*-O-C(-O) 
y-lactones: С*-О-С(=О) 
$-lactones: C*-O-C(=O) 


O-C-O system in gem-diols, and pyranose and 


furanose sugars: 
HO-C*-OH 
C,-0,-C,-O,H in pyranoses 
O, axial (a): 
C,-O, 
ОС, 
С,-О, 
O, equatorial (B): 


1 1 
а + B (overall): 


d 


1.298 
1.304 
1.335 
1.346 
1.362 
1.337 
1.336 
1.339 
1.333 
1.336 


1.334 
1.339 
1.345 
1.336 
1.144 
1.136 
1.144 
1.138 
1.144 
1.155 


1.413 
1.426 
1.432 
1.440 
1.432 


1.416 
1.426 
1.429 
1.452 
1.426 


1.424 
1.431 
1.447 
1.470 
1.429 


1.448 
1.452 
1.460 
1.477 
1.450 


1.453 
1.454 


1.446 
1.463 
1.442 
1.441 
1.492 
1.464 
1.461 


1.397 


1.439 
1.427 
1.403 


1.435 
1.430 
1.393 


т 


1.299 
1.306 
1.334 
1.346 
1.359 
1.338 
1.335 
1.338 
1.335 
1.337 


1.334 
1.341 
1.345 
1.337 
1.147 
1.137 
1.144 
1.138 
1.141 
1.156 


1.414 
1.426 
1.431 
1.440 
1.431 


1418 
1.424 
1.430 
1.450 
1.425 


1.424 
1.430 
1.446 
1.469 
1.427 


1.449 
1453 
1.460 
1.475 
1451 


1.452 
1.454 


1.446 
1.460 
1.441 
1.442 
1.494 
1.464 
1.464 


а 


0.006 
0.008 
0.015 
0.010 
0.013 
0.012 
0.022 
0.015 
0.013 
0.014 


0.014 
0.013 
0.008 
0.014 
0.006 
0.010 
0.008 
0.007 
0.012 
0.012 


0.018 
0011 
0.011 
0.012 
0.013 


0.016 
0.011 
0.010 
0.011 
0.019 


0.012 
0.013 
0.020 
0.018 
0.018 


0.010 
0.009 
0.010 
0.008 
0.014 


0.013 
0.012 


0.014 
0.015 
0.017 
0.015 
0.010 
0.012 
0.017 


0.012 


0.008 
0.012 
0.012 


0.008 
0.010 
0.007 


0.008 
0.012 
0.011 


Ч 
1.294 
1.300 
1.325 
1.340 
1.353 
1.330 
1.319 
1.333 
1.326 
1.331 


1.327 
1.336 
1.342 
1.329 
1.140 
11131 
1139 
1133 
1.138 
1.147 


1.395 
1.420 
1.425 
1.432 
1.424 


1.405 
1.418 
1.420 
1.445 
1.414 


1.417 
1.422 
1.435 
1.456 
1.419 


1.442 
1.445 
1.454 
1.472 
1.442 


1.444 
1.446 


1.438 
1.451 
1.430 


1.431 
1.481 
1.455 
1.452 


1.388 


1.432 
1.421 
1.391 


1.429 
1.424 
1.386 


1.432 
1.421 
1.392 


да 
1.303 
1.308 
1.342 
1.352 
1.369 
1.344 
1.347 
1.342 
1.337 
1.339 


1.341 
1.345 
1.348 
1.344 
1.148 
1142 
1.149 
1.143 
1.151 
1.165 


1.425 
1.431 
1.439 
1.449 
1.441 


1.426 
1.435 
1.437 
1.458 
1.437 


1.431 
1.438 
1.466 
1.483 
1.436 


1.455 
1.458 
1.465 
1.484 
1.459 


1.459 
1.463 


1.456 
1.474 
1.451 


1.451 
1.501 
1.473 
1.473 


Note 


19 


29 


12,29 


30,31 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure 
C,-O,-C,-O,H in furanoses 
(overall values) 


C,-0, 
C,-0,-C,-O,-C* іп pyranoses 
О, axial (а): 


1 
C,-0,-C,-O,-C* іп furanoses 
(overall values) 


Miscellaneous: 
C#-O-SiX, 
С"-0-50,-С 
Csp?-O(2) in enols: С-С-ОН 
іп enol esters: С-С-О-С" 
in acids: 
С*-С(=О)-ОН 
С-С-С(-О)-ОН 
Саг-С-О)-ОН 
in esters: 
С"-С(-0)-0-С" 
С-С-С(-0)-0-С" 
Саг-С(-0)-0-С5 
С"-С(-0)-0-С-С 
С"-С(-0)-0-С-С 
С"-С(-0)-0-Саг 
іп anhydrides: О-С-О-С-О 
іп ring systems: 
furan (O1-C2, O1-C5) 
isoxazole (О1-С5) 
B-lactones: С*-С(=О)-О-С* 
y-lactones: C*-C(20)-O-C* 
5-lactones: C*-C(20)-O-C* 
Car-O(2) in phenols: Car-OH 
in aryl alkyl ethers: Car-O-C* 
Car-O(2) in diary! ethers: Car-O-Car 
in esters: Саг-О-С(-О)-С" 
Сзр2=О(1) in aldehydes and ketones: 
С"-СН-О 
(C*),-C-O 
(С%;-С-О 
іп cyclobutanones 
іп cyclopentanones 
іп сусіоһехапопев 
С-С-С-О 
(С-С),-С-О 
Сағ-С-О 
(Car),-C=O 
С=О іп benzoquinones 


delocalized double bonds in carboxylate anions: 


Н-С-«О, (formate) 
C*-C-O0, 
C=C-C=0, 

Car-C x0; 


HOOC-C «O0; (hydrogen oxalate) 


70,2 C-C х 0,- (oxalate) 


qı 


1.436 
1.421 
1.397 


1.433 
1.410 
1.401 
1.427 


1.429 
1.418 
1.381 
1.428 


1.431 
1.412 
1.391 
1.428 


1.429 
1.413 
1.401 
1.429 


1.405 
1.454 
1.324 
1.341 


1.298 
1.279 
1.291 


1.328 
1.324 
1.329 
1.351 
1.394 
1.355 
1.379 


1.359 
1.345 
1.348 
1.342 
1.332 
1.353 
1.363 
1.375 
1.394 


1.188 
1.206 


1.194 
1.203 
1.207 
1.216 
1.226 
1.212 
1.220 
1.211 


1.234 
1.247 
1.238 
1.249 
1.232 
1.248 


9, 


1.449 
1.443 
1.409 


1.446 
1.424 
1.417 
1.443 


1.439 
1.431 
1.400 
1.445 


1.442 
1.426 
1.413 
1.445 


1.453 
1.431 
1.420 
1.449 


1.428 
1.475 
1.342 
1.363 


1.320 
1.307 
1.317 


1.346 
1.339 
1.344 
1.374 
1.420 
1.367 
1.393 


1.377 
1.360 
1.371 
1.359 
1.347 
1.373 
1.377 
1.391 
1.408 


1.197 
1215 


1.204 
1.212 
1.216 
1.229 
1.242 
1.229 
1.238 
1.231 


1.252 
1.261 
1.261 
1.262 
1.256 
1.254 


126 
126 
126 
126 


114 


Note 


12,29 


Вопа 


Csp?- P(4) 


Csp?-P(3) 
Car-P(4) 


Car-P(3) 


Csp?-S(4) 


Csp?-S(3) 


Csp?-S(2) 
Csp?-S(2) 


Csp?-S(2) 


Car-S(4) 


Car-S(3) 


Car-S(2) 


Substructure 


in carboxylic acids (X-COOH) 
C*-C(-0)-OH 
С-С-С(-О)-ОН 
Сағ-С(-О)-ОН 
in esters: 
C*-C(20)-O-C* 
С-С-С(-0)-0-С" 
Car-C(-0)-O-C* 
С"-С(-0)-0-С-С 
С"-С(-0)-0-Саг 
іп anhydrides: О-С-О-С-О 
in B-lactones: C*-C(20)-O-C* 
y-lactones: C*-C(=O)-O-C* 
6-lactones: C*-C(20)-O-C* 
in amides: 
МН,-С(-С"у-О 
(C*-YC*.H-)N-C(-C*)-O 
B-lactams: C*- NH-C-O 
y-lactams: 
C*-NH-C-O 
C*-N(-C*)-C=0 
$-lactams: 
C*-NH-C-O 
C*-N(-C*)-C-O 
in ureas: 
(NH);;-C-O 
(C#-NH),-C=O 
КС) -М]-С=0 
С,-Р*-С* 
C;-P(-O)-CH, 
C;,-P(-O)-CH;-C 
С,-Р(-О)-СН-С; 
С,-Р(-О)-С-С, 
С,-Р(-0)-С" (overall) 
C,-P-C* 
C,-P*-Car 
С,-Р(-О)-Сағ 
Ph,-PzN*-P-Ph, 
C;-P-Car 
(М =), Р-Саг (P =N aromatic) 
C*-SO,-C (C* = CH, excluded) 
C*-SO;-C (overall) 


C*-SO;-O-X 

C*-SO,-N-X, 

C*-S(=O)-C (C* = CH, excluded) 
C*-S(2O)-C (overall) 

CH;-S*-X, 


C*-S* -X, (С* = CH, excluded) 
C*-S* -X, (overall) 

C*-SH 

CH;-S-C* 

C-CH,-S-C* 

С,-СН-5-С" 

C,-C-S-C* 

С"-5-С" (overall) 

in thiirane 

in thietane: see ZCMXSP (1.817, 1.844) 
in tetrahydrothiophene 

in tetrahydrothiopyran 
C-CH;-S-S-X 

С,-С-5-5-Х 

C*-S-S-X (overall) 

C=C-S-C* 

C=C-S-C=C (in tetrathiafulvalene) 
С-С-5-С-С (in thiophene) 
O=C-S-C# 

Car-SO;-C 

Car-SO;-O-X 

Car-SO;-N-X; 

Car-S(=O)-C 

Car-S*-X, 

Car-S-C* 

Car-S-Car 

Сағ-5-Сағ (in phenothiazine) 


98 


1.203 
1218 
1211 


1.190 
1.193 
1.196 
1.184 
1,181 
1.184 
1.187 
1.196 
1.201 


1.225 
1.224 
1.193 


1.232 
1.217 


1.237 
1.229 


1.249 
1.235 
1.224 
1.790 
1.786 
1.801 
1.815 
1.835 
1.800 
1.840 
1.786 
1.796 
1.789 
1.830 
1.788 
1.774 
1.764 
1.738 
1.746 
1.802 
1.793 
1.779 
1.812 
1.788 
1.800 
1.784 
1.808 
1811 
1,854 
1,809 
1810 


1.811 
1.812 
1.813 
1.848 
1.818 
1.740 
1133 
1.703 
1.747 
1.756 
1.749 
1.749 
1.783 
1.771 
1.765 
1.762 
1.760 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


q. 


1.224 
1.237 
1.241 


1.202 
1.203 
1.207 
1.198 
1.195 
1.193 
1.198 
1.206 
1.209 


1.243 
1.238 
1.204 


1.240 
1.233 


1.243 
1.239 


1.261 
1.245 
1.234 
1.812 
1.795 
1.813 
1.828 
1.847 
1.822 
1.870 
1.800 
1.807 
1.800 
1.844 
1.803 
1.797 
1.790 
1.754 
1.773 
1.829 
1.820 
1.792 
1.834 
1.820 
1.819 
1.794 
1.824 
1.825 
1.863 
1.827 
1.858 


1.837 
1.832 
1.832 
1.878 
1.848 
1.764 
1.750 
1.722 
1.778 
1769 
1.756 
1.765 
1.798 
1.787 
1.779 
1.774 
1.769 


Мое 


34 
34 


35 


Bond 


Csp'-S(2) 
Csp!-S(1) 
Csp?-S(1) 


Csp?-Se 
Csp?-Se(2) 
Car-Se(3) 
Csp?-Si(5) 
Csp?-Si(4) 


Car-Si(4) 
Csp!-Si(4) 
Csp?-Te 
Car-Te 
Csp?-Te 
CI-CI 

CHI 


CI-N 
СІ-О(1) 
СІ-Р 


Сі-5 


С1-8е 
CI-Si(4) 


СІ-Те 


F-N(3) 
F-P(6) 
F-P(3) 
F-S 


F-Si(6) 
F-Si(5) 
F-Si(4) 
F-Te 


H-N(4) 


H-N(3) 
Н-О(2) 


I-I 
1-М 
1-О 


1-Р(3) 
1-5 


1-Те(4) 


N(4)-N(3) 
N(3)-N(3) 


N(3)-N(2) 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Substructure 


Car-S-S-X 

МаС-5-Х 

(N=C-S)~ 

(C*);-C-S: see IPMUDS (1.599) 

(Car),-C=S: see CELDOM (1.611) 

(X),-C-S (X = СМО) 

X;N-C(-S)-S-X 

(X,N),-C=S (thioureas) 

N-C( xS) 

С#-бе 

C=C-Se-C=C (in tetraselenafulvalene) 

Ph,-Se* 

C#-Si -X, 

CH;-Si-X, 

C*-Si-X, (C* « CH, excluded) 

C*-Si-X , (overall) 

Car-Si-X; 

С-С-5і-Х; 

C#-Te 

Car-Te 

see CEDCUJ (2.044) 

see PHASCL (2.306, 2.227) 

see CMBIDZ (2.563), HXPASC (2.541, 2.513), 
METAMM (2.552), BQUINI (2.416, 2.718) 

see BECTAE (1.743—1.757), BOGPOC (1.705) 

in CIO," 

(ЇЧ =), P-CI (N = P aromatic) 

CI-P (overail) 

CLS (overall) 

see also longer bonds in CILSAR (2.283), 
BIHXIZ (2.357), CANLUY (2.749) 

see BIRGUEIO, BIRHAL10, CTCNSE 
(2.234—2.851) 

С1-5-Х, (monochloro) 

Cl;-Si-X, and Cl,-Si-X 

СІ-Те in range 2.34—2.60 

see also longer bonds in BARRIV, BOJPUL, 
CETUTE, EPHTEA, OPNTECIO (2.73— 
294) 

Е-М-С, and Е,-М-С 

in hexafluoraphosphate, РЕ, 

(N= );P-F (N = P aromatic) 

43 observations in range 1.409— 1.770 in a wide 
variety of environments; F-S(6) in 
F;-SO;-C, (see FPSULF10, BETJOZ) 

F-S(4) іп F;-S(-O)-N (see BUDTEZ) 

іп SiF427 

F-Si -X, 

F-Si-X, 

see CUCPIZ (F-Te(6) = 1.942, 1.937), 
FPHTEL (F-Te(4) - 2.006) 

X,-N*-H 

X,-N-H 

in alcohols C*-O-H 

C#-O-H 

in acids О-С-О-Н 

inl 

see BZPRIB, CMBIDZ. HMTITI, HMTNTI, 
IFORAM, IODMAM (2.042—2.475) 

Х-І-О (see BZPRIB, CAJMAB, IBZDAC11) 

for 10, see BOVMEE (1.829—1.912) 

see CEHKAB (2.490—2.493) 

see РТНЕВК 10 (2.687), ISUREA10 (2.629), 
BZTPPI (3.251) 

І-Ге-Х, 

X,-N * -N?-X; (№ planar) 

(CXC.H)-N,-N,-(CY(C.H) 

N, М, pyramidal 

N, pyramidal, N, planar 

N, М, planar 

overali 

in pyrazole (NI-N2) 

in pyridazinium (N1* = №) 


1.414 
1.997 
2.008 
2072 


2072 
2.020 
2.520 


1.406 
1.579 
1.495 


1.640 
1.527 
1.694 
1.636 
1.588 


1.033 
1.009 
0.967 
0.967 
1.015 
2917 


2.144 


2.926 
1.414 


1.454 
1.420 
1.401 
1.425 
1.366 
1.350 


9-10 


1.419 
1.994 
2.001 
2.079 


2.075 
2012 
2.515 


1.404 
1.587 
1.497 


1.646 
1.528 
1.701 
1.639 
1.587 


1.036 
1.010 
0.969 
0.970 
1.017 
2918 


2.144 


2928 
1.414 


1.452 
1.420 
1.401 
1.425 
1.366 
1.349 


o 


0.012 
0.026 
0.014 


0.024 
0.016 
0.020 
0.012 
0.032 
0.013 
0.006 
0.015 
0.018 
0.023 
0.024 
0.014 
0.012 
0.030 
0.020 


0.026 
0.015 
0.035 
0.023 


0.009 
0.015 
0.034 


0.016 
0.025 
0.016 


9011 
0.004 
0.013 
0.035 
0.014 


0.022 
0.019 
0.010 
0.010 
0.017 
0011 


0.028 


0.026 
0.005 


0.021 
0.015 
0.018 
0.027 
0.019 
0.010 


9i 


1.767 
1.645 
1.619 


1.656 
1.648 
1.669 
1.709 
1.948 
1.882 
1.924 
1.859 
1.848 
1.872 
1.850 
1.857 
1.824 
2.128 
2.104 


1.403 
1.989 
1.986 
2.047 


2.066 
2.007 
2.493 


1.395 
1.563 
1.481 


1.626 
1.524 
1.677 
1.602 
1.581 


1.026 
0.997 
0.959 
0.959 
1.001 
2.907 


2.127 


2.902 
1.412 


1.444 
1.407 
1.384 
1.407 
1.350 
1.345 


Ч. 


1.785 
1.698 
1.641 


1.689 
1.674 
1.693 
1.731 
1.998 
1.902 
1.936 
1.884 
1.869 
1.905 
1.875 
1.878 
1.849 
2.177 
2.130 


1.431 
2.004 
2.028 
2.091 


2.078 
2.036 
2.537 


1.416 
1.598 
1.510 


1.649 
1.530 
1.703 
1.657 
1.599 


1.045 
1.023 
0.974 
0.974 
1.031 
2.927 


2.164 


2.944 
1.418 


1.457 
1.433 
1.418 
1.443 
1.375 
1.361 


245 


Ол м 


22 


7 
10 


Note 


36 


37 


21 
21 
21 


21 
21,38 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure d m с 41 4 п Note 
N(2)= №2) N > № (aromatic) in pyridazine 
with С.Н as ortho substituents 1.304 1.300 0.019 1.287 1.326 6 
with N,Cl as ortho substituents 1.368 1.373 0011 1.362 1.375 9 
N(2}=N(2) C#-N=N-C# 
cis 1.245 1.244 0.009 1.239 1.252 21 
trans 1.222 1.222 0.006 1.218 1.227 6 
(overall) 1.240 1.241 0.012 1.230 1.251 27 
Саг-М-М-Саг 1.255 1.253 0.016 1.247 1.262 13 
X-N=NEN (azides) 1.216 1.226 0.028 1.202 1,237 19 
N(2)=N(1) Х-М-М-М (azides) 1.124 1.128 0.015 1114 1137 19 
N(3-O(2) (C,H);-N-OH (Nsp?: planar) 1.396 1.394 0.012 1.390 1.401 28 
C,-N-O-C 
(Nsp?: pyramidal) 1.463 1.465 0.012 1.457 1.468 22 
(Nsp?: planar) 1.397 1.394 001! 1.388 1.409 12 
іп furoxan (N2-O1) 1,438 1.436 0.009 1.430 1.447 14 
N(3)-O(1) (C x);N*-O- in pyridine N-oxides 1.304 1.299 0.015 1.291 1.316 11 
іп furoxan (“М2-О67) 1.234 1.234 0.008 1.228 1.240 14 
№200) іп охітев 
(СЮу-С-М-ОН 1.416 1.418 0.006 1.416 1.420 7 
(H)(Csp?)-C=N-OH 1.390 1.390 0.011 1.380 1.401 20 
(СЯХСзр?)-С-М-ОН 1.402 1.403 0.010 1.393 1.410 18 
(Csp?),-C-N-OH 1.378 1.377 0.017 1.365 1.393 16 
(C,H);-C-N-OH (overall) 1.394 1.395 0.018 1.379 1.408 67 
in furazan (O1-N2, O1-N5) 1.385 1.383 0.013 1.378 1.392 12 
in furoxan (O1-N5) 1.380 1.380 0.011 1.370 1.388 14 
in isoxazole (О1-М2) 1.425 1.425 0.010 1.417 1.434 9 
N(3)-O(1) in nitrate ions МО, 1.239 1.240 0.020 1.227 1.251 105 
in nitro groups 
C*-NO, 1.212 1.214 0.012 1.206 1.221 84 
C#-NO, 1.210 1.210 0011 1.203 1.218 251 
Car- NO, 1217 1.218 0011 1211 1.215 1116 
С-МО, (оуега!) 1.218 1.219 0.013 1.210 1226 173 
N(3)-P(4) х,-Р(-Хх)-мх, 
Nsp?: planar 4 1.652 1.651 0.024 1.634 1.670 205 
Nsp*: pyramidal 1.683 1.683 0.005 1.680 1.686 6 
(overall) 1.662 1.662 0.029 1.639 1.682 358 
subsets of this group are: 
О,-Р(«5)-МХ, 1.628 1.624 0.015 1.615 1.634 9 
С-Р(-5)-(МХ,); 1.691 1.694 0.018 1.678 1.703 28 
О-Р(=5)-(№Х,), 1.652 1.654 0.014 1.642 1.664 28 
Р(-О)-(МХ,); 1.663 1.668 0.026 1.640 1.679 78 
N(3)-P(3) -NX-P(-X)-NX-P(-X)- (Р.М, ring) 1.730 1.721 0.017 1.716 1.748 20 
-МХ-Р(-5)-МХ-Р(-5)- (Р.М, ring) 1.697 1.697 0.015 1.690 1.703 44 
in P-substituted phosphazenes: 
(N z),P-N (amino) 1.637 1.638 0.014 1.625 1.651 16 
(aziridinyl) 1.672 1.674 0.010 1.665 1.676 15 
№2)=Р(4) Ph,-P=N *=P-Ph, 1.571 1.573 0.013 1.563 1.580 66 
N(2)=P(3) Ph,-P=N-C,S 1.599 1.597 0.018 1.580 1.615 7 
N(2) = P(3) МЕР aromatic 
in phosphazenes 1.582 1,582 0.019 1.571 1.594 126 
in Р«Мх5 1.604 1.606 0.009 1.594 1.612 36 
N(3)-S(4) C-SO;-NH; 1.600 1.601 0.012 1.591 1.610 14 35 
C-SO,-NH-C# : 1.633 1.633 0.019 1.615 1.652 47 35 
C-SO;-N-C(f); 1.642 1.641 0.024 1.623 1.659 38 35 
N(3)-S(2) C-S-NX, Nsp?: planar 1.710 1.707 0.019 1.698 1.722 22 23 
(for Nsp? pyramidal see MODIAZ: 1.765) 
X-S-NX, Nsp?: planar 1.707 1.705 0.012 1.699 1715 30 23 
N(2-SQ) C=N-S-X 1.656 1.663 0.027 1.632 1.677 36 
N(2)= S(2) N«S aromatic in P= N~=S 1.560 1.558 0.011 1.554 1.563 37 
N(2)=S(2) N=S in N=S=N and N=S=S 1.541 1.546 0.022 1.521 1.558 37 
М(3)-бе see COJCUZ (1.830), DSEMOR 10 (1.846, 
1.852), MORTRS10 (1.841) 
N(2)-Se see SEBZQI (1.805), NAPSEZIO (1.809, 1.820) 
N(2)-Se see CISMUM (1.790, 1.791) 


N(3)-Si(5) see DMESIPOI, BOJLER, CASSAQ, 
CASYOK, CECXEN, CINTEY, CIPBUY, 
FMESIB, MNPSIL, PNPOSI (1.973—2.344) 


N(3)-Si(4) X,-Si-NX; (overall) 1.748 1.746 0.022 1.735 1.757 170 
subsets of this group are: 

Х,-51-МНХ 1.714 1.719 0.014 1.702 1.727 16 

Х,-8)МХ-81:Х, acyclic 1.743 1.744 0.016 1.731 1.755 45 

N-Si-N in 4-membered rings 1.742 1.742 0.009 1.735 1.748 53 

N-Si-N іп 5-membered rings 1.741 1.742 0.019 1.726 1.749 33 

М(2)-514) Х,-8-М7-8-Х, 1711 1.712 0.019 1.693 1.729 15 


9-11 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure d m с 91 4. 2 Note 


N-Te see ACLTEP (2.402), BIBLAZ (1.980), 
CESSAU (2.023) 
00)-00) C*-0-O-C*.H 


(ОО) = 70—85° 1.464 1.464 0.009 1.458 1.472 12 
1(ОО) са. 180% 1.482 1.480 0.005 1.478 1.486 5 
overali 1.469 1.471 0.012 1.461 1.478 17 


О-С-О-О-С-О see АСВ2РОО! (1.446), 
CEYLUN (1.452), CIMHIP (1.454) 


Si-0-O-Si 1.496 1.499 0.005 1.490 1.499 10 
О(2)-Р(5) X-P-(OX), 41 
trigonal bipyramidal: 
axial 1.689 1.685 0.024 1.675 1.712 20 
equatorial 1.619 1.622 0.024 1.604 1.628 20 
square pyramidal 1.662 1.661 0.020 1.649 1.673 28 
O(2)- P(4) C-O-P( xO)?- 1.621 1.622 0.007 1.615 1.628 12 
(H-0);-P( xO) 1.560 1.561 0.009 1.555 1.566 16 
(C-0);-P(«0) 1.608 1.607 0.013 1.599 1.615 16 
(Cj-0),-P-O 1.558 1.554 0011 1.550 1.564 30 
(Сағ-О);-Р-О 1.587 1.588 0.014 1.572 1.599 19 
Х-О-Р(-0)-(С,М), 1.590 1.585 0.016 1.577 1.601 33 
(Х-О),-Р(-О)-(С.М) 1.571 1.572 0.013 1.563 1.579 70 
O(2)-P(3) (N~=),P-O-C (N =P aromatic) 1.573 1.573 0011 1.563 1.584 16 
O(1)=P(4) С-О-Р(::0):27 (declocalized) 1.513 1.512 0.008 1.508 1.518 42 
(H-O),-P(= O); (delocalized) 1.503 1.503 0.005 1.499 1.508 16 
(С-О);-Р(-<О);” (delocalized) 1.483 1.485 0.008 1.474 1.490 16 
(C-O),-P=O 1.449 1.448 0.007 1.446 1.452 18 
С;-Р-О 1.489 1.486 0.010 1.481 1.496 72 
М,-Р-О 1.461 1.462 0.014 1.449 1.470 26 
(С) (N)-P-0 1.487 1.489 0.007 1.479 1.493 5 
(С,М),(0)-Р-О 1.467 1.465 0.007 1.462 1.472 33 
(С.МХО),-Р-О 1.457 1.458 0.009 1.454 1.462 35 
О(2)-8(4) С-О-8О,-С 1.577 1.576 0015 1.566 1.584 41 
С-0-50,-СН, 1.569 1.569 0.013 1.556 1.582 7 
C-O-SO,-Car 1.580 1.578 0.015 1.571 1.588 27 
О()-5(4) С-80,-С 1.436 1.437 0.010 1431 1.442 316 42 
X-SO;-NX, 1.428 1.428 0.010 1.422 1.434 326 
С-50,-М-(С.Н), 1.430 1.430 0.009 1.425 1.435 206 
С-80;-0-С 1,423 1.423 0.008 1.418 1.428 82 
in 50,2“ 1.472 1.473 0.013 1.463 1.481 104 
O(1)-S(3) С-5(-О)»-С 1.497 1.498 0.013 1.489 1.505 90 5 
O-Se see BAPPAJ, BIRGUE10, BIRHALI0, 


CXMSEO, DGLYSE, SPSEBU (1.597 for 
О-5е to 1.974 for O-Se) 


0(2)-81(5) (X-O),-Si-(N)(C) 1.663 1.658 0.023 1.650 1.665 21 
O(2)-Si(4) Х,-8-0-Х (overall) 1.631 1.630 0.022 1.617 1.646 191 
O(2)-Si(4) subsets of this group are: 
X,-Si-O-C4 1.645 1.647 0.012 1.634 1.652 29 
X,-Si-O-Si-X, 1.622 1.625 0.014 1.614 1.631 70 
Х,-8-0-0-5-Х, 1.680 1.676 0.008 1.673 1.688 10 
O(2)-Te(6) (Х-О);-Те 1927 1.927 0.020 1.908 1,942 16 
O(2)- Te(4) (X-O),-Te-X, 2.133 2.136 0.054 2.078 2.177 12 
P(4)-P(4) X3-P-P-X, 2.256 2.259 0.025 2.243 2.277 6 
Р(4)-Р(3) see CECHEX (2.197), COZPIQ (2.249) 
P(3)-P(3) Х,-Р-Р-Х, 2214 2210 0.022 2.200 2.224 41 
Р(4)-Р(4) see BUTSUE (2.054) 
Р(3)-Р(3) see BALXOB (2.034) 
P(4-S(1) Су-Р-5 1.954 1.952 0.005 1.950 1.957 13 
(N,O);(C)-P-S 1.922 1.924 0.014 1.913 1.927 26 
(N,O),-P-S 1.913 1.914 0.014 1.906 1.921 50 
P(4)-Se(1) Х,-Р-5е 2.093 2.099 0.019 2075 2.108 12 
P(3)-Si(4) X;-P-Si-X,: 3- and 4-rings 2.264 2.260 0.019 2.249 2.283 22 


excluded (see BOPFER, BOPFIV, САЗТОР 10, 
COZVIW: 2.201—2.317) 
Р(4)=Те(1) see MOPHTE (2.356), TTEBPZ (2.327) 


5(2)-50) С-5-8-С 
1(55) = 75--105% 2031 2.029 0.015 2.021 2.038 46 
1(55) = 0—20° 2070 2.068 0.022 2.057 2.077 28 
(overall) 2.048 2.045 0.026 2.028 2.068 99 
in polysulphide chain-S-S-S- 2.051 2.050 0.022 2.037 2.065 126 
S(2)-S(1) X-N-S-S 1.897 1.896 0.012 1.887 1.908 5 
S-Se(4) see BUWZUO (2.264, 2.269) 
S-Se(2) X-Se-S (any) 2.193 2495 0.015 2.174 2.207 9 
S(2}-Si(4) X,-Si-S-X 2.145 2.138 0.020 2.130 2.158 19 


BOND LENGTHS ІМ CRYSTALLINE ORGANIC COMPOUNDS (continued) 


Bond Substructure d m с qı q. n Note 
5(2)-Те Х-5-Те (апу) 2.405 2.406 0.022 2.383 2.424 10 
Х-5-Те (апу) 2.682 2.686 0.035 2.673 2.694 28 
Se(2)-Se(2) X-Se-Se-X 2.340 2.340 0.024 2315 2.361 15 
Se(2- Te(2) see BAWFUA, BAWGAH (2.524—2.561) t 
Si(4)-Si(4) X,-Si-Si-X, 3-membered rings excluded: 2.359 2.359 0.012 2.349 2.366 42 


see CIHRAM (2.511) 


Te-Te see CAHJOK (2.751, 2.704) 


RT Г.Т. ы 


Appendix 1. (Footnotes to Table) 


> 


. Sample dominated by В-СН,. For longer bonds in B ` -CH, see LITMEBIO ГВ(4)-СН, = 1.621—1.644À ]. 


p(n}p(n) Bonding with Bsp? and Nsp? coplanar (tBN = 0 + 15°) predominates. See G. Schmidt, В. Boese, and D. Blaser, Z. Naturforsch., 
1982, 37b, 1230. 


. 84 observations range from 1.38 to 1.61 А and individual values depend on substituents оп B and O. For a discussion of borinic acid 


adducts see S. J. Rettig and J. Trotter, Can. J. Chem., 1982, 60, 2957. 


. See M. Kaftory in "The Chemistry of Functional Groups. Supplement D: The Chemistry of Halides, Pseudohalides, and Azides' eds. S. Patai 


and Z. Rappoport, Wiley: New York, 1983, Part 2, ch. 24. 


‚ Bonds which are endocyclic or exocyclic to any 3- or 4-membered rings have been omitted from all averages in this section. 
. The overall average given here is for Csp?-Csp? bonds which carry only C or H substituents. The value cited reflects the relative abundance 


of each ‘substitution’ group. The ‘mean of means’ for the 9 subgroups is 1.538 (o = 0.022) A. 
See F. H. Allen, (а) Acta Crystallogr., 1980, B36, 81; (b) 1981, B37, 890. 


. See Ғ.Н. Allen, Acta Crystallogr., 1984, B40, 64. 
. See F. H. Allen, Tetrahedron, 1982, 38, 2843. 


See F. H. Allen, Tetrahedron, 1982, 38, 645. 


. Cyclopropanones and cyclobutanones excluded. 


See W. B. Schweizer and J. D. Dunitz, Helv. Chim. Acta, 1982, 65, 1547. 


. See L. Norskov-Lauritsen, H.-B. Bürgi, P. Hoffmann, and H. R. Schmidt, Helv. Chim. Acta, 1985, 68, 76. 


See P. Chakrabarti and J. D. Dunitz, Helv. Chim. Acta, 1982, 65, 1555. 


‚ See J. L. Hencher іп ‘The Chemistry of the C=C Triple Bond,’ ed. S. Patai, Wiley, New York, 1978, ch. 2. 
. Conjugated: torsion angle about central C-C single bond is 0 + 20° (сіз) or 180 + 20° (trans). 
. Unconjugated: torsion angle about central C-C single bond is 20—160°. 

. Other conjugative substituents excluded. 

. TCNQ is tetracyanoquinodimethane. 

. No difference detected between С2 ~ C3 and C3 = СА bonds. 

. Derived from neutron diffraction results only. 

. Nsp*: pyramidal; mean valence angle at М is in range 108—114". 

. Nsp*: planar; mean valence angle at М is 2:117.5*. 

. Cyclic and acyclic peptides. 

. Зее В. H. Blessing, J. Ат. Chem. 5ос., 1983, 105, 2776. 

. Зее L. Lebioda, Acta Crystallogr., 1980, B36, 271. 

‚п = 3 or 4, ће. tri- or tetra-substituted ureas. 

. Overall value also includes structures with mean valence angle at N in the range 115—118*. 

. See F. H. Allen and А. J. Kirby, J. Ат. Chem. Soc., 1984, 106, 6197. 


See A. J. Kirby, “Тһе Anomeric Effect and Related Stereoelectronic Effects at Oxygen, Springer, Berlin, 1983. 


. See B. Fuchs, L. Schleifer, and E. Tartakovsky, Nouv. J. Chim., 1984, 8, 275. 
. See S. C. Nyburg and С. H. Faerman, J. Mol. Struct., 1986, 140, 347. 


33. Sample dominated by Р-СН, and Р-СН,-С. 

34. Sample dominated by C* = methyl. 

35. See А. Kalman, М. Czugler, and С. Argay, Acta Crystallogr., 1981, B37, 868. 

36. Bimodal distribution resolved into 22 ‘short’ bonds and 5 longer outliers. 

37. АП 24 observations come from BUDTEZ. 

38. ‘Long’ О-Н bonds in centrosymmetric О - - - H - - – О H-bonded dimers are excluded. 

39. N-N bond length also dependent on torsion angle about N-N bond and on nature of substituent C atoms; these effects are ignored here. 
40. М pyramidal has average angle at М in range 100—113.5*; № planar has average angle of 2117.5". 

41. See R. R. Holmes and J. A. Deiters, J. Amer. Chem. Soc., 1977, 99, 3318. 

42. No detectable variation in 5-О bond length with type of C-substituent. 

Appendix 2. 

Short-form references to individual CSD entries cited by reference code in the Table. A full list of CSD bibliographic entries is given in SUP 56701. 
АСВ2РОО! J. Ат. Chem. Soc., 1975, 97, 6729. BIBLAZ Zh. Strukt. Khim., 1981, 22, 118. 
ACLTEP J. Organomet. Chem., 1980, 184, 417. BICGEZ Z. Anorg. Allg. Chem., 1982, 486, 90. 
ASAZOC Dokl. Akad. Nauk SSSR, 1979, 249, 120. BIHXIZ J. Chem. Soc., Chem. Commun., 1982, 982. 
BALXOB J. Am. Chem. Soc., 1981, 103, 4587. BIRGUEI!O Z. Naturforsch., Teil B, 1983, 38, 20. 
BAPPAJ Inorg. Chem., 1981, 20, 3071. BIRHAL10 Z. Naturforsch., Teil B, 1982, 37, 1410. 
BARRIV Acta Chem. Scand., Ser. А, 1981, 35, 443. BIZJAV J. Organomet. Chem., 1982, 238, C1. 
BAWFUA Cryst. Struct. Commun., 1981, 10, 1345. BOGPOC Z. Naturforsch., Teil В, 1982, 37, 1402. 
BAWGAH Cryst. Struct. Commun., 1981, 10, 1353. BOGSUL Z. Naturforsch., Teil B, 1982, 37, 1230. 
BECTAE J. Org. Chem., 1981, 46, 5048, 1981. BOJLER Z. Anorg. Allg. Chem., 1982, 493, 53. 
BELNIP Z. Naturforsch., Teil B, 1982, 37, 299. BOJPUL Acta Chem. Scand., Ser. A, 1982, 36, 829. 
BEMLIO Chem. Ber., 1982, 115, 1126. BOPFER Chem. Ber., 1983, 116, 146. 

BEPZEB Cryst. Struct. Commun., 1982, 11, 175. BOPFIV Chem. Ber., 1983, 116, 146. 
BETJOZ J. Am. Chem. Soc., 1982, 104, 1683. BOVMEE Acta Crystallogr., Sect. B, 1982, 38, 1048. 
BETUTE10 Acta Chem. Scand., Ser. A, 1976, 30, 719. BQUINI Acta Crystallogr., Sect. B, 1979, 35, 1930. 
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BOND LENGTHS ІМ CRYSTALLINE ORGANIC COMPOUNDS (continued) 


BTUPTE 
BUDTEZ 
BUPSIBIO 
BUSHAY 
BUTHAZIO 
BUTSUE 
BUWZUO 
BZPRIB 
BZTPPI 
CAHJOK 
CAJMAB 
CANLUY 
CASSAQ 
CASTOF10 
CASYOK 
CECHEX 
CECXEN 
CEDCUJ 
CEHKAB 
CELDOM 
CESSAU 
CETTAW 
CETUTE 
CEYLUN 
CIFZUM 
CIHRAM 
CILRUK 
CILSAR 
CIMHIP 
CINTEY 
CIPBUY 
CISMUM 
CISTED 
CIWYIQ 
CIYFOF 
CMBIDZ 
CODDEE 
CODDII 
COFVOI 
COJCUZ 
COSDIX 
COZPIQ 
COZVIW 
CTCNSE 
CUCPIZ 
CUDLOC 
CUDLUI 


Acta Chem. Scand., Ser. A, 1975, 29, 738. 
Z. Naturforsch., Teil B, 1983, 38, 454. 

Z. Anorg. Allg. Chem., 1981, 474, 31. 

Z. Naturforsch., Teil. B, 1983, 38, 692. 
Inorg. Chem., 1984, 23, 2582. 

J. Chem. Soc., Chem. Commun., 1983, 862. 
Acta Chem. Scand., Ser A, 1983, 37, 219. 
Z. Naturforsch., Teil B, 1981, 36, 922. 
Inorg. Chem., 1978, 17, 894. 

Inorg. Chem., 1983, 22, 1809. 

Chem. Z, 1983, 107, 169. 

Tetrahedron Lett., 1983, 24, 4337. 

J. Struct. Chem., 1983, 2, 101. 

Acta Crystallogr., Sect. C, 1984, 40, 1879. 
J. Struct. Chem., 1983, 2, 107. 

2. Anorg. Allg. Сһет., 1984, 508, 61. 

J. Struct. Chem., 1983, 2, 207. 

J. Org. Chem., 1983, 48, 5149. 

Z. Naturforsch., Teil B, 1984, 39, 139. 
Acta Crystallogr., Sect. C, 1984, 40, 556. 
Acta Crystallogr., Sect. C, 1984, 40, 653. 
Chem. Ber., 1984, 117, 1089. 

Acta Chem. Scand., Ser A, 1975, 29, 763. 
Izv. Akad. Nauk SSSR, Ser. Khim., 1983, 2744. 
Acta Chem. Scand., Ser A, 1984, 38, 289. 
Angew. Chem., [nt. Ed. Engl., 1984, 23, 302. 
J. Chem. Soc., Chem. Commun., 1984, 1023. 
J. Chem. Soc., Chem. Commun., 1984, 1021. 
Acta Crystallogr., C, 1984, 40, 1458. 

Dokl. Akad. Nauk SSSR, 1984, 274, 615. 
J. Struct. Chem., 1983, 2, 281. 

Z. Naturforsch., Teil B, 1984, 39, 485. 

Z. Anorg. Allg. Chem., 1984, 511, 95. 
Inorg. Chem., 1984, 23, 1946. 

Inorg. Chem., 1984, 23, 1790. 

J. Org. Chem., 1979, 44, 1447. 

Z. Naturforsch., Teil B, 1984, 39, 1257. 

Z. Naturforsch., Teil B, 1984, 39, 1257. 

Z. Naturforsch., Teil B, 1984, 39, 1027. 
Chem. Ber., 1984, 117, 2686. 

Z. Naturforsch., Teil B, 1984, 39, 1344. 
Chem. Ber., 1984, 117, 2063. 

Z. Anorg. Allg. Chem., 1984, 515, 7. 

J. Am. Chem. Soc., 1980, 102, 5430. 

J. Am. Chem. Soc., 1984, 106, 7529. 

J. Cryst. Spectrosc., 1985, 15, 53. 

J. Cryst. Spectrosc., 1985, 15, 53. 
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СООВАН 
СХМ5ЕО 
DGLYSE 
DMESIPOI! 
DSEMOR10 
DTHIBRIO 
EPHTEA 
ESEARS 
ETEARS 
FMESIB 
FPHTEL 
FPSULF10 
HCLENE10 
HMTITI 
HMTNTI 
HXPASC 
ЇВ2рАСН 
ТЕОКАМ 
IODMAM 
IPMUDS 
ISUREA10 
LITMEBIO 
MESIAD 
METAMM 
MNPSIL 
MODIAZ 
MOPHTE 
MORTRSIO 
NAPSEZ10 
NBBZAM 
OPIMAS 
ОРМТЕСІ0 
PHASCL 
PHASOCO! 
PNPOSI 
SEBZQI 
SPSEBU 
TEACBR 
THINBR 
TMPBTI 
TPASSN 
TPASTB 
TPHOSI 
TTEBPZ 
ZCMXSP 


Acta Crystallogr., Sect. C, 1985, 41, 476. 
Acta Crystallogr., Sect. B, 1973, 29, 595. 
Acta Crystallogr., Sect. B, 1975, 31, 1785. 
Acta Crystallogr., Sect. C, 1984, 40, 895. 
J. Chem. Soc., Dalton Trans., 1980, 628. 
Inorg. Chem., 1971, 10, 697. 

Inorg. Chem., 1980, 19, 2487. 

J. Chem. Soc. C, 1971, 1511. 

J. Chem. Soc. C, 1971, 1511. 

J. Organomet. Chem., 1980, 197, 275. 

J. Chem. Soc., Dalton Trans., 1980, 2306. 
J. Am. Chem. Soc., 1982, 104, 1683. 

Acta Crystallogr., Sect. B, 1982, 38, 3139. 
Acta Crystallogr., Sect. B, 1975, 31, 1505. 
Z. Anorg. Allg. Chem., 1974, 409, 237. 

J. Chem. Soc., Dalton Trans., 1975, 1381. 
J. Chem. Soc., Dalton Trans., 1979, 854. 
Monatsh. Chem., 1974, 105, 621. 

Acta Crystallogr., Sect. B, 1977, 33, 3209. 
Acta Crystallogr., Sect. B, 1973, 29, 2128. 
Acta Crystallogr., Sect. B, 1972, 28, 643. 
J. Am. Chem. Soc., 1975, 97, 6401. 

Z. Naturforsch., Teil B, 1980, 35, 789. 
Acta Crystallogr., 1964, 17, 1336. 

J. Am. Chem. Soc., 1969, 91, 4134. 

J. Heterocycl. Chem., 1980, 17, 1217. 
Acta Chem. Scand., Ser. A, 1980, 34, 333. 
J. Chem. Soc., Dalton Trans., 1980, 628. 
J. Am. Chem. Soc., 1980, 102, 5070. 

Z. Naturforsch., Teil B, 1977, 32, 1416. 
Aust. J. Сћет., 1977, 30, 2417. 

J. Chem. Soc., Dalton Trans., 1982, 251. 
Acta Crystallogr., Sect. B, 1981, 37, 1357. 
Aust. J. Chem., 1975, 28, 15. 

J. Am. Chem. Soc., 1968, 90, 5102. 

J. Chem. Soc., Chem. Commun., 1977, 325. 
Acta Chem. Scand., Ser. A, 1979, 33, 403. 
Cryst. Struct. Commun., 1974, 3, 753. 

J. Am. Chem. Soc., 1970, 92, 4002. 

Acta Crystallogr., Sect. B, 1975, 31, 1116. 
J. Chem. Soc., Dalton Trans., 1977, 514. 
Cryst. Struct. Commun., 1976, 5, 39. 

Z. Naturforsch., Teil B, 1979, 34, 1064. 
Z. Naturforsch., Teil B, 1979, 34, 256. 
Cryst. Struct. Commun., 1977, 6, 93. 


BOND LENGTHS AND ANGLES IN СА5-РНА5Е MOLECULES 


This table is reprinted from Kagaku Benran, 3rd Edition, Vol. П, pp. 649—661 (1984), with permission of the publisher, Maruzen Company, LTD. 
(Copyright 1984 by the Chemical Society of Japan). Translation was carried out by Kozo Kuchitsu. 

Internuclear distances and bond angles are represented in units of А (1 А = 10-19 m) and degrees, respectively. The same but inequivalent atoms 
are discriminated by subscripts a, b, etc. In some molecules ax for axial and eq for equatorial are also used. All measurements were made in the gas 
phase. The methods used are abbreviated as follows. UV: ultraviolet (including visible) spectroscopy; IR: infrared spectroscopy; R: Raman 
spectroscopy; MW: microwave spectroscopy; ED: electron diffraction; NMR: nuclear magnetic resonance; LMR: laser magnetic resonance; EPR: 
electron paramagnetic resonance; MBE: molecular beam electric resonance. If two methods were used jointly for structure determination, they are 
listed together, as (ED, MW). If the numerical values listed refer to the equilibrium values, they are specified Буг, and 6,. In other cases the listed values 
represent various average values in vibrational states; it is frequently the case that they represent the r, structure derived from several isotopic species 
for MW ог the r, structure (i.e., the average internuclear distances at thermal equilibrium) for ED. These internuclear distances for the same atom pair 
with different definitions may sometimes differ as much as 0.01 А. Appropriate comments are made on the symmetry and conformation in the 
equilibrium structure. 

In general, the numerical values listed in the following tables contain uncertainties in the last digits. However, for certain molecules such as diatomic 
molecules, with experimental uncertainties of the order of 10-5 Aor smaller, numerical values are listed to four decimal places. 
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STRUCTURES OF ELEMENTS AND INORGANIC COMPOUNDS 
Compounds are Arranged in Alphabetical Order by their Chemical Formulas 
(Lengths in A and Angles in Degrees) 


Compound Structure Method 
AgBr Ag—Br (r,) 2.3931 MW 
AgCl Ag—Cl (r,) 2.2808 MW 
AgF Ag—F (r) 1.9832 MW 
AgH Ag—H (r) 1.617 UV 
Agl Ag— (г) 2.5446 MW 
AgO Ag—O (r,) 2.0030 UV 
AIBr Al—Br (r) 2.295 UV 
AICI AI—CI (г) 2.1301 MW 
AIF Al—F (т) 1.6544 MW 
AIH AI—H (r) 1.6482 UV 
АП AI (г) 2.5371 MW 
AIO AI—O (r) 1.6176 UV 
АђВге Br Br, Br AI—Br, 222 ED 

r^ "iu^ ^ AI—Br, 238 
B^ ^в ы ZBrAIBr, 82 
a b a 
ZBr,AIBr, 118 
(D>) 
ALCle с а! сі AI—CI, 2.04 ED 
PC T NAP. T AI—CI, 224 
ИЛЭХ О ZC AlCl, 87 
C, Ch с ZCLAICI, 122 
(Day) 
AsBr; As—Br 2.324 ZBrAsBr 99.6 ED 
AsCl, As—Cl 2.165 ZCIAsCI 98.6 ED, MW 
AsF3 As—F 1.710 ZFASF 95.9 ED, MW 
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Compound 


ASF; 


B3H303 
BsH Ns 


BaH 
BaO 
BaS 
BeF 
BeH 
BeO 
BiBr 
BiBr; 
ВІСІ 
ВІСІ; 
BiF 
BiH 
Bil 
BiO 
BrCN 
BrCl 
BrF 
BrF; 


ВгЕ; 


BrO 
Br; 
CBr, 
ССІ 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


As—F 
— As 
b | < 
F, b 
As—H (r) 1.511 
А8-4 2.557 
Au—H (r) 1.5237 
B—Br 1.893 
B—Cl 1.742 
B—F (r,) 1.2626 
B—H 1.189 
B—F 1.32 
ZFBF 118 
B—F 1.313 
В--Н (r,) 1.2325 
В-Р 1.937 
ZPBH 103.6 
ZHPH 101.3 
B—I 2.118 
B—N (rj) 1.281 
B—O (rj) 1.2045 
B—O 1.265 
B—S 1.6091 
Ha Zb. Zh 
FUN S 
a H, a 
B—O 1.376 
B—N 1.435 
ZNBN 118 
Ba—H (r) 2.2318 
Ba—O (r,) 1.9397 
Ba—S (r) 2.5074 
Be—F (r,) 1.3609 
Be—H (r) 1.3431 
Be—O (r,) 1.3308 
Bi—Br (r) 2.6095 
Bi—Br 2.63 
Bi—Cl (r,) 2.4716 
Bi—Cl 2.423 
Bi—F (г) 2.0516 
Bi—H (r,) 1.805 
Bi—I (r,) 2.8005 
Bi—O (r,) 1.934 
C—N (r) 1.157 
Br—Cl (r) 2.1361 
Br—F (rj) 1.7590 
Ка BrP 
F, 


Br—F (average) 1.753 


(Br—F,) - (Br—F, = 0.069 


ЕВЕ 
Br—O (r) 
Br—Br (7,) 
C—Br 
C—CI 


85.1 
1.7172 
22811 
1.935 
1.6512 


Structure 


1.711 


B—F 
B—O 
ZFBO 


B—H 
ZBPH 


А-В, 
(Day) 


ZHASH (0,) 
ZIAsI 


(Ds) 
(Ds) 


1.311 
1.34 
123 


(Ds) 


1.212 
116.9 


staggered form 


B—H 
ZBNB 


Br—F, 
ZF,BrF, 


(Day) 


linear 


B—H, 
B—H, 
В--В 
ZH,BH, 
ZH,BH, 
ZBOB=ZOBO 
1.26 
121 


ZBrBiBr 


ZCIBiCI 


C— Br (r) 


1.810 
86.2 


(Са) 


Ta 
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1.656 


92.1 
100.2 


ZFBF 118.3 
O—H 0.941 
ZBOH 114.1 


P—H 1.399 
ZHBH 114.6 


N—H 1.05 


90 (Су) 


100 (Су) 


1.790 


Вг-Б, 1.721 
(Су) 


Method 


MW, IR 
ED 

UV 

ED 

ED 

UV 
MW 
MW 


ED, IR 
UV 
MW 


ED 
UV 
EPR 
UV 
UV 
IR, ED 


MBE 


ED 
UV 


Compound 


CCIF, 
CCLF 


ссі, 
СЕ 
СЕЛ 
СЕ, 
СН 
CL 
CN 
CO 
СОВг» 


COCIF 
coch 


СОЁ, 


сан 
CdBr; 
CdCl, 
Са, 
CICN 
CIF 
CIF; 


CIO 
CIOH 
CIO, 
CIO4(OH) 


CL 

CLO 
CoH 

Cr (СО), 


CrO 
CsBr 
CsCl 
CsF 
CsH 
CsI 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Structure 
C—CI 1.752 C—F 1.325 
C—CI 1.754 C—F 1.362 
C—CI 1.767 (Т) 
C—F (r) 1.2718 
C—I 2.138 C—F 1.330 
C—F 1.323 (Та) 
C—H (r) 1.1199 
C—I 2.15 (Та) 
C—N (r) 1.1718 
C—O (r) 1.1283 
C—O 1.178 C—Br 
ZBrCBr 112.3 
C—F 1.334 C—O 1.173 
ZFCCI 108.8 ZCICO 127.5 
C—O 1.179 C—CI 
ZCICCI 111.8 
C—F 1.3157 C—O 
ZFCF 107.71 
C—O (r) 1.1600 
C—P (r,) 1.562 
C—S (r) 1.5349 
C—S (r) 1.5526 
C—C (r) 1.2425 
C—O 1.163 C—C 
linear (large-amplitude bending vibration) 
Ca—H (r) 2.002 
Ca—O (r) 1.8221 
Ca—S (r) 2.3178 
Cd—H (r) 1.781 
Cd—Br 2.35 linear 
Cd—Cl 2.24 linear 
Cd—I 2.56 linear 
C—CI (r) 1.629 C—N (r) 
CI—F (r) 1.6283 
EIE, CI—F, 1.698 
| ZF,CIF, 87.5 
Fp 
CI—O (rj) 1.5696 
О-<І 1.690 О-Н 0.975 
Cl—O 1.470 ZOCIO 
О,-<І 1.407 O,—Cl 
H ZO,CIO, 114.3 
Ж 
° 
a O, a 
CI—CI (r) 1.9878 
CI—O 1.6959 ZCIOCI 
Co—H (r,) 1.542 
C—O 1.16 Cr—C 
ZCrCO 180 
Cr—O (r,) 1.615 
Cs—Br (r) 3.0723 
Cs—Cl (r) 2.9063 
Cs—F (r) 2.3454 
Cs—H (r) 2.4938 
Cs—I (r,) 3.3152 
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ZFCF 
ZCICCI 


(Сзу) 


ZFCF 


1.289 


1.160 
СЕ, 
(Су) 


ZHOCI 
117.38 
1.639 

ZO,CIO, 


110.89 


1.92 


108.6 
111 


108.1 


1.725 


1.598 


102.5 


104.1 


Method 


ED, MW 
MW 


ED 
EPR 
ED, MW 


E 


mc 


MW,UV 
MW, IR 
MW 

ED 


UV 
MW 
UV 
ED 


UV 
MW 
MW 
MW 
UV 
MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound Structure Method 
CsOH Cs—O (r) 2.395 O—H (r) 0.97 MW 
CuBr Cu—Br (r) 2.1734 MW 
CuCl Cu—Cl (r) 2.0512 MW 
CuF Cu—F (r) 1.7449 MW 
CuH Cu—H (r,) 1.4626 UV 
Cul Cu—I (r) 2.3383 MW 
FCN C—F 1.262 C—N 1.159 MW 
FOH O—H 0.96 O—F 1.442 ZHOF 97.2 MW 
F, F—F (r,) 1.4119 R 
Ее(СО), Ее--С (average) 1.821 ED 

(Fe—C),, – (Fe—C),x 0.020 
C—O (average) 1.153 (Da) 
GaBr Ga—Br (r,) 2.3525 MW 
GaCl Ga—Cl (r) 2.2017 MW 
GaF Ga—F (r) 1.7744 MW 
СаЕ; Са—Е 1.88 (Da) ED 
Gal Ga—I (r) 2.5747 MW 
Gal, Ga—I 2.458 (Da) ED 
са Gd—I 2.841 ZIGdI 108 (Су) Ер 
СеВіН; Ge—H 1.526 Ge—Br 2.299 MW, IR 
ZHGeH 106.2 
GeBr, Ge—Br 2.272 (Та) Ер 
GeCIH; Ge—H 1.537 Ge—Cl 2.150 IR, MW 
ZHGeH 111.0 
GeCl, Ge—Cl 2.183 ZC1GeCl 100.3 ED 
GeCl, Ge—Cl 2.113 (Та Ер 
GeFH; Ge—H 1.522 Ge—F 1.732 MW, IR 
ZHGeH 113.0 
GeF, Ge—F (r) 1.7321 ZFGeF (6) 97.17 MW 
GeH Ge—H (r) 1.5880 UV 
Сен. Ge—H 1.5251 (Та) ІК, К 
СеО Ge—O (r) 1.6246 MW 
GeS Ge—S (r) 2.0121 MW 
GeSe Ge—Se (r,) 2.1346 MW 
GeTe Ge—Te (r,) 2.3402 MW 
Ge He Ge—H 1.541 Ge—Ge 2.403 ED 
ZHGeH 106.4 ZGeGeH 112.5 
HBr H—Br (r) 1.4145 MW 
HCN C—H (r) 1.0655 C—N (r,) 1.1532 MW,IR 
linear 
HCNO H—C 1.027 C—N 1.161 N—O 1.207 MW 
linear 
НСІ Н-С (ғ) 1.2746 MW 
HF H—F (r,) 0.9169 MW 
HI H—I (r,) 1.6090 MW 
HNCO N—H 0.986 N—C 1.209 C—O 1.166 MW 
ZHNC 128.0 
HNCS N—H 0.989 N—C 1.216 С--5 1.561 MW 
ZHNC 135.0 ZNCS 180 
HNO N—H 1.063 N—O 1.212 ZHNO 108.6 UV 
HNO, О, s-trans conformer s-cis conformer MW 
“Se O,—H 0.958 0.98 
N—O,H N—O, 1432 1.39 
N—O, 1.170 1.19 
ZO,NO, 110.7 114 
ZNO,H 102.1 104 
HNO; H ОН 0.96 N—O, 1.41 MW 
о N—O, 120 N—O, и 
| ДНОМ 1022 ZO,NO, 113. 
. ХО МО, 115.9 planar 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound Structure 
HNSO N—H 1.029 N—S 1.512 5-0 1.451 
ZHNS 115.8 ZNSO 1204 
planar 
Н, H—H (rj) 0.7414 
Н,О O—H (rj) 0.9575 ZHOH (0,) 104.51 
H505 0—0 1.475 ZOOH 94.8 
dihedral angle of internal rotation 119.8 (С) 
Н,5 H—S (r) 1.3356 ZHSH (0, 92.12 
Њ504 н, O—H 0.97 S—O, 1.574 
s 30, 5-0. 1.422 ZH,O,S 108.5 
о —H, ZO,SO, 101.3 ZO,SO, 123.3 
ivi ZO,SO, 108.6 ZO,SO, 106.4 
Ж dihedral angle between the Н,О,5 and O,SO, planes 20.8 
Og | dihedral angle between the Н,О,5 and О,5О, planes 90.9 
dihedral angle between the Н,5О, and O,SO, planes 88.4 (С) 
Н,5, 5-5 2.055 5-Н 1.327 ZSSH 91.3 
dihedral angle of internal rotation 90.6 (С) 
HfCl, Hf—Cl 2.33 (Та) 
HgCl, Hg—Cl 2.252 linear 
HgH Hg—H (r,) 1.7404 
На, Hg—I 2.553 linear 
IBr I—Br (r) 2.4691 
ICN C—I 1.995 C—N 1.159 
ІСІ I—Cl (r) 2.3210 
IF; I—F (average) 1.860 (I—F)a = I—F),x 0.03 
ZF Та 82.1 (Сл) 
10 I—O (r) 1.8676 
L 1—1 (r) 2.6663 
InBr In—Br (r) 2.5432 
ІСІ In—Cl (r) 2.4012 
InF In—F (r,) 1.9854 
InH In—H (r,) 1.8376 
Inl In—I (r) 2.7537 
ПЕ Ir—F 1.830 (Оһ) 
KBr K— Br (г) 2.8208 
KCI K—Cl (r) 2.6667 
KF K—F (r) 2.1716 
KH K—H (r) 2.244 
KI K—I (r) 3.0478 
KOH O—H 0.91 К-О 2.212 linear 
к, K—K (r,) 3.9051 
KrF, Kr—F 1.89 linear 
LiBr Li—Br (r,) 2.1704 
LiCl Li—Cl (r) 2.0207 
LiF Li—F (r,) 1.5639 
LiH Li—H (7) 1.5949 
Lil Li—I (r) 2.3919 
Li, Li—Li (r,) 2.6729 
Li,Cl, Li Li—Cl 2:23 
c ‘а сі 3.61 
К ZCILiCl 108 
Li 
LuCl, Lu—Cl 2.417 ZCILuCl 112 (Су) 
MgF Mg—F (7) 1.7500 
MgH Mg—H (rj) 1.7297 
MgO Mg—O (rj) 1.749 
MnH Mn—H (r) 1.7308 
Мо(СО); Мо-С 2.063 C—O 1.145 (Op 
MoCl,O Мо-<І 2.279 Мо-0 1.658 
ZCIMoCI 87.2 (C4) 
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Method 


MW 


UV 
MW, IR 
IR 


MW, IR 
MW 


ED, MW 


Compound 


MoFg 
NCIH, 


NCI, 
NF, 
NH; 
МН,СМ 


N.O, 


NaBr 
NaCl 
NaF 
NaH 
Nal 
Ма» 
NbCI; 
NbO 
Ni(CO), 
NiH 
NpFg 
OCS 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Structure 

Mo—F 1.820 (Оһ) 
N—H 1.017 N—CI 1.748 
ZHNCI 103.7 ZHNH 107 
N—CI 1.759 ZCINCI 107.1 
N—F 1.3528 ZFNF 103.18 
N—H 1.024 ZHNH 103.3 
N—H 1.00 N,—C 1.35 
Be C—N, 1.160 ZHNH 

Na C=N, angle between the NH; plane and the N—C bond 
H 
N—N 1.427 N—H 1.005 
ZHNH 115.2 ZONO 130.1 
dihedral angle between the NH, and NNO, planes 128.2 
N—H (r,) 1.012 ZHNH (Ө) 106.7 
N—H 1.22 N—Cl 2.54 (Су) 
F,N,—C=N, C—N, 1158 C—N, 
N,—F 1.399 ZN,CN, 174 
ZCN,F 105.4 ZFN,F 102.8 
N—H (r,) 1.0362 
N—H 1.02 N—O 1.453 O—H 
ZHNH 107 ZHNO 103.3 ZNOH 
The bisector of H—N—H angle is trans to the О-Н bond 
N—O (r) 1.1506 
N—CI 1.975 N—O 1.14 ZONCI 
O—N 1.136 N—F 1.512 ZFNO 
N—O 1.193 ZONO 134.1 
N—CI 1.840 N—O 1.202 
ZONO 130.6 (Су) 
Х-О 1.1798 N—F 1.467 
ZONO 136 (Coy) 
N—S (ғ) 1.4940 
N—N (r) 1.0977 
N—H 1.021 N—N 1.449 
ZHNH 106.6 (assumed) ZNNH, 112 
ZNNH, 106 dihedral angle of internal rotation 91 


Н,: the H atom closer to the C, axis, Hy: the H atom farther from the С; axis 


N—N (r,) 1.1284 N—O (r) 1.1841 
О, о, N,—N, 1.864 М,-0, 
NN N,—O, 1.202 N,—O, 
а 5 ZO,N,N, 105.05 
О; ZN,N,O, 112.72 
ZN,N,O, 117.47 
o ,9 N—N 1.782 N—O 
N—N ZONO 1354 (Da) 
y ` 
[9] О 
Na— Br (r,) 2.5020 
Na—Cl (rj) 2.3609 
Na—F (r,) 1.9260 
Na—H (r,) 1.8873 
Na—I (r,) 2.7115 
Na—Na (r,) 3.0789 
Nb—Cl,, 2.241 Nb—Cl, 2.338 (Ра) ED 
Nb—O (г) 1.691 
Ni—C 1.838 C—O 1.141 (Т) 
Ni—H (r) 1.476 
Np—F 1.981 (On) 
C—O (r) 1.1578 C—S (r) 1.5601 
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114 
142 


1.386 


0.962 
101.4 


113 
110.1 


1.142 
1.217 


1.190 


Method 


ED 
MW, IR 


ED 
MW 
UV 
MW 


MW 


IR 
ED 
MW 


LMR 
MW 


IR 

MW 
MW 
MW 
MW 


MW 


IR 
UV 
ED, MW 


MW, IR 
MW 


ED 


MW 
MW 
MW 
UV 
MW 
UV 


UV 
ED 
UV 
ED 
MW 


Compound 


OCSe 
OF 

OF, 
O(SiH;); 


О 
OF, 


О; 
О5 
ОО, 
PBr3 
РСІ; 
PCl; 


1.709 
103.07 
1.634 


1.575 
87.5 
117.47 


101.0 

100.27 
P—Cl, 
(Day) 


97.8 
(Day) 


91.70 
93.345 
1.993 
ZFPF 
2.281 


99.1 


(Та) 


(Са) 


linear 
2.229 


1.553 
1.904 


(Су) 


98.20 


Structure 

C—O 1.159 C—Se 
O—F (r) 1.3579 
O—F (r) 1.4053 ZFOF (0) 
Si—H 1.486 5і-О 
ZSiOSi 144.1 
O—O (r) 1.2074 
0—0 1.217 F—O 
ZOOF 109.5 dihedral angle of internal rotation 
О-- (r) 1.2716 2000 (0,) 
Os—F 1.831 (О,) 
05-0 1712 (Т) 
Р--Вг 2.220 ZBrPBr 
P—Cl 2.039 ZCIPCI 

eu сі, РС, 2.124 
Cl,—P 

| “а 

сі, ^b 
P—F (r) 1.5896 
P—F 1.570 ZFPF 
P—F4 1.577 P—F,, 1.534 
P—H (r,) 1.4223 
P—H 1.418 ZHPH 
P—H 1.4200 ZHPH 
N—P (r) 1.4909 
О—Р (r) 1.4759 
Р-О 1.449 P—CI 
ZCIPCI 103.3 
P—O 1.436 P—F 1.524 
Р—Р (r) 1.8931 
P—F 1.587 Р-Р 
ZPPF 95.4 ZFPF 
The two РЕ; planes are trans to each other (the gauche conformer is less than 10%) 
Р-Р 2.21 (Та) 
РО 1.638 ZPOP 126.4 
Pb—H (r) 1.839 
Pb—O (r) 1.9218 
Pb—S (гд) 2.2869 
Pb—Se (r,) 2.4022 
Pb—Te (r) 2.5950 
Pr—I 2.904 РИ 113 
Pt—O (r,) 1.7273 
Pu—F 1.971 (On) 
Rb—Br (r,) 2.9447 
Rb—Cl (r) 2.7869 
Rb—F (r,) 2.2703 
Rb—H (r) 2.367 
Rb—I (т) 3.1768 
Rb—O 2.301 O—H 0.957 
Re—O 1.702 Re—Cl 
ZCIReO 109.4 (Су) 
Ке-Е 1.832 (Оһ) 
Ru—O 1.706 (То 
C—Se 1.693 C—S 
C—S 1:557 C—Te 
5-<І 2.006 ZCISCl1 103.0 
S—F (r) 1.6006 
S—F 1.5921 ZFSF 
S—F 1.561 (On) 
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BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


(Су) 


(C5) 
(Coy) 


2.020 


101.3 


Method 


MW 
LMR 
MW 
ED 


MW 
MW 


MW 
ED 
ED 
ED 
ED 
ED 


UV 

ED, MW 
ED 
LMR 
UV 

MW 
MW 

UV 

ED 


ED, MW 
UV 
ED 


ED 
ED 
UV 
MW 
MW 
MW 
MW 
ED 
UV 
ED 
MW 
MW 
MW 
UV 
MW 
MW 
MW 


ED 
ED 
MW 
MW 
ED 
MW 
MW 
ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound Structure Method 
50 5—0 (r) 1.4811 MW 
SOCI, 5-0 1.44 5-<І 2.072 MW 

ZCISCI 97.2 ZOSCI 108.0 
SOF, S—O 1.420 5-Е 1.583 Ер 
ДОЗЕ 106.2 ZFSF 92.2 
SOF, P. > 5-0 1.403 S—F, 1.575 ED 
F,—S—F, S—F, 1.552 ZOSF, 90.7 
Š ZOSF, 1249 ZF,SF, 89.6 
ZFSF, 110.2 (Coy) 
SO, 5—0 (r) 1.4308 ZOSO (0,) 119.329 MW 
SO;CL 5—0 1.404 S—CI 2.011 ZOSO 123.5 ED 
ZCISCI 100.0 (Coy) 
SOF, 5-0 1.397 S—F 1.530 ZOSO 123 ED 
ZFSF 97 (Coy) 
50; 5—0 1.4198 (Da) IR 
S(SiH3); Si—H 1.494 Si—S 2.136 ZSiSSi 97.4 ED 
5, S—S (r) 1.8892 R 
5,Вг, S—Br 2.24 5-5 1.98 Ер 
ZSSBr 105 dihedral angle of internal rotation 83.5 
5-СІ, 5-<І 2.057 5-5 1.931 Ер 
25561 108.2 dihedral angle of internal rotation 84.1 (С) 
5,0; 5—0 1.458 5-5 2.025 2085 112.8 MW 
planar cis form 
$8 S. p." л 5-5 2.07 Ер 
S S ZSSS 105 
(Dau) 
S 
s“ `$ 
SbCl; 55-01 2.333 ZCISbCI 97.2 ED 
SbH; Sb—H 1.704 ZHSbH 91.6 MW 
SeF Se—F 1.742 MW 
5еЕ, Se—F 1.69 (Оһ) Ер 
ЅеО Se—O (r) 1.6393 MW 
SeOF, Se—O 1.576 Se—F 1.730 MW 
ZOSeF 104.82 ZFSeF 92.22 
$е0> Se—O (r) 1.6076 ZOSeO (6,) 113.83 MW 
ЅеО; 5е-О 1.69 (Da) ED 
Se; Se—Se (r,) 2.1660 UV 
Ses Se—Se 2.34 ZSeSeSe 102 ED 
six-membered ring with chair conformation 
SiBrF; Si—F 1.560 Si—Br 2.153 MW 
ZFSiBr 108.5 (Су) 
SiBrH, Si—H 1.485 Si—Br 2.210 MW 
ZHSiBr 107.8 (С-,) 
5ІСІН; 5і-Н 1.482 Si—Cl 2.048 MW 
ZHSiCI 107.9 (C4) 
SiCl, Si—Cl 2.019 (T4) ED 
SiF Si—F 1.6008 UV 
SiFH, Si—H 1.484 Si—F 1.593 МУ, IR 
ZHSiH 110.63 (Су) 
SiF, Si—F (r,) 1.590 ДЕЗЕ (62 100.8 MW 
SiF;H Si—H (r,) 1.4468 Si—F (r,) 1.5624 MW 
ZHSiF (6,) 110.64 
SIF, Si—F 1.553 (Та) Ер 
SiH Si—H (r) 1.5201 UV 
Ни 51-Н 1.485 51-І 2.437 MW 
ZHSH 107.8 
SiH, Si—H 1.4798 (Т) ІК 
SiN N—Si (r) 1.572 UV 
SiO Si—O (r,) 1.5097 MW 
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Compound 


SiS 
SiSe 
Si; 
Si;Cl; 


Si; қ 


SiH, 


SnCl, 
SnH 
SnH, 
SnO 
505 
SnSe 
SnTe 
SrH 
SrO 
515 
TaCl, 
TaO 
Те 
Те; 
ТІСІ, 
ThF, 
TIBr 
ТІСІ 
ТІЕ 
ТІН 
TII 
TiBr, 
TiCl, 
TiO 
TiS 
СЕ 
V(CO)¢ 


УСО 


УСІ, 
VF; 
vo 
СОЈ 
WCIF; 


УУЕ,О 


WF, 
XeF, 
XeF, 
Хебе 
Хео, 
ZnH 
ZrCly 
7 ТЕ, 
710 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Si—S (r) 
Se—Si (r) 
Si—Si (r) 
Si—Si 
ZCISiCI 
Si—Si 
ZFSiF 
Si—H 
ZSiSiH 


Sn—Cl 
Sn—H (r,) 
Sn—H 
Sn—O 
S—Sn (r) 
Se—Sn (r,) 
Sn—Te (r,) 
Sr—H (r,) 
Sr—O (r,) 
S—Sr (r) 
Ta—Cleq 
Ta—O (r,) 
Te—F 
Te—Te (r,) 
Th—Cl 
Th—F 
TI—Br (r,) 
TI—CI (r) 
TI—F (r) 
ТЕН (т) 
TI—I (r) 
Ti—Br 
Ti—Cl 
Ti—O (r) 
Ti—S (r) 
U—F 
У-С 


У-О 

ZCIVCI 

V—CI 

V—F (average) 
У--О (r) 


1.9293 
2.0583 
2.246 
2.32 
109.7 
2.317 
108.6 
1.492 
110.3 


2.280 
1.7815 
1.711 
1.8325 
2.2090 
2.3256 
2.5228 
2.1455 
1.9198 
2.4405 
2.227 
1.6875 
1.815 
2.5574 
2.58 
2.14 
2.6182 
2.4848 
2.0844 
1.870 
2.8137 
2.339 
2.170 
1.620 
2.0825 
1.996 
2.015 


Structure 


Si—Cl 2.009 
Si—F 1.564 
Si—Si 2.331 
ZHSiH 108.6 
staggered form (assumed) 
(То) 

(То) 

Та-«І,, 2.369 (Da) 
(Оһ) 

(Та 

(Та 

(То) 

(То) 

(Оһ) 

C—O 1.138 


(Оһ. involving dynamic Jahn-Teller effect) 


1.570 
111.3 
2.138 
1.71 
1.5893 


2.059 


1.666 
86.2 
1.832 
1.977 
1.94 
1.890 
1.736 
1.5949 
2.32 
1.902 
1.7116 


УС 2.142 


(Та, involving dynamic Jahn-Teller effect) 


1.149 (On) 
У--С1 2.251 
W—F (average) 1.836 
ZF,WF, 88.7 
W—F 1.847 
(Cay) 
(Оһ) 
linear 
(Dan) 

(large-amplitude bending vibration around the О, structure) 
(То) 
(То) 
(То) 
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Method 


MW 
MW 
UV 
ED 


ED 


ED 


В, IR 


ED, MW 


ED 


ED 
IR 

ED 
ED 
ED 
UV 
ED 
ED 
UV 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


STRUCTURES OF ORGANIC MOLECULES 


Compounds are Arranged in Alphabetical Order by Chemical Name; Cross References are Given for 


Compound 


Acetaldehyde 


Acetamide 
СН,СОМН, 


Acetic acid 


Acetone 
(СНз)>СО 


Acetonitrile 
СН,СМ 

Acetonitrile oxide 
СН,СМО 

Acetyl chloride 
CH3COCI 


Acetyl cyanide — Pyruvonitrile 
Acetylene 

НС-СН 
Acrolein -> Acrylaldehyde 
Acrylaldehyde 


Acrylonitrile 


Acryloyl chloride 


Common Synonyms (Lengths in Á and Angles in Degrees) 


Structure 
2 C,—O 
C,H; — С, Су-Н 
i C,—H 
C,—C, 1.515 ZC,C,O 
ZHC,H 109.8 ZC,C,H 
C—O 1.220 C—N 
C—C 1.519 N—H 
C—H 1.124 ZNCO 
ZCCN 115.1 
2 О, C—C 
СН; 2 C—O, 
O,—H C—O, 
C—H 1.10 ZCCO, 
ZCCO, 110.6 
C—C 1.520 C—O 
C—H 1.103 ZCCC 
ZHCH 108.5 
C—H 1.107 C—C 
C—N 1.159 ZCCH 
C—C 1.442 C—N 
N—O 1.217 (Cs) 
C—H 1.105 C—O 
C—C 1.506 C—CI 
ZHCH 108.6 ZOCCI 
ZCCCI 111.6 
C—H (r,) 1.060 C—C (r,) 
H C,—C, 
| C,—C, 
Hy p —O C,—O 
„Са“ с, 4 C,—H 
H H С--Н 
ZC,C,C, 120.3 ZC,C,O 
ZHC,C, 114 other CCH angles (average) 
planar s-trans form 
N Сс— С 
H Z Су-С, 
pP C,—N 
„Са qua Be C,—H 
H Н ZC C,C. 
2С,С,Х 178 ZHCC 
C—H 1.086 (assumed) с,-<. 
с—а 1.82 С,-<, 
Н С--О 
х, c ZC,C,H 
не X ZC,C,H 
А-6 М ЕС. С.С, 
Н О ZC,C,Cl 
2С,С,О 
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1.210 
1.107 
1.128 


124.1 
115.3 
1.380 
1.022 
122.0 


1.520 
1.214 
1.364 
126.6 


1.213 
116.0 


symmetry axis of each methyl group 
is tilted 2? from the C—C bond 


1.468 
109.7 
1.169 


1.187 
1.798 
121.2 


1.203 


1.484 
1.345 
1.217 
1.10 
1.13 
123.3 
122 


1.343 

1.438 

1.167 

1.114 

121.7 

120 

1.48 

1.35 

1.19 

120 (assumed) 
121.5 (assumed) 
123 

116 

127 


Method 


ED, MW 


ED 


ED 


ED, MW 


ED, MW 


MW 


ED, MW 


IR 


ED, MW 


ED, MW 


MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Allene 
СН,-С-СН, 
Allyl chloride 


Aniline 
C;H5NH5 


Azetidine 


Aziridine 


Azomethane 
СН,Х-МСН, 
Benzene 
C6H6 
p-Benzoquinone 


Biacetyl 
СН;СОСОСН; 


Bicyclo[1.1.0]butane 


Bicyclo[2.2.1]hepta-2,5-diene 


Bicyclo[2.2.1]heptane 
C.H 


Structure 
C—C 1.3084 C—H 1.087 
ZHCH 118.2 
СІ cis conformer C—CI 1.811 


&ССС1 115.2 


| 
Н,С,--С,Н-С,Н, skew conformer C—Cl 1.809 


&ССС1 109.6 СССС1 dihedral angle of internal 
rotation 122.4 
С-С 1.392 C—N 1.431 
N—H 0.998 ZHNH 113.9 
dihedral angle between the NH, plane and the М-С bond 140.6 
CH,— CH, C—N 1.482 
| | сс 1.553 
CH;—NH C—H 1.107 
N—H 1.03 ZCNC 92.2 
ZCCC 86.9 ZCCN 85.8 
dihedral angle between the CCC and CNC planes 147 
H, N—H 1.016 
2 x г N—C 1475 
bY N Z b C—C 1.481 
< C—H 1.084 
Н, Н, ZCNC 60.3 
ZH,NC 109.3 
ZH,CH, 115.7 ZH,CC 117.8 
ZH,CN 118.3 ZH,CC 119.3 
ZH,CN 114.3 
C—N 1.482 N—N 1.247 
ZCNN 112.3 trans conformer 
С—С 1.399 C—H 1.101 
H H C,—O 1.225 
„© =C, ч C,—C, 1.344 
о=с, o C,—C, 1.481 
N / &СЬС„Сь 118.1 
Cy= Cy 
H H 
С-О 1.215 C—C (average) 1.524 
C—H 1.108 ZCCO 119.5 
ZCCC 116.2 trans conformer 
Н, C,—C, 1.497 
d C—C, 1.498 
a C,—H 1.071 
H, | UM H, шин 
Nu LAC C, —H,, C,—H, 1.093 
% | n ZH,C,H, 115.6 
H. * RH, 
ZC,C,H, 130.4 ZC,C,C, 60.0 
ZC,C,H, 128.4 dihedral angle between the two С,С,С, planes 121.7 
H, C,—C, 1.535 
С; С=С 1.343 
[Ссн C—C, 1.573 
HC,— > VH C—H 1.12 
de e eu ZC C.C, 94 
dihedral angle between the two C,C,C,C, planes 115.6 
(C3) 
See the preceding molecule for the labels of the C atoms 
C,—C, 1.54 СБ 1.56 
С— С; 1.56 C—C (average) 1.549 
—C,C.C, 93.1 dihedral angle between the two С,С,С,С, planes 113.1 
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Method 


IR 


MW 


MW 


ED 


MW 


ED 


ED, IR 


ED 


ED 


MW 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Bicyclo[2.2.0]hexa-2,5-diene 


Bicyclo[2.2.2]octane 


Bicyclo[1.1.1]pentane 
CsHs 
Bicyclo[2.1.0]pentane 


Вірһепуі 


4,4’-Bipyridyl 


Bis (cyclopentadienyl) beryllium 
(С5Н5)›Ве 

Bis (cyclopentadienyl) iron — Ferrocene 

Bis (cyclopentadienyl) lead 
(C;H5);Pb 

Bis (cyclopentadienyl) manganese 
(С-Н,),Мп 

Bis (cyclopentadienyl) nickel 
(C;H3Ni 

Bis (cyclopentadienyl) ruthenium 
(С5Н5)>Ви 

Bis (cyclopentadienyl) tin 
(С5Н5)›5п 

Bis (trifluoromethyl) peroxide 
СЕ,ООСЕ; 


Borine carbonyl 
ВН,СО 


Bromobenzene 


Bromoform 
СНВт; 
Bromoiodoacetylene 
ІС=СВг 


Structure 


H G=, 1.345 
C CC. 1.574 


| С„—Сь 1.524 
HON |, ^ CH dihedral angle between the two С,С,С,С, planes 117.3 
H 
НС,(С,Н,С,Н»),С,Н C,—C, 1.54 
C,—C, 1.55 ZC,C,C, 109.7 
C—C (average) 1.542 
large-amplitude torsional motion about the D3, symmetry axis 
C—C 1.557 ZCCC 74.2 
C,H, — C,H C,—C, 1.536 
a 4 бес 1.565 
о- (o SS ъъ 
Н, H C.H, C,—C, 1.528 
C,—C, 1.507 
Dihedral angle between the C,C,C,C, and C,C,C, planes 112.7 
C—C (intra-ring) 1.396 
(5-0) (inter-ring) 1.49 


C—C, СМ (intra-ring) 


P = 
Ж 2 à 


Be—(cyclopentadieny] plane) 
С—С 1.423 (Са) (The Be atom has two equilibrium positions) 


C—C 


1.430 


torsional dihedral angle 
between the two rings ~40 


1.375 
C—C (inter-ring) 


1.465 


torsional dihedral angle 
between the two rings ~37 


1.470, 1.92 


dihedral angle between the two С.Н, planes 40~50 (The two rings аге not parallel.) 


Mn—C 2.383 


Ni—C 


C—Br 
ZBrCBr 
C—I 
C—Br 


2.196 
1.439 


1.431 
1.14 
1.42 
1.320 
109.0 


1.194 
1.131 
180 


1.924 
111.7 
1.972 
1.795 
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Pb—C 2.79 
1.429 (Da) 
C—C 1.430 
(Оз) 
Ru—C 2.196 
Sn—C 2.71 
(Dsi) 
C—O 1.399 
ZCOO 107 
COOC dihedral angle of internal 
rotation 123 
B—C 1.540 
ZHBH 113.9 
(Су) 
C—H 1.072 
С--С, 1.401 
С—С, 1.375 
C—Br 1.85 
C,—C, 1.42 
ZC,4C,C, 117.4 
С-- 1.11 
(Су) 
С-- 1.206 


Method 


ED 


ED 


ED 


MW 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


MW 


MW 


ED, MW 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


1,3-Butadiene 


1,3-Butadiyne 
Butane 
CH4CH;CH;CH; 


2-Butanone — Ethyl methyl ketone 
Butatriene 


2-Butene 


3-Buten-1-yne — Vinylacetylene 
tert-Butyl chloride 
(CH4,CCI 


tert-Butyl cyanide — Pivalonitrile 
2-Butyne 


Carbon C; 
Carbon С; 


Carbon suboxide — Tricarbon dioxide 


Carbon tetrabromide 
CBr, 

Carbon tetrachloride 
CCl, 

Carbon tetrafluoride 
CF, 

Carbon tetraiodide 
CL 

Carbonyl cyanide 
СО(СМ), 


Chloroacetylene 
НС-ССІ 

Chlorobenzene 
СНС 


Chlorobromoacetylene 
СІС=СВг 

Chlorocyanoacetylene 
СІС-ССМ 

Chloroethane — Ethyl chloride 

2-Chloroethanol 
СЇСН,СН,ОН 


Chloroethylene — Vinyl chloride 
Chloroform 
CHCI, 


Structure 
C,H, C,—C, 1.467 
N C,—Cy 1.349 
SE GR C—1H (average) 1.108 
C.H, ZCCC 124.4 
ZC,C,H 120.9 anti conformer (Cop) 
HC,=C,—C,=C,H C—H 1.09 
С--С, 1.218 C,—C, 1.384 
linear 
С—С 1.531 C—H 1.117 
ZCCC 113.8 ZCCH 111.0 
trans conformer 54% dihedral angle for the gauche conformer 65 
H,C,=C,=C,=C,H> C—H 1.08 
С--С, 1.32 C,—C, 1.28 (Da) 
C,H;—C,H=C,H—C,H; ED 
С--С, cis conformer 1.506 trans conformer 1.508 
C,—C, 1.346 1.347 
ZC,C,C, 125.4 123.8 
C—H 1.102 C—C 1.528 
C—CI 1.828 &ССС1 107.3 
ZCCH 110.8 ZCCC 111.6 
C,H,—C,2C,—C,H, C—H 1.116 ED 
C,—C, 1.214 C,—C, 1.468 
ZC,C,H 110.7 
C—C (гд) 1.3119 
С-С 1.277 linear 
C—Br 1.935 (Та) 
C—CI 1.767 (То) 
С—Е 1.323 (Та) 
C—I 2.15 (Та) 
C—O 1.209 C—C 1.466 
C—N 1.153 ZCCC 115 
ZCCN 180 
C—H 1.0550 C—C 1.2033 
C—CI 1.6368 
C—C 1.400 C—CI 1.737 
C—H 1.083 ZCC(CDC 121.7 
ZCC(H)C 120 
CI—C 1.636 C—C 1.206 
C—Br 1.784 
C—CI 1.624 C—C 1.205 
C—CN 1.362 C—N 1.160 
С-О 1.413 C—C 1.519 
C—CI 1.801 C—H 1.093 
O—H 1.033 &ССС1 110.7 ZCCO 113.8 
fraction of the gauche conformer at 37°C is 92 ~ 94%, 
dihedral angle of internal rotation 62.4 
C—H 1.100 C—CI 1.758 
ZCICCI 111.3 (629) 
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Method 


ED 


ED 


ED 


ED 


ED, MW 


UV 
UV 


ED 


ED 


ED 


ED 


ED, MW 


MW 


ED 


ED 


ED 


ED 


MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Chloroiodoacetylene 
СІС-СІ 


Chloromethane — Methyl chloride 
3-Chloropropene — Allyl chloride 


Cyanamide 
H2N,CN, 


Cyanoacetylene 
H—C,=C,—C.=N 
Cyanocyclopropane 
C3H;C,N 
Cyanogen 
(CN), 
Cyclobutane 


(СВ 
Cyclobutanone 


Cyclobutene 


Cyclohexane 
CIH 
Cyclohexene 


Cyclooctatetraene 


1,3-Cyclopentadiene 


Cyclopentadienylindium 


Cyclopentane 
(CH3); 


Structure 
C—CI 1.63 C—I 1.99 
C—C 1.209 (assumed) 
N,—C 1.346 C—N, 1.160 
N—H 1.00 ZHNH 114 
dihedral angle between the NH, plane and the М-С bond 142 
C,—H 1.058 C,—C, 1.205 
С—С; 1.378 C,—N 1.159 
C—C (ring) 1.513 C—C, 1.472 
C—H 1.107 C,—N 1.157 
ZHCH 114.6 ZC,CH 119.6 
C—N 1.163 C—C 1.393 
linear 
C—H 1.113 C—C 1.555 
dihedral angle between the two CCC planes 145 
ЖЫ С—С 1.527 
С.Н, С=О C,—C, 1.556 
ES сын; ОСС 93.1 
ZC,C,C, 88.0 
H,C—C,H, С 1.342 C,—C, 1.566 
| | С--С, 1.517 C,—H 1.094 
HC, GH C,—H 1.083 
ZC,C,C, 94.2 ZC,C,H 133.5 
ZC,C,H 114.5 ZC,C,C, 85.8 
ZHC,H 109.2 dihedral angle between the CH, 
plane and the C,—C, bond 135.8 
C—H 1.119 
chair form 
C,—C, 1.334 
C,—C, 1.50 
с,-<. 1.52 
С.С, 1.54 
ZC,C,C, 112.0 
(C5) half-chair form 
C,—C, 1.476 
C—H 1.100 
C,—C,,C,—C, 1.340 
СС С, ZC,C,C, 126.1 
dihedral angle between the C,C,C,C, and C,C,C,C, planes 136.9 
tub form (Daa) 
Жана C,—C, 1.509 
с,-<. 1.342 
не. p" С.С, 1.469 
НС,-СН ZC,C,C, 109.3 
ZO,C.C, 109.4 ZC,4C,C, 102.8 
In In—C 2.621 
сс 1.426 
ES (Cs) 
НС ' CH 
% Ж 
СН 
C—H 1.114 C—C 1.546 
ZCCH 111.7 


(The out-of-plane vibration of the C atoms is essentially free pseudorotation; 


average value of the displacements of the C atoms from the molecular plane 0.43) 
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Method 


MW 


MW 


MW 


MW 


ED 


ED 


MW 


MW 


ED 


ED 


ED 


MW 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Cyclopentene 


Cyclopropane 
(СН) 
Сус1оргорапопе 


Сус1оргорепе 


Decalin 
CioHis 


Dewer benzene — Bicyclo|[2.2.0] 


hexa-2,5-diene 
Diacetylene — 1,3-Butadiyne 
1,4-Diazabicyclo[2.2.2 ]octane 


2,3-Diaza-1,3-butadiene — Formalde- 


hyde azine 
Diazirine 


Diazoacetonitrile 


Diazomethane 
СН,М, 

1,2-Dibromoethane 
СН,В:СН,Вг 


Dibromomethane 
СН,Вг, 

2,2/-Dichlorobiphenyl 
C&;H4CI—C&4H,CI 


trans-1,4-Dichlorocyclohexane 
CoH СІ; 


1.546 
1.519 
1.342 
104.0 
103.0 
1512 
1.083 


1.475 
1.191 


151 
1.304 
1.519 
1.077 
133 


Structure 
Jh СН» ч С„—Сь 
Н,С, сн; =: 
= с с 
сн=сн 2ссс, 
ZO,C,C, 110.0 ZC,C,C, 
dihedral angle between the C,C,C, and C,C,C,C, planes 
C—C 1.512 C—H 
ZHCH 114.0 
Тоби C—H 1.086 C,—C, 
C0 СС 1.575 C,—O 
H,G, ZC,C,C, 577 
ZHC,H 114 dihedral angle between the CH, 
plane and the C,—C, bond 
2 C.H, ` C,—C, 
H= C,H C—C, 
C,—H 
C,—H 1.112 ZC,C,H 
ZHC,H 118 
C—C (average) 1.530 C—H (average) 


ZCCC (average) 111.4 


СН,СН, 
2 N 
N-CH,CH;^N 
СН,СН, 


C—N 
C—C 
ZNCC 
ZCNC 


large-amplitude torsional motion about the D3, symmetry axis 


и М С-Ч 
CH, || см 
NN N—N 
ZHCH 
H С 
с №№, 
КЎ C,—N, 
# С, me C—H 
N, AN С,—С, 
ZC,C,H 117 ZC,C,N, 
C—H 1.075 C—N 
N—N 1.12 ZHCH 
C—C 1.506 C—Br 
C—H 1.108 ZCCBr 
ZCCH 110 fraction of the trans conformer at 25°C 
C—H 1.08 C—Br 
ZHCBr 109 ZBrCBr 
C—C 1.398 C—C inter-ring 
C—CI 1.732 C—H 
ZCCCI 121.4 ZCCH 


1.113 


1.472 
1.562 
110.2 
108.7 


1.09 
1.482 
1.228 
117 
1.280 
1.132 
1.165 
1.082 
1.424 


119.5 
1.32 
126.0 linear 
1.950 
109.5 
95% 

1.924 
113.2 
1.495 
1.10 
126 


dihedral angle between the two aromatic rings 74 (defined to be 0 for that 


of the cis conformer) 


C—H 1.102 
C—C 1.530 
ZCCCI (ee) 108.6 
ZHCCI (ee) 111.5 
ee 49% aa 51% 
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C—CI 
ZCCC 
ZCCCI (аа) 
ИНСС! (aa) 


e: equatorial, a: axial 


1.810 
111.5 
110.6 
107.6 


Method 


ED 


MW 


ED 


ED 


ED 


MW 


MW 


MW, IR 


ED 


ED 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


1,1-Dichloroethane 
CHCLCH; 

1,2-Dichloroethane 
CH;CICH;CI 


1,1-Dichloroethylene 
CH;-CCL 

cis-1,2-Dichloroethylene 
СНСІ-СНСІ 

Dichloromethane 
CH,Cl, 

1,1-Difluoroethane 
СН,СНЕ, 


1,2-Difluoroethane 
СЊЕСЊЕ 


1,1-Difluoroethane 
CH,=CF, 


cis-1,2-Difluoroethylene 
CHF=CHF 


Difluoromethane 
CHF, 
Dimethoxymethane 


Dimethylacetylene -> 2-Butyne 


Dimethylamine 
(CH) NH 


Dimethylberyllium 
(СН;);Ве 

Dimethylcadmium 
(Сн,),Са 

Dimethyl carbonate 


Dimethylcyanamide 
(C;H3)N4— CEN, 


1,2-Dimethyldiborane 


Dimethyl diselenide 
(CH3))Se; 


Structure 
C—CI 1.766 
ZCICCI 112.0 
C—C 1.531 
C—H 1.11 
ZCCH 113 


C—C 
&ССС1 
C—Cl 
&ССС1 


1.540 
111.0 
1.790 
109.0 


fraction of the trans conformer at room temperature 73%, that of the 


gauche conformer 2796 


с-с 1.32 (assumed) C—CI 1.73 
ZCICC 123 (Coy) 
C—CI 1.718 С-С 1.354 
ZCICC 123.8 
C—H (r,) 1.087 C—CI (r) 1.765 
ZHCH (6, 111.5 ZCICCI (6,) 112.0 
С-С 1,498 C—H (average) 1.081 
C—F 1.364 ZCCH (average) 111.0 
ZCCF 110.7 dihedral angle between the two CCF planes 118.9 
C—F 1.389 C—C 1.503 
C—H 1.103 ZCCF 110.3 
ZCCH 11 dihedral angle of internal rotation 109 
fraction of the gauche conformer at 22°C 94% 
C—C 1.340 C—F 1.315 
C—H 1.091 ZCCF 124.7 
ZCCH 119.0 
C—C 1.33 C—F 1.342 
C—H 1.099 ZCCF 122.0 
ZCCH 124.1 
C—H 1.093 C—F 1.357 
ZHCH 113.7 ZFCF 108.3 
H О O H C,—O 1.432 
"£ од C,—O 1.382 
| са ZTN C—H (average) 1.108 
H H HH 
ZCOC 114.6 ZOCO 1143 
ZOCH 110.3 
C—H 1.106 N—H 1.00 
C—N 1.455 ZCNC 111.8 
ZCNH 107 ZNCH 112 
ZHCH 107 
Be—C 1.698 C—H 1.127 
ZBeCH 113.9 CBeC linear 
C—Cd 2.112 ZHCH 108.4 
C,H30, C,—O, 1.209 
E C,—0, 1.34 
x Ob C,—0, 1.42 
C,H30, 
ZO,C,0, 107 ZC,0,C, 114.5 
C,—N, 1.161 C,—N, 1.338 
C,—N, 1.463 ZC,NC, 115.5 
ZC,NC, 116.0 
сн; Н, СН, В-В 1.799 
Мег B—C 1.580 
ЖУМА СЫ ВН, 1.358 (cis), 1.365 (trans) 
t b t 
B—H, 1.24 
ZBBC 122.6 (cis), 121.8 (trans) 
C—H 1.13 C—Se 1.95 
Se—Se 2.326 ZCSeSe 98.9 
ZHCSe 108 dihedral angle between the CSeSe and SeSeC planes 


9-30 


88 


Method 


MW 


ED 


MW 


ED 


MW, IR 


ED 


ED 


ED, MW 


ED, MW 


MW 


ED 


ED 


ED 


ED 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Dimethyl disulfide 
(СН;);5; 


S,S-Dimethyl dithiocarbonate 


Dimethyl ether 
(СНО 
Dimethylglyoxal — Biacetyl 
N,N-Dimethylhydrazine 
CH;NH—NHCH; 


Dimethylmercury 
(CH3).Hg 

Dimethylphosphine 
(СНз)РН 

Dimethyl selenide 
(СН,),бе 


Dimethyl sulfide 
(СН,);5 

Dimethyl sulfone 
(СН;);50; 


Dimethyl sulfoxide 
(CH;,SO 


Dimethylzinc 
(СН;);7л 
1,4-Dioxane 
Н,СН 
ae 5 ore 
\ 74 
СН,СН, 
Ethanal — Acetaldehyde 
Ethane 
СН; 
Ethanethiol 


Ethanol 


Ethyl chloride 


Ethylene 
СН,-СН, 


Structure 
C—S 1.816 5-5 2.029 
C—H 1.105 ZSSC 103.2 
ZSCH 1113 CSSC dihedral angle of internal rotation 85 
C,H3SC,SC,H3 C,—O 1.206 
| СЬ 1.777 
о С, 1.802 
ZOCS 124.9 ZCSC 99.3 
syn-syn conformer 
C—O 1.416 C—H 1.121 
ZCOC 112 ZHCH 108 
N—N 1.42 C—N 1.46 
N—H 1.03 C—H 1.12 
ZNNC 112 CNNC dihedral angle of internal rotation 90 
C—Hg 2.083 C—H 1.160 (assumed) 
Не--Н 271 
С—Р 1.848 Р-Н 1.419 
ZCPC 99.7 ZCPH 97.0 
C—H 1.093 Se—C 1.943 
ZCSeC 96.2 ZSeCH 108.7 
ZHCH 110.3 
C—S 1.807 C—H 1.116 
ZCSC 99.05 ZHCH 109.3 
C—H 1.114 S—O 1.435 
S—C 1.771 ZCSC 102 
ZOSO 121 
C—H 1.081 C—S 1.799 
5-0 1.485 ZCSC 96.6 
ZCSO 106.7 ZHCH 110.3 
dihedral angle between the SCC plane and the S—O bond 115.5 
Zn—C 1.929 ZHCH 107.7 
C—C 1.523 C—O 1.423 
C—H 1.112 ZCOC 112.45 
ZCCO 109.2 chair form 
C—C 1.5351 C—H 1.0940 
ZCCH 111.17 staggered conformation 
С,Н--С,Н,-5Н C,—H 1.090 
C,—H 1.093 C,—C, 1.530 
С,-5 1.829 S—H 1.350 
ZC,C,H 109.6 ZC,C,H 109.7 
ZC,C,S 108.3 ZC,SH 96.4 
С,Н,С,Н,ОН C—C 1.512 
C—O 1.431 O—H 0.971 
C,—H 1.10 C,—H 1.09 
ZCCO 107.8 ZCOH 105 
ZC,C,H 111 ZC,C,H 110 
staggered conformation 
C—C 1.528 
Нь. a cc 1.802 
H, “Ху =С„—н, C—H 1.103 
H, nd C, —H,-C,—H, (assumed) 
5 есесі 110.7 
ZH,C,H, 109.8 ZH,C,H, 109.2 
ZC,C,H, 110.6 
C—H 1.087 С-С 1.339 
ZCCH 121.3 
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Method 


ED 


ED 


ED 


ED 


ED, MW 


ED 


MW 


ED 


MW 


MW 


MW 


ED, MW 


MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Ethylenediamine 
HNCH;CH;NH, 


Ethylene dibromide — 1,2-Dibromoethane 
Ethylene dichloride — 1,2-Dichloroethane 
Ethyleneimine — Aziridine 

Ethylene oxide 


сн, 
% 


29 


СН, 

Ethylene sulfide — Thiirane 

Ethyl methyl ether 
С,Н.ОСН, 


Ethyl methyl ketone 


Ethyl methyl sulfide 
C,H;SCH; 


Ferrocene 
(CsHs)2Fe 
Fluoroform 
CHF; 
Formaldehyde 
H,CO 
Formaldehyde azine 


Formaldehyde dimethylacetal -> Dimethoxy- 
methane 
Formaldoxime 


Formamide 


Formic acid 


Structure 
C—N 1.469 
C—H 1.11 


gauche conformer 


C—C 1.466 
C—O 1.431 


C—C 
ZCCN 


C—H 
ZHCH 


dihedral angle between the NH» plane and the М-С bond 


C—O (average) 1.418 
C—1H (average) 1.118 
ZOCC 109.4 
fraction of the trans conformer at 20°C 
9 

Sate Ce 

CH; CH 
Z C4 CO, ZCyC.O 121.9 
C—S (average) 1.813 
C—H 1.111 
ZSCC 114.0 
fraction of the gauche conformer at 20°C 
C—C 1.440 
Fe—C 2.064 
C—H 1.098 
ZFCF 108.8 
C—H 1.116 
ZHCH 116.5 
H,C=N—N=CH, N—N 
C—N 1.277 
ZCNN 111.4 


fraction of the trans conformer at —30°C 


H, „оң, 
C—N 
Њ 
N—O 1.408 
ZH,CN 115.6 
ZH,CN 121.8 
Н, О 
` > 
N— c 
/ х 
H, H, 
С-О 1.212 
ZCNH (average) 119.2 
9% 
` 
O,—H 
O,—H 0.972 
ZHCO, 124.1 
ZCO,H 106.3 
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C—C 

ZCOC 

ZHCH 

80% 

C—C (average) 
С--О 

С--Н (average) 
ZC: екен 

trans conformer 
C—C 

ZCSC 

ZHCH 

75% 

С-Ч 

(Dsi) 

C—F 

(Сл) 

С—0 


1.418 
C—H 
ZHCN 
9196 


1.545 
110.2 


dihedral angle between the NCC and CCN planes 


1.085 
116.6 
158.0 


1.520 
111.9 
109.0 


1.518 
1.219 
1.102 
113.5 
9596 
1.536 
97 
110 


1.104 


1.332 


1.208 


1.094 
120.7 


1.085 
1.086 
1.276 


0.956 
110.2 
102.7 
1.125 
1.027 
1.368 


125.0 
1.202 


1.343 


1.097 
124.9 


64 


Method 


ED 


MW 


ED 


ED 


ED 


ED 


MW 


MW 


ED 


MW 


ED, MW 


MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Formic acid dimer 


Formyl radical 


Fulvene 


2-Furaldehyde 


Furan 


Furfural — 2-Furaldehyde 
Glycolaldehyde 


Glyoxal 
CHOCHO 


Hexachloroethane 
СІСССІ; 
2,4-Hexadiyne 


Hexafluoroethane 
F,CCF, 

Hexafluoropropene 
СЕ;-СЕСЕ; 


Structure 
дон s UN ОФ 2.703 
НС СН С—0, 1.220 
cede: C—O, 1.323 
ZO,CO, 126.2 
ZCO,O, 108.5 
EN 1.110 со 1.1712 
ç=0 127.43 
Сн; с=е: 1.349 
С С—С 1.470 
ЖУУ Су-С, 1.355 
HC, C,H С—С; 1.476 
w^ C,—H 1.078 
HC; CH CH 1.080 
C4—H 1.13 &СЬС„Сь 106.6 
ZC,C,C, 107.7 рделекен 109 
ZC,C,H 124.7 2С,С,Н 126.4 
ZHC,H 117 
С,-<, 1.458 
Ч х / Н С;-О, 1.250 
Ге С =н 1.088 
Н-С, жээ 2С,С,С, 133.9 
хоолоо. 
а 
ZC,C.H 116.9 2С,С,О 121.6 
trans conformer (with respect to the О, and О, atoms) 
H о Н C,—C, 1.431 
CE Ху C—C, 1.361 
N f со 1.362 
СС, C,—H, 1.075 
Hi ^u, C,—H, 1.077 
ZC,C,C, 106.1 ZC,0C, 106.6 
2С,С,О 110.7 ZOC,H, 115.9 
2С,С,Н, 128.0 
О C,—O, 1.209 
"d ° C—O, 1.437 
| С,-<, 1.499 
=C, O,—H, 1.051 
DA esa T сон 1.102 
p a C,—H, 1.093 
2С,С,О, 122.7 ZC,C,H, 115.3 
ZC,C,0, 111.5 ZC,0,H, 101.6 
ZC,C,H, 109.2 ZH,C,H, 107.6 
ZH,C,0, 109.7 
C—C 1.526 C—O 1.212 
C—H 1.132 ZCCO 121.2 
ZHCO 112 trans conformer (Су, (assumed)) 
C—C 1.56 C—CI 1.769 
ZCCCI 110.0 
C,H4—C,2C,—C,2C,—C,H; 
C,—C, 1.450 C,—C, 1.208 
C.—C, 1.377 C,—H 1.09 
C—C 1.545 C—F 1.326 
ZCCF 109.8 staggered conformation 
average value of the С-С and C—F distances 1.329 
C—C 1.513 ZCCC 127.8 
ZFCC (CF) 124 ZFCC (CF) 120 
ZFCC (СЕ) 110 
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Method 


ED 


MW 


MW 


MW 


MW 


MW 


ED, UV 


ED 


ED 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Structure 


Compound 


1,3,5-Hexatriene 


Iminocyanide radical 
HNCN 

Iodocyanoacetylene 
I—C,=C,—C=N 

Isobutane 
(C,H3)3C,H 


Isobutylene -> 2-Methylpropene 
Ketene 

СН,-С-О 
Malononitrile 

САН (Съ) 


Methane 
СН, 

Methanethiol 
СН,5Н 


Methanol 
СН;ОН 


Methyl radical 
-СН, 
N-Methylacetamide 


Methylacetylene — Propyne 
Methylal -> Dimethoxymethane 
Methylamine 

CH;NH, 


Methyl azide 


Methyl bromide 
СЊВг 

Methyl chloride 
CH4CI 


H;C,2C,H—C,H-C,H—C,H-C,H, 


C,—C, 1.337 С—С, 
С.С, 1.368 4С.С,С, 
ZC,C,C, 124.4 

N—H 1.034 Мом 
ZHNC 116.5 ZNCN 
I—C, 1.985 C,—C, 
C,—C, 1.370 C,—N 
C,—H 1.122 C,—H 
С--С, 1.535 Z C, C,C, 
ZC,C,H 111.4 

C—C 1.317 C—O 
C—H 1.080 ZHCH 
C—H 1.091 C—C 
C—N 1.147 ZCCC 
ZHCH 108.4 ZCCN 
(The two М atoms аге bent away from each other in the plane of C,—C,—C,) 
C—H (r) 1.0870 (Т) 
C—H 1.09 C—S 
S—H 1.34 ZHSC 
ZHCH 109.8 


angle between the СН, symmetry axis and the C—S bond 2.2. 
(The axis of the CH; group is tilted away from the H atom with respect to 


the C—S bond.) 
C—H 
O—H 
Z COH 


C—H 


Н.С, Н 


C,—N 

ZC,NC, 
ZNC,O 
ZC,CN 


N—H 
C—H 
ZHNC 


1.0936 

0.9451 

108.53 

angle between the CH; symmetry axis and the C—O bond 
(The axis of the CH; group is tilted away from the H atom 
with respect to the С--О bond.) 


1.08 


1.386 
119.7 
121.8 
114.1 


1.010 
1.099 
110.3 


C—O 
ZHCH 


planar 


C,—C, 
N—C, 
C—H 


G=0 


C—N 
ZNHN 
ZHCH 


dihedral angle between the CH; symmetry axis and the 
C—N bond (The axis of the CH; group is tilted away 
from the МН, group with respect to the C—N bond.) 


№№, 
NNN linear 
C—H (r) 
ZHCH (Ө) 
C—H 
ZHCH 


1.113 


1.086 
111.2 
1.090 
110.8 
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C—H 
C—N, 
N,—N, 
ZCN,N, 


C—Br (r,) 


(Су) 
C—CI 


1.458 
121.7 


2.470 
-180 
1.207 
1.160 
1.113 
110.8 


1.161 
123.0 
1.480 
110.4 
176.6 


1.819 
96.5 


1.4246 
108.63 


3.27 


1.520 
1.469 
1.107 


1.225 


1471 
107.1 
108.0 


2.9 
1.09 
1.468 
1.216 
116.8 


1.933 


1.785 


Method 


ED 


UV 


MW 


ED, MW 


MW 


MW 


MW 


MW 


MW 


UV 


ED 


MW 


ED 


MW, IR 


MW, IR 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Methyldiazirine 


Methylene 
:СН, 
Methylenecyclopropane 


3-Methyleneoxetane 


Methyl fluoride 
СНЕ 
Methyl formate 


Methylgermane 
CH3GeH; 


Methyl hypochlorite 
СН5ОСІ 


Methylidyne radical 
:СН 

Methylidyne phosphide 
HCP 

Methyl iodide 

СНУ 

Methyl isocyanide 


Methylketene 


Methylmercury chloride 
CH;HgCl 
Мешу! nitrate 


Structure Method 
YN C—N 1.481 C—C 1.501 MW 
CHsCR_ | N—N 1.235 ZNCN 493 
dihedral angle between the CNN plane and the 
C—C bond 122.3 
C—H 1.078 ZHCH 130 LMR 
СН» x C,—C, 1.332 MW 
>. с,-<. 1.457 
Z Cb cC = 1.542 
C.H; 
СН 1.09 2С,С,С, 63.9 
ZHC,H 114.3 ИНСН 113.5 
dihedral angle between the С.Н; plane and Фе С—С, bond 150.8 
С.Н, С—С, 1.52 МҰ 
Z х 
o Ёс = C,H, С--О 1.45 
сн, C,—C, 1.33 
C—H 1.09 (assumed) ZC, CC, 87 
ZHC,H 114 (assumed) ZHC,H 120 (assumed) 
C—H (r) 1.095 MW, IR 
С-Е(ғ) 1.382 ZHCH (Ө) 110.45 (Сз) 
C.H; о, C,—H 1.08 ED 
х C,—O, 1.206 
O; Сь С--О (average) 1.393 
H, C,—H 1.101 (assumed) 
20,С,О, 127 ZCOC 114 
ZO,C,H 110 
C—H 1.083 Ge—H 1.529 MW 
C—Ge 1.945 ZHCH 108.4 
ZHGeH 109.3 
C—H 1.103 O—Cl 1.674 MW 
O—C 1.389 ZHCH 109.6 
ZCOCI 112.8 
C—H (r,) 1.1198 UV 
H—C (r,) 1.0692 C—P (r) 1.5398 MW 
С—Н (r,) 1.084 C (г) 2.132 MW, IR 
ZHCH (0,) 111.2 (Cs) 
C,H;—N=C, C,—H 1.102 C,—N 1.424 MW 
N—C, 1.166 ZNC,H 109.12 
С.Н; 0—C, 1.171 MW 
с,-<. 1.518 
Ёо Чиг сн 1.10 
Н 
C,—C, 1.306 C,—H 1.083 
ZOC,C, 180.5 ZC,C,C, 122.6 
ZC,C,H 113.7 2С,С,Н 123.7 
ZHCH 109.2 
Hg—Cl 2.282 C—H 1.15 MW, 
Hg—C 1.99 (Сз) NMR 
a Н, Ма C—H, 1.10 MW 
` | C—H, 1.09 
Z x Z S C—O 1.437 
b b O—N 1.402 
N—O, 1.205 N—O, 1.208 
ZOCH, 110 ZOCH, 103 
ZCON 112.7 ZONO, 118.1 
ZONO, 112.4 
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BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Methylphosphine 

СН-РН, 
2-Methylpropane -> Isobutane 
2-Methylpropene 


Methylsilane 
CH3SiH; 


Methylstannane 
CH5SnH; 
Methyl thiocyanate 


Naphthalene 


Neopentane 
C(CH3), 

Nickelocene — Bis (cyclopentadienyl) 
nickel 

Nitromethane 
CHNO, 


N-Nitrosodimethylamine 
(CH3) NNO 


Nitrosomethane 
CH4NO 


Norbornane — Bicyclo[2.2.1]heptane 

Norbornadiene — Bicyclo[2.2.1 ]hepta- 
2,5-diene 

1,2,5-Oxadiazole 


1,3,4-Oxadiazole 


Oxalic acid 


Structure 
C—P 1.858 
CH; x 7, H. 
„Ф = ER 
C,H, Н, 
ZHC,C, (average) 111.4 
2С,С,С, 115.6 
ZHC,H 107.9 
C—H 1.093 
Si—H 1.485 
ZHSiH 108.3 
C—Sn 2.143 
C,H; S—C, 
` C,—N 
5 --С b N : 
ZC,SC, 99.0 ZHCH 
js E 
H 
Нн. PEN „Са S 
o^ с © 
| 
C 
Zo Re ATO LU 
H ~ с. ES ç х 
Н Н 
C—C 1.537 
ZCCH 112 
C—H 1.088 (assumed) 
N—O 1.224 
ZONO 125.3 
N—O 1.235 
C—N 1.461 
ZCNC 123.2 
C—N 1.49 
C—H 1.084 
ZNCH 109.0 
o O—N 
ца? E gue 
V | - 
НС--СН H 
ZNCH 
о O—C 
C—N 
сн он мм 
\ / C—H 
N— N ZNCH 
А 
О ^0 
X 2 а 
ЖЕҢ 
о, P 
`H 


9-36 


C—C. 
C—C (average) 
ZC,C.C, 


1.380 
1.300 
1.421 
1.076 
120.9 
1.348 
1.297 
1.399 
1.075 
128.5 

Gc 

2—0. 

O,—H 

ZCCO, 

ZO,CO, 

ZCO,H 


1.094 


1.119 
1.10 
1.508 
1.342 
118.5 
122.2 
121 
1.867 
107.7 


1.700 


1.114 


1.489 
107 


1.344 
113.6 
116.4 
1.22 

112.6 


ZNON 
ZONC 
ZCCN 
ZCCH 
planar 
ZCOC 
ZOCN 
ZCNN 
ZOCH 
planar 
1.544 
1.205 
1.336 
1.05 
123.1 
125.0 
104 


1.824 
1.081 


108.3 


110.4 
105.8 
109.0 
130.2 


102.0 
113.4 
105.6 
118.1 


Method 


ED 


ED, MW 


MW 


MW 


MW 


ED 


ED 


MW 


ED 


MW 


MW 


MW 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Oxalyl dichloride 


Oxetane 


Oxirane -> Ethylene oxide 
Phenol 


Phosphirane 


Piperazine 


Pivalonitrile 
(C.H3)3Cp—C,=N 
Propadiene — Allene 
Propane 
ОН, 
Propenal -> Acrylaldehyde 
Propene 


]-Propenyl chloride 


Propiolaldehyde 


Propylene — Ргорепе 
Propylene oxide 


Structure Method 
СІ ~ # О C—O 1.182 ED 
C—C C—C 1.534 
~ За са 1.744 
ZCCO 124.2 ZCCCI 111.7 
fraction of the trans conformer at 0°С 68%, that of the gauche conformer 32% 
2 о 4 C—O 1.448 MW 
Н.С сн, C—C 1.546 
“ен” C—1H (average) 1.090 
2 
ZCOC 92 
ZCCC 85 ZOCC 92 
ZHCH (average) 109.9 
H 
2 С--С (average) 1.397 MW 
О C,—H 1.084 
ë СН 1.076 
а 
Ж Са-Н 1.082 
нс, C,H со 1.364 
| | O—H 0.956 
HC. CH ZCOH 109.0 
d 
CH, C—P 1.867 P—H 1.43 MW 
“РН С-С 1.502 C—H 1.09 
/ ZCPC 47.4 ZHCH 114.4 
СН, 
ZHPC 95.2 ZCCH 118 
dihedral angle between the PCC plane and the PH bond 95.7 
CH,— CH, C—C 1.540 ED 
кн” “н см 1.467 
` / C—H 1.110 
CH,— CH, 
ZCNC 109.0 ZCCN 110.4 
(Coy) 
C,—C, 1.495 C,—N 1.159 MW 
C,—C, 1.536 ИС CC, 110.5 
C—C 1.532 C—H 1.107 ED 
ZCCC 112 ZHCH 107 
H, 
i C,—H, 1.104 ED, MW 
На С Н С.С 1.341 
E е сн, 1.117 
На С C, i 1 
| | с,-<. 1.506 
Hy H, ZOCH, ье 121.3 
ZC,C.Hy 110.7 ZC,C,C, 124.3 
CH;—C,H=C,H—Cl C,—Cl 1.728 MW 
ZC,C,CI 121.9 trans conformer 
H,C,=C,—C,H,O C,—H, 1.085 ED, MW 
C,—C, 1.211 С—С, 1.453 
С--Н, 1.130 C,—O 1.214 
2С,С,О 124.2 ZC,C-H. 113.7 
ZC,C,C, 178.6 planar 
С,Н,С,Н---С,Н, C,—C, 1.51 MW 
ES 28 с.с. 121.0 


dihedral angle between the С,С,О plane 
andthe C,C, bond 123.8 
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BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Propynal — Propiolaldehyde 
Propyne 


Pyrazine 


Pyridazine 


Pyridine 


Pyrimidine 


Pyrrole 


Pyruvonitrile 


Ruthenocene — Bis (cyclopentadienyl) 
ruthenium 
Silacyclobutane 


Spiropentane 


Structure 
H;C.—C,=C,H 
C—Cy 1.459 
C,—H 1.056 
ЖА 
М М 
NU uf 
H H 
CC 
ЖОМ “Ж 
нс, C,H 
N 2 
N—N 
ZNCC 123.7 
H. 
| 
b. n M „Ho 
Do 
І 
С С 
2 EN 2 а 
н N H, 
ZC,NC, 116.8 
ИС. С,С, 118.5 
ZNC,H, 115.9 
м 
| | 
| | 
AU 
N 
H 
nie 
Н,-, С, Н, 
N и 
Hy—C,— C, —H, 
C,—H, 1.077 
ИМС, С 107.7 
ZNC,H, 121.5 
28 
C,H;—Cy, 
С; 
EN 
N 
C,—C, 1.518 
ZC,C,O 124.5 
ZCCN 179 
Looe 
CH5—SiH, 
C—H 1.14 
ZSiCC 84.8 


N—C 1.340 
ZNCN 127.6 
(C5, assumed) 


N—Ca 
C—O, 
C,—C, 
N—H 

C,—H, 


Si—C 
C—C 
Si—H 
ZCSiC 
ZCCC 


dihedral angle between the CCC and CSiC planes 


H.C, ЫН; 

“ха” 
ул 
НС С,Н, 


ZHCH 


118 
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C—O, 
C,—Cy 
C—H 
ZCC,C, 


(Dog) 


1.105 

1.206 

110.2 
C—N 
ZCCN 


1.341 
1.393 
1.330 
1.375 


119.3 
1.340 
1.394 
1.081 
1.395 
1.084 
1.077 


123.9 

118.3 

121.3 
C—C 
ZCNC 


1.370 
1.417 
1.382 
0.996 
1.076 
109.8 
107.4 
127.1 
1.12 

1.17 

1.208 
1.477 


109.2 
114.2 


1.892 
1.600 
1.47 
80.7 
99.8 
146 
1.52 
1.47 
1.09 
62 


1.403 
115.6 


1.393 
115.5 


Method 


MW 


ED 


ED, MW 


MW 


ED 


MW 


ED, MW 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Succinonitrile 


Tetrachloroethylene 
ССІ,-ССІ, 

Tetracyanoethylene 
(СМ);С-С(СМ); 

Tetrafluoro-1,3-dithietane 


Tetrafluoroethylene 
СЕ,-СЕ, 

Tetrahydrofuran 
СН,СН, 

`o 

/ 
СН,СН, 
Tetrahydropyran 


Tetrahydrothiophene 
CH5CH5 
N 


S 


СН,СН, 

Tetramethylgermane 
(CH3)4Ge 

Tetramethyllead 
(CH;),Pb 

Tetramethylsilane 
(CH3)4Si 

Tetramethylstannane 
(CH;),Sn 

1,2,5- Thiadiazole 


1,3,4- Thiadiazole 


Thietane 


Thiirane 


Structure 
ео C—C 1.561 C—C(N) 1.465 
C—N 1.161 C—H 1.09 
SEIN ZCCC 110.4 
fraction of the anti conformer at 170°C 74%, 
dihedral angle of CCCC for the gauche conformer 75 
C—CI 1.718 C—C 1.354 
ZCICCI 115.7 
C—N 1.162 C—C 1.435 
C=C 1.357 ZCC=C 121.1 
5 C—S 1.785 
EC “св, C—F 1.314 
А ZCSC 83.2 
ZFCS 113.7 (Dan assumed) 
C—C 1.31 C—F 1.319 
ZCCF 123.8 (Dan assumed) 
C—H 1.115 C—O 1.428 
C—C 1.536 
The skeletal bending vibration of the molecular plane is essentially free 
pseudorotation 
Н, C—O 1.420 
JSN С-С 1.531 
ын cm C—H 1.116 
ZCOC 111.5 
МР ZOCC 111.8 
O 
ZCCC (C) 108 ZCCC (O) 111 
chair form 
C—S 1.839 C—H 1.120 
C—C 1.536 ZCSC 93.4 
ZSCC 106.1 ZCCC 105.0 
Ge—C 1.945 C—H 1.12 
ZGeCH 108 (T4 excluding the H atoms) 
Pb—C 2.238 (T, excluding the H atoms) 
C—H 1.115 C—Si 1.875 
ZHCH 109.8 (T, excluding the H atoms) 
C—Sn 2.144 
C—H 1.12 (T4 excluding the H atoms) 
5 5-4 1.631 ZNSN 99.6 
NÁ ^N C—N 1.328 ZCCN 113.8 
N M С-С 1.420 ZCCH | 1262 
HC—CH C—H 1.079 planar 
5-С 1.721 ZCSC 86.4 
нс” Ген N-N 1.371 ZSCN 1146 
\ d C—N 1.302 ZCCN 1122 
N—N C—H 1.08 ZSCH | 1219 
ZNCH 123.5 planar 
CH=CH; С--8 1.847 
CH,— < сс 1.549 
С-Н (average) 1.100 
ZCSC 76.8 ZHCH (average) 112 
dihedral angle between the CCC and CSC planes 154 
H.C. C—C 1.484 ZHCH 116 
S C—H 1.083 ZCSC 48.3 
/ C—S 1.815 ZCCS 65.9 
Н,С dihedral angle between the СН, plane and the 
C—C bond 152 
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Method 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


MW 


MW 


ED, MW 


MW 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Compound 


Thioformaldehyde 
СН,5 
Thioformamide 


Thiolane > Tetrahydrothiophene 
Thiophene 


Toluene 


1,1,1-Tribromoethane 
CH;CBr; 


Tribromomethane — Bromoform 
Tri-tert-butyl methane 
HC,[C,(C.H3)3]5 
Tricarbon dioxide 
OCCCO 
Trichloroacetonitrile 
СС СМ 
1,1,1-Trichloroethane 
CH3;CCl, 


Trichloro(methyl)germane 
CH;GeCl, 


Trichloro(methyl)silane 
CH5SiCl, 

Trichloro(methyl)stannane 
CH;SnCl, 


Triethylenediamine -> 1,4-Diazabicyclo 


[2.2.2]octane 
Trifluoroacetic acid 


1,1,1-Trifluoroethane 
СЊСЕ 


Trifluoromethane — Fluoroform 


Structure 
C—S 1.611 C—H 
ZHCH 116.9 
C—N b 
Z C—N 
H. H, 
C—S 1.626 С--Ч, 
ZH,NH, 121.7 ZH,NC 
ZH NC 120.4 ZNCS 
ZNCH, 108 ZSCH, 
Bx Use С.Н, 
2. b EN С—Њ 
H,C, C,H, C,—S 
S C—C, 
5 GC, 
ZC,SC, 
ZSC,C, 115.5 ZC,C,C, 
ZSC,H, 119.9 ZC,C,H, 
сн, C—C (ring) 1.399 
AN C—H (average) 1.11 
| the difference between the C—H(CH3) and 
Lo C—H (ring): about 0.01 
C—Br 1.93 C—H 
C—C 1.51 (assumed) ZCCBr 
ZBrCBr 111 ZCCH 
С--С, 1.611 C—H 
C,—C, 1.548 ZC, GC, 
C—O 1.163 C—C 
linear (with a large-amplitude bending vibration) 
C—N 1.165 C—C 
C—CI 1.763 аса 
C—H 1.090 С-С 
C—CI 1.771 ZHCH 
ZCCH 108.9 аса 
ZCCCI 109.6 
Ge—Cl 2.132 Ge—C 
C—H 1.103 (assumed) ZCIGeCIl 
ZGeCH 110.5 (assumed) 
C—Si 1.876 Si—Cl 
(Са) 
Sn—Cl 2.304 Sn—C 
C—H 1.100 ZCSnCl 
ZCISnCI 104.7 ZSnCH 
Ж C—F 
Оо сс 
ОН C—O, 
C—O, 1.35 O—H 
ZCCO, 126.8 ZCCO, 
ZCCF 109.5 
C—C 1.494 C—F 
C—H 1.081 ZCCF 
ZCCH 112 
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1.093 


1.002 
1.007 
1.358 


1.10 
117.9 
125.3 
127 


1.078 
1.081 
1.714 
1.370 
1.423 
92.2 

112.5 
124.3 

1.524 


1.095 (assumed) 
108 
109.0 (assumed) 


1.111 
113.0 
1.289 


1.460 
110.0 
1.541 
110.0 
109.4 


1.89 
106.4 


2.021 


2.10 
113.9 
108 


1.325 
1.546 
1.192 


0.96 (assumed) 
111.1 


1.340 
119.2 


Method 


MW 


MW 


MW 


MW 


ED 


ED 


ED 


MW 


ED, MW 


MW 


ED 


ED 


ED 


BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES (continued) 


Structure 


Compound 


1,1,1-Trifluoro-2,2,2-trichloroethane 


CF,CCl, 


Trimethylaluminium 
(СНууА! 
Trimethylamine 
(CH3)3N 
Trimethylarsine 
(CH3)3As 
Trimethylbismuth 
(СНВ: 
Trimethylborane 
(СНВ 
Trimethyleneimine — Azetidine 
Trimethylphosphine 
(CH3)3P 
1,3,5-Trioxane 


Triphenylamine 
(C|HssN 


Tropone 


Vinylacetylene 


Vinyl chloride 


C—C 
ZCNC 


1.54 

1.77 

109.6 
1.113 
111.7 
1.458 
110.9 
1.979 
111.4 
2.263 
97.1 

1.578 
120.0 


1.847 
98.6 


1.392 
116 


C—F 1.33 
ZCCF 110 
staggered conformation 
А-С 1.957 
ZCAIC 120 
C—H 1.100 
ZHCH 110 
ZCAsC 98.8 
C—H 1.07 
C—H 1.114 
ZBCH 112.5 
C—H 1.091 
ZPCH 110.7 
C—O 1.422 
ZOCO 112.2 
ZCOC 110.3 
C—N 1.42 
(С) 


torsional dihedral angle of the two phenyl rings 47? (defined to be 0 
when the symmetry axis is contained in the phenyl planes) 


126 


122.5 
120 
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C,—O 1.23 
C—C, 1.45 
C—C. 1.36 
CEG 1.46 
Cr, 1.34 
ZC,C.Cp 122 
LOCC 133 
LOL aC 130 
(Су) 
сьс, 1.434 
с,-с, 1.344 
CC. 1.215 
C,—H, 1.11 
C,—H, 1.09 
ZC, CC. 123.1 
АСС, 119 
НОС, 122 
C—C 1.342 
C—CI 1.730 
C—H 1.09 
ZCCH, 124 
ZCCH, 121.1 


Method 


MW 


ED 


ED 


ED 


ED 


ED 


ED 


MW 


ED 


ED 


ED, MW 


ED, MW 


DIPOLE MOMENTS 


This table gives values of the electric dipole moment for about 800 molecules. When available, values determined by microwave spectroscopy, 


molecu 


lar beam electric resonance, and other high-resolution spectroscopic techniques were selected. Otherwise, the values come from measurements 


of the dielectric constant in the gas phase or, if these do not exist, in the liquid phase. Compounds are listed by molecular formula in Hill order; 
compounds not containing carbon are listed first, followed by compounds containing carbon. 

The dipole moment y is given in debye units (D). The conversion factor to SI units is 1 = 3.33564 х 10? C m. 

Dipole moments of individual conformers (rotational isomers) are given when they have been measured. The conformers are designated as gauche, 
trans, axial, etc. The meaning of these terms can be found in the references. In some cases an average value, obtained from measurements on the bulk 
gas, is also given. Other information on molecules that have been studied by spectroscopy, such as the components of the dipole moment in the 


molecu 
Wh 


lar framework and the variation with vibrational state and isotopic species, is given in References 1 and 2. 
en the accuracy of a value is explicitly stated (1.е., 1.234 + 0.005), the stated uncertainty generally indicates two or three standard deviations. 


When no uncertainty is given, the value may be assumed to be precise to a few units in the last decimal place. However, if more than three decimal 
places are given, the exact interpretation of the final digits may require analysis of the vibrational averaging. 


Val 


ues measured in the gas phase that are questionable because of undetermined error sources are indicated as approximate (=). Values obtained 


by liquid phase measurements, which sometimes have large errors because of association effects, are enclosed in brackets, e.g., [1.8]. 


2. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, Пб (1974), II/14a (1982), II/14b 
(1983), II/19c (1992), Springer-Verlag, Heidelberg. 
3. Riddick, J. A., Bunger, W. B., and Sakano, T. K., Organic Solvents, Fourth Edition, John Wiley & Sons, New York, 1986. 
Mol. Form. Name up Mol. Form. Name wD 
Compounds not containing carbon 
AgBr Silver(I) bromide 5.62 + 0.03 CIF3Si Chlorotrifluorosilane 0.636 + 0.004 
AgCl Silver(I) chloride 6.08 0.06 ClGeH; Chlorogermane 2.13 + 0.02 
AgF Silver(I) fluoride 6.22 + 0.30 СІН Hydrogen chloride 1.1086 + 0.0003 
Agl Silver(1) iodide 4.55 + 0.05 CIHO Hypochlorous acid “1.3 
АМЕ Aluminum monofluoride 1:53 ЛӘ СІН;5і Chlorosilane 1.31 € 0.01 
А$СЬ Arsenic(III) chloride 1.59 50.08 CII Iodine chloride 1.24 € 0.02 
AsF; Arsenic(III) fluoride 2.59 + 0.05 Clin Indium(D chloride 3.79 + 0.19 
AsH; Arsine 0.217 + 0.003 CIK Potassium chloride 10.269 + 0.001 
BCIH2 Chloroborane 0.75 + 0.05 CILi Lithium chloride 7.12887 
BF Fluoroborane(1) “0.5 CINO, Nitryl chloride 0.53 
BF,H Difluoroborane 0.971 + 0.010 CINS Thionitrosyl chloride 1.87 + 0.02 
ВАН Теїгабогапе 0.486 + 0.002 CINa Sodium chloride 9.00117 
В-Н, Pentaborane(9) 2.13 + 0.04 CIO Chlorine oxide 1.297 € 0.001 
ВеН Нехађогапе 2.50 + 0.05 CIRb Rubidium chloride 10.510 + 0.005 
BaO Barium oxide 7.954 + 0.003 СІТІ Thallium(T) chloride 4.54299 
BaS Barium sulfide 10.86 + 0.02 CI5H5Si Dichlorosilane 1.17 € 0.02 
BrCl Bromine chloride 0.519 + 0.004 CLOS Thionyl chloride 1.45 € 0.03 
BrF Bromine fluoride 1.422 + 0.016 С1,О,5 Sulfuryl chloride 1.81 € 0.04 
BrF;3Si Bromotrifluorosilane 0.83 + 0.01 CLS Sulfur dichloride 0.36 + 0.01 
ВтЕ; Bromine pentafluoride 1.51 +0.15 СІЕбі Trichlorofluorosilane 0.49 € 0.01 
BrH Hydrogen bromide 0.8272 + 0.0003 СЬН$1 Trichlorosilane 0.86 € 0.01 
BrHsSi Bromosilane 1.319 СМ Nitrogen trichloride 0.39 + 0.01 
Ви Iodine bromide 0.726 + 0.003 СОР Phosphorus(V) oxychloride 2.54 + 0.05 
BrK Potassium bromide 10.628 + 0.001 СР Phosphorus(III) chloride 0.56 + 0.02 
BrLi Lithium bromide 7.268 + 0.001 CrO Chromium monoxide 3.88 + 0.13 
BrNO Nitrosyl bromide “1.8 CsF Cesium fluoride 7.884 + 0.001 
BrNa Sodium bromide 9.1183 + 0.0006 CsNa Cesium sodium 4.75 + 0.20 
BrO Bromine monoxide 1.76 € 0.04 CuF Соррег(1) fluoride 5.77 + 0.29 
BrO, Bromine dioxide 2.8 + 0.3 CuO Соррег(П) oxide 4.5 + 0.5 
BrRb Rubidium bromide “10.9 FGa Gallium monofluoride 2.45 + 0.05 
BrTl Thallium(I) bromide 4.49 + 0.05 ЕСен; Fluorogermane 2.33 + 0.12 
CaCl Calcium monochloride =3.6 FH Hydrogen fluoride 1.826178 
CICs Cesium chloride 10.387 + 0.004 ЕНО Hypofluorous acid 2.23 + 0.11 
CIF Chlorine fluoride 0.888061 ЕН;М Fluoramide 2.27 + 0.18 
CIFO; Perchloryl fluoride 0.023 + 0.001 ЕН,51 Fluorosilane 1.2969 + 0.0006 
CIF; Chlorine trifluoride 0.6 € 0.10 FI Iodine fluoride 1.948 + 0.020 


REFERENCES 


Nelson, R. D., Lide, D. R., and Maryott, A. A., Selected Values of Electric Dipole Moments for Molecules in the Gas Phase, Natl. Stand. Ref. 
Data Ser. - Nat. Bur. Stnds. 10, 1967. 
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Mol. Form. 


FIn 
FK 
FLi 
FNO 
ЕМО, 
FNS 
FN; 
FNa 
FO 
FRb 
FS 
ЕТІ 
F,Ge 
F,HN 
F,H,Si 
FN, 
EO 
FOS 
F,0,S 
F,S 
F,Si 
F;HSi 
F4H5Si; 
F4ISi 
FN 
МО 
ЊОР 
FP 
FPS 
FN 
FS 
Елбе 
ЕЈ 
ОеН, Ма 
GeO 
GeS 
GeSe 
GeTe 
HI 
HKO 
HLi 
HLiO 
HN 
HNO 
HNO; 
HNO; 
HNO; 
HN; 
HO 
HS 
Н:О 
H,0, 
H5S 
H4N 
H4NO 
H3P 
H3Sb 
H4N; 
H,OSi; 
IK 


Name 


Indium(1) fluoride 
Potassium fluoride 
Lithium fluoride 
Nitrosyl fluoride 

Nitryl fluoride 
Thionitrosyl fluoride (NSF) 
Fluorine azide 

Sodium fluoride 
Fluorine oxide 
Rubidium fluoride 
Sulfur monofluoride 
Thallium(1) fluoride 
Сегтапішт(П) fluoride 
Difluoramine 
Difluorosilane 
cis-Difluorodiazine 
Fluorine monoxide 
Thionyl fluoride 
Fluorine dioxide 
Sulfuryl fluoride 

Sulfur difluoride 
Difluorosilylene 
Trifluorosilane 
1,1,1-Trifluorodisilane 
Trifluoroiodosilane 
Nitrogen trifluoride 
Trifluoramine oxide 
Phosphorus(V) oxyfluoride 
Рһоврһогив(Ш) fluoride 
Phosphorus(V) sulfide trifluoride 
Tetrafluorohydrazine (gauche) 
Sulfur tetrafluoride 
Selenium tetrafluoride 
Iodine pentafluoride 
Germylazide 
Germanium(II) oxide 
Germanium(ID) sulfide 
Germanium(I]) selenide 
Сегтапішт() telluride 
Hydrogen iodide 
Potassium hydroxide 
Lithium hydride 
Lithium hydroxide 
Imidogen 

Nitrosyl hydride 
Nitrous acid (cis) 
Nitrous acid (trans) 
Nitric acid 

Hydrazoic acid 
Hydroxyl 

Mercapto 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Ammonia 
Hydroxylamine 
Phosphine 

Stibine 

Hydrazine 

Disiloxane 

Potassium iodide 


DIPOLE MOMENTS (continued) 


up 


3.40 + 0.07 
8.585 + 0.003 
6.3274 + 0.0002 
1.730 + 0.003 
0.466 + 0.005 
1.902 + 0.012 
“1.3 
8.156 € 0.001 
0.0043 + 0.0004 
8.5465 + 0.0005 
0.794 + 0.02 
4.2282 + 0.0008 
2.61 + 0.02 
1.92 + 0.02 
1.55 + 0.02 
0.16+0.01 
0.308180 
1.63 + 0.01 
1.44 + 0.07 
1.12 + 0.02 
1.05 + 0.05 
1.23 + 0.02 
1.27 + 0.03 
2.03 + 0.10 
1.11 0.03 
0.235 + 0.004 
0.0390 + 0.0004 
1.8685 + 0.0001 
1.03 + 0.01 
0.64 + 0.02 
0.257 + 0.002 
0.632 + 0.003 
1.78 € 0.09 
2.18 £0.11 
2.579 + 0.003 
3.2823 + 0.0001 
2.00 + 0.06 

1.65 + 0.05 
1.06 + 0.07 
0.448 + 0.001 
7.415 + 0.002 
5.884 + 0.001 
4.754 + 0.002 
1.39 + 0.07 

1.62 + 0.03 
1.423 + 0.005 
1.855 + 0.016 
2.17 € 0.02 
1.70 + 0.09 
1.655 + 0.001 
0.7580 + 0.0001 
1.8546 + 0.0040 
1.573 + 0.001 
0.97833 

1.4718 + 0.0002 
0.59 + 0.05 
0.5740 + 0.0003 
0.12 + 0.05 
1.75 + 0.09 
0.24 + 0.02 
=10.8 


ПА 
ІМа 
IO 
IRb 
ITI 
KLi 
KNa 
LaO 
LiNa 
LiO 
LiRb 
MgO 
NO 
NP 
NS 
№0 
N.O; 
NaRb 
OP 
OPb 
OS 
OS, 
OSi 
OSn 
OSr 
OTi 
OY 
OZr 
O,S 
О,5е 
О 
О; 
РЬ5 
551 
550 


СВтЕ; 
CBr;F 
CCIF, 
CCIN 
CCIF, 
ССЬО 
CCIF 
CF 
CFN 
CF, 
СЕ;О 
СЕЈ 
СН 
CHBICIF 
CHBr, 
CHCIF, 
СНСЬЕ 
CHCl, 
CHFO 
СНЕМ 
СНЕ; 
СНМ 
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Mol. Form. 


Name 


Lithium iodide 
Sodium iodide 
Iodine monoxide 
Rubidium iodide 
Thallium(1) iodide 
Lithium potassium 
Potassium sodium 
Lanthanum monoxide 
Lithium sodium 
Lithium monoxide 
Lithium rubidium 
Magnesium oxide 
Nitric oxide 
Nitrogen dioxide 
Phosphorus nitride 
Nitrogen sulfide 
Nitrous oxide 
Nitrogen trioxide 
Rubidium sodium 
Phosphorus monoxide 
Lead(II) oxide 
Sulfur monoxide 
Sulfur oxide (SSO) 
Silicon monoxide 
Tin(II) oxide 
Strontium oxide 
Titanium(II) oxide 
Yttrium monoxide 
Zirconium(II) oxide 
Sulfur dioxide 
Selenium dioxide 
Zirconium(IV) oxide 
Ozone 

Lead(II) sulfide 
Silicon monosulfide 
Tin(II) sulfide 


Compounds containing carbon 


Bromotrifluoromethane 
Dibromodifluoromethane 
Chlorotrifluoromethane 
Cyanogen chloride 
Dichlorodifluoromethane 
Carbonyl chloride 
Trichlorofluoromethane 
Fluoromethylidyne 
Cyanogen fluoride 
Difluoromethylene 
Carbonyl fluoride 
Trifluoroiodomethane 
Methylidyne 
Bromochlorofluoromethane 
Tribromomethane 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Formyl fluoride 
Carboimidic difluoride 
Trifluoromethane 
Hydrogen cyanide 


wD 


7.428 + 0.001 
9.236 + 0.003 
2.45 + 0.05 


“11.5 


4.61 + 0.07 
3.45 + 0.20 


2.693 


+ 0.014 


3.207 + 0.011 


0.463 + 


+ 0.002 


6.84 + 0.03 


4.0 + 
6.2 + 


0.1 
0.6 


0.15872 

0.316 + 0.010 
2.7470 + 0.0001 
1.81 0.02 
0.16083 

2.122 + 0.010 


ЭЛЕ 


0.3 


1.88 € 0.07 
4.64 + 0.50 
1.55 + 0.02 
1.47 = 0.03 


3.0982 


4.32 + 0.22 
8.900 + 0.003 
2.96 + 0.05 
4.524 + 0.007 
2.55 + 0.01 


1.633 


05 


2.62 + 0.05 
7.80 + 0.02 


0.533 


73 


3.59 + 0.18 
1.73 + 0.09 
3.18 + 0.16 


0.65 + 0.05 
0.66 + 0.05 
0.50 + 0.01 


2.833 


1 = 0.0002 


0.51 + 0.05 
1.17 € 0.01 
0.46 + 0.02 


0.645 3 


X 0.005 


2.120 + 0.001 
0.47 € 0.02 
0.95 + 0.01 


1.048 + 


X 0.003 


71.46 


1.5 + 


0.3 


0.99 + 0.02 
1.42 + 0.03 
1.29 + 0.03 
1.04 + 0.02 


2.081 
1.393 
1.651 
2.985 


+ 0.001 
+ 0.001 
50 
188 


DIPOLE MOMENTS (continued) 


Mol. Form. Name шр Mol. Form. Name 

CHN Hydrogen isocyanide 3.05 50.15 C;HI Iodoacetylene 

CHNO Isocyanic acid (HNCO) 1,6 CHBr, 1,1,2,2-Tetrabromoethane 

CHNO Fulminic acid 3.09934 C>H>Cl, 1,1-Dichloroethene 

CH,BrCl Bromochloromethane [1.66 СНС, cis-1,2-Dichloroethene 

СН,Вг› Dibromomethane 1.43 € 0.03 С,Н,С,О Chloroacetyl chloride 

CH;CIF Chlorofluoromethane 1.82 € 0.04 С-Н-СІ, 1,1,2,2- Tetrachloroethane 

СН-СІ, Dichloromethane 1.60 + 0.03 С-Н,Е, 1,1-Difluoroethene 

CHF, Difluoromethane 1.9785 + 0.02 С-Н,Е, cis-1,2-Difluoroethene 

CH; Diiodomethane [1.08 CHF; 1,1,1,2-Tetrafluoroethane 

СН,М, Diazomethane 1.50 € 0.01 С.Н,М,5 1,2,5-Thiadiazole 

СН,М, Cyanamide 4.28 + 0.10 C,H,O Ketene 

CHN. IH-Tetrazole 2.19 + 0.05 С.Н:О, Glyoxal (cis) 

CH;O Formaldehyde 2.332 € 0.002 С.Н.Вг Bromoethene 

СН:О, Formic acid 1.425 € 0.002 C;H4CI Chloroethene 

СН,5 Thioformaldehyde 1.6491 + 0.0004 С-Н;СІЕ, 1-Chloro-1,1-difluoroethane 

СН,5е Selenoformaldehyde 1.41 € 0.01 C;H;CIO Acetyl chloride 

СН,ВСЬ, Dichloromethylborane 1.419 € 0.013 C;H4Cl 1,1,1-Trichloroethane 

СН,ВЕ, Difluoromethylborane 1.668 + 0.003 ОЊС 1,1,2-Trichloroethane 

СН;ВО Вогапе сагропу! 1.698 + 0.020 С.Н.Е Fluoroethene 

СН,Вг Bromomethane 1.8203 + 0.0004 С-Н;ЕО Acetyl fluoride 

сња Chloromethane 1.8963 + 0.0002 СНЕ» 1,1,1-Trifluoroethane 

СН,С1,51 Methyltrichlorosilane 1.91 € 0.01 С-Н;Нем Cyanomethylmercury 

СНЕ Fluoromethane 1.858 + 0.002 СНУ Iodoethene 

СН,Е,ОР Methylphosphonic difluoride 3.69 50.26 С,Н;М Acetonitrile 

СН,ЕР Methyldifluorophosphine 2.056 + 0.006 CH;NO Methyl cyanate 

СН;Е;5і Trifluoromethylsilane 2.3394 + 0.0002 С,Н,МО Methyl isocyanate 

CH3F;3Si (Trifluoromethyl)silane 2.32 + 0.02 С-Н;М5 Methyl isothiocyanate 

CHI Iodomethane 1.6406 + 0.0004 C,H3N3 1H-1,2,4-Triazole 

СН;МО Formamide 3.73 € 0.07 C,H,BrCl 1-Bromo-2-chloroethane 

СН,МО, Nitromethane 3.46 + 0.02 ОНВљ 1,2-Dibromoethane 

CH4N5 Methyl azide 2.17 50.04 С.Н,СЇЕ 1-Chloro-1-fluoroethane 

СН,О Methanol 1.70 € 0.02 С.Н,СЬ, 1,1-Dichloroethane 

СНО, Methylhydroperoxide =0.65 C,H,Cl, 1,2-Dichloroethane 

CH,S Methanethiol 1.52 + 0.08 C,HyF, 1,1-Difluoroethane 

CH;FSi Fluoromethylsilane 1.700 + 0.008 CjH4E; 1,2-Difluoroethane (gauche) 

CH.ISi Iodomethylsilane 1.862 + 0.005 C,H,O Acetaldehyde 

CH;N Methylamine 1.31 0.03 C,H,O Ethylene oxide 

CH,OSi Methyl silyl ether 1.15 € 0.02 ОНО Acetic acid 

СН;5і Methylsilane 0.73456 ОНО; Methyl formate 

СН,В, Methyldiborane(6) 0.566 + 0.006 ОНО Glycolaldehyde 

CIN Cyanogen iodide 3.67 + 0.02 С.Н.Вг Bromoethane 

CO Carbon monoxide 0.10980 С,Н.С Chloroethane 

COS Carbon oxysulfide 0.715189 C,H;ClO 2-Chloroethanol 

COSe Carbon oxyselenide 0.73 € 0.02 C;,H;ChSi Trichloroethylsilane 

CS Carbon monosulfide 1.958 + 0.005 C;H;F Fluoroethane 

CSe Carbon monoselenide 1.99 50.04 С,Н44 Iodoethane 

C,BrF Bromofluoroacetylene 0.448 + 0.002 С,Н;М Ethyleneimine 

ОСЕ Chlorotrifluoroethene 0.40 + 0.10 ОНО Acetamide 

CCIF; Chloropentafluoroethane 0.52 + 0.05 ОНО N-Methylformamide 

ОСЕ 1,1-Dichloro-2,2-difluoroethene 0.50 ОНО; Nitroethane 

С-СІ,Е, 1,2-Dichloro-1,1,2,2- С.Н,О Ethanol (gauche) 
tetrafluoroethane 50.5 С.Н,О Ethanol (trans) 

СЕМ Trifluoroacetonitrile 1.262 + 0.010 С.Н,О Ethanol (average) 

СЕМ Trifluoroisocyanomethane 1.153 + 0.010 С.Н,О Dimethyl ether 

CHBr Bromoacetylene 0.22962 CHOS Dimethyl sulfoxide 

сна Chloroacetylene 0.44408 С.Н,О, Ethylene glycol (average) 

CHCl; Trichloroethene [0.8] С.Н, Ethanethiol (gauche) 

CHCl; Pentachloroethane 0.92 + 0.05 C H6S Ethanethiol (trans) 

ОНЕ Fluoroacetylene 0.7207 = 0.0003 С,Н,5 Dimethyl sulfide 

ОНЕ Trifluoroethene 1.32 € 0.03 С-Н;5; 1,2-Ethanedithiol 

С,НЕ-О, Trifluoroacetic acid 2.28 + 0.25 С.Н,5, Dimethyl disulfide 
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up 


0.02525 
[1.38] 
1.34 + 0.01 

1.90 + 0.04 

2.23 50.11 

1.32 € 0.07 
1.3893 + 0.0002 
2.42 + 0.02 

1.80 + 0.22 
1.579 + 0.007 
1.42215 

4.8 + 0.2 

1.42 + 0.03 

1.45 + 0.03 
2.14 + 0.04 

2.72 + 0.14 
1.755 € 0.015 
[1.4] 
1.468 + 0.003 
2.96 + 0.03 
2.3470 + 0.005 
4.7 + 0.1 

1.311 + 0.005 
3.92519 

4.26 + 0.18 
22.8 

3.453 + 0.003 
2.7 € 0.1 

[1.2] 
[1.19 
2.068 + 0.014 
2.06 + 0.04 
[1.83 
2.27 + 0.05 
2.67 + 0.13 
2.750 + 0.006 
1.89 € 0.01 
1.70 + 0.03 
1.77 € 0.04 
2.73 € 0.05 
2.04 50.02 
2.05 € 0.02 
1.78 + 0.09 
[2.04] 
1.937 + 0.007 
1.976 + 0.002 
1.90 € 0.01 
3.68 + 0.03 
3.83 + 0.08 
3.23 + 0.03 
1.68 + 0.03 
1.44 + 0.03 
1.69 + 0.03 
1.30 € 0.01 
3.96 + 0.04 
2.36 + 0.10 
1.61 + 0.08 
1.58 € 0.08 
1.554 + 0.004 
2.03 + 0.08 
[1.85 


DIPOLE MOMENTS (continued) 


Mol. Form. Name wD Mol. Form. Name wD 
C,H,Si Vinylsilane 0.657 + 0.002 С.Н,О, Ethyl formate (gauche) 1.81 0.02 
С,Н5М Ethylamine (gauche) 1.210 + 0.015 С.Н,О, Ethyl formate (trans) 1.98 € 0.02 
CoH;N Ethylamine (trans) 1.304 + 0.011 СчН,О» Ethyl formate (average) 1.93 
С,Н5М Ethylamine (average) 1.22 € 0.10 С.Н,О, Methyl acetate 1.72 € 0.09 
С,Н5М Dimethylamine 1.01 € 0.02 С.Н,О, 1,3-Dioxolane 1.19 € 0.06 
C,H;NO Ethanolamine [2.27 C3H,02S Thietane 1,1-dioxide 4.8 + 0.1 
С,Н,М, 1,2-Ethanediamine 1.99 + 0.10 С.Н,О, 1,3,5-Тпохапе 2.08 + 0.02 
С;НЕ; 3,3,3- Trifluoro-1-propyne 2.317 + 0.013 CsH,S Thietane 1.85 + 0.09 
C;HN Cyanoacetylene 3.73172 С.Н,Вг ]-Bromopropane 2.18 € 0.11 
С;Н,Е, 3,3-Difluorocyclopropene 2.98 € 0.02 С.Н,Вг 2-Bromopropane 2.21 £0.11 
С;Н;О 2-Propynal 2.78 + 0.02 C3H,Cl 1-Chloropropane (gauche) 2.02 + 0.03 
C;H;CbF 1,1-Dichloro-2-fluoropropene 2.43 + 0.02 C3H,Cl 1-Chloropropane (trans) 1.95 + 0.02 
СОЊЕ 3-Fluoropropyne 1.73 + 0.02 C4H;CI 1-Chloropropane (average) 2.05 + 0.04 
С;Н;Е; 3,3,3- Trifluoropropene 2.45 + 0.05 СНС 2-Chloropropane 2.17 £0.11 
ОВК Acrylonitrile 3.92 + 0.07 C4H;F 1-Fluoropropane (gauche) 1.90 € 0.10 
C;H;NO Oxazole 1.503 + 0.030 СОЊЕ 1-Fluoropropane (trans) 2.05 € 0.04 
C;H;NO Isoxazole 2.95 + 0.04 C4H;F 2-Fluoropropane 1.958 + 0.001 
ОН, Ргорупе 0.784 + 0.001 C4H;I 1-Iodopropane 2.04 € 0.10 
СН, Сусіоргорепе 0.454 + 0.010 ОНА 2-Тодоргорапе [1.95 
СН,Е, 1,1-Difluoro-1-propene 0.889 + 0.007 C4H;N Allylamine “1.2 
ОНА 1H-Pyrazole 2.20 € 0.01 ОВ. Cyclopropylamine 1.19 € 0.01 
ОН Imidazole 38:04 ОВА Propyleneimine (cis) 1.77 = 0.09 
С.Н,О Propargyl alcohol 1.13 + 0.06 C4H;N Propyleneimine (trans) 1.57 € 0.03 
С.Н,О Acrolein (trans) 3.117 € 0.004 C;H;NO N,N-Dimethylformamide 3.82 + 0.08 
С.Н,О Acrolein (cis) 2.552 + 0.003 C4H;NO N-Methylacetamide [4.3] 
С.Н,О Cyclopropanone 2.67 + 0.13 С.Н,ХО, 1-Nitropropane 3.66 + 0.07 
С.Н,О, Vinyl formate 1.49 + 0.01 C;H;NO, 2-Nitropropane 3.73 € 0.07 
С.Н,О, 2-Oxetanone 4.18 + 0.03 ОН Ргорапе 0.084 + 0.001 
С.Н,О, 3-Oxetanone 0.887 + 0.005 С.Н,О 1-Propanol (gauche) 1.58 € 0.03 
С.Н,О, Ethylene carbonate [4.9] ОНО 1-Propanol (trans) 1.55 € 0.03 
С.Н.Вг 2-Bromopropene [1:51] С.Н,О 2-Propanol (trans) 1.58 € 0.03 
С.Н.Вг 3-Bromopropene “1.9 C3HgO Ethyl methyl ether (trans) 1.17 + 0.02 
Она cis-1-Chloropropene 1.67 + 0.08 С.Н,О, 1,2-Propylene glycol [2.25 
ова trans-1-Chloropropene 1.97 + 0.10 С.Н,О, 1,3-Propylene glycol [2.55] 
ова 2-Chloropropene 1.647 + 0.010 CsHsO; Ethylene glycol monomethyl 
ова 3-Chloropropene 1.94 € 0.10 ether (gauche) 2.36 50.05 
С.Н.СО Epichlorohydrin [1.8] С.Н,О, Dimethoxymethane [0.74] 
ОНЕ cis-1-Fluoropropene 1.46 + 0.03 С;Н;О; Glycerol [2.56 
СОЊЕ trans-1-Fluoropropene “1.9 CsHsS 1-Propanethiol (gauche) 1.683 + 0.010 
СОЊЕ 2-Fluoropropene 1.61 = 0.03 С.Н,5 1-Propanethiol (trans) 1.60 + 0.08 
СОЊЕ 3-Fluoropropene (gauche) 1.939 + 0.015 C3HgS 2-Propanethiol (gauche) 1.53 + 0.03 
СОЊЕ 3-Fluoropropene (cis) 1.765 + 0.014 C3HgS 2-Propanethiol (trans) 1.61 + 0.03 
C3H;N Propanenitrile 4.05 + 0.03 CHS Ethyl methyl sulfide (gauche) 1.593 + 0.004 
ОНО Ethyl cyanate 4.72 + 0.09 C3HgS Ethyl methyl sulfide (trans) 1.56 + 0.03 
C;H;NO 3-Hydroxypropanenitrile С Но Propylamine 1.17 + 0.06 
(gauche) 3.17 + 0.02 СВМ Isopropylamine 1.19 + 0.06 
ОН Рторепе 0.366 + 0.001 СНМ Trimethylamine 0.612 + 0.003 
СНеВљ 1,2-Dibromopropane [1.2] СО НОР Trimethyl phosphate [3.18] 
С.Н,СЬ, 1,2-Dichloropropane [1.85] C,H, 1-Buten-3-yne 0.22 + 0.02 
С.Н,СЬ, 1,3-Dichloropropane 2.08 € 0.04 СІН, Methylenecyclopropene 1.90 € 0.01 
С.Н,О Acetone 2.88 + 0.03 С.Н,М. Succinonitrile [3.7] 
С.Н,О Propanal (gauche) 2.86 € 0.01 C,H,N; Pyrimidine 2.334 + 0.010 
С.Н,О Propanal (cis) 2.52 € 0.05 СНА Pyridazine 4.22 + 0.02 
С.Н,О Propanal (average) 2.72 С,Н,О Furan 0.66 + 0.01 
С.Н,О Allyl alcohol (gauche) 1.55 € 0.08 С,Н,О, Diketene 3.53 + 0.07 
С.Н,О Allyl alcohol (average) 1.60 + 0.08 C4H4S Thiophene 0.55 € 0.01 
СНО Methyl vinyl ether 0.965 + 0.002 C,H,N 2-Methylacrylonitrile 3.69 50.18 
С.Н,О Methyloxirane 2.01 € 0.02 C,H;N Pyrrole 1.767 = 0.001 
С.Н,О Oxetane 1.94 € 0.01 С,Н,Х Isocyanocyclopropane 4.03 + 0.10 
С.Н,О: Propanoic acid (cis) 1.46 € 0.07 С,Н,ХО 2-Methyloxazole 1.37 € 0.07 
С.Н,О, Propanoic acid (average) 1.75 + 0.09 C,H;NO 4-Methyloxazole 1.08 + 0.05 
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DIPOLE MOMENTS (continued) 


Mol. Form. Name wD Mol. Form. Name 
C,H;NO 5-Methyloxazole 2.16 + 0.04 СН СІ 2-Chlorobutane 
C,H;NO 4-Methylisoxazole 3.583 + 0.005 C4HoCl 1-Chloro-2-methylpropane 
C4Hg 1,2-Butadiene 0.403 + 0.002 C4HoCl 2-Chloro-2-methylpropane 
C4Hg 1-Вшупе 0.782 + 0.004 C,Hol 1-Iodobutane 

САНК Cyclobutene 0.132 + 0.001 СНА 2-Iodobutane 

С,Н,О Divinyl ether 0.78 + 0.05 САНА 1-Iodo-2-methylpropane 
С,Н,О 3-Methoxy-1,2-propadiene 0.963 + 0.020 СМ Pyrrolidine 

С,Н,О trans-2-Butenal 3.67 + 0.07 С,Н,МО N-Methylpropanamide 
С,Н,О 2-Methylpropenal 2.68 + 0.13 С,Н,МО N,N-Dimethylacetamide 
С,Н,О Cyclobutanone 2.89 + 0.03 С,Н,МО Morpholine 

С,Н,О 2,3-Dihydrofuran 1.32 € 0.03 САН Isobutane 

С,Н,О 2,5-Dihydrofuran 1.63 + 0.01 СНО 1-Butanol 

С.Н,О, trans-Crotonic acid [2.13] С,Н,О 2-Butanol 

СНО, Methacrylic acid [1.65] С,Н,О 2-Methyl-1-propanol 
С.Н,О, Vinyl acetate [1.79] C4H0 2-Methyl-2-propanol 
С.Н,О, Methyl acrylate [1.77] С,Н,5О Diethyl ether 

С.Н,О, y-Butyrolactone 4.27 + 0.03 С,Н,О Methyl propyl ether (trans-trans) 
С.Н,О, 2,3-Dihydro-1,4-dioxin 0.939 + 0.008 С,Н,О Isopropyl methyl ether 
С.Н,О, 3,6-Dihydro-1,2-dioxin 2.329 + 0.001 С,Н,О, 1,4-Butanediol 

С.Н,О, Acetic anhydride “2.8 C4H |0; Ethylene glycol monoethyl ether 
С.Н,О, Propylene carbonate [4.9] С.НоОз Diethylene glycol 
С,Н,5 2,3-Dihydrothiophene 1.61 + 0.20 С.Н 5 1-Butanethiol 

С,Н,5 2,5-Dihydrothiophene 1.75 + 0.01 С.Н |05 2-Methyl-2-propanethiol 
C,H,N Butanenitrile (gauche) 3.91 + 0.04 С.Н |05 Diethyl sulfide 

C,H,N Butanenitrile (anti) 3.73 + 0.06 СНМ Butylamine 

C,H;,N 2-Methylpropanenitrile 4.29 + 0.09 СНМ sec-Butylamine 

C,H;,N 2-Isocyanopropane 4.055 + 0.001 СНМ tert-Butylamine 
С,Н,МО 2-Pyrrolidone [3.5] СНМ Isobutylamine 

C4Hg 1-Вшепе (cis) 0.438 + 0.007 СНМ Diethylamine 

C4Hg 1-Вшепе (skew) 0.359 + 0.011 C,H;,NO,  Diethanolamine 

С.Н; cis-2-Butene 0.253 + 0.005 С.Н ХХ, Diethylenetriamine 
СН» Isobutene 0.503 = 0.010 СЕМ Perfluoropyridine 

С.Н; Methylcyclopropane 0.139 + 0.004 С.Н.М5 2-Thiophenecarbonitrile 
С.Н&СЬ 1,4-Dichlorobutane 2.22 + 0.11 C;H4NS 3-Thiophenecarbonitrile 
С,Н,СьО Bis(2-chloroethyl) ether [2.58 СН, 1,3-Pentadiyne 

C4,H,0 cis-2-Buten-1-ol 1.96 50.03 CsH,CIN 4-Chloropyridine 
C,H,O trans-2-Buten-1-ol 1.90 + 0.02 С-Н,ЕМ 3-Fluoropyridine 

С,Н,О 2-Methyl-2-propenol (skew) 1.295 € 0.022 С.Н,О 2,4-Cyclopentadien-1-one 
С,Н,О Ethyl vinyl ether [1.26] С.Н,О8 4H-Pyran-4-thione 
C,H,O 1,2-Epoxybutane 1.891 + 0.011 С.Н,О, Furfural 

С,Н,О Butanal 2.72 € 0.05 С.Н,О, 4Н-Ругап-4-опе 

C4,H,0 Isobutanal (gauche) 2.69 + 0.01 С.Н,5, 4H-Thiopyran-4-thione 
C,H,O Isobutanal (trans) 2.86 + 0.01 С.Н.Х Pyridine 

С,Н,О 2-Вшапопе 2.779 + 0.015 СН, 1,2,3-Решашепе 

С,Н,О Tetrahydrofuran 1.75 + 0.04 СН, 1-Penten-3-yne 

C,H ,OS 1,4-Oxathiane 0.295 + 0.003 СН; cis-3-Penten-1-yne 
C4H405 Butanoic acid [1.65 СН, trans-3-Penten-1-yne 
C4H405 2-Methylpropanoic acid [1.08 СН, 2-Methyl-1-buten-3-yne 
С,Н,О, Propyl formate [1.89] СН 1,3-Cyclopentadiene 
САНҖО» Ethyl acetate 1.78 € 0.09 СН 2-Methylpyrimidine 
С.Н,О, cis-2-Butene-1,4-diol [2.48] С.Н,М, 5-Methylpyrimidine 
С,Н,О, trans-2-Butene-1,4-diol [2.45 С.Н,О 2-Methylfuran 

С.Н,О, 1,3-Dioxane 2.06 € 0.04 С.Н,О 3-Methylfuran 

C4H4O5S Sulfolane [4.8] С.Н,О 3-Cyclopenten-1-one 
С,Н,5 3-Methylthietane 2.046 + 0.009 С.Н,О, 5-Methyl-2(3H)-furanone 
С.Нз$ Tetrahydrothiophene [1.90] СНО Furfuryl alcohol 

С.Нз$> 1,3-Dithiane 2.14 € 0.04 С.Н,5 2-Methylthiophene 
С,Н,Вг 1-Bromobutane 2.08 + 0.10 С.Н,5 3-Methylthiophene 
С.НоВг 2-Bromobutane 2.23 50.11 С;Н5М 3-Methyl-2-butenenitrile 
С.НоВг 2-Bromo-2-methylpropane [2.17 СВМ Cyclobutanecarbonitrile 
C,H,Cl 1-Chlorobutane 2.05 + 0.04 С.Н,ХО, Ethyl cyanoacetate 
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Mol. Form. 


СН, 
CsHs 
CsHs 
CsHs 
CsHs 
CsHs 
CsHs 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
СНО; 
СНО; 
СНО; 
СНО; 
СНО; 
СНО; 
CsHoN 
CsHoN 
CsHoN 
CsHyNO 
CsHio 
CsHio 
CsHio 
САН 
СН О 
СН О 
СНО 
С.Н,сО 
СНА 902 
САН О» 
СН, 0; 
C5H 902 
C5H 902 
СН, 0; 
СНА 0; 
СН, 003 
С5Н 003 


С5Н О» 
СН 5 
C;H, Br 
СНО 
сна 
С5Ним 
С5Ним 
С5Н № 
С5Н № 
С5Нр 
СН №0 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
C5H150; 
C5H150; 


CHF, 
СЊЕ, 
C HsF 3 


Name 


cis-1,3-Pentadiene 
trans-1,3-Pentadiene 
2-Methyl-1,3-butadiene 
1-Pentyne (gauche) 
1-Pentyne (trans) 
Cyclopentene 
3,3-Dimethylcyclopropene 
Cyclopropyl methyl ketone 
Cyclopentanone 
3,4-Dihydro-2H-pyran 
3,6-Dihydro-2H-pyran 
Ethyl acrylate 

Methyl methacrylate 
2,4-Pentanedione 


Dihydro-3-methyl-2(3H)-furanone 
Dihydro-5-methyl-2(3H)-furanone 


Tetrahydro-4H-pyran-4-one 
Pentanenitrile 
2,2-Dimethylpropanenitrile 
1,2,5,6-Tetrahydropyridine 
N-Methyl-2-pyrrolidone 
1-Pentene 
3-Methyl-1-butene (gauche) 
3-Methyl-1-butene (trans) 
1,1-Dimethylcyclopropane 
2,2-Dimethylpropanal 
2-Pentanone 
3-Pentanone 
Tetrahydropyran (chair) 
Pentanoic acid 
3-Methylbutanoic acid 
Butyl formate 
Isobutyl formate 
Ргору! acetate 
Ethyl propanoate 
Tetrahydrofurfuryl alcohol 
Diethyl carbonate 
Ethylene glycol monomethyl 
ether acetate 
Ethyl lactate 
Thiacyclohexane 
1-Bromopentane 
1-Chloropentane 
1-Chloro-3-methylbutane 
Piperidine (equitorial) 
Piperidine (axial) 
Piperidine (average) 
N-Methylpyrrolidine 
Isopentane 
Tetramethylurea 
1-Pentanol 
2-Pentanol 
3-Pentanol 
2-Methyl-1-butanol 
2-Methyl-2-butanol 
1,5-Pentanediol 
Diethylene glycol 
monomethyl ether 
1,2,3,4- Tetrafluorobenzene 
1,2,3,5- Tetrafluorobenzene 
1.2,4- Trifluorobenzene 


DIPOLE MOMENTS (continued) 


wD 
0.500 + 0.015 
0.585 + 0.010 
0.25 + 0.01 
0.769 + 0.028 
0.842 + 0.010 
0.20 + 0.02 
0.287 + 0.003 
2.62 + 0.25 
=3.3 
1.400 + 0.008 
1.283 + 0.005 
[1.96 
[1.67 
[2.78 
4.56 + 0.02 
4.71 + 0.05 
1.720 + 0.003 
4.12 + 0.08 
3.95 + 0.04 
1.007 + 0.003 
[4.1] 
“0.5 
0.398 + 0.004 
0.320 + 0.010 
0.142 + 0.001 
2.66 + 0.05 
[2.70] 
[2.82] 
1.58 + 0.03 
[1.61 
[0.63 
[2.03] 
[1.88] 
[1.78] 
[1.74] 
[2.1] 
1.10 € 0.06 
[2.13] 
[2.4] 
1.781 + 0.010 
2.20 = 0.11 
2.16 £0.11 
[1.92] 
0.82 € 0.02 
1.19 + 0.02 
[1.19 
0.572 + 0.003 
0.13 + 0.05 
[3:5] 
[1.7] 
[1.66] 
[1.64 
[1.88] 
[1.82] 
[2-5] 
[1.6] 
2.42 t 0.05 
1.46 + 0.06 
1.402 + 0.009 


Mol. Form. 


C,H,CINO, 
C¢H,CINO, 
C,H,CINO, 
C,Ch 
С.Н,С1, 
С.Н,ЕМО, 
СН,Е, 
CF, 
Сени 
СВА 
Сони 
СНО 
СеН;5Вг 
СеН;5СІ 
C,H;ClO 
СеН;5Е 
СЕН: 
С,Н,ХО 
С,Н,ХО 
С,Н,ХО 
CsH;NO, 
СН, 
СНСІМ 
С,Н,О 
С,Н,О 
СсН,О, 
С,Н,5 
CHN 
CHN 
CHN 
CHN 
С,Н,О 
C6H0, 
CoHgSi 
C&;HgF 
Сену 
СН 
СеН о 
CoH oF 
С,Н,О 
С,Н,О 
С,Н,О 
СН 00; 
СН 00; 
СЫН СІ 
СН СІ 
СНЕ 
СНЕ 
СВ 
Сен МО 
С,Н,О 
С,Н,О 
СНО 
C&H150; 
C&H150; 
СсН,О, 
СНО 
СсН,О, 
СсН,О, 
СсН,О, 
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Маше 


1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
1-Fluoro-4-nitrobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
2-Pyridinecarbonitrile 
3-Pyridinecarbonitrile 
4-Pyridinecarbonitrile 
3,5-Cyclohexadiene- 1 ,2-dione 
Bromobenzene 
Chlorobenzene 
p-Chlorophenol 
Fluorobenzene 
Iodobenzene 
2-Pyridinecarboxaldehyde 
3-Pyridinecarboxaldehyde 
4-Pyridinecarboxaldehyde 
Nitrobenzene 
Fulvene 
o-Chloroaniline 
Phenol 
2-Vinylfuran 
p-Hydroquinone 
Benzenethiol 
Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
3-Methyl-2-cyclopenten-1-one 
Dimethyl maleate 
Phenylsilane 
1-Fluorocyclohexene 
1-Hexyne 
3,3-Dimethyl-1-butyne 
Cyclohexene (half-chair) 
1,1-Difluorocyclohexane 
3-Methylcyclopentanone 
Cyclohexanone 
Mesityl oxide 
Diethyl oxalate 
Ethylene glycol diacetate 
Chlorocyclohexane (equitorial) 
Chlorocyclohexane (axial) 
Fluorocyclohexane (equitorial) 
Fluorocyclohexane (axial) 
4-Methylpentanenitrile 
Caprolactam 
Butyl vinyl ether 
2-Hexanone 
Hexanoic acid 
Pentyl formate 
Butyl acetate 
sec-Butyl acetate 
Isobutyl acetate 
Ethyl butanoate 
Diacetone alcohol 
Ethylene glycol monoethyl 
ether acetate 


up 


4.64 + 0.09 
3.73 + 0.07 
2.83 + 0.06 
2.50 + 0.05 
1.72 + 0.09 
2.87 + 0.06 
2.46 + 0.05 
1.51 + 0.02 
5.78 + 0.11 
3.66 + 0.11 
1.96 50.03 
4.23 € 0.02 
1.70 + 0.03 
1.69 + 0.03 
2,11 30:11 
1.60 + 0.08 
1.70 + 0.09 
3.56 + 0.07 
1.44 
1.66 
4.22 + 0.08 
0.4236 + 0.013 
[1.77] 
1.224 + 0.008 
0.69 + 0.07 
2.38 + 0.05 
[1.23 
1.13 + 0.02 
1.85 € 0.04 
[2.40] 
2.70 € 0.02 
4.33 + 0.002 
[2.48 
0.845 + 0.012 
1.942 + 0.010 
0.83 + 0.05 
0.661 + 0.004 
0.332 + 0.012 
2.556 + 0.010 
3.14 + 0.03 
3.246 + 0.006 
[2.79] 
[2.49] 
[2.34 
2.44 + 0.07 
1.91 € 0.02 
2.11 € 0.04 
1.81 + 0.04 
[3.5] 
[3.9] 
[1.25 
[2.66 
[1.13 
1.90 = 0.10 
[1.87] 
[1.87 
[1.86 
[1.74] 
[3.24] 


[2.25] 


DIPOLE MOMENTS (continued) 


Mol. Form. Name wD Mol. Form. Name шр 
СНО; Paraldehyde 1.43 € 0.07 СұНұ Styrene 0.123 + 0.003 
СНМ Cyclohexylamine [1.26 С,Н,О Acetophenone 3.02 € 0.06 
С,Н,О Dipropyl ether 1.21 € 0.06 С,Н,О, Methyl benzoate [1.94] 

C +H, O Diisopropyl ether 1.13 0.10 С,Н,О, Methyl salicylate [2.47] 
C&4H440 Butyl ethyl ether [1.24] СН Ethylbenzene 0.59 + 0.05 
C +H i O; 2-Methyl-2,4-pentanediol [2.9] СаН о o-Xylene 0.640 + 0.005 
C НО, Ethylene glycol monobutyl ether [2.08] СУН О 2,4-Xylenol [1.4] 

C HO; 1,1-Diethoxyethane [1.38] CH0 2,5-Xylenol [1.45 

C H O; Diethylene glycol monoethyl ether [1.6] СНоо 2,6-Xylenol [1.40] 

C +H i Os Diethylene glycol dimethyl ether [1.97 СН О 3,4-Xylenol [1.56 
СНМ Dipropylamine [1.03 СН „О 3,5-Xylenol [1.55] 
СНМ Diisopropylamine [1.15 СНО Phenetole 1.45 + 0.15 
СНМ Triethylamine 0.66 + 0.05 СНО» 1,2-Dimethoxybenzene [1.29] 

C IH iNO; Triethanolamine 13.57 С,Н, IN N,N-Dimethylaniline 1.68 + 0.17 
СН! 5О4Р Triethyl phosphate [3.12] СНМ 2,4-Dimethylaniline [1.40 

С,Н, ХОР. Hexamethylphosphoric triamide [5.5] СНМ 2,6-Dimethylaniline [1.63] 
С,Н.С, (Trichloromethyl)benzene [2.03] С,Н, IN 2,4,6-Trimethylpyridine [2.05 
С»НЬЕ» (Trifluoromethyl)benzene 2.86 50.06 С,Н,О 2-Осїапопе 12.70| 
С,Н.Х Benzonitrile 4.18 + 0.08 СұН О Octanoic acid [1.15 
C;H5N Isocyanobenzene 4.018 + 0.003 СНО sec-Hexyl acetate [1.9] 
С.Н,СЬ, 2,4-Dichlorotoluene [1.70] CgH О» Isobutyl isobutanoate [1.9] 
С,Н,СЬ, 3,4-Dichlorotoluene [2.95 CgH Од Diethylene glycol 

С,Н,СЬ, (Dichloromethyl)benzene [2.07 monoethyl ether acetate [1.8] 
С,Н,О 2,4,6-Cycloheptatrien-1-one 4.1 € 0.3 Санта 1-СШогоосїапе 12.00 
СНО Benzaldehyde [3.0] СНО 1-Octanol [1.76 
СНО, Salicylaldehyde [2.86] СұНО 2-Octanol 11.71 
С5Н;СІ o-Chlorotoluene 1.56 € 0.08 СНО 2-Ethyl-1-hexanol [1.74 
С,Н,С m-Chlorotoluene [1.82 С,Н,О Dibutyl ether 1.17 + 0.06 
С,Н,С p-Chlorotoluene 2.21 € 0.04 С,Н,, 5 Dibutyl sulfide [1.61] 
С,Н,С (Chloromethyl)benzene [1.82 СН ӘХ Dibutylamine [0.98] 
C;H;F o-Fluorotoluene 1.37 € 0.07 CHN Quinoline 2.29 50.11 
C;H;F m-Fluorotoluene 1.82 € 0.04 ОН Isoquinoline 2.73 + 0.14 
C;H;F p-Fluorotoluene 2.00 € 0.10 СНО Ethyl benzoate 2.00 + 0.10 
С,Н,ХО, 2-Nitroanisole [5.0] СоН |00; Benzyl acetate [1.22 

СІН; Toluene 0.375 + 0.010 СоНр Isopropylbenzene “0.79 
СІН; 2,5-Norbornadiene 0.0587 = 0.0001 СУН О 2,6-Dimethyl-4-heptanone [2.66 
СО o-Cresol [1.45] СЫН ҚО; Nonanoic acid [0.79 
С,Н,О m-Cresol [1.48 Cj oH7Br 1-Bromonaphthalene [1.55 
СО p-Cresol [1.48] Суња 1-Chloronaphthalene [1.57 
С,Н,О Benzyl alcohol 1.71 + 0.09 Сүн, Azulene 0.80 + 0.02 
С,Н,О Anisole 1.38 + 0.07 СН tert-Butylbenzene “0.83 

C,H oN o-Methylaniline [1.60 СНО Camphor, (+) [3.1] 

C,H oN m-Methylaniline [1.45] Cj 9H O; 2-Ethylhexyl acetate [1.8] 
CHN p-Methylaniline [1.52] CioH; Br 1-Вготодесапе [1.93] 
CHN 2,4-Dimethylpyridine [2.30] СНО Dipentyl ether [1.20] 

C,H oN 2,6-Dimethylpyridine [1.66] СНО Diisopentyl ether [1.23] 
СН 1,3-Cycloheptadiene 0.740 СНО Ethyl trans-cinnamate [1.84] 
СІН, Methylenecyclohexane 0.62 € 0.01 СН Acenaphthene 70.85 

C-H 204 Diethyl malonate [2.54] Ci2H190 Diphenyl ether “1.3 
С,Н,О 2-Нерїапопе 12.59| С,,Н,,ВО,  Tributyl borate [0.77] 
С,Н,О 3-Heptanone [2.78] Срнум Tributylamine [0.78 
С,Н,О 2,4-Dimethyl-3-pentanone [2.74 CjH5;0,P  Tributyl phosphate [3.07] 
С,Н,О cis-3-Methylcyclohexanol [1.91 СНО Benzyl benzoate [2.06] 
С,Н,О trans-3-Methylcyclohexanol [1.75 СНО Dibutyl phthalate [2.82] 
СНО; Pentyl acetate 1.75 € 0.10 Само Oleic acid [1.18 

С5Н 0 Isopentyl acetate [1.86] СН Ол Dibutyl sebacate [2.48 
С,Н,,Вг 1-Bromoheptane 2.16 € 0.11 СН» О.Р Tri-o-cresyl phosphate [2.87 
СНО 2-Нерїапо! 11.71 С.,(Н.ОР Tri-m-cresyl phosphate [3.05] 
СНО 3-Heptanol 11.71 С.,(Н.О,Р Tri-p-cresyl phosphate [3.18] 

C4 Hg Phenylacetylene 0.656 + 0.005 СНО Вшуі stearate [1.88] 
CHN Benzeneacetonitrile [3.5] С4Нз8 Ол Bis(2-ethylhexyl) phthalate [2.84 
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STRENGTHS ОЕ CHEMICAL BONDS* 
J. Alistair Kerr 


The strength of a chemical bond, D°(R-X), often known as the bond dissociation energy, is defined as the standard enthalpy change of the reaction 
in which the bond is broken: RX — R + X. It is given by the thermochemical equation, D°(R-X) = ApH°(R) + AgH?(X) - AH*(RX). Some authors list 
bond strengths at a temperature of absolute zero but here the values at 298 K are given because more thermodynamic data are available for this 
temperature. Bond strengths or bond dissociation energies are not equal to, and may differ considerably from, mean bond energies determined solely 
from thermochemical data on atoms and molecules. 


Table 1 
BOND STRENGTHS IN DIATOMIC MOLECULES 


These have usually been measured spectroscopically or by mass spectrometric analysis of hot gases effusing a Knudsen cell. Excellent accounts 
of these and other methods are given in (i) Dissociation Energies and Spectra of Diatomic Molecules, by A. G. Gaydon, 3rd. ed., Chapman & Hall, 
London, 1968 and (ii) “Mass Spectrometric Determination of Bond Energies of High-Temperature Molecules”, К. A. Gingerich, Chimia, 26, 619, 
1972. The errors quoted in the table are those given in the original paper or review article. The references have been chosen primarily as a key to the 
literature. It should not be assumed that the author referred to was responsible for the value quoted, as the reference may be to a review article. 

Bond strengths reported at a temperature of absolute zero, Го, have been converted to Г год by the use of enthalpy functions taken mainly from 
the JANAF Thermochemical Tables, Third Edition, J. Phys. Chem. Кеј. Data, 14, Suppl. 1, 1985, wherever possible. For most bonds, however, this 
data is not available and the conversion has been made by the approximate relation: 


Роа = D° + (3/2)RT 


The list below does not include the increasing number of bond strengths of diatomic molecules now being calculated by ab initio methods. 
The Table has been arranged in an alphabetical order of the atoms. 


Molecule D°393/kJ mol! Ref. Molecule ?5os/kJ шог! Ref. Molecule |9,/К/ mol! Ref. 
Ag-Ag 160.3 3.4 314 Al-Cl 511.3 £ 0.8 312 As-Ga  209.6t1.2 83 
Ag-Al 183.7 +9.2 79 Al-Co 181.6 + 0.2 22 As-H 274.0 € 2.9 29 
Ag-Au 202.9+9.2 4 Al-Cr 223.6 + 0.6 19 As-I 296.6 + 28.0 325 
Ag-Bi 193 + 42 246 Al-Cu 227.1+1.2 21 As-In 201 297 
Ag-Br 293 +29 120 Al-D 290.8 246 As-N 489 +2 310 
Ag-Cl 314.2 184 AI-F 663.6 + 6.3 80 As-O 48158 262 
Ag-Cu 174.11 592 136 AI-H 284.9 + 6.3 80 А8-Р 433.5 + 12.6 137 
Ag-D 226.8 205 Al-I 369.9 + 2.1 267 As-S 379.5 + 6.3 262 
Ag-Dy 13019 203 Al-Kr 6.047 + 0.001 180 As-Sb 330.5 + 5.4 94 
Ag-Eu 129.7 + 12.6 66 Al-Li 76.5 39 As-Se 96 288 
Ag-F 354.4 + 16.3 120 Al-N 297 + 96 120 As-TI 198.3 + 14.6 300 
Ag-Ga 180315 44 A]-Ni 22545 20 At-At -80 89 
Ag-Ge 174.5 +20.9 135 Al-O 511 £3 56,74 Au-Au  226.2t0.5 210 
Ag-H 215.1 +8 217 Al-P 216.7 + 12.6 80 Au-B 367.8 + 10.5 145 
Ag-Ho  123.4t16.7 62 Al-Pd 254.4 + 12.1 64 Au-Ba 254.8 + 10.0 135 
Ag-I 234 + 29 120 А1-5 373.6 + 7.9 376 Au-Be 285 +8 120 
Ag-In 166.5 54.9 13 Al-Sb 216.3 + 5.9 293 Au-Bi 297584 135 
Ag-Li 173.6 + 6.3 276,303 Al-Se 337.6 + 10.0 376 Au-Ca 243 135 
Ав-Мп 10021 246 А1-51 229.3 + 30.1 51 Au-Ce 339+ 21 135 
Ag-Na 138.1 +8.4 291,298 Al-Te 267.8 + 10.0 376 Au-C] 3435906 120 
Ав-М4 <209 221 Al-U 326 + 29 123 Au-Co 222+ 17 135 
Ag-O 220.1 € 20.9 287 АРУ 147.4 + 1.0 22 Au-Cr 21317 135 
Ag-S 217.1 349 Al-Xe 7.43 + 0.69 43 Au-Cs  255t33 41 
Ag-Se 202.5 349 Ar-Ar 4.73 + 0.04 181 Au-Cu 228.0 5.0 34,135 
Ag-Si 177.8 € 10.0 320 Ar-He 3.89 246 Au-D 318.4 205 
Ag-Sn 136.0 + 20.9 3 Ar-Hg 6.15 246 Au-Dy 259421 203 
Ag-Te 195.8 349 Ar-I 10.0 40 Au-Eu 241.0 10.5 66 
А1-А1 133 +6 118 Аг-К 42 205 Au-Fe 187.0 + 16.7 220 
Al-Ar 5.182 + 0.005 180 As-As 382.0 + 10.5 247 Au-Ga 234+ 38 135 
Al-As 202.9 57.1 294,301 As-Cl 448 80 Au-Ge 274.1 + 5.0 135 
Al-Au 325.9 +6.3 124 As-D 270.3 205 Au-H 292.0+8 217 
Al-Br 429 t6 186 As-F 410 205 Au-Ho  267.4t16.7 62,250 


* Revised to October 2001. 
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Molecule 


Au-In 
Au-La 
Au-Li 
Au-Lu 
Au-Mg 
Au-Mn 
Au-Na 
Au-Nd 
Au-Ni 
Au-O 
Au-Pb 
Au-Pd 
Au-Pr 
Au-Rb 
Au-Rh 
Au-S 
Au-Sc 
Au-Se 
Au-Si 
Au-Sn 
Au-Sr 
Au-Tb 
Au-Te 
Au-U 
Au-V 
Au-Y 
B-B 
B-Br 
B-C 
B-Ce 
В-СІ 
B-D 
B-F 
B-H 
B-I 


D?j9g/kJ mol! 


286.0 € 5.7 
336.4 = 20.9 
284.5 t 6.7 
332.2 + 16.7 
243 + 42 
185.4 + 12.6 
215.1 € 12.6 
299.2 + 20.9 
247 + 16 
221.8 + 20.9 


<193.7 
587.0 + 6.7 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 1 


BOND STRENGTHS IN DIATOMIC MOLECULES (continued) 


Ref. 


13 
127 
276 
132 
246 
342 
298 
127 
352 
287 
246 
135 
135 
41 
66 
131 
128 
349 
139 
233 
246 
152,250 
349 
123 
172 
177 
80 
32 
246 
246 
195 
246 
257 
302 
315 
381 
246 
80 
287 
147 
381 
268 
381 
381 
374 
246 
374 
390 
374 
140 
246 
246 
246 
104,199,230 
197,199 
205 
101,196 


Molecule 


Ba-H 
Ba-I 
Ba-O 
Ba-Pd 
Ba-Rh 
Ba-S 
Be-Be 
Be-Br 
Be-Cl 
Be-D 
Be-F 
Be-H 
Be-O 
Be-S 
Bi-Bi 
Bi-Br 
Bi-Cl 
Bi-D 
Bi-F 
Bi-Ga 
Bi-H 
Bi-I 
Bi-In 
Bi-Li 
Bi-O 
Bi-P 
Bi-Pb 
Bi-S 
Bi-Sb 
Bi-Se 
Bi-Sn 
Bi-Te 
Ві-ТІ 
Br-Br 
Br-C 
Br-Ca 
Br-Cd 
Br-Cl 
Br-Co 
Br-Cr 
Br-Cs 
Br-Cu 
Br-D 
Br-F 
Br-Fe 
Br-Ga 
Br-Ge 
Br-H 
Br-Hg 
Br-I 
Br-In 
Br-K 
Br-Li 
Br-Mg 
Br-Mn 
Br-N 
Br-Na 


?ys/kJ mol"! 


176 € 14.6 
320.8 + 6.3 
561.9 + 13.4 
221.8 +5.0 
259.4 € 25.1 
400.0 + 18.8 
59 

381 + 84 
388.3 + 9.2 
203.05 

577 + 42 
200.0 + 1.3 
434.7 + 13.4 
372 + 59 
200.4 + 7.5 
267.4 + 4.2 
301=4 
283.7 

367 + 13 
159 + 17 
<283.3 
218.0 + 4.6 
153.6 + 1.7 
154.0 € 5.0 
337.2 + 12.6 
280 + 13 
141.8 + 14.6 
315.5 + 4.6 
25144 
280.3 + 5.9 
210.0 + 8.4 
232.2 + 11.3 
121213 
192.807 
280 + 21 
310.9 + 9.2 
159 + 96 
217.53 + 0.29 
331442 
328.0 + 24.3 
389.144 
331+ 25 
370.74 

280 + 12 
247 +96 
444 + 17 
255 +29 
366.35 

72.8 + 4 
179.1 = 0.4 
414 + 21 
379.9 + 0.8 
418.8 +4 
<3272 
314.2 € 9.6 
276 + 21 
367.4 + 0.8 
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Ref. 


120 

188 

287 

125 

125 

70 
35,87 
246 
108,191,382 
205 
80,108 
67 

287 

120 
307,324 
76 

78 

266 

400 

296 

266 

TI 

321 
277,305 
287 

137 
324 

375 

244 


246 

120 
285,362 
120 

205 

211 

120 

80 

120 

205 

80 
120,309 
80 
362,378 
362 

205 

120 

120 
362,378 


Molecule 


Br-Ni 
Br-O 
Br-Pb 
Br-Rb 
Br-Sb 
Br-Sc 
Br-Se 
Br-Si 
Br-Sn 
Br-Sr 
Br-Th 
Br-Ti 
Br-TI 
Br-U 
Br-V 
Br-W 
Br-Xe 
Br-Y 
Br-Zn 
С-С 
С-Се 
С-СІ 
С-р 
С-Е 
C-Ge 
C-H 
C-Hf 
C-I 
C-Ir 
C-La 
C-Mo 
C-N 
C-Nb 
C-O 
C-Os 
C-P 
C-Pt 
C-Rh 
C-Ru 
C-S 
C-Sc 
C-Se 
C-Si 
C-Tc 
C-Th 
C-Ti 
C-U 
C-V 
C-Y 
C-Zr 
Ca-Ca 
Са-СІ 
Са-р 
Са-Е 
Са-Н 
Са4 
Ca-Li 


D^js/kJ mol! 


360 + 13 
235.5 £24 
247 +38 
380.7 £4 
314 + 59 
444 + 63 
297 + 84 
367.8 + 10.0 
2552 
333.0+9.2 
364 

439 

333.9 + 17 
3774 + 6.3 
439 + 42 
329.3 

5.94 + 0.02 
485 + 84 
142 + 29 
610 +2.0 
444 + 13 
397 + 29 
341.4 

552 

460 + 21 
3384 512 
540 +25 
209 + 21 
632 +4 
462 + 20 
481 + 15.9 
748.0 + 10 
569 + 13.0 
1076.5 + 0.4 
>594 
5134 £8 
598 + 5.9 
580.0 + 3.8 
616.2 + 10.5 
714.1 £12 
«444 
590.4 £ 5.9 
451.5 

565 + 29 
453 + 17 
423 + 29 
454.8 + 15.1 
427 + 23.8 
418 t 14 
561 + 25 
~17 

409 +9 
<169.9 
527 +21 
167.8 
2847 + 8.4 
84.9 + 8.4 


Ref. 


120 
46 

120 
362 
120 
246 
246 
106 
286 
199 
187 
246 

28 

260 
246 
223 

58 

246 
246 
373 
236 
283 
205 
193 
120 
205 
357 
120 
171 
290 
167 

42 

167 

80 

126 
350 
171,379 
332 
333 
71,354 
148 
343 
91,387 
322 
166,357 
162,357 
165,169 
167 
338 
357 
153 
269 
205 
101,190 
120 
188 
397 


Molecule 


Ca-O 
Ca-S 
Cd-Cd 
Са-СІ 
Cd-F 
Cd-H 
Cd-I 
Cd-In 
Cd-O 
Cd-S 
Cd-Se 
Cd-Te 
Ce-Ce 
Ce-F 
Ce-Ir 
Ce-N 
Ce-O 
Ce-Os 
Ce-Pd 
Ce-Pt 
Ce-Rh 
Ce-Ru 
Ce-S 
Ce-Se 
Ce-Te 
CI-CI 
СІ-Со 
СІ-Сг 
CI-Cs 
Cl-Cu 
01-р 
CI-Eu 
CI-F 
CI-Fe 
Cl-Ga 
Cl-Ge 
СІ-Н 
Cl-Hg 
СІ-І 
Cl-In 
CI-K 
CI-Li 
Cl-Mg 
Cl-Mn 
СІ-М 
СІ-Ма 
СІ-Мі 
СІ-О 
СІ-Р 
CI-Pb 
CI-Ra 
CI-Rb 
CI-S 
CI-Sb 
CI-Sc 
СІ-5е 


D°593/kJ mol! 


402.1 + 16.7 
337.6 + 18.8 
7.36 

208.4 

305 + 21 
69.0 + 0.4 
97.23 

138 

235.6 + 83.7 
208.4 + 20.9 
127.6 + 25.1 
100.0 € 15.1 
245.2 

582 + 42 
586 
519+21 

795 + 8 

506 + 33 

322.2 

556 

548 

531 #25 

569 

494,5 + 14.6 
189.4 + 12.8 
242.580 + 0.004 
337.6 + 6.7 
377.8 + 6.7 

448 + 8 
377.8 + 7.5 
436.47 
-326 
256.23 
329.7 + 6.7 
481 + 13 
-431 
431.62 
100 + 8 
2113%0.4 
439 58 
433.0 +8 
469 + 13 
327.6 2.1 
338.5 + 6.7 
333.9 +9.6 
412.1+8 
377.0 + 6.7 
268.85 + 0.10 
289 + 42 

301 +29 

343 + 75 
427.6+8 
277.0 
360 + 50 
331 

322 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 1 


BOND STRENGTHS IN DIATOMIC MOLECULES (continued) 


Ref. 


287,326 
70,205 
251 

205 

3l 

120 
215 
246 
158,287 
158 

158 

158 

127 
246 

149 

146 

95 

126 

63 

149 

149 

126 

24 

271 

252 

205 

194 

194 
285,363 
184 
205 

113 
205,279 
194 

80 

205 

205 

120 

120 

80 

363 

80 
105,197,382 
194 

54 

363 

194 


Molecule 


CI-Si 
С1-5ш 
Cl-Sn 
Cl-Sr 
Cl-Ta 
CI-Th 
СІ-Ті 
СІ-ТІ 
СЕЈ 
СІ-У 
CI-W 
CI-Xe 
СІ-Ү 
CI-Yb 
Cl-Zn 
Cm-O 
Co-Co 
Co-Cu 
Co-F 
Co-Ge 
Co-H 
Co-I 
Co-Nb 
Co-O 
Co-S 
Co-Si 
Co-Ti 
Co-Y 
Co-Zr 
Cr-Cr 
Cr-Cu 
Cr-F 
Cr-Ge 
Cr-H 
Cr-I 
Cr-N 
Cr-O 
Cr-Pb 
Cr-S 
Cr-Sn 
Cs-Cs 
Cs-F 
Cs-H 
Cs-Hg 
Cs-I 
Cs-Na 
Cs-O 
Cs-Rb 
Cu-Cu 
Cu-D 
Cu-Dy 
Cu-F 
Cu-Ga 
Cu-Ge 
Cu-H 
Cu-Ho 


ОК mol"! 


406 

2423 

414 + 17 
406 + 13 
544 

489 

405.4 + 10.5 
372.8 + 2.1 
452+ 8 

477 + 63 
423 + 42 
6.7 

527 + 84 
-322 

228.9 + 19.7 
736 

167 +25 
167 = 17 
435 + 63 
234+ 21 
226 + 42 
285 + 21 
267.0+ 0.1 
384.5 + 13.4 
331 

276+ 17 
235.4 + 0.1 
253.7 + 0.1 
306.4 + 0.1 
142.9 + 5.4 
155 + 21 
444.8 + 19.7 
154+7 
190.3 + 7.0 
287.0 + 24.3 
377.8 + 18.8 
461 +9 
105=2 

331 

141 +3 
43.919 + 0.010 
519+8 
175.364 

8 
337.2:Е2:1 
63:2::1.3 
295.8 + 62.8 
49.57 + 0.01 
176.52 + 2.38 
270.3 

142 +21 
413.4 + 13 
215,9:5:15.1 
208.8 + 21 
277.8 

142 +21 
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Ref. 


308,385 
399 
246 
197,199 
23 
261 
192 
28 
259 
246 
246 
205 
246 
113 
73 
341 
218 
135 
246 
135 
369 
246 
8 
287 
349 
380 
353 


202 

53 

120 
152,355 
179 
202 

93 

202 

394 

285 

401 

205 
285,361 
86 

287 

174 
135,323 
205 

203 

99 

44 

273 
217,318 
203 


Molecule 


Cu-I 
Cu-In 
Cu-Li 
Cu-Mn 
Cu-Na 
Cu-Ni 
Cu-O 
Cu-S 
Cu-Se 
Cu-Si 
Cu-Sn 
Cu-Tb 
Cu-Te 
D-D 
D-F 
D-Ga 
D-Ge 
D-H 
D-Hg 
D-In 
D-Li 
D-Lu 
D-Mg 
D-Ni 
D-Pt 
D-S 
D-Si 
D-Sr 
D-Zn 
Dy-F 
Dy-O 
Dy-S 
Dy-Se 
Dy-Te 
Er-F 
Er-O 
Er-S 
Er-Se 
Er-Te 
Eu-Eu 
Eu-F 
Eu-Li 
Eu-O 
Eu-Rh 
Eu-S 
Eu-Se 
Eu-Te 
F-F 
F-Ga 
F-Gd 
F-Ge 
F-H 
F-Hf 
F-Hg 
F-Ho 
F-I 


D^s/kJ mol! 


197 + 21 
187.4 + 7.9 
192.9 € 8.8 
158.6 + 17 
176.1 16.7 
202 + 10 
269.0 + 20.9 
276 

251 

221.3 + 6.3 
169.5 + 6.7 
193 + 19 
278.7 
443.533 
576.6 
<272.8 
<322 
439.433 
42.05 

246.0 


240.1892 + 0.0046 


302 

135.1 
«302.9 
53502 
351 

302.5 
2275.7 
88.7 

531 

607 + 17 
414 + 42 
322 + 42 
234 + 42 
565 + 17 
615 + 13 
418 + 42 
326 + 42 
238 + 42 
33.5 +17 
544 

66.9 € 2.9 
479 + 10 
233.9 +33 
362.3 + 13.0 
301 + 14.6 
243 + 14.6 
158.78 
577 + 14.6 
590.4 + 27.2 
485 £21 
569.87 + 0.06 
650 + 15 
-180 

540 
<271.5 


205 
207,360 
308 

205 

205 

205 

205 

205 

205 

205 

406 

95 

246 

246 

246 

406 

95 

246 

246 

246 

66 

242 

275 

95 

66 
271,347 
25,178,271 
25,271 
205 

270 

405 

98 

402 

16 

205 

406 
7,33,60,75 


Molecule 


F-In 
F-K 
F-La 
F-Li 
F-Lu 
F-Mg 
F-Mn 
F-Mo 
F-N 
F-Na 
F-Nd 
F-Ni 
F-O 
F-P 
F-Pb 
F-Pm 
F-Pr 
F-Pu 
F-Rb 
F-Ru 
F-S 
F-Sb 
F-Sc 
F-Se 
F-Si 
F-Sm 
F-Sn 
F-Sr 
F-Ta 
F-Tb 
F-Th 
F-Ti 
F-TI 
F-Tm 
F-U 
Е-У 
F-W 
F-Xe 
F-Y 
F-Yb 
F-Zn 
F-Zr 
Fe-Fe 
Fe-Ge 
Fe-H 
Fe-O 
Fe-S 
Fe-Si 
Ga-Ga 
Ga-H 
Ga-I 
Ga-Li 
Ga-O 
Ga-P 
Ga-Sb 
Ga-Te 
Gd-O 


"°,%3/КЈ mol! 


506 + 14.6 
497.5 + 2.5 
598 +42 
577+ 21 
333.5 

461.9 + 5.0 
423.4 + 14.6 
464.8 

343 

519 

545.2 + 12.6 
430 +20 
219.54 + 10 
439 +96 
356 +8 
540 + 42 
582 +46 
538.5 + 29 
494+21 
402 
342.7 + 5.0 
439 + 96 
589.1 + 13 
339 +42 
552.7 +2.1 
565 
466.5 + 13 
541.8 + 6.7 
573 + 13 
561+42 
652 
569 + 33 
445.2 + 19.2 
510 
659.0 + 10.5 
590 + 63 
548 + 63 
15.77 

605.0 + 20.9 
>521.3 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 1 


BOND STRENGTHS IN DIATOMIC MOLECULES (continued) 


Ref. 


270 

17 

246 

80 

208 
101,196 
228 

198 

205 

205 

403 

85 

48 

120 
408 

246 

246 

229 

80 

185 
30,200,231 
120 
404 

246 

109 

242 

408 
101,196 
256 

246 

263 

407 

28 

242 
157,258 
246 

246 
317,368 
404 
18,113,399 
246 

16 

330 

219 
369 

287 

93 

380 

337 

253 

120 

160 
287 

130 
295 

377 

95 


Molecule 


Gd-S 
Gd-Se 
Gd-Te 
Ge-Ge 
Ge-H 
Ge-Ni 
Ge-O 
Ge-Pd 
Ge-S 
Ge-Sc 
Ge-Se 
Ge-Si 
Ge-Te 
Ge-Y 
H-H 
H-Hg 
H-I 
H-In 
H-K 
H-Li 
H-Mg 
H-Mn 
H-N 
H-Na 
H-Ni 
H-O 
H-P 
H-Pb 
H-Pd 
H-Pt 
H-Rb 
H-Rh 
H-Ru 
H-S 
H-Sc 
H-Se 
H-Si 
H-Sn 
H-Sr 
H-Te 
H-Ti 
H-TI 
H-V 
H-Yb 
H-Zn 
He-He 
He-Hg 
Hf-C 
Hf-N 
Hf-O 
Hg-Hg 
Hg-I 
Hg-K 
Hg-Li 
Hg-Na 
Hg-O 
Hg-Rb 


^ys/kJ mol"! 


526.8 + 10.5 
431 € 14.6 

343 + 14.6 
263.6 t 7.1 
$321.7 

290.3 + 10.9 
659.4 + 12.6 
254.7 + 10.5 
534 +3 
271.0= 1 
4847 + 1.7 
296.4 + 8.6 
397755 

279.8 + 11.4 
435.990 
39.844 
298.407 

243.1 

174.576 
238.049 + 0.004 
126.4 + 2.9 
234 + 29 

5339 

185.69 + 0.25 
252.3 +8 
429.99 + 0.38 
297 

5157 

234 + 25 
5335 

167 + 21 
247 + 21 
234+ 21 
344.3 + 12.1 
~180 

314.47 + 0.96 
<299.2 

264 + 17 
163 + 8 

268 + 2.1 
204.6 + 8.8 
188 +8 
208.7 + 7.0 
159 + 38 
85.8 € 2.1 
3.8 

6.61 

548 563 
536 +29 
801.7 € 13.4 
8+2 

34.69 + 0.96 
8.24 + 0.21 
13.8 

9.2 

220.9 + 33.1 
8.4 


9-55 


Ref. 


116,345 
25 

25 

238 

243 

335 
226,287 
334 

280 

234 

282 

391 

282 

235 

205 

205 

205 

205 
206,401 
393 
14,15,100 
120 
205 
274,316 
217 
412 

205 

205 

369 

205 

120 
369 

369 

212 
329 

122 
205 

120 
120 

119 

52 

120 

53 

120 
120 
205 

246 
246 
152,245 
287 

204 

388 

246 

205 
205,411 
158 
205 


Molecule D°39s/kJ mol! 
Hg-S 217.1 + 22.2 
Hg-Se 144.3 + 30.1 
Нв-Те <142 
Hg-Tl 4 
Но-Но 84:17 
Но-О 611 £17 
Ho-S 428.4 + 14.6 
Но-5е 335 + 17 
Но-Те 259+ 17 
LI 151.088 
I-In 331 
LK 325.1 + 0.8 
I-Li 345.2 + 4.2 
I-Mg -285 
1-Мп 282.8 + 9.6 
LN 159+17 
LNa 304.2 + 2.1 
I-Ni 293 +21 
І-О 230 
1-РЬ 193 +4 
I-Rb 318.8 £ 2.1 
I-Si 293 
1-5п 234 + 42 
1-5 269.9 t 5.9 
1-Те 192 + 42 
1-Тї 310542 
І-ТІ 272+ 8 
1-7п 108.29 
1-7 г 305 
In-In 100+ 8 
In-Li 92.5 + 14.6 
In-O «320.1 
In-P 197.9 + 8.4 
In-S 289 + 17 
In-Sb 151.9 € 10.5 
In-Se 247 + 17 
Іп-Те 218 + 17 
Ir-La 577 + 13 
Ir-O 414.6 + 42.3 
Ir-Si 462.8 + 20.9 
Ir-Th 573 
Ir-Ti 422 + 13 
Ir-Y 456.1 + 16.7 
K-K 54.63 + 0.02 
K-Kr 4.6 
K-Li 82.0 + 4.2 
K-Na 65.994 + 0.008 
K-O 277.8 + 20.9 
K-Xe 5.0 
Kr-Kr 5.23 
Kr-O <8 
Kr-Xe 5.505 + 0.002 
La-La 247 + 21 
La-N 519+42 
La-O 799 + 4 
La-Pt 502 + 21 
La-Rh 527 + 17 


Ref. 


158 
158 
246 
183 

62 

95 

345 

25 

25 
205,371 
384 
361,378 
361 

26 

120 
246 
361,378 
120 

47 

340 
361 
205 
246 
239 
246 
246 

26 

215 
241 
246 
160 
287 
291 

69 

81 

69 

69 

176 
287 
381 
133 
289 
177 
6,265 
205 
103,410 
36,410 
287 


Molecule 


La-S 
La-Se 
La-Te 
La-Y 
Li-Li 
Li-Mg 
Li-Na 
Li-O 
Li-Pb 
Li-S 
Li-Sb 
Li-Sm 
Li-Tm 
Li-Yb 
Lu-Lu 
Lu-O 
Lu-Pt 
Lu-S 
Lu-Se 
Lu-Te 
Mg-Mg 
Mg-O 
Mg-S 
Mn-Mn 
Mn-O 
Mn-S 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 1 


BOND STRENGTHS IN DIATOMIC MOLECULES (continued) 


"°,%3/КЈ mol! 


573.2 + 1.7 
477 + 17 

381 17 
202.1 
110.21+4 
67.4 + 6.3 
87.181 + 0.001 
333.5 + 8.4 
78.7 + 7.9 
312.9: 7:5 
172.8 + 10.0 
49.0 + 4.2 
69.0 + 3.3 
37.2 +2.9 

142 + 33 

678 + 8 

402 + 33 
507.1 + 14.6 
418 + 17 

326 + 17 
8.552 + 0.004 
363.2 + 12.6 
234 
25.9 
402.9 + 41.8 
301 += 17 
239.3 + 9.2 
406 + 21 
456 + 25 
560.2 + 20.9 
945.33 + 0.59 
630.57 + 0.13 
617.1 + 20.9 
473 + 63 

464 + 21 

301 + 50 

469 + 84 

370 + 11 

470 + 15 

611 +84 
577.4 + 33.1 
476.1 + 33.1 
531.4 + 2.1 
477.4 + 17.2 
23.0 
481 + 63 

564.8 + 25.1 
73.0813 + 0.0001 
256.1 + 16.7 
63.25 
510 10.0 
271.9 + 0.1 
7T11.53525.1 
302.0 + 0.1 
«163 

703 + 13 
471.5 


Ref. 


214,359 
25,271 
25,154 
386 
383,398 
396 
102,111 
287 

277 

232 

278 

275 

275 

275 

246 

95 

141 
114,345 
25 

25 
264,397 
287 

70 

221 
225,287 
395 

351 

168 

163 

287 

205 

205 
72,151 
246 

246 

120 
246 

254 

311 

246 
144,152 
152,356 
142 
107,152 
182 
246 
143,152 
213 

287 


Molecule 


Nd-Se 
Nd-Te 
Ne-Ne 
Ni-Ni 
Ni-O 
Ni-Pt 
Ni-S 
Ni-Si 
Ni-V 
Ni-Y 
Ni-Zr 
Np-O 
O-O 
O-Os 
O-P 
O-Pa 
O-Pb 
O-Pd 
O-Pm 
O-Pr 
O-Pt 
O-Pu 
O-Rb 
O-Re 
O-Rh 
O-Ru 
O-S 
O-Sb 
O-Sc 
O-Se 
O-Si 
O-Sm 
O-Sn 
O-Sr 
O-Ta 
O-Tb 
O-Te 
O-Th 
O-Ti 
O-Tm 
O-U 
O-V 
O-W 
O-Xe 
O-Y 
O-Yb 
O-Zn 
O-Zr 
P-P 
P-Pt 
P-Rh 
P-S 
P-Sb 
P-Se 
P-Si 
P-Te 
P-Th 


°08/КЈ mol"! 


385 + 17 
305 + 17 
3.93 

200.7 + 0.2 
382.0 + 16.7 
273.7 + 0.3 
344.3 

318 + 17 
206.3 + 0.1 
283.9 + 0.1 
279.7 = 0.1 
718.4 + 41.8 
498.36 + 0.17 
575 

599.1 + 12.6 
788.3 + 17.2 
382.0 + 12.6 
380.7 + 83.7 
674 + 63 
753 + 13 
391.6 + 41.8 
715.9:5:33:9 
255 + 84 
626.8 + 83.7 
405.0 + 41.8 
528.4 + 41.8 
517.90 + 0.05 
434.3 + 41.8 
681.6 + 11.3 
464.8 + 21.3 
799.6 + 13.4 
565 + 13 
531.8 + 12.6 
426.3 + 6.3 
799.1 + 12.6 
711313 
376.1 + 20.9 
878.6 + 12.1 
672.4 + 9.2 
502 + 13 
759.4 + 13.4 
626.8 + 18.8 
672.0 + 41.8 
36.4 

719.6 + 11.3 
397 + 17 
159 +4 
776.1 + 13.4 
489.5 + 10.5 
<416.7 
353.1+ 17 
444 + 8 
356.9 

363.6 + 10.0 
363.6 

297.9 + 10.0 
550.2 + 42 


9-56 


Ref. 


25,156,271 
25 

365 

304 

287 

367 

93 

380 

353 


287 
287,344 
287 

95 

287 
327 
287 

95 

287 
287 
287 

95 

287 
12,287 
287 
246 
209,287 
95 

55 

287 
151 
348 
348 

92 

249 

92 

346 

92 

135 


Molecule 


Р-Т! 
P-U 
РМ 
Pb-Pb 
Pb-S 
Pb-Sb 
Pb-Se 
Pb-Te 
Pd-Pd 
Pd-Si 
Pd-Y 
Pm-S 
Pm-Se 
Pm-Te 
Po-Po 
Pr-S 
Pr-Se 
Pr-Te 
Pt-Pt 
Pt-Si 
Pt-Th 
Pt-Ti 
Р-Ү 
Rb-Rb 
Rh-Rh 
Rh-Sc 
Rh-Si 
Rh-Th 
Rh-Ti 
Rh-U 
Rh-V 
Rh-Y 
Ru-Si 
Ru-Th 
Ru-V 
S-S 
S-Sb 
S-Sc 
S-Se 
S-Si 
S-Sm 
S-Sn 
S-Sr 
S-Tb 
S-Te 
S-Ti 
S-Tm 
S-U 
S-V 
S-Y 
S-Yb 
S-Zn 
S-Zr 
Sb-Sb 
Sb-Te 
Sb-TI 
Sc-Sc 


D^jgs/kJ mol! 


209 + 13 
297 + 21 
305 +4 
86.6 + 0.8 
346.0 € 1.7 
161.5 + 10.5 
302.9 + 4 
251+ 13 
100 + 15 
261 + 12 
238 = 17 
423 + 63 
339 + 63 
255 + 63 
187.0 

492.5 t 4.6 
446.4 + 23.0 
326 + 42 
307 £2 
501.2 + 18.0 
552 

397 + 13 
474.0 + 12.1 
48.898 + 0.005 
285.3 + 0.05 
443.9 + 10.5 
395.0 + 18.0 
315-21 
390.8 + 14.6 
519 + 17 
364 + 29 
445.2 + 10.5 
397.1 + 20.9 
591.6 + 42 
414 + 29 
425.30 
378.7 

477 + 13 
371.1 6.7 
623 

389 

464 + 3.3 
339 

515 + 42 
339+ 21 
418 +3 

368 + 42 
522.6 +9.6 
450 

528.4 + 10.5 
167 

205 + 13 
575.3 + 16.7 
299.2 + 6.3 
277.4 + 3.8 
126.8 + 10.5 
162.8 + 21 


Ref. 


293 
246 
150 
138,305 
375 
409 
375 
375 
331 
336 
313 
246 
246 
246 
205 
112 
155,271 
246 
366 
381 
133 
173 
170 


255 
175 
381 
129 

61 

129 
135 
175 
381 
134 
135 
205 
110 
359,372 
90 

205 
112 

88 

45 

246 

88 
96,292 
246 
359 
97,205 
358 
246 
82,158 
359 
81,248 
306,364 
11,293 
136 


Molecule 


Sc-Se 
Sc-Si 
Sc-Te 
Se-Se 
Se-Si 
Se-Sm 
Se-Sn 
Se-Sr 
Se-Tb 
Se-Te 
Se-Ti 
Se-Tm 
Se-V 
Se-Y 


——— ———" 
Фолоокворгсооохзосовыьыг 


оороо ы 


"°,%3/КЈ mol! 
385 + 17 

228.7 + 14 

289 + 17 

332.6 + 0.4 
538 + 13 

331.0 + 14.6 
401.2 + 5.9 
-285 
423 +42 
291.6+4 
381 + 42 
276 + 42 
347 + 21 
435 + 13 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 1 


BOND STRENGTHS IN DIATOMIC MOLECULES (continued) 


Ref. 


246 
234 
246 
90,375 
370 
271 

68 

27 

246 
88,90,159 
246 
246 
246 
246 


Molecule 


Se-Zn 
Si-Si 
Si-Te 
Si-Y 
Sm-Te 
Sn-Sn 
Sn-Te 
Sr-Sr 
Tb-Tb 
Tb-Te 
Te-Te 
Te-Ti 
Te-Tm 
Te-Y 


"yos kJ mol"! 


170.7 = 25.9 
325 +7 

452 +8 
258.8 + 17.3 
272.4 + 14.6 
187.1 = 0.3 
359.8 

15.5 + 0.4 
1314 + 25.1 
339 + 42 
257.6 + 4.1 
289 + 17 
276 + 42 
339 +13 
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82,158 
328 
205,281 
235 
271 
284 
205 
121 
250 
246 
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246 
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Molecule 
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Table 2 
ENTHALPY OF FORMATION OF GASEOUS ATOMS FROM ELEMENTS IN THEIR 
STANDARD STATES 


For elements that are diatomic gases in their standard states these are readily obtained from the bond strength. For elements that are crystalline 
in their standard states they are derived from vapor pressure data. 


Atom ДН у КЈ шог! Ref. Atom АН ЛІ шог! Ref. Atom ДН? ЛІ mol! Ref. 

Hf 619 t4 1 Re 774 € 6.3 1 
Ав 284.9 + 0.8 2 Не 61.38 + 0.04 2 Rh 556 +4 1 
Al 330.0 + 4.0 2 I 106.76 + 0.04 2 Ru 650.6 + 6.3 1 
Ав 302.5 + 13 1 Іп 243 54 1 5 277.17 + 0.15 2 
Аи 368.2 +2.1 1 Ir 669 + 4 1 Sb 264.4 + 2.5 1 
В 565 + 5 2 K 89.0 + 0.8 2 Sc 371.8t4 1 
Ва 177.8 54 1 Li 159.3 1.0 2 Se 2272 +4 1 
Ве 324 +5 2 Ме 147.1 + 0.8 2 Si 450 +8 2 
Ві 209.6 + 2.1 1 Mn 283.3+4 1 5п 301.2 + 1.5 2 
Вг 111.87 + 0.12 2 Mo 658.1 + 2.1 1 Sr 163.6 52.1 1 
e 716.68 + 0.45 2 N 472.68 + 0.40 2 Ta 782.0 + 2.5 1 
Са 177.8 € 0.8 2 Na 107.5 € 0.7 2 Te 196.6 € 2.1 1 
са 111.80 + 0.20 2 Nb 721.3 £4 1 Th 602 + 6 2 
Се 423 + 13 1 м 430.1 + 2.1 1 Ti 473 +3 2 
а 121.301 + 0.008 2 О 249.18 + 0.10 2 TI 182.21 + 0.4 1 
Со 4284 +4 1 Ов 787 + 6.3 1 U 533+8 2 
Cr 397+4 1 Р 316.5 € 1.0 2 V 514.2 + 1.3 1 
Cs 76.5 + 1.0 2 РЬ 195.2 + 0.8 2 w 849.8 +4 1 
Си 337.4 + 1.2 2 ра 376.6 + 2.1 1 Y 4247524 1 
Ег 3171 +4 1 Pt 565.7 + 1.3 1 Yb 152.09 0.8 1 
Е 79.38 + 0.30 2 Ри 364.4 + 17 1 Zn 130.40 + 0.40 2 
Ge 372 +3 2 Rb 80.9 + 0.8 2 Zr 608.8 +4 1 
H 217.998 + 0.006 2 
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2. Cox, J. D., Wagman, D. D., and Medvedev, V. A., Eds., CODATA Key Values for Thermodynamics, Hemisphere Publishing Corporation, 
New York, 1989. 
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The values below refer to a temperature of 298 K and have mostly been determined by kinetic methods (see (i) S. W. Benson, J. Chem. Educ., 42, 
502, 1965, (ii) J. A. Kerr, Chem. Rev., 66, 465, 1966 and (iii) D. F. McMillen and D. M. Golden, Ann. Rev. Phys. Chem., 33, 493, 1982, for a full 
description of the methods). An increasing number of bond strengths are being determined from gas-phase acidity cycles and from photoionization 
mass spectrometry (see J. Berkowitz, С. B. Ellison and D. Gutman, J. Phys. Chem., 98, 2744, 1994). 

Bond strengths in polyatomic molecules are notoriously difficult to measure accurately since the mechanisms of the kinetic systems involved in 
many of the measurements are seldom straightforward. Thus much controversy has taken place in the literature over the past 15 years concerning 
C-H bond strengths in simple alkanes, for which we recommend data based largely on kinetic studies involving time-resolved flow tube experiments 
with mass spectrometric determination of reactant radical concentrations (see Berkowitz, J., Ellison, С. B., and Gutman, D., J. Phys. Chem., 98, 2744, 
1994.). These alkane bond strengths and the enthalpies of formation of the corresponding radicals are significantly larger than values derived from 
experiments in very low pressure reactors (see Dobis, O. and Benson, S. W., J. Phys. Chem., 101, 6030, 1997; and Benson, S. W. and Dobis, O., J. 
Phys. Chem., 102, 5175, 1998). Other examples illustrating the difficulties involved are concerned with the C-H bond strengths in ethene and methanol 
or the corresponding enthalpies of formation of the vinyl and hydroxymethyl radicals and changes to the recommendations could well arise. 

Some of the bond strengths have been calculated from the enthalpies of formation of the species involved according to the equations: 


D*(R-X) = AgH?(R) + ApH®(X) – ApH°(RX) 
D*(R-R) = 2 AJH*(R) - AH? (RR) 


The enthalpies of formation ofthe atoms and radicals are taken from Tables 2 and 4 and for the molecules from the appropriate References following 
Table 3. 

An attempt has been made to list all the important values obtained by methods that are considered to be valid. The references are intended to serve 
as a guide to the literature. 


Bond D?59s/kJ mol! Ref. Bond D?;9g/kJ mol! Ref. 
H-CH 424.0 + 4.2 1 Н-С,Н, 473.1 + 3.0 46 
Н-СН, 462.0 + 4.0 1 H-Cyclohexa-1,3-dien-5-yl 305 + 21 63 
Н-СН, 438.9 + 0.4 16 H-Cyclohexa-1,4-dien-3-yl 305.4 + 8.4 45 
Н-ССН 556.1 + 2.9 4,37 H-Cyclohexyl 399.6 +4 63 
Н-СНСН, 465.3 + 3.4 37,81 H-C(CH3),CCCH, 344.3 + 11.3 63 
Н-С;Н; 423.0 + 1.6 16 H-CH;C(CH3)C(CH3); 326.4 + 4.6 63 
H-Cycloprop-2-en-1-yl 379.1 + 17 63 H-C(CH3);C(CH3;)CH, 319.2 + 4.6 63 
Н-СН-ССН 374.0 + 8 63 H-CH,CçHs 2157Ж 1.7 35 
Н-СН,СНСН, 361.9 + 8.8 16,35 H-Cyclohepta-1,3,5-trien-7-yl 305.4 +8 63 
H-Cyclopropyl 444.8 + 1.3 63 H-Norbornyl 404.6 + 10.5 63 
H-n-C4H; 423.3 52.1 82 H-Cycloheptyl 387.0 +4 63 
H-i-C4H; 409.1 + 2.0 82 H-CH(CH4)C4Hs 357.3 + 6.3 63 
Н-СН:СССН, 364.8 +8 63 H-Inden-1-yl 351 € 13 63 
Н-СН(СН,)/ССН 347.7 + 9.2 63 H-C(CH3);C4H; 353.1 + 6.3 63 
H-Cyclobutyl 403.8 +4 63 H-1-Naphthylmethyl 356.1 + 6.3 63 
H-Cyclopropylmethyl 407.5 + 6.7 63 Н-СН(С,Н,)» 340.6 80 
Н-СН(СН;СНСН, 345.2 + 5.4 63 H-9,10-Dihydroanthracen-9-yl 315.1 + 6.3 63 
Н-СН,СНСНСН, 358.2 + 6.3 63 H-C(CH3)(CgHs)> 339 + 8 63 
H-CH;C(CH3)CH, 358.2 +4 91,95 H-9-Anthracenylmethyl 342.3 + 6.3 63 
Н-п-С.Но 425.4 + 2.1 82 H-9-Phenanthrenylmethyl 356.1 + 6.3 63 
Н--С.Но 425.2 + 2.1 82 Н-СМ 527.6 + 1.7 16 
H-s-C4Ho 411.2 + 2.0 82 H-CH,CN 392.9 + 8.4 16 
H-t-C4Ho 404.3 + 1.3 82 H-CH,NC 380.7 + 8.8 16 
H-Cyclopenta-1,3-dien-5-yl 346.7 1,12 Н-СН(СНУСМ 376.1 + 9.6 63 
H-Spiropentyl 413.4 +4 63 H-C(CH3),CN 361.9 + 8.4 63 
H-Cyclopent-1-en-3-yl 344.3 +4 63 Н-СН,МН, 390.4 + 8.4 63 
Н-СН-СНСНСНСН, 347 + 13 63 Н-СН-МНСН; 364 + 8 63 
H-CH(C;H;), 319.7 63.92 H-CH,N(CH;), 35158 63 
Н-СН(СН,)СССН, 365.3 + 11.3 63 H-CHO 368.5 + 1.0 23 
Н-С(СН,),ССН 338.9 59.6 63 Н-СНСО 440.6 t 8.8 16 
Н-С(СН,),СНСН, 323.0 + 6.3 63 Н-СОСН; 373.8 + 1.5 67 
H-Cyclopentyl 403.5 + 2.5 22,74 Н-СОСНСН, 364.4 + 4.2 63 
H-CH;C(CH,), 41858 63 H-COC,H, 3713 112 
Н-С(СН,),С:Н, 404.0 t 6.3 1,74,89 Н-СОС;Н; 363.6 +4 63 


9-65 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 3 
BOND STRENGTHS IN POLYATOMIC MOLECULES (continued) 


Bond D?;9g/kJ mol! Ref. Bond Пољу кј mol! 
Н-СОСЕ; 380.7 +8 63 H-N(CH;)C,Hs 366.1 + 8 
Н-СН,СНО 394.6 + 9.2 16 Н-МО 195.35 + 0.25 
Н-СН,СОСН, 4113 5755 63 H-NO; 327.6 £2.1 
H-CH(CH4)COCH; 386.2 5.9 63 Н-МЕ, 316.7 + 10.5 
Н-СН,ОСН, 402.2 1,12 Н-МНМН, 366.1 
Н-СН(СН,)ОС:Н, 383.7 + 1.7 55 H-NH3 385 +21 
H-Tetrahydrofuran-2-yl 385 +4 63 Н-ОН 497.02 + 0.38 
H-2-Furylmethyl 361.9 +8 63 Н-ОСН, 436.0 + 3.8 
H-CH;OH 401.8 + 1.5 50 H-OC;H; 4377-34 
H-CH(CH;)OH 401.4 1,12 H-OC(CH;); 4397 +4 
Н-СН(ОНУСНСН, 341.4 € 7.5 63 H-OCH,C(CH3)3 428.0 + 6.3 
H-C(CH;),0H 38144 63 Н-ОС,Н, 3619 58 
Н-СН,ОСОС,Н, 419.2 + 5.4 63 Н-О,Н 369.0 + 4.2 
Н-СООСН, 387.9 + 63 Н-О,СН, 370.3 52.1 
H-CH;F 423.8 +4 77 Н-О-С(СН;); 374.0 + 0.8 
Н-СНЕ, 431.8 + 77 Н-ОСОСН, 4427 +8 
Н-СЕ, 449.5 3,61 Н-ОСОС-Н, 445.2 + 8 
Н-СНЕСІ 421.7 + 5.4 97 Н-ОСО-п-С;Н; 443.1 +8 
Н-СЕ,С1 4213 58.3 64 Н-ОМО 327.6 + 2.1 
Н-СНЕСІ, 413.8 + 5.0 97 Н-ОМО, 4234 + 2.1 
H-CH;CI 419.0 € 2.3 84 H-SiH 351 
Н-СНСІ, 402.5 +2.7 84 H-SiH; 268 
H-CH;CH;CI 423.1 £24 85 H-SiH; 384.1 £2.0 
H-CH(CH3)CI 406.6 + 1.5 84 H-SiH;CH; 374.9 
H-C(CH3)Cl 390.6 + 1.5 84 H-SiH(CH3); 374.0 
H-CCl, 392.5 £ 2.5 48 H-Si(CH3); 377.8 
Н-СН,Вг 425.1542 97 D-Si(CH;); 389 57.1 
H-CHBr; 417.2 +7.5 97 H-SiH;C4Hs 369.0 
H-CBr, 401.7+6.7 63 H-SiF, 418.8 
H-CHI 43158 63 H-SiCl; 382.0 
Н-СНІ, 43158 63 Н-5,Н, 361.1 
H-CHCF, 448 + 8 90 H-Si(CH;),Si(CH;)3 356.9 + 8.4 
Н-СЕСНЕ 448 + 8 90 H-Si(Si(CH3)3)3 330.5 + 8.4 
H-CFCF, 452 +8 90 Н-РН, 351052. 
Н-СН,СЕ, 446.4 + 4.6 63 Н-5Н 381.6 +2.9 
Н-СЕ,СН, 416.3 + 10.5 63 Н-5СН, 365.3 + 2.5 
H-C;F; 4297 £2. 63 Н-8С,Н, 348.5 +8 
Н-СЕСЕСІ 444 + 8 90 H-SO 172.8 
Н-СНСІСЕ; 425.9 + 6.3 63 H-GeH; 349.0 + 8 
Н-ССІСЕСІ 439 + 8 90 Н-бенл 33158 
Н-ССЇСН, >433.5 81 Н-Се(СН;); 339 +8 
Н-ССІСНСІ 435 + 8 90 Н-АвН; 319.2 + 0.8 
Н-ССЬСНСЬ 393 + 8 63 H-SeH 334.93 + 0.75 
H-C,Cl, 393.5 + 6.0 66 H-Sn(n-CH3), 308.4 + 8.4 
Н-ССІВІСЕ; 404.2 + 6.3 63 H-SbH; 288.3 2.1 
H-n-C4F; 435 +8 63 H-TeH 271.0 € 5.0 
H-i-C4F; 433.5 + 2.5 38 HC=CH 965+8 
Н-СНСЇСНСН, 370.7 + 5.9 63 Н,С-СН, 728.3 +6 
Н-С,Е, 476.6 63 CH,-CH, 376.0 52.1 
H-CH,Si(CH;)3 415.144 99 CH;-CH,CCH 318.0+8 
H-CSH 399.6 + 5.0 16 СН,-СН,СССН, 308.4 + 6.3 
H-CH,SH 392.9 + 8.4 16 СН.-СН(СНУССН 305.4 
H-CH,SCH, 384.9 + 5.9 49 CH;-C(CH4)CCH, 320.1 + 9.2 
Н-МН, 4527 + 1.3 16 СН,-СН,СНСНСН, 305.0 € 3.3 
H-NHCH; 418.4 + 10.5 63 CH;-CH;C(CH3)CH5 301.2 + 3.3 
Н-М(СН;)» 382.8 +8 63 CH;-CH(CH4)CCCH, 320.9 + 6.3 
H-NHC4H; 368.2 +8 63 СН,-С(СН,))ССН 295.8 + 6.3 
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Ref. 


63 

32 

63 

63 

44 

63 
104 
16 

16 

63 

63 

63 

88 

56 

47 

63 

63 

63 

15 

15 

63 

63 

83 

99 

99 
63,99 
36 
63,99 
63,99 
63,99 
63 

45 

45 

16 

65 

65 

63 
100 
16 

68 

34 

16 

16 

19 

16 

16 
1,24,74 
1,74 
1,74,86 
63 

63 

63 

63 

63 

91 

63 

63 


Вопа D^5ss/kJ mol! 
п-С,Н,-СН,ССН 306.3 + 6.3 
CH5-C(CH3);CHCH5 284.9 + 6.3 
п-С;Н;-СН-СНСН, 295.8 
СН,-С(СН,),СССН, 303.3 + 6.3 
СНССН.-5-С.Но 300.0 + 6.3 
СН,-СН,С,Н, 332.2t4 
CH4-CH(CH3)C4H; 312.1 + 6.3 
С,Н,-СН,С,Н, 294.1 £4 
CH;-1-Naphthylmethyl 305.0 + 6.3 
CH4-C(CH4);C4H; 308.4 + 6.3 
СНССН, -СН:,С,Н, 256.9 + 8 
n-C4H;-CH;C4H; 292.9 +4 
CH;-9-Anthracenylmethyl 282.8 + 6.3 
CH;-9-Phenanthrenylmethyl 305.0 + 6.3 
СН,-СН(С,Н,)» 301 +8 
СН,-С(СН,ХС,Н,), 289+8 
CH,-CN 509.6 + 8 
C;H-CN 602 +4 
C;H;-CHNH, 332.2 +8 
СН,-СН,СМ 336.4 + 4 
C;H;-CH5CN 321.7 +7.1 
CH4-CH(CH4)CN 329.7 +8 
C;H;-CH;CN 9215770 
СН,-С(СН,)у,СМХ 312.5 + 6.7 
СН,-С(СН,ХСМ)УС,н, 250.6 
С,Н.СН,-СН,МН, 284.5-8 
С,Н.СН,-С-Н,Х 362.8 
СМ-СМ 53644 
CH;-2-Furylmethyl 31458 
СН,-СОС,Н, 355.6 59.2 
С,Н.,СН,-СОСН,С,Н, 273.6 + 8 
СН,СО-СОСН, 282.0 + 9.6 
С,Н,СН,-СООН 280 
С,Н,СО-СОС,Н, 277.8 
(С,Н..2СН-СООН 248.5 + 13 
СЕ;-СОСН; 308.8 +8 
СЕ;-СЕ, 319.2 +13 
СН-Е-СН-Е 368 +8 
СН;-СЕ; 423.4 t 4.6 
СЕ;-СЕ; 413.0 = 10.5 
CoFs-CoF5 487.9 + 24.7 
СН,-ВЕ, -473 
СеН;-ВСІ, ~510 
CH,CHCH,-Si(CH3)3 293 
s-C4Ho-Si(CH3); 414 
CH4-NHC4H; 298.7 +8 
С,Н.СН,-МН, 297.5 +4 
CH;-N(CH3)C4H; 296.2 +8 
С,Н.СН,-МНСН, 287.4 + 8 
С,Н.СН,-М(СНЫ)» 259.8 +8 
СН,-М, «175 
СН,-М:СН, 219.7 
С,Н;-№С,Н5 209.2 
i-C4H;-N;i-C4H; 198.7 
n-C4H,-N;n-C4H; 209.2 
СНОМ САН 205.0 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 3 


BOND STRENGTHS IN POLYATOMIC MOLECULES (continued) 


Ref. 


63 
63 
96 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
70 
63 
93 
63 
63 
63 
63 
63 
63 
80 
30 
63 
102 
63 
63 
63 
63 
63 
63 
103 
51 
79 
63 
78 
63 
63 
63 
63 
63 
63 
63 
63 
63 
58 
13 
13 
13 
13 
13 


Bond 


8-С,Н,-М,5-С,Н, 
-С,Н,-М:-С,Н, 
С,Н.СН,-М.СН:С,Н, 
СЕ,-М,СЕ, 
СН;-МО 
i-C4H;-NO 

t-C,H )-NO 
С,Н,-МО 

МС-МО 

СЕ;-МО 

С,Е,-МО 
ССІ5-МО 
t-C4Ho-NOt-C4Ho 
СН,-МО, 
СН:С(СН,)-МО, 
і-С;Н;-МО, 
t-C,Hə-NO; 
С,Н,-МО, 
С(М№О,),-МО, 
СН;-ОС(СНУСН, 
СН,-ОС,Н, 
CH4-OCH;C4H; 
C;H5-OC4Hs 
СН,СНСН:-ОС,Н, 
О-СО 

СН;-О, 

С-Н;-О; 
СН;СНСН,-О, 
1-С,Н»,-Ол 
-С.Н--О, 
С,Н.СН:,-О,ССН, 
С,Н.СН--О:СС,Н, 
СН;-О-5СН; 
CH;CHCH;-O,SCH, 
С,Н.СН,-О,8СН, 
СЕ,-О,СЕ, 
CH,CI-O, 
СНСІ,-О, 
ССІ;-О; 
СН;СНСІ-О, 
СН;ССІ,-О, 
(СН,):СС1-О, 
СН,-5Н 
-С,Н,-5Н 
С,Н,-5Н 
СН,-8СН, 
СН,-8С,Н, 
С,Н.СН,-5СН, 
S-CS 

Е-СН; 

Е-СМ 

Е-СОЕ 

Е-СНЕСІ 

F-CF,Cl 

Е-СЕСІ, 
Е-СЕ,СН, 
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Пољу кј mol! 


195.4 

182.0 

157.3 

231.0 

167.4 + 3.3 
152.7 + 13 
165.3 + 6.3 
212.5 +4 
120.5 + 10.5 
179.1+8 
208.4 + 4 
134 + 13 
121 

254.4 

245.2 

246.9 

244.8 

298.3 +4 
169.5 +4 
271.4 

238 + 8 
280.3 
264 + 6.3 
208.4 + 8 
532.2 + 0.4 
137.0 € 3.8 
148.4 + 8.4 
76.2 + 2.1 
155.4 +9.6 
152.8 + 7.4 
280 +8 

289 

279.5 

207.5 

221.3 

361.5 

122.4 + 10.5 
108.2 + 8.2 
92.0 + 6.4 
131.2 + 1.8 
112.2=2.2 
136.0 + 3.8 
312.5 + 4.2 
286.2 + 6.3 
361.948 
307.9 + 3.3 
290.4 + 8 
256.9 + 8 
430.5 + 13 
472 
469.9 + 5.0 
535 + 12 
465.3 +9.6 
490 + 25 
462.3 = 10.0 
522.2 +8 


Ref. 


13 
13 
13 
13 
63 
63 
63 
63 
43 
63 
63 
63 
21 
63 
63 
63 
63 
63 
63 
101 
73 
26 
63 
63 
29 
53 
23 
62 
53 
33 
63 
13 
63 
63 
63 
10 
53 
53 
23 
ЭЭ 
53 
53 
65 
63 
63 
65 
63 
63 
63 
1,61 
63 
18 
97 
4l 
97 
63 


STRENGTHS OF CHEMICAL BONDS (continued) 


Table 3 
BOND STRENGTHS IN POLYATOMIC MOLECULES (continued) 
Bond D°593/kJ mol! Ref. Bond D°393/kJ mol! Ref. 
Е-С,Е, 530.5 £ 7.5 63 CH;-In(CH;), 205 +17 63 
CI-CN 4217 + 5.0 63 CH;-Sn(CH;); 297 + 17 63 
СЕСОС,Н, 310413 63 C;H;-Sn(C;H5), 264 + 17 63 
CI-CSCI 265.3 £2 71 CH;-Sb(CH;); 255 + 17 63 
СІ-СЕ; 360.2 + 3.3 27 C5Hs-Sb(C,Hs)> 243 +17 63 
СІ-СНЕСІ 3544 + 11.7 97 CH,-HgCH; 255 + 17 63 
CL-CECI 346.0 + 13.4 97 CH;-HgC-H; 205 + 17 63 
СІ-СЕСІ, 305%8 40 СН;-Т(СН,)» 167 #17 63 
CI-CH;CI 350.2 + 0.8 97 CH;-Pb(CH;), 238 + 17 63 
СІ-СНСІ, 338.5 42 97 С,Н-РЬС-Н/), 230 + 17 63 
СІ-ССІ; 305.9 + 7.5 63 СН;-В(СН;); 21817 63 
CEGE; 346.0 € 7.1 27 CO-Cr(CO); 155 £8 60 
СІ-СЕ;СЕ;СІ 326 %8 63 CO-Fe(CO), 172 + 8 60 
Cl-SiCl, 464 99 СО-Мо(СО); 16758 60 
Вг-СН, 292.9 t 5.0 39 СО-УУ(СО), 19258 60 
Вг-С,Н, 3368 + 8 63 BH,-BH, 146 13 
Br-CN 3674 + 5.0 63 NH;-NH, 2753 63 
Вг-СН,СОСН, 261.5 101 МН,-МНСН, 268.2 +8 63 
Вг-СОС;Н; 268.6 13 NH;-N(CH;); 246.9 € 8 63 
Вг-СНЕ, 289 58 63 МН,-МНС,Н, 218858 63 
Вг-СЕ, 296.2 + 1.3 3 ОМ-МО, 40.6 £ 2.1 63 
Вг-СЕ,СН, 287.0 + 5.4 76 O,N-NO, 56.9 63 
Br-C>Fs 287.4 + 6.3 63 МЕБ,-МЕ, 88 +4 63 
Br-n-C,F; 278.2 + 10.5 63 O-N, 167 1,14 
Br-i-C4F; 274.1 54.6 63 O-NO 305 114 
Вг-СН,С;Е; 225+6 54 О-МО, 208.7 + 1.1 31 
Br-CHCICF, 274.9 + 6.3 63 НО-МО 206.3 63 
Br-CCl, 231.4+4 63 НО-МО: 206.7 63 
Br-CCIBrCF, 251.0463 63 НО,-МО, 9658 63 
Вг-СН,Вг 296.7 + 1.3 97 СН;О-МО 174.9 + 3.8 9.11 
Br-CHBr; 292.0+8 97 С-Н;О-МО 175.7 + 5.4 8,11 
Вг-СВг, 235.1 £ 7.5 63 СН,СОО,-МО, 118.8 £ 3.0 i7 
Вг-МО, 82.0 t 7.1 97 n-C4H;O-NO 167.8 + 7.5 11 
Ві-МЕ, <222 25 i-C4H;0-NO 171.5 + 5.4 7,11 
I-CHCH, 259.0 + 4.2 20 п-С,Н,О-МО 177.8 + 6.3 11 
I-n-C,Hs 205.0 £4 63 -С,Н,О-МО 175.7 + 6.3 11 
I-Norbornyl 261.5 + 10.5 69 8-С,Н,О-МО 173.6 + 3.3 5,11 
I-CN 305+4 30 t-C4H9O-NO 171.1€£ 3.3 6,11 
ЕСЕ; 272513 3 НО-МСНСН, 207.9 13 
1-СБ,СН, 218.0542 63 СЕ, ~134 1,75 
1-СН,СЕ, 235.6 +4 63 LNO 77.8 504 42 
1-СУЕ; 218.8+2.9 2 LNO, 76.6 +4 98 
I-n-C4F; 2084 £42 63 HO-OH 21344 63 
Li-C;F, 215.15 2.9 2 HO-OCH;C(CH3), 193.7 £ 7.9 63 
I-n-C,F, 205.0 + 4.2 72 CH,0-OCH, 1573 £8 63 
І-С(СЕ;); 206 33 С›Н5О-ОС›Н5 158.6 +4 63 
гей 273.6+8 63 n-C;H;O-On-C)H; 155.2 +4 63 
ECE; 277.0 63 i-C4H;0-Oi-C,H; 1577 +4 63 
С.Н,-ЕеС.Н, 381+ 13 59 8-С,Н,О-08-С,Н, 1523 £4 63 
СН;-2лСН; 285 + 17 63 t-C.H,O-Ot-C,H, 159.0 + 4 63 
С-Н;-2лС-Н; 238 + 17 63 C,H,C(CH,,0-OC(CH,,C;H, 1644+4 63 
CH;-Ga(CH;); 264 + 17 63 (СН),ССН,О-ОСН,С(СН/), 1523 54 63 
C4H;-Ga(C;H3), 209 + 17 63 CF,0-OCF, 193.3 63 
CH;-Ge(CH;); 347 £17 63 (CF;);CO-OC(CF;)3 148.5 54.6 63 
CH;-As(CH3); 280 + 17 63 t-C4HyO-OSi(CH4), 197 63 
CH,-CdCH, 251 £17 63 SF;O-OSF; 155.6 63 
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STRENGTHS OF CHEMICAL BONDS (continued) 


Table 3 
BOND STRENGTHS IN POLYATOMIC MOLECULES (continued) 

Bond D°593/kJ mol! Ref. Bond D°593/kJ mol! Ref. 
1-С,НыО-Осе(С-Н:); 192 63 О-РЕ; 544 + 21 52 
t-C4H90-OSn(C5H5)4 192 63 О-РСІ; 510+ 21 52 
ЕСІО,-О 244.3 13 О-РВт; 498 +21 52 
СЕ;О-О-СЕ; 126.8+8 63 HO-Si(CH3), 536 63 
5Е;О-О;-5Е; 126.8 63 Н5-5Н 276 58 63 
СН,СО--О:ССН, 127.2 +8 63 СН;5-5СН; 272.8 + 3.8 65 
С-Н;СО;-О-СС-Н; 127.2 + 8 63 Е-5Е, 420 + 10 94 
n-C4H;CO»-O,5Cn-C,H; 127.2 + 8 63 1-5Н 206.7 +8 63 
O-SO 552+8 29 1-50 180 63 
Е-ОСЕ; 182.0 € 2.1 28 1-5СН, 206.3 57.1 87 
НО-СІ 25113 52 I-Si(CH3)3 322 99 
O-CIO 247 + 13 29 HsSi-SiH; 310 63,99 
НО-Вг 234 + 13 52 (CH3)3Si-Si(CH3)3 336.8 63,99 
HO-I 234 + 13 52 (СН-);51-51(СұН:); 368 +29 63,99 
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Table 4 
ENTHALPIES OF FORMATION OF FREE RADICALS 


The enthalpies of formation of the free radicals are related to the corresponding bond strengths by the equations 
D*(R-X) = AH°(R) + AH*(X) – АН (КХ) 


or 
D*(R-R) = 2A/H°(R) - АН ВЕ) 


For an excellent review of the methods of determining the enthalpies of formation of free radicals the reader is referred to “Thermochemistry of 
Free Radicals" by H. E. O'Neal and S. W. Benson in Free Radicals, Kochi, 1. K., Ed., John Wiley & Sons, New York, 1973, 275 and the article by 
J. Berkowitz, G. B. Ellison, and D. Gutman, J. Phys. Chem., 98, 2744, 1994. 


Radical ДН ›оз/ КУ mol! Ref. Radical ДН ›оз/ kJ mol! Ref. 
CH 596.4 + 1.2 6 Spiropentyl 380.7 +4 48 
СН,(ігіріе0 3904 +4 15,34 Cyclopent-1-en-3-yl 160.7 54 48 
CH (singlet) 428.3 £4 15 CH,-CHCH-CHCH, 205 + 13 48 
сн, 146.4 + 0.4 10 (C,H,),CH | 205 + 13 48 
СН-С 566.1 + 2.9 5,27 CH,C=CCHCH, 272.8 + 9.6 48 
CH,=CH 300.0 + 3.4 27,64 CH=CC(CH,), 257.3 + 8.4 48 
CH, 120.9 + 1.6 10 CH,=CHC(CH,), 714563 48 
Cycloprop-2-en-1-yl 439.7 + 17.2 48 Cyclopentyl 107.1 2.5 17 
СН-ССН, 340.6 + 8.4 48 (СН,),ССН, 364+8 48 
CH,-CHCH, 170.7 + 8.8 10,26 C.H.C(CH), 32263 71 
CH,CH-CH 262.7 77 сн, 338 +3 35 
Cyclopropyl 279.9 + 1.1 48 Cyclohexa-1,3-dien-5-yl 197 521 48 
n-C,H, 100.8 + 2.1 65 Cyclohexyl 58.2 +4 48 
СН, 86.6 + 2.0 65 СН,С-СС(СН), 221.8 £ 9.6 48 
CH,C-CCH, 293.7 48 (CH,),C=C(CH,)CH, 39.8 + 6.3 48 
СН,-СНСНСН, 125.5 63 48 CH,-C(CH,)C(CH,), 311563 48 
СН-ССНСН, 295.0+9.2 48 C,H.CH, 208.0 + 2.5 26 
Cyclobutyl 2142 + 4.2 48 Cyclohepta-1,3,5-trien-7-yl 271158 48 
Cyclopropylmethyl 213.8 + 6.7 48 CH,CH,CH,C(CH,), 34584 69 
CH,=C(CH,)CH, 127.2 + 5.4 48 Могбогпу! 136.4 € 10.5 48 
СН,СН-СНСН, 125.5 + 6.3 48 Cycloheptyl 51.144 48 
n-C,H, 80.9 + 2.2 65 C,H,CHCH, 169.0 48 
ыс, 721 #22 65 C.H,C(CH,), 134.7 48 
s-C,H, 66.7 + 2.1 65 1-Naphthylmethyl 252.7 48 
ЕСН, 51.8+13 65 (С,н,),Сн 289 63 
Cyclopenta-1,3-dien-5-yl 263.0 8 9,10-Dihydroanthracen-9-yl 256.9 + 6.3 48 
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Radical 


9-Anthracenylmethyl 
9-Phenanthrenylmethyl 
CH,CN 

CH,NC 
CH,CHCN 
(CH,),CCN 
C,H,C(CH,)CN 
CH,NH, 
CH,NHCH, 
(CH,),NCH, 
CN 

CHN, 

CHO 

CHCO 

CH,CO 
CH,=CHCO 
С,Н.СО 
C,H,CO 
CH,CHO 
CH,COCH, 
CH,COCHCH, 
CH,OCH, 
С,Н,ОСНСН, 
Tetrahydrofuran-2-yl 
CH,OH 
СН,СН,ОН 
СН-СНОН 
СН,СНОН 
СН,-СНСНОН 
(CH,),COH 
COOH 
COOCH, 
C,H,COOCH, 
CF 

CHF 

CH,F 

FCO 

CHF, 

CF, 

СЕ, 

сна! 

сна 

СЕСІ 

СНЕСІ 


STRENGTHS OF CHEMICAL BONDS (continued) 


ДАН КІ molt 


337.6 

311.3 

243.1 + 11.3 
326.4 € 11.3 
209.2 + 9.6 
166.5 + 8.4 
248.5 

149.4 + 8 
126+ 8 
109+ 8 
441.4 + 4.6 
494.42 

43.1 

175.3 £84 
-10.0 € 1.2 
72.4 

-32.3 

123.0 € 9.6 
10.5 59.2 
-23.9 + 10.9 
-70.3 57.1 
-0.1 
-84.5 
-18.0 € 6.3 
-17.8 + 1.3 
-36.0 

113.0 

-51.6 

0.0 

-111.3 44.6 
-217 + 10 
-169.0 +4 
-69.9 + 8.4 
261.5 + 4.6 
143.1 € 12.6 
-31.8 + 8.4 
-152.1 + 12 
-238.9 +4 
-184.1 58.4 
-466.1 + 3.8 
336.4 + 11.7 
117:3:5 3:1 
31.0 + 13.4 
-60.7 = 10.0 
-279.1 + 8.3 
-21.8 

89.0 + 3.0 
-89.1 + 10.0 
230.1 + 8.4 
71.1+2.5 
169.0 € 4.2 
188.3 + 9.2 
207.148 
230.1 + 6.7 
333.9 +9.2 
-302.5 +8 


Ref. 


48 
48 
10 
10 
48 
48 
48 
48 


Table 4 
ENTHALPIES OF FORMATION OF FREE RADICALS (continued) 


Radical 


CH,CHCI 
CH,CCI, 
CH,CH,Cl 
CHCICCI, 
CF,CICF, 


(CH,),SiCH, 
CS 

HCS 
CH,SH 
CH,SCH, 
NH 

NH, 
HNO 
NF, 

NH, 

N, 

CH,NH 
CH,NH 
(CH,),N 
C,H,NH 
C,H,NCH, 
NCO 


25753 


ДЕН? КІ mol! 


-517.1 € 5.0 
-892.9 +4 
>251 

76.5 + 1.6 
48.4 + 7.6 
93.0 + 3.4 
23.48 
-686 + 17 
33.5 + 5.4 
-547.7 + 8 
-34.7 

278.5 + 3.8 
300.4 + 8.4 
151.9 + 8.4 
136.8 + 5.9 
352.3 + 9.6 
188.7 + 1.3 
112.9 
34+4 
243.5 

469 + 21 
104.6 + 13 
1774+8 
145.2 + 8 
237.2 + 8 
233.5 + 8 
127.0 
407.01 
215.5 +7.5 
187.4 + 10.5 
158.6+9.2 
37.20 + 0.38 
17.2 + 3.8 
-15.5 + 3.4 
-41.4 

-52.3 

-62.8 

-69.5 + 3.3 
-90.8 

47.7 

-655.6 

109 + 10 
101.63 + 0.1 
125.8 + 2.4 
126 + 18 
14.6 
9.05.1 
-27.4 + 9.9 
87.9 55.5 
-68.8 + 11.3 
-101.0 € 9.2 
-162.1 € 2.1 
-614.0 
-406.5 
-213.7 

-5.1 € 13.6 


Ref. 


40,67 


16,40 
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Table 4 
ENTHALPIES OF FORMATION OF FREE RADICALS (continued) 


Radical ДН ›оз/ kJ mol! Ref. Radical A;H?5gg/kJ mol! Ref. 
CHCLO, -19.25 112 40 SiF, -1025 48,76 
CCLO, -20.9 + 8.9 40 SiCl 195.8 48,76 
CH,CHCIO, -54.7 + 3.4 40 SiCl, -163.6 48,76 
CH,CCLO, -63.8 + 9.8 40 SiCI, -318 48,76 
СН,СО, -207.5 +4 48 SiH,SiH 269.9 + 14.6 74 
сн,соо, -172 +20 12 SiH, 223.0 48,76 
снсо, -228.5 +4 48 РН, 138.5 +2.5 10 
n-C,H.CO, 2494 £4 48 HS 143.0 £ 2.8 53 
FO, 26.1 45,58 CH,S 124.6 + 1.8 53 
сю, 97.5 4,52 сн; 229.7+8 48 
OCIO 95.6 28,51 SO 5.0 18 
NO, 73.7 + 1.4 24 Н$О -4 44 
ѕут-СІО, 232.6 23 Н5О, -222 11 
SiH 377 48,76 CH,50, -239.3 57 
SiH, 269.0 + 1.3 29,47 HOSO, -385 46 
SiH, 200.5 + 2.5 66 50, -395.7 75 
СН,51 310 76 5Е, -746 + 12 72 
CH,SiH 213.0 € 14.6 74 SF, -879.9 t 20 72 
CH,SiH, 152.7 48,76 CHS, 68.6+ 8 36 
(CH,),Si 109 76 CHS, 435 +8 36 
(CH,),SiH 59.8 48,76 i-CHS, 13.8+8 36 
(CH)),Si 33 48,76 tC H.S, -19.3+8 36 
C,H,Si(CH,), 163 57 HOCS, 110.5 50 
(C,H,),SiCH, 326 57 GeH, 222+8 10 
(C,H,),Si 486.2 57 АЗН, 167.8 + 1.3 10 
SiF -19.3 48,76 HSe 144.8 + 2.1 10 
SiF, -587.9 48,76 SbH, 215.5 * 2,5 10 

НТе 158.6 + 5.0 10 
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STRENGTHS OF CHEMICAL BONDS (continued) 


Table 5 
BOND STRENGTHS OF SOME ORGANIC MOLECULES 


Bond strengths at 298 К expressed in kJ/mol' for some organic molecules of the general formula R-X are presented below. Some are experimental 
values taken from the preceding tables; the remainder are calculated from the enthalpies of formation of atoms (Table 2) and of radicals (Table 4), and 
the enthalpies of formation of the parent compounds from sources indicated by the references below. The table also includes bond strengths for the 
inorganic molecules, hydrogen, the hydrogen halides, water and ammonia. 


H F а Вг I OH NH, CHO СН,  CH,CO NO CF; CCl; 

H 435.990 569.87 — 43162 366.35 298.407 497 453 436 439 374 195 450 393 

CH, 439 472 350° 293 239° 385° 358° за — 377° 354° 167 423 362° 

СН; 423 4634 354е 295° 236° 393° 357° 355 371% 349° 

СН, 409 460° 353° 298° 234° 396° 359° 3560 367% 339° 153 = = 

СН, 404 — 355° 296° 231° 402° 362° 353e 3669 332° 165 == = 

CH; 473 533° 407° 346 280° 472° 439° 423 434 415e 213 = = 

C;H;CH, 376 = 310° 256! 215! 346° 302° = 332 297° 

CCl, 393 419° 288° 224° 167° 362° — 134 335^ 286° 

CF, 450 547% 362° 294° 227 423 E 179 413 335^ 

GF; 430 531° 347° 283° 219 

СН,СО 374 512° 354! 292: 223° 459° 417° 421e 2354 282 

CN 528 470 422 367 305 514° = 121 ЭР == 

CF; 473 487° 383° — 277° 497° — — 441° = 208% = = 
REFERENCES 


а Соо, K. Y., Mendenhall, G. D., Golden, D.M., and Benson, S. W., Int. J. Chem. Kinet., 6, 813, 1974. 

b Kolesov, V. P. and Papina, T. S., Russ. Chem. Rev., 52, 425, 1983. 

Kudchadker, S. A. and Kudchadker, A. P., J. Phys. Chem. Ref. Data, 1, 1285, 1978. 

Lias, S. G., Bartmess, J. E., Liebman, J. F., Holmes, J. L., Levin, R. D., and Mallard, W. G., J. Phys. Chem. Ref. Data, 17, Suppl. No. 1, 1988. 
Lide, D. R., Ed., Handbook of Chemistry and Physics, 80th Edition, CRC Press, Boca Raton, FL, 1999. 

Pedley, J. B. and Rylance, J., Sussex.N.P.L. Computer Analysed Thermochemical Data: Organic and Organometallic Compounds, University of 
Sussex, 1977. 
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ELECTRONEGATIVITY 


Electronegativity is a parameter originally introduced by Pauling which describes, on a relative basis, the tendency of an atom in a molecule to 
attract bonding electrons. While electronegativity is not a precisely defined molecular property, the electronegativity difference between two atoms 
provides a useful measure of the polarity and ionic character of the bond between them. This table gives the electronegativity X, on the Pauling scale, 
for the most common oxidation state. Other scales are described in the references. 


REFERENCES 


1. Pauling, L., The Nature of the Chemical Bond, Third Edition, Cornell University Press, Ithaca, New York, 1960. 
2. Allen, L.C., J. Am. Chem. Soc., 111, 9003, 1989. 
3. Allred, A.L., J. Inorg. Nucl. Chem., 17, 215, 1961. 


Z Symbol X Z Symbol X Z Symbol X 
1 H 2.20 33 As 2.18 65 Tb = 
2 Не 22 34 Se 2.55 66 Dy 1.22 
3 Li 0.98 35 Br 2.96 67 Ho 1:23 
4 Be 1.57 36 Kr — 68 Er 1.24 
5 B 2.04 37 Rb 0.82 69 Tm 1.25 
6 C 2.55 38 Sr 0.95 70 Yb == 
7 М 3.04 39 Ү 1.22 71 Lu 1.0 
8 О 3.44 40 Zr 1.33 72 Hf 1.3 
9 F 3.08 41 Nb 1.6 73 Ta 1.5 

10 Ne = 42 Mo 2.16 74 W 1.7 

11 Ма 0.93 43 Тс 210 75 Ке 19 

12 Ме 1.31 44 Ка 2.2 76 Os 22 

13 А1 1.61 45 Еһ 2.28 17 ї 2.2 

14 Si 1.90 46 Pd 2.20 78 Pt 22 

15 P 2.19 47 Ас 1.93 79 Au 24 

16 S 2.58 48 Cd 1.69 80 Hg 1.9 

17 CI 3.16 49 In 1.78 81 TI 1.8 

18 Ar = 50 Sn 1.96 82 Pb 1.8 

19 K 0.82 51 Sb 2.05 83 Bi 1.9 

20 Ca 1.00 52 Te 2.1 84 Po 2.0 

21 Sc 1.36 53 I 2.66 85 At 2.2 

22 Ti 1.54 54 Xe 2.60 86 Rn - 

23 V 1.63 55 Cs 0.79 87 Fr 0.7 

24 Cr 1.66 56 Ba 0.89 88 Ra 0.9 

25 Mn 1.55 57 La 1.10 89 Ac 1.1 

26 Fe 1.83 58 Ce 1.12 90 Th 1.3 

27 Co 1.88 59 Pr 1.13 91 Pa 1.5 

28 Ni 1.91 60 Nd 1.14 92 U 1.7 

29 Cu 1.90 61 Pm — 93 Np 1.3 

30 Zn 1.65 62 Sm 1.17 94 Pu 1.3 

31 Ga 1.81 63 Eu == 

32 Ge 2.01 64 Gd 1.20 


9-74 


FORCE CONSTANTS FOR BOND STRETCHING 


Representative force constants (f) for stretching of chemical bonds are listed in this table. Except where noted, all force constants are derived from 
values of the harmonic vibrational frequencies €. Values derived from the observed vibrational fundamentals v, which are noted by a, are lower than 
the harmonic force constants, typically by 2 to 3% in the case of heavy atoms ( often by 5 to 10% if one of the atoms is hydrogen). Values are given 
in the SI unit newton per centimeter (N/cm), which is identical to the commonly used cgs unit mdyn/À. 


N-H 
O-H 


P-H 
S-H 


F-H 
CI-H 
Br-H 
LH 
Li-H 
Na-H 
K-H 
Rb-H 
Cs-H 
C-C 


C-F 


С-СІ 


С-Вг 
C-I 
C-O 


C-S 


REFERENCES 


Huber, K. P., and Herzberg, G., Molecular Spectra and Molecular Structure. IV. Constants of Diatomic Molecules, Van Nostrand Reinhold, 
New York, 1979. 

Shimanouchi, T., The Molecular Force Field, in Eyring, H., Henderson, D., and Yost, W., Eds., Physical Chemistry: An Advanced Treatise, 
Vol. IV, Academic Press, New York, 1970. 

Tasumi, M., and Nakata, M., Pure and Appl. Chem., 57, 121—147, 1985. 


Molecule JI(N/cm) Note Bond Molecule JI(N/cm) Note 
H, 5.75 ОС8 7.44 
Вен 2.27 С-М СМ 16.29 
ВН 3.05 HCN 18.78 
CH 4.48 CH4CN 18.33 
CH, 5.44 b CH4NH; 5.12 ас 
С.Н, 4.83 a,b,c C-P CP 7.83 
CH;CN 5.33 b Si-Si Sin 2.15 
сња 5.02 a,b,c Si-O SiO 9.24 
ССІ,-СН, 5.57 р Si-F SiF 4.90 
HCN 6.22 Si-Cl SiCl 2.63 
NH 5.97 N-N М, 22.95 
ОН 7.80 NO 18.72 
H,O 8.45 N-O NO 15.95 
PH 3.22 №0 11.70 
$Н 4.23 Р-Р Р, 5.56 
Н,5 4.28 Р-О РО 9.45 
НЕ 9.66 0-0 о, 11.77 
НСІ 5.16 Оз 5.74 а 
НВг 4.12 5-О 5О 8.30 
НІ 3.14 SO, 10.33 a 
LiH 1.03 S-S 5, 4.96 
NaH 0.78 F-F F, 4.70 
KH 0.56 СІ-Е СІЕ 4.48 
RbH 0.52 Br-F BrF 4.06 
CsH 0.47 СІ-СІ Gb 3.23 
с, 12.16 Br-Cl BrCl 2.82 
ССІ,-СН, 8.43 Br-Br Br; 2.46 
СН, 4.50 a,c 1-1 L 1.72 
СН СМ 5.16 Li-Li 12, 0.26 
СЕ 7.42 Li-Na LiNa 0.21 
СНЕ 5.71 ас Ма-Ма Na, 0.17 
ССІ 3.95 Li-F LiF 2.50 
сња 3.44 ас Li-Cl LiCl 1.43 
ССІ,-СН, 4.02 b Li-Br LiBr 1.20 
СН,Вг 2.89 a,c Li-I Lil 0.97 
сна 2.34 ас Na-F NaF 1.76 
CO 19.02 Ма-СІ МаСІ 1.09 
со, 16.00 Ма-Вг МаВт 0.94 
ОС5 16.14 Na-I Nal 0.76 
СН,ОН 5.42 ас Ве-О BeO 7.51 
CS 8.49 Mg-O MgO 3.48 
CS, 7.88 Ca-O CaO 3.61 


a Derived from fundamental frequency, without anharmonicity correction. 
b Average of symmetric and antisymmetric (or degenerate) modes. 
* Calculated from Local Symmetry Force Field (see Reference 2). 
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FUNDAMENTAL VIBRATIONAL FREQUENCIES ОЕ SMALL MOLECULES 


This table lists the fundamental vibrational frequencies of selected three-, four-, and five-atom molecules. Both stable molecules and transient free 
radicals are included. The data have been taken from evaluated sources. In general, the selected values are based on gas-phase infrared, Raman, or 
ultraviolet spectra; when these were not available, liquid-phase or matrix-isolation spectra were used. 

Molecules are grouped by structural type. Within each group, related molecules appear together for convenient comparison. 

The vibrational modes are described by their approximate character in terms of stretching, bending, deformation, etc. However, it should be 
emphasized that most such descriptions are only approximate, and that the true normal mode usually involves a mixture of motions. Abbreviations 
are: 


sym. symmetric 
antisym. antisymmetric 
str. stretch 
deform. deformation 
scis. Scissors 

rock. rocking 

deg. degenerate 


Inthecase of free radicals, strong interactions may exist between the electronic and bending vibrational motions. Details can be found in References 
3 and 4. The references should be consulted for information on the accuracy of the data and for data on other molecules not listed here. 
АП fundamental frequencies (more precisely, wavenumbers) are given in units of cm! 


XY, Molecules 
Point groups Dy (linear) and Су, (bent) 


Molecule Structure Sym. str. Bend Antisym. str. 
CO, Linear 1333 667 2349 
CS, Linear 658 397 1535 
с; Linear 1224 63 2040 
CNC Linear 321 1453 
NCN Linear 1197 423 1476 
ВО; Linear 1056 447 1278 
BS, Linear 510 120 1015 
KrF, Linear 449 233 590 
ХеЕ, Linear 515 213 555 
Хесђ Linear 316 481 
Н,О Bent 3657 1595 3756 
р,О Веш 2671 1178 2788 
Е,О Bent 928 461 831 
ClO Bent 639 296 686 
О; Bent 1103 701 1042 
H5S Bent 2615 1183 2626 
D,S Bent 1896 855 1999 
SF, Bent 838 357 813 
SCl, Bent 525 208 535 
SO, Bent 1151 518 1362 
H5Se Bent 2345 1034 2358 
D,Se Bent 1630 745 1696 
NH, Bent 3219 1497 3301 
NO, Bent 1318 750 1618 
NF, Bent 1075 573 942 
CIO; Bent 945 445 1111 
СН, Веш 963 
CD, Bent 752 
CF, Bent 1225 667 1114 
CCl, Bent 721 333 748 
CBr, Bent 595 196 641 
SiH, Bent 2032 990 2022 
SiD, Bent 1472 729 1468 
SiF; Bent 855 345 870 
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FUNDAMENTAL VIBRATIONAL FREQUENCIES ОЕ SMALL MOLECULES (continued) 


Molecule Structure Sym. str. Bend Antisym. str. 
SiCl, Bent 515 505 
SiBr, Bent 403 400 
Сен» Веш 1887 920 1864 
Сесі, Веш 399 159 374 
SnF, Bent 593 197 571 
SnCl, Bent 352 120 334 
SnBr, Bent 244 80 231 
РЬЕ, Веш 531 165 507 
РЬСІ, Веш 314 99 299 
СІЕ, Веш 500 576 

ХУЙ Molecules 


Point Groups C, (linear) and C,(bent) 


Molecule Structure XY str. Bend YZ str. 
HCN Linear 3311 712 2097 
DCN Linear 2630 569 1925 
FCN Linear 1077 451 2323 
CICN Linear 744 378 2216 
BrCN Linear 575 342 2198 
ICN Linear 486 305 2188 
CCN Linear 1060 230 1917 
CCO Linear 1063 379 1967 
HCO Bent 2485 1081 1868 
HCC Linear 3612 1848 
OCS Linear 2062 520 859 
NCO Linear 1270 535 1921 
NNO Linear 2224 589 1285 
HNB Linear 3675 2035 
HNC Linear 3653 2032 
HNSi Linear 3583 523 1198 
HBO Linear 754 1817 
FBO Linear 500 2075 
CIBO Linear 676 404 1958 
BrBO Linear 535 374 1937 
FNO Bent 766 520 1844 
CINO Bent 596 332 1800 
BrNO Bent 542 266 1799 
HNF Bent 1419 1000 
HNO Bent 2684 1501 1565 
HPO Bent 2095 983 1179 
HOF Bent 3537 886 1393 
HOCI Bent 3609 1242 725 
HOO Bent 3436 1392 1098 
FOO Bent 579 376 1490 
CIOO Bent 407 373 1443 
BrOO Bent 1487 
HSO Bent 1063 1009 
NSF Bent 1372 366 640 
NSCI Bent 1325 273 414 
HCF Bent 1407 1181 
HCCI Bent 1201 815 
HSiF Bent 1913 860 834 
Нас Bent 808 522 
HSiBr Bent 1548 774 408 
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FUNDAMENTAL VIBRATIONAL FREQUENCIES ОЕ SMALL MOLECULES (continued) 


Symmetric XY 4 Molecules 
Point Groups D3), (planar) and C3, (pyramidal) 


Molecule Structure Sym. str. Sym. deform. Deg. str. Deg. deform. 
NH; Pyram. 3337 950 3444 1627 
ND; Pyram. 2420 748 2564 1191 
PH; Pyram. 2323 992 2328 1118 
А8Н, Pyram. 2116 906 2123 1003 
SbH; Pyram. 1891 782 1894 831 
МЕ; Pyram. 1032 647 907 492 
РЕ; Ругаш. 892 487 860 344 
ASF; Pyram. 741 337 702 262 
РСІ; Pyram. 504 252 482 198 
РІ; Pyram. 303 111 325 79 
Asl Pyram. 219 94 224 71 
ДІСІ; Ругаш. 375 183 595 150 
SO; Planar 1065 498 1391 530 
ВЕ; Ріапаг 888 691 1449 480 
BH; Planar 1125 2808 1640 
CH; Planar 606 3161 1396 
CD; Planar 453 2369 1029 
CF; Pyram. 1090 701 1260 510 
SiF; Pyram. 830 427 937 290 

Linear XYYX Molecules 
Point Group D. 

Molecule Sym. XY str. Antisym. XY str. YY str. Bend Bend 
CH; 3374 3289 1974 612 730 
Ср, 2701 2439 1762 505 537 
СОМ 2330 2158 851 507 233 

Planar Х2Ү7. Molecules 


Point Group C5, 


Molecule Sym.XY str. YZ str. YX, scis. Antisym. XY str. YX, rock YX, wag 
H,CO 2783 1746 1500 2843 1249 1167 
D,CO 2056 1700 1106 2160 990 938 
F,CO 965 1928 584 1249 626 774 
CLCO 567 1827 285 849 440 580 
ONF 1310 822 568 1792 560 742 
O NCI 1286 793 370 1685 408 652 


Tetrahedral XY4 Molecules 


Point Group Та 
Molecule Sym. str. Deg. deform.(e) Deg. str.(f) Deg. deform.(f) 
CH, 2917 1534 3019 1306 
CD, 2109 1092 2259 996 
CF, 909 435 1281 632 
ССІ; 459 217 776 314 
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FUNDAMENTAL VIBRATIONAL FREQUENCIES ОЕ SMALL MOLECULES (continued) 


Molecule Sym. str. Deg. deform.(e) Deg. str.(f) Deg. deform.(f) 
CBr, 267 122 672 182 
СІ, 178 90 555 125 
SiH, 2187 975 2191 914 
SiD, 1558 700 1597 681 
SiFy 800 268 1032 389 
SiCl, 424 150 621 221 
Сен, 2106 931 2114 819 
Сер, 1504 665 1522 596 
GeCl, 396 134 453 172 
SnCl, 366 104 403 134 
ТІСІ, 389 114 498 136 
улан 377 98 418 113 
НІСІ, 382 102 390 112 
КиО; 885 322 921 336 
О5О, 965 333 960 329 

REFERENCES 


. T. Shimanouchi, Tables of Molecular Vibrational Frequencies, Consolidated Volume I, Natl. Stand. Ref. Data Ser. Natl. Bur. Stand. (U.S.), 
39, 1972. 

T. Shimanouchi, Tables of Molecular Vibrational Frequencies, Consolidated Volume II, J. Phys. Chem. Ref. Data, 6, 993, 1977. 

. G. Herzberg, Electronic Spectra and Electronic Structure of Polyatomic Molecules, D. Van Nostrand Co., Princeton, 1966. 

M. E. Jacox, Ground state vibrational energy levels of polyatomic transient molecules, J. Phys. Chem. Ref. Data, 13, 945, 1984. 
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SPECTROSCOPIC CONSTANTS ОЕ DIATOMIC MOLECULES 


This table lists the leading spectroscopic constants and equilibrium internuclear distance r, in the ground electronic state for selected diatomic 
molecules. The constants are those describing the vibrational and rotational energy through the expressions: 


Evi /hc = в. (у+1/2) - @,х,(У+1/2)2 +++ 
Е ы /he = B,J(J+1) - D [J(J+1)]° + -- 
where 
B, = B. - ou(v*1/2) + 
р,=р,+ --. 

Here v and J аге the vibrational and rotational quantum numbers, respectively, / is Planck's constant, and c is the speed of light. In this customary 
formulation the constants 0, , B. , etc. have dimensions of inverse length; in this table they are given in units of cm! . 

Users should note that higher order terms in the above energy expressions are required for very precise calculations; constants for many of these 


terms can be found in the references. Also, if the ground electronic state is not !У, additional terms are needed to account for the interaction between 
electronic and pure rotational angular momentum. For some molecules in the table the data have been analyzed in terms ofthe Dunham series expansion: 


Elhe = X, Y, Vt 1/2) FEL)” 


In such cases it has been assumed that Yi, = @e , Yo; = B, , etc., although in the highest approximations these identities are not precisely correct. Some 
ofthe values of r, in the table have been corrected for breakdown of the Born-Oppenheimer approximation, which can affect the last decimal place. 
Because of differences in the method of data analysis and limitations in the model, care should be taken in comparing r, values for different molecules 
to a precision beyond 0.001 À. 

Molecules are listed in alphabetical order by formula as written in the most common form. In most cases this form places the more electropositive 
element first, but there are exceptions such as OH, NH, CH, etc. 

* Indicates a value for the interval between v = 0 and v = 1 states instead of a value of œe. 


REFERENCES 


1. Huber, K. P., and Herzberg, G., Molecular Spectra and Molecular Structure IV. Constants of Diatomic Molecules, Van Nostrand Reinhold, 
New York, 1979. 

2. Lovas, F. J., and Tiemann, E., J. Phys. Chem. Ref. Data, 3, 609, 1974. 

3. Landolt-Bornstein, Numerical Data and Functional Relationships in Science and Technology, New Series, 1/6 (1974), Ц/14а (1982), II/14b 
(1983), П/19а (1992), II/19d-1 (1995), Molecular Constants, Springer-Verlag, Heidelberg. 


We Qux, В, 0. D. re 
Molecule State ст! ст! em! em! 106cm А 
107 A gT9Br Ту» 249.57 0.63 0.064833 0.0002361 0.0175 2.39311 
107 A g35C] гу» 343.49 1.17 0.12298388 0.00059541 0.06305 2.28079 
107 A g19R px 513.45 2.59 0.2657020 0.0019206 0.284 1.98318 
107A БІН lys 1759.9 34.06 6.449 0.201 344 1.618 
107 A g2H ТУ 1250.70 17.17 3:2572 0.0722 85.9 1.6180 
107Д 21271 + 206.50 0.46 0.04486821 0.0001414 0.00847 2.54463 
107 A 190) п, 490.2 3.1 0.3020 0.0025 0.45 2.003 
TAL Зу, i 350.01 2.02 0.2054 0.0012 0.31 2.466 
2ТАГЭВт Шық 378.0 1.28 0.15919713 0.00086045 0.11285 2.29481 
2ТАР5С1 ју + 481.30 1.95 0.24393012 0.00161113 0.2503 2.13011 
ЛАРЕ Тууж 802.3 4.77 0.5524798 0.0049841 1.0464 1.65437 
ПАЙН int 1682.56 29.09 6.3907 0.1858 356.5 1.6478 
“АРН уу 1211.95 15.14 3.3186 0.0697 97 1.6463 
27A11271 l+ 316.1 1.0 0.11769985 0.00055859 2.53710 
ДАО 2у + 979.23 6.97 0.6414 0.0058 1.08 1.6179 
27 АР25 235 617.1 3.33 0.2799 0.0018 0.22 2.029 
BAS, УЫ 429.55 1.12 0.10179 0.000333 2.1026 
75As!H > ia 2130* 7.3067 0.2117 327 1.52315 
АН 3Y- 1484* 3.6688 90 1.5306 
TS ASIAN paro 1068.54 5.41 0.54551 0.003366 0.53 1.6184 
755160 2115 967.08 4.85 0.48482 0.003299 0.49 1.6236 


9-80 


Molecule 


197 Au, 
197 Au!H 
197 Au?H 
Hp, 
11B79Br 
11В35С1 
ИВЬЕ 
ПВІН 
11B2H 
ИВМ 
пиво 
118326 
138 179рг 
138B335C] 
138В а!9Е 
138Ва1Н 
138Ва2Н 
138Ва1271 
1388 4160 
1388 4325 
9Bel?F 
?Be!H 
?Be?H 
9Bel60 
ЗВез25 
2091, 
298 ІҢ 
209812Н 
79Br, 
79Br35Cl 
ТВБ 
79 В 160 
RC, 
12(35С1 
12Ç19F 
RCW 
DC?H 
осм 
120160 
12СЗ1р 
12C32S 
12C80Se 
40Ca35C] 
4оСа ов 
аосан 
40Са2Н 
40С а1271 
40C3160 
40Ca32S 
Сан 
14Са2Н 
3561, 
35C]!9F 
КӨӨ] 
СН 
2CrH 
52С:5О 
133С55 


SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES (continued) 


We 
State ст! 
iy 190.9 
Xt 2305.01 
iy 1634.98 
зу 1051.3 
Турк 684.31 
ly 840.29 
ТУУ 1402.1 
ie 2366.9 
pits 1703.3 
ЗП 1514.6 
25+ 1885.69 
25+ 1180.17 
2у + 193.77 
27% 279.92 
гу + 468.9 
гу + 1168.31 
2у + 829.77 
25+ 152.14 
Тууж 669.76 
Тууж 379.42 
гу + 1247.36 
2у + 2060.78 
2у + 1530.32 
Тууж 1487.32 
ly 997.94 
D ee 172.71 
Зу 1635.73 
3325 1173.32 
Z+ 325.32 
ib 444.28 
IY 670.75 
Пу» 779 
IE 1854.71 
2115 866.72% 
п, 1308.1 
Tes 2858.5 
21, 2099.8 
25+ 2068.59 
Тууж 2169.81 
гу + 1239.67 
iyu 1285.15 
152% 1035.36 
Ay 367.53 
гу + 581.1 
гу + 1298.34 
2у + 910* 
2у + 238.70 
Тууж 732.03 
У 462.23 
гу + 1337.1* 
гу + 
хү 559.7 
Тууж 786.15 
Пу» 853.8 
бу + 1581* 
бу + 1182* 
SI 898.4 
хү 42.02 


хе 
em! 


0.42 
43.12 
21.65 

9.35 

3.52 

5.49 
11.8 
49.40 
28 
12.3 
11.81 

6.31 

0.41 

0.82 

1.79 
14.50 

7.32 

0.27 

2.03 

0.88 

9.12 
36.31 
20.71 
11.83 

6.14 

0.34 
31.6 
16.1 

1.08 

1.84 

4.05 

6.8 
13.34 

6.2 
11.10 
63.0 
34.02 
13.09 
13.29 

6.86 

6.50 

4.86 

1.31 

2.74 
19.10 


0.63 
4.83 
1.78 


2.68 

6.16 

5.5 
32 


6.8 
0.08 


В, 
em! 


0.028013 
7.2401 
3.6415 
1.212 
0.4894 
0.684282 
1.516950 
12.021 
6.54 
1.666 
1.7820 
0.7949 
0.0415082 
0.08396717 
0.2159 
3.38285 
1.7071 
0.02680587 
0.3126140 
0.10331 
1.4889 
10.3164 
5.6872 
1.6510 
0.79059 
0.022781 
5.137 
2.592 
0.082107 
0.152470 
0.35584 
0.429598 
1.8198 
0.6936 
1.4172 
14.457 
7.806 
1.8997830 
1.93128075 
0.7986 
0.8200434 
0.5750 
0.1522302 
0.339 
4.2766 
2.1769 
0.0693263 
0.444441 
0.1766757 
5.323 
2.704 
0.2440 
0.516479 
0.62345 
6.220 
3.14 
0.5231 
0.0127 
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0. 
em! 


0.0000723 
0.2136 
0.07614 
0.014 
0.0035 
0.006812 
0.019056 
0.412 

0.17 

0.025 
0.0166 
0.0061 
0.0001219 
0.00033429 
0.0012 
0.06599 
0.02363 
0.00006634 
0.0013921 
0.0003188 
0.0176 
0.3030 
0.1225 
0.0190 
0.00664 
0.000055 
0.148 
0.054 
0.0003187 
0.000770 
0.00261 
0.003639 
0.0177 
0.00672 
0.0184 
0.534 
0.208 
0.0173717 
0.01750390 
0.00597 
0.0059182 
0.00379 
0.0007990 
0.0026 
0.0970 
0.035 
0.0002634 
0.003282 
0.0008270 


0.0015 
0.004358 
0.0058 
0.179 


0.0070 
0.0000264 


р, 
10-6cm-1 


0.00250 
279 
70.9 


1.00 
1.84 
7.105 
1242 
400 
8.1 
6.32 
1.40 
0.00762 
0.03022 
0.175 
112.67 
28.77 
0.00333 
0.2724 
0.0306 
8.28 
1022.1 
313.8 
8.20 
2.00 
0.00150 
183 
50.6 
0.02092 
0.07183 
0.401 
0.523 
6.92 
1.9 
6.5 
1450 
420 
6.4034 
6.1216 
1.33 
1.336 
0.71 
0.1029 
0.45 
183.7 
47.9 
0.0234 
0.6541 
0.1032 
314 
76 
0.186 
0.88 
1.33 
347 
88.8 


0.00464 


Үе 
А 


2.4719 
1.5239 
1.5238 
1.590 
1.888 
1.71528 
1.26267 
1.2324 
1.2324 
1.281 
1.2045 
1.6092 
2.84449 
2.68276 
2.163 
2.23175 
2.2304 
3.08476 
1.93969 
2.5074 
1.3610 
1.3426 
1.3419 
1.3309 
1.7415 
2.6596 
1.805 
1.804 
22811 
2.13607 
1.75894 
1.717 
1.2425 
1.6450 
1.2718 
1.1199 
1.1190 
1.17181 
1.12823 
1.562 
1.53482 
1.67609 
2.43676 
1.967 
2.0025 
2.002 
2.82859 
1.8221 
2.31775 
1.781 
1.775 
1.988 
1.62831 
1.56963 
1.656 
1.664 
1.615 
4.47 


SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES (continued) 


%, Qux, В, 0. D. re 
Molecule State ст! em! em! em! 106cm! А 
133С879Вг ју + 149.66 0.37 0.03606925 0.00012401 0.00838 3.07225 
133Cs35C] 1» 21417 0.73 0.07209149 0.00033756 0.03268 2.90627 
кечу ту» 352.56 1.62 0.18436969 0.0011756 0.20168 1.34535 
133Cs!H Is 891.0 12.9 2.7099 0.0579 113 2.4938 
133С52Н ту» 619.1* 1.354 20 2.505 
1335127] ту 119.18 0.25 0.02362736 0.00006826 0.00371 3.31519 
13305160 2у+ 357:5* 0.223073 0.001303 0.348 2.3007 
8Cu, pre 264.55 1.02 0.10874 0.000614 0.0716 2.2197 
65 Cu? Br D» 314.8 0.96 0.10192625 0.00045214 0.04274 2.17344 
65Cu35Cl ту» 415.29 1.58 0.17628802 0.00099647 0.12706 2.05118 
ет ly 622.7 3.95 0.3794029 0.0032298 0.563 1.74493 
6Cu!H Dx 1941.26 37.51 7.9441 0.2563 520 1.46263 
63Cu?H int 1384.14 18.97 4.0381 0.0917 136.2 1.4626 
63Cu!27[ i»: 264.5 0.60 0.07328742 0.00028390 0.02244 2.33832 
S3Cu!6O 21. 640.17 4.43 0.44454 0.00456 0.85 1.7244 
63Си325 Пу» 415.0 1.75 0.1891 0.18 2.051 
Е, pu 916.64 11.24 0.89019 0.013847 3.3 1.41193 
56 Бе 160 5A 965* 0.650 0.72 1.444 
Gas! Br Ту» 263.0 0.81 0.081839 0.0003207 0.032 2.35248 
69ба35СІ ту» 365.67 1.25 0.1499046 0.0007936 0.1008 2.20169 
69Gal9F 15+ 622.2 3.2 0.3595161 0.0028642 0.50 1.77437 
69Са!Н ту» 1604.52 28.77 6.137 0.181 342 1.663 
69Ga2H туғ 3.083 0.06 84 1.663 
69Ga127[ Dx 216.38 0.47 0.0569359 0.0001897 0.015770 2.57464 
6963160 2y, 767.5 6.24 0.4271 0.37 1.744 
"Ge? Br 21, 295 07 
Ше ел 216 407.6 1.36 
2Ge!H Ер 1833.77 37 6.726 0.192 326 1.5880 
72бе2Н 21, 1320.09 19 3.415 0.070 832 1.5874 
74бе!60 ist 986.49 4.47 0.4856981 0.0030787 0.4709 1.62464 
74Ge32S ээн 575.8 1.80 0.18656576 0.00074910 0.07883 2.01209 
74Ge80Se it 408.7 1.36 0.09634051 0.00028904 0.02207 2.13463 
ТА Gel30Te ут 323.9 0.75 0.06533821 0.00017246 0.012 2.34017 
ІН, ШЫР 4401.21 121.34 60.853 3.062 47100 0.74144 
2н, iy 3115.50 61.82 30.444 1.0786 11410 0.74152 
3H, D 2546.5 41.23 20.335 0.5887 0.74142 
На Вг DX 2648.97 45.22 8.46488 0.23328 345.8 1.41444 
2H! Br iy 1884.75 2272 4.245596 0.084 88.32 1.4145 
ІНСІ Ју 2990.95 52.82 10.59342 0.30718 531.94 1.27455 
2Н5С1 Dx 2145.16 27.18 5.448796 0.113292 140 1.27458 
ІНЕ ту 4138.32 89.88 20.9557 0.798 2151 0.91681 
2НЭЕ ҮЕ 2998.19 45.76 11.0102 0.3017 594 0.91694 
1127] Ту» 2309.01 39.64 6.4263650 0.1689 206.9 1.60916 
X?HglH 2у+ 1203.24% 5.3888 395.3 1.7662 
202Hg?H 2у+ 896.12* 2.739 91 1.757 
1271, туун 214.50 0.61 0.03737 0.000114 0.0043 2.666 
127179Вг ly 268.64 0.81 0.0568325 0.0001969 0.0102 2.46899 
127[35С] ту» 384.29 1.50 0.1141587 0.0005354 0.0403 2.32088 
127 9Е ту 610.24 3.12 0.2797111 0.0018738 0.2356 1.90976 
127160 21, 681.5 4.3 0.34026 0.00270 0.36 1.8676 
115ї081Вг ту» 221.0 0.65 0.05489468 0.00018672 0.01350 2.54315 
H5[g55C] у 317.39 1.03 0.1090583 0.0005177 0.0515 2.40117 
H5 [n I9F ТУР 5354 2.6 0.2623241 0.0018798 0.252 1.98540 
план зы 1476.0 25.61 4.995 0.143 223 1.8380 
115ї02Н DX 1048.2 12.4 2.523 0.051 58 1.837 
15111271 ту» 177.08 0.34 0.03686702 0.00010411 0.00639 2.75364 
зк, руы 92.02 0.28 0.056743 0.000165 0.0863 3.9051 
39K79Br гу» 213 0.80 0.08122109 0.00040481 0.04462 2.82078 
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SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES (continued) 


We Qux, В, 0. D. Fe 
Molecule State cm! cm! ст! em! 106cm! А 
39K35C] Ту 281 1.30 0.1286348 0.0007899 0.1087 2.66665 
39K 19R ie 426.26 2.45 0.27993741 0.00233492 0.4829 2.17146 
КН i» 983.6 14.3 3.416400 0.085313 163.55 2.243 
39K2H ly 707 T 1.754 0.0318 50 2.240 
39K 127] Ту» 186.53 0.57 0.06087473 0.00026776 0.02593 3.04784 
139] 3160 2у+ 812.8 2.22 0.35252001 0.00142365 0.2626 1.82591 
711, pra 351.43 2.61 0.67264 0.00704 9.87 2.6729 
71179Вг 15+ 563.2 3.5 0.555399 0.005644 2.159 2.17043 
7[ 425С1 ту» 642.95 4.47 0.7065225 0.0080102 3.409 2.02067 
ТАРЕ ту» 910.57 8.21 1.3452583 0.0202887 11.745 1.56386 
7Li!H ist 1405.65 23.20 7.51373 0.21665 862 1.59490 
ТЕН DX 1054.80 12.94 4.23310 0.09155 276 1.5941 
711127| Xd 496.85 2.85 0.4431766 0.0040862 1.4104 2.39192 
711160 2П 814.62 7.78 1.212830 0.017899 0.1079 1.68822 
"Mg, rt 51.12 1.64 0.09287 0.00378 1:22 3.891 
МЕС 2у+ 462.12* 2.1 0.2456154 0.0016204 0.2723 2.19639 
24Ме!9Е 2у+ 711.69* 4.9 0.51922 0.00470 1.080 1.7500 
24Ме!Н зу» 1495.20 31.89 5.8257 0.1859 344 1.7297 
А Мен 2у+ 1077.9 16.1 3.0306 0.06289 92 1.7302 
24М 2160 ту» 784.78 5.26 0.57470436 0.00532377 1.2328 1.74838 
55Mn!H Ту, 1548.0 28.8 5.6841 0.1570 303.9 1.7311 
55MmH Ту, 1103 13.9 2.8957 0.051 79.5 1.7310 
им, руы 2358.57 14.32 1.99824 0.017318 5.76 1.09769 
ІВ; ду 691.75 4,72 0.444 0.0040 1.79 
ММС] 35- 827.96 5.30 0.649770 0.006414 1.598 1.61071 
мұ 35- 1141.37 8.99 1.2057 0.01492 5.39 1.3170 
АМН зу: 3282.3 78.4 16.6993 0.6490 1709.7 1.0362 
аң 35- 2398 42 8.7913 0.2531 490.4 1.0361 
14N160 Ер 1904.20 14.07 1.67195 0.0171 0.5 1.15077 
145325 21, 1218.7 7.28 0.769602 0.0064 12 1.4940 
Ма; Уы 159.13 0.72 0.154707 0.008736 0.581 3.0789 
23Na79Br ту» 302 1.5 0.1512533 0.0009410 0.1554 2.50204 
23Na35C] lys 366 2.05 0.2180631 0.0016248 0.3120 2.36080 
23Nal9F 15+ 535.66 3.57 0.436901 1 0.0045580 1.163 1.92595 
23Na!H ist 1172.2 19.72 4.9033634 0.1370919 343.40 1.88654 
23Na2H yx 826.1* 2.557089 0.051600 93.46 1.88654 
23Na!27] pis 258 141 0.1178056 0.0006478 0.0973 2.71145 
23Na!6O 211 492.3 0.424630 0.004506 1.2638 2.05155 
93Nb!60 595 989.0 3.8 0.4321 0.0021 0.22 1.691 
змн ду» 1926.6 38 7.100 0.23 481 1.476 
5SNPH ду» 1390.1 19 3.992 0.092 130 1.465 
160, ЗУ, 1580.19 11.98 1.44563 0.0159 4.839 1.20752 
1601H 21, 3737.76 84.88 18.911 0.7242 1938 0.96966 
1602H 21, 2720.24 44.05 10.021 0.276 537.4 0.9698 
зір, руы 780.77 2.84 0.30362 0.00149 0.188 1.8934 
31p35C] 35- 551.38 2.23 0.2528748 0.0015119 0.2124 2.01461 
31р!9Е Зу» 846.75 4.49 0.5665 0.00456 1.58938 
3IPIH Зур 23652 44.5 8.5371 0.2514 436 1.42140 
ЗЇР2Н 3y- 1699.2 23.0 4.4081 0.0928 116 1.4220 
прим 15+ 1337.24 6.98 0.7864854 0.0055364 1.091 1.49087 
31p160 215 1233.34 6.56 0.7337 0.0055 13 1.4759 
2оврь, 110.5 0.35 
208pb79Br 2115 207.5 0.50 
208PH35C] п, 303.9 0.88 
208ppI9F 21, 502.73 2.28 0.22875 0.001473 0.183 2.0575 
208РЫН 2116 1564.1 29.75 4.971 0.144 201 1.839 
208pb16O iy 720.96 3:52 0.30730373 0.00190977 0.2138 1.92181 
208pb32S l> 429.17 1.26 0.11632307 0.00043510 0.03418 2.28678 
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Molecule 


208рђ80бе 
208pp130Te 
195р(0С 
195pc HT 
195РРН 
85Rb79?Br 
85Rb35C1 
85Rb!9F 
85Rb!H 
85В 51271 
85857550 
325, 
329195 

32 Н 
3262Ң 
328160 
121S535C] 
I21SpI9F 
121Sb!H 
121552Н 
12155145 
121595160 
45$с!9%Е 
80Se, 
80Se!H 
80S¢?H 
806-160 
2851, 
28535С] 
28Sil9F 
28Si!H 
285РН 
2851143 
2851160) 
2861326 
28518056 
1206179 г 
1206 135С| 
1 186119Б 
1205 01Н 
1205 12Н 
12051127] 
12061160 
1206 1326 
1206 18066 
1206 130Те 
884 79Вг 
88813561 
88Sr19F 
S8Sr!H 
88Sr2H 
88651127] 
8857160) 
18174160 
130Te, 
130Те!Н 
130Те160) 
232ТҺ160) 


SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES (continued) 


State 


ly+ 
ly+ 


ly* 
ly 
їуж 


We 
ст! 


277.6 
212.0 
1051.13 
2294.68* 
1644.3* 
169.46 
228 
376 
936.9 
138.51 
388.4* 
725.65 


2711.6 

1885 

1149.2 
374.7 
605.0 


942.0 
816 
735.6 
385.30 
2400* 
1708* 
914.69 
510.98 
535.60 
857.19 
2041.80 
1469.32 
1151.4 
1241.54 
749.64 
580.0 
247.2 
351.1 
577.6 


1188.0* 
199.0 
822.13 
487.26 
331.2 
259.5 
216.60 
302.3 
502.4 

1206.2 
841 
173.77 
653.5 

1028.69 
247.07 


797.11 
895.77 


хе 
cm! 


0.51 
0.43 
4.86 

46 

23 
0.46 
0.92 
1.9 

14.21 
0.33 


2.84 


59.9 

31 
5.6 
0.6 
2.6 


5.6 
4.2 
3.8 
0.96 


4.52 
2.02 
2.17 
4.73 
35.51 
18.23 
6.47 
5.97 
2.58 
1.78 
0.6 
1.06 
2.69 


0.6 
3.72 
1.36 
0.74 
0.50 
0.52 
0.95 
2.3 
17.0 
8.6 
0.35 
3.96 
3.51 
0.51 


4.00 
2.39 


В, 
em! 


0.05059953 
0.03130774 
0.53044 
7.1963 
3.640 
0.04752798 
0.0876404 
0.2106640 
3.020 
0.03283293 
0.246481 
0.2955 
0.552174 
9.5995 
4.95130 
0.7208171 


0.2792 
5.684 
2.8782 


0.3580 
0.3950 
0.08992 
8.02 

3.94 
0.4655 
0.2390 
0.2561 
0.5812 
7.4996 
3.8840 
0.7311 
0.7267521 
0.30352788 
0.1920117 


0.1117 
0.2727 
5.31488 
2.6950 


0.35571998 
0.13686139 
0.0649978 
0.04247917 
0.0541847 


0.2505346 
3.6751 
1.8609 
0.0367097 
0.33798 
0.40284 
0.039681 
5.56 
0.3554 
0.332644 
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0. 
ст! 


0.00012993 
0.00006743 
0.003273 
0.1996 
0.071 
0.00018596 
0.0004537 
0.0015228 
0.072 
0.00010946 
0.002174 
0.001570 


0.2785 
0.10308 
0.005737 


0.0020 


0.0022 
0.00266 
0.000288 
0.23 


0.00323 
0.0014 
0.0016 
0.00494 
0.2190 
0.0781 
0.00565 
0.0050379 
0.00147308 
0.0007767 


0.0004 
0.0014 


0.049 


0.00214432 
0.00050563 
0.0001705 
0.00009543 
0.0001827 


0.0015513 
0.0814 
0.0292 
0.0001060 
0.00219 
0.00182 
0.000106 


0.00237 
0.001302 


р, 
10%cm"! 


0.0070 
0.0027 
0.546 

261 

66 

0.01496 
0.04947 
0.2684 

123 
0.00738 
0.397 
0.19 


480.6 
130 
1.134 


0.23 
240 
45 


0.270 


0.024 
330 


0.5 
0.21 
0.25 
1.07 
397 
105.4 
12 
0.9923 
0.201 
0.0842 


0.26 
207.5 
53.4 


0.26638 
0.0424 
0.011 
0.0055 
0.01356 


0.2498 
135 
34.7 
0.00655 
0.36 
0.2450 
0.0044 


0.27 
0.1833 


Ге 


А 


2.40218 
2.59492 
1.6767 
1.52852 
1.524 
2.94474 
2.78673 
2.27033 
2.367 
3.17688 
2.25420 
1.8892 
1.60058 
1.34066 
1.34049 
1.48109 


1.918 
1.723 
1.7194 


1.826 
1.788 
2.166 
1.48 
1.48 
1.648 
2.246 
2.058 
1.6011 
1.5201 
1.5199 
1.572 
1.50975 
1.92926 
2.05832 


2.361 
1.944 
1.78146 
1.7770 


1.83251 
2.20898 
2.32557 
2.52280 
2.73522 


2.07537 
2.1456 
2.1449 
2.94364 
1.91983 
1.68746 
2.5574 
1.74 
1.825 
1.84032 


SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES (continued) 


Oe Xe В, 0. р, ғ 
Molecule State cm! em! em! ст! 106cm! А 
4871160 3A, 1009.02 4.50 0.53541 0.00301 0.603 1.6202 
205T]8! Br Dx 192.10 0.39 0.0423899 0.0001276 0.0083 1.61817 
205T]35C] ту» 284.71 0.86 0.09139702 0.00039784 0.0377 2.48483 
205T]I9F ly 476.86 2.24 0.22315014 0.00150380 0.1955 2.08439 
205T]1H Ту» 1390.7 227 4.806 0.154 254 1.870 
20 трн зы 987.7 12.04 2.419 0.057 60 1.869 
205Т1127| ту» 1505 0.027 1676 0.0000664 0.0036 2.81361 
51y160 Зур 1011.3 4.86 0.54825 0.00352 0.6 1.5893 
89y35C] ly 380.7 1.3 0.1160 0.0003 0.09 2.41 
89Y19F ту» 631.29 2.50 0.29042 0.00163 0.237 1.9257 
8 у 160 2у+ 861.0 2.9 0.3881 0.0018 0:32 1.790 
174Yþb!H 2у+ 1249.54 21.06 3.9931 0.0957 161.8 2.0526 
174Yb2H 2у+ 886.6 10.57 2.01162 0.03425 41.60 2.0516 
647 35С1 25 390.5 1.6 
647) 19 25 628 3.5 
9470!H 2у+ 1607.6 55.14 6.6794 0.2500 466 1.5949 
67H 2у+ 1072 28 3.350 124 1.6054 
647127] 25 2234 0.6 
9071160 iy 969.8 4.9 0.42263 0.0023 0.319 1.7116 
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INFRARED CORRELATION CHARTS 


Wavenumber in ст”! 


Based on work done by Colthup. 


800 7 
1100 1000 шин тт r 0 — 00 650 
1 + | d 4 — | - шан 4 
T Г | | | 
H - = — - заємєоЁМЫ-СНН-Сн--1------1 
ин шин шин шин шин шин шин шин инээ | 
|] | Би | | 
2-4 НЕ НИ И SE i i L i- 
———— — е аланина | 
Шыман "ДАДЕ. 7 | | 
M ! 1 w H | Н H | 
шиний шинж шинн — + +— — 
| 
| | ps i + i 4 4 
-4 + | —- 4 Ї = + 4-- | 4- 1 
| ! i 
| | | ——n_W Is 
- —- + + + | 4- + + 
HARP) 
Ээ, 
— — --- 
— 
pa 
—— 
$ 
нан), Te | р 1 1 | 
ажин | Л | LEGEND "um 
(UNBONDIN® LOWERS) S = Strong V = Vary 
5 е _ | |_____| M = Medium W = Weak 


Wavelength in um 


4 1 — 

] m — 1 pem "— T 
+ T 4. —- i + a ee T + + -4 
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INFRARED CORRELATION CHARTS (continued) 
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INFRARED CORRELATION CHARTS (continued) 
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INFRARED CORRELATION CHARTS (continued) 
Far Infrared Region 
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MICROMETERS 
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NUCLEAR SPINS, MOMENTS, AND OTHER DATA RELATED TO NMR SPECTROSCOPY 


This table presents the following data relevant to nuclear magnetic resonance spectroscopy: 


Z: Atomic number 

Isotope: Element symbol and mass number 

Abundance: Natural abundance of the isotope in percent. An * indicates a radioactive nuclide; if no value is given, the nuclide is 
not present in nature or its abundance is highly variable. 

I: Nuclear spin 

v: Resonant frequency in megahertz for an applied field H, of 1 tesla (in cgs units, 10 kilogauss) 

Relative sensitivity: Sensitivity relative to ЇН (21) assuming an equal number of nuclei and constant temperature. Values were 
calculated from the expressions: 


For constant Ну: 0.0076508(Ш/и\)3(Г+ P 
For constant v: 0.2387 (ИЛ) + 1) 


Шу: Nuclear magnetic moment in units of the nuclear magneton Цу 
О: Nuclear quadrupole moment in units of femtometers squared (1 fm? = 10? barn) 


The table includes all stable nuclides of non-zero spin for which spin and magnetic moment values have been measured, as well as selected radioactive 
nuclides of current or potential interest. At least one isotope is included for each element through 7 = 95 for which data are available. See Reference 
1 for a complete listing of spins and moments. 

The assistance of P. Pyykko in providing data on nuclear quadrupole moments is gratefully acknowledged. 


REFERENCES 


1. Holden, N. E., "Table of the Isotopes", in Lide, D. R., Ed., CRC Handbook of Chemistry and Physics, 83th Ed., CRC Press, Boca Raton, FL, 
2002. 

2. Raghavan, P., At. Data Nuc. Data Tables, 42, 189, 1989. 

3. Pyykko, P., Mol. Phys. 19, 1617-1629, 2001. 

4. Stone, М. J., «www.nndc.bnl.gov/nndc/stone moments/» 


Abundance v/MHz Relative sensitivity 
Z Isotope % І for Ну-1Т Const Ну Const. v Шик Ота 
1 In * 1/2 29.1647 0.32139 0.6850 -1.91304272 
1 ІН 99.9850 1/2 42.5775 1.00000 1.0000 +2.792847337 
1 ?H 0.0115 1 6.5359 0.00965 0.4093 40.857438228 40.2860 
1 ЗН т 1/2 45.4148 1.21354 1.0666 +2.9789625 
2 ЗНе 0.000137 1/2 32.4360 0.44212 0.7618 -2.1276248 
3 Li 7.59 1 6.2661 0.00850 0.3925 40.8220467 -0.0808 
3 TLi 92.41 3/2 16.5483 0.29356 1.9433 +3.25644 -4.01 
4 ?Be 100 3/2 5.9842 0.01388 0.7027 -1.1776 35.288 
5 10B 19.9 3 4.5752 0.01985 1.7193 +1.800645 +8.459 
5 1B 80.1 3/2 13.6630 0.16522 1.6045 +2.688649 +4.059 
6 BC 1.07 1/2 10.7084 0.01591 0.2515 +0.7024118 
7 AN 99.632 1 3.0777 0.00101 0.1928 40.4037610 42.044 
7 DN 0.368 1/2 4.3173 0.00104 0.1014 -0.283 1888 
8 UO 0.038 5/2 5.7742 0.02910 1.5822 -1.89379 -2.558 
9 юр 100 1/2 40.0776 0.83400 0.9413 +2.628868 
10 ?INe 0.27 3/2 3.3631 0.00246 0.3949 -0.661797 +10.155 
11 23Ма 100 3/2 11.2688 0.09270 1.3233 +2.217522 +10.4 
12 5Mg 10.00 5/2 2.6083 0.00268 0.7147 -0.85545 419.94 
13 27А] 100 5/2 11.1031 0.20689 3.0424 +3.641507 +14.66 
14 2981 4.6832 12 8.4655 0.00786 0.1988 -0.55529 
15 Mp 100 1/2 17.2515 0.06652 0.4052 +1.13160 
16 335 0.76 3/2 3.2717 0.00227 0.3842 +0.6438212 -6.78 
17 351 75.78 3/2 4.1765 0.00472 0.4905 40.8218743 -8.165 
17 37C] 24.22 3/2 3.4765 0.00272 0.4083 +0.6841236 -6.435 
18 37 Ат Ж 3/2 5.819 0.01276 0.6833 +1.145 
18 Ar Ж 7/2. 3.46 0.01130 1.7079 -1.59 
19 зэк 93.2581 3/2 1.9893 0.00051 0.2336 +0.3914662 +5.85 
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NUCLEAR SPINS, MOMENTS, AND OTHER DATA RELATED ТО NMR SPECTROSCOPY (continued) 


Z 


19 


Isotope 


40K 
41 K 
BCa 
45Sc 
4711 
ют 
50y 
51 V 
53Cr 
55Мп 
57Ее 
59Co 
емі 
ШӨЛІ 
шөл 
677 
Ga 
"Ga 
73бе 
As 
71S e 
Br 
8IBr 
83Kr 
SRb 
WR 
875г 
юү 
917 т 
Nb 
95Mo 
97Mo 
оте 
99?Ru 
ШЕП 
IRh 
105ра 
107 Ав 
109 Ар 
са 
изса 
1 l3]n 
1 Бр 
115$ 
117$ 
1965 
1216, 
1238 
D3Te 
D5Te 
127] 
129Хе 
Хе 
133Cs 
135B a 
137B a 
138] а 


Abundance 
% 


v/MHz 


forH,-1T Const. Но 


2.4737 
1.0919 
2.8688 
10.3591 
2.4041 
2.4048 
4.2505 
11.2133 
2.4115 
10.5763 
1.3816 
10.077 
3.8114 
11.2982 
12.1030 
2.6694 
10.2478 
13.0208 
1.4897 
7.3150 
8.1571 
10.7042 
11.5384 
1.6442 
4.1254 
13.9811 
1.8525 
2.0949 
3.9748 
10.4523 
2.7874 
2.8463 
9.6294 
1.9553 
2.1916 
1.3477 
1.957 
1.7331 
1.9924 
9.0692 
9.4871 
9.3655 
9.3856 
14.0077 
15.2610 
15.9660 
10.2551 
5.5532 
11.2349 
13.5454 
8.5778 
11.8604 
3.5159 
5.6234 
4.2582 
4.7634 
5.6615 


Relative sensitivity 


0.00523 
0.00008 
0.00642 
0.30244 
0.00210 
0.00378 
0.05571 
0.38360 
0.00091 
0.17881 
0.00003 
0.27841 
0.00359 
0.09342 
0.11484 
0.00287 
0.06971 
0.14300 
0.00141 
0.02536 
0.00703 
0.07945 
0.09951 
0.00190 
0.01061 
0.17703 
0.00272 
0.00012 
0.00949 
0.48821 
0.00327 
0.00349 
0.38174 
0.00113 
0.00159 
0.00003 
0.00113 
0.00007 
0.00010 
0.00966 
0.01106 
0.35121 
0.35348 
0.03561 
0.04605 
0.05273 
0.16302 
0.04659 
0.01837 
0.03220 
0.09540 
0.02162 
0.00282 
0.04838 
0.00500 
0.00700 
0.09404 
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Const. v 


1.5493 
0.1282 
1.4150 
5.1093 
0.6587 
1.1861 
5.5904 
5.5306 
0.2832 
2.8980 
0.0324 
4.9702 
0.4476 
1.3268 
1.4213 
0.7314 
1.2034 
1.5291 
1.1546 
0.8590 
0.1916 
1.2570 
1.3550 
1.2744 
1.1304 
1.6418 
1.4358 
0.0492 
1.0891 
8.1011 
0.7638 
0.7799 
7.4633 
0.5358 
0.6005 
0.0317 
0.5364 
0.0407 
0.0468 
0.2130 
0.2228 
7.2588 
7.2744 
0.3290 
0.3584 
0.3750 
2.8100 
2.7389 
0.2639 
0.3181 
2.3504 
0.2786 
0.4129 
2.7735 
0.5001 
0.5594 
5.3188 


Шық 


-1.298100 
40.2148701 
-1.31726 
+4.756487 
-0.78848 
-1.10417 
+3.345689 
+5.1487057 
-0.47454 
+3.46872 
+0.0906230 
+4.627 
-0.75002 
+2.22329 
+2.38167 
+0.875479 
+2.01659 
+2.56227 
-0.8794677 
+1.439475 
+0.53506 
+2.106400 
42.270562 
-0.970669 
-1.35303 
+2.75124 
-1.093603 
-0.1374154 
-1.30362 
36.1705 
-0.9142 
-0.9335 
5.6847 
-0.6413 
-0.7188 
-0.08840 
-0.642 
-0.1136796 
-0.1306906 
-0.5948861 
-0.6223009 
5.5289 
+5.5408 
-0.91883 
-1.00104 
-1.04728 
+3.3634 
+2.5498 
-0.7369478 
-0.8885051 
+2.813273 
-0.7779763 
+0.6918619 
+2.582025 
+0.837943 
+0.937365 
+3.713646 


Q/tm? 


-7.3 
+7.11 
-4.08 
-22.0 
+30.2 
+24.7 
+21 
-5.2 
-15 
+33 


+42 
+16.2 
-22.0 
-20.4 
+15.0 
+17.1 
+10.7 
-19.6 
+31.4 


+31.3 
+26.2 
+25.9 
+27.6 
+13.35 
+33.5 


-17.6 
-32 
-2.2 
+25.5 
-12.9 
+7.9 
+45.7 


+66.0 


+79.9 
+81 


-36 
-49 


-71.0 


-11.4 
-0.343 
+16.0 
+24.5 
+45 


NUCLEAR SPINS, MOMENTS, AND OTHER DATA RELATED ТО NMR SPECTROSCOPY (continued) 


Z 


57 
58 
58 
58 
59 
60 
60 
61 
61 
62 
62 
63 
63 
64 
64 
65 
66 
66 
67 
68 
69 
70 
70 
71 
71 
72 
72 
73 
73 
74 
75 
75 
76 
76 
77 
77 
78 
79 
80 
80 
81 
81 
82 
83 
84 
86 
87 
88 
88 
89 
90 
91 
92 
93 
94 
95 


Isotope 


139p а 
137 Ce 
139Ce 
Се 
141рг 
143Nd 
145Nd 
143Pm 
Мр 
147 Sm 
149 Sm 
ІЗ 
153Eu 
15564 
15764 
159Tb 
16 Ту 
163ру 
165Но 
167Ег 
169Т тш 
171Yþ 
IBYb 
175] д 
176] y 
ИТНЕ 
179Hf 
180Та 
181Та 
183W 
185Re 
187Re 
1870s 
18905 
19 Ц: 
193] 
195pt 
197 Au 
19H g 
201Hg 
2037 
205ТІ 
207pp 
209pi 
209pg 
2!I Rn 
223Fr 
225Ra 
225Ra 
227 Ас 
229Th 
21ра 
2351) 
237Np 
239pu 
243 Ат 


Abundance 
% 


%100 
%0,7200 


ж 
ЕЗ 


ж 


v/MHz 


for H)=1T Const. Ну 


6.0612 
4.88 
5.39 
2.37 
13.0359 
2.319 
1.429 
11.59 
5.62 
1.7748 
1.4631 
10.5856 
4.6745 
1.312 
1.720 
10.23 
1.4654 
2.0508 
9.0883 
1.2281 
3.531 
7.5261 
2.0730 
4.8626 
3.451 
1.7282 
1.0856 
4.087 
5.1627 
1.7957 
9.7176 
9.8170 
0.9856 
3.3536 
0.7658 
0.8319 
9.2022 
0.7406 
7.7123 
2.8469 
24.7316 
24.9749 
9.0340 
6.9630 
11.7 
9.16 
5.95 
1.3746 
11.187 
5.6 
1.40 
10.2 
0.83 
9.57 
3.09 
4.6 


Relative sensitivity 


0.06058 
0.00752 
0.01012 
0.00364 
0.33483 
0.00339 
0.00079 
0.23510 
0.04827 
0.00152 
0.00085 
0.17929 
0.01544 
0.00015 
0.00033 
0.06945 
0.00048 
0.00130 
0.20423 
0.00050 
0.00057 
0.00552 
0.00135 
0.03128 
0.03975 
0.00140 
0.00055 
0.10610 
0.03744 
0.00008 
0.13870 
0.14300 
0.00001 
0.00244 
0.00003 
0.00004 
0.01039 
0.00003 
0.00594 
0.00149 
0.19598 
0.20182 
0.00955 
0.14433 
0.02096 
0.00997 
0.01362 
0.00017 
0.01814 
0.01131 
0.00042 
0.06903 
0.00015 
0.13264 
0.00038 
0.01446 
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Const. v 


2.9895 
0.5729 
0.6326 
1.1708 
3.5720 
1.1440 
0.7047 
3.1748 
2.7714 
0.8753 
0.7216 
2.9006 
1.2809 
0.1541 
0.2020 
1.2019 
0.4015 
0.5619 
4.4825 
0.6057 
0.0829 
0.1768 
0.5680 
2.3983 
6.0516 
0.8524 
0.8414 
11.5175 
2.5463 
0.0422 
2.6627 
2.6900 
0.0231 
0.3938 
0.0899 
0.0977 
0.2182 
0.0870 
0.1811 
0.3343 
0.5809 
0.5866 
0.2122 
5.3967 
0.2757 
0.2152 
0.6982 
0.1614 
0.2627 
0.6564 
0.3843 
1.1995 
0.4082 
2.6234 
0.0727 
1.2532 


Шың 


+2.7830455 

0.96 

1.06 

1.09 
+4.2754 
-1.065 
-0.656 
+3.80 
+2.58 
-0.8149 
-0.6718 
+3.4718 
+1.5331 
-0.2582 
-0.3385 
+2.014 
-0.4806 
+0.6726 
+4.173 
-0.5639 
-0.2316 
+0.49367 
-0.67989 
+2.2327 
+3.169 
+0.7935 
-0.6409 
+4.825 
+2.3705 
+0.1177848 
+3.1871 
+3.2197 
+0.06465189 
40.659933 
+0.1507 
+0.1637 
+0.60952 
+0.145746 
+0.5058855 
-0.5602257 
+1.6222579 
+1.6382146 
+0.59258 
+4.1106 
+0.77 
+0.601 
+1.17 
+0.2705 
-0.7338 
+1.1 
+0.46 

2.01 
-0.38 
+3.14 
+0.203 
+1.5 


ОЛ шд 


420 


+280 
+349 
+497 
+336.5 
+379.3 


+317 


+218 
+207 


+85.6 
+81.6 
+75.1 
+54.7 


+38.6 


-51.6 


+117 
+125 


+170 
+430 
-172 
+493.6 
+388.6 


+421 


PROTON NMR CHEMICAL SHIFTS FOR CHARACTERISTIC ORGANIC STRUCTURES 


The chart below summarizes the range of chemical shifts for protons in several classes or organic compounds and substituent groups. The chemical 
shifts багс given in parts per million relative to tetramethylsilane. 


REFERENCE 


Mohacsi, E., J. Chem. Еаи., 41, 38, 1964 (with permission). 


(CH3)4Si — 
CHs—CHi—, (СНз) ; CH —, (CH3)4C mum 
CHsCH:— | |____ 
R—SH | | ___ 
--СН.--іп a ring 
(СНзСН 


сн | CHO, COR, COPh, СООН 


— CHI —X | COOR, CONH: 
2сн—х 
--СНа--іп ring ketones 
(CHsCO)20 
CHs—X ү М (acyclic), М (cyclic sec.) 
—CHz—X >N (cyclic tert), NHCOCHs 
осн-х МН$О2РН, Quart. salt 
CH3CN 
CH2=C(CHs)2 


= — x ) CHO, СОСН», COOCH 
CHi-C(CH2—X | бсосн,, CECH, Ph > 
(CH3)) C CH—X J CN, Br, СН--СН: 
—CHi—NH:; 


CHsPh 

CHsCH2Ph, РАСНАСНаРЋ, (CHa)2CHPh 
HCzC— 

CHs—X \ OH, OR, OPh, 
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>CH—X Fs 
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—снг—Х р F, СІ, Вг, I 
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PhSH 
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PhNH2 
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—CH--CH—non-conjugated ) olefins 


E 

= 

ш 

|| 

ш 

= 

= 

m 

CH2=C terminal || 
се cyclic - 
m 

m" 

ш 

i 


СНь--С--СН: 
CH2=C(CHa)2 
(CH3)2C=CHCHs 

= — CHO, COCHs, COOCH;. 
СНь-С(СНЫ--Х | бсосн,, CHC, * 
(CH3)2C—CH—X Ph, CN 


o ЕЕЕ 

кн TOLE 

dopo ИШИНИН 
H 

қар LIFE I 

On l ЕЕ ЕЕЕГ ШЕ | ЕЕ ШЕ [ j | | ` 


Rc H Phc— H 1Ш LLL IL Lut LL LL 
. Г 
ВС— ОН, PhC— || 
, PhC-—OH | | LLL LL | 


RSOsH, PhSO3H 
l Í l ШЕН b eee 
— 0 1 2 3 4 5 6 7 8 9100: 


110 100 9 8 7 6 5 4 3 2 1 0 6 


9-94 


ВСММЕ ABSORPTIONS OF MAJOR FUNCTIONAL GROUPS 


The table below lists the range of ЭС chemical shifts ó in parts per million relative to tetramethylsilane, in descending 
order, for various functional groups. Examples of simple compounds for each family are given to illustrate the 
correlations. The shifts for the carbons of interest, which are italicized, are given in parentheses; when two or more values 
appear, they refer to the sequence of italicized carbon atoms from left to right in the formula. 


REFERENCES 


1. Yoder, C. H. and Schaeffer, C. D., Jr., Introduction to Multinuclear NMR: Theory and Application, Benjamin/ 
Cummings, Menlo Part, CA, 1987. 


2. Silverstein, R. M., Bassler, G. C., and Morrill, T. C., Spectrometric Identification of Organic Compounds, 
John Wiley & Sons, New York, 1981. 


3. Brown, D. W., A Short Set of ?C NMR Correlation Tables, J. Chem. Educ., 62, 209, 1985. 


5 (ppm) Group Family Example 
(б of italicized carbon) 
220-165 >С-О Ketones (CH3),CO (206.0) 
(СН,))/СНСОСН, (212.1) 
Aldehydes СН,СНО (199.7) 
o, B-Unsaturated СН;СН-СНСНО (192.4) 
carbonyls CH,=CHCOCH; (169.9) 
Carboxylic acids НСО,Н (166.0) 
CH;CO,H (178.1) 
Amides НСОМН, (165.0) 
СН,СОМН, (172.7) 
Esters СН,СО:СН,СН, (170.3) 
CH,=CHCO,CH; (165.5) 
140-120 >C=C< Aromatic СН, (128.5) 
Alkenes СН,-СН, (123.2) 
CH;-CHCH; (115.9, 136.2) 
CH;-CHCH;Cl (117.5, 133.7) 
СН,СН-СНСН,СН, (132.7) 
125-115 -СМ Nitriles СН,-СМ (1177) 
80-70 -СС- Alkynes HCCH (71.9) 
СН,ССН, (73.9) 
70-45 -С-О Esters СН,ООСН,СН, (57.6,67.9) 
Alcohols HOCH; (49.0) 
НОСН,СН, (57.0) 
40-20 -С-МН, Amines СН,МН, (26.9) 
СН,СН,МН, (35.9) 
30-15 -5-СН, Sulfides (thioethers) СеН;-8-СН; 15.6 
30-(-2.3) -С-Н Alkanes, cycloalkanes CH, (-2.3) 
снұсн; (5.7) 
СН,СН,СН, (15.8, 16.3) 
СН,СН,СН,СН, (13.4, 25.2) 
СН,СН,СН,СН,СН, (13.9, 22.8, 34.7) 
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Cyclohexane 
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BOND LENGTHS IN ORGANOMETALLIC COMPOUNDS 


This table summarizes the average values of interatomic distances of representative metal-ligand bonds. Sigma bonds between d- and f-block metals 
and the elements C, N, O, P, S, and As are included. The values are extracted from a much larger list in Reference 1. The tabulated values are the 
unweighted means of reported measurements on compounds in each category. If four or more measurements are available, the standard deviation is 
given in parentheses. АП values аге in Angstrom units (10-19 m). 

The first part of the table covers metal-carbon bonds in different ligand categories, while the second part covers metal bonds to other elements. 
R stands for any alkyl group; Me for a CH, group; СК. indicates an aryl group; and C(=O)R an acyl group. Metals are listed in atomic number order. 


REFERENCE 


1. Orpen, A. G., Brammer, L., Allen, F.H., Kennard, O., Watson, D. G., and Taylor, R., J. Chem. Soc. Dalton Trans., 1989, 51-583. 


M м-сн; M-CH,R M-CR=CR, М-С;В; M-C(-0)R 
Ti 2.167 2.215(0.042) 2.148 

У 2.114(0.012) 

Сг 2.168 2.035(0.009) 2.075(0.019) 

Mn 2.095(0.030) 2.176(0.024) 2.007 2.064(0.021) 2.044 

Ее 2.074 2.091(0.030) 1.991(0.039) 2.031(0.062) 1.997(0.033) 
Со 2.014(0.023) 2.039(0.032) 1.934(0.019) 1.974 1.990 

Ni 2.029 1.964 1.892(0.017) 1.917(0.038) 1.850(0.059) 
Cu 2.020 

Zn 1.964 

Zr 2.292(0.049) 2.257 

Nb 2.336 1.319 

Mo 2.254(0.065) 2.250(0.061) 2.204(0.049) 2.193(0.054) 2.109 

Ru 2.179(0.045) 2.036(0.010) 2.063 2.092(0.057) 2.091 

Rh 2.092(0.027) 2.100 2.040(0.054) 2.011(0.026) 1.995(0.031) 
ра 2.028 2.000(0.024) 1.981(0.032) 1.982(0.029) 
Hf 2.275(0.049) 2.205 

Та 2.217(0.035) 2.225(0.056) 2.199(0.073) 

w 2.189(0.039) 2.175 2.224 

Re 2.173(0.051) 2.290 2.027 2.190(0.027) 
Os 2.221 2.052 2.090(0.032) 2.161 

Ir 2.175 2.071(0.044) 2.070(0.038) 2.019 

Pt 2.083(0.045) 2.062(0.031) 2.024(0.037) 2.049(0.046) 1.991(0.025) 
Au 2.066(0.045) 2.042 2.059(0.024) 

Hg 2.072(0.026) 2.125 2.086(0.040) 

Th 2.567 

M M-NH, м-он, М.РМе, M-SR M-AsR; 
Ti 2.066(0.052) 2.369 2.686 

У 2.129(0.131) 2.510(0.010) 2.378(0.007) 

Сг 2.069(0.008) 1.997(0.070) 2.389(0.069) 2.362 2.460(0.040) 
Мп 2.189(0.040) 2.455(0.164) 2.366(0.054) 2.400(0.013) 
Ее 2.085(0.066) 2.246(0.042) 2.271(0.028) 2.352(0.043) 
Со 1.965(0.021) 2.085(0.064) 2.217(0.043) 2.254(0.025) 2.323(0.021) 
Ni 2.074(0.093) 2.079(0.038) 2.204(0.031) 2.187(0.007) 2.333(0.035) 
Cu 1.987(0.017) 2.186(0.215) 2.367(0.016) 
Zn 2.044 2.090(0.061) 2.295 

Y 2.398(0.068) 

Zr 2.692 

Nb 2.248(0.137) 2.741(0.008) 
Mo 2217 2.201(0.094) 2.462(0.046) 2.401(0.050) 2.582(0.036) 
Ru 2.126(0.024) 2.074(0.051) 2.307(0.050) 2.446(0.031) 
Rh 2.114(0.018) 2.190(0.096) 2.266(0.036) 2.416(0.039) 
Pd 2.032 2.200 2.287(0.018) 2.386(0.052) 
Ag 2.350 

Cd 2.318(0.065) 2.444 
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BOND LENGTHS IN ORGANOMETALLIC COMPOUNDS (continued) 


M M-NH, M-OH, M-PMe, M-SR M-AsR; 
La 2.556(0.062) 

Ce 2.565(0.063) 

Pr 2.518(0.038) 

Nd 2.533(0.058) 

Sm 2.459(0.050) 

Eu 2.441(0.055) 

Gd 2.443(0.074) 

Tb 2.455 

ру 2.409(0.074) 

Но 2.407(0.069) 

Er 2.404(0.083) 

Yb 2.353(0.066) 

Lu 2.404(0.116) 

Ta 2.589(0.044) 

w 2.115(0.065) 2.485(0.039) 

Ве 2253 2.199(0.091) 2.369(0.065) 2.575(0.006) 
Os 24136 2.166 2.328(0.029) 

Ir — 2.050(0.021) 2.323(0.028) 2461 

Pt 2.295(0.036) 2.320(0.015) 2.366(0.058) 
Au 2.57 2.293 

Hg 2.690(0.083) 2.402(0.065) 

Th 2.483(0.032) 

U 2.455(0.047) 
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CHARACTERISTIC BOND LENGTHS IN FREE MOLECULES 


This is a summary of typical bond lengths in gas-phase molecules. The value given for each bond is near the mid-range of values found in simple 


molecules. Bond lengths usually vary by 1 or 296, and often by more, depending on the nature of the other bonds attached to the two atoms in question. 
References 1 and 2 give bond lengths in individual gas-phase molecules, as determined by spectroscopic and electron diffraction methods. 


АП bond distances are given in А (1 А = 10-10 m). 


REFERENCES 


1. "Bond Lengths and Angles in Gas-Phase Molecules", СЕС Handbook of Chemistry and Physics, 83rd Edition, 2002, p. 9-17. 
2. Harmony, M. D., Laurie, V. W., Kuczkowski, R. L., Schwendeman, R. H., Ramsay, D. A., Lovas, F. J., Lafferty, W. J., and Maki, A. G., 
“Molecular Structure of Gas-Phase Polyatomic Molecules Determined by Spectroscopic Methods", J. Phys. Chem. Ref. Data 8, 619, 1979. 


3. Lide, D. R., “А Survey of Carbon-Carbon Bond Lengths", Tetrahedron 17, 125, 1962. 


A. Characteristic lengths of single bonds. 


As Br С СІ Е Ge H I N о Р 5 


СІ 217 214 179 199 


Е 171 176 1.39 163 141 

Ge 230 195 215 173 240 

Н 1.51 141 109 1.28 092 153 0.74 

1 247 213 232 191 251 1.61 2.67 

х 1.46 190 1.37 1.02 1.45 

о 142 170 142 0.96 143 1.48 

Р 222 185 204 1.57 1.42 1.65 2.25 

5 224 182 2.05 156 1.34 2.00 
Sb 2.33 1.70 

Se 1.95 1571 1.47 

бі 2:21 187 2.05 1.58 1.48 2.44 1.63 2.14 
Sn 2.14 2.28 1.71 2.67 

Те 1.82 1.66 


B. Lengths of multiple bonds (non-ring molecules). 


C-C 1.34 
С=с 1.20 
С-М 121 
С=м 116 
С=0 121 
С-5 1.61 
М-М 1.24 
N=N 1.13 
М-О 1.18 
О-О 1.21 


Sb Se Si 


C. Effect of environment on carbon-carbon single bonds (other single bonds not shown). From Reference 3. 


Configuration C-C length Examples of molecules 
С-С 1.526 Н,С-СН, 

С-С- 1.501 Н;С-СН-СН, 

С-С- 1.459 H4C-C-CH 

-С-С- 1.467 Н-С-СН-СН-СН, 
-С-С- 1.445 НС-С-СН-СН, 
=C-C= 1.378 HC=C-C=CH 


D. Some metal-carbon bond lengths in gas-phase molecules. 


А-С 1.96 В-С 226 РЬ-С 224 
В-С 1.58 Cd-C 2.11 Sn-C 214 
Ве-С 1.70 Hg-C 2.08 Zn-C 1.93 
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LINE SPECTRA OF THE ELEMENTS 
Joseph Reader and Charles H. Corliss 


The original tables from which this table was derived were prepared under the auspices of the 
Committee on Line Spectra of the Elements of the National Academy of Sciences-National 
Research Council. The table contains the outstanding spectral lines of neutral (I) and singly 
ionized (II) atoms of the elements from hydrogen through plutonium (Z = 1-94); selected strong 
lines from doubly ionized (Ш), triply ionized (IV), and quadruply ionized (V) atoms are also 
included. Listed are lines that appear in emission from the vacuum ultraviolet to the far infrared. 
These lines were selected from much larger lists in such a way as to include the stronger 
observed lines in each spectral region. A more extensive list may be found in Reference 1. 


The data were compiled by the following contributors. 


G. Conway - Lawrence Berkeley Laboratory 

orliss - National Bureau of Standards 

owan - Los Alamos Scientific Laboratory 

. Cowley - University of Michigan 

enry M. and Hannah Crosswhite - Argonne National Laboratory 
P. Davis - University of California, Berkeley 

Kaufman - National Bureau of Standards 

. L. Kelly - Naval Postgraduate School 

F. Kielkopf - University of Louisville 

W. C. Martin - National Bureau of Standards 

Т. К. McCubbin - Pennsylvania State University 

L. J. Radziemski - Los Alamos Scientific Laboratory 

J. Reader - National Bureau of Standards 

C. J. Sansonetti - National Bureau of Standards 

G. V. Shalimoff - Lawrence Berkeley Laboratory 

R. W. Stanley - Purdue University 
J. 

H. 
D. 
E. 


. H.C 
. D. C 


J. 
C 
R 
С 
Н 
5. 
V 
R 
J. 


O. Stoner, Jr. - University of Arizona 

H. Stroke - New York University 

R. Wood - Wright State University 

F. Worden - Lawrence Livermore Laboratory 
J. J. Wynne - International Business Machines Corporation 
R. Zalubas - National Bureau of Standards 


АП wavelengths are given in Angstrom units (10:19 m). Below 2000 À, the wavelengths are 
in vacuum; above 2000 А, the wavelengths are in air. Wavelengths given to three decimal 
places have an uncertainty of less than 0.001 À and are therefore suitable for calibration 
purposes. In the air region, the elements used most commonly for calibration are Ne, Ar, Kr, Fe, 
Th, and Hg; in the vacuum region, the most common are C, N, O, Si, Cu. 


АП data refer to natural isotopic abundance of the elements except that Kr I and Kr II lines 
below 11,000 A given to three decimal places are for SÓKr Also, Hg I lines given to three 
decimal places are for “На; these are frequently used for calibration. 


A large number of the lines for neutral and singly ionized atoms were extracted from the 
National Bureau of Standards (NBS) Tables of Spectral-Line Intensities (Reference 2). The 
intensities of these lines represent quantitative estimates of relative line strengths that take 
account of varying detection sensitivity at different wavelengths. They are on a linear scale. For 
nearly all of the other lines the intensities represent qualitative estimates of the relative strengths 
of lines not greatly separated in wavelength. Because different observers frequently use different 
scales for their intensity estimates, these intensities are useful only as a rough indication of the 
appearance of a spectrum. In some cases the intensity scale is not intended to be linear. In the 
first and second spectra the intensities of the lines of the singly ionized atom (II) relative to those 
of the neutral atom (I) should be used with caution, inasmuch as the concentration of ions in a 
light source depends greatly on the excitation conditions. 


The default order of the table is alphabetical by element name (not symbol); for each element 
the lines are then listed by wavelength. The table can be sorted on wavelength to produce a 
finding list for identifying unknown lines. References to the sources of data for each element are 
given below. 


GENERAL REFERENCES 


1. Reader, J., Corliss, C. H., Wiese, W. L., and Martin, G. A., Tables of Line Spectra of the 
Elements, Part 1. Wavelengths and Intensities, Nat. Stand. Ref. Data Sys.- Nat. Bur. Standards 
(U.S.), No. 68, 1980. 

2. Meggers, W. F., Corliss, C. H., and Scribner, B. F., Tables of Spectral Line Intensities, Part 1. 
Arranged by Elements, Nat. Bur. Stand. (U.S.), Monograph 145, 1975. 

3. Fuhr, J. R., Martin, W. C., Musgrove, A., Sugar, J., and Wiese, W. L., "NIST Atomic 
Spectroscopic Database" ver. 1.1, January 1996. NIST Physical Reference Data, National 
Institute of Standards and Technology, Gaithersburg, MD. Available at the WWW address: 
http://physics.nist.gov/PhysRefData/contents.html 


SOURCES OF DATA FOR EACH ELEMENT 
Numbers following the element name refer to the references below. 


Actinium: 193 

Aluminum: 6,8,81,89,127,144,146,227,228,282 
Americium: 92 

Antimony: 164,167,194,386,406 

Argon: 190,203,204,219,367,368,372,373,374,375,414,421 
Arsenic: 163,168,197,244,280 

Astatine: 188 

Barium: 1,78,111,252,259,277,279 


Berkelium: 53,339 

Beryllium: 15,44,73,102,115,134,135,171,175,198,335 
Bismuth: 1,357,358,359,360,361 

Boron: 66,69,74,94,104,171,221,222 

Bromine: 42,122,124,139,142,240,243,246,248,249,250,316 
Cadmium: 44,285,296,353,399 

Calcium: 16,25,70,150,270 

Californium: 52,331 

Carbon: 22,66,211 

Cerium: 1,136,166,261,305 

Cesium: 78,82,154,155,200,201,259,263,325 
Chlorine: 11,28,30,31,85,233,238,239 

Chromium: 1,379,380,412 

Cobalt: 1,100,125,159,236,276,291 

Copper: 199,273,290,295,324 

Curium: 51,332 

Dysprosium: 1 

Einsteinium: 333 

Erbium: 1,301 

Europium: 1,312 

Fluorine: 68,169,224,225,226 

Francium: 408 

Gadolinium: 1,46,137,151,152 

Gallium: 2,19,62,132,140,141,143,195,281 
Germanium: 5,119,293,340,341,342 

Gold: 38,72,234,393,395 

Hafnium: 1,369,404,410,425 

Helium: 16,94,173,183,317 

Holmium: 1 

Hydrogen: 214 

Indium: 1,132,348,349,350,351,352,353,435,436 
Iodine: 20,21,58,84,124,153,161,176,184 

Iridium: 1 

Iron: 56,63,71,101,105,138,174,278,381,382 

Krypton: 61,121,123,147,208,232,366,390,409,417,421 
Lanthanum: 1,78,79,220,309 

Lead: 54,64,106,256,274,297,283,329,330 

Lithium: 3,15,17,18,37,44,112,284,321,335 

Lutetium: 1,148,310,401 

Magnesium: 4,7,49,83,103,128,129,177,217,269,315,335 
Manganese: 1,126,385,405,433 

Mercury (198): 43,50,69,145,229,242 

Mercury (Natural): 34,45,90,117,133,189,235,304,327,328,343 
Molybdenum: 1,383,420 

Neodymium: 1 

Neon: 56,58,69,118,150,230,364,365,371,388,389,400,402,413,430 


Neptunium: 93 

Nickel: 1,294,415,416,422 

Niobium: 1,392,407,431 

Nitrogen: 66,107,108,212,213,318 
Osmium: 1 

Oxygen: 23,24,36,66,69,209,210,215 
Palladium: 1,287,424 

Phosphorus: 179,180,182,336 
Platinum: 1,288 

Plutonium: 91 

Polonium: 47,48 

Potassium: 32,59,60,75,76,86,150,160,172,268,314,322 
Praseodymium: 1,149,306,308,337,338 
Promethium: 196,260 

Protactinium: 96 

Radium: 253,254 

Radon: 251 

Rhenium: 1 

Rhodium: 1,396 

Rubidium: 12,109,130,241,257,258,262,264 
Ruthenium: 1,423 

Samarium: 1 

Scandium: 1,88,150,298,323 

Selenium: 9,80,181,216,245,247,275 
Silicon: 87,170,237,292,319,320 

Silver: 13,99,255,286,289,363,387,398 
Sodium: 178,205,206,207,268,299,334 
Strontium: 1,109,110,218,231,265,279,313 
Sulfur: 29,144,202,209,210,266 
Tantalum: 1,411,426 

Technetium: 35 

Tellurium: 1,344,345,346,347 

Terbium: 1,302 

Thallium: 1,195,348,354,355,356 
Thorium: 1,97,98,156,157,165,434 
Thulium: 1,307 

Tin: 187,191,399,423 

Titanium: 1,378,427,428 

Tungsten: 1 

Uranium: 1,303 

Vanadium: 1,394,397,432 

Xenon: 33,116,118,120,232,384,391,429 
Ytterbium: 1,40,192,311 

Yttrium: 1,77,265,419 

Zinc: 39,55,113,131,185,186,370,376,377 
Zirconium: 1,362,403,418 
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NIST ATOMIC TRANSITION PROBABILITY TABLES 


J.R. Fuhr and W.L. Wiese 


These tables substantially update and enlarge our earlier tables in this Handbook. The new tables contain critically evaluated atomic transition 
probabilities for about 9000 selected lines of all elements for which reliable data are available on an absolute scale. The material is largely for neutral 
and singly ionized spectra, but also includes a number of prominent lines of more highly charged ions of important elements. 

Many of the data are obtained from comprehensive compilations of the Data Center on Atomic Transition Probabilities at the National Institute 
of Standards and Technology (formerly the National Bureau of Standards). Specifically, data have been taken from three recent comprehensive critical 
compilations on C, Мапа O,! on Sc through Mn and Fe through Ni.? Material from earlier compilations for the elements H through Ме“ and Na through 
Са? was supplemented by more recent material taken directly from the original literature. For the highly charged ions, some of the data were derived 
from studies of the systematic behavior of transition probabilities.53 Most of the original literature is cited in the above tables and in recent 
bibliographies?-!0; for lack of space, individual literature references are not cited here. 

The wavelength range for the neutral species is normally the visible spectrum or shorter wavelengths; only the very prominent near infrared lines 
are included. For the higher ions, most of the strong lines are located in the far UV. The tabulation is limited to electric dipole — including 
intercombination — lines and comprises essentially the fairly strong transitions with estimated uncertainties of 5096 or less. With the exception of 
hydrogen, helium, and the alkalis, most transitions are between states with low principal quantum numbers. 

The transition probability, A, is given in units of 108 s*! and is listed to as many digits as is consistent with the indicated accuracy. The power of 
10 is indicated by the E notation (i.e., E-02 means 10-2). Generally, the estimated uncertainties of the A-values are £25 to 50% for two-digit numbers, 
X10 to 25% for three-digit numbers and +1% or better for four- and five-digit numbers. 

Each transition is identified by the wavelength, А, in angstroms; and the statistical weights, g; and g;, of the lower (i) and upper (X) states [the product 
gA (or g;f) is needed for many applications]. Whenever the wavelengths of individual lines within a multiplet are extremely close, only an average 
wavelength for the multiplet as well as the multiplet A-value are given, and this is indicated by an asterisk (*) to the left of the wavelength. This also 
has been done when the transition probability for an entire multiplet has been taken from the literature and values for individual lines cannot be 
determined because of insufficient knowledge of the coupling of electrons. The wavelength data have been taken either from recent compilations or 
from the original literature cited in bibliographies published by the Atomic Energy Levels Data Сешег!! 2 at the National Institute of Standards and 
Technology. Wavelength values are consistent with those given in the table “Line Spectra of the Elements", which appears elsewhere in this Handbook. 

The transition probabilities for hydrogen and hydrogen-like ions are known precisely. Because of the hydrogen degeneracy, a "transition" is 
actually the sum of all fine-structure transitions between the principal quantum numbers listed in the transition column; therefore, the special hydrogen 
table which appears below gives weighted average A-values. 

In addition to the transition probability A, the atomic oscillator strength f and the line strength S are often used in the literature. The conversion 
factors between these quantities are (for electric-dipole transitions): 


gif = 1.499 x 10-8 22 g, A = 303.8 271 S 


where A is in angstroms, А is in 108 87, and S is in atomic units, which are 
age? = 7.188 x 105? m? С?. 

After the special table for hydrogen, the tables for other elements appear in alphabetical sequence by element name (not symbol). Within each 
element, the tables are ordered by increasing ionization stage (e.g., Al I, Al II, etc.). 
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Transition Probabilities for Allowed Lines of Hydrogen 


À Weights A À Weights A À Weights A 
À gi gk 10857 А 8: Ek 10857 А 8 £k 103 5-1 
Hydrogen 3664.68 8 1568 4.022Е-06 8598.40 18 392  9211E-05 
HI 3666.10 8 1458 4.826Е-06 8665.02 18 338 1.343Е-04 
912.768 2 1800 5.167Е-06 3667.68 8 1352  5.830E-06 8750.48 18 288 2.021Е-04 
912.839 2 1682 6.22Е-06 3669.46 8 1250 7.096E-06 8862.79 18 242  3.156E-04 
912.918 2 1568 7.297Е-06 3671.48 8 1152 8.707Е-06 9014.91 18 200  5.156E-04 
913.006 2 1458 8.753Е-06 3673.76 8 1058 1.078Е-05 9229.02 18 162 8.905Е-04 
913.104 2 1352 1.057Е-05 3676.36 8 968 1.347Е-05 9545.97 18 128 1.651Е-03 
913.215 2 1250 1.286Е-05 3679.35 8 882 1.700Е-05 10049.4 18 98 3.358Б-03 
913.339 2 1152 1.578Е-05 3682.81 8 800 2.172Е-05 10938.1 18 72 7.183E-03 
913.480 2 1058 1.952Е-05 3686.83 8 722 2.809Е-05 12818.1 18 50 2201Е-02 
913.641 2 968 2.438Е-05 3691.55 8 648 3.685Е-05 16407.2 32 288 1.620Е-04 
913.826 2 882 3.077Е-05 3697.15 8 578 4.910Е-05 16806.5 32 242 2.556Е-04 
914.039 2 800 3.928Е-05 3703.85 8 512 6.658Е-05 17362.1 32 200 4.235Е-04 
914.286 2 722 5.0776-05 3711.97 8 450 9210Е-05 18174.1 32 162  7.459E-04 
914.576 2 648 6.654Е-05 3721.94 8 392  1.303E-04 18751.0 18 32 8.986Е-02 
914.919 2 578 8.858Е-05 3734.31 8 338 1.893Е-04 19445.6 32 128 1.424Е-03 
915.329 2 512 1.200E-04 3750.15 8 288 2.834Е-04 21655.3 32 98 3.041Е-03 
915.824 2 450 1.657Е-04 3770.63 8 242  4397E-04 26251.5 32 72 77116-03 
916.429 2 392 2.341Е-04 3797.90 8 200  7.122E-04 27575 50 288 1.402Е-04 
917.181 2 338 3.393Е-04 3835.38 8 162 1.216Е-03 28722 50 242 2.246Е-04 
918.129 2 288 5.066Е-04 3889.05 8 128 2.215Е-03 30384 50 20 3.800E-04 
919.351 2 242 17.834Е-04 3970.07 8 98 4389Б-03 32961 50 162 6.908Е-04 
920.963 2 200 1.263E-03 4101.73 8 72 9.732Е-03 37395 50 128 1.388Е-03 
923.150 2 162 2.143E-03 4340.46 8 50 2.530Е-02 40511.5 32 50 2.699Е-02 
926.226 2 128 3.869Е-03 4861.32 8 32 8.419Е-02 43753 72 288 1.288Е-04 
930.748 2 98 7.568Е-03 6562.80 8 18 4.410Е-01 46525 50 98 3.253Е-03 
937.803 2 72 1.644Е-02 8392.40 18 800 1.517Е-05 46712 72 242 2.110Е-04 
949.743 2 50 4.125Е-02 8413.32 18 722 1.964Е-05 51273 72 200 3.688Е-04 
972.537 2 32 1.278Е-01 8437.96 18 648 2.580Е-05 59066 72 162 7.065Е-04 
1025.72 2 18 5.575Е-01 8467.26 18 578 3.444Е-05 74578 50 72 1.025Е-02 
1215.67 2 8 4.6992+00 8502.49 18 512 4.680Е-05 75004 72 128 1.561Е-03 
3662.26 8 1800 2.847Е-06 8545.39 18 450 6.490Е-05 123680 72 98 4.561Е-03 
3663.40 8 1682 3.374E-06 


For hydrogen-like ions of nuclear charge 2, the following scaling laws hold: 


Az =2' AHyárogen; № = fu: 57 = 27254 
(For wavelengths, №; = Z?Aq) 


For very highly charged hydrogen-like ions, starting at about Z>25, relativistic corrections!? must be applied. 
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A 8 


Aluminum 
АП 
2263.5 
22691 
2269.2 
2367.11 
2373.1 
2373.4 
2568.0 
2575.1 
2575.4 
2652.5 
2660.4 
3082.2 
3092.7 
3092.8 
3944.0 
3961.5 
6696.0 
6698.7 
7835.3 
7836.1 


о > Юю LD PD DP PD ы 


АП 
1047.9 
1048.6 
1539.8 
1670.8 
1719.4 
1764.0 
1772.8 
1777.0 
*1819.0 1 
1855.9 
1858.0 
1862.3 
1931.0 
1990.5 
2816.2 
4663.1 
6226.2 
6231.8 
6243.4 
6335.7 
6823.4 
6837.1 
6920.3 
7042.1 
7056.7 
7471.4 


CA чә Q) чо CA Q) QA QA Q) ке (A Q) Од Од CA оо = д д кєк Oe о 


ALII 

*560.36 2 
695.83 2 
696.22 2 
*1352.8 10 
1379.7 2 
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À Weights 


Sk 


об OV t2 ММ ON + t2 У + O. + + O + + осы 


= 


лас — чә шо чә М QA шо Q) — - WWW UA —1 чо OW оо CA CA Ww 


3.6E-01 
4.8E-01 
8.8E+00 
1.46E+01 
6.79E+00 
9.8E+00 
9.5E+00 
1.7E+01 
5.6E+00 
8.32E-01 
2.48E+00 
4.12E+00 
1.08E+01 
1.47E+01 
3.83E+00 
5.3E-01 
6.2E-01 
8.4E-01 
1.1E+00 
1.4E-01 
3.4E-01 
5.7E-01 
9.6E-01 
5.9E-01 
5.8E-01 
9.4E-01 


4.0E-01 
7.4E-01 
7.2Е-01 
4.40Е-00 
4.59Е-00 


Transition Probabilities for Other Elements 


À 


° 


A 


1384.1 
1605.8 
1611.8 
1611.9 
1854.7 
1862.8 
*1935.9 
3601.6 
3601.9 
3612.4 
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AIX 

39.925 
51.979 
55.227 
55.272 
55.376 
59.107 
332.78 
394.83 
395.36 
397.76 
400.43 
401.12 
403.55 
406.31 
670.06 
2535 


AI XI 
*36.675 
39.091 
39.180 
39.530 
39.623 
48.298 
48.338 
52.299 
52.446 
52.458 
54.217 
54.388 
*99.083 
103.6 
103.8 
*141.6 
150.31 
150.61 
157.0 
157.4 
*205.0 
*308.6 
*341.3 
550.05 
568.12 
1997 
2069 


Weights 
8: Sk 
4 2 
2 4 
4 4 
4 6 
2 4 
2 2 
0 14 
6 4 
4 4 
4 2 
1 3 
1 3 
1 3 
3 5 
5 7. 
3 5 
1 3 
3 1 
3 5 
1 3 
3 3 
2 5 
3 1 
5 3 
3 5 
1 З 
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2 + бо + до су Суљо су ROO + Q. Мо rO + GC + r2 + осу + о 


A 
10857 


9.1Е+00 
1.22Е+01 
2.42Е-00 
1.45Е-01 
5.40Е-00 
5.33E+00 
1.22E+01 
1.34E+00 
1.49E-01 
1.5E+00 


2.22E+03 
4.8Е-03 
5.2Е-03 
7.2E403 
9.5Е-03 
4.6Е-03 
5.6Е401 
8.3E+01 
1.2E+01 
1.7E+01 
1.3E+01 
3.6E+01 
4.9E+01 
1.9E+01 
9.8E+00 
3.8E-01 


1.5E+03 
2.6E+03 
3.1Е-03 
1.8Е+02 
3.7E+02 
3.09E+03 
3.08E+03 
8.1E+03 
9.6E+03 
1.6E+03 
4.8E+02 
9.6E+02 
2.2E+02 
4.2E+02 
5.0E+02 
4.07E+02 
8.5E+02 
9.9Е+02 
1.3Е+02 
2.6E+02 
6.3E+01 
9.9E+01 
1.3E+02 
8.55E+00 
7.73E+00 
1.07E+00 
9.7E-01 


À 
À 


*4761 
5172 
5551 
5687 


Argon 
ArI 
1048.22 
1066.66 
3406.18 
3461.08 
3554.30 
3563.29 
3567.66 
3572.30 
3606.52 
3632.68 
3634.46 
3643.12 
3649.83 
3659.53 
3670.67 
3675.23 
3770.37 
3834.68 
3894.66 
3947.50 
3948.98 
4044.42 
4045.96 
4054.53 
4158.59 
4164.18 
4181.88 
4190.71 
4191.03 
4198.32 
4200.67 
4251.18 
4259.36 
4266.29 
4272.17 
4300.10 
4333.56 
4335.34 
4345.17 
4363.79 
4424.00 
4510.73 
4522.32 
4544.75 
4554.32 
4584.96 
4586.61 
4587.21 
4589.29 
4596.10 


шә чә чә ш о Q We Q Q Q Q Q о оо я л оо — л кєк Ол Q Q Чә Q л QA шә Од к= GQ Од Q Q Q Q чо шә QO QA — Ол Q Wee 


Weights 
8: 8к 
2 6 
2 4 
4 6 
4 4 


о Сон чо л л ээ цо — WTF Ú Q эг Q) Q) QA Q) QA шә ээ еэ л оо л нг» 


5.36E+00 
1.29E+00 
3.9E-03 
6.7E-04 
2.7E-03 
1.2E-03 
1.1E-03 
5.1Е-03 
7.6Е-03 
6.6E-04 
1.3Е-03 
2.4Е-04 
8.0Е-03 
4.4Е-04 
3.1Е-04 
4.9E-04 
7.0E-04 
7.5E-03 
5.7E-04 
5.6E-04 
4.55Е-03 
3.33Е-03 
4.1Е-04 
2.TE-04 
1.40E-02 
2.88E-03 
5.61E-03 
2.80E-03 
5.39E-03 
2.57E-02 
9.67E-03 
1.11E-03 
3.98E-02 
3.12Е-03 
7.97E-03 
3.77E-03 
5.68E-03 
3.87E-03 
2.97E-03 
1.2Е-04 
7.3E-05 
1.18E-02 
8.98E-04 
8.3E-04 
3.8E-04 
1.6E-03 
2.3E-03 
4.9E-03 
6.2E-05 
9.47E-04 


À 


° 


A 


4628.44 
4642.15 
4647.49 
4702.32 
4746.82 
4752.94 
4768.68 
4798.74 
4835.97 
4836.70 
4876.26 
4886.29 
4887.95 
4894.69 
4921.04 
4937.72 
4956.75 
4989.95 
5032.03 
5048.81 
5054.18 
5056.53 
5060.08 
5070.99 
5073.08 
5078.03 
5087.09 
5104.74 
5118.21 
5127.80 
5151.39 
5152.30 
5162.29 
5177.54 
5192.72 
5194.02 
5210.49 
5214.77 
5216.28 
5221.27 
5241.09 
5246.24 
5249.20 
5252.79 
5254.47 
5286.07 
5290.00 
5309.52 
5317.73 
5373.50 
5393.27 
5410.48 
5421.35 
5439.99 
5442.24 
5451.65 
5457.42 
5459.65 
5467.16 


8 


ч М CA чо М чо 1 CA CA Q) CA CA CA QA Q) QA Са QA л <<] A QA м] шо м] —1 чо чо чо CA CA чо л аа М чо чә чо — л М М л чо UO М Q шо М М чо чә чо шә чә ш ч 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


Sk 


5 
5 
3 
3 
1 
3 
5 
9 
9 
5 
5 
9 
3 
1 
7 
5 
9 
7 
5 
5 
3 
1 
9 
3 
5 
7 
7 
5 
7 
5 
1 
5 
3 
5 
7 
1 
7 
3 
3 
9 
5 
7 
5 
7 
5 
T 
3 
5 
7 
5 
5 
7 
5 
3 
7 
5 
3 
7 
5 


А 
108 5-1 


3.83Е-04 
9.6Е-04 
1.2Е-03 
1.09Е-03 
3.6E-03 
4.5E-03 
8.6E-03 
8.8E-04 
9.3E-04 
1.02E-03 
7.8E-03 
1.2Е-03 
1.3E-02 
1.8E-02 
5.9E-04 
3.6E-04 
1.8E-03 
1.1E-03 
8.2E-04 
4.6E-03 
4.5E-03 
5.7Е-03 
3.7E-03 
2.6E-03 
5.9E-04 
4.7E-04 
1.6E-03 
8.7E-04 
2.TE-03 
3.3E-04 
2.39E-02 
1.1E-03 
1.90E-02 
2.4E-03 
1.2Е-04 
7.8Е-03 
1ЛЕ-03 
2ЛЕ-03 
1.3E-03 
8.8E-03 
1.3E-03 
1.2Е-03 
7.9Е-04 
5.4E-03 
3.6E-03 
9.6E-04 
9.0E-04 
1.2Е-03 
2.6Е-03 
2.7E-03 
9.6E-04 
2.0E-03 
6.0E-03 
1.9E-03 
9.3E-04 
4.7E-03 
3.6E-03 
3.8E-04 
7.6E-04 


À 
À 


5473.46 
5490.12 
5492.09 
5495.87 
5506.11 
5524.96 
5528.97 
5534.49 
5540.87 
5552.77 
5558.70 
5559.66 
5572.54 
5574.22 
5581.87 
5588.72 
5597.48 
5606.73 
5618.01 
5620.92 
5623.78 
5635.58 
5637.33 
5639.12 
5641.39 
5648.69 
5650.70 
5659.13 
5681.90 
5683.73 
5700.87 
5712.51 
5739.52 
5772.11 
5773.99 
5783.54 
5789.48 
5790.40 
5802.08 
5843.77 
5882.62 
5888.58 
5916.58 
5927.11 
5928.81 
5940.86 
5942.67 
5943.89 
5949.26 
5964.48 
5968.32 
5971.60 
5981.90 
5987.30 
5988.13 
5994.66 
5999.00 
6005.73 
6013.68 


Weights 


5: Sk 


- CA QA Q) чо —1 A чо шә — WDM л 1 ©л 1 чо о tn сл сл оо Ол CA оо — Ол Ол фл QA Q) л оо Од о Q Q л л ал Q) Од Q —1 QA — NAN оо CA CA 
CA чо л QA (A м] ы — чо чо Q л Un Q) чә м] чо CA — фл чоо Q QA QA л м1 A Q) за -1 A ке чо л Q) Q) л QA ке Эд Q) М л CA QA М Un QA Q) л Q Q —] М \© є_ л ч 


10-91 


A 
10857 


2.0Е-03 
8.5Е-04 
5.6Е-03 
1.69Е-02 
3.6E-03 
1.7E-03 
1.2Е-03 
2.7Е-03 
4.1Е-04 
7.9Е-04 
1.42Е-02 
2.2Е-03 
6.6Е-03 
4.6Е-04 
5.6Е-04 
1.5Е-03 
4.2E-03 
2.20E-02 
2ЛЕ-03 
3.6E-03 
1.4Е-03 
9.6Е-04 
9.1E-04 
2.1E-03 
8.7Е-04 
1.2Е-03 
3.20Е-02 
2.6Е-03 
2.0Е-03 
2.0Е-03 
5.9Е-03 
8.7Е-04 
8.7E-03 
2.0E-03 
1.1Е-03 
8.1Е-04 
4.6Е-04 
3.4E-04 
4.2E-03 
3.3E-04 
1.23E-02 
1.29E-02 
5.9E-04 
3.7E-04 
1.1E-02 
1.2Е-03 
1.8Е-03 
3.6E-04 
1.5E-03 
7.7Е-04 
1.8Е-03 
1.1Е-02 
1.2Е-04 
1.2Е-03 
6.1E-04 
2.6E-04 
1.4Е-03 
1.4Е-03 
1.4Е-03 


À 


° 


A 


6025.15 
6043.22 
6052.73 
6064.76 
6081.25 
6085.86 
6090.79 
6098.81 
6101.16 
6104.58 
6105.64 
6113.46 
6119.66 
6121.86 
6127.42 
6128.73 
6145.44 
6155.24 
6165.12 
6170.17 
6173.10 
6179.41 
6212.50 
6215.94 
6230.93 
6243.40 
6244.73 
6248.41 
6278.65 
6296.87 
6307.66 
6309.14 
6364.89 
6369.58 
6384.72 
6416.31 
6431.56 
6466.55 
6481.14 
6513.85 
6538.11 
6596.12 
6598.68 
6604.02 
6604.85 
6632.09 
6656.88 
6660.68 
6664.05 
6677.28 
6684.73 
6698.47 
6698.88 
6719.22 
6722.88 
6752.84 
6754.37 
6756.10 
6766.61 


Weights 


8: 8к 


CA лошо Q) эгээ цээнэ Чо Чоо ©л Чо л шә Q Q CA CA QA QA Q) CA QA QA QA Q) Ол Q) Q) Ы Q Q Q Q к= Q ээг? 
шо сл чо л М шо Чоо оо CA к л ке ә М Ол Un QA м] Q) Чә Чә Q) QA 02 Q — Q Ол QA —1 CA QA кє QA QA -1 Q) QA QA (A ал QA Q) QA дл ке Q) Q) Q) Чә Q М UA м Ww 


À 


° 


A 


6779.93 
6818.29 
6827.25 
6851.88 
6871.29 
6879.59 
6887.10 
6888.17 
6925.01 
6937.67 
6951.46 
6960.23 
6965.43 
6992.17 
7030.25 
7067.22 
7068.73 
7086.70 
7107.48 
7125.83 
7147.04 
7158.83 
7162.57 
7206.98 
7229.93 
7265.17 
7270.66 
7272.93 
7285.44 
7311.72 
7316.01 
7350.78 
7353.32 
7372.12 
7383.98 
7392.97 
7412.33 
7422.26 
7425.29 
7435.33 
7436.25 
7471.17 
7484.24 
7503.84 
7510.42 
7514.65 
7618.33 
7628.86 
7635.11 
7670.04 
7704.81 
7723.76 
7724.21 
7798.55 
7868.20 
7891.08 
7916.45 
7948.18 
8006.16 


шо — чо QA — Ü кє л QA QA QA Q) Q) цэнэ ээжээ эр л Q М оо CA ол мл кє Un л м] чо м QA хол үнэ 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8: 


8к 


CA чә чә UA Q) (A Q) Q —1 чо CA Лл - ло Q л л <1 л л оо л NO —1 — OQ Q Q Q М чо л шә чә — Ú чо л шә чо л л — оо л л — оо л м1 CA оо л Q а) 


A 
108s-1 


1.21E-03 
2.0E-03 
2.4E-03 
6.7E-04 
2.78E-02 
1.8Е-03 
1.3Е-03 
2.5Е-03 
1.2Е-03 
3.08Е-02 
2.2Е-03 
2.4Е-03 
6.39Е-02 
7.5Е-03 
2.67Е-02 
3.80Е-02 
2.0Е-02 
1.5Е-03 
4.5Е-03 
6.0E-03 
6.25E-03 
2ЛЕ-02 
5.8Е-04 
2.48Е-02 
6.6E-04 
1.7E-03 
1.1E-03 
1.83E-02 
1.2Е-03 
1.7E-02 
9.6E-03 
1.2Е-02 
9.6Е-03 
1.9E-02 
8.47E-02 
7.2E-03 
3.9E-03 
6.6E-04 
3.1E-03 
9.0E-03 
2.7E-03 
2.2E-04 
3.4E-03 
4.45E-01 
4.5E-03 
4.02E-01 
2.9E-03 
2.9E-03 
2.45E-01 
2.8E-03 
6.3E-04 
5.18E-02 
1.17E-01 
8.7E-04 
3.50E-03 
9.5E-03 
1.2Е-03 
1.86Е-01 
4.90E-02 


À 


° 


A 


8014.79 
8037.23 
8046.13 
8053.31 
8066.60 
8103.69 
8115.31 
8264.52 
8384.73 
8408.21 
8424.65 
8490.30 
8521.44 
8605.78 
8620.46 
8667.94 
8761.69 
8784.61 
8799.08 
8962.19 
9075.42 
9122.97 
9194.64 
9224.50 
9291.53 
9354.22 
9657.78 
9784.50 
10470.05 
10478.0 
10950.7 
11078.9 
11393.7 
11441.8 
11467.5 
11488.11 
11668.7 
11719.5 
12026.6 
12112.2 
12139.8 
12343.7 
12402.9 
12439.2 
12456.1 
12487.6 
12554.4 
12702.4 
12733.6 
12746.3 
12802.7 
12933.3 
12956.6 
13008.5 
13214.7 
13273.1 
13313.4 
13504.0 
13599.2 


Weights 


5: Sk 


CA CA чо л мкл ээжээ сэг о л Q л дл о эрээ ог Осло We — Un м шә о CA. Q) CA Q QA сло оо — CA 
л —1 CA —1 — чо чо — Ол Q л Q) Са ба Q) л Q М UUN чо чо о л чо о Од Эд л Q) Од — л Чоо се чо Q о Q л оо л л л а-а л Q) о CA 


10-92 


A 
10857 


9.28Е-02 
3.59Е-03 
1.12Е-02 
8.6Е-03 
1.4Е-03 
2.5Е-01 
3.31E-01 
1.53E-01 
2.4E-03 
2.23E-01 
2.15E-01 
9.6E-04 
1.39E-01 
1.04E-02 
9.2E-03 
2.43E-02 
9.5Е-03 
2.4Е-03 
4.6Е-03 
1.6Е-03 
1.2Е-02 
1.89Е-01 
1.76Е-02 
5.03Е-02 
3.26Е-02 
1.06Е-02 
5.43Е-02 
1.47E-02 
9.8E-03 
2.44Е-02 
3.96Е-03 
8.3Е-03 
2.22Е-02 
1.39Е-02 
3.69Е-03 
1.9E-03 
3.76E-02 
9.52E-03 
4.2E-03 
3.1Е-02 
4.5Е-02 
2.0Е-02 
1ЛЕ-01 
4.9E-02 
8.9E-02 
1ЛЕ-01 
1.2Е-03 
7.1Е-02 
1.1E-02 
2.0E-02 
5.7E-02 
1.0E-01 
7.4Е-02 
8.9Е-02 
8.1E-02 
1.5Е-01 
1.3E-01 
1.1E-01 
2.2E-02 


À 
À 


13622.4 
13678.5 
14093.6 
14739.1 
15046.4 
15172.3 
15329.6 
15555.5 
15734.9 
15816.8 
15989.3 
16122.7 
16180.0 
16264.1 
16520.1 
16739.8 
16940.4 
20317.0 
20616.5 
20812.0 
21332.2 
21534.9 
22039.2 
22077.4 
23133.4 
23844.8 
23967.5 


АГП 

2317.7 
2891.6 
2942.9 
2979.1 
3033.5 
3139.0 
3169.7 
3181.0 
3212.5 
3221.6 
3226.0 
3243.7 
3249.8 
3263.6 
32817 
3430.4 
3454.1 
3466.3 
3476.7 
3491.2 
3491.5 
3509.8 
3514.4 
3520.0 
3521.3 
3535.3 
3548.5 
3550.0 
3556.9 
3559.5 


Weights 


8: 8к 


чә ЮО чо ©л ш Q) чо CA QA лүсеу л егсен?! 
— — чо Ü — л ÜQ М л Q ‹л фл Un Q) QA Q) Q) Q Q а л чо чә м оо CA CA 


ом» O. + tS со O. + t20 + O. oo O. G. LS S t2 + + Q. ъс + со ЈУ + + ON 
ооо + + 000 с t200 OON + 00 L + + LS + O + + QO СА + L + L + 


1.4E-01 
1.82E-01 
5.3Е-01 
4.16Е-01 
9.9E-02 
5.2Е-01 
4.9Е-01 
3.7E-01 
5.2E-02 
1.8E-02 
2ЛЕ-02 
1.06Е-00 
6.3E-01 
1.55E-01 
4.2Е-01 
6.2Е-02 
3.14Е-01 
3.0E-02 
1.25Е+00 
1.79Е+00 
2.31E+00 
2.55E+00 
1.36E+00 
5.2E-01 
2.27E-01 
5.7E-01 
8.7E-01 
2.6E-02 
5.0E-02 
2.88E+00 


8 


N С\ + oo + Сс ON. O. + мю + + с + сс С С + со рр AN + со мо + = = + с O. + С С O. Ñ о LO + соо + осы + сы o + сы 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


Sk 


EN 


4 
8 
4 
6 
0 
6 
6 
2 
4 
8 
4 
6 
6 
4 
2 
8 
6 
4 
6 
6 
2 
8 
4 
4 
6 
4 
2 
2 
2 
4 
6 
4 
4 
4 
4 
4 
6 
4 
4 
6 
2 
6 
6 
8 
2 
6 
8 
4 
4 
4 
4 
6 
4 
6 
4 
6 
2 
4 
4 


А 
108 5-1 


5.5Е-01 
2.75Е+00 
1.76Е+00 
2.53Е+00 
3.03Е+00 
4.4E-02 
7.6E-02 
1.7E-02 
4.7E-02 
5.2Е-02 
4.80Е-01 
2ЛЕ-02 
1.78Е-01 
7.4Е-02 
1.1E-02 
7.7Е-01 
1.5Е-02 
1.7Е-01 
1.0Е-02 
2.81Е-01 
2.69Е-01 
4.8Е-02 
1.6E-02 
3.87E-01 
1.4E+00 
1.5E-01 
8.2E-02 
2.32E-01 
4.3E-02 
6.3E-02 
7.2Е-02 
7.7Е-02 
3.7Е-02 
2.44Е-01 
2.0E-02 
9.3E-01 
4ЛЕ-02 
2.08Е-01 
3.8E-02 
4.8E-02 
9.8E-01 
4.1E-02 
1.6E-02 
1.05E-01 
7.5E-02 
4.4E-02 
1.2Е-02 
4.06Е-01 
1.6E-02 
6.7E-01 
1.1E-02 
5.8E-01 
1.19E-01 
2.9E-02 
1.1E-02 
1.4Е-02 
8.5Е-01 
1.2Е-02 
2.1Е-02 


Weights 
Sk 


соо оо сб CO IO  O IO EE DDD I OU I0 RO IO O0 b ROO BR к ӘТК ҺОМ OBI RO0oBBRIJOSBRBROROO1Z! 


5: 


10-93 


С\ С\ + ом» ОО Оо SON ON LD + + соо LD O. O O. + + + МООС + + = соса + с + Q O. + + L N) + = Q L сом AOAN + QO + о 


A 
10857 


1.31Е-01 
1.12Е-01 
1.64Е-01 
8.0Е-01 
1.32Е-01 
5.7Е-02 
5.74Е-01 
1.92Е-01 
1.17E+00 
2.12E-01 
5.5E-02 
6.6E-01 
2.21E-01 
2.05E-01 
1.00E+00 
1.1E-02 
1.60E-01 
3.04E-01 
6.1E-02 
3.1E-02 
8.17E-01 
5.69E-01 
1.09E-01 
1.5E-02 
2.90E-01 
4.55E-01 
4.6E-02 
2.1E-02 
4.71E-01 
8.0E-01 
6.64E-01 
6.7E-02 
7.89E-01 
7.1Е-02 
8.92Е-01 
5.88Е-01 
6.7Е-02 
5.80Е-01 
6.4Е-01 
7.80Е-01 
8.49Е-01 
8.23Е-01 
1.9Е-01 
3.7Е-02 
1.44Е-01 
3.94Е-01 
9.7Е-02 
1.51Е-01 
2.07Е-01 
1.1E-02 
2.23E-01 
8.1Е-02 
1.06Е-01 
1.7Е-02 
1.7Е-02 
2.00Е-01 
1.2Е-02 
2.00Е-01 
3.0Е-02 


À 


° 


A 


6483.1 
6638.2 
6639.7 
6643.7 
6666.4 
6684.3 
6756.6 
6863.5 
7233.5 
7380.4 
7589.3 


Ar ІП 
769.15 
871.10 
875.53 
878.73 
879.62 
883.18 
887.40 
3024.1 
3027.2 
3054.8 
3064.8 
3078.2 
3285.9 
3301.9 
3311.3 
3336.1 
3344.7 
3352.1 
3358.5 
3361.3 
3472.6 
3480.6 
3499.7 
3500.6 
3502.7 
3503.6 
3511.7 


Ar IV 
840.03 
843.77 
850.60 


Ar VI 
292.15 
294.05 


Ar УП 
*250.41 
ж477.54 
585.75 
%637.30 


Ar VIII 
158.92 
159.18 


- 


Weights 
8: Sk 
4 2 
6 4 
4 2 
0 8 
2 2 
8 6 
4 4 
6 6 
2 4 
4 4 
6 4 


— CA CA Q) чә М CA CA шә 1 л М сл CA л — Од оо л л оо — оо Q Q CA CA 


+ + 


© — coo 


CA CA чо CA Q 1 М CA QA 1 1 ow CA М чо чоо QA л М nw оо л — ЭЭ 


AN 


6.0E+00 
1.59E+00 
3.74E+00 
2.79E+00 
9.2E-01 
1.22E+00 
9.0E-01 
2.6Е+00 
6.4E-01 
1.9E+00 
1.0E+00 
1.4E+00 
2.0E+00 
2.0E+00 
2.0E+00 
2.0E+00 
1.8E+00 
2.2Е-01 
1.6Е+00 
3.0Е-01 
2.0Е-01 
1.6Е-00 
1.3Е+00 
2.6Е-01 
4.3E-01 
1.2E+00 
2.6E-01 


2.73E+00 
2.70E+00 
2.63E+00 


6.9E+01 
1.36E+02 


2.78E+02 
9.92E+01 
7.83E+01 

6.7E+01 


1.1Е+02 
1.11Е+02 


À 


° 


A 


229.44 
230.88 
337.09 
337.26 
338.22 
519.43 
526.46 
526.87 
700.24 
713.81 


Ar IX 
48.739 


Ar XIII 
162.96 
*163.08 
184.90 
186.38 
*207.89 
*245.10 


Ar XIV 
180.29 
183.41 
187.95 
191.35 
194.39 
203.35 


Ar XV 
25.05 

221.10 
*265.3 


Ar XVI 
*23.52 
*24.96 
353.88 
389.11 
1268 
1401 
2975 
3514 


Arsenic 
AsI 
1890.4 
1937.6 
1972.6 
2288.1 
2344.0 
2349.8 
2369.7 
2370.8 
2456.5 
2492.9 
2745.0 
2780.2 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
2 2 
4 2 
4 4 
6 4 
4 2 
2 4 
4 6 
4 4 
2 4 
2 2 
1 3 
5 3 
9 3 
5 5 
1 3 
9 9 
9 15 
2 4 
2 2 
4 4 
4 2 
2 2 
4 2 
1 3 
1 3 
9 9 
2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
2 4 
4 6 
4 6 
4 4 
4 2 
6 4 
2 4 
4 2 
4 4 
4 6 
6 4 
4 2 
2 4 
4 4 


А 
108 5-1 


1.12Е-02 
2.21E+02 
1.2E+01 
1.0E+02 
1.1E+02 
6.3E+01 
7.2Е-01 
1.2E+01 
2.55E+01 
2.4E+01 


1.69E+03 


3.4E+02 
5.3E+02 
1.66E+02 
8.8E+01 
9.5E+01 
3.7E+01 


4.5E+01 
1.69E+02 
1.97E+02 
7.5Е-01 
4.6Е-01 
7.8E+01 


1.7E+04 
9.55E+01 
8.1E+01 


1.43E+04 
4.4E+04 
1.5E+01 
1.1E+01 
1.9E+00 
1.4E+00 
9.0E-02 
6.5E-02 


2.0E+00 
2.0E+00 
2.0E+00 
2.8E+00 
3.5E-01 
3.1E+00 
6.0E-01 
4.2Е-01 
7.2Е-02 
1.2Е-01 
2.6Е-01 
7.8Е-01 


À 


° 


A 


2860.4 
2898.7 


Barium 
Bal 
2409.2 
2414.1 
2420.1 
2427.4 
2432.5 
2438.8 
2444.6 
2452.4 
2473.2 
2500.2 
2543.2 
2596.6 
2646.5 
2702.6 
2739.2 
2785.3 
3071.6 
3501.1 
3889.3 
3909.9 
3935.7 
3937.9 
3993.4 
3995.7 
4132.4 
4239.6 
4242.6 
4264.4 
4283.1 
4323.0 
4325.2 
4332.9 
4350.3 
4402.5 
4406.8 
4431.9 
4467.1 
4489.0 
4493.6 
4505.9 
4523.2 
4573.9 
4579.6 
4591.8 
4599.7 
4605.0 
4619.9 
4628.3 
4673.6 
4691.6 
4700.4 
4726.4 
5519.1 
5535.5 


Weights 
8: Sk 
2 2 
4 2 


ш CA чо шо чо л Q) шә — — tn л — tn оло QA QA Q м] QA М Q) CA Q) Q) М У QA М л Q) Q Q) Q) Q) Q Q WWW WWW WWW WwW ш Ww 


— Ú «л Q) A <1 A о Q) (A A Q) A Q) ‹л сл ЛЛ QQ QQ Q (л Q (л к шо лд ке =a гэ 


10-94 


A 
10857 


5.5Е-01 
9.9E-02 


8.6E-04 
1.5E-03 
2.3E-03 
5.6E-03 
7.2E-03 
1.4Е-03 
4.5Е-03 
8.1E-04 
4.6E-03 
1.5Е-02 
4ЛЕ-02 
1.2Е-01 
1.1E-02 
2.5E-02 
9.1Е-03 
2.8Е-02 
4ЛЕ-01 
1.9E-01 
8.8E-03 
4.9E-01 
4.7E-01 
1ЛЕ-01 
5.5Е-01 
8.8Е-02 
7.1E-03 
2.4Е-01 
5.6Е-02 
1.5Е-01 
6.4E-01 
1.5Е-01 
7.1Е-02 
1.5Е-01 
6.0Е-01 
2.7E-01 
1.0E-01 
1.2Е+00 
6.6Е-02 
4.2Е-01 
3.6Е-01 
1.1Е+00 
9.6Е-01 
1.21E+00 
7.0E-01 
1.6E-02 
4.07E-01 
7.7Е-02 
9.3Е-02 
6.0Е-02 
6.5Е-02 
1.6Е+00 
2.4Е-01 
4.6E-01 
5.0E-01 
1.19E+00 


À 


° 


A 


5771.6 
5784.0 
5800.2 
5805.7 
5826.3 
5907.6 
5971.7 
5997.1 
6019.5 
6063.1 
6083.4 
6110.8 
6129.2 
6341.7 
6450.9 
6482.9 
6498.8 
6527.3 
6595.3 
6675.3 
6693.8 
6865.7 
7059.9 
7120.3 
7195.2 
7280.3 
7392.4 
7417.5 
7488.1 
7528.2 
7672.1 
7780.5 
7905.8 
7911.3 
8147.7 
9645.6 
9704.3 
9821.5 
10370.3 
10649.1 
11075.7 
11303.1 
11373.8 
14158.4 
14723.2 
14999.9 
17123.7 
17187. 
20563.9 


ВаП 
1413.4 
1417.1 
1444.9 
1461.5 
1487.0 
1503.9 
1554.4 
1572.7 


8: 


Ол чә —1 CA шо XO Q) CA ш QA Q чо чә М л єсє ‹л Ол шо QA —1 —1 шо нь 1 Un —1 л Q CA 1 с мл маса мыл ш ол У CA оо CA 


ORO PRORA, 


Weights 
Sk 


-— м3 чо л а — чо OQ л л — — Q QA Q чоо QA QA QA <<] A Q —1 оо CA AO ‹л фл Q) оо QA м) м AN NK WRK Q Q Un оо 1 л л ы 


о ON ос ON ОСО ON ON о 


A 
108 5-1 


6.5Е-01 
2ЛЕ-01 
9.9E-02 
1.1E-02 
5.6E-01 
1.5E-02 
1.8E-01 
2.7E-01 
1.4E+00 
5.7E-01 
1.1Е-01 
5.5Е-01 
6.0Е-02 
1.9Е-01 
1.1Е-01 
4.4Е-01 
8.6Е-01 
5.9Е-01 
3.9Е-01 
1.9Е-01 
2.8Е-01 
2.3Е-02 
7ЛЕ-01 
2ЛЕ-01 
2.4Е-01 
5.3E-01 
5.0E-01 
2.5E-02 
1.0Е-01 
2.7E-02 
ЗЛЕ-01 
1.3E-01 
6.3E-01 
2.98E-03 
6.3E-02 
1.1Е-01 
1.6Е-01 
5.5Е-02 
1.3Е-02 
2.7E-02 
3.6E-05 
1.2Е-03 
1.3Е-01 
2.0Е-03 
8.6Е-03 
2.8Е-03 
3.3Е-03 
2.7E-02 
2.6E-03 


1.7E-02 
3.8E-02 
8.1E-02 
8.7E-02 
1.4Е-01 
1.5Е-01 
2.6Е-01 
2.4Е-01 


8 


су су Су + F2 + FO + + L RO Ум» со су + + + L мю + > Сс + У + + L) + + ымы + М ММ С Оо + + сув с 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8к 


OV O00 O. +. оо LS су + ANARAN + о + + ON ON ос уу оо LN) с мю + с LD + + гю + с o L) O. + ММ с oN QS LS о 


A 
108s-1 


1.6E-02 
1.7E-02 
2.2E-01 
2.1E-01 
1.7E-02 
3.9E-03 
3.4E-02 
4.4E-02 
9.0E-02 
1.1E-02 
5.1E-02 
3.1E-02 
1.3E-01 
1.8E-02 
6.7E-02 
2.5E-01 
1.0E-01 
8.6E-02 
2.0E-01 
2.9E-02 
1.0E-01 
5.3E-01 
2.0E-01 
2.9E-01 
4.4E-02 
1.3E-01 
7ЛЕ-01 
7.6Е-01 
1.2Е-01 
2.0Е-01 
4.0Е-01 
2.3E-03 
2.2E-03 
1.67E+00 
5.3E-03 
1.2E-02 
1.80E+00 
3.7E-01 
5.8E-02 
2.4E-02 
5.9E-02 
8.8E-03 
3.9E-02 
1.4E-02 
1.2Е-02 
7.2Е-01 
1.17E+00 
9.7E-02 
9.3E-02 
4ЛЕ-02 
1.4E-02 
7. 75E-01 
9.55E-01 
6.1E-02 
1.8E-02 
4.8E-02 
5.2Е-02 
8.4Е-04 
1.9Е-03 


À 


° 


A 


5428.8 
5480.3 
5784.2 
5853.7 
5981.3 
5999.9 
6135.8 
6141.7 
6363.2 
6372.9 
6378.9 
6457.7 
6496.9 
7556.8 
7678.2 
8710.7 
8737.7 


Beryllium 
Bel 
1491.8 
1661.5 
2348.6 
*2494.7 
*2650.6 
4572.7 


Be II 
1197.1 
1197.2 
1512.3 
1512.4 
1776.1 
1776.3 
*2453.8 
3046.5 
3046.7 
3130.4 
3131.1 
3241.6 
3241.8 
3274.6 
3274.7 
4360.7 
4361.0 
*5255.9 
5270.3 
5270.8 
6279.4 
6279.7 
6756.7 
6757.1 
7401.2 
7401.4 


Bismuth 

Bil 
1954.5 
2021.2 


Weights 
5: Sk 
6 4 
8 6 
2 4 
4 4 
4 6 
4 4 
2 2 
6 4 
6 4 
4 4 
4 2 
6 4 
4 2 
6 4 
8 6 
6 8 
4 6 
1 3 
1 3 
1 3 
9 15 
9 9 
3 5 


2 2 + го > о + LS о + го LS о $£ мо мю м & о о + Ко + мм 
2 + B2 ON + tS tS O. O. ORO & го мо юэ RO + Сс Мо М Сс + > о 


+ 
+ 


10-95 


A 
10857 


2.ЗЕ-02 
1.8Е-02 
2.0Е-01 
4.8Е-02 
1.6Е-01 
2.6Е-02 
8.5Е-02 
3.7E-01 
2.9E-03 
6.7E-04 
9.9E-02 
3.0E-03 
3.32E-01 
1.6E-03 
6.6E-04 
8.0Е-01 
9.3Е-01 


1.3E-02 
2.0E-01 
5.55E+00 
1.6E+00 
4.24E+00 
7.9Е-01 


4.7E-01 
9.4E-01 
9.2Е+00 
1.1E+01 
1.4E+00 
2.9E+00 
1.42E-01 
4.8E-01 
5.9E-01 
1.14E+00 
1.15Е+00 
1.41E-01 
2.8E-01 
1.9E-01 
1.9E-01 
9.2E-01 
1.1Е+00 
2.56Е-02 
3.30Е-01 
6.6E-01 
1.2Е-01 
1.43E-01 
5.1Е-02 
1.02Е-01 
3.0Е-02 
3.0Е-02 


1.2Е+00 
6.0Е-02 


À 


° 


A 


2061.7 
2110.3 
2177.3 
2228.3 
2230.6 
2276.6 
2515.7 
2627.9 
2696.8 
2780.5 
2798.7 
2898.0 
2938.3 
2989.0 
2993.3 
3024.6 
3067.7 
3076.7 
3397.2 
3402.9 
3510.9 
3596.1 
3888.2 
4121.5 
4308.5 
4493.0 
4722.5 
6134.8 


Boron 
BI 

1378.6 
1378.9 
1378.9 
1379.2 
1465.5 
1465.7 
1465.8 
1825.9 
1826.4 
2088.9 
2089.6 
2496.8 
2497.7 


Bromine 
BrI 
1488.5 
1540.7 
1574.8 
1576.4 
1633.4 
4365.1 
4425.1 
4441.7 
4472.6 
4477.7 
4513.4 


8: 


+ Во о мм» ос 00 + + O. + + O. + O. + + + + + + + + + + 


+ о ORO + L O. + > + + ~ го 


су С RO + мю мю гю + + 


Weights 
Sk 


+ мю + + LS b + л + L O. O + + > с о о O. + O. + O + ~ ~ с 


N S с + O. + + + + L + pr + 


+ о + ВУ + ъс + + + 


A 
108 5-1 


9.9E-01 
9ЛЕ-01 
2.6Е-02 
8.9Е-01 
2.6Е+00 
2.5Е-01 
4.3Е-02 
4ЛЕ-01 
6.4E-02 
3.09E-01 
3.6E-02 
1.53E+00 
1.23E+00 
5.5E-01 
1.6Е-01 
8.8Е-01 
2.07E+00 
3.5E-02 
1.81E-01 
1.6E-02 
6.8E-02 
1.98E-01 
6.9E-02 
1.64E-01 
1.6E-02 
1.5E-02 
1.17E-01 
1.8E-02 


3.50E+00 
1.40E+01 
1.75E+01 
7.0E+00 
3.34E+00 
6.7E+00 
1.00E+01 
1.76E+00 
2.11E+00 
2.8E-01 
3.3E-01 
8.64E-01 
1.73E+00 


1.2E+00 
1.4E+00 
2.0E-01 
2ЛЕ-02 
8.1E-02 
7.5E-03 
4.2E-03 
7.5E-03 
9.3E-03 
1.3Е-02 
2.8Е-03 


À 


° 


A 


4525.6 
4575.7 
4614.6 
4979.8 
5245.1 
5345.4 
7348.5 
7513.0 
7803.0 
7938.7 
8131.5 
8343.7 
8446.6 
8638.7 


Br II 

4704.9 
4785.5 
4816.7 


Cadmium 
CdI 
2288.0 
2836.9 
2880.8 
2881.2 
2980.6 
2981.4 
3261.1 
3403.7 
3466.2 
3467.7 
3610.5 
3612.9 
4140.5 
4662.4 
4678.1 
4799.9 
5085.8 
6438.5 


сап 

2144.4 
2265.0 
2572.9 
2748.5 
4415.6 


Calcium 
Cal 
2275.5 
2995.0 
2997.3 
2999.6 
3000.9 
3006.9 
3009.2 
3344.5 
3350.2 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 Sk 
6 6 
4 4 
4 6 
4 4 
2 4 
2 4 
4 6 
6 4 
2 4 
6 6 
2 4 
2 2 
4 4 
6 4 
5 7 
5 5 
5 3 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
3 5 
3 5 
1 3 
3 3 
5 3 
3 5 
2 4 
2 2 
2 2 
4 2 
4 6 
1 3 
1 3 
3 5 
3 3 
3 1 
5 5 
5 3 
1 3 
3 5 


А 
108 5-1 


7.2Е-03 
1.6E-02 
5.4E-03 
2.6E-03 
3.1E-03 
7.6E-03 
1.2Е-01 
1.2Е-01 
5.3Е-02 
1.9Е-01 
3.8Е-02 
2.2Е-01 
1.2Е-01 
9.7Е-02 


1.1E+00 
9.4E-01 
1.1Е+00 


5.3Е+00 
2.8Е-01 
4.2Е-01 
2.4Е-01 
5.9Е-01 
1.5Е-01 
4.06Е-03 
7.7Е-01 
1.2Е-00 
6.7Е-01 
1.3E+00 
3.5E-01 
4.7E-02 
5.5E-02 
1.3E-01 
4.1E-01 
5.6E-01 
5.9E-01 


2.8E+00 
3.0E+00 
1.7E+00 
2.8E+00 

1.4E-02 


3.01Е-01 
3.67Е-01 
2.4]E-01 
2.79E-01 
1.58Е-00 

7.5Е-01 
4.30Е-01 
1.51Е-01 
1.78Е-01 


Weights 


5: Sk 


м CA чо М М CA Ü) чоо CA CA оо к ээжээсээ ээс Q) WK (Un фл ола Q) — Q <<] Q Q UA. сүргээ 
ч ы CA O QA Q) — чо Q) л Q) Q) CA Q) CA Q CA л М М CA Q QA — чо «л Чо М “л iO м л Q) л М чо л Q М чо о чо Q л Q од“ QA чо шо л л м ш л ш м 


10-96 


А 
103 5-1 


2.23Е-01 
2.12Е-01 
2.97Е-01 
1.53Е-01 
3.55Е-01 
9.4Е-02 
7.2Е-02 
9.8Е-02 
1.75Е-01 
1ЛЕ-01 
1.2Е-01 
1.3E-01 
9.0E-01 
2.18E+00 
4.34E-01 
6.0E-01 
4.66E-01 
1.36E+00 
1.99E+00 
7.4E-01 
1.9E-01 
4.98E-01 
6.7E-01 
3.42E-01 
8.7E-01 
2.0E-01 
4.1E-01 
1.76E-01 
2.09E-01 
2.29E-01 
8.0E-02 
1.88E-01 
3.3E-01 
4.0E-01 
1.5E-01 
6.0E-01 
9.1Е-02 
4.4Е-01 
5.0Е-01 
6.0Е-02 
4.9Е-01 
8.3Е-02 
3.8Е-01 
4.3E-01 
8.6E-02 
1.4Е-01 
6.6Е-01 
9.6Е-02 
2.87Е-01 
3.3Е-02 
3.54Е-01 
5.6E-02 
2.2Е-01 
1.7E-01 
1.9E-01 
5.3E-01 
9.0E-02 
4.7E-01 
5.9E-02 


À 


° 


A 


6493.8 
6499.7 


Call 

1341.9 
1342.5 
1649.9 
1652.0 
1673.9 
1680.1 
1680.1 
1807.3 
1814.5 
1814.7 
1843.1 
1850.7 
2103.2 
2112.8 
2113.2 
2197.8 
2208.6 
3158.9 
3179.3 
3181.3 
3706.0 
3736.9 
3933.7 
3968.5 


Ca Hi 
357.97 
439.69 
490.55 


Ca V 

558.60 
637.93 
643.12 
646.57 
647.88 
651.55 
656.76 


Ca VII 
550.20 
624.39 
630.54 
630.79 
639.15 
640.41 


Ca VIII 
182.71 
184.16 


Ca IX 
163.23 
371.89 
373.81 


оог со. р L + + үрүр ы 


Ол Ол Q) он сл We чә Un оо сло CA 


| 


Weights 
8: бк 
3 5 
5 5 


л 1 шо л оо л Ол чә чо л — о ш чә чо NANN = O. + > 9 + с + мо ъс ъс + ~ ~ ~ + 


сл чо Ww 


1.5Е-02 
1.5Е-02 
3.2Е-03 
3.1Е-03 
2.24Е-01 
2.65Е-01 
4.41Е-02 
3.54Е-01 
4.2Е-01 
7.0Е-02 
1.6Е-01 
3.08Е-01 
8.2Е-01 
9.7Е-01 
1.6Е-01 
3.1E-01 
6.2Е-01 
3.1Е+00 
3.6Е+00 
5.8Е-01 
8.8Е-01 
1.7E+00 
1.47E+00 
1.4E+00 


8.8E+02 
1.9E-01 
1.6E-02 


2.2E+01 
3.9E+00 
9.1E+00 
6.9E+00 
2.3E+00 
2.9E+00 
2.1E+00 


1.8E+01 
3.3E+00 
4.5E+00 
2.2E+00 
5.7E+00 
1.3E+00 


1.6E+02 
3.2E+02 


3.76E+02 
8.8E+01 
1.16E+02 


À 


° 


A 


378.08 
395.03 
466.24 
498.01 
506.18 
515.57 


Ca X 

110.96 
111.20 
151.84 
153.02 
206.57 
206.75 
207.39 
411.70 
419.75 
420.47 
557.76 
574.01 


Ca XI 
30.448 
30.867 
35.212 


Ca XII 
140.05 
147.27 


Ca XV 
141.69 
*142.23 
161.00 


Ca XVII 
19.558 
21.198 
192.82 
218.82 
223.02 
228.72 
232.83 
244.06 


Ca XVIII 
*18.71 
*19.74 
302.19 
344.76 


Carbon 
CI 

945.191 
945.338 
945.579 
1193.24 
1260.74 
1260.93 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
5 7 
3 5 
1 3 
3 5 
5 5 
5 3 
2 4 
2 2 
2 2 
4 2 
4 4 
6 4 
4 2 
2 4 
4 6 
4 4 
2 4 
2 2 
1 Э 
1 3 
1 3 
4 2 
2 2 
5 3 
9 3 
5 5 
1 3 
3 5 
1 3 
3 5 
1 3 
3 3 
5 5 
5 3 
2 6 
6 10 
2 4 
2 2 
1 3 
3 3 
5 3 
5 7 
1 3 
3 1 


А 
108 5-1 


1.5E+02 
2.2E+02 
1.12Е+02 
2.49Е +01 
7.2Е-01 
3.75Е-01 


2.9E+02 
2.92E+02 
2.3E+02 
4.5E+02 
2.9E+01 
2.6E+02 
2.8E+02 
8.3E+01 
9.5Е+01 
1.6Е-01 
3.50Е-01 
3.2E+01 


6.2E+03 
4.9E+04 
2.0E+03 


3.7E+02 
1.6E+02 


4.08E+02 
6.3E+02 
1.9E+02 


3.8E+04 
4.9E+04 
1.21E+02 
2.76E+01 
3.44E+01 
2.37E+01 
6.5E+01 
3.28E+01 


2.31E+04 
7.0E+04 
2.0E+01 
1.3E+01 


3.79E+00 
1.14E+01 
1.89E+01 
1.22E+00 
5.32E-01 
1.70E+00 


À 


° 


A 


1261.00 
1261.12 
1261.43 
1261.55 
1274.11 
1277.25 
1277.28 
1277.51 
1277.55 
1277.72 
1277.95 
1279.23 
1279.89 
1280.14 
1280.33 
1280.40 
1280.60 
1280.85 
1328.83 
1329.09 
1329.58 
1329.60 
1355.84 
1364.16 
1431.60 
1432.10 
1432.53 
1459.03 
1463.34 
1467.40 
1468.41 
1470.09 
1472.23 
1481.76 
1560.31 
1561.34 
1561.44 
1656.27 
1656.93 
1657.01 
1657.38 
1657.91 
1658.12 
1751.83 
1763.91 
1765.37 
1930.90 
2478.56 
2902.23 
2903.27 
2905.00 
4371.37 
4762.31 
4762.53 
4766.67 
4770.03 
4771.74 
4775.90 
4812.92 


Weights 


5: Sk 


— CA CA Q шә шо — ә үг — — ne — 1501 шо Сл к оо л л о QA Сл Сл “л QA QA Сл QA QA (A (A л Q) — Q мы — Q QA QA QA QA Q оо — ‹л (л цэн? 


2 
5 
3. 
5 
7 
3 
5 
3 
7 
5 
3 
7 
5 
3 
5 
3 
1 
3 
3 
1 
5 
3 
7 
5 
7 
5 
3 
3 
7 
3 
3 
7 
3 
5 
3 
5 
7 
5 
3 
5 
3 
1 
3 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Э 
3 
1 
5 
3 
3 


10-97 


A 
10857 


4.42Е-01 
3.71Е-01 
7.06Е-01 
1.27E+00 
1.03E-02 
1.27E+00 
1.73E+00 
9.12E-01 
2.31E+00 
6.35E-01 
5.56E-02 
1.10E-01 
3.08E-01 
3.11E-01 
5.77E-01 
1.73E-01 
8.22E-01 
3.33E-01 
7.95E-01 
2.41E+00 
1.79E+00 
1.00E+00 
1.04E+00 
1.57E-01 
2.11E+00 
2.01E+00 
2.11E+00 
4.76E-01 
1.88E+00 
5.49E-01 
3.90E-02 
1.37E-02 
8.01E-03 
3.92E-01 
6.57E-01 
2.94E-01 
1.18Е-00 
8.58E-01 
1.13E+00 
2.52E+00 
8.64E-01 
3.43E+00 
1.44E+00 
9.07E-01 
3.59E-02 
1.04Е-02 
3.51Е-00 
3.40Е-01 
4.32E-03 
1.29E-02 
2.15E-02 
1.27E-02 
3.37E-03 
2.72E-03 
2.36E-03 
1.07Е-02 
7.97Е-03 
4.84E-03 
4.03E-04 


À 


° 


A 


4817.37 
4826.80 
4932.05 
5023.84 
5039.06 
5041.48 
5041.79 
5052.17 
5380.34 
5545.05 
5668.94 
5793.12 
5794.47 
5800.23 
5800.60 
5805.20 
6001.12 
6006.02 
6007.18 
6010.68 
6013.17 
6013.21 
6014.83 
6016.45 
6587.61 
6655.52 
6828.12 
7111.47 
7113.18 
7115.17 
7115.18 
7116.99 
7119.66 
7860.88 
8058.62 
8335.15 
9061.44 
9062.49 
9078.29 
9088.51 
9094.83 
9111.81 
9405.73 
9603.03 
9620.78 
9658.43 


CI 

687.345 
858.092 
858.559 
903.623 
903.962 
904.142 
904.480 
1009.86 
1010.08 
1010.37 
1036.34 


8: 


Awe Ü л QA Q) Q) — (Q Q л л QA чал ча ә оо усэг а лла а Q WT TW л о 


МЮ Су + мю Б + LS NN + L + 


Weights 
Sk 


шә чә чә CA Q) QA к Ü Q) (A кє tn n Q ме + XO CA QA Q) Q) Оо QA к Q) QA QA WWM WWW л До — о 


N + + + NL + КУ + L бо O. 


2.84E+01 
1.18E+00 
2.35E+00 
6.85E+00 
2.74E+01 
3.42E+01 
1.37E+01 
5.71E+00 
1.14E+01 
1.71E+01 
7.61E+00 


À 


° 


A 


1037.02 
1323.91 
1323.95 
1334.53 
1335.71 
2091.14 
2091.19 
2091.65 
2093.16 
2173.85 
2174.17 
2509.13 
2511.74 
2512.06 
2727.31 
2728.72 
2729.21 
2730.63 
5132.95 
5133.28 
5137.26 
5139.17 
5143.49 
5145.16 
5151.08 
5640.55 
5648.07 
5662.46 
5818.31 
5822.98 
5823.18 
5827.85 
5836.37 
5843.62 
5856.06 
6095.29 
6098.51 
6102.56 
6578.05 
6582.88 
6724.56 
6727.07 
6727.26 
6731.07 
6733.58 
6734.00 
6738.61 
6742.43 
6750.54 
6755.16 
6779.94 
6780.59 
6783.91 
6787.21 
6791.47 
6798.10 
6800.69 
6812.28 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8 8к 


ооо + + о будо + 0000 су OV ON + + Ь& Pn L М КУ ARAN бо с ос > Ь& м мю O. > мю O. O. > о воров + + L ююс O. + L b ыы 
+ смо + оыс oo + QO. со о + С Ë L + 000 + во во + + + + С + LD с + гю мю + + O + = > >с оос + O. + QO + ~ 


A 
108s-1 


1.52Е-01 
4.33Е-00 
4.49Е-00 
2.37E400 
2.84Е-00 
1.00Е-01 
1.69Е-01 
2.41Е-01 
7.20E-02 
2.3] E-01 
2.3] E-01 
4.53E-01 
9.04E-02 
5.42E-01 
6.63E-02 
3.31 E-01 
2.65E-01 
1.32Е-01 
3.89Е-01 
2.80Е-01 
1.55Е-01 
1.24Е-01 
7.13Е-01 
6.49Е-01 
4.16E-01 
9.89E-02 
1.97E-01 
2.93E-01 
3.38E-02 
3.38E-03 
3.38E-02 
2.16E-02 
4.22E-02 
1.20E-02 
5.31E-02 
4.20E-01 
5.03E-01 
8.37E-02 
3.63E-01 
3.62E-01 
3.17E-02 
6.34E-02 
2.96E-02 
5.06E-02 
6.32E-02 
1.80E-02 
7.23E-02 
4.41E-02 
1.08E-01 
2.38E-02 
2.56E-01 
1.52Е-01 
3.65Е-01 
3.04Е-01 
1.94Е-01 
6.04Е-02 
1.09Е-01 
1.80Е-02 


À 


° 


A 


7046.25 
7053.09 
7063.68 
7112.48 
7113.04 
7115.63 
7119.76 
7119.91 
7125.72 
7132.47 
7134.10 
7231.33 
7236.42 
7237.17 
8028.85 
8037.73 
8039.40 
8048.31 
8062.10 
8062.80 
8076.64 
9238.30 
9251.01 
9863.06 
9870.78 
9882.68 


сш 

310.170 
386.203 
459.466 
459.514 
459.627 
574.281 
977.020 
1174.93 
1175.26 
1175.59 
1175.71 
1175.99 
1176.37 
1247.38 
2296.87 
2849.05 
3703.70 
4325.56 
4647.42 
4650.25 
4651.02 
4651.47 
4652.05 
4659.06 
4663.64 
4665.86 
4673.95 
5244.66 
5253.58 
5272.52 


Weights 


5: Sk 


- 


с-сы = > о + + о сс с O. o + сво + + + 
O00 + С O + с + м = мю + с + c + с O + сос + с + ~ 


CA чә — (A QA Q Q) — UU) Чә Q шә ш чо чә чо л ш л оо к Он Q л We ee 
ш чә шә чә OR чә Q) к л Q) Un лл — WK Un Әл Q) UA У л WW Ww 


10-98 


A 
10857 


3.20Е-01 
3.19Е-01 
3.17Е-01 
2.94Е-01 
3.15Е-01 
3.60Е-01 
1.17Е-01 
4.19Е-01 
1.02Е-01 
8.33E-03 
5.93E-02 
3.52Е-01 
4.22Е-01 
7.03Е-02 
1.71E-02 
4.26E-02 
8.51E-02 
1.36E-02 
3.04E-02 
4.56E-02 
7.05E-02 
3.34E-02 
2.71Е-02 
5.56E-02 
9.3] E-02 
1.33E-01 


6.56Е-00 
3.46Е-01 
5.91E+01 
7.97Е+01 
1.06Е+02 
6.24E+01 
1.767E+01 
3.293E+00 
4.385E+00 
3.287E+00 
9.856E+00 
1.313E+01 
5.468E+00 
2.082E+01 
1.376E+00 
1.95E-01 
5.90E-01 
1.24E-01 
7.26Е-01 
7.25Е-01 
2.28Е-01 
7.24Е-01 
3.04Е-01 
2.27Е-01 
9.05Е-01 
6.78Е-01 
3.75Е-01 
5.30Е-02 
1.58Е-01 
2.61Е-01 


À 
À 


5695.92 
5858.34 
5863.25 
5871.68 
5880.56 
5894.07 
6727.48 
6731.04 
6742.15 
6744.39 
6762.17 
6773.39 
6851.18 
6853.68 
6857.24 
6862.69 
6868.78 
6872.04 
6881.10 
7353.88 
7107.43 
7771.76 
7780.41 
7796.00 
8500.32 
9593.32 
9651.47 
9696.48 
9696.54 
9699.57 
9701.10 
9705.41 
9706.44 
9715.09 
9717.75 
9718.79 


CIV 

*312.43 
*384.13 
1548.19 
1550.77 
5801.31 
5811.97 


СУ 

34.9728 
40.2678 
*227.19 
247.315 
*248.71 
*260.19 
267.267 
*2273.9 
3526.66 
8420.72 
*8433.2 
8448.12 


Weights 


8: 8к 


Ол ©л (A Q) Q) — м1 оо CA лл о Q 02 СД - 12 n QA сәл мл n Ол Q До 
ш л М чо CA оо AO QA М CA Ü оо л Чоо — л Q n —1 ИУ - UUAN мл ыл QA Q Q — CA 


2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
9 3 
3 5 
3 9 
1 3 
3 5 
3 9 
3 1 


4.63Е-01 
1.76Е+02 
2.65Е+00 
2.64E+00 
3.17E-01 
3.16E-01 


2.554E+03 
8.873E+03 
1.363E+02 
1.278E+02 
4.247E+02 
6.680E+01 
3.947E+02 
5.646E-01 
1.663E-01 
6.898E-02 
6.868E-02 
6.832E-02 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


3, Weights A À Weights A 3, Weights A 
А £i £k 108 5-1 А gi РА 10857 А РА [^ 103 5-1 
8449.19 3 3 6.829E-02 7256.6 6 4 1.5Е-01 3530.0 6 8 1.8E+00 
7414.1 6 4 4.7E-02 3560.7 4 6 1.7E+00 
Cesium 7547.1 4 4 1.2E-01 3602.1 6 8 1.7E+00 
CsI 7717.6 4 4 3.0Е-02 3612.9 4 6 1.2Е+00 
3203.5 2. 4 7.6Е-06 7745.0 2 4 6.3Е-02 3720.5 4 6 1.7E+00 
3205.3 2 4 7.9Е-06 7769.2 6 6 6.0Е-02 
3207.5 2. 4 8.5Е-06 7821.4 6 8 9.8Е-02 Chromium 
3210.0 2 4 9.4E-06 7830.8 4 4 9.7Е-02 CrI 
3212.8 2 4 1.19E-05 7878.2 6 6 1.8E-02 1999.95 9 9 1.4E+00 
3216.2 2 4 1.49E-05 7899.3 4 6 5.1E-02 2383.30 9 11 4.1Е-01 
3220.1 2 4 1.7Е-05 7924.6 2 4 2.1Е-02 2389.21 3 5 2.3Е-01 
32202 2 2 1.07Е-07 7935.0 6 8 3.9Е-02 2408.60 9 7 6.7Е-01 
3224.8 2 4 2.0Е-05 7997.9 4 4 2.1E-02 2408.72 7 5 2.9E-01 
3225.0 2 2 1.43E-07 2492.57 3 5 4.5E-01 
3230.5 2 4 2.5Е-05 СІП 2495.08 3 3 2.7Е-01 
3230.7 2 2 1.97Е-07 3329.1 2 7 1.5Е-00 2496.30 5 a 5.6E-01 
3237.4 2 4 2.8Е-05 35224 7 7 1.4E+00 2502.55 7 9 2.2E-01 
3237.6 2 2 2.63Е-07 3798.8 5 7 1.6Е-00 2504.31 7 9 4.5Е-01 
3245.9 2 4 3.45Е-05 3805.2 7 9 1.8Е-00 2508.11 5 5 2.1E-01 
3246.2 > 2 3.7E-07 3809.5 3 5 1.5E+00 2508.97 5 3 3.8E-01 
3256.7 2 4 4.25E-05 3851.0 5 7 1.8E+00 2527.11 9 9 5.3E-01 
3257.1 2 2 7.0Е-07 3851.4 5 5 1.6Е-00 2549.55 3 3 4.8E-01 
3270.5 2 4 5.6Е-05 3854.7 3 5 2.2Е+00 2560.70 5 5 4.3Е-01 
3271.0 2. 2 9.8Е-07 3861.9 5 7 2.4E+00 2571.74 T 5 6.4E-01 
3288.6 2 4 1.0E-04 3868.6 7 9 2.7E+00 2577.66 7 7 2.6Е-01 
3289.3 2. Э, 2.7Е-06 3913.9 9 9 8.2Е-01 2591.84 9 7 6.5E-01 
3313.1 2 4 1.6E-04 3990.2 5 7 8.4E-01 2620.48 5 3 1.9E-01 
3314.0 2 2 5.2E-06 4132.5 5 5 1.6E+00 2673.64 3 3 1.8Е-01 
3347.5 2 4 2.2Е-04 4276.5 9 7 7.6Е-01 2701.99 9 11 2.1Е-01 
3348.8 2 2 1.1Е-05 4768.7 3 5 7.1Е-01 2726.50 5 7 7.5Е-01 
3397.9 2: 4 4.0Е-04 4781.3 5 T 1.0E+00 2731.90 5 2 7.8Е-01 
3400.0 2 2 2.4Е-05 4794.6 5 7 1.04Е-00 2736.46 5 3 7.5E-01 
3476.8 2 4 6.6E-04 4810.1 5 5 9.9E-01 2752.85 3 3 8.7E-01 
3480.0 2. 2 6.6Е-05 4819.5 3 3 1.00Е+00 2757.09 5 5 6.8E-01 
3611.4 2 4 1.5Е-03 4904.8 5 7 8.1Е-01 2761.74 5 3 6.8E-01 
3617.3 2 2 2.5E-04 4917.7 3 5 7.5E-01 2764.36 7 7 3.7E-01 
3876.1 2 4 3.8E-03 5078.3 2 7 7.7Е-01 2769.90 7 5 1.1Е+00 
3888.6 2 2 9.7E-04 5219.1 3 9 8.6E-01 2780.70 9 7 1.4E+00 
4555.3 2 4 1.88E-02 5392.1 5 7 1.0E+00 2879.27 5 7 2.1E-01 
4593.2 2 2 8.0Е-03 2887.00 3 5 2.7Е-01 
8521.1 2 4 3.276E-01 СШ 2889.22 9 9 6.6Е-01 
8943.5 2 2 2.87Е-01 2298.5 4 4 4.2Е-00 2893.25 7 7 5.2Е-01 
2340.6 6 6 4.2Е-00 2894.17 1 3 3.3Е-01 
Chlorine 2370.4 8 6 2.8Е+00 2896.76 5 5 3.0E-01 
СІІ 2531.8 2 4 4.4Е+00 2905.48 3 1 1.3E+00 
1188.8 4 6 2.33E+00 2532.5 4 6 5.3E+00 2909.05 5 3 6.8E-01 
1188.8 4 4 2.71E-01 2577.1 4 6 4.3E+00 2910.89 7 5 3.4E-01 
1201.4 2 4 2.39E+00 2580.7 6 8 4.7E+00 2911.15 9 7 2.6E-01 
1335.7 4 2 1.74E+00 2601.2 2 4 4.6E+00 2967.64 7 9 3.9E-01 
1347.2 4 4 4.19E+00 2603.6 4 6 5.0E+00 2971.10 5 7 7.1Е-01 
1351.7 2 2 3.23Е-00 2609.5 6 8 5.7E+00 2975.48 3 5 8.9E-01 
1363.4 2 4 7.5E-01 2617.0 8 10 6.6E+00 2980.78 1 3 5.10Е-01 
4323.3 4 4 1.1Е-02 2661.6 4 6 3.4E+00 2988.64 3 4 5.2Е-01 
4363.3 4 6 6.8E-03 2665.5 6 8 4.8Е-00 2991.88 3 1 3.0Е+00 
4379.9 4 4 1.4Е-02 2691.5 4 4 3.5Е+00 2994.06 5 5 2.5Е-01 
4389.8 6 8 1.4Е-02 2710.4 4 6 3.5Е-00 2995.09 5 5 4.3Е-01 
45262 4 4 5.1Е-02 3340.4 6 6 1.5Е-00 2996.57 5 3 2.0Е--00 
4601.0 2 2 4.2Е-02 3392.9 4 4 1.9Е+00 2998.78 5 3 4.07E-01 
4661.2 2 4 1.2Е-02 3393.5 6 6 1.9Е+00 3000.88 7 5 1.6E+00 


10-99 


À 


° 


A 


3005.06 
3013.72 
3015.20 
3020.67 
3021.58 
3024.36 
3029.17 
3030.25 
3031.35 
3034.19 
3037.05 
3040.84 
3053.87 
3148.44 
3155.16 
3163.76 
3237.73 
3238.09 
3578.68 
3593.48 
3605.32 
3639.80 
3743.89 
3757.66 
3768.24 
3804.80 
3963.69 
3969.75 
3983.90 
3991.12 
4001.44 
4039.10 
4048.78 
4058.78 
4065.71 
4165.52 
4204.48 
4254.33 
4263.15 
4274.81 
4275.98 
4280.42 
4289.73 
4291.97 
4297.75 
4298.05 
4300.52 
4301.19 
4302.78 
4319.66 
4337.25 
4373.65 
4376.80 
4413.86 
4422.70 
4424.29 
4429.93 
4432.16 


Weights 
8 8к 
9 7 
3 5 
1 3 
3 3 
9 11 
5 5 
5 3 
7 7 
5 3 
7 т 
9 9 
7 5 
9 7 
9 11 
11 13 
13 15 
9 9 
11 11 
7 9 
7 7 
7 5 
13 11 
13 13 
7 1 
5 5 
9 9 
13 15 
11 13 
7 9 
5 7 
9 11 
15 15 
13 13 
11 11 
9 11 
11 13 
13 11 
7 9 
15 17 
7 7 
11 11 
13 15 
7 5 
7. 5 
11 13 
9 9 
9 7 
11 9 
11 11 
5 3 
5 7 
9 9 
13 13 
7 5 
5 5 
9 Я 
3 3 
1 3 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


9.2Е-01 
8.3Е-01 
1.63E+00 
1.5E+00 
2.91E+00 
1.27E+00 
3.8E-01 
1.1E+00 
3.1E-01 
3.5E-01 
5.4E-01 
7.4Е-01 
7.97Е-01 
5.6Е-01 
5.7Е-01 
6.0Е-01 
1.3Е+00 
2.0Е-01 
1.48E+00 
1.50E+00 
1.62E+00 
1.8E+00 
7.61E-01 
4.13E-01 
5.10E-01 
6.9E-01 
1.3E+00 
1.2E+00 
1.05E+00 
1.07E+00 
6.8E-01 
6.7E-01 
6.4E-01 
6.7E-01 
3.5E-01 
7.5Е-01 
3ЛЕ-01 
3.15Е-01 
6.4Е-01 
3.07Е-01 
2.2Е-01 
4.7E-01 
3.16E-01 
2.4E-01 
4.9Е-01 
2.6Е-01 
1.9Е-01 
2.6Е-01 
2.5Е-01 
1.8Е-01 
2.0Е-01 
2.8Е-01 
3.2Е-01 
2.7E-01 
2.7E-01 
2.1E-01 
2.4E-01 
1.8E-01 


À 


° 


A 


4432.77 
4443.72 
4482.88 
4490.55 
4492.31 
4495.28 
4500.29 
4506.84 
4540.72 
4564.17 
4595.60 
4622.47 
4663.33 
4665.90 
4689.38 
4698.46 
4708.02 
4718.43 
4730.69 
4737.33 
4741.09 
4752.07 
4756.09 
4792.49 
4801.02 
4816.13 
4870.79 
4887.01 
4922.28 
4966.80 
5204.51 
5206.02 
5208.42 
5243.38 
5297.37 
5297.99 
5328.36 
5329.17 
5783.11 
5783.89 
5787.97 


Cr II 

2653.57 
2658.59 
2666.02 
2668.71 
2671.80 
2672.83 
2744.97 
2787.61 
2822.38 
2835.63 
2840.01 
2843.24 
2849.83 
2851.35 
2856.77 


Weights 


5: Sk 


1 


7 7 

13 11 
11 11 
11 13 
13 13 
7 7 
3 


— 
= 


= 


EN 


— 
Un л чо AO XO М мол CA CA QA Q) OO ON KF WW \© м ә OA WwW 


к. 


- 


4 6 
2 4 
6 8 
4 2 
6 4 
8 6 
4 6 
6 6 
14 16 
10 12 
10 12 
8 10 
6 8 
8 10 
4 6 


10-100 


А 
10857 


4.9Е-01 
4.5Е-01 
3.0E-01 
3.9E-01 
4.47E-01 
2.0E-01 
2ЛЕ-01 
2.7E-01 
3.14Е-01 
5.1Е-01 
4.7E-01 
4ЛЕ-01 
2.0Е-01 
3.0Е-01 
2.3E-01 
2.2Е-01 
4.31Е-01 
3.4Е-01 
3.83Е-01 
3.38Е-01 
2.2Е-01 
6.2Е-01 
4.0Е-01 
2.6Е-01 
3.06Е-01 
1.8Е-01 
3.5Е-01 
3.2Е-01 
4.0Е-01 
3.0E-01 
5.09E-01 
5.14Е-01 
5.06Е-01 
2.19Е-01 
3.88Е-01 
3.0Е-01 
6.2Е-01 
2.25Е-01 
2.1Е-01 
2.02Е-01 
2.35Е-01 


3.5Е-01 
5.8Е-01 
5.9Е-01 
1.4E+00 
1.0E+00 
5.5E-01 
8.5E-01 
1.5E+00 
2.3E+00 
2.0E+00 
2.7E+00 
6.4E-01 
9.2E-01 
2.2E+00 
4.3E-01 


À 


° 


A 


2857.40 
2860.92 
2862.57 
2866.72 
2867.09 
2867.65 
2870.43 
2873.81 
2880.86 
2898.53 
2921.81 
2930.83 
2935.12 
2953.34 
2966.03 
2971.90 
2979.73 
2985.32 
2989.18 
3118.64 
3120.36 
3122.59 
3128.69 
3136.68 
4588.22 


CrV 

434.306 
436.351 
436.601 
437.420 
437.655 
441.056 
456.357 
456.637 
456.743 
457.028 
457.504 
464.015 
469.634 
1106.25 
1121.07 
1127.63 
1465.86 
1481.65 
1519.03 
1579.70 


Cr VI 

161.687 
168.088 
201.007 
201.224 
201.388 
201.606 
202.442 
202.739 
226.241 


Weights 
8: 8к 
6 8 
2 4 
8 8 
4 4 
4 4 
2 2 
6 6 
4 2 
6 4 

10 12 

8 10 
2 4 
6 8 
2 2 

10 8 
14 14 
12 12 
10 10 

8 8 
2 4 
4 6 

12 12 
4 4 

6 6 
8 6 
9 9 
9 7 
7 5 
7 7 
5 5 
5 3 
1 3 
3 1 
3 3 
5 5 
5 3 
9 7 
3 5 
7 9 
7 9 
9 11 
5 3 
3 1 
5 7 
7 9 
6 6 
4 6 
4 4 
4 6 
6 4 
6 6 
6 4 
4 2 
6 8 


А 
108 5-1 


2.8Е-01 
6.9Е-01 
6.3Е-01 
1.2E+00 
1.1Е+00 
1.1Е+00 
1.3E+00 
8.8E-01 
7.9E-01 
1.2E+00 
9.0E-01 
1.1Е+00 
1.8E+00 
1.8E+00 
5.4E-01 
2.0E+00 
1.8E+00 
2.2E+00 
2.2E+00 
1.7E+00 
1.5E+00 
4.4E-01 
8.1E-01 
6.4E-01 
1.2Е-01 


1.5E+01 
2.4E+01 
2.1E+01 
1.4E+01 
1.3E+01 
2.3E+01 
9.5E--00 
3.3Е-01 
9.1Е+00 
2.7E+01 
1.2E+01 
3.6E+01 
2.3E+01 
1.2Е-01 
2.1Е+01 
3.5Е+01 
1.1E+01 
1.0E+01 
9.5E+00 
8.6E+00 


1.7E+02 
2.0E+02 
2.5E+03 
1.8E+02 
2.7E+02 
2.6E+03 
1.0E+03 
1.2E+03 
7.2Е-02 


À 


° 


A 


227.202 


СҮХ 
216.72 
223.86 
224.74 
226.24 
227.42 
227.50 
228.63 
228.71 
231.21 
232.96 
242.20 
244.19 
395.984 
398.150 


Cr XI 
214.31 
226.45 
232 
235.53 
240.76 
250.28 
366.491 
366.942 
374.927 
422.083 


Cr XII 
216 
218 
239 
244.70 
247 
247 
248 
250 
250 
251.52 
252 
256 
259 
269 
300.32 
305.81 
309 
309 
311.55 
324 
327 
332.06 


Cr XIII 
49.59 
67.01 
228 
267.73 


су су RO + ҺОМ + су су QS Мо + L L O. + 


л л — — 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
4 6 
6 8 
4 2 
4 4 
4 6 
4 4 
4 6 
6 4 
6 6 
2 4 
4 4 
2 4 
4 6 
4 4 
6 6 
5 7 
5 7 
3 1 
5 7 
1 3 
5 7 
3 3 
3 1 
5 5 
3 5 


+ 00 OV t2 ON t2. & о F2. = (о СУ O. ON OO CO LS IS + LS сос 


- а ш ш 


А 
108 5-1 


6.6Е-02 


9.0Е--02 
7.TE+02 
7.6E+02 
7.3E+02 
5.2E+02 
1.8E+01 
8.1E+01 
4.5E+02 
1.2E+02 
4.4E+02 
5.0E+01 
5.8E+01 
2.4E+01 
2.1E+01 


1.4E+01 
6.0E+02 
4.1E+02 
5.5E+02 
4.8E+02 
1.0E+01 
1.2E+01 
3.0E+01 
2.3E+01 
1.0E+01 


2.4E+02 
2.4E+02 
1.6E+02 
3.0E+02 
2.4E+02 
3.3E+02 
1.4E+02 
3.5E+02 
2.2E+02 
3.4E+02 
2.0E+02 
1.5E+02 
3.2E+02 
2.1E+02 
1.4E+02 
2.76E+02 
2.7E+02 
1.6E+02 
1.6E+02 
2.2E+02 
2.2E+02 
1.4E+02 


9.9E+02 
1.67E+03 
1.8E+02 
1.9E+02 


Cr XIV 
*38.036 
39.796 
40.018 
40.782 
40.800 
41.556 
41.788 
44.597 
44.869 
46.125 
46.468 
46.527 
48.300 
48.338 
50.821 
51.172 
51.180 
52.321 
52.363 
53.760 
54.164 
60.699 
60.756 
63.324 
63.539 
68.594 
69.213 
69.247 
86.060 
86.169 
86.185 
101.05 
101.42 
104.4 
104.5 
109.8 
110.4 
118.3 
125.2 
125.3 
148.5 
149.1 
157.1 
158.4 
187.02 
187.30 
189.1 
191.0 
222.9 
346.3 


Weights 
£i Sk 
3 1 
5 7 
1 3 
3 5 
3 1 
1 3 
7 9 


+ + + 8 ONA + + N NN IDD O + + + бо СА + + с су Су + + + ND No мю СМ + LD OA ы гю с > му + УУ му ANN 


10-101 


OV t9 LS ОМ t2 + оо ON F2 с + сс + С 00 с сы O0 с F2 Мм oo ON + 0 2 000 LD + гос ъс + ЈУ ъс + о 


A 
10857 


1.7E+02 
2.2E+02 
2ЛЕ-02 
3.5Е+02 
4.6Е-02 
1.86Е-02 
1.74E+02 


2.47E+02 
3.05E+02 
3.6E+02 
3.9E+02 
3.9E+02 
4.5E+02 
5.3E+02 
7ЛЕ-02 
8.3Е-02 
3.1Е+02 
6.6E+02 
6.7E+02 
5.9E+02 
6.3E+02 
1.2Е+03 
1.4E+03 
2.3E+02 
1.0E+03 
1.1Е+03 
3.0Е+02 
5.98 +02 
2.05E+03 
2.19E+03 
1.07E+03 
1.13E+03 
1.98E+03 
2.31E+03 
3.8E+02 
5.3E+03 
5.9E+03 
3.9E+02 
4.4E+02 
4.83E+02 
3.0E+02 
3.1E+02 
2.3E+02 
2.8E+02 
2.1E+02 
5.0E+02 
5.4E+02 
2.18E+02 
2.1E+02 
3.3E+02 
3.7E+02 
9.3E+02 
9.6E+02 
2.13E+02 
4.11E+02 
2.2E+02 
2.4E+02 


À 


° 


A 


346.5 


Cr XV 
18.497 
18.782 
19.015 
20.863 
21.153 
102 

102.18 
103 

105 

111.27 


Cr XVI 
17.073 
17.242 
17.299 
17.372 
17.438 
17.514 
17.587 
17.656 
19.442 
19.714 


Сг XVII 
16.31 
16.32 
16.37 
16.44 
16.59 
16.65 
16.66 
16.68 
16.80 
16.97 
16.97 
17.968 
18.336 
18.336 
18.389 


Cr XVIII 
95.77 
102.32 
104.98 
106.84 
110.41 
112.27 
119.62 
123.87 
125.51 
128.10 
136.52 
139.87 
140.82 
155.46 
157.40 


Weights 
8: 8к 
6 8 
1 3 
1 3 
1 3 
1 3 
1 3 
3 3 
5 3 
3 1 
7 5 
3 3 
4 6 
2 4 
4 4 
4 4 
4 2 
2 4 
2 4 
2 2 
4 2 
2 2 
5 3 
5 7 
3 1 
5 7 
3 1 
5 5 
1 3 
5 7 
5 7 
1 3 
3 3 
5 3 
5 3 
5 5 
1 3 
4 2 
4 4 
6 4 
4 2 
4 2 
4 2 
2 2 
6 4 
4 4 
6 6 
4 2 
4 4 
4 2 
2 2 
4 4 


A 
103 5-1 


2.5E+02 


1.62E+05 
2.8Е-04 
6.3Е+02 
6.0E+03 
5.6E+03 
1.6E+02 
7.0Е+02 
3.8Е-02 
5.3Е+02 
1.7E+02 


1.2E+04 
8.6E+04 
2.5E+04 
1.4E+05 
1.1Е-05 
1.1Е-05 
2.0Е+04 
2.0Е+04 
9.9Е +03 
1.1Е+04 


9.6E+03 
3.2Е-04 
9.7Е-04 
1.3Е-05 
5.7E+04 
1.1Е+04 
1.8E+05 
6.8E+04 
4.4E+04 
2.63E+04 
1.5E+04 
8.6E+03 
1.7E+04 
1.6E+04 
9.2E+03 


3.08E+02 
1.54E+02 
8.7E+02 
3.4E+02 
7.9E+02 
4.24Е-02 
3.2Е-02 
3.9Е-02 
3.4Е-02 
2.8Е-02 
1.66Е-02 
1.49E+02 
2.66E+02 
2.84E+02 
2.83Е-02 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


À Weights A À Weights A À Weights A 
А 81 8 10857 А 2 в 108 5-1 А а в 108 s 

Сг ХІХ 14.04 3 5 1.2E+05 | 2467.69 6 8 7.0E-02 
14.73 3 3 7.1E+04 | 1424 1 3 1418405 | 2470.27 10 12 1.5Е-01 
14.80 1 3 1.ЗЕ+05 2476.64 10 8 2.2Е-01 
14.81 5 3 3.4Е404 | Cr XXII 2504.52 10 8 1.8Е-01 
14.84 5 7 L3E«05 | 2.190 4 2 1.7Е+06 | 2511.02 10 — 10 9.2Е-01 
109.64 3 3 2.468402 | 2.191 2 2 2.5Е+06 | 2521.36 10 8 3.0E+00 
110.37 5 3 6.0E+02 | 2.198 4 4 4.5Е406 | 2528.97 8 6 2.8E+00 
113.97 5 3 5.5E+02 | 2.199 2 4 2.3E+06 | 2530.13 6 6 7.1E-02 
118.31 3 1  329E«2 | 2202 4 6 168406 | 2535.96 6 4 1.9E+00 
118.67 5 3 2.1E+02 | 2.203 4 2 L3E«06 | 2536.50 8 8 3.0E-01 
118.83 3 3 1358402 | 13.149 2 4 1298405 | 254425 4 2 3.0E+00 
126.30 1 3 156Ек02 | 13.292 4 6 1.548405 | 256212 4 4 3.9E-01 
126.33 5 5 4.35Е+02 2567.34 6 6 3.0E-01 
130.99 7 5 29E402 | Cr XXIII 2574.35 8 8 1.7E-01 
134.89 3 1 1988402 | 1.7632 1 з 3.68Е:05 | 2685.34 6 8 5.5E-02 
138.15 3 1 1.75Е+02 | 1.8557 1 3 8.97E+05 | 3017.55 8 6 6.9E-02 
138.45 5 5 ІЛІЕЮ2 | 2.005 3 1 3.5E+06 | 3044.00 10 — 10 1.9E-01 
140.92 5 3 138Е02 | 2401 1 3 2.0E+06 | 3048.89 6 4 7.5E-02 
143.57 3 1 72E«02 | 2101 5 5 7.9E+05 | 3061.82 8 8 1.6E-01 
163.94 5 5 3.1E+02 | 2.102 3 5 2.1E+06 | 3072.34 6 6 1.5Е-01 
17918 3 1 1456402 | 2.103 3 5 1.2E+06 | 3086.78 4 4 1.9E-01 

2.104 1 3 14Е406 | 335437 8 6 1.1E-01 
Cr XX 2.105 3 3 9.6E+05 | 3367.11 10 8 6.0E-02 
14.13 2 4 LIE«05 | 2.106 3 3 2.0E+06 | 338522 8 6 1.1E-01 
14.26 4 6 1.3Е+05 | 2.107 5 5 2.3E+06 | 3388.16 6 4 2.4E-01 
128.42 4 4 3.8E+02 | 2.107 3 5 3.3E+06 | 3395.37 6 8 2.9Е-01 
131.31 6 4 — L27E«02 | 2.109 5 3 1.7Е+06 | 3405.12 10 — 10 1.0Е+00 
133.82 2 4 8.3E+01 | 2.113 3 5 5.9E«05 | 3409.17 8 8 4.2Е-01 
135.26 4 2 241Е+02 | 2.119 3 1 2ЛЕ+05 | 3412.34 8 10 6.1E-01 
140.75 4 4 1358402 | 2.129 3 1 5.1E+05 | 3412.63 10 8 1.2Е-01 
148.99 6 4 1Л5ЕЮ2 | 2.1818 | 3 — 337E«06 | 3414.74 4 4 8.8E-02 
156.00 2 4 8.4E+01 | 2.1923 1 3 2348405 | 3417.15 6 6 3.2Е-01 
167.97 6 6 1.12Е+02 3431.58 8 6 1.1E-01 
180.85 4 4 1.6E+02 | Cobalt 3433.05 4 4 1.0E+00 

Col 3442.92 6 4 1.2Е-01 
Сг ХХІ 2287.80 8 8 8.6E-01 | 3443.64 8 8 6.9E-01 
12.97 3 1 4.8E+04 | 229522 10 8 22Е-01 | 3449.17 6 6 7.6Е-01 
12.98 5 5 3.9E+04 | 2309.03 10 — 10 5.6Е-01 | 3449.44 10 — 10 1.8E-01 
13.02 3 5 3.8E+04 | 2323.13 8 8 5.0E-01 | 3453.51 10 12 1.1E+00 
13.02 5 7 3.9E+04 | 2325.53 6 8 1.1E-01 | 345524 4 2 1.9Е-01 
13.08 1 3 5.2E+04 | 2335.98 6 6 5ЛЕ-01 | 3462.80 4 6 7.9Е-01 
13.22 3 | 4.6E+04 | 2338.66 4 4 7ЛЕ-01 | 3465.79 10 12 9.2E-02 
13.34 3 5 5.2E+04 | 2353.36 8 10 15Е-01 | 3474.02 6 8 5.6Е-01 
13.49 1 3 9.0E+04 | 2355.48 6 8 13E-0] | 348341 8 10 5.5E-02 
13.53 3 3 6.6E+04 | 2358.18 4 6 14E-0] | 3489.40 8 6 1.3E«00 
13.55 3 5 1.2Е405 | 2365.06 10 — 10 L3E-0] | 3491.32 4 4 5.0E-02 
13.65 5 7 1.5Е+05 | 2371.85 6 8 7.3E-02 | 3495.68 4 6 4.9E-01 
13.66 3 1 1.2Е+05 | 2384.86 10 8 24Е-01 | 350228 10 8 8.0E-01 
13.67 5 5 3.9E+04 | 2392.03 6 6 4.0Е-01 | 3502.63 6 6 5.2E-02 
13.68 3 3 8.2E+04 | 2402.06 8 6 5ЛЕ-01 | 3506.32 8 6 8.2Е-01 
13.75 5 3 4.5E+04 | 2407.25 0 12 3.6E+00 | 3509.84 6 8 3.2E-01 
13.75 5 5 9.5E+04 | 2412.76 4 6 6.5E-0] | 3512.64 6 4 1.0E+00 
13.76 1 3 1518405 | 241446 6 8 3.4E+00 | 351348 8 10 7.8E-02 
13.78 5 7 1.7Е+05 | 2415.29 4 6 3.6E+00 | 3518.34 6 4 1.6E+00 
13.84 5 7 259E+05 | 2424.93 10 — 10 3.2Е+00 | 3521.58 10 8 1.8Е-01 
13.87 3 5 8.5E+04 | 243221 8 8 2.6E+00 | 352342 4 2 9.8E-01 
13.92 3 5 8.5Е+04 | 2436.66 6 6 2.6E+00 | 3526.85 10 — 10 1.3E-01 
13.93 5 7 4.2Е+04 | 2439.04 4 4 2.7E+00 | 3529.03 6 8 8.8E-02 
13.95 5 5 3.8E+04 | 2460.80 4 6 1.2Е-01 | 3529.82 8 10 4.6Е-01 


10-102 


À 


° 


A 


3533.36 
3560.89 
3564.95 
3569.37 
3574.97 
3575.36 
3585.15 
3587.19 
3594.87 
3602.08 
3704.06 
3745.49 
3842.05 
3845.47 
3861.16 
3873.12 
3873.95 
3881.87 
3894.07 
3894.98 
3935.96 
3995.31 
3997.90 
4092.39 
4110.53 
4118.77 
4121.32 
5146.75 
5212.70 
5265.79 
5280.63 
5352.05 
5477.09 
5483.96 
6082.43 
6455.00 
7838.12 
8093.93 
8372.79 


Coll 

2286.15 
2307.85 
2311.61 
2314.05 
2314.97 
2330.36 
2344.28 
2353.41 
2363.80 
2378.62 
2383.45 
2388.92 
2389.54 
2404.17 
2417.66 


Weights 
8 8к 
4 6 
4 4 
6 8 
8 8 
6 6 
8 8 
8 8 
6 6 
6 6 
4 4 
6 8 
8 8 
8 6 
8 10 
6 4 

10 8 

8 6 
6 4 
6 8 
4 2 
8 10 
8 10 
6 8 
8 8 
6 6 
6 8 
8 10 
8 8 

10 10 
6 8 
10 8 
12 10 

6 8 

8 10 
10 10 

8 10 

8 10 
12 10 
10 10 
11 13 

9 11 

7 9 

5) 7 
3 5 
5 3 
3 3 
7 7 
9 9 

11 9 

9 7 
11 11 

5 3 
3 3 
9 9 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


9.1E-02 
2.3E-01 
7.0E-02 
1.6E+00 
1.5E-01 
9.6E-02 
7.1Е-02 
1.4Е-00 
9.2Е-02 
1.0Е-01 
1.2Е-01 
7.5Е-02 
1.3Е-01 
4.6Е-01 
1.4Е-01 
1.2Е-01 
1.0Е-01 
8.2Е-02 
6.9Е-01 
8.8Е-02 
6.2Е-02 
2.5Е-01 
7.0Е-02 
5.7Е-02 
5.5Е-02 
1.6Е-01 
1.9Е-01 
1.5Е-01 
1.9Е-01 
5.0Е-02 
2.8Е-01 
2.7Е-01 
6.8Е-02 
7.3Е-02 
5.4Е-02 
9.0Е-02 
5.4Е-02 
2.0Е-01 
8.7Е-02 


3.3Е+00 
2.6Е--00 
2.8Е-00 
2.8E+00 
2.7E+00 
1.32E+00 
1.5E+00 
1.9E+00 
2.1E+00 
1.9E+00 
1.8E+00 
2.8E+00 
1.5E+00 
1.5Е--00 
8.5Е-01 


° 


A 5: 


Соррег 
CuI 
*2024.3 
2165.1 
2178.9 
2181.7 
2225.7 
2244.3 
2441.6 
2492.2 
2618.4 
2766.4 
2824.4 
2961.2 
3063.4 
3194.1 
3247.5 
3274.0 
3337.8 
4022.6 
4062.6 
4249.0 
4275.1 
4480.4 
4509.4 
4530.8 
4539.7 
4587.0 
4651.1 
4704.6 
5105.5 
5153.2 
5218.2 
5220.1 
5292.5 
5700.2 
5782.1 


ыммоһкьәссосоккхоосокхоосооккоосмомммм ммм 


Сап 

2489.7 
2544.8 
2689.3 
2701.0 
2703.2 
2713.5 
2769.7 


мы сл чо UA — MO tA 


Dysprosium 

DyI 

2862.7 17 
2964.6 17 
3147.7 15 
3263.2 15 
3511.0 15 
3571.4 15 
3757.1 17 


3, Weights 


Sk 


N + со + 0 + + оо осо с + L L М бо МЮ С + сы + ы O. + + + L + L бо + + с 


ал л м Дол 


15 
17 
17 
13 
13 
13 
19 


10-103 


А 
10857 


9.8Е-02 
5.1Е-01 
9.13Е-01 
1.0Е-00 
4.6Е-01 
1.19Е-02 
2.0E-02 
3.11Е-02 
3.07Е-01 
9.6Е-02 
7.8Е-02 
3.76Е-02 
1.55E-02 
1.55E-02 
1.39E+00 
1.37E+00 
3.8E-03 
1.90E-01 
2.10E-01 
1.95E-01 
3.45E-01 
3.0E-02 
2.75E-01 
8.4E-02 
2.12E-01 
3.20E-01 
3.80E-01 
5.5E-02 
2.0E-02 
6.0E-01 
7.5Е-01 
1.50Е-01 
1.09Е-01 
2.4Е-03 
1.65E-02 


1.5E-02 
1.1Е+00 
4ЛЕ-01 
6.7Е-01 
1.2Е+00 
6.8Е-01 
6.1E-01 


6.5E-02 
6.5E-02 
1ЛЕ-01 
1.4Е-01 
3.1Е-01 
2.0Е-01 
3.0Е+00 


À 


° 


A 


3868.8 
3967.5 
4046.0 
4103.9 
4186.8 
4194.8 
4211.7 
4218.1 
4221.1 
4225.2 
4268.3 
4276.7 
4292.0 
4577.8 
4589.4 
4612.3 
5077.7 
5301.6 
5547.3 
5639.5 
5974.5 
5988.6 
6010.8 
6088.3 
6168.4 
6259.1 
6579.4 


Erbium 
ErI 
3862.9 
4008.0 
4151.1 


Europium 
Еші 
2372.9 
2375.3 
2379.7 
2619.3 
2643.8 
2659.4 
2682.6 
2710.0 
2724.0 
2731.4 
2732.6 
2735.3 
2738.6 
2743.3 
2745.6 
2747.8 
2772.9 
2878.9 
2892.5 
2893.0 


Weights 
8: Sk 
17 17 
17 19 
17 15 
13 11 
17 17 
17 17 
17 19 
15 15 
15 17 
13 15 
15 15 
13 13 
15 15 
17 19 
17 15 
17 15 
17 17 
17 15 
17 17 
17 19 
17 17 
17 15 
15 15 
15 13 
15 17 
17 19 
17 15 
13 13 
13 15 
13 11 
8 6 
8 8 
8 10 
8 10 
8 8 
8 10 
8 6 
8 10 
8 8 
8 8 
8 6 
8 10 
8 10 
8 6 
8 6 
8 8 
8 6 
8 10 
8 8 
8 6 


A 
108 5-1 


3.1Е+00 
8.7Е-01 
1.5Е+00 
1.7E+00 
1.32E+00 
7.2E-01 
2.08E+00 
1.85E+00 
1.52E+00 
4.5E+00 
3.6E-02 
7.3E-01 
5.8E-02 
2.2Е-02 
1.3E-01 
8.2E-02 
5.7Е-03 
1.1E-02 
2.7Е-03 
4.7E-03 
4.0E-03 
5.3E-03 
2.6E-02 
3.5E-02 
2.5E-02 
8.5E-03 
7.5E-03 


2.5E+00 
2.6E+00 
1.8E+00 


1.9Е-01 
2.0Е-01 
2.0Е-01 
7.0Е-03 
6.6E-03 
1.2Е-02 
1.2Е-02 
1.4Е-01 
1.2Е-01 
3.1Е-02 
3.7E-02 
4.7E-02 
1.3E-02 
1.1Е-01 
5.0Е-02 
5.2Е-02 
1.0Е-02 
2.8Е-02 
1.0Е-01 
1.0Е-01 


À 


° 


A 


2909.0 
2958.9 
3059.0 
3067.0 
3106.2 
3111.4 
3168.3 
3185.5 
3210.6 
3212.8 
3213.8 
3235.1 
3241.4 
3246.0 
3247.6 
3322.3 
3334.3 
3350.4 
3353.7 
3457.1 
3467.9 
3589.3 
4594.0 
4627.2 
4661.9 
5645.8 
5765.2 
6018.2 
6291.3 
6864.5 
7106.5 


Fluorine 
FI 
806.96 
809.60 
951.87 
954.83 
955.55 
958.52 
6239.7 
6348.5 
6413.7 
6708.3 
6774.0 
6795.5 
6834.3 
6856.0 
6870.2 
6902.5 
6909.8 
6966.4 
7037.5 
7127.9 
7309.0 
7311.0 
7314.3 
7332.0 
7398.7 


8 


оо оо оо оо оо оо оо оо GO оо оо оо GO оо оо GO оо оо оо оо оо оо оо оо оо со со со со оо ОО 


су су + сы + го + мю O. + + су су до + Су LS бо + + L + 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8к 


- 


- 
ON GO осо со © 0 O. 00 O. 9 O ON о о 


= 
© 


С\ > С\ МЮ со о + МЮ + QO М о + LD O. + + + + + L + L + TD 


A 
108s-1 


6.9E-02 
1.6E-02 
3.8E-02 
9.1E-03 
5.5E-02 
3.0E-01 
6.9E-02 
5.8E-03 
1.1Е-01 
2.9Е-01 
1.8Е-01 
1.0Е-02 
2.3Е-02 
1.4Е-02 
2.3Е-02 
3.5Е-02 
3.4Е-01 
1.5Е-02 
5.8Е-03 
8.4Е-03 
1.0Е-02 
6.9Е-03 
1.4Е-00 
1.3Е-00 
1.3Е-00 
5.4Е-03 
1.1E-02 
8.5E-03 
1.8E-03 
5.8E-03 
2.6E-03 


3.3E+00 
2.8E+00 
2.6E+00 
5.77E+00 
5.1E+00 
1.3E+00 
2.5E-01 
1.8E-01 
1.1E-01 
1.4E-02 
1.0E-01 
5.2E-02 
2.1E-01 
4.94E-01 
3.8E-01 
3.2E-01 
2.2E-01 
1.1E-01 
3.0E-01 
3.8E-01 
4.7E-01 
3.9E-01 
4.8E-01 
3ЛЕ-01 
2.85Е-01 


À 


° 


A 


7425.7 
7482.7 
7489.2 
7514.9 
7552.2 
7573.4 
7607.2 
7754.7 
7800.2 


Gallium 
Gal 
2195.4 
2199.7 
2214.4 
2235.9 
2255.0 
2259.2 
2294.2 
2297.9 
2338.2 
2371.3 
2418.7 
2450.1 
2500.2 
2659.9 
2719.7 
2874.2 
2943.6 
2944.2 
4033.0 
4172.0 


Ga II 
829.60 
1414.4 


Germanium 
Gel 
1944.7 
1955.1 
1988.3 
1998.9 
2041.7 
2065.2 
2068.7 
2086.0 
2094.3 
2105.8 
2256.0 
2417.4 
2498.0 
2533.2 
2589.2 
2592.5 
2651.2 
2651.6 
2691.3 
2709.6 


Weights 
5: Sk 
4 2 
4 4 
2 2 
2 2 
4 6 
2 4 
4 4 
4 6 
2 4 
2 2 
4 2. 
4 6 
4 2 
2 2 
4 6 
2 4 
4 2 
4 6 
2 2 
4 2 
2 4 
4 6 
2 2 
4 2 
2 4 
4 6 
4 4 
2 2. 
4 2 
1 3 
1 3 
3 1 
3 3 
5 3 
5 5 
1 3 
3 3 
3 5 
3 5 
5 th 
5 5 
5 5 
5 5 
1 3 
3 3 
5 3 
3 5 
5 5 
1 3 
3 3 
3 1 


10-104 


А 
10857 


3.4Е-01 
5.6Е-02 
1ЛЕ-01 
5.2Е-02 
7.8E-02 
1.0Е-01 
7.0Е-02 
3.82Е-01 
2ЛЕ-01 


1.9E-02 
3.3E-02 
1.2E-02 
4.3Е-02 
3.1Е-02 
3.1Е-02 
7.0Е-02 
5.8Е-02 
9.8Е-02 
5.7Е-02 
1.0Е-01 
2.8Е-01 
3.4Е-01 
1.2Е-01 
2.3Е-01 
1.2Е+00 
1.4Е +00 
2.7Е-01 
4.9Е-01 
9.2Е-01 


2.2Е-01 
1.88Е-01 


7.0Е-01 
2.8Е-01 
2.5Е-01 
5.5Е-01 
1.1Е+00 
8.5Е-01 
1.2E+00 
4.0E-01 
9.7Е-01 
1.7E-01 
3.2E-02 
9.6E-01 
1.3E-01 
1.0E-01 
5.1Е-02 
7ЛЕ-01 
2.0Е+00 
8.5Е-01 
6.1Е-01 
2.8Е+00 


À 


° 


A 


2754.6 
3039.1 
3124.8 
3269.5 
4226.6 
4685.8 


Ge II 

999.10 
1016.6 
1017.1 
1055.0 
1075.1 
1237.1 
1261.9 
1264.7 
1602.5 
1649.2 
4741.8 
4814.6 
4824.1 
5131.8 
5178.5 
5178.6 
5893.4 
6021.0 
6336.4 
6484.2 


Gold 
AuI 
2427.95 
2675.95 
3122.78 
6278.30 


Helium 
HeI 
510.00 
512.10 
515.62 
522.21 
537.03 
584.33 
*2677.1 
*2696.1 
#2723.2 
#2763.8 
*2829.1 
*2945.1 
*3187.7 
3231.3 
3258.3 
3296.8 
3354.6 
3447.6 
*3554.4 
*3563.0 
*3587.3 


ер нх нх бо 00 00 бо 00 00 00 нэ энэ олз ра 


Weights 
8: 8к 
5 3 
5 3 
5 5 
5 3 
1 3 
1 3 
2 4 
4 6 
4 4 
2 2 
4 2 
2 4 
4 6 
4 4 
2 2 
4 2 
2 4 
4 6 
4 4 
4 6 
6 6 
6 8 
2 4 
2 2 
2 2 
4 2 
2 4 
2 2 
6 4 
4 2 


A 
108 5-1 


1.1Е+00 
2.8E+00 
3.1Е-02 
2.9Е-01 
2ЛЕ-01 
9.5Е-02 


1.9Е+00 
2.1Е+00 
3.5Е-01 
6.9Е-01 
1.3Е+00 
1.9Е +01 
2.2Е+01 
3.5Е+00 
3.4E+00 
6.5E+00 
4.6E-01 
5.1E-01 
8.6E-02 
1.9E+00 
1.3E-01 
2.0E+00 
9.2Е-01 
8.4Е-01 
4.4Е-01 
8.5Е-01 


1.99E+00 
1.64E+00 
1.90E-01 
3.4E-02 


4.6224E-01 
7.3174Е-01 
1.2582Е-00 
2.4356Е+00 
5.6634Е +00 
1.79898 +01 
4.4174Е-03 
6.0234Е-03 
8.4996Е-03 
1.2508Е-02 
1.9389Е-02 
3.2006E-02 
5.6361E-02 
5.1015E-03 
6.9627Е-03 
9.8432Е-03 
1.4537Е-02 
2.269 1Е-02 
7.5971Е-03 
4.8362Е-03 
1.8107Е-02 


À 


° 


A 


3613.6 
*3634.2 
*3652.0 
*3705.0 
*3819.6 
3833.6 
*3867.5 
3871.8 
*3888.7 
3926.5 
3935.9 
3964.7 
4009.3 
4024.0 
*4026.2 
*4120.8 
4143.8 
4169.0 
4387.9 
4437.6 
*4471.5 
*4713.2 
4921.9 
5015.7 
5047.7 
*5875.7 
6678.2 
*7065.2 
7281.4 
*8361.7 
*9463.6 
9603.4 
*9702.6 
*10311 
*10668 
*10830 
*10913 
10917 
*10997 
11013 
11045 
11226 
*11969 
*12528 
12756 
*12785 
12791 
*12846 
12968 
*12985 


Indium 
InI 
2560.2 
2710.3 
3039.4 
3256.1 
4101.8 
4511.3 


Weights 
8: 


- 


- 


- 
Un чо NO л CA (A Q) NO Q) Q) — Un Un Un Q) ND ND iD Ы ос \© шо єк WOO Q) шо Q) Q) jO \© Q) шо ке WWW WOW NO SO iO о — 


— 


+ гю + бо + r 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


8к 


— 


= 


EN 


о (A чә —] оо CA к NWO TRF NO чо CA Q) оо OOK OQ) QA л к Q) QA Q) QA = QA = QA Q) QA к QA UC — боо NN UC 


L tS с + с + 


A 
108s-1 


3.8022E-02 
2.6062E-02 
9.7444E-03 
3.9528E-02 
6.4351E-02 
9.6470E-03 
2.4465E-02 
1.3386E-02 
9.4746E-02 
1.9371E-02 
7.4475E-03 
6.9507E-02 
2.9612E-02 
1.1281E-02 
1.1600E-01 
4.4529E-02 
4.8812E-02 
1.8298E-02 
8.9889E-02 
3.2689E-02 
2.4578E-01 
9.5209E-02 
1.9863E-01 
1.3372E-01 
6.7712E-02 
7.0703E-01 
6.3705E-01 
2.7853E-01 
1.8299E-01 
3.8126E-03 
5.6868E-03 
5.8286E-03 
8.6511E-03 
1.9945E-02 
1.4471E-02 
1.0216E-01 
1.9801E-02 
1.6083E-02 
1.4253E-03 
9.2496E-03 
1.8457E-02 
1.1168Е-02 
3.4781E-02 
7.0932E-03 
1.2754E-03 
4.1339E-02 
3.2475Е-02 
2.7317E-02 
3.3615E-02 
2.7292E-03 


4.0E-01 
4.0E-01 
1.3E+00 
1.3E+00 
5.6E-01 
1.02E+00 


À 


° 


A 


In II 
2941.1 


Iodine 
II 

1782.8 
1830.4 


Iridium 
ГІ 

2475.12 
2502.98 
2639.71 
2661.98 
2664.79 
2694.23 
2849.72 
2853.31 
2882.64 
2924.79 
2934.64 
2951.22 
3003.63 
3168.88 
3220.78 
3558.99 
3573.72 
3617.21 
3628.67 
3661.71 
3734.77 
4033.76 
4069.92 
4913.35 
4939.24 


Iron 
FeI 
1934.54 
1937.27 
1940.66 
2084.12 
2102.35 
2112.97 
2132.02 
2145.19 
2153.01 
2161.58 
2166.77 
2171.30 
2173.21 
2176.84 
2191.20 
2191.84 
2196.04 
2200.72 
2259.51 
2267.08 
2272.07 


Weights 
5: Sk 
9 1 
4 4 
4 6 
10 10 
10 12 
10 10 
10 10 
10 8 
10 12 
10 10 
10 10 
10 8 
10 12 
8 10 
10 8 
8 10 
8 10 


— 
Ооо O. Оо Оо co co O. Ñ O. о 
— 

о 


кі ка 


EN 
МО л л чо л Q) о QA м1 1 A QA —1 \© чо м м л м ~ 


- о шо чо (л — — чо Q XO чоо л —1 \© — —1 \© М оо 


10-105 


А 
103 5-1 


1.4E+00 


2.71E+00 
1.6E-01 


2ЛЕ-01 
3.2Е-01 
4.7E-01 
2.5E-01 
4.0E-01 
4.8E-01 
2.2Е-01 
2.0Е-03 
7.2Е-02 
1.42Е-01 
2.0Е-01 
2.8Е-02 
5.9E-02 
5.47Е-02 
2.4Е-01 
1.5Е-02 
5.4Е-02 
2.0E-02 
2.8E-02 
4.0E-02 
2.7E-02 
2.7E-02 
3.6E-02 
3.3E-02 
2.5E-03 


2.5E-01 
2.2E-01 
2.6E-01 
3.7E-01 
8.8E-02 
1.9E-01 
7.6E-02 
5.7E-02 
6.9E-02 
5.0E-02 
2.7Е+00 
5.1Е-02 
8.3Е-02 
1.0Е-01 
7.3E-02 
1.2E+00 
1.2E+00 
2.8Е-01 
7.0E-02 
7.1Е-02 
3.8Е-02 


À 


° 


A 


2276.03 
2277.11 
2287.25 
2292.52 
2294.41 
2300.14 
2301.68 
2303.42 
2303.58 
2309.00 
2313.10 
2320.36 
2371.43 
2373.62 
2374.52 
2381.83 
2389.97 
2462.18 
2462.65 
2479.78 
2483.27 
2488.14 
2490.64 
2491.15 
2501.13 
2510.83 
2518.10 
2522.85 
2524.29 
2527.43 
2529.13 
2535.61 
2540.97 
2545.98 
2549.61 
2584.54 
2606.83 
2618.02 
2623.53 
2656.15 
2669.49 
2679.06 
2719.03 
2720.90 
2723.58 
2733.58 
2735.48 
2737.31 
2742.41 
2744.07 
2750.14 
2756.33 
2788.10 
2894.50 
2899.42 
2920.69 
2923.29 
2925.36 
2929.01 


Weights 


8: 8к 


7 
5 
3 
9 
1 
7 
3 
3 
5 
5 
7 
9 
5 
7 
3 
5 
7 
5 
9 
5 
11 
9 
7 
5 
7 
5 
3 
9 
1 
7 
5 
3 
5 
7 
9 
3 
1 


NN O — м Ç. ÜQ — Q м1 чо AO Q м1 AO чо л м AO QA AO м л чә — м] Ç — әл чо чә = — Q Q У м O 


1 1 

1 
7 
9 
13 15 
11 13 
11 11 
9 7 
7 ы, 
5 3 
11 9 
9 7 
3 3 
5 5 
1 3 
7 7 
3 5 
11 13 
5 5 
5 3 
5 5 
11 11 
7 9 
7 5 


А 
108 5-1 


1.7Е-01 
3.7E+01 
3.4E-01 
4.3E-02 
6.1E-01 
8.0E-02 
1.3E-01 
9.4E-02 
7.6E-02 
1.5E-01 
1.4E-01 
1.2E-01 
5.2E-02 
6.7E-02 
2.9E-01 
5.4E-02 
5.0E-02 
1.5E-01 
5.8E-01 
1.8E+00 
4.9E+00 
4.7E+00 
3.8E+00 
3.0E+00 
6.8E-01 
1.3E+00 
1.9E+00 
2.9E+00 
3.4E+00 
1.9E+00 
9.8E-01 
9.7Е-01 
9.2Е-01 
6.7Е-01 
3.6Е-01 
4.6Е-01 
4.2Е-01 
4.0Е-01 
3.3Е-01 
2.8Е-01 
1.7Е-01 
1.9Е-01 
1.4E+00 
1.1E+00 
6.4E-01 
8.6E-01 
6.2E-01 
8.5E-01 
6.3E-01 
3.5E-01 
3.9E-01 
2.0E-01 
6.3E-01 
6.2E-01 
5.9E-01 
5.2E-02 
1.6E+00 
1.8E-01 
7.3E-02 


À 


° 


A 


2936.90 
2941.34 
2947.88 
2953.94 
2954.65 
2957.36 
2965.25 
2966.90 
2969.36 
2973.13 
2973.24 
2980.53 
2981.45 
2983.57 
2987.29 
2990.39 
2994.43 
2996.39 
2999.51 
3000.95 
3008.14 
3009.09 
3009.57 
3011.48 
3015.92 
3016.18 
3017.63 
3018.98 
3021.07 
3024.03 
3025.84 
3026.46 
3031.63 
3037.39 
3042.02 
3042.66 
3047.60 
3053.07 
3057.45 
3059.09 
3067.24 
3068.17 
3075.72 
3083.74 
3091.58 
3098.19 
3100.67 
3119.49 
3120.43 
3156.27 
3160.66 
3161.95 
3166.44 
3168.85 
3175.45 
3176.36 
3196.93 
3199.53 
3205.40 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8 Sk 


- - 


EN 


ш о \© л бє NOY \© мм \© — м — шо л У AO м ИУ фл Q) оо шо л ке Q) О шо л кє м1 \© чо чо CA ке Q) м1 NO ND \© и о л Q \© к Q Q CLA — л NOD 


= 


- 


= 


- 


= 


1.07E+00 
6.7E-02 
1.7E-01 
4.7E-01 
5.9E-02 
8.5E-02 
6.82E-02 
1.3E-01 
4.56E-01 
4.88E-02 
3.48E-01 
1.1E-01 
1.5E-01 
3.2E-01 
4.9E-02 
5.7E-02 
2.84E-01 
1.5E-01 
4.4E-01 
1.7E-01 
3.4E-01 
9.8E-02 
2.9E-01 
3.0E-01 
5.4E-01 
1.1E-01 
1.4E-01 
8.2E-02 
8.9E-02 
5.4E-01 
1.9E-01 
1.2E-01 
1.14E-01 
5.7E-02 
1.3E-01 
9.2Е-02 
9.0E-01 
2.6E-01 
1.2Е+00 


À 


° 


A 


3215.94 
3217.38 
3219.58 
3222.07 
3225.79 
3227.80 
3228.25 
3229.99 
3230.21 
3230.96 
3233.05 
3233.97 
3246.96 
3248.20 
3253.60 
3254.36 
3257.59 
3265.62 
3268.23 
3271.00 
3280.26 
3282.89 
3284.59 
3290.99 
3292.02 
3292.59 
3298.13 
3305.97 
3306.36 
3307.23 
3314.74 
3322.47 
3323.74 
3328.87 
3337.66 
3347.93 
3354.06 
3355.23 
3369.55 
3370.78 
3380.11 
3383.98 
3392.65 
3394.58 
3399.33 
3402.26 
3406.44 
3407.46 
3410.17 
3411.35 
3413.13 
3417.84 
3418.51 
3424.28 
3425.01 
3427.12 
3428.19 
3428.75 
3440.99 


Weights 


5: Sk 


- ка ка 


— 
- 


— 


з з UNYON чо чо л AO чо ма чә Q) CA л м) —1 н Со мон лнн Q XO Q Чо Чоо л Чә Чә М чо л UO © UA Q М —] — 1 1 ©л NO чо М л NO CA 
— = 


— 


— 


кі ка 
- 


— 
= 


— 


— — 
CA ба (A NO М3 з ке чо —1 NO CA сал Q чи о XO Q) CA AO ИУ к м] чо CA м CA Q) AO ‹л лл к чоо чо л әл саса QA л ке Ü) — чо кє NO NO ба 


10-106 


A 
10857 


8.0E-01 
2.2Е-01 
6.2Е-01 
3.ЗЕ-01 
8.8Е-01 
1.4E+00 
4.5E-01 
4.5Е-01 
1.9Е-01 
3.9Е-01 
5.4Е-01 
2.0Е-01 
9.9E-02 
2.2Е-01 
1.8Е-01 
5.1E-01 
1.4E-01 
3.8Е-01 
5.9E-02 
6.6E-01 
5.4E-01 
3.0E-01 
5.4E-02 
6.0E-02 
6.1E-01 
2.6E-01 
8.1E-02 
4.7E-01 
6.1E-01 
2.0E-01 
6.9E-01 
6.2E-02 
3.0E-01 
2.7E-01 
5.7E-02 
4.0E-02 
7.7Е-02 
3.2Е-01 
2.4Е-01 
3.3Е-01 
2.4Е-01 
9.3Е-02 
2.6Е-01 
9.9E-02 
3.8E-01 
2.8E-01 
3.0E-01 
5.8E-01 
4.7E-01 
5.5E-02 
3.6E-01 
5.1Е-01 
1.3Е-00 
2.0Е-01 
2.8Е-01 
5.5Е-01 
2.1Е-01 
2.7E-01 
8.4E-02 


À 
À 


3442.36 
3443.88 
3445.15 
3447.28 
3450.33 
3476.70 
3477.85 
3485.34 
3495.29 
3497.10 
3505.07 
3506.50 
3508.49 
3510.44 
3516.56 
3521.84 
3523.31 
3524.08 
3524.24 
3527.79 
3529.82 
3536.56 
3537.73 
3537.90 
3540.12 
3541.08 
3542.08 
3543.67 
3548.02 
3552.11 
3552.83 
3553.74 
3556.88 
3559.50 
3560.70 
3565.38 
3567.03 
3568.42 
3568.82 
3570.10 
3572.00 
3573.39 
3576.76 
3578.38 
3581.19 
3582.20 
3583.33 
3585.32 
3585.71 
3586.98 
3591.48 
3592.67 
3594.63 
3595.30 
3597.02 
3599.62 
3603.20 
3603.82 
3605.45 


Weights 


8 8к 


- 
Ne XO М CA CA м1 М чо AO — ‹л Q) л чо 1 NO М — ‹л CA Q До М — AO ‹л ‹л —1 о — U9 CLA Са Ол CA 


- 
— 


1 

1 1 
1 
1 

11 1 

13 1 
1 
7 
9 
5 
1 
7 
9 
5 
5 
11 

11 1 
3 
9 


А 
103 5-1 


4.55E-02 
6.2Е-02 
2.8Е-01 
9ЛЕ-02 
2.0Е-01 
5.4E-02 
4.2Е-02 
1.4Е-01 
9.46Е-02 
1.4Е-01 
9.9E-02 
7.1E-02 
5.7E-02 
4.4E-02 
3.7E-02 
9.6E-02 
7.6E-02 
7.5Е-02 
4.2Е-02 
2.0Е-01 
7.6Е-01 
7.8Е-01 
1.1Е-01 
8.4Е-02 
1.2Е-01 
6.2Е-01 
7.4Е-01 
1.8Е-01 
9.7Е-02 
4.5Е-02 
1.5Е-01 
8.1E-01 
4.4E-01 
1.9Е-01 
6.5Е-02 
3.8Е-01 
6.5Е-02 
5.3Е-02 
5.6Е-02 
6.77Е-01 
2.4Е-01 
7.5Е-02 
9.6Е-02 
6.3Е-02 
1.02Е-00 
2.5Е-01 
2.3E-01 
1.3Е-01 
3.75Е-02 
1.6Е-01 
6.0Е-02 
4.0Е-02 
2ЛЕ-01 
5.4Е-02 
1.7Е-01 
1.8Е-01 
2.6Е-01 
1.7Е-01 
6.4E-01 


À 


° 


A 


3606.68 
3608.86 
3610.16 
3610.70 
3612.07 
3613.45 
3615.19 
3617.79 
3618.77 
3621.46 
3622.00 
3623.19 
3624.06 
3630.35 
3631.46 
3632.04 
3632.55 
3635.19 
3637.86 
3638.30 
3640.39 
3644.80 
3645.82 
3647.84 
3649.51 
3650.03 
3651.47 
3655.46 
3659.52 
3667.25 
3669.15 
3669.52 
3670.09 
3674.77 
3676.31 
3677.31 
3677.63 
3678.86 
3682.24 
3684.11 
3686.00 
3686.26 
3687.46 
3688.48 
3690.73 
3694.01 
3697.43 
3698.60 
3699.15 
3701.09 
3702.03 
3703.69 
3703.82 
3704.46 
3709.25 
3711.41 
3718.41 
3719.93 
3722.56 


Weights 


8 


— — — 
ч о н 


- 


- - 


- 


= 


- 


- 
CA \© М чо \© о чо — (CA «л М л ке 3 о XO QA чо ИУ “© (A о NO XO Ко л м3 з к \© к м) XO М XO «л к чо — \© л чо — NO Q tA Q 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Sk 


13 
5 
13 
3 
13 


A 
108 5-1 


8.2E-01 
8.14E-01 
4.8E-01 
7.1Е-02 
7.5Е-02 
6.7Е-02 
5.8Е-02 
6.5Е-01 
7.3E-01 
5.1Е-01 
5.1Е-01 
7.4Е-02 
5.4Е-02 
7.6Е-02 
5.17Е-01 
4.8Е-01 
5.2Е-02 
1.4Е-01 
5.5Е-02 
2.6Е-01 
3.8Е-01 
7.8Е-02 
5.7Е-01 
2.92Е-01 
4.2Е-01 
9.9E-02 
6.2Е-01 
1.0Е-01 
5.8E-02 
1.4Е-01 
7.4Е-02 
3.0E-01 
7.6E-02 
6.7Е-02 
4.63Е-02 
3.1E-01 
8.0E-01 
4ЛЕ-02 
1.7Е+00 
3.4Е-01 
2.6Е-01 
1.2Е-01 
8.01Е-02 
6.9E-02 
2.7Е-01 
6.8Е-01 
2ЛЕ-01 
3.8Е-02 
4.5Е-02 
4.8Е-01 
3.5Е-01 
5.3Е-02 
1.2Е-01 
1.3E-01 
1.56E-01 
7.3E-02 
5.3E-02 
1.62Е-01 
4.97Е-02 


À 


° 


A 


3724.38 
3726.93 
3727.09 
3727.62 
3730.39 
3730.95 
3732.40 
3733.32 
3734.86 
3735.32 
3737.13 
3738.31 
3740.24 
3742.62 
3743.36 
3744.10 
3745.56 
3745.90 
3746.93 
3748.26 
3749.48 
3753.61 
3756.94 
3757.45 
3758.23 
3760.05 
3760.53 
3763.79 
3765.54 
3766.67 
3767.19 
3768.03 
3774.82 
3778.51 
3781.94 
3785.95 
3786.19 
3787.16 
3787.88 
3789.82 
3791.73 
3793.87 
3794.34 
3795.00 
3799.55 
3801.68 
3802.00 
3802.28 
3804.01 
3805.35 
3806.22 
3806.70 
3807.54 
3808.73 
3810.76 
3813.88 
3815.84 
3817.64 
3819.50 


Weights 


8: Sk 


— 


— 


— — 


— 


— 


— 


— = 


к. 


— 
м = оо л AO чә = WOK л--л-афлсолсококлл-Һл Q) Q) Q) QA чоо A Чә Q) М) QA — м1 ос чә м — лл CA ND м eN 2-- чо UA CA оч NO CA CA 


10-107 


A 
10857 


1.3E-01 
4.6E-01 
2.0E-01 
2.25E-01 
1.3E-01 
3.8E-02 
2.8Е-01 
6.2Е-02 
9.02Е-01 
2.4Е-01 
1.42Е-01 
3.8Е-01 
1.4Е-01 
1.0Е-01 
2.60Е-01 
3.6E-01 
1.15Е-01 
7.33Е-02 
2.2Е-01 
9.15Е-02 
7.64Е-01 
9.3Е-02 
2.4Е-01 
1.2Е-01 
6.34Е-01 
4.47Е-02 
4.8Е-02 
5.44Е-01 
9.8Е-01 
9.7Е-02 
6.40Е-01 
8.4Е-02 
4.7E-02 
1.2Е-01 
3.7Е-02 
4.2Е-02 
1.2Е-01 
1.0Е-01 
1.29Е-01 
3.9E-02 
6.3E-02 
7.4Е-02 
3.8Е-02 
1.15Е-01 
7.32Е-02 
6.6E-02 
3.5E-02 
5.0E-02 
4.7E-02 
9.8E-01 
2.3E-01 
5.4E-01 
8.0E-02 
3.54E-02 
2.0E-01 
8.7E-02 
1.3Е+00 
8.3Е-02 
4.6Е-02 


À 


° 


A 


3820.43 
3821.18 
3821.83 
3825.88 
3827.82 
3833.31 
3834.22 
3836.33 
3839.26 
3839.61 
3840.44 
3841.05 
3843.26 
3845.17 
3845.69 
3846.00 
3846.41 
3846.80 
3849.96 
3856.37 
3859.21 
3859.91 
3865.52 
3867.22 
3871.75 
3872.50 
3873.76 
3878.02 
3878.57 
3883.28 
3884.36 
3885.51 
3886.28 
3887.05 
3888.51 
3888.82 
3891.93 
3893.39 
3895.66 
3900.52 
3902.95 
3903.90 
3906.75 
3907.93 
3909.66 
3909.83 
3914.27 
3916.73 
3919.07 
3925.20 
3931.12 
3941.28 
3942.44 
3946.99 
3948.77 
3949.14 
3949.95 
3951.16 
3952.60 


Weights 


- 


= 


- 


= 


— 


= 


к. 


- 


- 


8: 8к 


— 
— 


— 


— 


— 


— 


— 
= л CA Q) \© — (A л 1 Q \© — чо чо (CA л —1 AO М м — — чо чо «л AO —1 л AO М чо М XO л — ло AO — NK 1 © М Мм чо М чо чо “л OU tA дә М ә 


= чә —1 чо — 2 чоо л QA — NO Q) Q) Q) чә У AO М М чо — чо «л tn AO М Ue — ‹л — = Q к Q Q AO Q) М чә TRF ONWO ИУ DONON 0 


— 


A 
108 5-1 


6.68Е-01 
7.0Е-01 
7.8Е-02 
5.98Е-01 
1.05Е-00 
4.69Е-02 
4.53Е-01 
3.7Е-01 
2.8Е-01 
3.9Е-01 
4.70Е-01 
1.3Е+00 
4ЛЕ-01 
6.8E-02 
4.9E-02 
4.3E-02 
1.9Е-01 
6.6E-01 
6.06E-01 
4.64E-02 
8.5E-02 
9.70Е-02 
1.55Е-01 
3.4E-01 
6.7E-02 
1.05E-01 
8.0E-02 
7.72Е-02 
6.6Е-02 
1.6Е-01 
3.5Е-02 
5.8Е-02 
5.30Е-02 
3.52Е-02 
2.6Е-01 
2ЛЕ-01 
4.0Е-01 
1.3E-01 
9.40E-02 
7.5E-02 
2.14E-01 
9.6E-02 
6.7E-02 
6.7E-02 
5.3Е-02 
6.5Е-02 
5.4E-02 
1.2Е-01 
3.9E-02 
5.7Е-02 
4.5Е-02 
8.4Е-02 
9.0Е-02 
4.4Е-02 
2.2Е-01 
3.9Е-02 
5.9Е-02 
3.6Е-01 
4.1Е-02 


À 


° 


A 


3953.15 
3955.34 
3955.96 
3956.45 
3957.02 
3960.28 
3963.10 
3967.42 
3967.96 
3969.26 
3970.39 
3971.32 
3973.65 
3976.61 
3977.74 
3981.77 
3983.96 
3985.39 
3989.86 
3996.97 
3997.39 
3998.05 
4003.76 
4005.24 
4006.31 
4007.27 
4009.71 
4014.53 
4017.15 
4021.87 
4024.72 
4031.96 
4040.64 
4044.61 
4045.81 
4054.87 
4058.22 
4059.73 
4062.44 
4063.59 
4065.40 
4067.98 
4070.77 
4071.74 
4073.76 
4074.79 
4076.63 
4078.35 
4079.18 
4079.84 
4080.21 
4082.44 
4084.49 
4085.00 
4085.30 
4085.98 
4088.57 
4098.18 
4107.49 


Weights 


8 


- 


- 


= - 


- 


= 
л М л М м чо WW A ‹л NO NO ‹л л м1] \© чо М Q) CA AO CA AO ‹л QA Чоо м 3 \© к Ü м к м чо хо бослоо бу л к WON \© о л л Q) WwW WH м 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Sk 


= 


- 


ка ка 


ч —1 чо «л У A NO чә — шо «л Q О XO Q) «л «л O ке — чо Q - чо NO Q - л NO \© ке — ә UA. XO UA. Q \© = SO UA <А O CA «л мї \© ке 1 \© мї (л — — ш о 


A 
108s-1 


3.7E-02 
1.4E-01 
5.7E-02 
2.1E-01 
1.6Е-01 
4.2Е-02 
1.7E-01 
2.3E-01 
6.3E-02 
2.3E-01 
3.5E-01 
5.7E-02 
6.6E-02 
1.8E-01 
7.0E-02 
3.9E-02 
7.6E-02 
6.7E-02 
5.0E-02 
6.7E-02 
1.5E-01 
6.6E-02 
7.1Е-02 
2.04Е-01 
4.7E-02 
4.2Е-02 
5.2Е-02 
2.4Е-01 
4.5Е-02 
1.0Е-01 
8.9Е-02 
7.1Е-02 
4.4Е-02 
1ЛЕ-01 
8.63Е-01 
1.6Е-01 
4.9E-02 
8.1E-02 
2.2Е-01 
6.8Е-01 
1.9E-01 
1.7E-01 
1.3E-01 
7.65E-01 
1.6E-01 
4.8E-02 
1.9E-01 
4.2Е-02 
5.1E-02 
6.3E-02 
2.4E-01 
3.8E-02 
1ЛЕ-01 
4.2Е-02 
1ЛЕ-01 
5.0E-02 
3.9E-02 
6.8E-02 
2.5E-01 


À 


° 


A 


4109.07 
4109.80 
4112.96 
4114.45 
4118.54 
4126.18 
4127.61 
4132.06 
4132.90 
4134.68 
4137.00 
4137.42 
4142.63 
4143.87 
4149.37 
4150.25 
4153.90 
4154.80 
4156.80 
4158.79 
4170.90 
4172.12 
4175.64 
4181.75 
4182.38 
4184.89 
4187.04 
4187.79 
4191.68 
4196.21 
4198.30 
4198.64 
4199.09 
4200.09 
4200.92 
4202.03 
4203.67 
4203.94 
4205.54 
4207.13 
4210.34 
4213.65 
4217.55 
4219.36 
4220.34 
4222.21 
4224.17 
4224.51 
4225.45 
4226.42 
4233.60 
4235.94 
4238.81 
4240.37 
4245.26 
4246.08 
4247.43 
4248.22 
4250.12 


Weights 
8: Sk 
1 Э 
3 3 

11 13 
5 5 
11 13 
11 11 
1 3 


— 


— 
Клоо о М є_— ДУ олса — чо Q чо «л л Q — ONN © CA — —1 — 2-1 CA CA QA Q М QA Q) ча — — чо «л чо л чо CA 


— 


— 


10-108 


- 


- 


= 


= 


к. 


ja 


- 
- CA — л чо Q) © XO (A Q м CA к — к WHF Q Q QA Q) AO ором NON чо о лл ба QA ‹л Un QA кєк OWWO UA — л м л м 


A 
10857 


4.5Е-02 
1.6Е-01 
1.4Е-01 
4.7E-02 
5.8E-01 
3.9E-02 
1.3E-01 
1.2E-01 
9.4E-02 
1.8E-01 
2.2E-01 
6.1E-02 
7.4Е-02 
1.5Е-01 
3.6E-02 
7.1Е-02 
2.3Е-01 
1.5Е-01 
1.9E-01 
1.6E-01 
6.1E-02 
9.7E-02 
1.6E-01 
3.6E-01 
4.9E-02 
1.1E-01 
2.15E-01 
1.52E-01 
4.8E-02 
9.8E-02 
8.03E-02 
1.3E-01 
6.1E-01 
4.0E-02 
4.2Е-02 
8.22Е-02 
8.6Е-02 
1.3E-01 
3.6E-02 
4.3Е-02 
1.7E-01 
1.9E-01 
2.3E-01 
3.8E-01 
1.9E-01 
5.77E-02 
1.3E-01 
7.1Е-02 
1.7Е-01 
3.7Е-02 
1.85Е-01 
1.88Е-01 
2.2Е-01 
5.7Е-02 
8.3Е-02 
5.7Е-02 
2.0Е-01 
3.5Е-02 
2.08Е-01 


À 


° 


A 


4250.79 
4260.47 
4267.83 
4268.75 
4271.15 
4271.76 
4282.40 
4300.83 
4305.45 
4307.90 
4315.08 
4325.76 
4327.09 
4352.73 
4369.77 
4383.54 
4387.89 
4388.41 
4401.29 
4404.75 
4415.12 
4422.57 
4430.61 
4433.22 
4438.34 
4442.34 
4443.19 
4446.83 
4447.72 
4454.38 
4455.03 
4466.55 
4469.37 
4481.61 
4484.22 
4485.67 
4528.61 
4533.13 
4547.85 
4619.29 
4669.17 
4673.16 
4678.85 
4704.95 
4736.77 
4789.65 
4859.74 
4871.32 
4872.14 
4878.21 
4890.75 
4891.49 
4892.87 
4903.31 
4917.23 
4918.01 
4918.99 
4920.50 
4930.31 


Weights 
Sk 


= 


= 
Q) к м — ло Q AO -Һң Q 1 C. tA NO чо М CA QA м1 CA Q) М1 чә М чо “л CA AO CA Q) чә к Un Q) Un Q 02 чи М чо iD XO чә tn лл м1 CA QA м1 QO м QA — Ks 


8 


— 


— 


— 
чә NO —1 чо Q) CA Q) —1 CA Q) Q) ыл кє — AXO - 100 л м — OLU jO Q) ч м3 м1 A Чоо чо NR WRK Q м3 XO М з WRK QUA ла бо n к OW We ~ 


— 


À 


° 


A 


4969.92 
4973.10 
4978.60 
4988.95 
4991.27 
5001.86 
5004.04 
5014.94 
5022.24 
5074.75 
5090.78 
5109.65 
5121.64 
5125.11 
5133.69 
5137.38 
5159.06 
5162.27 
5184.26 
5208.59 
5232.94 
5263.30 
5266.55 
5283.62 
5302.30 
5324.18 
5339.93 
5353.39 
5364.87 
5367.47 
5369.96 
5373.71 
5383.37 
5389.48 
5398.29 
5400.50 
5410.91 
5415.20 
5424.07 
5432.95 
5445.04 
5463.27 
5466.39 
5473.90 
5480.87 
5487.74 
5554.89 
5569.62 
5572.84 
5576.09 
5586.76 
5598.30 
5615.64 
5624.54 
5633.97 
5638.27 
5650.01 
5655.18 
5658.82 


Weights 


8: 


ка = 


- 


= 
-1-1 ш AO — NK tn iO чо — NOAA чо о D кє л шо ке — O л д кои У “© «л © чо он л ко «л к л — xO G Q — XO л — л O л М л о W 


ке ка 


- 


= 


= 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


8к 


- 


= EN 


= 


— — 
- XO QA 0 CA NO л м} — л оо \© л ке — — \© tn tA Q) NOD “© л М Чоо Ome \© М М М1 о Q М NO л кє л о XO чо м A A A к оо дл QO — NNUU 


ка ка 


- 


- 


А 
108 5-1 


1.8Е-01 
1.0Е-01 
1ЛЕ-01 
4.9E-02 
8.2E-02 
3.9E-01 
3.5E-02 
3.0E-01 
2.6E-01 
1.5Е-01 
2.0Е-01 
5.4Е-02 
7.9E-02 
2.6E-01 
2.7Е-01 
1.1E-01 
1.3E-01 
2.4E-01 
3.5Е-02 
5.2Е-02 
1.4Е-01 
5.2Е-02 
8.6Е-02 
8.0Е-02 
6.3Е-02 
1.5Е-01 
7.0E-02 
4.8E-02 
5.5E-01 
5.8E-01 
4.7E-01 
3.5E-02 
5.6E-01 
1.3Е-01 
9.8E-02 
1.8Е-01 
4.8Е-01 
5.6Е-01 
5.0E-01 
4ЛЕ-02 
2.0Е-01 
3.2Е-01 
7.5Е-02 
5.5Е-02 
1.2Е-01 
8.6Е-02 
8.7E-02 
2ЛЕ-01 
2ЛЕ-01 
2ЛЕ-01 
1.9E-01 
1.8Е-01 
1.7E-01 
5.3E-02 
8.7E-02 
4.0E-02 
5.0E-02 
5.3E-02 
3.6E-02 


À 


° 


A 


5679.02 
5686.53 
5691.51 
5705.99 
5717.85 
5753.12 
5762.99 
5816.36 
5905.67 
5927.80 
5930.17 
6020.17 
6024.07 
6055.99 
6170.49 
6336.84 
6338.90 
6400.00 
6411.65 
6419.98 
6469.21 
6495.78 
6496.46 
6569.23 
6633.76 
6733.16 
6841.35 
7130.94 


Ее П 

1144.94 
1635.40 
1641.76 
1647.16 
2208.41 
2213.66 
2218.27 
2327.40 
2331.31 
2332.80 
2338.01 
2343.49 
2343.96 
2344.28 
2348.11 
2348.30 
2351.67 
2352.31 
2353.68 
2354.89 
2360.00 
2360.29 
2362.02 
2363.86 
2364.83 
2365.77 
2366.59 
2368.60 
2369.95 


Weights 


8: Sk 


- 


- 


шо лошо М М ©л чо чә м1 CA м1 A Q) CA —1 XO ба лл QA Q) ке м] Q NO ба 
л УК \© л чо Q) —1 —1 \© чо чо UA AO — ON QÓ QÓ — (л шо онн м 


10 12 
8 6 
6 4 
6 6 
10 — 10 
l 14 
8 10 
6 4 
10 8 
8 6 
4 4 
10 8 
8 6 
2 4 
10 8 
6 6 
6 6 
2 4 
8 8 
6 4 
10 10 
8 6 
8 8 
8 10 
8 8 
6 6 
6 6 
6 4 
10 12 


A 
10857 


3.6Е-02 
4.4Е-02 
6.2Е-02 
6.7Е-02 
5.0E-02 
7.0E-02 
1.0E-01 
3.7E-02 
1.2Е-01 
5.1Е-02 
1.6Е-01 
1ЛЕ-01 
1.3Е-01 
7.0Е-02 
1.3E-01 
4.9E-02 
4.8Е-02 
5.5Е-02 
3.5Е-02 
1.3E-01 
9.0E-02 
6.0E-02 
8.5Е-02 
6.5Е-02 
3.6Е-02 
3.9E-02 
3.6E-02 
4.3E-02 


4.8Е-00 
2.4E+00 
1.8E+00 
5.2E-01 
1.8E+00 
4.4E-01 
1.9E+00 
5.9E-01 
2.9E-01 
1.5E+00 
1.1E+00 
1.7E+00 
2.9E-01 
8.2E-01 
5.1E-01 
1.2E+00 
1.7E+00 
4.2E+00 
1.3E+00 
2.4E-01 
2.4E-01 
5.9E-01 
1.3E-01 
5.1E+00 
6.1E-01 
2.1Е+00 
9.9Е-02 
5.9Е-01 
5.7E+00 


À 


° 


A 


2370.50 
2373.74 
2375.19 
2379.27 
2380.76 
2382.04 
2382.90 
2383.25 
2384.39 
2388.37 
2388.63 
2390.10 
2390.77 
2395.42 
2395.62 
2399.24 
2400.06 
2401.29 
2404.43 
2404.89 
2406.66 
2410.52 
2411.07 
2413.31 
2416.45 
2418.44 
2423.21 
2428.36 
2432.87 
2434.06 
2434.24 
2434.73 
2439.30 
2445.11 
2445.80 
2446.47 
2447.20 
2453.98 
2455.71 
2458.78 
2458.97 
2460.44 
2461.28 
2461.86 
2466.52 
2469.51 
2472.61 
2475.12 
2475.54 
2481.05 
2484.44 
2492.34 
2493.26 
2501.31 
2503.87 
2508.34 
2533.63 
2534.42 
2535.36 


Weights 
8: 8к 
4 4 
10 10 
4 2 
8 8 
6 8 
10 12 
12 14 
6 6 
4 4 
10 12 
8 8 
14 16 
6 6 
6 4 
8 10 
6 6 
12 14 
6 8 
4 2 
6 8 
4 4 
4 6 
2 2 
2 4 
8 10 
6 8 
4 6 
8 10 
14 14 
8 6 
8 10 
12 12 
12 14 
12 12 
4 6 
12 14 
6 6 
8 10 
8 8 
10 12 
6 4 
10 12 
6 8 
8 10 
2 4 
8 6 
8 10 
4 6 
6 8 
12 12 
8 8 
10 12 
14 16 
2 2 
10 10 
8 10 
12 12 
8 8 
6 4 


А 
108 5-1 


1.4Е-01 
3.3Е-01 
9.8Е-01 

1.5Е-01 
3.1Е-01 
3.8Е-00 
2.2Е-01 
3.4E-01 
2.3E-01 
2.2E-01 
1.0E+00 
5.5E+00 
9.3Е-01 
3.3Е-01 
2.5Е+00 
1.4E+00 
5.2E+00 
2.5E+00 
7.1Е-01 
1.7Е+00 
1.6Е-00 
1.5Е-00 
2.4E+00 
1.1E+00 
1.6E+00 
1.6E+00 
1.4E+00 
2.7E+00 
3.2E+00 
7.0E-01 
2.0E+00 
3.2E+00 
2.8E+00 
1.9E+00 
1.5E+00 
2.9E-01 
1.2E+00 
7.3E-01 
1.0E+00 
2.7E+00 
2.0E+00 
5.3E+00 
2.6E+00 
2.6E+00 
2.1Е+00 
2.8Е+00 
3.7Е-00 
3.9Е+00 
3.5Е+00 

1.9Е-01 
2.3Е+00 

1.6Е-01 
3.4E+00 
1.4E+00 
2.4E+00 
2.7E+00 
1.3E+00 
1.2E+00 
3.3E+00 


À 


° 


A 


2535.49 
2536.67 
2537.14 
2538.20 
2538.50 
2538.80 
2538.91 
2538.99 
2540.52 
2541.10 
2541.84 
2542.73 
2543.38 
2543.43 
2544.97 
2545.22 
2545.44 
2546.67 
2547.34 
2548.33 
2548.59 
2548.74 
2548.92 
2549.08 
2549.40 
2549.46 
2549.77 
2550.03 
2550.15 
2550.68 
2551.21 
2555.07 
2555.45 
2557.51 
2559.77 
2559.92 
2560.28 
2562.09 
2562.54 
2563.48 
2566.22 
2566.40 
2566.91 
2568.41 
2569.78 
2570.53 
2570.85 
2573.21 
2574.36 
2576.86 
2577.92 
2582.41 
2582.58 
2585.63 
2585.88 
2587.95 
2588.18 
2590.55 
2591.54 


Weights 
8 8к 
10 8 
12 12 
10 10 
14 12 
8 6 
12 10 
10 8 
14 12 
2 2 
8 6 
8 6 
2 2 
10 12 
6 4 
4 6 
8 10 
8 10 
8 8 
8 8 
4 6 
10 10 
4 2 
12 10 
10 8 
4 4 
6 6 
8 6 
10 10 
8 10 
12 12 
10 8 
6 8 
4 6 
10 8 
6 8 
6 8 
4 4 
4 2 
8 6 
6 4 
8 10 
8 6 
4 2 
2 4 
2 4 
6 8 
8 6 
8 10 
6 4 
10 12 
2 2 
6 8 
4 4 
10 10 
10 8 
8 10 
2 2 
4 6 
6 6 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 8-1 


5.4E-01 
4.0E-01 
1.4E+00 
1.2E+00 
3.3E-01 
8.2E-01 
7.8E-01 
1.2E+00 
1.5E+00 
7.3E-01 
7.1Е-01 
1.9Е-00 
4.4Б-01 
7ЛЕ-01 
4.0Е-01 
3.3Е-01 
1.4Е-01 
6.2Е-01 
2.0Е-01 
2.0Е-01 
1.9Е-01 
1.7Е-00 
4.8Е-01 
1.5Е+00 
1.3E+00 
8.0E-01 
2.5E-01 
1.2E+00 
4.0E-01 
8.9E-01 
3.2E-01 
1.8E-01 
2.5E-01 
1.3E-01 
2.4E-01 
2.4E-01 
1.5E+00 
1.5E+00 
1.5E+00 
1.3E+00 
2.5E+00 
2.1E+00 
1.1E+00 
4.4Е-01 
1.2Е-00 
1.2Е-00 
1.7E+00 
1.4E-01 
1.6E+00 
1.1E+00 
1.3E+00 
2.4E-01 
7.7E-01 
3.6E-01 
8.1E-01 
1.4E+00 
1.6E-01 
9.1E-02 
5.1E-01 


À 


° 


A 


2592.78 
2593.72 
2594.96 
2598.37 
2599.40 
2604.05 
2605.04 
2605.34 
2605.42 
2605.90 
2606.51 
2607.09 
2609.13 
2609.87 
2611.87 
2613.82 
2617.62 
2619.07 
2620.17 
2620.70 
2621.67 
2623.11 
2623.73 
2625.49 
2625.67 
2626.50 
2628.29 
2629.59 
2630.07 
2631.05 
2631.32 
2631.61 
2633.20 
2636.69 
2637.50 
2637.64 
2639.56 
2642.01 
2649.47 
2650.48 
2654.63 
2658.25 
2662.56 
2664.66 
2666.64 
2667.22 
2669.93 
2671.40 
2682.51 
2683.00 
2684.75 
2692.60 
2697.33 
2697.46 
2699.20 
2703.99 
2707.13 
2709.05 
2711.84 


Weights 
8 Sk 
14 16 
4 

8 

6 

1 10 
8 

8 

4 

6 

2 

6 

4 


= 
С 


- 
ка 


- 
к 


- 
ка 


ка 


к. 
ка 


ка 


(ач 


ка 


_ 


мо + + сс & + + O ооо» » С бо = O. O. O. tS t мс с-сы сос + [2 бо O. © Оо 40400000000 + С\ + 0000 © со o r2 
— 


чорна осо © LDO бо = оо со С о 20 + Ь мю ооо С oo + с © + С + ОО 0 r2 c о 


ка 
Ex 


10-110 


A 
10857 


2.1Е+00 
1.3Е-01 
1.0Е-01 
1.3E+00 
2.2E+00 
1.1E-01 
2ЛЕ-00 
1.6Е+00 
2.6Е-01 
1.2Е+00 
1.8Е+00 
1.7E+00 
3.0E-01 
1.8E-01 
1.1E+00 
2.0E+00 
4.4E-01 
2.7E-01 
1.3E-01 
3.3E-01 
4.9E-01 
1.1E-01 
2.2E-01 
2.2E+00 
3.4E-01 
3.4E-01 
8.6E-01 
6.2E-01 
5.7Е-01 
7.7Е-01 
6.0Е-01 
5.3Е-01 
1.7E+00 
1.2E-01 
5.2E-01 
8.3Е-01 
1.1Е+00 
3.6Е-01 
1.8E+00 
1.6E+00 
7.7Е-01 
3.2Е-01 
9.6Е-01 
1.5Е+00 
1.7E+00 
9.2E-01 
4.7E-01 
5.6E-01 
7.0E-01 
6.4E-01 
1.4E+00 
1.2E+00 
2.7Е-01 
1.8E+00 
6.6E-01 
1.2E+00 
8.5Е-01 
3.7E-01 
3.8E-01 


À 


° 


A 


2712.39 
2714.41 
2716.22 
2716.56 
2717.87 
2718.64 
2719.30 
2722.06 
2722.74 
2724.88 
2727.38 
2727.54 
2728.91 
2730.73 
2732.94 
2739.55 
2741.40 
2743.20 
2746.48 
2746.98 
2749.18 
2749.32 
2749.49 
2753.29 
2754.91 
2755.73 
2761.81 
2762.34 
2763.66 
2765.13 
2767.50 
2769.36 
2774.69 
2776.91 
2779.30 
2779.91 
2780.04 
2783.69 
2785.19 
2787.24 
2793.89 
2796.63 
2799.29 
2809.78 
2817.09 
2831.56 
2833.09 
2835.71 
2838.22 
2839.51 
2839.80 
2840.65 
2840.76 
2844.96 
2847.77 
2848.11 
2848.32 
2855.69 
2856.38 


Weights 
8: 8к 
10 12 
8 6 
6 6 
14 12 
16 14 
10 8 


en к. 


с бо со © го O. + С\ + r200000 > 000 LS O. O. Ñ CON 


an 
оооло ао со O + + QO + с сооб 


- 


- 


_ 


- 
t2 + 0000 RR + = со о O. + © GS LS [о бо > O. ON + боо со с + © ROO o o oo 


ee = = 
со © Мм С\ © о 


- 


ка 


- 
o © + С\ > > эст o о O. O. O. + œ 


A 
108 5-1 


1.3Е-01 
5.5Е-01 
1.1Е+00 
1.6Е+00 
1.4Е +00 
1.3Е+00 
3.7E-01 
1.1Е-01 
7.8Е-01 
9.7Е-01 
3.2Е-01 
8.5E-01 
8.8E-02 
2.5E-01 
7.8E-01 
1.9E+00 
1.7Е-01 
1.8E+00 
1.9E+00 
1.6E+00 
1.1Е+00 
2.1Е+00 
1.1Е+00 
1.2Е+00 
8.4E-01 
2.1Е+00 
1.1Е-01 
3.7E-01 
1.3E+00 
1.2E+00 
1.9E+00 
1.6Е-01 
2.4Е-01 
3.0Е-01 
7.6Е-01 
2.3E-01 
2.9E-01 
7.0E-01 
1.0Е-00 
1.3Е-01 
9.6Е-02 
1.0Е-01 
1.1Е-01 
1.6Е-01 
2.1Е-01 
5.8Е-01 
2ЛЕ-01 
ЗЛЕ-01 
4.2Е-01 
9.9E-01 
4.1E-01 
5.3E-01 
1.1Е-01 
4.5Е-01 
3.3E-01 
7.0E-01 
1.1Е+00 
1.0Е-01 
2ЛЕ-01 


À 


° 


A 


2856.91 
2857.17 
2872.39 
2873.40 
2875.35 
2883.71 
2884.77 
2895.22 
2897.27 
2944.40 
2947.66 
2949.18 
2959.84 
2964.63 
2969.93 
2982.06 
2984.82 
2985.55 
2997.30 
3002.65 
3036.96 
3048.99 
3062.23 
3071.12 
3076.44 
3077.17 
3078.68 
3135.36 
3154.20 
3167.86 
3177.54 
3179.50 
5247.95 
5506.20 
5961.71 


Fe HI 
1843.4 
1844.3 
1846.9 
1854.38 
1865.20 
1893.98 
1896.80 
1904.3 
1907.58 
1915.08 
1922.79 
1930.39 
1931.51 
1937.35 
1943.48 
1950.33 
1951.01 
1952.65 
1953.32 
1987.50 


Weights 
8 8к 
8 8 
6 8 

10 8 

8 10 

8 10 
12 14 

6 8 
8 10 
6 4 
4 2 
6 4 

10 8 

8 6 
2 2. 
8 6 
4 6 
6 6 
2 4 
6 8 
4 6 
6 6 
4 4 

12 10 

2 4 

4 6 
14 12 

6 8 
6 6 
10 10 
8 8 
8 8 
6 8 
4 6 
12 14 
10 12 
9 7 
7 5 
5 3 
3 1 
7 7 
11 9 
13 11 
5 5 
15 13 
13 15 
11 13 
9 11 
9 11 
7 9 
5 7 
13 15 
11 11 
9 9 
7 7 
13 13 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


8.7Е-01 
9.5Е-02 
1.5Е-01 
3.4E-01 
9.5E-02 
1.0E-01 
1.4E-01 
8.0E-02 
1.4E-01 
4.6E-01 
2.0E-01 
2.0E-01 
1.6E-01 
9.3E-02 
1.8E-01 
2ЛЕ-01 
3.6Е-01 
1.8Е-01 
8.3Е-02 
1.4Е-01 
1.6Е-01 
2.8Е-01 
1.2Е-01 
1.9Е-01 
2.8Е-01 
1.1E-01 
4.2Е-01 
8.4Е-02 
1.5Е-01 
1.3Е-01 
8.1E-02 
9.9E-02 
1.7Е-00 
1.4E+00 
7.1Е-01 


4.8Е-00 
4.9E+00 
5.5E+00 
5.7E+00 
6.1E+00 
5.5E+00 
5.0E+00 
5.7E+00 
5.3E+00 
6.0E+00 
5.5E+00 
5.1E+00 
5.3E+00 
5.1E+00 
5.0E+00 
5.5E+00 
5.3E+00 
4.9E+00 
5.1E+00 
4.9E+00 


À 


° 


A 


Fe VII 

150.807 
150.852 
151.023 
151.046 
151.145 
151.432 
151.512 
151.675 
151.782 
154.307 
154.335 
154.363 
154.565 
154.650 
154.848 
154.921 
154.941 
154.949 
155.994 
158.481 
165.087 
165.919 
166.365 
173.441 
176.744 
176.928 
177.172 
235.221 
240.053 
243.379 


Fe VIII 
112.472 
112.486 
116.196 
117.197 
167.486 
168.172 
168.545 
168.929 
185.213 
186.601 


FeX 
76.822 
77.865 
100.026 
101.733 
101.846 
102.095 
102.192 
102.829 
103.319 
103.724 
104.638 
174,534 


Weights 


5: Sk 


ка 


— — ч» «л м1 O \© У Q) \© ке м шо QA Q) «л чо чо 3 ке \© м У м с м — won 


ол л —1 сос о XO У ол фл мл Q) © о QA NO М XO М t 
— 


+ ON + O. O. сысы 
ооо» + с + o O о + 


eR 
+ o С\ С\ + ОФФОљ со qr 
= 
N 


10-111 


А 
10857 


1.3E+03 
1.3E+03 
1.6E+03 
2.2E+02 
2.1E+02 
2.2E+02 
5.3E+02 
3.9E+02 
2.4E+02 
8.9E+02 
1.2Е+03 
4.2Е-02 
3.5Е+02 
8.8E+02 
7.7Е+02 
9.7E+02 
2.4E+02 
1.0E+03 
1.8E+03 
2.3E+02 
6.9E+02 
2.8E+03 
2.9E+03 
3.6E+03 
2.7E+03 
2.4E+03 
1.5E+03 
1.7E+02 
1.3E+02 
2.1E+02 


3.6E+02 
4.3E+02 
4.5E+02 
3.8E+02 
3.0E+03 
3.1Е+03 
2.0E+03 
2.1Е-03 
1.0E+03 
9.4E+02 


1.8E+03 
1.6E+03 
2.6E+03 
1.8E+03 
1.7E+03 
2.9E+03 
2.9E+03 
2.1Е+03 
2.6Е+03 
1.7E+03 
2.1Е+03 
1.8E+03 


° 


A 8 
175.266 2 


Fe XI 
72.166 
72.310 
72.635 
91.394 
91.472 
91.63 
91.63 
91.63 
91.733 
92.81 
92.87 
93.433 
179.762 


EN 
CA \© — NO XO QA м чо Са tA CA CA 


Fe XII 
65.905 
66.526 
66.960 
67.164 
67.821 
68.382 
80.541 
81.943 
82.226 
84.48 
84.48 
84.52 
84.52 
84.85 
85.14 
85.477 1 
186.880 

192.394 

193.509 

195.119 


= 
+ = £ O. O c O. O. O “ + + с с tS + + + сы 


Fe XIII 
62.353 
62.46 
62.699 
63.188 
64.139 
74.845 
75.892 
76.117 
78.452 
84.270 
107.384 


У У O QA QA QA — Ол оо сл 


Fe XIV 
58.963 
59.579 
69.176 
69.386 


NAAN 


À Weights 


8к 


- 
ысоФсосмьообмуоо. 


- 


— 
MOR Ü чо л чоо М л м Ww 


ьо о + 


А 
108 5-1 


1.72E+03 


2.9E+03 
1.5E+03 
1.6E+03 
2.6E+03 
2.5E+03 
2.3Е-03 
3.4E+03 
2.8E+03 
4.1E+03 
3.7E+03 
3.9E+03 
3.2E+03 
1.67E+03 


2.0E+03 
1.7E+03 
1.6E+03 
1.1Е-03 
1.4E+03 
1.7E+03 
8.7E+02 
1.4E+03 
1.9E+03 
4.5E+03 
4.9E+03 
5.2E+03 
4.0E+03 
2.3E+03 
3.4E+03 
4.6E+03 
1.0E+03 
9.0Е+02 
9.1Е+02 
8.6Е-02 


2.0E+03 
1.2E+03 
2.3E+03 
3.9E+03 
2.1Е-03 
1.0E+03 
7.TE+02 
2.1Е-03 
6.3E+03 
5.5E+03 
1.8E+03 


2.7E+03 
3.1Е+03 
5.6Е+02 
7.6Е+02 


À 


° 


A 


69.66 
69.66 
70.251 
70.613 
72.80 
76.022 
76.152 
91.009 
91.273 
188 

190 

207 
211.316 
213 

214 
216 

217 

217 

219 
219 
219.123 
220 

221 

226 

234 
264.787 
265 

266 

268 

268 
270.524 
274.203 
280 

283 
288.45 


FeXV 
38.95 
52.911 
59.404 
63.959 
65.370 
65.612 
66.238 
68.860 
69.7 
69.942 
69.989 
70.052 
70.224 
70.53 
70.59 
73.199 
73.473 
233.857 
235 
243 
243 
243.790 


с С\ + о + + С С + & о > + + + = > O. O. S tS М O. + + осы 


шо ломе — д л М м) з — м! л оо Q) XO л QO NW н 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
2 
6 
6 
4 


ка 


+ 000 r2 мо t2 Оо ы + го += с + O. с + ON OO 00 УМ LS AN бо Сс ~ & со су мо мю L DYN 


к 


CA м3 чә чә М3 —1 XO м л чоо NO м A — к Ú Q а л оо Ww 


А 
108 5-1 


8.9E+02 
1.3E+03 
8.1E+02 
1.7E+03 
7.9Е--03 
6.6Е+03 
7.0E+03 
5.1E+02 
5.6E+02 
2.7E+02 
2.8E+02 
2.1E+02 
3.6E+02 
2.8E+02 
4.0Е+02 
1.7E+02 
4.0E+02 
2.6E+02 
4.8E+02 
2.4E+02 
3.9E+02 
3.2Е-02 
5.9Е--02 
3.9E+02 
2.8E+02 
3.38Е-02 
1.5E+02 
1.7E+02 
2.1E+02 
3.3E+02 
2.1E+02 
1.8E+02 
2.8E+02 
2.7E+02 
1.6E+02 


1.69E+03 
2.94E+03 
3.4E+03 
1.6E+03 
3.2E+02 
9.8E+02 
1.6E+03 
9.2E+03 
1.9E+03 
7.4Е+03 
7.9Е+03 
8.8Е+03 
4.13Е-03 
2.6E+02 
1.7E+03 
8.8E+03 
6.2E+03 
2.2E+02 
2.5E+02 
2.4E+02 
2.3E+02 
4.2E+02 


À 


° 


A 


248 
284.160 


Fe XVI 
31.041 
31.242 
32.166 
32.192 
32.433 
32.652 
34.857 
35.106 
35.333 
35.368 
36.01 
36.749 
36.803 
37.096 
37.138 
39.827 
40.153 
40.161 
40.199 
40.245 
41.91 
42.30 
46.661 
46.718 
50.350 
50.555 
54.142 
54.728 
54.769 
62.879 
63.719 
66.263 
66.368 
66.392 
76.502 
76.796 
80.192 
80.270 
85.587 
86.133 
96.256 
96.348 
117.2 
117.7 
123.4 
124.5 
144.06 
144.25 
148 
266.7 
267.0 


Fe XVII 
11.023 
12.123 


Weights 
8: Sk 
3 1 
1 3 


о + + O. + + о асы + о O. + + O. ON O. + Ñ+ L + м мосы + + У O. + ы ыы гю гю юго го 
дос Обо С\ ON + t2 + 000 ON + 000 МЮ + СУ 00 ON М МЮ 0-1 500». М о ON + AROAN AN 00-05 L + QO + 


10-112 


A 
10857 


5.4E+02 
2.28E+02 


5.2E+02 
6.1E+02 
6.8E+02 
6.7E+02 
7.7Е-02 
9.1Е+02 
1.23Е-03 
1.44Е-03 
6.4Е-02 
6.8Е-02 
5.0Е+02 
1.1Е+03 
1.2Е+03 
1.0Е--03 
1.07Е+03 
2.1E+03 
2.5E+03 
4.1E+02 
1.7E+03 
1.8E+03 
4.72E+02 
9.2Е-02 
3.46E+03 
3.7E+03 
1.86E+03 
1.98Е-03 
3.41Е-03 
4.16Е-03 
6.97Е-02 
1.05Е-03 
2.18Е-03 
9.39Е-03 
1.00Е--04 
6.69Е-02 
6.7E+02 
7.72E+02 
5.2E+02 
5.4E+02 
4.0E+02 
4.8E+02 
8.7E+02 
9.3E+02 
3.93E+02 
3.9E+02 
5.9E+02 
7.0Е--02 
1.6E+03 
1.6E+03 
6.5E+02 
3.9E+02 
4.3E+02 


2.1Е+04 
8.0Е+04 


Ü) кєк Сл Сл Q) л л Q — Ол CA л л Ол Q Q л шә CA CA 


св Уз O. S tS о ЈУ + + + QO + Q LS + + + + с 


Weights 
8: 8к 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
9 11 
3 3 
7 9 
9 11 


== чә ла әл м1 М л оо м nae + о 


-» £ + Су S tS O + с tS ыы + + До осо 


A 
108 5-1 


5.9E+04 
3.0E+03 
3.5Е+03 
3.3Е+04 
3.4Е-03 
2.28Е+05 
6.0Е+04 
8.29 +03 
9.33Е-03 
4.8E+03 
4.0E+03 
6.0E+03 
1.2E+04 


1.3E+04 
4.8E+04 
1.5E+05 
2.0E+05 
1.0E+04 
8.0E+04 
2.3E+04 
2.7E+05 
2.2E+04 
1.0E+04 
7.0E+04 
1.4E+04 
4.51E+04 
2.0E+04 
1.1Е+04 
1.1Е+04 
1.2Е+04 
2.5Е+04 
2.2Е+04 
1.4Е +04 
1.1Е+04 


1.0E+04 
1.2Е+04 
4.0Е+04 
2.1Е+05 
6.9Е-04 
1.4E+05 
1.7E+04 
1.1E+05 
2.7Е-04 
4.4E+04 
6.2E+03 
1.4E+05 
1.7E+04 
1.6E+05 
1.2Е+04 
6.7Е+04 
5.1Е+04 
1.1Е+04 
3.0Е+04 
8.6E+04 
8.2E+03 


CA — чо сл кє ‹л QA CA QA (A (A Q) QU Q) CA tn Q) ке л л к (A nn Q) QA n (A гээсэн 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8: Sk 
2 4 
4 4 
4 4 
4 6 
2 2 
4 4 
6 6 
4 2 
4 2 
6 4 
4 2 
4 4 
2 2 


л чә л л оо л М Чо М) чо М] UUN чә чо чә ке Q м) чо Q) чә м) чо QA лла Чоо л оо ке Q) UA М м) шә чо м) Q) л — 


А 
108 5-1 


8.9Е-04 
1.2Е-04 
6.1Е+03 
1.1Е-04 
9.9Е-03 
1.0Е+04 
1.2Е-04 
9.8Е-03 
1.2Е-04 
1.6Е+04 
2.2E+04 
1.7E+04 
6.3E+03 


1.8E+04 
6.1E+03 
1.5E+04 
2.0E+04 
2.1E+04 
6.5E+03 
1.5E+04 
3.9E+04 
4.4E+03 
2.5E+04 
4.3E+04 
3.3E+04 
1.7E+04 
5.2E+04 
1.5E+04 
4.9E+04 
6.1E+03 
8.1Е-03 
5.2Е-03 
1.0Е+04 
5.7E+04 
4.0E+03 
5.3E+03 
1.3E+04 
1.8E+04 
2.2E+04 
6.4E+03 
1.5E+05 
1.2E+05 
2.1E+05 
5.2E+04 
2.1Е+05 
3.6E+04 
3.1Е-05 
6.9Е-03 
5.8Е-04 
1.3E+04 
1.3E+04 
1.5E+04 
7.2Е+04 
8.2Е+03 
6.2Е-03 
7.2Е-03 
1.3E+04 


À 


° 


A 


13.14 
13.41 


Ғе ХХП 
9.002 
9.006 
9.006 
9.163 
9.183 
9.241 
11.748 
11.748 
11.748 
11.763 
11.789 
11.789 
11.797 
11.823 
11.837 
11.837 
11.886 
11.898 
11.922 
11.976 
12.027 
12.045 
12.045 
12.053 
12.077 
12.077 
12.095 
12.193 
12.193 
12.325 


Fe XXIII 
7.733 
7.849 
8.307 
8.529 
8.550 
8.552 
8.614 
8.664 
8.669 
8.672 
8.752 
8.764 
8.814 
10.902 
10.910 
10.927 
10.934 
10.979 
11.018 
11.086 
11.165 
11.255 
11.298 


Weights 
8: Sk 
3 1 
1 3 


о Во с во = = со МӘ ССС = + + + O + с S + 


— O Ü чә — — Ú Q чоо л оо QA QA кєк лл эээ 


10-113 


ы ос + ON С + Сс + оо + осо с + O. O. соо + Ь ONAN о сос O. Ñ о 


Q) чә CA — Q шо QA м — л л м М чо М чо М чо л чо чо мыз 


А 
103 5-1 


2.0Е+04 
7.3E+03 


5.5Е+04 
5.7E+04 
5.3E+04 
6.9E+04 
8.3E+04 
5. 1E+04 
1.2Е-05 
1.6Е+05 
1.8Е+05 
1.6Е+05 
2.6E+05 
1.2E+05 
1.7E+05 
7.9Е+04 
2.38 +05 
1.7E+05 
1.3E+05 
8.2E+04 
1.8E+05 
5.9E+04 
6.9E+04 
2.4E+05 
9.7Е-04 
6.1Е-04 
1.0Е+05 
2.4Е+05 
7.8Е+04 
7.2E+04 
9.9E+04 
1.5E+05 


3.0E+04 
4.9E+04 
4.8E+04 
4.3E+04 
6.0E+04 
3.2Е-04 
7.TE+04 
4.4E+04 
6.1Е-04 
6.8Е-04 
1.2Е+05 
4.6E+04 
6.2E+04 
5.3E+04 
6.7E+04 
6.0E+04 
5.4E+04 
7.9Е--04 
4.9E+04 
6.5E+04 
6.7E+04 
3.7E+04 
1.3E+05 


À 


° 


A 


11.325 
11.338 
11.429 
11.433 
11.441 
11.445 
11.485 
11.491 
11.519 
11.520 
11.524 
11.593 
11.613 
11.615 
11.691 
11.698 
11.737 
11.898 


Fe XXIV 
1.8523 
1.8552 
1.8563 
1.8572 
1.858 
1.8614 
1.8626 
1.8627 
1.8637 
1.8655 
1.8672 
1.8678 
1.8721 
1.8721 
1.8730 
1.8739 
1.891 
1.897 
8.231 
8.316 
10.619 
10.663 
11.030 
11.171 


FeXXV 
1.4607 
1.4945 
1.5730 
1.5749 
1.778 
1.782 
1.787 
1.787 
1.788 
1.788 
1.789 
1.790 
1.791 


+ м м мэ d 82 уу» dS + + + L L УУ LS мм 


ш шә — об CA — Q QO — — — — 


Weights 
8: 8к 
3 5 
3 3 
3 1 
3 3 
5 T 
5 5 
3 5 
5 3 
5 5 
1 3 
5 7 
5 7 
3 5 
3 3 
5 7 
5 5 
3 5 
1 3 


сы O. + LS мю + Ус + LD O LS DS УУ + ~ 


CA шә чо Ол QA л Q) — WWW WwW Ww 


A 
108 5-1 


1.7E+05 
9.3E+04 
1.7E+05 
1.2Е-05 
2.2Е-05 
5.6E+04 
1.40E+05 
5.9E+04 
1.16E+05 
2.16E+05 
2.3E+05 
3.58E+05 
1.0Е--05 
4.4E+04 
7.TE+04 
7.3Е-04 
1.8Е-05 
2.03Е+05 


1.0Е--05 
4.82Е-06 
2.43E+06 
3.06E+06 
1.2Е-05 
6.24Е-06 
3.16E+06 
5.47E+06 
1.91E+06 
2.14E+06 
1.63E+06 
3.5Е-05 
3.2Е-05 
2.0Е--05 
1.5E+05 
8.3E+04 
9.7Е-04 
9.8Е-04 
6.10Е--04 
7.07Е--04 
7.28Е+04 
7.51Е+04 
1.84E+05 
2.18E+05 


2.54E+05 
5.05E+05 
1.24E+06 

1.5E+05 

8.7E+04 
4.69E+06 
2.57Е--06 
1.19Е--06 
2.68E+06 
1.63E+06 
1.78E+06 
1.23E+06 
4.10E+06 


À 


° 


A 


1.791 
1.792 
1.792 
1.793 
1.794 
1.797 
1.798 
1.800 
1.802 
1.810 
1.8502 
1.8593 
10.038 


Krypton 
KrI 
1164.9 
1235.8 
4274.0 
4351.4 
4362.6 
4376.1 
4400.0 
4410.4 
4425.2 
4453.9 
4463.7 
4502.4 
5562.2 
5570.3 
5649.6 
5870.9 
6904.7 
7224.1 
7587.4 
7601.5 
7685.2 
7694.5 
7854.8 
8059.5 
8104.4 
8112.9 
8190.1 
8263.2 
8281.1 
8298.1 
8508.9 
8776.7 
8928.7 


Kr II 

4250.6 
4292.9 
4355.5 
4431.7 
4436.8 
4577.2 
4583.0 
4615.3 


Un чо Q) Q) Q) чо чоо л л — кєк лл Q Q Q Wr д (A ЫЫ л Q) Nee 


+ O. S. IS tS O. + + 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
3 3 
3 1 
5 5 
3 1 
5 3 
3 5 
3 3 
1 3 
3 1 
3 1 
1 3 
1 3 
3 3 


о QA чо чә чо л л 1 л Чоо чә чә є_ л кє гээч We NW Ww 


+ + со + со + + 


A 
108s-1 


2.59E+06 
4.92E+06 
2.81E+06 
2.67E+06 
2.22E+06 
8.8E+05 
1.0E+05 
8.6E+04 
4.1E+05 
5.9E+05 
4.57E+06 
4.42E+05 
8.08E+04 


3.16E+00 
3.12E+00 
2.6E-02 
3.2E-02 
8.4E-03 
5.6E-02 
2.0E-02 
4.4E-03 
9.7E-03 
7.8E-03 
2.3E-02 
9.2E-03 
2.8E-03 
2.1E-02 
3.7E-03 
1.8E-02 
1.3E-02 
1.4E-02 
5.1E-01 
3.1E-01 
4.9E-01 
5.6E-02 
2.3E-01 
1.9E-01 
1.3E-01 
3.6E-01 
1.1E-01 
3.5E-01 
1.9E-01 
3.2E-01 
2.4E-01 
2.7Е-01 
3.7E-01 


1.2E-01 
9.6E-01 
1.0E+00 
1.8E+00 
6.6E-01 
9.6E-01 
7.6E-01 
5.4E-01 


À 


° 


A 


4619.2 
4633.9 
4658.9 
4739.0 
4762.4 
4765.7 
4811.8 
4825.2 
4832.1 
5208.3 
5308.7 
7407.0 


Lead 
Pb I 
2022.0 
2053.3 
2170.0 
2401.9 
2446.2 
2476.4 
2577.3 
2613.7 
2614.2 
2628.3 
2657.1 
2663.2 
2802.0 
2823.2 
2833.1 
2873.3 
3572.7 
3639.6 
3671.5 
3683.5 
3739.9 
4019.6 
4057.8 
4062.1 
4168.0 
5005.4 
5201.4 
7229.0 


Lithium 
Lil 

*2741.2 
*3232.7 
*4602.9 
*6103.6 
*6707.8 


Lutetium 
Ілі 
3376.5 
3567.8 
3620.3 
38412 
4518.6 


Weights 
8: Sk 
4 6 
4 6 
6 4 
6 6 
2 4 
4 6 
2 4 
2 4 
4 2 
4 4 
4 6 
6 6 


Ne — ‹л ‹л QA QA сл о сло о QA л кє (л со со ш (л QO QO шо — ee 


ы 00 tS ~ 
— 


+ с S + + 


10-114 


шә о осал к чо о л чо Un —1 л QA Q) л Q Q) сло 


A 
10857 


8.1E-01 
7.1E-01 
6.5E-01 
7.6E-01 
4.2Е-01 
6.7E-01 
1.7E-01 
1.9E-01 
7.3Е-01 
1.4Е-01 
2.4Е-02 
7.0E-02 


5.2Е-02 
1.2Е-01 
1.5Е+00 
1.9Е-01 
2.5Е-01 
2.8Е-01 
5.0E-01 
2.7Е-01 
1.9Е-00 
3.1Е-02 
9.8Е-04 
7ЛЕ-01 
1.6Е+00 
2.6Е-01 
5.8Е-01 
3.7E-01 
9.9E-01 
3.4E-01 
4.4E-01 
1.5Е+00 
7.3E-01 
3.5E-02 
8.9E-01 
9.2Е-01 
1.2Е-02 
2.7E-01 
1.9Е-01 
8.9Е-03 


1.3E-02 
1.17E-02 
2.23E-01 
6.860E-01 
3.691E-01 


2.23E400 
5.9E-01 
1.1E-02 
2.5E-01 
2ЛЕ-01 


° 


A 8: 


Magnesium 
MgI 
2025.8 
#2779.8 
#2850.0 
2852.1 
#3094.9 
3329.9 
3332.2 
3336.7 
#3835.3 
4703.0 
5167.3 
5172.7 
5183.6 
5528.4 


о л чә к чоо \© 9 о = о о н 


Mg II 
1239.9 
1240.4 
*2660.8 
2790.8 
2795.5 
2797.9 
2798.1 
2802.7 
2928.8 
2936.5 
*3104.8 
3848.2 
3848.3 
3850.4 
*4481.2 
9218.3 
9244.3 


EN 


- 


kx 
о мю O + + O. O + мю го b го го O tD о 


Mg IV 
320.99 
32331 
1219.0 
1375.5 
1459.6 
1495.5 
1510.7 
1683.0 
1698.8 
1893.9 


ос + O. + + с + со + 


Mg VI 
*269.92 
*292.53 
*314.64 
*349.15 
*387.94 
399.29 
400.68 
403.32 


EN 


an 
+ +£ + O O O. с о 


À Weights 


8к 


— 


— 


— 


— 


— 


— 
ю + ® RGOGROROS DD O ы + + + r + 


с С\ бо 0 + + Q tt 


= = 
S + ЗОО O. е 


108 5-1 


8.4Е-01 
5.2E+00 
2.3E-01 
4.95E+00 
5.2Е-01 
3.3E-02 
9.7Е-02 
1.6Е-01 
1.68Е-00 
2.55Е-01 
1.16Е-01 
3.46Е-01 
5.75Е-01 
1.99Е-01 


1.4Е-02 
1.4Е-02 
3.8Е-01 
4.0Е-00 
2.6Е+00 
7.9Е-01 
4.8E+00 
2.6E+00 
1.2E+00 
2.3E+00 
8.1E-01 
2.8E-02 
3.0E-03 
3.0E-02 
2.23Е-00 
3.6E-01 
3.6E-01 


1.2Е+02 
5.9Е+01 
5.9Е+00 
4.5E+00 
4.6E+00 
6.4E+00 
6.7E+00 
5.8E+00 
3.9E+00 
2.8E+00 


3.1Е+02 
9.0Е-01 
1.8Е-02 
6.1E+01 
1.3E+01 
2.8E+01 
2.8E+01 
2.7E+01 


À 


° 


A 


Mg VII 
277.01 
27841 
280.74 
319.02 
*366.42 
*433.04 
1334.3 
1410.0 
1487.0 
1487.9 


Mg VIII 
*74.976 
315.02 

*342.29 
353.86 

356.00 

*428.52 
*434.62 
*489.33 
*686.92 


Mg IX 
62.751 
*67.189 
*71.965 
72.312 
77.737 
368.07 
438.69 
*443.74 
749.55 
1639.8 
28142 


MgX 

57.876 
57.920 
63.152 
63.295 
609.79 
624.94 
2212.5 
2278.7 
5918.7 
6229.6 


Mg XI 
7.310 
7473 
7.850 
9.169 


Manganese 
MnI 
2794.82 
2798.27 
2801.08 


Weights 
8 8к 
3 3 
5 3 
5 3 
5 5 
9 9 
9 15 
5 5 
5 5 
3 5 
5 7 
6 10 
4 4 
10 6 
4 4 
6 4 
10 10 
6 10 
6 6 
6 10 
1 3 
9 15 
9 3 
3 5 
3 1 
1 3 
3 1 
9 9 
3 5 
3 3 
1 3 
2 4 
2 2 
2 4 
4 6 
2 4 
2 2: 
2 4 
2 2 
2 4 
4 6 
1 3 
1 3 
1 3 
1 3 
6 8 
6 6 
6 4 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


А 
108 5-1 


9.5Е+01 
1.5Е-02 
2.0Е+02 
8.9Е+01 
4.4Е-01 
1.6Е-01 
5.3Е+00 
2.57Е+00 
3.02Е+00 
3.66E+00 


4.3E+03 
1.2E+02 
6.3E+01 
3.89E+01 
5.7E+01 
3.24E+01 
1.6E+01 
3.9E+01 
9.4E+00 


2.87E+03 
6.20E+03 
1.22Е+03 
4.43Е+03 
3.92E+02 
5.27E+01 
7.9E+01 
4.19E+01 
8.2E+00 
2.1E+00 
3.35E-01 


2.09E+03 
2.09E+03 

5.6E+03 

6.7E+03 
7.53E+00 
7.01E+00 
9.64E-01 
8.82E-01 
3.20E-02 
3.30E-02 


1.15Е+04 
2.27Е+04 
5.50Е+04 
1.97E+05 


3.7E+00 
3.6E+00 
3.7E+00 


À 


° 


A 


3007.65 
3011.38 
3016.45 
3043.36 
3044.57 
3045.59 
3045.80 
3047.03 
3054.36 
3070.27 
3073.18 
3082.71 
3110.68 
3113.80 
3118.10 
3122.88 
3126.85 
3132.28 
3132.79 
3175.58 
3201.11 
3228.09 
3230.23 
3230.72 
3240.88 
3243.78 
3251.13 
3252.95 
3256.14 
3258.41 
3260.24 
3267.79 
3268.72 
3270.35 
3273.02 
3298.23 
3303.28 
3463.66 
3470.01 
3511.83 
3535.30 
3559.81 
3577.87 
3595.11 
3601.27 
3607.53 
3608.49 
3610.30 
3635.70 
3660.40 
3675.67 
3676.96 
3680.15 
3682.09 
3684.87 
3706.08 
3718.92 
3731.94 
3771.44 


Weights 
8: Sk 
6 8 
8 10 
10 12 
8 8 
10 8 
10 10 
8 10 
12 12 
8 6 
6 6 
4 4 
14 14 
6 8 
12 10 
4 6 
10 10 
8 6 
10 10 
8 8 
8 10 
4 6 
10 12 
10 12 
8 8 


= – = 
SN о + O. O М O. + ны = + осы 
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ee 
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12 1 
10 1 
6 

10 

6 

12 10 
8 8 
6 6 
4 4 
10 8 
12 14 
6 8 
10 12 
12 10 
8 10 
6 8 
12 14 
10 12 
8 10 
14 14 


A 
10857 


1.8Е-01 
3.1Е-01 
2.9Е-01 
5.9Е-01 
5.7Е-01 
6.7Е-01 
1.7E-01 
6.1E-01 
4.6E-01 
1.9E-01 
3.7E-01 
2.9E-01 
2.7E-01 
2.6E-01 
1.7E-01 
1.9E-01 
2.3E-01 
2ЛЕ-01 
2.7Е-01 
1.8Е-01 
2.2Е-01 
6.4Е-01 
1.9Е-01 
3.5Е-01 
2.2Е-01 
5.3E-01 
2.3E-01 
1.8Е-01 
5.0E-01 
9.7E-01 
3.8Е-01 
3.5Е-01 
3.3E-01 
2.6E-01 
2.7E-01 
2.8E-01 
1.9Е-01 
3.2Е-01 
2.4Е-01 
2.7Е-01 
1.7E-01 
2.1E-01 
9.4E-01 
1.8E-01 
2.3E-01 
2.3E-01 
3.6E-01 
4.2E-01 
2ЛЕ-01 
9ЛЕ-01 
2.2Е-01 
7.3E-01 
1.9Е-01 
7.6Е-01 
2.6Е-01 
1.4E+00 
9.6E-01 
1.0E+00 
1.9E-01 


À 


° 


A 


3773.86 
3800.55 
3806.72 
3823.51 
3823.89 
3833.87 
3834.37 
3839.78 
3841.07 
3843.99 
3889.46 
3898.37 
3899.34 
3924.08 
3926.48 
3951.98 
3952.84 
3975.88 
3982.16 
3982.58 
3982.90 
3991.60 
4011.91 
4018.11 
4030.76 
4033.07 
4034.49 
4041.36 
4048.75 
4052.48 
4055.55 
4058.94 
4061.74 
4063.53 
4065.08 
4066.24 
4070.28 
4079.42 
4082.95 
4083.63 
4089.94 
4105.37 
4135.03 
4141.06 
4148.80 
4176.61 
4189.99 
4201.78 
4235.30 
4239.74 
4257.67 
4265.93 
4281.10 
4411.87 
4414.89 
4419.77 
4436.36 
4451.58 
4453.01 


= 


ка 


ка 


ка ка 


ка 


[en 


Weights 
8: Sk 
2 12 
6 8 
0 12 
8 10 
6 6 
4 4 
6 8 
2 2 
4 6 
2 4 
2 14 
6 8 
4 6 
2 4 
6 8 
2 2 
6 6 
2 4 
4 2 
6 4 
6 4 
2 2 
8 8 
0 8 
6 8 
6 6 
6 4 
0 10 
6 4 
6 8 
8 8 
4 2 
8 6 
6 6 
2 14 
0 8 
2 2 
2 4 
4 6 
6 8 
8 10 
0 8 
2 12 
0 10 
8 8 
4 12 
2 10 
0 8 
8 6 
4 2 
2 2 
4 4 
6 6 
2 10 
8 6 
0 8 
6 4 
8 8 
4 2 


À 


° 


A 


4455.82 
4457.04 
4457.55 
4458.26 
4461.09 
4462.03 
4464.68 
4470.14 
4472.79 
4479.40 
4490.08 
4498.90 
4502.22 
4605.37 
4626.54 
4709.71 
4727.46 
4739.11 
4754.05 
4761.53 
4762.38 
4765.86 
4766.43 
4783.43 
4823.53 
6013.48 
6021.79 


МаП 

2593.72 
2605.68 
2933.05 
2939.31 
2949.20 
3441.99 
3460.32 
3474.13 
3482.90 
3488.68 


Mn VI 

307.999 
309.440 
309.579 
310.058 
310.182 
311.748 
320.598 
320.681 
320.874 
320.979 
321.176 
321.541 
325.146 
328.431 
328.558 
329.043 
1236.23 
1255.77 


Weights 
8 8к 
4 6 
6 4 
6 6 
6 8 
8 8 
8 10 
6 6 
4 4 
2 2 
8 10 
2 4 
4 6 
6 8 

10 12 
12 14 
8 8 
6 6 
4 4 
6 8 
2 4 
8 10 
4 6 
6 8 
8 8 
10 8 
4 6 
8 6 
7 7 
7 5 
5 3 
5 5 
5 7 
9 7 
7 8 
5 3 
5 5 
3 3 
9 9 
9 7 
7 5 
7 7 
5 5 
5 3 
3 5 
1 3 
3 1 
3 3 
5 5 
5 3 
9 7 
5 5 
3 5 
1 3 
5 3 
3 1 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


1.7E-01 
2.34E-01 
4.27Е-01 
4.62Е-01 

1.7E-01 
7.00E-01 
4.39E-01 
3.00E-01 
4.35E-01 

3.4E-01 
2.49Е-01 
2.49Е-01 
1.86Е-01 

3.6E-01 

3.6E-01 
1.72E-01 

1.7E-01 
2.40E-01 
3.03E-01 
5.35E-01 
7.83E-01 

4ЛЕ-01 

4.6E-01 
4.01E-01 
4.99E-01 
1.72E-01 
3.32Е-01 


2.6Е-00 
2.7E+00 
2.0E+00 
1.9E+00 
1.9E+00 
4.3Б-01 
3.2E-01 
1.5E-01 
2.0E-01 
2.5E-01 


3.7E+01 
5.7E+01 
4.4E+01 
3.4E+01 
2.8E+01 
5.7E+01 
1.5E+01 
2.2E+01 
7.8E+01 
2.2E+01 
6.0E+01 
2.7E+01 
1.3E+02 
4.4E+01 
1.2E+01 
1.1Е-01 
1.3E+01 
1.2E+01 


À 


° 


A 


1285.10 
1333.87 


Mercury 
HgI 
2536.52 
2652.04 
2655.13 
2752.78 
2856.94 
2893.60 
2925.4 
2967.3 
3021.50 
3023.48 
3027.49 
3125.66 
3341.48 
3650.15 
3654.83 
4046.56 
4077.81 
4108.1 
4339.22 
4347.50 
4358.34 
4916.07 
5025.64 
5460.75 
5769.59 
6234.4 
6716.4 
6907.5 
7128.8 
10139.79 


Molybdenum 
MoI 
2616.79 
2621.06 
2628.96 
2629.85 
2631.50 
2638.30 
2640.98 
2644.36 
2649.46 
2655.02 
2658.11 
2665.09 
2679.85 
2684.16 
2706.11 
2710.74 
2725.15 
2728.71 
2733.39 
2743.71 
2745.38 


Weights 
8: Sk 
2 7 
7 9 
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А 
103 5-1 


1.1E+01 
1.0E+01 


8.00E-02 
3.88E-01 
1.1E-01 
6.10E-02 
1.1E-02 
1.6E-01 
7.7Е-02 
4.5Е-01 
5.09Е-01 
9.4Е-02 
2.0Е-02 
6.56Е-01 
1.68Е-01 
1.3E+00 
1.8E-01 
2ЛЕ-01 
4.0Е-02 
3.0E-02 
2.88E-02 
8.4E-02 
5.57E-01 
5.8E-02 
2.7Е-04 
4.87Е-01 
2.36Е-01 
5.3E-03 
4.3E-03 
2.8E-02 
9.7Е-03 
2.71Е-01 


7.34Е-01 
1.16Е-01 
2.81E-01 
7.75Е-01 
2.54Е-01 
7.57Е-01 
1.20Е--00 
1.96Е-01 
9.84E-01 
4.08Е-01 
6.43Е-01 
1.32Е-01 
1.31Е-00 
4.18Е-01 
2.03Е-01 
1.57Е-01 
2.79Е-01 
1.26Е-01 
2.95Е-01 
2.47Е-01 
1.29Е-01 


X 


° 


A 


2751.47 
2756.26 
2761.53 
2763.02 
2766.25 
2787.83 
2792.96 
2798.02 
2801.47 
2825.68 
2826.75 
2876.54 
2886.60 
2906.06 
2913.52 
2915.38 
2918.84 
2930.39 
2936.50 
2945.43 
2945.66 
2946.01 
2951.45 
2959.48 
2972.96 
2977.27 
2978.28 
2983.04 
2987.92 
2988.23 
2988.68 
2989.80 
3000.24 
3000.44 
3000.85 
3001.43 
3007.71 
3013.39 
3016.78 
3025.00 
3036.31 
3041.70 
3046.80 
3047.31 
3055.32 
3057.56 
3061.59 
3064.27 
3065.04 
3069.51 
3069.96 
3070.89 
3074.37 
3079.88 
3080.40 
3081.16 
3085.62 
3089.13 
3089.71 


Weights 
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А 
108 5-1 


2.54Е-01 
1.18Е-01 
2.06Е-01 
4.44Е-01 
1.17Е-01 
2.85Е-01 
1.53Е-01 
1.22Е-01 
1.24Е-01 
2.53Е-01 
4.23Е-01 
2.84Е-01 
4.74Е-01 
8.04E-01 
1.38E-01 
7.31Е-01 
3.79Е-01 
1.91Е-01 
2.33Е-01 
3.66Е-01 
4.08Е-01 
1.68Е-01 
1.43E-01 
1.75E-01 
2.69E-01 
3.28E-01 
1.50E-01 
2.82E-01 
8.43E-01 
4.28E-01 
1.61E-01 
9.27E-01 
1.40E-01 
1.25E-01 
2.58E-01 
2.31Е-01 
1.90Е-01 
6.06E-01 
2.75Е-01 
8.49Е-01 
5.81Е-01 
5.94Е-01 
1.63Е-01 
5.01Е-01 
4.29Е-01 
2.64Е-01 
4.41Е-01 
8.46Е-01 
3.08Е-01 
1.52Е-01 
2.72Е-01 
1.87Е-01 
1.42E+00 
9.55E-01 
3.61E-01 
2.35E-01 
1.63E+00 
1.53E-01 
2.34E-01 


À 


° 


A 


3094.66 
3099.92 
3100.88 
3101.34 
3106.34 
3117.54 
3123.03 
3125.03 
3132.59 
3135.90 
3136.75 
3142.75 
3147.35 
3155.19 
3158.17 
3170.34 
3171.38 
3175.59 
3179.78 
3183.03 
3184.58 
3185.10 
3185.71 
3188.10 
3188.41 
3192.79 
3193.98 
3194.88 
3195.96 
3197.18 
3198.85 
3200.89 
3205.22 
3205.43 
3205.89 
3208.84 
3210.97 
3214.44 
3215.07 
3216.78 
3221.73 
3228.21 
3229.79 
3233.14 
3237.06 
3244.47 
3247.61 
3249.93 
3251.65 
3256.21 
3256.72 
3259.16 
3262.63 
3264.40 
3265.14 
3266.16 
3270.90 
3276.07 
3285.03 


Weights 
8 8к 
7 
9 
7 
5 
7 

13 1 
3 
5 
7 
9 1 
9 1 
3 
13 1 
7 
7 
7 
5 
13 1 
11 1 
11 
7 


ка 


ка 


ка 


ка 


— — 
к — м) XO QA — DF ч ль о QA <1 Чоо \© ‹л ол д — М \© \© кєк WHR ооо л м м 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


ка 


- = 


ка 


ка 


ка ка 


E 


- 
ш \© 3 ке —1 NO NO Q) Q) Q) оло ке —1 — ола QA NO оло У ке м1 XO чо м л DOUe м мз з — л = = OWWW UMNO I~ 


A 
108s-1 


1.63E+00 
1.45E-01 
1.20E+00 
1.92E+00 
2.21E-01 
1.89E-01 
2.81E-01 
1.98E-01 
1.79E+00 
3.68E-01 
1.57Е-01 
4.10Е-01 
2.4]E-01 
2.75Е-01 
4.63E-01 
1.37E+00 
2.03Е-01 
8.40Е-01 
2.33Е-01 
3.98Е-01 
2.77Е-01 
2.54Е-01 
6.10Е-01 
3.45Е-01 
4.40Е-01 
1.88Е-01 
1.53E+00 
1.75E-01 
4.10E-01 
1.47E-01 
7.22Е-01 
1.82Е-01 
4.27Е-01 
2.55Е-01 
5.35Е-01 
2.77Е-01 
6.94Е-01 
2.01Е-01 
4.20Е-01 
2.10Е-01 
1.41Е-00 
3.85Е-01 
1.44Е-01 
6.33Е-01 
2.95Е-01 
2.80Е-01 
1.71E-01 
1.87E-01 
3.05E-01 
6.89E-01 
1.31E-01 
1.62E-01 
3.62E-01 
5.42E-01 
2.60E-01 
1.95E-01 
3.59E-01 
1.18E-01 
1.41E-01 


À 


° 


A 


3285.35 
3287.38 
3289.01 
3290.82 
3305.56 
3305.91 
3307.13 
3312.33 
3323.95 
3325.13 
3325.67 
3327.30 
3336.56 
3340.16 
3344.73 
3346.83 
3347.00 
3358.12 
3361.37 
3363.78 
3363.87 
3373.81 
3375.22 
3375.65 
3378.19 
3378.46 
3379.96 
3382.48 
3384.61 
3385.87 
3389.79 
3392.17 
3393.65 
3404.33 
3413.37 
3415.27 
3415.61 
3416.14 
3418.52 
3419.69 
3420.04 
3422.31 
3425.13 
3427.90 
3434.79 
3435.45 
3437.21 
3438.87 
3441.87 
3442.66 
3445.03 
3445.26 
3445.80 
3447.12 
3447.29 
3449.07 
3449.85 
3452.60 
3456.15 


Weights 


5: Sk 


- 
ка 


ка 


= 


— 
о л У л момон мын олом CA Q Q М1 N чо CA бо QA чә к Q) QA NO — ‹л әл NO мї з —1 C. OGO © 


ка 


ка = 


ка 


- 
л 3 XO Q) — \© ‹л NO Q) Q) чо AO л —1 Q) кє \О© л м Q) кє A.Q \© к з кєк ODF \© оо «л Q) ке ON WAN XO м чо к л Q XO чо л Чә М) о ONU «л \О© л м 


= m ee 
блед јеле SAVES 


10-117 


А 
10857 


4.49Е-01 
1.38E-01 
5.08E-01 
5.44E-01 
1.74E-01 
3.06E-01 
1.25E-01 
1.62Е-01 
2.82Е-01 
2.26Е-01 
1.72Е-01 
2.88Е-01 
1.64Е-01 
1.20Е-01 
6.04Е-01 
1.1ЗЕ-01 
2.72Е-01 
7.59Е-01 
1.38Е-01 
2.74Е-01 
1.39Е-01 
2.03Е-01 
1.38Е-01 
1.56Е-01 
1.88Е-01 
3.75Е-01 
4.11Е-01 
2.66Е-01 
7.32Е-01 
3.30Е-01 
1.85Е-01 
1.97Е-01 
2.08Е-01 
2.10Е-01 
1.25Е-01 
1.83Е-01 
1.29Е-01 
2.45Е-01 
1.41E-01 
1.15Е-01 
3.28Е-01 
2.52Е-01 
2.29Е-01 
4.09Е-01 
1.75Е-01 
1.50Е--00 
8.06Е-01 
2.34Е-01 
1.34Е-01 
2.94Е-01 
1.53Е-01 
2.96Е-01 
1.14E-01 
8.75E-01 
1.79E-01 
1.52Е-01 
1.65Е-01 
2.48Е-01 
3.60Е-01 


À 


° 


A 


3456.52 
3460.22 
3460.78 
3465.84 
3466.19 
3466.96 
3467.85 
3469.22 
3469.63 
3470.92 
3475.03 
3479.42 
3483.67 
3483.83 
3489.43 
3504.41 
3505.31 
3508.11 
3510.77 
3517.55 
3518.21 
3521.38 
3521.41 
3524.65 
3524.98 
3538.92 
3540.57 
3542.17 
3552.71 
3555.64 
3558.09 
3563.75 
3566.05 
3566.74 
3570.64 
3573.88 
3580.54 
3581.88 
3584.25 
3585.57 
3588.95 
3590.74 
3595.55 
3598.88 
3600.73 
3601.88 
3602.94 
3604.07 
3610.61 
3611.99 
3615.16 
3623.22 
3624.46 
3624.62 
3638.20 
3638.21 
3640.62 
3647.84 
3648.70 


Weights 


8: 8к 


ка 
- 


ка к. 
— = = 


ка 
- 


ee 
= = 


ка 
- 


EN 
ч мч мы л «л «л © кє — — 000 л м1 OCUVAN М м чо ке чо Q л м1 DORAL D ИУ ке У Ио XO чо ке Q юзазазазанчььфоьо «л «л м1 SO о) \© NW 


— 
CA 3 CA Чо Q) з к OON чо м м3 XO AO — ‹л NO мз CA Q) оо кє AMATO Чә —1 чо м3 л Чоо Ооо О Q) — чә О NO NO —1] ©л м CA оо л д о ММ з з моо 


À 


° 


A 


3654.58 
3657.36 
3658.13 
3659.36 
3660.92 
3662.15 
3662.99 
3663.27 
3664.81 
3664.88 
3669.34 
3672.81 
3672.82 
3676.23 
3680.68 
3681.72 
3683.01 
3687.96 
3688.97 
3690.59 
3694.94 
3696.04 
3698.07 
3708.55 
3715.75 
3718.48 
3720.25 
3725.55 
3727.68 
3728.30 
3728.50 
3733.02 
3733.41 
3735.62 
3742.28 
3747.19 
3748.48 
3755.10 
3755.16 
3758.52 
3759.60 
3760.88 
3768.73 
3769.99 
3777.72 
3788.25 
3794.43 
3797.47 
3798.25 
3801.84 
3805.99 
3819.78 
3824.78 
3827.15 
3828.88 
3830.81 
3831.07 
3832.11 
3833.75 


Weights 


8 


- 


= = 


ка ка 


ка к. - 


на 
NO XO —1 CA м1 М) CA NO ‹л O М М ONUN “© NO NO “© NO чо \О л —1 ке чә М3 и \© и У \© О — л к кє ‹д Q \О© WOO \© к к м — м3 ш — VO NW 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Sk 


- к. 


EN к. = 


ка к. 


- 


- 


= 
о XO XO (A м3 —1 з — ‹л —1 XO “л о NO = NO NO NO И о NO QA = м з ке чо — NO У ке — \© м3 з XO л к — O O У м к к ORF — чо Q л о Q о м WwW 


A 
108s-1 


1.80E-01 
2.03E-01 
1.86E-01 
6.70E-01 
1.34E-01 
1.45E-01 
3.48E-01 
2.30E-01 
9.54E-01 
1.92E-01 
2.16E-01 
1.95E-01 
1.13E-01 
5.22E-01 
2.96E-01 
1.68E-01 
1.20E-01 
2.12Е-01 
3.26Е-01 
2.07Е-01 
6.36Е-01 
3.59Е-01 
1.48Е-01 
1.28Е-01 
2.38Е-01 
1.34Е-01 
2.86Е-01 
1.60Е-01 
1.51Е-01 
1.55Е-01 
2.20Е-01 
1.45Е-01 
2.80Е-01 
1.66Е-01 
1.56Е-01 
3.07Е-01 
3.95Е-01 
1.41E-01 
2.48E-01 
1.22Е-01 
1.82Е-01 
2.16Е-01 
2.88Е-01 
2.46Е-01 
1.66Е-01 
2.87Е-01 
1.22Е-01 
1.48Е-01 
6.90Е-01 
3.16Е-01 
2.44Е-01 
1.47Е-01 
1.40Е-01 
1.94Е-01 
1.35Е-01 
1.83Е-01 
1.20Е-01 
3.05Е-01 
1.70Е-01 


À 


° 


A 


3834.64 
3846.18 
3847.25 
3848.30 
3851.99 
3864.10 
3866.69 
3867.67 
3869.08 
3874.15 
3902.95 
3909.54 
3911.94 
3915.43 
3916.43 
3919.55 
3955.48 
3973.76 
3977.90 
3980.20 
3991.85 
4010.13 
4021.01 
4051.18 
4062.08 
4069.88 
4076.19 
4084.37 
4102.15 
4107.46 
4120.09 
4131.92 
4148.98 
4157.40 
4157.90 
4185.82 
4188.32 
4194.56 
4232.59 
4240.83 
4246.02 
4251.88 
4254.95 
4269.28 
4276.91 
4277.24 
4317.92 
4325.80 
4326.14 
4340.74 
4381.63 
4382.41 
4409.94 
4411.69 
4434.95 
4446.42 
4457.35 
4474.57 
4491.65 


Weights 
5: Sk 
3 5 
7 7 
3 1 
9 9 
11 9 
7 7 
3 5 
5 3 
5 3 
7 5 
7 5 
9 7 
5 5 
5 5 
Э 3 
11 13 
13 11 
11 13 
9 7 
5 3 
11 9 
5 3 
9 11 
13 11 
11 9 
13 11 
9 9 
9 7 
2 3 
7 5 
13 15 
9 11 
9 11 
13 11 
9 11 
11 13 
11 13 
11 11 
9 11 
5 5 

11 13 
13 11 

7 9 
11 11 
7 9 
9 11 
15 15 
3 3 
5 7 
5 7 
13 13 
11 13 
13 13 
11 11 
9 9 
11 11 
7 7 
5 5 
11 11 


A 
10857 


1.20Е-01 
1.26Е-01 
2.41Е-01 
1.26Е-01 
1.78Е-01 
6.24Е-01 
1.74Е-01 
2.22Е-01 
1.35Е-01 
1.67Е-01 
6.17Е-01 
1.13E-01 
1.15Е-01 
1.40Е-01 
1.78Е-01 
2.24Е-01 
1.71E-01 
4.39E-01 
1.35E-01 
2.70E-01 
1.29E-01 
4.38E-01 
2.65E-01 
1.36E-01 
1.96E-01 
3.25E-01 
1.16E-01 
1.94E-01 
1.22Е-01 
2.02Е-01 
6.05Е-01 
1.56Е-01 
1.56Е-01 
2.17Е-01 
1.60Е-01 
3.82Е-01 
3.32Е-01 
2.70Е-01 
3.17Е-01 
1.68Е-01 
2.00Е-01 
1.76Е-01 
2.01Е-01 
1.36Е-01 
2.85Е-01 
1.35Е-01 
1.28Е-01 
1.84Е-01 
2.56Е-01 
1.23Е-01 
2.93Е-01 
3.83Е-01 
1.38Е-01 
2.63Е-01 
2.51Е-01 
1.90Е-01 
1.28Е-01 
2.10Е-01 
2.09Е-01 


° 


A 8 


4536.80 
4598.23 
4624.23 
4633.08 
4649.06 
4652.24 
4686.08 
4688.21 
4707.25 
4718.86 
4723.05 
4731.44 
4758.50 
4760.18 
4764.11 
4811.05 
4819.25 
4830.51 
4858.39 
4868.02 
5037.18 
5044.36 
5047.70 
5163.18 
5171.06 
5172.94 
5174.18 
5191.45 
5238.21 
5240.87 
5242.80 
5261.53 
5280.85 
5355.52 
5356.46 1 
5360.51 

5364.28 

5460.50 

5493.76 

5506.49 

5533.03 

5570.44 

5849.71 

5851.50 

5893.36 

5895.93 

5926.37 

5928.88 

7154.11 


к. = 


NN AXO (A М оо Q) л Q) WO RK э 


= = Бараг 
нфо-- 


- 
до 


о Др —1 QA QA Q) ш QA лл — GA NO NO — XO ‹л л м} 14 1 До ~ 


Neodymium 

Nd II 

3780.4 16 
3805.4 14 
3807.2 10 
3863.3 8 
3941.5 10 
3951.2 12 
3973.3 18 


À Weights 


— — — 


— 


— 


—— 
O ONN CA CA Q) чә л 1 л чо Oee xO л м1 ©л м1 NO NO оо «л м — =— Q У м1 \© — м1 чо 9-4 бо U Q з — tA «XO оо л 


18 
16 
12 
10 
10 
12 
18 


Weights 
8 8к 
10 12 
16 16 
18 20 
16 18 
14 16 
14 16 
14 12 
12 14 
18 16 
18 18 
8 10 
16 16 
14 14 
12 10 
10 10 
12 14 
16 18 
14 16 
12 10 
22 20 
20 18 
18 16 
12 10 
16 14 
20 18 
14 12 
12 10 
18 16 
20 20 
18 18 
16 16 
18 18 
14 14 
16 16 
10 10 
12 12 
10 10 
16 18 
12 10 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
5 5 
5 3 
5 3 
3 5 
3 3 
3 3 
5 5 
5 3 
3 1 
1 3 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


2.7Е-01 
5.2Е-01 
5.5Е-01 
4.4Е-01 
6.8Е-02 
3.7E-01 
1.5Е-01 
3.4E-01 
1.8E-01 
8.5E-02 
4.7E-01 
1.6E-01 
1.5Е-01 
4.0Е-02 
6.8E-02 
2.5E-01 
6.4Е-02 
1.8Е-01 
1.2Е-02 
1.6Е-01 
1.7E-01 
1.8E-01 
1.2Е-01 
1.2Е-01 
1ЛЕ-01 
1.1E-01 
1.6E-01 
1.8E-01 
5.1E-02 
5.7Е-02 
7.0E-02 
1.3Е-01 
5.9E-02 
8.7E-02 
5.6E-02 
7.2E-02 
4.6E-02 
1.3E-02 
1.1E-02 


3.8E-01 
9.3E-01 
3.3E-01 
7.4Е-01 
4.8Е-01 
6.11Е+00 
4.86Е-01 
1.0Е-03 
7.6Е-03 
2.2Е-03 
9.2Е-03 
2.2Е-03 
1.0Е-03 
2ЛЕ-02 
4.9E-03 
3.7E-02 
7.0E-03 


Weights 


8: Sk 


ш чә = Un чо л ыл кєк Q Q Q QA Q) Q Лл гс гэ Q) Чә Q Q ш Чә ш Q Q Чә Чә Чә Чә Чә Чә Чә Чә Чә Ы CA о О CA — CA 
шо чә ИУ шо Q) л Q) Q) O2 Q) Q) чо QA шә чо НЫ л Q) Q) шо Q) к= Q Q Q) Q к= Q Q Q Q Q Q чо шо чо чо чо л чо л к Q Q л к л чо шо л м ш) CA 


10-119 


А 
103 5-1 


6.7Е-03 
1.3Е-02 
1.7E-02 
5.1Е-03 
1.2Е-02 
2.2Е-03 
6.9Е-03 
9.3E-02 
9.9E-03 
6.6E-03 
4.3E-03 
1.1E-02 
1.6E-03 
3.9E-03 
2.2E-03 
5.0E-03 
2.1E-03 
4.2Е-02 
3.3E-03 
1.0E-02 
5.6E-03 
1.9E-02 
1.3E-02 
6.8E-03 
5.3E-03 
1ЛЕ-01 
9.0Е-03 
5.2Е-03 
2.83Е-03 
8.9Е-03 
6.9Е-03 
6.82Е-01 
1.4Е-02 
1.15Е-01 
4.8Е-02 
2.00Е-03 
1.1ЗЕ-01 
3.3Е-02 
3.51Е-02 
5.61Е-02 
2.26Е-03 
6.03Е-01 
1.81Е-01 
6.09Е-03 
6.7Е-03 
2.82Е-01 
1.5Е-02 
1.46Е-01 
6.37Е-02 
2.49Е-01 
9.7Е-03 
6.39Е-03 
4.16Е-02 
3.39Е-02 
2.3E-02 
1.61E-01 
3.45E-03 
3.2] E-01 
1.39E-02 


À 


° 


A 


6402.2 
6506.5 
6532.9 
6599.0 
6602.9 
6652.1 
6678.3 
6717.0 
6721.1 
6929.5 
7024.1 
7032.4 
7051.3 
7059.1 
7173.9 
7245.2 
7304.8 
7438.9 
7472.4 
7535.8 
7937.0 
8082.5 
8118.5 
8128.9 
8259.4 
8571.4 
8582.9 
8647.0 
8681.9 
8767.5 
8771.7 
8783.8 
8865.3 
9201.8 
9433.0 
9486.7 
9534.2 
10621 

11409 

11525 

11767 

12459 


Ne II 
*357.03 
*361.77 
*406.28 
*446.37 
460.73 
462.39 
1907.5 
1916.1 
1930.0 
1938.8 
2858.0 
2870.0 
2873.0 
2876.3 
2876.5 


Weights 


8: 8к 


шә чә чә ш шә о Q Q ш Q ш чо о о сло о сло ш ш QA Q) Од ке ке Ú Од Од Оо л Чә Од Од Од Од Од Од Од о CA 
ооо Q) Q) Q) Q) Q) Q) QA Q) Q) чо QA QA ол QA Q) Q) QA ол QA Q) шә ш QA ээ о) л м 


6 10 
6 2 
6 10 
6 6 
4 2 
2 2 
4 2 
4 4 
2 2 
2 4 
6 6 
6 6 
6 4 
4 6 
6 4 


3.8Е-01 
1.6Е+01 
1.8E+01 
4.07E+01 
4.7E+01 
2.3E+01 
2.8E-01 
6.9E-01 
5.7E-01 
1.3E-01 
7.9E-01 
1.7E-01 
3.8E-01 
7.8E-01 
3.3E-01 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8 8к 


ган 


a 
ON + O. + + + WARDHA с O. © оо со © O. + + осо Ь осо + O. O. O. O. + O. Обо O. O. O. + СОХ о O. + GQ S + o + L O. + + + DANA = LS + WH ом 


С\ С\ + tS ON > С С 0 00000000 + t2t200 аз 30 + + с 0000 00 0 0 0 о сос о + = ON t2 200 + OO LS Q. S + LD O. + = ~> 


A 
108s-1 


6.9E-02 
7.0E-02 
6.1E-02 
5.2E-02 
5.5E-01 
1.7E+00 
5.9E-01 
9.6E-02 
5.6E-01 
6.9E-02 
1.2E+00 
8.7E-01 
3.5E-01 
1.4E+00 
8.5E-01 
4.7E-01 
3.1E+00 
2.1E+00 
2.5E+00 
1.8E+00 
9.4E-01 
1.3E+00 
1.3E+00 
4.2E-02 
2.6E-01 
2.4E-01 
4.8E-02 
1.8E-02 
1.6E-01 
1.2E-01 
4.5E-02 
6.0E-02 
1.4Е-02 
3.9Е-01 
1.5Е-01 
5.2Е-01 
1.7E+00 
2.3E-01 
1.6E-01 
6.0E-01 
1.7E+00 
2.2E+00 
3.6E+00 
3.5E+00 
1.3E-01 
3.6E+00 
1.8E+00 
1.4E-01 
2.7E-01 
1.6E+00 
2.3E-01 
1.5E+00 
2.4E-01 
3.8E-02 
3.9E-01 
5.1Е-01 
5.7Е-02 
4.3E-01 


Weights 


5: Sk 


оыс + + ro + + ымы + У LD СА СА + + + Q ы + 62 мю + + + L LD O. O + + + о + O. O. o + + o + O + + + 
+ со & с Ñ 2 мю мю мю с ROO + + + + мю бо с O. + МЮ бо су > = со МС & > Сс с С Юю + = го бо O. о + QS n0 rn Art 


10-120 


A 
10857 


ЗЛЕ-01 
6.9E-02 
2.6E-01 
4.4E-02 
1.6Е+00 
2.1Е-01 
1.6Е+00 
9.1Е-01 
8.8Е-01 
3.9Е-02 
1.8E+00 
1.1Е+00 
1.5Е+00 
1.4Е +00 
2.2Е-01 
1.2Е-01 
1.3Е+00 
2.0Е-01 
5.0Е-01 
8.6Е-01 
8.2Е-01 
3.5Е-01 
2.2Е-01 
3.0Е-01 
1.7E+00 
3.0E-01 
5.5E-02 
2.2E+00 
7.7Е-02 
4.4Е-01 
1.9Е+00 
2.3Е+00 
6.1E-01 
1.8E+00 
1.8E-02 
6.4E-01 
1.6E+00 
1.4E+00 
3.5E-01 
4.6E-01 
1.6E+00 
9.6E-01 
9.9E-02 
1.6E+00 
1.2E-02 
4.3E-01 
1.4E+00 
2.0E+00 
2.3E-02 
7.6E-01 
3.6E-02 
6.0E-01 
1.2E+00 
6.3E-02 
3.7E-02 
1.9E-01 
2ЛЕ-01 
6.2Е-01 


À 
À 


3568.5 
3571.2 
3574.2 
3574.6 
3590.4 
3594.2 
3612.3 
3628.0 
3632.7 
3643.9 
3644.9 
3659.9 
3664.1 
3679.8 
3694.2 
3697.1 
3701.8 
3709.6 
3713.1 
3721.8 
3726.9 
3727.1 
3734.9 
3744.6 
3751.2 
3753.8 
3766.3 
377741 
3800.0 
3818.4 
3829.8 
3942.3 


Меу 
*142.61 
*143.32 
147.13 
151.23 
154.50 
*167.69 
#358.93 
365.59 
#482.15 
#571.04 
2259.6 
2265.7 


Ме УП 
97.502 
#115.46 
116.69 
127.66 
465.22 
558.61 
559.95 
561.38 
561.73 
562.99 


Weights 


8: 8к 


ы ҺМм b 9 £ + + + + L O + O. £ о + + У + + Ву + с 
OON + + + С Q = + + + Q с ою ANAN b O. b + + + = У соса A05 


9 9 
9 15 
5 7 
5 5 
1 3 
9 9 
9 3 
5 3 
9 9 
9 15 
3 5 
5 7 
1 3 
9 3 
3 5 
3 1 
1 3 
3 5 
1 3 
3 3 
5 5 
3 1 


А 
108 5-1 


1.4E+00 
6.3E-01 
1.0E-01 
1.3E+00 
3.6E-02 
1.3E+00 
2.6Е-01 
6.0Е-01 
1.3Е-01 
3.2Е-01 
9.9E-01 
6.7E-02 
7.0E-01 
3.2Е-01 
1.0Е-00 
2.8Е-01 
2ЛЕ-01 
1.1Е+00 
1.3Е+00 
2.0Е-01 
1.2Е-01 
9.8Е-01 
1.9Е-01 
2.6Е-01 
1.8Е-01 
4.5Е-01 
2.9Е-01 
4.2Е-01 
3.7E-01 
6.1E-01 
8.4E-01 
1.0Е-02 


6.7E+02 
1.2E+03 
1.5E+03 
3.38E+02 
7.0E+02 
1.5E+02 
2ЛЕ-02 
1.35E+02 
3.01E+01 
1.0E+01 
1.9E+00 
2.4E+00 


1.07E+03 

4.8E+02 

1.6E+03 

1.9E+02 
4.09E+01 
8.11Е+00 
1.07E+01 
7.99E+00 
2.39E+01 
3.17E+01 


À 


° 


A 


564.53 


Ne VIII 
*88.09 
*98.208 
770.41 
780.32 
2820.7 
2860.1 


Nickel 
NiI 
1963.85 
1976.87 
1981.61 
1990.25 
2007.01 
2007.69 
2014.25 
2025.40 
2026.62 
2047.35 
2052.04 
2055.50 
2059.92 
2060.20 
2064.39 
2069.52 
2085.57 
2089.09 
2095.13 
2114.43 
2121.40 
2124.80 
2147.80 
2157.83 
2158.31 
2161.04 
2173.54 
2174.48 
2182.38 
2183.91 
2190.22 
2197.35 
2201.59 
2221.94 
2244.46 
2253.57 
2254.81 
2258.15 
2259.56 
2261.42 
2287.32 
2289.98 
2293.11 
2300.77 
2302.97 
2307.35 
2312.34 


- CA чо —1 CA мо чо AO CA —1 \© —1 CA CA CA Q язь л л мы л tn л ы л л 1 л л чоо QA 1 CA ND М ON чо ба «л tA мым м 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8: Sk 
5 3 
2 6 
6 10 
2 4 
2 2 
2 4 
2 2 


ыч У чо ы CA —1 л —1 чо tA © М л чо чо чо (n - Од л Ол шә Од оо л л - л n QA к мл Q м л 1 Un л << CA М л NO м 


А 
108 5-1 


1.31Е+01 


8.4E+02 
2.77E+03 
5.90E+00 
5.69E+00 
7.20E-01 
6.88E-01 


1.1E-01 
1.1E+00 
1.3E-01 
8.3E-01 
1.7E-01 
9.0E-02 
9.3E-01 
2.3E-01 
2.4E-01 
1.8E-01 
9.7Е-02 
3.3Е-01 
2.1Е-01 
2.3Е-01 
4.0Е-01 
1.1E-01 
2.6Е-00 
9.7Е-02 
1.1E-01 
9.7E-02 
2.8E-01 
3.8E-01 
4.7E-01 
4ЛЕ-01 
6.9E-01 
1.3Е-01 
1.5Е-01 
8.9Е-01 
1.3Е-01 
1.2Е-01 
3.0Е-01 
7.8Е-01 
7.3Е-01 
2.2Е-01 
3.8Е-01 
1.9Е-01 
9.6Е-02 
1.7Е-01 
2.0Е-01 
9.1E-02 
1.8E-01 
2.1E+00 
3.8E-01 
7.5E-01 
4.5E-01 
1.6E-01 
5.5E+00 


À 


° 


A 


2313.98 
2317.16 
2320.03 
2321.38 
2324.65 
2325.79 
2329.96 
2345.54 
2346.63 
2347.51 
2348.73 
2419.31 
2943.91 
2981.65 
3002.48 
3003.62 
3012.00 
3037.93 
3050.82 
3054.31 
3057.64 
3064.62 
3101.56 
3101.88 
3134.11 
3225.02 
3369.56 
3380.57 
3392.98 
3414.76 
3423.71 
3433.56 
3446.26 
3452.88 
3458.46 
3461.66 
3472.55 
3483.77 
3492.96 
3510.33 
3515.05 
3524.54 
3566.37 
3597.70 
3619.39 
4027.67 
4295.88 
4401.54 
4462.46 
4470.48 
4600.37 
4604.99 
4606.23 
4648.66 
4686.22 
4701.54 
4714.42 
4715.78 
4732.47 


Weights 


5: Sk 


- 


= 


— 


— 
NN чо XO — ‹л XO CA ‹л Q) NO NO CA фл Q) QA —1 CA мл фл л <<] оо л л м1 чо 1 1 елм ©л мл фл бу QA м) 1 UA QA м UA м — 1 MO әл м1 — tA «SO — л 


= 
ND з к ос бо» М чо У AAT — чо л л м3 оо 31 \© л >м л М чо ON UN чо «л 3 3 М чо «л AO — QA «л М чо QA CA — NO л М чо XO NO м сє л CA 


10-121 


А 
108 5-1 


5.0Е+00 
3.8Е+00 
6.9Е+00 
5.6Е+00 
1.8Е-01 
3.5Е +00 
5.3Е+00 
2.2Е+00 
5.5Е-01 
2.2Е-01 
2.2Е-01 
2.0Е-01 
1ЛЕ-01 
2.8Е-01 
8.0Е-01 
6.9Е-01 
1.3Е+00 
2.8Е-01 
6.0Е-01 
4.0Е-01 
1.0Е-00 
1ЛЕ-01 
6.3E-01 
4.9E-01 
7.3E-01 
9.3E-02 
1.8Е-01 
1.3Е+00 
2.4Е-01 
5.5Е-01 
3.3E-01 
1.7E-01 
4.4E-01 
9.8E-02 
6.1E-01 
2.7Е-01 
1.2E-01 
1.4E-01 
9.8E-01 
1.2E+00 
4.2E-01 
1.0E+00 
5.6E-01 
1.4E-01 
6.6E-01 
1.3E-01 
1.7E-01 
3.8Е-01 
1.7E-01 
1.9E-01 
2.6E-01 
2.3E-01 
1.0E-01 
2.4Е-01 
1.4E-01 
1.4E-01 
4.6E-01 
2.0E-01 
9.3E-02 


À 


° 


A 


4752.43 
4756.52 
4786.54 
4812.00 
4829.03 
4831.18 
4838.64 
4855.41 
4904.41 
4912.03 
4913.97 
4918.36 
4935.83 
4937.34 
4953.20 
4980.17 
5000.34 
5012.46 
5017.58 
5035.37 
5042.20 
5048.85 
5080.53 
5081.11 
5082.35 
5084.08 
5099.95 
5115.40 
5129.37 
5155.14 
5155.76 
5176.57 
5371.33 
5476.91 
5637.12 
5664.02 
5695.00 
6086.29 
6175.42 
7122.24 
7381.94 
7422.30 
7727.66 


Nill 

2165.55 
2169.10 
2174.67 
2175.15 
2184.61 
2201.41 
2206.72 
2216.48 
2220.40 
2222.96 
2224.86 
2226.33 
2253.85 
2264.46 


Weights 


= 


= 


= 
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= 


- 
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N 


8: 8к 
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— 


— 


— 


— 
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10 


2.4Е-00 
1.58E+00 
1.43E+00 
1.77E+00 
2.90E+00 
1.3E+00 
1.66E+00 
3.4E+00 
2.3E+00 
9.8E-01 
1.55E+00 
1.3E+00 
1.98E+00 
1.43E+00 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


À Weights A À Weights A À Weights A 
A 8: £k 10857 А 8; ёр 108 5-1 А 8; PA 108 5-1 
2270.21 8 10 156Е400 168 6 8 3.2Е-02 292 5 7 2.2Е-02 
2278.77 8 6 2.8Е-00 182 2 2 2.5Е-02 
2287.09 6 4 2.8Е-00 185.23 2 4 4.2Е+02 | Ni XVIII 
2296.55 8 8 . 198E«00 187 4 6 1.28+02 24.881 2 4 8.6E+02 
2297.14 6 4 2Л0Е-00 187 4 2 3.3E+02 25.070 4 6 9.9E+02 
2297.49 4 2 3.0E+00 188 2 2 4.7E402 26.02 2 4 126Е+03 
2298.27 6 6 2.8Е-00 190 6 8 2.0Е-02 26.020 2 4 1.1E+03 
2303.00 8 6 2.9E+00 192 6 8 4,54Е+02 26.046 2 2 1.1E+03 
2316.04 10 8 288Е400 192 6 6 3.1E402 26.218 4 6 1.5E+03 
2334.58 8 8 8.0E-01 194 4 6 2.8E+02 27.98 4 6 1.0E+03 
2375.42 6 8 6.6E-01 194 2 4 5.5E+02 27.982 2 4 2.0E+03 
2394.52 8 10 1.702+00 194 2 2 1.1B+02 28.018 6 8 1.1E+03 
2416.13 6 8 2.1E+00 194 4 4 3.5Е-02 28.220 4 6 2.33Е+03 
2437.89 8 10 5.4Е-01 194.04 4 6 4.6Е+02 29.383 4 6 1.58Е+03 
2510.87 8 10 5.8E-01 195.27 4 4 9.5E401 29.422 6 8 — 1.698403 
196 4 6 6.7E+02 29.779 2 4 1.9Е+03 
Ni III 197 4 6 1.5E+02 29.829 2 2 1.9Е+03 
1692.51 11 13 7.9E+00 197 4 2 1.2E+02 31.845 4 6 2.7Е+03 
1709.90 9 п 6.3Е+00 199 2 4 4.98+02 31.890 6 8 3.0E+03 
1719.46 5 7 6.0E+00 | 206 2 2 3. 7E+02 32.034 2 4 3.4E+03 
1722.28 3 5 5.9E+00 | 217 4 4 1.1E+02 32.340 4 6 4.0Е+03 
1724.52 3 1 6.7Е+00 | 218.391 2 4 9.5E401 36.990 4 6 5.5E+03 
1741.96 9 7 5.7Е+00 | 223.119 2 2 1.3Е+02 37.049 6 8 5.9Е-03 
1752.43 7 5 5.5Е-00 | 231 4 4 1.6Е+02 | 41.015 2 4 2.97Е-03 
1760.56 5 3 6.5Е-00 | 232.475 4 4 4.07Е+02 | 41.218 2 2 3.2E+03 
1769.64 11 11 6.2Е-00 | 233 6 4 24E«02 | 43.814 2 4 5.5E+03 
1823.06 9 9 5.6Е+00 | 235 4 2 3.8E+02 | 44.365 4 6 6.8E+03 
235 6 6 2.5Е-02 | 44.405 4 4 1.14E+03 
Ni XIV 236 4 4 1.2E+02 52.615 4 6 1.5E404 
164.13 6 8 1.2E+03 237.875 4 2 2.6E«02 52.720 6 8 1.68+04 
168 2 4 2.4E+02 238 6 4 1.3Е-02. 52.745 6 6 1.06Е+03 
168.12 4 2 8.5E+02 239.550 2 2 2.6Е+02 59.950 6 4 9.6Е-02 
169.69 4 4 9.8E+02 245 4 4 1.4E402 60.212 4 2 1.1E+03 
170.50 4 4 7.1Е-02 245 4 6 3.2Е-02 63.512 4 6 7.9Е-02 
171.37 4 6 9.4E+02 249 6 8 3.3E402 63.589 6 8 8.5E+02 
172.16 6 6 4.7E+02 249 6 4 1.2E+02 69.075 4 6 8.0Е+02 
172.80 6 4 1.4E+02 250 4 2 1.6E+02 | 76254 4 6 1.38Е+03 
177.28 4 4 5.6E+02 254 6 4 1.8E+02 | 76.359 6 8 1.47Е-03 
178 2 4 8.9E+01 99.275 2 4 1.0E+03 
181 4 6 7.4Е+01 | Ni XVII 100.4 4 6 1.2Е+03 
182.14 4 2 1.5E402 30.919 1 3 2.77Е+03 114.46 4 6 2.5Е+03 
196 4 2 3.8E+01 42.855 1 3 4.75Е+03 114.74 6 8 2.7Е-03 
288.894 4 4 4.6Е+01 54.451 9 ll 1.5E404 
292.399 6 6 3.6E+01 55.361 1 3 6.7E+03 | Ni XIX 
57.348 7 9 1.4Е+04 | 9.140 1 3 3.1E404 
Ni XV 197.39 1 3 1.68+02 | 9.153 1 3 5.2Е+03 
50.249 5 7 6.8Е-03 199.87 3 5 2.1Е+02 | 9.977 1 3 1.1E+05 
60.890 9 ll 1.0Е+04 | 204 3 3 1.8E+02 10.110 1 3 9.4E+04 
64.635 7 9 9.6Е+03 205 3 1 2.4Е-02 10.283 1 3 4.7E403 
163.64 5 7 5.6E+01 206 1 3 3.0E+02 10.433 1 3 5.1E+03 
173.73 5 7 7.6E+02 207.50 5 7 2.5Е+02 11.539 1 3 4.8E404 
175 3 1 5.7E+02 215.89 3 5 4.8E+02 11.599 1 3 6.3E+03 
179.28 5 7 7.5E+02 216 1 3 2.7Е-02 12.435 1 3 3.66Е%05 
181 1 3 6.8E+02 217 5 7 2.4Е-02 12.656 1 3 1.0Е+05 
269 3 1 5.3Е+01 227 5 5 1.68+02 13.779 1 3  123E«04 
278.386 5 5 4.3E+01 249.180 1 3 2/5Е+02 14.043 1 3 131E«04 
281.50 3 1 2.E402 | 40.7 3 3 6.4E+03 
Ni XVI 282 3 1 2.4Е-02 | 40.7 3 1 8.4E+03 
166 4 6 3.1E+02 284 5 3 1.5E+02 | 41.132 7 9 9.4E+03 


10-122 


À 


° 


A 


Ni XXI 
11.13 
11.23 
11.239 
11.28 
11.318 
11.48 
11.48 
11.517 
11.539 
11.67 
11.72 
12.454 
12.472 
12.502 


Ni XXII 
72:52 
84.06 
84.24 
85.86 
88.00 
95.95 
98.16 
98.58 
100.60 
101.31 
103.31 
106.04 
106.16 
124.31 
126.32 


Ni XXIII 
87.66 
88.11 
90.49 
90.96 
91.83 
92.32 
100.42 
102.08 
103.23 
103.67 
104.70 
106.02 
108.27 
111.23 
111.78 
111.86 
112.55 
128.87 
133.54 
137.55 


Ni XXIV 
101.13 
102.11 
103.43 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
3 3 
5 3 
S 7 
3 1 
5 7 
3 1 
1 3 
5 7 
5 7 
1 3 
3 3 
5 3 
3 3 
5 5 
4 2 
6 4 
4 2 
4 2 
4 2 
2 2 
4 4 
4 4 
6 6 
6 4 
4 2; 
4 4 
4 2 
2. 2 
4 4 
3 3 
5 3 
3 3 
5 3 
5 3 
3 1 
1 3 
S 5 
3 3 
5 5 
3 1 
5 5 
T 5 
3 1 
5 3 
1 3 
3 1 
5 5 
3 3 
3 1 
6 4 
4 4 
2 4 


А 
108 5-1 


1.7Е-04 
1.7Е-04 
5.7E+04 
2.2E+05 
2.8E+05 
1.1E+05 
4.0E+05 
1.4E+05 
1.2E+05 
8.0E+04 
2.3E+04 
3.3Е-04 
1.8Е-04 
2.8Е-04 


2.84E+02 
1.2E+03 
5.6E+02 
4.9E+02 
1.2E+03 
4.4E+02 
5.2E+02 
2.45E+02 
3.9E+02 
4.83E+02 
2.66E+02 
2.36E+02 
5.1E+02 
3.7E+02 
3.3E+02 


2.8E+02 
8.3E+02 
1.77E+02 
2.5E+02 
7.5Е-02 
4.39E+02 
2.1E+02 
5.3E+02 
2.4E+02 
1.78E+02 
2.94E+02 
2.87E+02 
3.32E+02 
2.26Е-02 
2.19E+02 
1.7E+02 
1.0E+03 
4.02E+02 
1.86E+02 
2.53E+02 


1.63E+02 
5.4E+02 
1.3E+02 


À 


° 


A 


103.53 
104.64 
106.68 
113.14 
118.52 
122.72 
134.73 
135.47 
137.01 
138.80 
153.47 
159.69 


Ni XXV 
9.30 
9.31 
9.32 
9.34 
9.42 
9.49 
9.60 
9.63 
9.64 
9.71 
9.71 
9.74 
9.75 
9.76 
9.76 
9.78 
9.86 
9.87 
9.92 
9.94 
9.97 
10.08 


Ni XXVI 
1.5930 
1.5935 
1.5973 
1.5977 
1.5982 
1.5996 
1.6005 
1.6036 
9.390 
9.535 


Ni XXVII 
1.2534 
1.2824 
1.3500 
1.3516 
1.531 
1.534 
1.537 
1.537 
1.538 


— чә QA QA Q) Ол QA л — Од QA Q) Q Q) шо ке Од Q о 


+ мю + ыМ ымы 


їнэ Ол шо о 


10-123 


Weights 
5: Sk 
4 2 
2 2 
4 2 
4 4 
2 4 
6 4 
6 6 
4 4 
4 4 
4 6 
2 2 
2 4 


шә CA У CA QA м) м) чә чә QA м) чә ол Q) ne WN 


су ју tS + + ~ ~ 


Mn Ne Ü ÜQ Q ч Ww 


A 
108 5-1 


4.17E+02 
4.7E+02 
3.67E+02 
1.65E+02 
1.5E+02 
2.17E+02 
1.44E+02 
8.0E+01 
2.6E+02 
7.2E+01 
1.27E+02 
8.9E+01 


9.3E+04 
8.2E+04 
7.8Е+04 
1.1Е+05 
9.0E+04 
8.9E+04 
1.8E+05 
2.4E+05 
1.3Е-05 
2.3Е-05 
1.8Е+05 
3.0Е+05 
1.38 +05 
3.03Е-05 
7.5Е+04 
2.95 +05 
4.8Е-05 
2.03E+05 
1.3E+05 
1.29E+05 
2.5E+05 
2.80E+05 


3.4E+06 
4.0Е-06 
8.1Е-06 
4.4E+06 
7.3E+06 
2.7Е-06 
2.7Е-06 
2.1Е-06 
2.59Е-05 
2.96Е-05 


3.35Е+05 
6.38Е-05 
1.63Е--06 
2.4Е+05 
2.0Е+05 
6.9Е-06 
2.3E+06 
3.7E+06 
3.9E+06 


À 


° 


A 


1.539 
1.539 
1.540 
1.541 
1.542 
1.542 
1.544 
1.546 
1.547 
1.549 
1.551 
1.558 
1.5883 
1.5963 


Nitrogen 
NI 
1163.88 
1164.00 
1164.21 
1164.32 
1167.45 
1168.42 
1168.54 
1176.51 
1176.63 
1177.69 
1199.55 
1200.22 
1200.71 
1310.54 
1316.29 
1492.63 
1492.82 
1494.68 
3822.03 
3830.43 
3834.22 
4099.94 
4109.95 
4113.97 
4137.64 
4143.43 
4151.48 
4249.87 
4264.00 
4356.29 
4385.54 
4392.41 
4435.43 
4442.45 
4669.89 
4914.94 
4935.12 
5199.84 
5201.61 
5281.20 
5344.05 
5356.62 


+ С С t2 ко + го + СС + сво + Во + + L = + O. + + + + + + ъс + O O + QO + о 


Weights 
8: 8к 
1 3 
3 5 
3 3 
3 5 
3 3 
5 5 
5 3 
3 5 
3 3 
1 3 
3 1 
3 1 
1 3 
1 3 


eS ON O. + LS МЮ МЮ & & + L мю 00 ORO + + + + DANA о о + + O. Q. AOAN + + ADAM + + O S 


A 
10857 


2.6Е-06 
2.6Е-06 
1.7E+06 
5.5E+06 
3.6E+06 
3.5E+06 
3.2E+06 
1.6E+06 
2.1Е-05 
2.0Е+05 
8.2E+05 
6.5E+05 
6.02E+06 
7.70E+05 


7.52Е-01 
1.27Е-02 
5.17Е-02 
6.94Е-01 
1.29E+00 
4.24Е-02 
1.24Е-00 
9.22Е-01 
1.02Е-01 
1.02E+00 
4.01E+00 
3.99E+00 
3.98E+00 
8.42E-01 
1.42E-02 
3.13E+00 
3.51E-01 
3.72E+00 
3.70E-02 
4.67E-02 
1.89E-02 
3.48E-02 
3.90E-02 
6.62E-03 
2.80E-03 
6.09E-03 
1.01E-02 
2.59E-02 
2.26E-02 
5.10E-02 
8.84Е-03 
1.76Е-02 
7.51Е-03 
3.81Е-02 
7.49Е-03 
8.08Е-03 
1.76Е-02 
1.87Е-02 
1.87Е-02 
2.45Е-03 
6.10Е-04 
1.41Е-03 


À 


° 


A 


5367.01 
5372.61 
5378.27 
6606.18 
6622.54 
6626.99 
6636.94 
6644.96 
6646.50 
6653.46 
6656.51 
6926.67 
6945.18 
6951.60 
6960.50 
6973.07 
6979.18 
6982.03 
7423.64 
7442.30 
7468.31 
7898.98 
7899.28 
7915.42 
8184.86 
8188.01 
8200.36 
8210.72 
8216.34 
8223.13 
8242.39 
8567.74 
8594.00 
8629.24 
8655.88 
8680.28 
8683.40 
8686.15 
8703.25 
8711.70 
8718.84 
8728.90 
8747.37 
9028.92 
9045.88 
9049.49 
9049.89 
9060.48 
9187.45 
9187.86 
9207.59 
9208.00 
9386.81 
9392.79 
9460.68 
9776.90 
9786.78 
9788.29 
9798.56 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8 8к 


-» уу ROGO tS + с су + уу” Сы уу с + с + LO УМ = = с с + Јо + с + м с + > с мю сысы 
с-сы + + с с ROO о && бо Сс 4~ бо + су об LD + бо + гю с + бо + O. мю + + + + МММ ъс с L ВЈ O. + + QO S t + + 


A 
108s-1 


1.07E-03 
8.34E-04 
1.66E-03 
8.87E-04 
7.93E-03 
2.20E-03 
1.40E-02 
3.49E-02 
2.18E-02 
2.74E-02 
2.17E-02 
7.75Е-03 
1.83Е-02 
1.03Е-02 
4.67Е-03 
3.83Е-03 
9.83E-03 
2.04E-02 
5.95E-02 
1.24E-01 
1.93E-01 
2.82E-01 
3.28E-02 
3.13E-01 
8.58E-02 
1.27Е-01 
4.95Е-02 
4.84Е-02 
2.23Е-01 
2.64Е-01 
1.36Е-01 
4.92Е-02 
2.09Е-01 
2.66Е-01 
1.05Е-01 
2.46Е-01 
1.80Е-01 
1.09Е-01 
2.10Е-01 
1.28Е-01 
6.75Е-02 
3.76Е-02 
1.04Е-02 
3.02Е-01 
2.80Е-01 
1.88Е-02 
2.60Е-01 
2.95Е-01 
2.44Е-01 
1.76E-02 
2.70Е-02 
2.33Е-01 
2.24Е-01 
2.63Е-01 
3.98Е-02 
1.18Е-02 
1.13Е-02 
2.99Е-02 
2.75Е-02 


À 


° 


A 


9810.01 
9814.02 
9822.75 
9834.61 
9863.33 
9872.15 
9883.38 
9905.52 
9909.22 
9931.47 
9947.07 
9965.75 
9968.51 
9980.42 
9997.73 


NII 

474.891 
475.647 
475.698 
475.757 
475.803 
475.884 
508.697 
510.758 
513.849 
529.355 
529.413 
529.491 
529.637 
529.722 
529.867 
533.511 
533.581 
533.650 
533.729 
533.815 
547.818 
559.762 
574.650 
582.156 
635.197 
644.634 
644.837 
645.178 
660.286 
671.016 
671.386 
671.411 
671.630 
671.773 
672.001 
745.841 
746.984 
748.369 
775.965 
915.612 
915.962 
1083.99 


Weights 
5: Sk 
4 2 
6 8 
6 6 
6 4 
8 8 
8 6 
2 2 
4 2 
2 4 
4 4 
6 8 
4 6 
6 4 
4 6 
8 8 


— Ü — Ол QA л — сло шә — л Q л л оо — — Q л — Ол QA QA Q Q — Ол фл Q Q) Q — Ол Un QA CA л Q Q — CA 
Q) — чо (A Q) Q) шә 02 — чо Q л QA Q) Q) Q Q чо л М чо чо QA М чо л чоо л чоо л чо — чо л 1 Un CA м] шо л оо л 


10-124 


А 
103 5-1 


5.30Е-02 
6.56Е-03 
4.95Е-02 
4.50Е-02 
9.62Е-02 
2.97E-02 
2.93Е-02 
3.11Е-03 
7.58Е-03 
3.64Е-02 
1.08Е-02 
7.60Е-03 
4.50Е-03 
8.10Е-03 
9.20Е-03 


9.66Е--00 
1.17Е-01 
1.58E+01 
8.75E+00 
2.10E+01 
5.25E+00 
1.91E+00 
1.87E+01 
1.24E+01 
7.23E+00 
2.43E+01 
6.75E+00 
4.92E+00 
1.03E+01 
1.94E+01 
2.39E+01 
3.20E+01 
1.66E+01 
4.13E+01 
9.19E+00 
2.16E+00 
1.14E+01 
3.60E+01 
2.85E+01 
2.33E+01 
1.21E+01 
3.64E+01 
6.07E+01 
3.69E+01 
2.47E+00 
7.40E+00 
3.04E+00 
2.27E+00 
9.85E+00 
3.87E+00 
1.25E+01 
3.85E+01 
3.83E+00 
3.08E+01 
4.38E+00 
1.32E+01 
2.18E+00 


À 
À 


1085.55 
1085.70 
3408.13 
3437.14 
3593.60 
3609.10 
3615.86 
3829.80 
3838.37 
3842.19 
3847.40 
3855.10 
3856.06 
3919.00 
3955.85 
3995.00 
4114.33 
4124.08 
4133.67 
4145.77 
4374.99 
4447.03 
4459.94 
4465.53 
4477.68 
4488.09 
4507.56 
4564.76 
4601.48 
4607.15 
4613.87 
4621.39 
4630.54 
4643.09 
4654.53 
4667.21 
4674.91 
4694.27 
4695.90 
4697.64 
4698.55 
4700.03 
4702.50 
4704.25 
4706.40 
4709.58 
4712.07 
4718.38 
4721.58 
4774.24 
4779.72 
4781.19 
4788.14 
4793.65 
4803.29 
4810.30 
4860.17 
4987.38 
4991.24 


Weights 


8 8к 


5 
7 
1 
1 
5 
3 
1 
5 
5 
3 
3 
1 
3 
3 
5 
5 
3 
5 
5 
5 
5 
5 
1 
3 
3 
5 
5 
5 
5 
3 
3 
1 
5 
3 
5 
3 
1 
3 
5 
3 
1 
7 
2 
3 
9 
7 
5 
9 
7 
5 
3 
7 
> 
3 
7 
5 
5 
1 
5 


чә чә чә У м CA CA ‹л Q) Q) ND ON NN nnn WWW ке Q OQ) Чоо їл AA 02 We Чо Чә М ©л л WWW WANN WWW WWW л WW WW ч CA л 


A 
103 5-1 


9.47E-01 
3.87E+00 
2.19Е-01 
2.07E+00 
1.21E-01 
1.41E-01 
1.53E-01 
2.42E-01 
6.98E-01 
3.06E-01 
2.22E-01 
8.82E-01 
3.71E-01 
6.76Е-01 
1.31Е-01 
1.35Е+00 
1.42Е-03 
3.20Е-01 
5.30Е-01 
7.36Е-01 
5.55Е-03 
1.14E+00 
1.12E-01 
2.36E-02 
8.85E-02 
1.30E-02 
1.00E-01 
1.41E-02 
2.35E-01 
3.26E-01 
2.26E-01 
9.55E-01 
7.72E-01 
4.51E-01 
2.43E-02 
2.99E-02 
1.05E-01 
1.23E-01 
1.29E-01 
3.06E-02 
3.67E-01 
1.05E-01 
9.15E-02 
2.13E-01 
6.09E-02 
1.82E-01 
1.46E-01 
3.02E-01 
7.75Е-02 
3.24Е-02 
2.52Е-01 
2.05Е-02 
2.52Е-01 
7.11Е-02 
3.18Е-01 
4.75Е-02 
1.61Е-02 
7.48Е-01 
3.54Е-01 


À 


° 


A 


4994.36 
4994.37 
4997.22 
5001.13 
5001.47 
5002.70 
5005.15 
5005.30 
5007.33 
5010.62 
5011.31 
5012.04 
5016.38 
5023.05 
5025.66 
5040.71 
5045.10 
5073.59 
5168.05 
5170.16 
5171.27 
5171.47 
5172.34 
5172.97 
5173.39 
5174.46 
5175.89 
5176.57 
5177.06 
5179.34 
5179.52 
5180.36 
5183.20 
5184.96 
5185.09 
5186.21 
5190.38 
5191.96 
5199.50 
5313.42 
5320.20 
5320.96 
5327.76 
5338.73 
5340.21 
5351.23 
5383.72 
5452.07 
5454.22 
5462.58 
5478.09 
5480.05 
5495.65 
5526.23 
5530.24 
5535.35 
5535.38 
5540.06 
5543.47 


8 


л чо чә 1 бао CA л Q) шә шә о 1 1 CA CA чо л Q) iO М XO м CA — ба AO М чо л М CA л к чоо л 092 чо чо Un м1 М — Un М л чо чо л м) о о л 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


Sk 


- 
Ne чә AO м1 CA QA Q) л чо ке оо сл м) QA —1 ©л CA Q) Чә М1 ©л I'D л Чоо м1 М л к OWW ND л - 1 чо QA м} — чо л Чо о Un - 1 ©л QA М) Чә о QA QA NO Q м NW WwW м 


А 
108 5-1 


2.62Е-01 
7.60Е-01 
1.96Е-01 
9.76Е-01 
1.05 Е+00 
8.45Е-02 
1.16Е-00 
6.51Е-02 
7.89Е-01 
2.19Е-01 
5.84Е-01 
5.19Е-01 
1.62Е-01 
3.61Е-01 
1.07Е-01 
3.78Е-03 
3.42Е-01 
2.59Е-02 
3.06Е-01 
6.54Е-01 
8.71Е-01 
5.81Е-01 
6.01Е-01 
5.01Е-01 
7.36Е-01 
5.07Е-01 
8.93Е-01 
2.17Е-01 
5.00Е-01 
8.67Е-01 
1.07Е+00 
4.28Е-01 
2.88Е-01 
3.20Е-01 
7.11Е-02 
5.76Е-02 
1.77E-01 
4.25E-02 
1.51Е-02 
1.41E-01 
4.20E-01 
2.52Е-01 
4.65Е-02 
1.85Е-01 
2.59Е-01 
3.67Е-01 
3.31Е-03 
8.89Е-02 
3.34Е-01 
1.00Е-01 
4.75Е-02 
1.30Е-01 
2.40Е-01 
2.13Е-01 
4.04Е-01 
6.04Е-01 
4.53Е-01 
6.03Е-01 
3.51Е-01 


À 


° 


A 


5551.92 
5552.68 
5565.26 
5666.63 
5676.02 
5679.56 
5686.21 
5710.77 
5730.66 
5747.30 
5767.45 
5893.15 
5897.25 
5899.83 
5927.81 
5931.78 
5940.24 
5941.65 
5952.39 
5960.91 
6065.00 
6284.32 
6379.62 
6482.05 
6610.56 
6857.03 
6869.58 
6887.83 
7762.24 
8438.74 
8831.75 
8855.30 
8893.29 


NIII 

374.198 
451.871 
452.227 
684.998 
685.515 
685.817 
686.336 
763.334 
764.351 
711.545 
771.901 
772.384 
772.889 
712.955 
979.832 
979.905 
989.799 
991.511 
991.577 
1747.85 
1751.22 
1751.66 
2972.55 
2977.33 


Weights 


5: Sk 


AWK Ол Ол QA CA QA Q) Q л Оо Ол фл сло Од ке — олы л Q л — шо м] CA м 
шә чә чо о CA М A Q М о чо л чо и, чо л Q) чо ол Q) л Q) МЫ шо л л Q м 


+ 2 + го ы + ко с + + O. с + мю гм + + LS мю го го 
N м с + + М-ы ыы + L мю Уу + L КУ + 


10-125 


A 
10857 


2.00Е-01 
1.50Е-01 
3.97Е-02 
3.74Е-01 
2.96Е-01 
5.25Е-01 
1.94Е-01 
1.24Е-01 
1.34Е-02 
3.40Е-02 
2.44Е-02 
2.88E-01 
2.16E-01 
1.60E-01 
3.22Е-01 
4.27Е-01 
2.26Е-01 
5.54Е-01 
1.27E-01 
1.34E-02 
2.21E-03 
7.74Е-02 
6.11Е-02 
3.01Е-01 
6.34Е-01 
2.53Е-01 
2.51Е-01 
2.49Е-01 
8.74Е-02 
2.24Е-01 
8.42Е-03 
2.51Е-02 
4.12Е-02 


9.89Е-01 
1.03E+01 
2.05E+01 
9.63E+00 
3.83E+01 
4.54E+01 
1.95E+01 
9.58E+00 
1.85E+01 
8.19E+00 
1.64E+01 
2.45E+01 
2.09E+01 
2.34E+01 
8.84E+00 
9.21E+00 
4.18E+00 
8.17E-01 
4.97E+00 
1.28E+00 
2.48E-01 
1.51E+00 
6.67E-01 
3.32E-01 


À 


° 


A 


2978.84 
2983.64 
3342.76 
3353.98 
3354.32 
3355.46 
3358.78 
3360.98 
3365.80 
3367.36 
3374.07 
3745.95 
3752.63 
3754.69 
3762.60 
3771.03 
3771.36 
3792.97 
3934.50 
3938.51 
3942.88 
4097.36 
4103.39 
4195.74 
4200.07 
4215.77 
4318.78 
4321.22 
4321.39 
4325.43 
4327.69 
4327.88 
4332.95 
4337.01 
4345.81 
4351.11 
4510.88 
4510.96 
4514.85 
4518.14 
4523.56 
4530.86 
4534.58 
4547.30 
4634.13 
4640.64 
4641.85 
4858.70 
4858.98 
4861.27 
4867.12 
4867.17 
4873.60 
4881.78 
4884.14 
4896.58 
5260.86 
5270.57 
5272.68 


Weights 


8: Sk 


= 
ОЗ о + с O + ОС + O. + + с о + [о бо су > СО ао карьера + L = O. + с = + + LS + + с LD ANN ыы 


4 бо Мә со со С 000 + ON I бо + + бо с O. + + L O. + 12000000 + Су + МММ + L) осо O. O. + + L LD O. Су + + L FANN + LD 


A 
108 5-1 


1.66Е-01 
8.24Е-01 
3.80Е-01 
7.66Е-01 
5.51Е-01 
7.51Е-01 
3.05Е-01 
2.44Е-01 
1.52E+00 
1.27E+00 
8.13E-01 
1.90E-01 
6.67E-02 
3.78Е-01 
4.24Е-02 
5.59Е-01 
8.28Е-02 
1.03Е-01 
7.49Е-01 
8.96Е-01 
1.49Е-01 
8.70Е-01 
8.67E-01 
9.37E-01 
1.12Е-00 
1.85Е-01 
5.40Е-02 
1.08Е-01 
5.03Е-02 
8.60E-02 
3.06E-02 
1.07E-01 
1.23E-01 
7.41Е-02 
1.82Е-01 
4.01Е-02 
2.84Е-01 
4.77Е-01 
6.80Е-01 
5.65Е-01 
3.61Е-01 
1.12Е-01 
2.01Е-01 
3.33Е-02 
6.36Е-01 
7.60Е-01 
1.26Е-01 
4.35Е-01 
4.66Е-01 
5.32Е-01 
1.73E-01 
6.18E-01 
1.50E-01 
1.22Е-02 
8.71Е-02 
5.86Е-03 
2.80Е-02 
6.95E-02 
1.39E-01 


À 


° 


A 


5282.43 
5297.75 
5298.95 
5314.36 
5320.87 
5327.19 
5352.46 
6365.84 
6394.75 
6445.34 
6450.79 
6454.08 
6463.09 
6467.02 
6468.57 
6478.76 
6487.84 
7371.51 
7404.54 
8307.51 
8344.95 
8386.39 
8424.56 


NIV 

247.205 
*283.52 
*322.64 
335.047 
387.356 
765.147 
*923.16 
955.334 
1718.55 
2649.88 
3052.20 
3059.60 
3075.19 
3443.61 
3445.22 
3454.65 
3461.36 
3463.36 
3474.53 
3478.72 
*3480.8 
3483.00 
3484.93 
3689.94 
3694.14 
3707.39 
3714.43 
3735.43 
3747.54 
4057.76 
4740.26 
4747.96 
4752.49 
4762.09 


8 


+ + бо бо Су + Сс O. + GO. + МӘС + O. S S + + 


CA CA Q) Q) чо шо —1 A tn Q) Q) Q) Q) Q) ш CA л Q) Wr о л о о Q шо iD WW OO — 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8к 


на 
ю гг с + + с L дс + + L O. O. o O. + о 


CA —1 чо CA фл QA л ы к WO NW л к Ú OQ UA о O92 Q ә Oe NO WK ‹л чо л ш 


A 
108s-1 


2.21E-02 
4.93E-02 
7.38E-02 
1.14E-01 
5.68E-01 
5.29Е-01 
3.72Е-02 
2.18Е-01 
2.15Е-01 
8.89Е-02 
1.77Е-01 
1.49Е-01 
1.13E-01 
2.ПЕ-01 
3.52Е-02 
6.31Е-02 
1.05Е-02 
3.53Е-02 
3.61Е-02 
1.65Е-02 
6.52Е-02 
8.03Е-02 
3.17Е-02 


1.19E+02 
3.05E+02 
8.99E+01 
1.845E+02 
2.55E+01 
2.320E+01 
1.759E+01 
2.919E+01 
2.321E+00 
1.07E+00 
1.33E-01 
3.95Е-01 
6.48Е-01 
3.46Е-01 
4.60Е-01 
3.42Е-01 
1.36Е-00 
1.02Е-00 
5.61Е-01 
1.06Е--00 
1.06E+00 
1.06E+00 
1.06E+00 
9.10E-02 
2.27E-02 
6.73E-02 
1.34E-02 
7.37Е-02 
9.92Е-01 
6.62Е-01 
1.53Е-02 
7.60E-02 
1.13E-02 
6.99E-02 


À 


° 


A 


4769.86 
4786.92 
4796.66 
5200.41 
5204.28 
5205.15 
5226.70 
5245.60 
5272.35 
5288.25 
5736.93 
5776.31 
5784.76 
5795.09 
5812.31 
5826.43 
5843.84 
6380.75 
7103.24 
7109.35 
7111.28 
*7116.8 
7122.98 
7127.25 
7127.25 
9165.07 
9182.16 
9222.99 
9247.04 
9311.55 


NV 

*209.29 
*247.66 
1238.82 
1242.80 
4603.74 
4619.97 


N VI 
24.8980 
28.7870 
*161.220 
173.275 
*173.93 
185.192 
*1901 
2896.4 
*6991.1 
9622.0 


Oxygen 
OI 

791.973 
792.938 
792.967 
877.798 
877.879 
922.008 


Weights 


5: Sk 


= 
— CA O —1 A чо л М л чо л о мл чо — (Q л Q Q) л о м1 л л м чо 


- CA —1 CA чоо CA CA (A XAO чә чә — Ол Ол Q Од Q — оо л л дл Q — Q Ü — — л 


2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
3 5 
3 9 
1 3 
3 9 
1 3 
2 5 
1 3 
3 5 
5 3 
5 5 
5 7 


10-126 


А 
10857 


2.50E-02 
8.79E-02 
1.53E-02 
2.67E-01 
3.55E-01 
1.97E-01 
1.46E-01 
8.66E-02 
9.48E-03 
3.22Е-02 
1.84Е-01 
1.85E-02 
5.51E-02 
1.37E-02 
1.36E-02 
2.25E-02 
4.01E-02 
1.42Е-01 
6.28Е-02 
8.46E-02 
4.70E-02 
1.12Е-01 
1.12Е-01 
2.80Е-02 
3.11Е-03 
4.23Е-02 
4.45Е-02 
4.95Е-02 
7.66Е-03 
5.36Е-03 


1.21E+02 
4.26E+02 
3.40E+00 
3.37E+00 
4.14Е-01 
4.10Е-01 


5.158Е-03 
1.809E+04 
2.859E+02 
2.697E+02 
8.756E+02 
8.205Е-02 
6.780Е-01 
2.079Е-01 
8.384Е-02 
3.276Е-02 


4.945 +00 
2.198 +00 
1.64Е-00 
2.85E+00 
5.12E+00 
1.23E+00 


À 
À 


935.193 
1028.16 
1152.15 
1217.65 
1302.17 
1304.86 
1306.03 
3823.41 
3823.87 
3824.35 
3825.02 
3825.19 
3855.01 
3947.29 
3947.48 
3947.59 
3951.93 
3952.98 
3953.00 
3954.52 
3954.61 
3997.95 
4217.09 
4222.77 
4222.82 
4233.27 
4368.19 
4368.24 
4967.38 
4967.88 
4968.79 
5019.29 
5020.22 
5329.11 
5329.69 
5330.74 
5435.18 
5435.77 
5436.86 
5512.60 
5512.77 
5554.83 
5555.00 
5958.39 
5958.58 
6046.23 
6046.44 
6046.49 
6155.99 
6156.78 
6158.19 
6324.84 
6453.60 
6454.44 
6455.98 
6726.28 
6726.54 
7001.92 
7002.23 


Weights 


8 8к 


Ол чо CA QA 1 сло МА М Ол нь Ол Q) CA Q) QA Q М n Q М) nwa n - 12 an Q Q оо CA к QA Q) (A n Q пол Ол n n n Q) Un дл м — Wane л — Ол 
м CA чо CA ф лл QA ~ ©л Q) Q) До Q) м CA CA л CA XAO м CA CA (CA iD м A QA — Ол Q) 02 к= Од QA Q 02 Q — Q) Un м] UA —1 оо CA Q М] Чоо O9 Чоо о CA 


A 
108 5-1 


1.33Е+00 
4.22Е-01 
5.28Е-00 
2.06E+00 
3.41E+00 
2.03E+00 
6.76E-01 
6.63E-03 
1.87E-03 
5.19E-03 
5.59E-03 
8.31E-04 
1.63E-02 
4.91E-03 
4.88E-03 
4.87E-03 
3.10E-03 
1.29E-03 
1.03E-03 
7.73E-04 
2.32Е-03 
2.41Е-02 
5.44Е-03 
2.26Е-03 
1.81Е-03 
4.04Е-03 
7.56Е-03 
7.59Е-03 
4.43Е-03 
8.44Е-03 
1.27E-02 
7.13Е-03 
9.98Е-03 
9.48Е-03 
1.81Е-02 
2.71Е-02 
7.74Е-03 
1.29E-02 
1.80E-02 
2.69E-03 
3.58E-03 
5.83E-03 
9.71E-03 
6.80E-03 
9.06E-03 
1.05E-02 
1.75E-02 
3.50E-03 
2.67E-02 
5.08E-02 
7.62E-02 
3.76E-05 
1.65E-02 
2.75E-02 
3.85E-02 
1.18E-05 
6.44E-06 
2.65E-02 
3.53E-02 


À 


° 


A 


7254.15 
7254.45 
7254.53 
7711.94 
7774.17 
7775.39 
7981.94 
7982.40 
7986.98 
7987.33 
7995.07 
8221.82 
8227.65 
8230.00 
8233.00 
8235.35 
8446.25 
8446.36 
8446.76 
8820.42 
9260.81 
9260.85 
9260.94 
9262.58 
9262.67 
9262.78 
9265.83 
9265.93 
9266.01 
9482.89 
9622.11 
9622.16 
9625.26 
9625.30 
9694.66 
9694.91 
9695.06 


ОП 

429.918 
430.041 
430.176 
483.760 
483.980 
484.027 
485.087 
485.470 
485.518 
2290.85 
2293.30 
2300.33 
2302.81 
2365.14 
2375.72 
2406.38 
2407.48 
2411.60 
2411.64 
2415.13 


8 


© л л м1 У чо л л м) 1 М л уургээ чоо л CA — QA л эссе?) 


+ 29 b + O O + + = > > + O. O. + а + + = + 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8к 


ш әл м з CA Оо л М QA Q) ль м1 чо л к дл Q) A Q М 1 ©л CA 092 Чо оо л а шо ч Ww 


2 29 2 + + + о S + ЛЕС с с соъ + юс + LS 


A 
108s-1 


2.24E-02 
3.73E-02 
7.45E-03 
3.69Е-01 
3.69Е-01 
3.69Е-01 
2.33Е-04 
3.09Е-04 
4.19Е-04 
1.41Е-04 
5.63Е-04 
2.89Е-01 
8.13Е-02 
2.26Е-01 
2.43Е-01 
4.86E-02 
3.22E-01 
3.22E-01 
3.22E-01 
2.93E-01 
4.46E-01 
3.34E-01 
1.56E-01 
1.ПЕ-01 
2.60Е-01 
2.97Е-01 
2.97Е-02 
1.48Е-01 
4.45Е-01 
2.34Е-01 
5.22Е-04 
1.57Е-03 
3.25Е-04 
1.85Е-03 
4.54Е-04 
4.54Е-04 
4.54Е-04 


4.25Е-01 
4.13Е-01 
4.36Е-01 
2.05Е+01 
1.80E+01 
3.22E400 
2.60Е+01 
1.20Е+00 
1.93Е +01 
7.41Е-02 
3.25Е-01 
4.17Е-01 
1.67Е-01 
1.52Е-01 
1.35Е-01 
1.85Е-01 
2.25Е-01 
2.05Е-01 
1.10Е-01 
2.20Е-01 


À 


° 


A 


2418.46 
2425.57 
2433.54 
2436.06 
2444.25 
2445.53 
2517.96 
2523.21 
2526.87 
2530.28 
2571.46 
2575.28 
3134.73 
3273.43 
3377.15 
3390.21 
3407.28 
3712.74 
3727.32 
3749.48 
3833.07 
3842.81 
3843.58 
3847.89 
3850.80 
3851.03 
3851.47 
3856.13 
3857.16 
3863.50 
3864.13 
3864.43 
3864.67 
3874.09 
3875.80 
3882.19 
3882.45 
3883.14 
3893.52 
3907.45 
3911.96 
3912.12 
3919.27 
3945.04 
3954.36 
3973.26 
3982.71 
4069.62 
4069.88 
4072.15 
4075.86 
4078.84 
4084.65 
4085.11 
4092.93 
4094.14 
4096.53 
4097.22 
4103.00 


Weights 


5: Sk 


= 
N + ON. + осо O. соо + © сос с + го + мю + го + с с O. + со с + + С МЮ Обо С LS о + Q LD ON + o + + + с + LD O. O. O. + Q + L O. O. + + + о о 


t2 М + ON со O. O + 000 + о + + L > + 00 Ь оо Ь оо осо LDO O. Q. МЮ O. O. + 00 + + L + М O. Q. + МЮ Q t2 МЮ со осо + L O. + L + = += Во с 


10-127 


A 
10857 


2.30Е-01 
1.77Е-01 
4.21Е-01 
1.69Е-01 
7.56Е-02 
4.98Е-01 
7.72E-02 
9.63E-02 
1.20E-01 
8.16E-02 
1.15E-01 
1.37E-01 
1.23E+00 
9.99E-01 
1.27E+00 
1.22E+00 
1.02E+00 
2.84E-01 
5.81E-01 
9.31E-01 
1.02Е-02 
7.45Е-02 
3.55E-02 
1.95E-01 
6.00E-03 
1.59E-01 
2.72E-02 
2.28E-01 
6.59E-02 
6.49E-02 
9.12E-02 
2.15E-01 
1.80E-01 
3.26E-02 
3.38E-02 
5.50E-01 
8.94E-02 
1.13E-01 
1.89E-02 
8.64E-02 
1.09E+00 
1.41E-01 
1.22E+00 
2.05E-01 
8.57E-01 
1.04E+00 
4.27E-01 
1.52E+00 
1.53E+00 
1.98E+00 
2.11E+00 
5.52E-01 
7.28Е-02 
4.55E-01 
2.65E-01 
4.70E-02 
1.73E-01 
3.62 Е-01 
5.09Е-01 


À 


° 


A 


4104.72 
4104.99 
4106.02 
4109.84 
4110.19 
4110.79 
4112.02 
4113.83 
4119.22 
4120.28 
4120.55 
4121.46 
4129.32 
4132.80 
4140.70 
4153.30 
4156.53 
4169.22 
4185.44 
4189.58 
4189.79 
4192.51 
4196.27 
4196.70 
4317.14 
4319.63 
4319.87 
4325.76 
4327.46 
4327.85 
4328.59 
4331.47 
4331.86 
4336.86 
4345.56 
4347.22 
4347.41 
4349.43 
4351.26 
4351.46 
4359.40 
4366.89 
4369.27 
4395.93 
4405.98 
4414.90 
4416.97 
4443.01 
4443.52 
4447.68 
4448.19 
4452.38 
4466.24 
4467.46 
4563.18 
4590.97 
4595.96 
4596.18 
4638.86 


Weights 


8: 8к 


— 


t2 + с с во t2 + 00000 су” + O. O. + с + + QO. O + O + = += = QO OG L LO + = + QO соо оо O. O. + + Јо ВУ O. O O. oo O. осы + 
400004 мо + 000000 + O. + O + + QO O. O. 0 + + > + = L + со МЮ O. + > + + Ооо O. с + + L N + O. oo O. S S + O S. + с 


A 
108 5-1 


3.14Е-01 
9.14Е-01 
1.70Е-02 
1.21Е-02 
2.54Е-01 
7.70Е-01 
1.81Е-01 
2.41Е-01 
1.33E+00 
2.15E-01 
2.60E-01 
5.60E-01 
1.79E-01 
9.13E-01 
4.09E-02 
7.91Е-01 
2.11Е-01 
2.71Е-01 
1.91Е-00 
7.06Е-02 
1.98Е-00 
3.21Е-01 
3.56Е-02 
3.56Е-01 
3.70Е-01 
2.55Е-01 
5.62Е-01 
1.47E-01 
6.76E-01 
7.24Е-02 
1.12Е+00 
4.82Е-02 
6.50Е-01 
1.57Е-01 
8.31E-01 
1.19E-01 
9.32E-01 
6.91E-01 
9.89E-01 
5.82E-02 
1.44E-02 
3.98E-01 
3.57E-01 
3.91E-01 
4.30E-02 
8.34E-01 
7.13E-01 
5.05E-01 
1.89E-02 
2.52E-02 
5.10E-01 
1.37E-01 
9.00E-01 
9.00E-01 
7.18Е-03 
8.85Е-01 
4.87Е-02 
8.34E-01 
3.71E-01 


À 


° 


A 


4641.81 
4649.13 
4650.84 
4661.63 
4673.73 
4676.23 
4690.89 
4691.42 
4696.35 
4698.44 
4699.01 
4699.22 
4701.18 
4701.71 
4703.16 
4705.35 
4710.01 
4741.70 
4751.28 
4752.69 
4844.92 
4856.39 
4856.76 
4860.97 
4864.88 
4871.52 
4872.02 
4890.86 
4906.83 
4924.53 
4941.07 
4943.01 
4955.71 
5159.94 
5175.90 
5190.50 
5206.65 
5583.22 
5611.07 
6627.37 
6641.03 
6666.66 
6677.87 
6717.75 
6721.39 
6810.48 
6844.10 
6846.80 
6869.48 
6884.88 
6895.10 
6906.44 
6907.87 
6910.56 


ош 

263.694 
263.727 
263.773 


Weights 
8: 


an 
ON + соо © + O o + QO + L LD) + мю + гм + L + гю + + L) + + + + + + L) + = + Q. O. O + O. + + + + Q QO QS L LD ысы 


— 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Sk 


+ 20:004 O0 000 со LS МЮ ANNAN + + + L У Оо Оо во + со + + Сс O. ООО ООО со GO. + о + Сс мю + о 


сл 


А 
108 5-1 


5.96Е-01 
7.81Е-01 
6.86Е-01 
4.10Е-01 
1.35Е-01 
2.05Е-01 
1.86Е-01 
7.43E-01 
3.25E-02 
6.59E-02 
9.88E-01 
9.36E-01 
9.23E-01 
3.69E-01 
9.20E-01 
1.10Е+00 
2.98 Е-01 
4.71Е-02 
6.39Е-02 
1.45Е-02 
1.02Е-02 
5.58Е-02 
1.00Е-01 
4.70Е-01 
8.07Е-02 
5.60Е-01 
9.34Е-02 
4.80Е-01 
4.54Е-01 
5.43Е-01 
5.87Е-01 
7.18Е-01 
1.82Е-01 
3.29Е-01 
1.49Е-01 
1.26Е-01 
3.58Е-01 
2.17Е-02 
2.14Е-02 
1.73Е-01 
9.88E-02 
6.78E-02 
3.37E-02 
1.33E-01 
1.81E-01 
1.64E-03 
2.97E-03 
3.17E-02 
5.35E-02 
6.12Е-02 
2.72Е-01 
2.48Е-01 
3.03Е-01 
2.43Е-01 


3.32Е-01 
4.48Е-01 
2.49E+01 


À 


° 


A 


263.817 
263.861 
277.386 
279.788 
295.942 
303.413 
303.461 
303.517 
303.622 
303.695 
303.800 
305.596 
305.656 
305.702 
305.767 
305.836 
320.978 
328.448 
345.312 
374.073 
395.557 
507.388 
507.680 
508.178 
525.794 
597.814 
599.590 
702.337 
702.838 
832.929 
835.092 
835.289 
1679.03 
1686.73 
1760.41 
1764.46 
1766.63 
1772.28 
1772.97 
2390.43 
2454.97 
2665.68 
2674.58 
2683.66 
2686.15 
2687.55 
2695.48 
2794.14 
2798.93 
2809.66 
2818.70 
2836.31 
2959.69 
2983.78 
2992.08 
2996.48 
2997.69 
3004.34 
3008.78 


Weights 


5: Sk 


шә CA 1 чо CA CA (A QA (A Q) Q) к л Q) л кє Un л к Од чо — оо Un л оо л М] nn чо ке Q2 Un Q Q Q Q Q Q л чоо Un м] QA 1 шо QA Q) л чоо л Чоо ке чо чо UA — л м 


CA CA л шо Q) о шә —1 Un л Чә Чә ш ш М чоо я шә Чоо чо л шә — дл о Q оо л л — WK л — Q гээ = Сл “(л QA л оо Q) сг” Чоо Q — не CA CA CA CA 


10-128 


А 
103 5-1 


5.97Е+01 
1.49Е-01 
9.43E+01 
4.25E+01 
5.56E+01 
4.29E+01 
1.29E+02 
3.21Е-01 
3.21Е-01 
5.34E+01 
9.61E+01 
1.20E+02 
1.62E+02 
9.01E+01 
2.16E+02 
5.40E+01 
2.17E+02 
1.04E+02 
1.35E+02 
2.85E+01 
2.80E+01 
1.61E+01 
4.82E+01 
8.04E+01 
9.60E+01 
1.49E+01 
5.41E+01 
6.06E+00 
1.83E+01 
3.41E+00 
1.44E+00 
5.99E+00 
6.57E-01 
6.48E-01 
8.38E-01 
2.50E+00 
1.11E+00 
3.29E+00 
1.37E+00 
1.62E+00 
3.43E+00 
6.75E-01 
1.11E+00 
1.85E+00 
1.54E+00 
1.84E+00 
1.82E+00 
1.82E-01 
4.52E-02 
1.34E-01 
2.66E-02 
1.46E-01 
1.83Е+00 
2.15Е-00 
9.32E-02 
4.64E-01 
6.88E-02 
4.27 E-01 
1.53E-01 


À 
À 


3017.62 
3023.43 
3024.36 
3024.54 
3035.41 
3042.07 
3047.10 
3059.28 
3064.98 
3068.13 
3068.26 
3068.67 
3074.14 
3074.72 
3075.13 
3075.95 
3083.65 
3084.64 
3088.04 
3095.79 
3115.67 
3121.63 
3132.79 
3198.18 
3201.14 
3202.51 
3207.61 
3210.58 
3216.07 
3221.21 
3260.86 
3265.33 
3267.20 
3281.83 
3284.45 
3299.39 
3312.33 
3326.06 
3330.30 
3330.32 
3332.41 
3332.93 
3336.67 
3336.69 
3340.76 
3344.20 
3344.51 
3347.98 
3350.62 
3350.92 
3355.86 
3362.31 
3376.61 
3376.76 
3377.26 
3382.61 
3383.31 
3383.81 
3384.90 


Weights 


8: 8к 


м CA CA QA Q) Q) Чә м1 М -Ә A —1 CA CA CA CA кл лә см ©л оо — QC м1 М ©л фл лс м м3 N CA лл Q) Q) оо кє Un nn оо We Tw м 
о (A чә м л чо о м1} —1 чо CA —1 CA Q) ло М чо CA Ол 02 Q) Q мы CA CA NO м AA —1 чо QA - 1 Q) CA QA Q) — м1 XO UA ДО л о М л Чоо — әл к Q Q а-а 


A 
108 5-1 


5.38Е-01 
4.79Е-01 
9.39Е-02 
6.16Е-01 
4.59Е-01 
1.94Е-00 
1.49E+00 
8.72E-01 
2.17E-01 
6.49E-01 
5.41E-02 
2.27E-01 
1.84E-01 
3.76Е-01 
1.61Е-01 
1.07Е-01 
3.20Е-01 
2.55Е-01 
5.30Е-01 
1.35Е-01 
1.39E+00 
1.38E+00 
1.37E+00 
9.57E-02 
4.77E-01 
7.08E-02 
4.40E-01 
1.58E-01 
5.58E-01 
9.75E-02 
1.68E+00 
1.88E+00 
1.58E+00 
2.89E-01 
2.06E-01 
1.64E-01 
4.60E-01 
2.65E-01 
6.81E-01 
4.76E-01 
7.92E-01 
5.04E-01 
3.76E-01 
8.77E-02 
6.57E-01 
1.25E-01 
3.48E-01 
4.86E-01 
1.12E+00 
9.91E-01 
6.89E-01 
6.87E-01 
1.49E+00 
1.12E+00 
5.20E-01 
9.86E-01 
3.70E-01 
8.62E-01 
1.48E+00 


À 


° 


A 


3394.22 
3395.43 
3406.88 
3408.13 
3415.26 
3428.63 
3430.57 
3444.05 
3446.68 
3447.15 
3447.97 
3450.91 
3451.30 
3454.84 
3454.99 
3459.48 
3459.94 
3466.13 
3466.85 
3475.24 
3520.94 
3531.22 
3533.38 
3534.90 
3555.24 
3556.78 
3695.38 
3698.72 
3703.36 
3704.75 
3707.27 
3709.54 
3712.49 
3714.03 
3715.09 
3720.89 
3721.95 
3725.31 
3728.51 
3728.84 
3729.80 
3732.13 
3734.83 
3742.63 
3746.90 
3754.70 
3757.23 
3759.88 
3774.03 
3791.28 
3810.98 
3816.75 
3961.57 
4072.64 
4073.98 
4081.02 
4089.30 
4103.07 
4118.60 


8 


CA CA чо (A чо — ‹л QA QA (A оо QA о А л У лә мы л л лы лоо лоо осалы CA бу 02 Q к NO — ON л © л Q М л — о л л о ш шо ~ м 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


8к 


= 


ыл чә му QA Q) М) чо чо л Q м) чо CA м1 CA QA Q) UA NO —1 AA Чо М м чо CA к AwWwWornnrnwmnwWwre Q) У n ND М чо У Q ND з чо CA QA Q) QA Q) к чә л м 


A 
108s-1 


4.88E-01 
9.75E-02 
1.93E-01 
5.79E-01 
1.44E-01 
1.42E-01 
2.37E-01 
4.21E-01 
9.71E-01 
8.09E-01 
1.19E+00 
1.44E+00 
8.06E-01 
6.89E-01 
1.72E+00 
1.14E-01 
5.14E-01 
2.84E-01 
6.82E-02 
2.42E-02 
1.50E-01 
4.45E-01 
1.ПЕ-01 
1.ПЕ-01 
1.82Е-01 
3.26Е-01 
4.01Е-01 
7.62Е-01 
1.14E+00 
8.53E-01 
7.34E-01 
1.13E+00 
6.59E-01 
4.06E-01 
9.73E-01 
3.74E-01 
2.80Е-01 
2.4]E-01 
1.29Е-00 
1.45E+00 
1.22E+00 
2.67E-02 
7.40E-02 
2.24E-01 
1.59E-01 
7.53Е-01 
5.56Е-01 
9.79Е-01 
3.91Е-01 
2.24Е-01 
2.3ТЕ-02 
9.63Е-02 
1.25Е+00 
3.37Е-01 
4.54Е-01 
6.02Е-01 
2.49Е-01 
1.48Е-01 
1.63E-02 


À 


° 


A 


4440.09 
4447.69 
4461.61 
4524.22 
4532.78 
4535.29 
4555.39 
4557.91 
5268.30 
5508.24 
5592.25 


O IV 

238.360 
238.570 
238.579 
279.631 
279.933 
553.329 
554.076 
554.513 
555.263 
608.397 
609.829 
616.952 
617.005 
617.036 
624.619 
625.127 
625.853 
779.736 
779.820 
779.912 
779.997 
787.710 
790.112 
790.199 
921.296 
921.365 
923.367 
923.436 
1338.61 
1342.99 
1343.51 
2120.58 
2132.64 
2493.39 
2493.75 
2493.99 
2499.27 
2501.81 
2507.73 
2509.22 
2510.58 
2517.37 
2781.22 
2803.57 
2805.87 
2812.50 


Weights 
8: Sk 
5 3 
5 5 
5 7 
3 1 
5 3 
3 3 
5 5 
3 5) 
1 3 
2 5 
3 3 


С\ М2 ON tS ON + С + +: O мю L + Уу го & УУ” ММ С-СЫ + QO + LD) & ы уу + r + + LS 
сысы У Q IS > мю мю O. + + гм с > гю мю ъс + + со + + + го + ҺӘМ L Ë+ rn L + осы 


10-129 


A 
108 s-! 


4.42Е-01 
4.40Е-01 
4.36Е-01 
3.38Е-01 
1.40Е-01 
8.40E-02 
2.49E-01 
8.27E-02 
3.50E-01 
1.06E-01 
3.27E-01 


2.96Е-02 
3.54E+02 
5.90E+01 
2.68E+01 
5.34E+01 
1.22E+01 
4.86E+01 
6.06E+01 
2.41E+01 
1.21E+01 
2.40E+01 
2.60E+01 
2.89E+00 
2.89E+01 
1.07E+01 
2.13E+01 
3.19E+01 
1.46E+00 
1.31E+01 
1.36E+01 
9.70E-01 
5.95E+00 
1.18E+00 
7.08Е--00 
2.21E+00 
8.83E+00 
1.10E+01 
4.39E+00 
2.17E+00 
4.29E-01 
2.57E+00 
1.05E+00 
1.29E+00 
1.18E+00 
8.48E-01 
6.09E-01 
4.68E-01 
3.73E-01 
2.32E+00 
1.94E+00 
1.19E+00 
1.24E+00 
1.03E-01 
1.26E-01 
2.90E-01 
3.58E-02 


À 


° 


A 


2816.53 
2829.17 
2836.27 
2916.31 
2921.46 
2926.18 
3063.43 
3071.60 
3177.89 
3180.77 
3180.99 
3185.74 
3188.22 
3188.64 
3194.78 
3199.58 
3209.65 
3216.31 
3348.06 
3349.11 
3354.27 
3362.55 
3375.40 
3378.02 
3381.21 
3381.30 
3385.52 
3390.19 
3396.80 
3405.77 
3409.70 
3411.30 
3411.69 
3425.55 
3489.89 
3492.21 
3493.43 
3560.39 
3563.33 
3593.08 
3725.89 
3725.94 
3729.03 
3736.68 
3736.85 
3744.89 
3758.39 
3930.68 
3942.06 
3945.31 
3956.77 
3974.58 
3977.09 
3995.08 
4687.03 
4772.60 
4779.10 
4783.42 
4794.18 


Weights 


8: 8к 


+ + У L S O O. + + + L N об сл сео + су + Уз - уу + с + + Су + + L O. N + + + + + + КУ 00 оос су >с + + L L L ы Су со + 
— 


4 
6 
4 
4 
6 
4 
4 
2 
4 
2 
6 
4 
8 
2 
6 
4 
8 
6 
4 
6 
2 
4 
6 
4 
6 
4 
8 
2 
4 
2 
6 
4 
6 
4 
6 
4 
4 
6 
8 
6 
4 
6 
8 
4 
0 
6 
8 
2 
4 
2 
4 
6 
4 
6 
4 
4 
2 
6 
4 


А 
103 5-1 


5.74Е-01 
1.56Е-01 
8.4ЗЕ-01 
1.06Е--00 
1.27E+00 
2.ПЕ-01 
1.30Е--00 
1.29Е-00 
7.59Е-02 
1.51Е-01 
7.06E-02 
1.21E-01 
4.28E-02 
1.50E-01 
1.71E-01 
1.04E-01 
2.53E-01 
5.56E-02 
8.51Е-01 
1.02Е-00 
7.71Е-01 
7.65Е-01 
7.56Е-01 
1.66Е-01 
7.19Е-01 
4.28Е-01 
1.02E+00 
8.49E-01 
5.40E-01 
1.67E-01 
3.00E-01 
1.69E-01 
1.02E+00 
4.94E-02 
7.29E-01 
6.06E-01 
1.21E-01 
1.03E+00 
1.10E+00 
7.15Е-02 
5.61E-01 
6.01E-01 
6.86E-01 
2.23E-01 
7.95Е-01 
1.92Е-01 
1.11Е-01 
3.80E-02 
9.42E-02 
1.88Е-01 
2.98Е-02 
6.62Е-02 
9.91Е-02 
1.52Е-01 
2.79Е-01 
1.23Е-01 
2.45Е-01 
2.06Е-01 
1.56Е-01 


À 


° 


A 


4798.27 
4813.15 
5305.51 
5362.51 
6876.49 
6931.60 
7004.11 
7061.30 


OV 

172.169 
*192.85 
*215.17 
220.353 
248.460 
629.732 
758.677 
759.442 
760.227 
760.446 
761.128 
762.004 
774.518 
1371.30 
2729.31 
2731.45 
2743.61 
2752.23 
2755.13 
2769.69 
2781.01 
*2784.0 
2786.99 
2789.85 
3058.68 
3144.66 
3219.24 
3222.29 
3227.54 
3239.21 
3248.28 
3263.54 
3275.64 
3297.62 
3690.17 
3698.36 
3702.72 
3717.31 
3725.63 
3746.64 
3761.58 
4119.37 
4120.49 
4123.96 
4125.49 
4134.11 
4153.27 
4158.86 
4178.46 


CA чә чә чо о чо — 1 CA QA tn Q) Q) М Un tn QA Q) WR ЫЫ л л Q) Од НЫ л оо л Q о WW OO н 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 Sk 
6 8 
6 6 
4 4 
6 6 
2 4 
2 2 
4 4 
4 2 


mm 


A 
108 5-1 


2.91Е-01 
8.65Е-02 
6.10Е-02 
6.12Е-02 
1.88Е-02 
7.35Е-02 
8.90Е-02 
3.48Е-02 


2.94Е-02 
6.90E+02 
1.83E+02 
4.292E+02 
5.59E+01 
2.872E+01 
5.547E+00 
7.373E+00 
5.514E+00 
1.652E+01 
2.197E+01 
9.125Е-00 
3.804E+01 
3.336E+00 
4.52E-01 
5.90Е-01 
4.38Е-01 
1.82Е-00 
1.37E+00 
7.88Е-01 
1.40Е-00 
1.40Е-00 
1.39Е-00 
1.38E+00 
1.39E+00 
8.86Е-01 
1.54Е-01 
1.16Е-01 
3.38Е-02 
3.28Е-01 
1.18Е-01 
1.86Е-02 
4.76Е-01 
1.30Е-01 
1.97Е-02 
1.03Е-01 
1.41Е-02 
9.63Е-02 
2.91Е-02 
1.18Е-01 
1.61Е-02 
3.66Е-01 
3.33Е-01 
4.81Е-01 
2.70Е-01 
3.34Е-01 
1.92Е-01 
3.39Е-01 
1.12Е-01 


À 


° 


A 


4213.35 
4522.66 
4554.53 
5114.06 
5339.94 
5349.74 
5372.71 
5414.59 
5428.38 
5471.12 
5571.81 
5580.12 
5583.23 
*5589.9 
5597.89 
5604.27 
5607.41 
6330.05 
6460.12 
6466.14 
6500.24 
6543.77 
6601.28 
6764.72 
6789.62 
6817.40 
6828.95 
6878.76 


OVI 

*150.10 
*173.03 
1031.91 
1037.61 
3811.35 
3834.24 


O VII 

18.6270 
21.6020 
*120.33 
128.411 
*128.46 
135.820 
*1630.3 
2448.98 
*5933.1 
8241.76 


Phosphorus 


Weights 


5: Sk 


CA CA Q) Q) — —1 сл мы CA сл CA ф лл NO Q) Q) Ол UA Q) Q) We к Q Q CA 
= 
CA —1 чо CA чо У ои л —1 чо CA —1 л Q л Чоо л Q) л Wr шо шо л шо чә 


2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
3 5 
3 9 
1 3 
3 9 
1 3 
4 2 
4 4 
4 6 
4 6 
4 4 
4 2 
4 4 
6 4 


10-130 


А 
10857 


1.19E-02 
1.02Е-02 
2.41Е-01 
1.80Е-01 
1.85E-02 
7.04E-02 
1.42E-02 
9.29E-03 
2.68E-02 
4.86E-02 
8.33E-02 
1.11E-01 
6.20E-02 
1.49E-01 
1.48E-01 
3.68E-02 
4.08E-03 
1.21Е-01 
9.37Е-02 
1.01Е-01 
1.11E-01 
1.64E-02 
1.14Е-02 
4.37Е-02 
5.79Е-02 
3.00Е-02 
7.35Е-02 
1.65E-02 


2.62E+02 
8.78E+02 
4.16E+00 
4.09E+00 
5.14E-01 
5.05E-01 


9.365E+03 
3.309E+04 
5.334E+02 
8.982E+02 
1.615E+03 
1.523Е+03 
7.935Е-01 
2.514Е-01 
1.002Е-01 
3.864Е-02 


3.9E-01 
4.0E-01 
3.9E-01 
2.17Е+00 
2.14E+00 
2.13E+00 
2.ПЕ-01 
2.83E+00 


À 
À 


2149.1 
2152.9 
2154.1 
2154.1 
2534.0 
2535.6 
2553.3 
2554.9 


РП 
1301.9 
1304.5 
1304.7 
1305.5 
1309.9 
1310.7 
4475.3 
4499.2 
4530.8 
4554.8 
4588.0 
4589.9 
4602.1 
4943.5 
5253.5 
5425.9 
6024.2 
6043.1 


РШ 

1334.8 
1344.3 
1344.8 
4057.4 
4059.3 
4080.1 


Potassium 
KI 
4044.1 
4047.2 
5084.2 
5099.2 
5323.3 
5339.7 
5343.0 
5359.6 
5782.4 
5801.8 
5812.2 
5831.9 
6911.1 
6938.8 
7664.9 
7699.0 


КП 
607.93 


Weights 
8: 8к 
4 2 
2 4 
4 4 
4 6 
2 4 
4 4 
2 2 
4 2 
1 3 
3 1 
3 3 
3 5 
5 3 
5 5 
5 7. 
3 7 
3 2 
3 5 
5 7 
3 5 
7 9 
7 5 
3 5 
5 5 
3 5 
5 7 
2 4 
4 6 
4 4 
4 4 
6 4 
4 2 
2 4 
2 2 
2 2 
4 2 
2 2 
4 2 
2 4 
4 6 
2 2 
4 2 
2 4 
4 6 
2 2 
4 2 
2 4 
2 2 
1 3 


A 
108 5-1 


3.18E+00 
4.85E-01 
1.73E-01 
5.8E-01 
2.00E-01 
9.5Е-01 
7ЛЕ-01 
3.00Е-01 


5.0Е-01 
1.5Е+00 
3.7Е-01 
3.8Е-01 
6.2Е-01 
1.1Е+00 
1.3Е-00 
1.4E+00 
1.0E+00 
9.6E-01 
1.7E+00 
1.6E+00 
1.9E+00 
6.3E-01 
1.0E+00 
6.9Е-01 
5.1Е-01 
6.8E-01 


5.5E-01 
6.4E-01 
1.1Е-01 
1.0Е-01 
9.0Е-01 
9.9E-01 


1.24E-02 
1.24E-02 
3.50E-03 
7.0E-03 
6.3E-03 
1.26E-02 
4.0E-03 
4.6E-03 
1.23E-02 
2.46E-02 
2.8E-03 
3.2E-03 
2.72Е-02 
5.4E-02 
3.87E-01 
3.82E-01 


1.3Е-02 


À 


° 


A 


кш 

2550.0 
2635.1 
2992.4 
3052.1 
3202.0 
3289.1 
33224 
3421.8 


K XVI 
206.27 


KXVII 
22.020 
22.163 
22.18 
22.60 
22.16 


Praseodymium 
Pr II 
3997.0 
4062.8 
4100.7 
4143.1 
4179.4 
4222.9 
4241.0 
4359.8 
4405.8 
4429.3 
4449.8 
4468.7 
4510.2 
4534.2 
4734.2 
4879.1 
4886.0 
4912.6 
5034.4 
5110.8 
5135.1 
5173.9 
5219.1 
5220.1 
5251.7 
5259.7 
5292.6 
5810.6 
5879.3 
6200.8 
6278.7 
6398.0 


Rhodium 
RhI 
3083.96 
3114.91 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
6 4 
4 4 
6 8 
4 6 
4 4 
4 6 
6 6 
2 4 
1 3 
2 4 
4 6 
4 4 
2 2 
4 2, 
15 15 
13 15 
17 19 
15 17 
13 15 
11 13 
17 15 
15 15 
17 17 
15 15 
13 13 
11 13 
13 15 
15 17 
15 13 
15 15 
15 15 
17 15 
19 19 
21 19 
17 17 
19 17 
15 15 
17 15 
15 13 
15 13 
13 13 
17 19 
15 15 
15 17 
13 15 
11 13 
8 6 
6 4 


А 
108 5-1 


2.0Е--00 
1.2Е-00 
2.5Е-00 
1.7Е-00 
1.8E+00 
2.0E+00 
1.3E+00 
1.5E+00 


9.4E+01 


4.7E+04 
5.6E+04 
9.3E+03 
2.5E+03 
4.7E+03 


1.87E-01 
1.00E+00 
8.4E-01 
5.8E-01 
5.2E-01 
3.91E-01 
2.30E-01 
1.1E-01 
9.0E-02 
2.28E-01 
1.24E-01 
1.54E-01 
1.16Е-01 
4.9Е-02 
2.5Е-02 
1.8Е-02 
1.3Е-02 
5.7Е-02 
1.1E-01 
2.78Е-01 
1.25Е-01 
3.18Е-01 
9.5Е-02 
2.35Е-01 
1.1E-02 
2.24E-01 
9.3E-02 
2.3E-02 
7.6Е-02 
1.8Е-02 
2.6Е-02 
1.9Е-02 


À 


° 


A 


3121.76 
3123.70 
3137.71 
3189.05 
3197.13 
3263.14 
3271.61 
3280.55 
3283.57 
3289.14 
3323.09 
3331.09 
3338.54 
3360.80 
3368.38 
3396.82 
3399.70 
3462.04 
3470.66 
3478.91 
3484.04 
3498.73 
3502.52 
3507.32 
3528.02 
3543.95 
3549.54 
3570.18 
3583.10 
3596.19 
3597.15 
3612.47 
3620.46 
3654.87 
3657.99 
3666.22 
3690.70 
3692.36 
3700.91 
3713.02 
3788.47 
3793.22 
3799.31 
3806.76 
3818.19 
3822.26 
3828.48 
3833.89 
3856.52 
3872.39 
3877.34 
3913.51 
3922.19 
3934.23 
3942.72 
3958.86 
3984.40 
3995.61 
4053.44 


Weights 


- 


- 


8: Sk 


ка 


EN 


ка 


= 
NOA ом» со ОС 00 + опа © обо Ь оо O со + гю со + O0 0 + оо осо © С 000 ссе + QS L O + o oo + GO. + а 0000 


ка 


EN 


10-131 


A 
10857 


1ЛЕ-01 
4.6E-02 
3.3E-02 
3.03E-01 
4.35E-02 
1.3Е-01 
2.0Е-01 
2.36Е-01 
4.4Е-01 
1.0Е-01 
6.3Е-01 
5.40Е-02 
3.5Е-02 
1.2Е-01 
1.1E-01 
6.5E-01 
1.2E-01 
6.2E-01 
8.5Е-01 
3.32Е-01 
9.3E-03 
2.12Е-01 
4.3Е-01 
3.4Е-01 
8.5Е-01 
4.65Е-01 
2.22Е-01 
1.82Е-01 
2.6Е-01 
5.5Е-01 
5.9Е-01 
8.90Е-01 
8.5Е-02 
6.0E-02 
8.8E-01 
8.4E-02 
3.23E-01 
9.1Е-01 
3.9Е-01 
8.3Е-02 
1.4Е-01 
4.2Е-01 
5.5Е-01 
6.2Е-02 
5.8Е-01 
8.5Е-01 
6.2Е-01 
5.8Е-01 
5.9Е-01 
6.7E-03 
3.7E-02 
2.5E-03 
6.25E-02 
1.58E-01 
7.15Е-01 
5.5Е-01 
1ЛЕ-01 
4.7E-02 
2.8E-02 


À 


° 


A 


4056.34 
4082.78 
4097.52 
4121.68 
4128.87 
4135.27 
4196.50 
4211.14 
4244.44 
4278.60 
4288.71 
4373.04 
4374.80 
4379.92 
4492.47 
4528.72 
4548.73 
4551.64 
4565.19 
4569.00 
4608.12 
4675.03 
4721.00 
4745.11 
4755.58 
4842.43 
4963.71 
4977.75 
4979.18 
5090.63 
5120.69 
5130.76 
5155.54 
5184.19 
5212.73 
5292.14 
5390.44 
5424.72 
5599.42 
5983.60 


Rubidium 
RbI 
3022.5 
3032.0 
3044.2 
3060.2 
3082.0 
3112.6 
3113.1 
3157.5 
3158.3 
3228.0 
3229.2 
3348.7 
3350.8 
3587.1 
3591.6 
4201.8 


Weights 


8: 8к 


на 


EN 


© со + с © юэ бо & + оо O. O. + [о бо > QO. + осо (о бо > + с o O. С O + бо с + © V ooo + + = 


пан 


аъ © с о + O. ера + O. O. со IG O. + + + Q O QS о LO O. + + o O. oo O. Q S со о 
— 


UN 
- 


мю Мә tS tS LS LS LS Мә S S S LY 
+ 2 - уу» + r + + + + + + 


À 


° 


A 


4215.5 
7800.3 
7947.6 


Scandium 
ScI 
2116.7 
2120.4 
2262.3 
2266.6 
2270.9 
2280.8 
2289.6 
2311.29 
2315.69 
2320.32 
2324.75 
2328.19 
2334.67 
2346.03 
2429.19 
2438.63 
2468.40 
2692.78 
2699.02 
2706.74 
2707.93 
2711.34 
2965.88 
2974.01 
2980.76 
2988.97 
3015.37 
3019.35 
3030.76 
3255.68 
3269.90 
3273.63 
3907.48 
3911.81 
3933.38 
3996.60 
4020.39 
4023.22 
4023.68 
4031.38 
4036.86 
4043.80 
4047.80 
4051.83 
4054.54 
4067.00 
4067.63 
4074.96 
4078.56 
4080.57 
4082.39 
4086.66 
4087.47 


Weights 
8 8к 
2 2 
2 4 
2 2 


EN 
= с с + о ы со oo O. O O + + + Q QO + с=с + + Q O + GO OS + + QO S + + + + сысы + QO OS + + QO + O + рысы 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


охо + + + с\ оо со о С\ 0040000000 + LS + С со O. + O. + O. O. + + Q о LD O. + + Јо O. + O. + O O GO + L + O + 


A 
108s-1 


1.5E-02 
3.70E-01 
3.40E-01 


2.0E-01 
2.0E-01 
5.8E-02 
4.8E-01 
4.6E-01 
2.8E-01 
4.1E-02 
4.1E-02 
2.5E-01 
2.4E-01 
4.1E-02 
4.6E-02 
1.7E-01 
1.3E-01 
2.8E-01 
2.1E-01 
4.9E-02 
1.61E-01 
2.4E-02 
3.1E-01 
1.49E-01 
3.2E-01 
7.5Е-02 
5.5Е-01 
5.4Е-01 
6.9E-02 
7.8E-01 
8.7E-01 
1.00E-01 
3.2Е-01 
3.13E+00 
2.81E+00 
1.66E+00 
1.79Е-00 
1.62Е-01 
1.65Е-01 
1.63Е-00 
3.0E-01 
1.65E+00 
2.9E-01 
7.9E-02 
3.ПЕ-01 
1.54Е-01 
7.7Е-02 
1.67Е-01 
1.91Е-01 
4ЛЕ-02 
3.7E-01 
4.3E-01 
6.6E-02 
2.73E-01 
3.7E-01 
1.12E-01 


À 


° 


A 


4093.12 
4094.86 
4098.36 
4132.98 
4140.27 
4147.38 
4161.85 
4171.53 
4186.42 
4187.61 
4193.53 
4204.52 
4205.20 
4212.32 
4212.48 
4216.08 
4218.23 
4225.54 
4225.69 
4231.64 
4233.59 
4238.05 
4239.55 
4246.14 
4542.55 
4544.67 
4706.94 
4709.31 
4711.72 
4714.30 
4719.31 
4728.77 
4729.20 
4729.24 
4734.11 
4737.65 
4741.02 
4743.82 
4973.67 
4980.36 
4983.43 
4991.91 
4995.00 
5018.41 
5021.52 
5064.31 
5066.38 
5070.17 
5072.71 
5075.82 
5080.22 
5081.56 
5083.72 
5085.55 
5086.94 
5096.72 
5099.27 
5101.12 
5331.79 


Weights 


5: Sk 


- 


= 


- 
ка 


ка 


-ь5Бь-охообО»ьпьюооохозохох3хб соо + с + o G + м O + 000 00 000 b RO RIO ROO + соо о сос ос 00 


4 
6 
8 
6 
8 
6 
8 
4 
8 
6 
6 
8 
8 
6 
6 
4 
4 
8 
6 
4 
6 
8 
4 
6 
4 
6 
6 
8 
4 
4 
6 
8 
4 
6 
2 
4 
6 
8 
2 
4 
4 
6 
6 
4 
4 
0 
6 
8 
4 
6 
4 
0 
8 
6 
4 
4 
6 
8 
4 


10-132 


А 
10857 


1.23Е-01 
1.44Е-01 
8.7E-02 
1.19E+00 
1.17E+00 
1.74E-01 
1.77E-01 
1.36E-01 
8.4E-02 
1.28E-01 
6.1E-02 
3.5E-02 
1.12E-01 
1.58E-01 
8.6E-02 
2.36E-01 
2.26E-01 
9.5E-02 
7.6E-02 
1.31E-01 
4.0E-01 
7ЛЕ-01 
2.27Е-01 
1.15Е-01 
1.28Е-01 
1.33Е-01 
2.81Е-01 
4.0Е-01 
1.81Е-01 
2.14Е-01 
1.04Е-01 
1.16Е-01 
2.20Е-01 
1.93Е-01 
1.10Е+00 
8.8Е-01 
9.1Е-01 
9.8Е-01 
8.4Е-01 
5.6Е-01 
2.58Е-01 
3.8Е-01 
5.9E-02 
2.09E-01 
2.30E-01 
7.3E-02 
3.6E-02 
1.16E-01 
2.0E-02 
1.15Е-01 
4ЛЕ-02 
7.6Е-01 
6.2Е-01 
5.7E-01 
6.6E-01 
1.69E-01 
1.50E-01 
8.8E-02 
1.ПЕ-01 


À 


° 


A 


5339.43 
5341.07 
5349.34 
5350.28 
5355.79 
5356.10 
5375.37 
5392.06 
5416.16 
5416.41 
5425.55 
5429.42 
5432.98 
5433.25 
5438.28 
5439.04 
5442.62 
5446.20 
5451.37 
5455.24 
5464.95 
5468.40 
5472.19 
5482.01 
5484.63 
5514.23 
5520.52 
5526.10 
5541.07 
5631.04 
5671.83 
5686.86 
5700.19 
5708.64 
5711.79 
5717.31 
5724.13 
5988.43 
6026.16 
6146.20 
6198.43 
6249.96 
6262.22 
6280.16 
6284.16 
6284.73 
6293.02 
7741.16 
7800.42 


Sc II 
1880.6 
2064.3 
2068.0 
2213.1 
2545.20 
2552.35 
2555.79 
2560.23 


Weights 
8: 


= 
о + с о + O. + O. + с O. соо Ь © с c © IS O. сососсососы + Q оо р -о»-мсбо-сФососоообоо зо 


- 
oo c 


л чо з tA — л м л 


8к 


- 


кі ка 


- 


= 
со © (о + O. + O. oo ON. со + O. ON бо ON © со © roO + © 000 ооо» + а обо t2 t2 + + + оо с 00000 O. + c ноо 


ол QA G9 чо л Ww 


5.0E+00 
2.2E+00 
2.0E+00 
7.TE+00 
4.0E-01 
2.21E+00 
6.9E-01 
2.01E+00 


À 


° 


A 


2563.19 
2611.19 
2667.70 
2746.36 
2782.31 
2789.15 
2801.31 
2819.49 
2822.12 
2826.64 
2870.85 
2912.98 
2979.68 
2988.92 
3039.92 
3045.73 
3052.92 
3060.54 
3065.12 
3075.36 
3128.27 
3133.07 
3139.72 
3190.98 
3199.33 
3312.72 
3320.40 
3343.23 
3353.72 
3359.67 
3361.26 
3361.93 
3368.94 
3372.15 
3379.16 
3535.71 
3558.53 
3567.70 
3572.53 
3576.34 
3580.93 
3589.63 
3590.47 
3613.83 
3630.74 
3642.78 
3645.31 
3651.80 
3859.59 
4246.82 
4314.08 
4320.75 
4325.00 
4374.46 
4400.39 
4415.54 
4670.41 
5031.01 
5239.81 


8 


— CA CA CA 1 \© л М XO CA М л 1 чо CA М м) CA чо л М чо л л Q 1 ©л ол CA ЮО л QA (A Q 1 л Q) NO ONN л м) n чо CA Un М Un чоо \© М л Оо UA. w 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 


Sk 


pā 


чә чә м3 CA м1 \© чо CA м1 A QA QA м1 QA —1 XO л Q) Q) л М QA м] шә Q) л оо — Q UA М) м) шә —1 чә Q м1 n оо D — —1 XO со У Q) чо AO У jO м л кє ‹л л — 


A 
108s-1 


2.70E+00 
2.2E+00 
1.5E+00 
3.9E+00 
1.3E+00 
1.3E+00 
1.3E+00 
2.3E+00 
2.5E+00 
2.8E+00 
1.1E+00 
1.1E+00 
1.2E+00 
2.9E+00 
3.5E+00 
3.68E+00 
3.92E+00 
3.0E-01 
4.00E+00 
2.5E-01 
1.9E+00 
1.8E+00 
2.1E+00 
1.1E+00 
1.9E+00 
1.2E+00 
1.2E+00 
1.1E+00 
1.51E+00 
2.16E-01 
3.4E-01 
1.17E+00 
8.3E-01 
9.9E-01 
2.5E+00 
6.1E-01 
3.0E-01 
3.5E-01 
1.38E+00 
1.06Е--00 
1.23E+00 
4.6E-01 
2.9E-01 
1.48E+00 
1.20E+00 
1.13E+00 
2.74E-01 
3.0E-01 
1.1E+00 
1.29E+00 
4ЛЕ-01 
4.0E-01 
4.3E-01 
1.48Е-01 
1.43E-01 
1.47E-01 
1.16E-01 
3.5E-01 
1.39Е-01 


À 


° 


A 


5526.79 
5657.91 
5669.06 


Silicon 
Sil 

1977.6 
1979.2 
1980.6 
1983.2 
1986.4 
1989.0 
2208.0 
2210.9 
2211.7 
2216.7 
2218.1 
2506.9 
2514.3 
2516.1 
2519.2 
2524.1 
2528.5 
2532.4 
2631.3 
2881.6 
3905.5 
4738.8 
4783.0 
4792.3 
4818.1 
4821.2 
4947.6 
5006.1 
5622.2 
5690.4 
5708.4 
5754.2 
5772.1 
5948.5 
7226.2 
7405.8 
7409.1 
7680.3 
7918.4 
7932.3 
7944.0 
7970.3 


Si II 

989.87 
992.68 
1020.7 
1190.4 
1193.3 
1194.5 
1197.4 
1248.4 
1251.2 


Weights 
8: Sk 
9 7. 
5 5 
3 1 


лон" үс л л л шә не л — — фл рэг л (n Q 00 — Q л о = 


Су + + + L L бо + ы 


10-133 


CA NO з CA л ы л о Q) л Q Q QA к До Q Q ОР чо о Un чоо л л <<] шо л Q л оо л We Ww 


+ + КУ > 2 + L O. + 


A 
10857 


3.3E-01 
1.04E-01 
1.31E-01 


1.8E-01 
5.1Е-01 
1.3E-01 
1.4E-01 
2ЛЕ-01 
4ЛЕ-01 
3.11Е-01 
4.16Е-01 
2.32Е-01 
5.5Е-01 
1.38Е-01 
4.66Е-01 
6.1E-01 
1.21E+00 
4.56Е-01 
1.81E+00 
7.TE-01 
2.6E-01 
9.7E-01 
1.89E+00 
1.18E-01 
1.0E-02 
1.7E-02 
1.7E-02 
1.1E-02 
8.0E-03 
4.2E-02 
2.8E-02 
1.6Е-02 
1.2Е-02 
1.4E-02 
1.5E-02 
3.6E-02 
2.2Е-02 
7.9Е-03 
3.7Е-02 
2.3E-02 
4.6E-02 
5.2Е-02 
5.1Е-02 
5.8Е-02 
7.1E-03 


6.7E+00 
8.0E+00 
1.3E+00 
6.9E+00 
2.8E+01 
3.6E+01 
1.4E+01 
1.3E+01 
1.9E+01 


À 


° 


A 


1260.4 
1264.7 
1304.4 
1309.3 
1526.7 
1533.5 
1808.0 
2904.3 
2905.7 
3210.0 
4128.1 
4130.9 
5041.0 
5056.0 
5957.6 
5978.9 
6347.1 
6371.4 
7848.8 
7849.7 


Si III 
883.40 
994.79 
997.39 
1141.6 
1144.3 
1161.6 
1206.5 
1206.5 
1207.5 
1294.5 
1296.7 
1298.9 
1299.0 
1301.2 
1303.3 
1328.8 
1417.2 
1435.8 
1589.0 
1778.7 
1783.1 
3241.6 
*3486.9 
3590.5 
4552.6 
4554.0 
4567.8 
4683.0 
4716.7 
5451.5 
5473.1 
5716.3 
5739.7 
7462.6 
7466.3 
7612.4 


Weights 
8: 8к 
2 4 
4 6 
2 2 
4 2 
2 2 
4 2 
2 4 
4 6 
6 8 
4 6 
4 6 
6 8 
2 4 
4 6 
2 2 
4 2 
2 4 
2 2 
4 6 
6 8 


N 
CA QA Q) Q) м) з A м1 ©л Чоо оо QA QA ке Q) —1 XO чо М ке чо чә — Un Q бо о ~ 


шо —1 CA — М ‹л о Ол ‹л шә Un шә Оо CA QA л — л л оо — л Q) QA оо — Од Un Q — Ол Q O9 л шә CA 


A 
108 5-1 


2.0E+01 
2.3E+01 
3.6E+00 
7.0E+00 
3.73E+00 
7.4E+00 
3.7E-02 
6.7E-01 
7.1Е-01 
4.6Е-01 
1.32E+00 
1.42E+00 
9.8E-01 
1.2E+00 
4.2E-01 
8.1E-01 
7.0E-01 
6.9E-01 
3.9E-01 
4.2Е-01 


6.3E+01 
7.89E+00 
1.31E+01 
3.0E+01 
3.9E+01 
1.6E+01 
2.59E+01 
4.89E+01 
1.9E+01 
5.42E+00 
7.19Е--00 
5.36E+00 
1.61E+01 
2.13E+01 
8.85E+00 
2.7E+01 
2.60E+01 
2.1E+01 
1.1Е+01 
4.4E+00 
3.8E+00 
2.3E+00 
1.8E+00 
3.9E+00 
1.26E+00 
7.6E-01 
1.25E+00 
9.5E-01 
2.8E+00 
6.0E-01 
7.9E-01 
1.9E-01 
4.7E-01 
4.9E-01 
5.4E-01 
1.1E+00 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


À Weights A À Weights A À Weights A 
A 8: £k 10857 А 8; ёр 108 5-1 А gi gi 108 5-1 
Si IV 258.35 4 4 1.4E+02 4747.9 2 2 6.3Е-03 
457.82 2 4 3.6Е-00 261.05 4 2 5.4Е-01 4751.8 4 2 1.27E-02 
458.16 2 2 3.6Е+00 272.00 2 2 3.0Е-01 4978.5 2 4 4.1Е-02 
515.12 2: 2 4.1E+00 277.26 4 2 5.7E+01 4982.8 4 4 8.2Е-03 
516.35 4 2 8.2Е-00 287.08 2 4 2.6Е-01 4982.8 4 6 4.89E-02 
*560.50 6 10 1.0Е--00 289.19 4 4 5.0Е-01 5148.8 2 2 1.17E-02 
*749.94 10 14 1.45E+01 292.22 6 4 7.3Е+01 5153.4 4 2 2.33Е-02 
815.05 2 2 1.23Е+01 #347.73 10 10 4.3E+01 5682.6 2 4 1.03E-01 
818.13 4 2 2.44E+01 *353.09 6 10 2.1E+01 5688.2 4 6 1.2E-01 
*860.74 10 6 1.8E+00 5688.2 4 4 2.1E-02 
*1066.6 10 14 3.91E+01 Si XI 5890.0 2 4 6.11E-01 
1122.5 2 4 2.05Е-01 43.763 1 3 6.11Е-03 5895.9 2 2 6.10Е-01 
1128.3 4 4 4.03E+00 *49.116 9 3 2.45Е-03 6154.2 2 2 2.6E-02 
1128.3 4 6 2.42E+01 49.222 3 5 8.9E+03 6160.8 4 2 5.2E-02 
1393.8 2 4 7.73E+00 52.296 3 1 7.6E+02 8183.3 2 4 4.53E-01 
1402.8 2 2 7.58E+00 303.30 1 3 6.42E+01 8194.8 4 6 5.4E-01 
*1724.1 10 6 5.5E+00 358.29 3 1 1.03E+02 8194.8 4 4 9.0E-02 
358.63 3 5 1.38E+01 11381 2 2 8.9E-02 
Si V 361.41 1 3 1.80E+01 11404 4 2 1.76E-01 
96.439 1 3 4.8Е-02 364.50 3 3 1.32E+01 
97.143 1 3 2.0E+03 365.42 5 5 3.90E+01 Na II 
117.86 1 3 3.0E+02 368.28 3 1 5.1E+01 300.15 1 3 3.0E+01 
371.48 5 3 2.07E+01 301.44 1 3 4.9E+01 
Si VI 604.14 3 5 1.12E+01 372.08 1 3 3.4E+01 
246.00 4 2 1.7E+02 2300.8 1 3 4.34E-01 
249.12 2 2 8.5E+01 Маш 
Si XII 378.14 4 2 7.7Е-01 
Si ҮП %40.924 2 6 4.42Е-03 380.10 2 2 3.7E+01 
217.83 5 3 4.3E+02 *44.118 6 10 1.4Е+04 1991.0 4 6 8.3Е+00 
272.64 5 3 5.1Е-01 499.43 2 4 9.56Е+00 2004.2 2 4 4.6Е+00 
274.18 3 1 1.2Е-02 520.72 2 2 8.47E+00 2011.9 6 8 8.4E+00 
275.35 5 5 8.9E+01 1862 2 4 1.15E+00 2151.5 2 4 4.4E+00 
275.67 3 3 3.0E+01 1949 2 2 1.0Е-00 2174.5 4 6 5.3Е-00 
276.84 1 3 3.9E+01 4620 2. 4 4.6E-02 2230.3 6 8 3.7E+00 
278.45 3 9 2.9Е-01 4942 4 6 4.5Е-02 2232.2 4 4 3.3E+00 
2246.7 4 6 2.4E+00 
Si VIII Silver 2459.3 4 6 3.0E+00 
214.76 4 2 4.1 E402 AgI 2468.9 2 4 2.4Е-00 
216.92 6 4 3.6Е-02 2061.2 2. 4 3.1Е-02 2497.0 6 6 1.7Е+00 
232.86 2: 2 8.0Е-01 2069.9 2 2 1.5Е-02 
235.56 4 4 9.7Е-01 3280.7 2 4 1.4Е+00 Na V 
250.45 2 2 7.7E+01 3382.9 2 2 1.3E+00 *307.89 10 6 2.0E+02 
250.79 4 2 1.6Е-02 5209.1 2 4 7.5Е-01 *333.46 6 6 5.6E+01 
314.31 4 2 5.2E+01 5465.5 4 6 8.6E-01 *369.01 10 6 1.2Е-02 
316.20 4 4 5.0Е-01 5471.6 4 4 1.4Е-01 *400.72 10 10 5.0Е-01 
319.83 4 6 4.9E+01 *445.14 6 10 7.1Е-00 
Sodium 459.90 4 2 2.3E+01 
Si IX Nal 461.05 4 4 2.3E+01 
223.73 1 3 4.2E+01 3302.4 2 4 2.81E-02 463.26 4 6 2.2E+01 
225.03 3 3 1.2E+02 3303.0 2 2 2.81E-02 510.10 2 2 5.6E+01 
227.01 5 3 2.0E+02 4390.0 2 4 7.7Е-03 511.19 4 4 6.8Е+01 
227.30 5 3 2.3Е-02 4393.3 4 4 1.6Е-03 
258.10 5 5 1.04E+02 4393.3 4 6 9.2E-03 Na VI 
*294.37 9 9 5.9Е+01 4494.2 2 4 1.2Е-02 313.75 5 3 1.3Е+02 
*347.36 9 15 2.2Е-01 44977 4 6 1.4Е-02 361.25 5 5 7.7Е-01 
4497.7 4 4 2.4Е-03 *416.53 9 9 3.7E+01 
Si X 4664.8 2 4 2.33E-02 *492.80 9 15 1.3Е+01 
253.77 2 4 2.9Е +01 4668.6 4 4 4.1Е-03 1550.6 5 5 4.35E+00 
256.57 2: 2 1.1Е+02 4668.6 4 6 2.5Е-02 1567.8 5 3 2.68E+00 
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NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


À Weights A 3, Weights A À Weights A 
А 8: Sk 10857 А 8: Sk 10857 А 8: Sk 10857 
1608.5 3 1 2.6Е+00 4607.3 1 3 2.01Е-00 4694.1 5 7 6.7Е-03 
1649.4 5 5 2.05Е-00 4695.4 5 5 6.7E-03 
1741.5 3 5 2.59E+00 Sr II 4696.2 5 3 6.5Е-03 
1747.5 5 7 3.1E+00 2018.7 2 2 1.2E-01 6403.6 3 5 5.7E-03 
2051.9 4 2 2.4E-01 6408.1 5 5 9.5E-03 
Na VII 2282.0 2 4 8.3E-01 6415.5 7 5 1.3E-02 
*94.409 6 10 2.7E+03 2322.4 4 6 9.1E-01 #6751.2 15 25 7.9Е-02 
%105.27 6 2 4.5Е-02 2324.5 4 4 1.5Е-01 7679.6 3 5 1.2Е-02 
353.29 4 4 1.0Е--02 2423.5 2 2 2.4Е-01 7686.1 5 5 2.0E-02 
381.30 4 2 4.0Е-01 2471.6 4 2 4.8Е-01 7696.7 7 5 2.8Е-02 
397.49 4 4 3.5Е-01 3464.5 4 6 3.1Е-00 
399.18 6 4 5.2E+01 3474.9 4 4 5.1E-01 SI 
%483.28 10 10 2.9Е-01 4077.7 2 4 1.42Е+00 1124.4 2 4 1.0Е+00 
486.74 2. 4 1.1E+01 4161.8 2 2 6.5E-01 1125.0 4 4 4.6E+00 
491.95 4 6 1.3E+01 4215.5 2 2 1.27E+00 1131.0 2 2 3.5E+00 
555.80 4 4 2.3E+01 4305.5 4 2 1.4E+00 1131.6 4 2 1.4E+00 
777.83 4 6 6.8Е-00 4414.8 4 6 1ЛЕ-01 1250.5 4 2 4.6Е-01 
4417.5 4 4 1.8Е-02 1253.8 4 4 4.2Е-01 
Ма УШ 4585.9 4 2 7.0Е-02 1259.5 4 6 3.4Е-01 
*83.34 9 15 3.94Е-03 5303.1 2 4 1.9Е-01 4463.6 8 6 5.3Е-01 
*89.88 9 3 8.09Е-02 5379.1 4 6 2.2Е-01 4483.4 6 4 3.1Е-01 
90.536 3 5 2.86E+03 5385.5 4 4 3.7E-02 4486.7 4 2 6.6E-01 
411.15 1 3 4.42E+01 5723.7 2 2 7.1E-02 4524.7 4 4 9.3E-02 
1239.4 3 3 3.02E+00 5819.0 4 2 1.4Е-01 4525.0 6 4 1.2Е+00 
1802.7 3 1 2.70Е--00 8688.9 4 6 5.5Е-01 4552.4 4 2 1.2Е+00 
1867.7 3 5 2.01E+00 8719.6 4 4 9.7E-02 4656.7 2 4 9.0E-02 
2059.1 3 5 1.80E+00 4716.2 4 4 2.9E-01 
2558.2 5 3 2.26E-02 Sulfur 4815.5 6 4 8.8E-01 
2772.0 3 5 4.19Е-01 51 4885.6 2 4 1.7E-01 
3021.0 5 7 4.90E-01 1295.7 5 5 4.9E+00 4917.2 2 2 6.6E-01 
3108.9 1 3 2.58E-01 1296.2 5 3 2.7E+00 4924.1 4 6 2.2E-01 
3182.3 1 3 2.92E-01 1302.3 3 5 1.8E+00 4925.3 2 4 2.4E-01 
1302.9 3 3 1.6E+00 4942.5 2 2 1.5Е-01 
Na IX 1303.1 3 1 6.6Е+00 4991.9 4 4 1.5Е-01 
70.615 2; 4 1.35Е+03 1303.4 5 3 1.9Е+00 5009.5 4 2 7.0Е-01 
70.653 2 2 1.35Е-03 1305.9 1 3 2.4E+00 5014.0 4 4 8.4E-01 
77.764 2 4 3.6Е+03 1401.5 5 3 9ЛЕ-01 5027.2 4 2 2.6Е-01 
77.911 4 6 4.3E+03 1409.3 3 3 5.0E-01 5032.4 6 6 8.1E-01 
681.72 2 4 6.63E+00 1412.9 1 3 1.6E-01 5047.3 4 2 3.6E-01 
694.17 2 2 6.30E+00 1425.0 9 7 4.5E+00 5103.3 6 4 5.0E-01 
2487.7 2 4 8.32E-01 1425.2 3 5 1.2Е+00 5142.3 2 2 1.9Е-01 
2535.8 2 2 7.89E-01 1433.3 3 5 3.3Е-00 5201.0 4 4 7.5Е-01 
6841.8 2 4 2.59Е-02 1433.3 3 3 1.9Е+00 5201.3 6 4 6.5Е-02 
7103.4 4 6 2.78E-02 1437.0 1 3 2.4Е-00 5212.6 4 6 9.8Е-02 
1448.2 5 3 7.3Е-00 5212.6 6 6 8.5Е-01 
Strontium 1473.0 5 7 4.2Е-01 5320.7 6 8 9.2Е-01 
SrI 1474.0 5 7 1.6Е-00 5345.7 4 6 8.8Е-01 
2206.2 1 3 6.6E-03 1474.4 5 5 5.0E-01 5345.7 6 6 1.1Е-01 
2211.3 1 3 8.5Е-03 1474.6 5 3 6.2Е-02 5428.6 2 4 4.2Е-01 
2217.8 1 3 1.2Е-02 1481.7 3 5 1.7E-01 5432.8 4 6 6.8E-01 
2226.3 1 3 1.6Е-02 1483.0 3 5 1.2Е+00 5453.8 6 8 8.5Е-01 
2237.7 1 3 2.3Е-02 14832 3 3 7.5Е-01 5473.6 2 2 7.3E-01 
2253.3 1 3 3.7Е-02 1487.2 1 3 8.7E-01 5509.7 4 4 4.0E-01 
2275.3 1 3 6.7Е-02 1666.7 5 5 6.3Е+00 5526.2 8 8 8.1Е-02 
2307.3 1 3 1.2Е-01 1687.5 1 3 9.4Е-01 5536.8 4 6 6.6Е-02 
2354.3 1 3 1.8Е-01 1782.3 1 3 1.9E+00 5556.0 4 2 1.1E-01 
2428.1 1 3 1.7Е-01 1807.3 5 3 3.8Е+00 5564.9 6 6 1.7Е-01 
2569.5 1 3 5.3Е-02 1820.3 3 3 2.2Е+00 5578.8 6 6 1.1Е-01 
2931.8 1 3 1.9E-02 1826.2 1 3 7.2Е-01 5606.1 10 8 5.4Е-01 
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5У 
437.37 
438.19 
439.65 
*661.52 
*679.01 
*690.75 
786.48 
*854.85 


S VI 
248.99 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
4 4 
4 6 
6 4 
2 4 
6 4 
4 2 
4 4 
8 6 
6 4 


ш Un л Q) л Q) ке чоо л Q) л Чо Q М CA Чоо М л чо л о шә кє Un шо л мї 
л 3 чо — ©л Q) Q) л Q) Q —1 CA QA SO м} До Q Q Ол Ол Q) CA 


2 2 
+ 2 
2 4 
2 2 
1 3 
3 3 
5 3 
9 15 
9 15 
9 9 
1 3 
9 9 
2 4 


А 
108 5-1 


1.2Е-01 
6.6E-01 
1.8E-02 
5.7E-01 
4.6E-01 
5.8E-01 
8.5E-02 
1.8Е-01 
3.0Е-01 


2.5Е-00 
2.3E+00 
4.5E-01 
1.4E+00 
6.2E-01 
4.6E-01 
1.9E+00 
1.2E+00 
7.1Е-01 
6.0Е-01 
1.1Е+00 
1.4Е-00 
6.1Е-01 
5.1Е-00 
5.7E+00 
4.7E+00 
3.0E+00 
4.0E+00 
6.4E-01 
1.0E+00 
4.4E-01 
5.6E-01 
4.2Е-01 
1.3Е-00 
1.6Е+00 
6.7Е-01 
1.2Е-00 
9.0Е-01 


2.06Е+01 
4.08Е-01 
2.6Е-00 
2.5Е-00 


1.12Е-01 
3.33Е-01 
5.5E+01 
6.44E+01 
8.6E+01 
5.0E+01 
5.25E+01 
4.18E+01 


3.1E+01 


À 


° 


A 


249.27 
388.94 
390.86 
706.48 
712.68 
712.84 
933.38 
944.52 


S ҮП 

60.161 
60.804 
72.029 


S VIII 
198.55 
202.61 


$ XI 
*189.90 
190.37 
215.95 
217.63 
239.81 
242.57 
242.82 
246.90 
247.12 
*288.49 


S XII 

212.14 
215.18 
218.20 
221.44 
227.50 
234.48 


5 ХШ 
32.236 
37.600 
256.66 
299.89 
303.37 
307.36 
308.91 
312.68 
316.84 
500.42 


5 ХІУ 
*30.434 
*32.517 
417.67 
445.71 
1550 
1663 
3967 


Weights 
5: Sk 
2 2 
2 2 
4 2 
2 4 
4 6 
4 4 
2 4 
2 2 
1 3 
1 3 
1 3 
4 2 
2 2 
9 3 
5 3 
5 5 
1 3 
1 3 
3 5 
3 3 
5 5 
5 3 
9 15 
2 4 
2 2. 
4 4 
4 2 
2 2. 
4 2 
1 3 
3 1 
1 3 
3 5 
1 3 
3 3 
5 5 
3 1 
5 3 
3 5 
2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
2 4 
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A 
10857 


3.1E+01 
4.5E+01 
8.8E+01 
4.17E+01 
4.85E+01 
8.1E+00 
1.7E+01 
1.6E+01 


9.46E+03 
5.1E+02 
8.61E+02 


2.5E+02 
1.2E+02 


4.3E+02 
2.8E+02 
1.4E+02 
7.2Е-01 
2.6E+01 
1.9E+01 
1.9E+01 
5.4E+01 
3.0E+01 
2.9E+01 


3.7E+01 
1.4E+02 
1.7E+02 
6.4E+01 
3.7E+01 
6.8E+01 


1.09E+04 

1.3E+03 

8.7E+01 
1.78E+01 
2.28E+01 
1.64E+01 
4.82E+01 

6.3E+01 
2.50E+01 
1.43E+01 


8.28E+03 
2.6E+04 
1.2E+01 
1.0E+01 
1.4E+00 
1.2E+00 
5.4E-02 


À 
À 


4153 


Tantalum 
Tal 
3127.9 
3168.3 
3170.3 
3205.5 
3260.2 
3337.8 
3383.9 
3406.9 
3419.7 
3463.8 
3484.6 
3488.8 
3497.9 
3505.0 
3553.4 
3607.4 
3625.2 
3626.6 
3642.1 
3657.5 
3731.0 
3754.5 
3784.3 
3792.1 
3826.9 
3836.6 
3848.1 
3858.6 
3918.5 
3922.8 
3996.2 
3999.3 
4003.7 
4006.8 
4026.9 
4029.9 
4030.7 
4040.9 
4061.4 
4064.6 
4067.2 
4067.9 
4097.2 
4105.0 
4136.2 
4147.9 
4175.2 
4205.9 
4303.0 
4378.8 
4386.1 
4402.5 
4415.7 
4441.0 


Weights 
8: Sk 
4 6 


— 


= 


ка = 
k= 


— — 
моодны» c Š = RO 0 OO S © 0000 O 00 + I O 000 > O + 00 CO + = 


- 


= 


- 
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= 


= 
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= 
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NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights A À Weights A À Weights А 
8: 8к 108 5-1 А Ef 113 108 51 À 8: &k 108 5-1 
10 8 9.0Е-03 5518.9 8 10 3.8Е-02 2921.5 4 4 7.6Е-02 
6 8 1.36Е-02 5620.7 8 10 6.0E-03 3229.8 4 2 1.73E-01 
10 12 1.56E-02 5640.2 6 8 4.9E-03 3519.2 4 6 1.24E+00 
10 8 3.6E-03 5645.9 6 8 1.43E-02 3529.4 4 4 2.20E-01 
10 10 3.1E-03 5699.2 6 6 4.2Е-03 3775.7 2 2 6.25Е-01 
10 10 2.3E-03 5767.9 6 8 2.6Е-03 5350.5 4 2 7.05Е-01 
4 6 2.42Е-02 5780.7 4 6 3.3Е-03 
4 6 5.3Е-03 5811.1 8 6 5.7Е-03 Thulium 
6 8 9.5E-03 5849.7 10 8 2.8E-03 TmI 
8 8 2.5E-02 5871.4 10 12 2.3E-02 2513.8 8 10 6.9E-02 
4 4 1.2Е-02 5939.8 2 4 1.6Е-02 2527.0 8 8 1.7Е-01 
8 10 2.1Е-03 5944.0 4 6 2.13Е-02 2596.5 8 10 1.6Е-01 
6 4 5.3Е-02 5997.2 10 10 2.4Е-02 2601.1 8 6 1.7Е-01 
4 4 1.2Е-02 6020.7 2 4 1.0Е-02 2622.5 8 10 6.1Е-02 
6 4 2.85Е-02 6045.4 6 8 2.6Е-02 2841.1 6 6 2.0Е-01 
6 6 1.5Е-02 6047.3 8 10 9.0Е-03 2854.2 8 6 2.7E-01 
10 8 2.8E-03 6249.8 6 6 3.5Е-03 2914.8 8 8 7ЛЕ-02 
6 8 3.4Е-03 6258.7 6 8 3.3Е-03 2933.0 8 6 1.0Е-01 
2 4 4.08Е-02 6309.6 4 6 1.83Е-02 2973.2 8 8 2.3Е-01 
6 6 1.4Е-02 6360.8 6 8 4.6Е-03 3046.9 8 8 1.8Е-01 
4 4 5.0Е-02 6428.6 6 6 6.0E-03 3081.1 8 8 1.9Е-01 
4 6 7.5Е-03 6430.8 8 8 2.9Е-02 3122.5 6 6 5.2Е-01 
8 8 2.8Е-02 6450.4 8 10 2.2Е-02 3142.4 6 6 8.8Е-02 
10 8 2.16Е-02 6485.4 10 10 5.8Е-02 3172.7 8 8 1.8Е-01 
4 4 1.2Е-02 6514.4 6 4 2.2Е-02 3233.7 8 10 5.1Е-02 
6 6 2.63Е-02 6516.1 6 8 1.25E-02 3247.0 6 8 3.0E-01 
4 4 1.7E-02 6612.0 6 4 1.9E-02 3251.8 6 4 5.2E-01 
4 4 1.7E-02 6673.7 2 4 9.0E-03 3380.7 6 8 2.0E-01 
6 8 1.1E-02 6771.7 4 4 5.8E-03 3406.0 6 8 1.5Е-01 
12 10 1.95Е-02 6866.2 8 6 2.58Е-02 3410.1 8 10 1.0Е-01 
8 10 2.1Е-03 6927.4 10 12 1.01Е-02 3416.6 8 8 5.7Е-02 
2 4 1.2Е-02 6928.5 10 8 1.69E-02 3418.6 6 6 1.1E-01 
4 4 1.5E-02 6951.3 10 10 3.7E-03 3563.9 8 6 9.8E-02 
8 6 4.5E-02 6953.9 6 8 8.3E-03 3567.4 8 10 4.2Е-02 
4 4 1.0Е-02 6966.1 8 8 1.2E-02 3744.1 8 8 9.5E-01 
4 4 1.9E-02 6969.5 10 10 2.9E-03 3751.8 8 10 1.9Е-01 
10 8 4.4Е-02 7407.9 6 4 2.0Е-02 3798.5 6 4 1.2E+00 
6 4 2.73E-02 3807.7 6 6 3.9E-01 
8 6 2.92E-02 Thallium 3883.1 8 6 1.0E+00 
10 12 1.7E-03 TII 3887.4 8 8 3.8E-01 
10 12 1.9E-03 2104.6 2 4 4.0E-02 3916.5 6 8 1.5Е-00 
6 4 1.5Е-02 2118.9 2 2 2.0Е-02 3949.3 6 6 1.0E+00 
8 6 9.5Е-03 2129.3 2 4 5.8Е-02 4022.6 6 8 4.0Е-02 
6 6 5.0Е-03 2151.9 2 2 3.1E-02 4044.5 6 4 2.9E-01 
2: 2 4.5Е-02 2168.6 2 4 9.8Е-02 4094.2 8 6 9.0Е-01 
4 2 1.2Е-02 2237.8 2 4 1.9Е-01 4105.8 8 10 6.0E-01 
6 4 1.7E-02 2316.0 2 2 7.8E-02 4138.3 6 4 7.0Е-01 
6 4 9.0Е-03 2379.7 2 4 4.4Е-01 4158.6 6 8 5.5Е-02 
4 6 6.3Е-03 2507.9 4 2 1.1E-02 4187.6 8 8 6.1E-01 
8 6 8.2E-03 2538.2 4 2 1.6E-02 4203.7 8 10 2.5E-01 
6 6 4.7E-03 2580.1 2 2 1.8Е-01 4222.7 6 8 1.5Е-01 
6 6 7.5Е-03 2609.0 4 6 1.0Е-01 42717 6 6 1.1E-01 
6 8 5.5E-03 2609.8 4 4 1.9E-02 4359.9 8 6 1.3E-01 
6 4 2.2Е-02 2665.6 4 2 5.7Е-02 4386.4 8 8 4.2Е-02 
4 4 6.5Е-03 2709.2 4 6 1.7Е-01 4394.4 6 4 1.1E-01 
6 8 2.5Е-03 2710.7 4 4 3.7Е-02 4643.1 6 6 3.4E-02 
4 2 1.4Е-02 2767.9 2 4 1.26E+00 4681.9 6 8 3.9E-02 
4 6 1.1E-02 2826.2 4 2 8.0E-02 4691.1 6 6 3.9E-02 
10 10 6.1E-03 2918.3 4 6 4.2Е-01 5307.1 8 10 2.3Е-02 
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NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
6 8 
8 10 
6 6 


= Сл CA = = A = Q (CA QA = (A = Q) ке G) = = Q Q QA m = Q QA QA Q) G) У QA = = Q сл = Q Q Q Q әл Са Са мыл QA QA = Q We 
шә tn Q) Ы QA Q ЛЛ о Un QA QA шә Q) Q —1 фл QA Q эээ. тээсэн цэл?) 


A 
108s-1 


1.0E-02 
1.3E-02 
1.3E-02 


3.6E-02 
2.9E-01 
5.6E-01 
1.6E+00 
1.2E+00 
3.1E-01 
2.0E+00 
6.6E-01 
1.7E+00 
3.1E-02 
1.8Е-01 
2.5Е-00 
1.5E+00 
8.0E-03 
1.1E-02 
1.1E-02 
2.1E-01 
1.7E-01 
6.2E-01 
7.4Е-02 
2ЛЕ-01 
3.4E-01 
4.5Е-01 
3.0Е-01 
1.1Е-01 
1.1Е-01 
6.6E-01 
3.7E-03 
1.8E-01 
1.4E-01 
1.4E-01 
2.3E-01 
1.2Е-01 
1.7Е-00 
3.3Е-01 
5.4Е-01 
8.3Е-01 
3.8Е-01 
6.2Е-01 
2.0Е+00 
1.9Е-01 
1.0E+00 
4.7Е-02 
1.2Е-03 
2.7E+00 
2.0E-01 
4ЛЕ-02 
2.8Е-01 
2.6Е-01 
2.4Е-02 
9.6Е-02 
5.0Е-02 
4.6E-02 


À 


° 


A 


6073.5 
6171.5 


Sn H 

2368.3 
2449.0 
2487.0 
3283.2 
3352.0 
3472.5 
3575.5 
5332.4 
5562.0 
5588.9 
5596.2 
5797.2 
5799.2 
6453.5 
6761.5 
6844.1 


Titanium 
Til 
2276.75 
2280.00 
2299.86 
2302.75 
2305.69 
2424.26 
2520.54 
2529.87 
2541.92 
2599.91 
2605.16 
2611.29 
2611.47 
2619.94 
2631.55 
2632.42 
2641.12 
2644.28 
2646.65 
2733.27 
2735.30 
2912.07 
2942.00 
2948.26 
2956.13 
2956.80 
3186.45 
3191.99 
3199.92 
3341.88 
3354.63 
3370.44 
3371.45 
3377.58 
3385.94 
3635.46 


Weights 
5: Sk 
3 1 
3 3 
4 2 
4 6 
6 8 
4 6 
6 8 
2 4 
4 6 
2 4 
4 6 
4 6 
4 4 
6 6 
6 8 
2 4 
2 2 
2 2 


= 


- 
-1-1 л — шо © з — XO КУ DONAN — Ç м л чо л 3 — UON A — QA CO NO NO м л мл 


CA NO о QA — лмо ИУ 1 NO У QA Q) tA NO м л tA —- ON NO >м! л NO У NO NO М л о зм 
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A 
10% 5-1 


6.3Е-02 
4.9E-02 


4.4E-03 
3.7E-01 
5.5E-01 
1.0Е-00 
1.0Е-00 
1.6Е-01 
1.3Е-01 
8.6Е-01 
1.2Е+00 
8.5Е-01 
1.5Е-01 
2.8Е-01 
8.1E-01 
1.2Е+00 
3.2Е-01 
6.6Е-01 


1.3Е+00 
9.4Е-01 
6.9Е-01 
5.7E-01 
5.2Е-01 
1.7E-01 
3.8E-01 
3.8Е-01 
4.3E-01 
6.7E-01 
6.4E-01 
6.4E-01 
3.3E-01 
2ЛЕ-01 
1.7E-01 
2.7Е-01 
1.8E+00 
1.4E+00 
1.5E+00 
1.9E+00 
4.1E+00 
1.3E+00 
1.0E+00 
9.3E-01 
9.7Е-01 
1.8Е-01 
8.0Е-01 
8.5Е-01 
9.4Е-01 
6.5Е-01 
6.9Е-01 
7.6Е-01 
7.2Е-01 
6.9Е-01 
5.0E-01 
8.04E-01 


À 
À 


3642.68 
3653.50 
3724.57 
3725.16 
3729.81 
3741.06 
3752.86 
3786.04 
3948.67 
3956.34 
3958.21 
3981.76 
3989.76 
3998.64 
4013.24 
4055.01 
4060.26 
4064.20 
4065.09 
4186.12 
4266.23 
4284.99 
4289.07 
4290.93 
4295.75 
4393.93 
4417.27 
4449.14 
4450.90 
4453.31 
4453.71 
4455.32 
4457.43 
4465.81 
4481.26 
4496.15 
4518.02 
4522.80 
4527.31 
4533.24 
4534.78 
4544.69 
4548.76 
4552.45 
4563.43 
4617.27 
4623.10 
4639.94 
4640.43 
4645.19 
4650.02 
4742.79 
4758.12 
4759.27 
4778.26 
4805.42 
4840.87 
4856.01 
4885.08 


Weights 


8: 8к 


— 


— 
ол (A —] NO RK OW кє к -0--ы CA чо D є_ л м1 XO л м3 М © —1 CA AQ — ORK RK лл QA NO — чо (QA Q) (A NO м ©л бу Чоо О —1 л ы 
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— 


= 
— 


— 


ка ка 


к чә QA QA NO Чо ке NO QA Q) Q) Q) ©л о ONU ORLAN —) — GA NO — М л \© к кє NO Q) чо Un Un QA NO Q) Q) чә ои CA SO У CA SO - л CA SO ON 
—— 


ка ка 
= = 


A 
108 5-1 


7.74Е-01 
7.54Е-01 
9ЛЕ-01 
7.3E-01 
4.27Е-01 
4.17Е-01 
5.04Е-01 
1.4E+00 
4.85E-01 
3.00E-01 
4.05Е-01 
3.76Е-01 
3.79Е-01 
4.08Е-01 
2.0Е-01 
2.8Е-01 
2.4Е-01 
2.4Е-01 
7.0Е-01 
2.10Е-01 
3.1E-01 
3.2Е-01 
3.0E-01 
4.5E-01 
1.3Е+00 
3.3E-01 
3.6E-01 
9.7Е-01 
9.6Е-01 
5.98Е-01 
4ЛЕ-01 
4.8Е-01 
5.6Е-01 
3.28Е-01 
5.7E-01 
4.4E-01 
1.72Е-01 
1.9Е-01 
2.2Е-01 
8.83E-01 
6.87E-01 
3.3E-01 
2.85E-01 
2ЛЕ-01 
2ЛЕ-01 
8.51 Е-01 
5.74Е-01 
6.64Е-01 
5.0Е-01 
8.57E-01 
2.6E-01 
5.3E-01 
7.13Е-01 
7.40Е-01 
2.0Е-01 
5.8Е-01 
1.76Е-01 
5.2Е-01 
4.90Е-01 


À 


° 


A 


4913.62 
4928.34 
4981.73 
4989.14 
4991.07 
4999.50 
5000.99 
5007.21 
5014.28 
5036.47 
5038.40 
5062.11 
5210.39 
5222.69 
5224.30 
5259.98 
5351.07 
5503.90 
5774.04 
5785.98 
5804.27 
6098.66 
6220.46 


Till 

2440.91 
2451.18 
2525.59 
2531.28 
2534.63 
2535.89 
2555.99 
2635.44 
2638.56 
2642.02 
2645.86 
2746.54 
2751.59 
2752.68 
2757.62 
2758.35 
2758.79 
2764.28 
2804.82 
2810.30 
2817.83 
2819.87 
2821.26 
2827.12 
2828.06 
2828.64 
2828.83 
2834.02 
2836.47 
2839.64 
2845.93 
2851.11 
2856.10 
2862.33 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8: 8к 
7 9 
3 5 
11 13 
7 5 
9 11 
7 9 
9 7 
5 7 
3 5 
7 9 
5 7 
5 3 
9 9 
3 3 
11 11 
5 7 
7 7 
11 9 
9 11 
11 13 
13 15 
9 7 
9 7 


- 


- 


EN 


— — 
мо O c + > с со © © сс © со су + o LD + DAA + 


- 
- 


= ee ee = 
NN ON со O © ON LS бо O. 00 © 000 + о + ON 00000 ды GS + а o — QS + 
— — 
N 


ы 
с 


А 
108 5-1 


4.44Е-01 
6.2Е-01 
6.60Е-01 
3.25Е-01 
5.84Е-01 
5.27E-01 
3.52E-01 
4.92E-01 
6.8E-01 
3.94E-01 
3.87E-01 
2.98E-01 
3.57E-02 
1.95E-01 
3.6E-01 
2.3E-01 
3.4E-01 
2.6E-01 
5.5E-01 
6.1E-01 
6.8E-01 
2.5E-01 
1.8E-01 


5.1Е-01 
4.5Е-01 
5.6Е-01 
4.9Е-01 
5.4Е-01 
6.8E-01 
3.2Е-01 
1.9Е-00 
1.7Е-00 
1.9Е-00 
2.7E+00 
2.6E+00 
3.7E+00 
1.1E+00 
7.2Е-01 
9.9Е-01 
4.4Е-01 
7.4Е-01 
4.6Е-00 
5.1Е+00 
3.8Е-00 
6.5Е-01 
7.9Е-01 
1.0E+00 
4.4E+00 
1.2E+00 
9.1E-01 
7.9E-01 
1.2E+00 
8.3E-01 
1.2E+00 
4ЛЕ-01 
1.5Е+00 
4.0E-01 


À 


° 


A 


2877.47 
2884.13 
2910.65 
2926.64 
2931.10 
2936.02 
2938.57 
2941.90 
2942.97 
2945.30 
2952.00 
2954.59 
2958.80 
2979.06 
2990.06 
3017.17 
3022.64 
3023.67 
3029.76 
3056.75 
3058.08 
3066.34 
3071.25 
3072.99 
3075.23 
3078.65 
3081.52 
3088.04 
3089.44 
3097.20 
3103.81 
3105.10 
3106.26 
3117.67 
3119.83 
3127.86 
3128.50 
3161.23 
3161.80 
3162.59 
3168.55 
3181.73 
3182.54 
3189.49 
3190.91 
3202.56 
3224.25 
3228.62 
3232.29 
3234.51 
3236.13 
3236.58 
3239.04 
3239.66 
3241.99 
3251.91 
3252.92 
3272.07 
3278.28 


Weights 


5: Sk 


- 
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= + ON. + + + с oo + © с о © O. обо + с оо со с ҺМ бо С > МЮ С + о аа оосо O. + L + + oO 


10-139 


A 
10857 


5.7E-01 
5.2Е-01 
4.6E-01 
8.9E-01 
3.2Е+00 
2.7E+00 
2.4E+00 
1.8E+00 
1.1Е+00 
2.7Е+00 
3.0Е-01 
4.0Е+00 
4.0Е+00 
1.2Е+00 
5.6Е-01 
3.6Е-01 
1.2Е+00 
1.0E+00 
3.5E-01 
3.2E-01 
5.0E-01 
3.3E-01 
3.6E-01 
1.6E+00 
1.13E+00 
1.09E+00 
1.1E+00 
1.25E+00 
1.3E+00 
4.4E-01 
1.1Е+00 
6.3E-01 
7.8E-01 
1.1Е+00 
5.9Е-01 
1.6Е+00 
1.1Е+00 
5.9Е-01 
4.6E-01 
3.9E-01 
4ЛЕ-01 
4.6Е-01 
4.3Е-01 
9.2Е-01 
1.3Е-00 
1.1Е+00 
7.0Е-01 
2.0Е+00 
6.0Е-01 
1.38E+00 
7.0E-01 
1.11E+00 
9.87E-01 
9.4E-01 
1.16E+00 
3.38E-01 
3.9E-01 
3.2E-01 
9.6E-01 


À 


° 


A 


3278.91 
3282.32 
3287.66 
3315.32 
3321.70 
3322.94 
3329.46 
3332.11 
3340.34 
3361.23 
3372.80 
3383.77 
3452.49 
3456.40 
3465.56 
3483.63 
3492.37 
3504.90 
3510.86 
3520.27 
3535.41 
3641.33 
3706.23 
3741.64 
3757.70 
3759.30 
3761.33 
4911.18 


Ti III 
865.79 
1002.37 
1004.67 
1005.80 
1007.16 
1008.12 
1286.37 
1289.30 
1291.62 
1293.23 
1298.97 
1327.59 
1420.44 
1421.63 
1422.41 
1424.14 
1455.19 
1498.70 
2007.36 
2007.60 
2010.80 
2097.30 
2099.86 
2104.86 
2105.09 
2199.22 
2237.77 
2331.35 
2331.66 


Weights 


8: 8к 


- 


С\ С\ © & с + + = го со © сс © һо Ë O. oo + с ос O + L oÑ L O. 
ка 


- 
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A 
108 5-1 


1.0Е-00 
1.6Е+00 
1.4Е +00 
3.8Е-01 
7.2Е-01 
3.96Е-01 
3.25Е-01 
1.1Е+00 
3.6Е-01 
1.1Е+00 
1.11Е+00 
1.09Е-00 
7.7Е-01 
8.2Е-01 
4.1Е-01 
9.7Е-01 
9.8Е-01 
8.2Е-01 
9.3Е-01 
4.8Е-01 
5.5Е-01 
4.9E-01 
3.]E-01 
6.2Е-01 
4ЛЕ-01 
9.4Е-01 
9.9Е-01 
3.2Е-01 


6.6Е-01 
7.6E+00 
4.3E+01 
1.3E+01 
3.8E+01 
5.1E+01 
2.0E+00 
2.2E+00 
2.4E+00 
1.0E+00 
4.9E+00 
3.2E+00 
1.2E+00 
4.0E+00 
3.0E+00 
1.6E+00 
6.4E+00 
2.8E+00 
3.4E+00 
1.2E+00 
5.4E+00 
3.3E+00 
2.5E+00 
1.1E+00 
1.7E+00 
5.7E+00 
2.4E+00 
4.3E+00 
1.2E+00 


À 


° 


A 


2339.00 
2346.79 
2374.99 
2413.99 
2516.05 
2567.56 
2984.75 
3066.51 
3228.89 
3278.31 
3320.94 
3340.20 
3346.18 
3354.71 
3397.24 
3404.46 
3417.62 
3915.47 
4119.14 
4213.26 
4215.53 
4247.62 
4248.54 
4250.09 
4259.01 
4269.84 
4285.61 
4288.66 
4296.70 
4319.56 
4343.25 
4378.94 
4433.91 
4440.66 
4533.26 
4576.53 
4628.07 
4652.86 
4874.00 
4914.32 
4971.19 
5083.80 
5278.33 
7506.87 


Ті IV 
423.49 
424.16 
433.63 
433.76 
729.36 
1183.64 
1195.21 
1451.74 
1467.34 
2067.56 
2103.16 
2541.79 
2546.88 


Weights 
8 Sk 
5 3 
7 5 
5 3 
5 7 
7 9 
3 3 
5 5 
3 3 
3 3 
7 9 
3 5 
7 9 
9 11 
11 13 
3 1 
3 3 
3 5 
9 11 
5 5 
9 11 
9 11 
11 13 
5 7 
3 5 
11 13 
9 11 
13 15 
11 13 
11 13 
9 11 
3 1 
3 5 
11 13 
1 3 
3 5 
9 7 
3 1 
7 9 
5 7 
3 3 
9 11 
5 3 
3 3 
11 13 
4 6 
6 8 
4 2 
6 4 
4 2 
2 2 
4 2 
2 4 
4 6 
2 4 
2 2: 
4 6 
6 8 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


3.0Е+00 
3.3E+00 
4.0E+00 
3.8E+00 
3.4E+00 
2.3E+00 
1.9E+00 
2.5E+00 
1.5E+00 
3.4E+00 
2.8E+00 
3.7E+00 
3.7E+00 
4.4E+00 
1.8E+00 
1.8E+00 
1.9E+00 
2.1E+00 
9.9E-01 
2.2E+00 
2.2E+00 
1.1E+00 
2.3E+00 
9.5Е-01 
9.4Е-01 
1.7E+00 
3.0E+00 
1.1E+00 
1.6E+00 
1.1E+00 
1.0E+00 
1.6E+00 
1.8E+00 
1.2E+00 
1.5E+00 
1.3E+00 
1.5E+00 
2.6E+00 
1.5E+00 
1.1E+00 
2.1E+00 
9.7E-01 
9.4E-01 
1.1E+00 


4.9E+01 
5.3E+01 
5.5E+00 
5.0E+00 
5.7E+00 
6.9E+00 
1.4E+01 
1.8E+01 
2ЛЕ-01 
5.1Е-00 
5.0Е--00 
6.9Е-00 
7.4Е+00 


À 


° 


A 


2862.60 
3576.44 


Ti VHI 
249 

258.610 
269.533 
272.037 
272.843 
276.701 
277.813 
289.375 
478.971 
480.376 


Ti IX 

267.941 
278.713 
281.446 
285.128 
433.567 
439.513 
439.745 
447.484 
447.701 
507.174 
516.215 


Tix 
253 

254 

281 
289.579 
290.294 
291 

291 

292 
293.684 
293.798 
295.584 
296 

297 

298 

302 

305 

317 
355.815 
360.133 
363 

363 
365.628 
382 

385 
389.99 


Ti XI 
65.403 
87.725 
266 


Weights 
8: Sk 
4 2 
4 6 
6 4 
6 8 
4 6 
4 4 
6 4 
2 4 
4 4 
2 4 
4 4 
6 6 
2 7 
5 7 
3 1 
1 9 
1 3 
3 3 
3 1 
5 5 
5 3 
3 5 
5 7 


ON СО + + с + во L D = = + + O. O. O. tS ВУ O. + 
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+ 000 r2 со» ANN + ЈУ ON O. O. O. G. со со LS МЮ O. + F2 00 OS 
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А 
10857 


4.1E+00 
4.6E+00 


1.0E+01 
7.5Е+02 
6.0E+02 
4.3E+02 
6.2E+01 
9.3E+01 
3.8Е+02 
3.68 +01 
1.7E+01 
1.5E+01 


5. 1E+02 
4.7E+02 
3.2Е-02 
4.1Е-02 
6.9Е+00 
7.5Е+00 
2.1Е-01 
1.6Е+01 
6.5E+00 
6.5E+00 
6.9E+00 


2.1Е+02 
2.3Е+02 
1.1Е+02 
2.5E+02 
1.1Е+02 
1.8Е+02 
2.3Е+02 
1.1Е+02 
2.97 Е+02 
1.7E+02 
2.9E+02 
1.4E+02 
9.9E+01 
4.3E+02 
1.6E+02 
2.5E+02 
1.5E+02 
1.3E+02 
2.19E+02 
2.1Е+02 
1.3Е+02 
1.2Е+02 
1.8Е-02 
1.8Е-02 
1.1Е-02 


5.1Е-02 
8.5E+02 
1.8E+02 


À 


° 


A 


308.250 
313.229 
318 
322.75 
323 
327.192 
332 
386.140 
408 
425.74 
446.69 
453 


Ti XII 
52.896 
53.140 
53.433 
53.457 
55.181 
55.443 
59.133 
59.435 
60.701 
60.762 
61.286 
62.433 
62.470 
65.540 
65.577 
67.171 
67.555 
70.986 
71.031 
71.545 
71.987 
82.121 
82.307 
82.344 
82.368 
89.844 
90.512 
90.547 
116.497 
116.597 
116.62 
139.884 
140.361 
141.6 
1417 
169.7 
169.8 
207.2 
208.5 
252.8 
2531 
257.5 


Ti XIII 
23.356 


+ ON + + L) O. + O. + + с O. O. + + + L с NE мю + LD с + + гю с + Су + + L) N + гэ ы ~ 


Weights 
8: 8к 
3 5 
3 7 
3 1 
5 7 
1 3 
3 5 
3 1 
1 3 
7 9 
3 1 
3 1 
5 7 


t2 ОС = Оо 0000 002. 0000 + ON + cO [2 O. + LS о ао O. оо O. LS N + O. + QO + L + OS + 


[257 


А 
108 5-1 


1.3E+02 
1.6E+02 
1.4E+02 
1.99E+02 
1.8E+02 
2.9E+02 
3.25E+02 
1.48E+02 
1.37E+02 
1.2E+02 
1.2E+02 
1.3E+02 


1.61E+02 
1.9E+02 
2.1Е-02 
2.1Е-02 
2.4Е+02 
2.81Е+02 
3.72Е+02 
4.41E+02 
3.4E+02 
3.5Е-02 
1.8Е-02 
2.08Е-02 
2.22Е-02 
3.2Е-02 
3.5Е-02 
6.2Е-02 
7.2Е-02 
5.7E+02 
6.1Е+02 
1.8Е+02 
3.48E+02 
5.9E+02 
1.13E+03 
5.8E+02 
1.2E+03 
9.9E+02 
1.16E+03 
1.9E+02 
3.0E+03 
3.2E+03 
2.1Е+02 
2.6Е+02 
2.9Е+02 
1.7E+02 
1.7E+02 
2.8E+02 
2.9E+02 
1.5E+02 
1.8E+02 
4.8Е-02 
5.2E+02 
2.4E+02 


1.02E+05 


À 


° 


A 


23.698 
23.991 
26.641 
26.960 
117.1 
117.3 
120.2 
120.2 
128.7 


Ті ХІҮ 
21.341 
21.522 
21.657 
21.733 
21.82 

21.883 
21.958 
22.05 

24.592 
24.891 


Ті ХУ 
20.19 

20.234 
20.234 
20.246 
20.250 
20.29 

20.30 

20.30 

20.313 
20.418 
20.538 
20.54 

20.551 
20.689 
20.698 
20.771 
20.897 
20.928 
21.065 
21.079 
21.102 
22.482 
22.936 
22.966 
23.034 


Ті ХУІ 
110.561 
116.198 
118.215 
121.382 
124.805 
129.075 
134.724 
138.800 
143.459 


— CA л л Q) — чо QA л л — л  О л QA — — Ú Q — Ú Q л 


= смо + + + с + + 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
1 3 
1 3 
1 3 
1 3 
3 3 
3 1 
5 3 
7 5 
3 3 
4 6 
2 4 
4 4 
4 4 
4 2 
2 4 
2 4 
2 2 
4 2 
2 2 


лл а ошо Чә М шо к фо М) шо — WWW WwW WwW м ~ 


+ г [2 [2 29 + + го 


А 
108 5-1 


1.2Е+04 
3.4Е-02 
4.06E+03 
3.06E+03 
1.3E+02 
2.8E+02 
5.4E+02 
4.4E+02 
1.2E+02 


9.8E+03 
4.5E+04 
1.3E+04 
8.8E+04 
6.4E+04 
7.0E+04 
1.2E+04 
1.4E+04 
6.1E+03 
7.5Е-03 


6.9Е+03 
1.9Е--04 
4.9Е--04 
4.2Е+04 
6.5Е+03 
1.1Е+04 
3.4Е+04 
5.8E+04 
7.5Е+04 
8.0Е--04 
3.8Е-04 
4.1E+04 
1.3E+04 
4.3E+04 
1.1E+05 
1.1E+04 
2.85E+04 
8.4E+03 
1.1Е-04 
1.58Е+04 
1.3E+04 
6.4E+03 
1.1E+04 
1.1E+04 
6.3E+03 


3.36E+02 
1.45E+02 
7. AE+02 
2.4E+02 
6.1E+02 
3.81E+02 
2.6E+02 
3.5E+02 
2.8E+02 


À 


° 


A 


145.665 
157.812 
161.168 
163.610 
169.740 
176.267 
178.240 


Ti XVII 
18.05 
18.13 
18.13 
18.176 
123.654 
124.553 
127.782 
135.202 
136.160 
136.393 
141.948 
142.589 
144.405 
146.067 
154.133 
156.54 
158.469 
159.62 
163.049 
186.863 
207.73 


Ti XVIII 
17.22 
17.365 
17.39 
133.852 
144.759 
150.15 
153.15 
153.23 
159.00 
166.225 
179.902 
189.663 
191.23 
197.838 
208.07 


Ti XIX 
15.67 
15.68 
15.74 
15.75 
15.83 
15.86 
16.02 
16.18 
16.41 
16.43 


Weights 
5: Sk 
6 6 
4 2. 
4 4 
4 2 
4 6 
2 2 
4 4 


шә (A чо әл Q) 092 м) QA лоо QA O) QA Ол Q) ne Ол ло 


+ = +£ O. tS O. + мю + O. Во + + го 


оно чо — — Од Ол л WwW 


10-141 


= QA кєк Ü л = к Ол Са ÜQ Q Q) Ы WWW ATW WwW WwW 


+ ON + Су + + + ыы + + + O + 


чл шо QA к чо Q Q м Q re 


A 
10857 


2.3E+02 
1.32E+02 
1.2E+02 
1.92E+02 
1.0E+02 
2.45E+02 
2.52E+02 


4.5E+04 
2.4E+04 
8. 1E+04 
9.2E+04 
2.3E+02 
5.2E+02 
4.6E+02 
2.93E+02 
1.95E+02 
1.14E+02 
3.87E+02 
1.35E+02 
9.4E+01 
2.6E+02 
1.63E+02 
1.44E+02 
1.4E+02 
1.03E+02 
6.2E+02 
2.66E+02 
1.07E+02 


7.3Е+04 
8.6E+04 
1.4E+04 
5.2Е+01 
3.2Е-02 
1.15Е-02 
1.97E402 
6.7E+01 
1.16E+02 
1.54E+02 
6.3E+01 
9.6E+01 
6.6E+01 
4.56E+01 
1.2E+02 


3.3Е-04 
2.7Е-04 
2.7Е-04 
2.4Е-04 
3.2Е-04 
2.9Е-04 
3.1Е+04 
3.8Е-04 
6.1Е-04 
8.2Е-04 


À 


° 


A 


16.46 
16.51 
16.55 
16.61 
16.64 
16.69 
16.71 
16.72 
16.72 
16.74 
16.77 
16.80 
16.85 
17.08 
17.36 


Ti XX 
2.629 
2.6295 
2.631 
2.6319 
2.632 
2.6355 
8.621 
9.788 
10.046 
10.109 
*10.278 
10.620 
10.690 
*11.452 
11.872 
11.958 
11.958 
15.211 
15.253 
15.907 
16.049 
16.067 
31.586 
45.650 
45.996 


Ti XXI 
2.0633 
2.1108 
2.2211 
2.497 
2.505 
2.505 
2.507 
2.508 
2.510 
2.510 
2.511 
2.512 
2.512 
2.513 
2.513 


+ мю + + +o L о 29 & & го го + УУ УБ L L Ум 


Q) чә чә CA QO — о QO ш — CA о eee 


Weights 
8: 8к 
3 3 
5 7 
5 5 
3 1 
3 3 
1 3 
3 5 
5 3 
5 3 
5 7 
3 3 
5 7 
3 5 
3 5 
1 3 


S + С + O. + о + + вас + O. O. + Q tS GO. ыы 


әл оо шә оо л л Q) QA — WH ОО 


A 
103 5-1 


4.4Е +04 
1.0Е+05 
2.7Е+04 
8.0Е--04 
5.3Е+04 
1.02Е+05 
7.3E+04 
3.3E+04 
7.3E+04 
1.2E+05 
2.6E+04 
1.81E+05 
4.4E+04 
8.3E+04 
9.5Е+04 


4.9E+04 
3.2Е-06 
6.1E+05 
1.5E+06 
2.7E+06 
1.2E+06 
1.1Е+06 
5.26E+03 
7.29Е--03 
8.6Е-03 
8.4Е-03 
1.34E+04 
1.58E+04 
1.7E+04 
2.8E+04 
3.4E+04 
5.6E+03 
3.50E+04 
3.58E+04 
8.84E+04 
1.05E+05 
1.8E+04 
5.49E+03 
9.6E+03 
1.1Е+04 


1.32Е--05 
2.60Е--05 
6.35Е-05 
2.4Е+06 
3.58 +05 
1.4E+06 
1.4E+06 
7.9Е--05 
6.9Е-05 
9.6Е-05 
1.4Е-06 
1.8E+06 
1.4E+06 
2.7E+06 
2.4E+06 


À 


° 


A 


2.514 
2.520 
2.527 
2.539 
2.6102 
2.6227 


Tungsten 
WI 
2879.4 
2911.0 
2923.5 
2935.0 
3013.8 
3016.5 
3017.4 
3024.9 
3046.4 
3049.7 
3064.9 
3084.9 
3093.5 
3107.2 
3108.0 
3145.5 
3170.2 
3176.6 
3183.5 
3184.4 
3191.6 
3198.8 
3207.3 
3208.3 
3215.6 
3221.9 
3223.1 
3232.5 
3235.1 
3259.7 
3300.8 
3311.4 
3363.3 
3371.0 
3371.4 
3386.1 
3413.0 
3459.5 
3510.0 
3545.2 
3570.6 
3606.1 
3617.5 
3631.9 
3675.6 
3682.1 
3707.9 
3757.9 
3760.1 
3768.5 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


Weights 
8 8к 
5 3 
3 5 
3 1 
3 1 
1 3 
1 3 


= 


—— — 
чә а AO — G У Чо Q NO NO NO ИУ — CA NO м) UA SO Q) м3 к л NOD NO Q) Q) У QA NO ON XO л —1 QA QA Q NO — ONO WW 


чә CA М —1 XO AO Q) Оо «л — — \© м3 М чо он 3 он ои \© «л «л AO QA М м ск л м3 чо М XO >м л М л QQ мм QÓ QÓ мом WN н 


А 
108 5-1 


1.2Е+06 
2.6Е+05 
1.2Е+05 
4.1Е+05 
2.40E+06 
1.12E+05 


2.4E-01 
7.TE-02 
1.54E-02 
1.5Е-01 
6.4E-02 
9.27 E-02 
1.21E-01 
1.4E-01 
5.8E-02 
1.7E-01 
1.1Е-02 
1.3E-02 
4.4E-02 
2.33E-02 
1.58E-02 
4.8E-03 
6.0E-03 
2.12E-02 
2.64E-03 
2.3E-02 
3.2Е-02 
4.6E-02 
3.0E-02 
4.4E-02 
2ЛЕ-01 
1.61Е-02 
3.53Е-03 
2.4Е-02 
2.68Е-03 
1.3Е-02 
8.1E-02 
5.6E-02 
6.6E-03 
1.0E-02 
6.7E-03 
2.64E-03 
9.7Е-03 
2.04Е-03 
5.2Е-03 
3.2Е-02 
6.7Е-03 
9.6Е-03 
1.1Е-01 
1.3Е-02 
1.20Е-02 
2.0Е-02 
2.9E-02 
1.38E-02 
1.99E-02 
3.47E-02 


Weights 


5: Sk 


— 


= 


- 
— CA — NO л Q) (A л —1 чо NQ NO AXO XO оо ODF RnR ‹л ‹л CA —1 0-1 л М CA — — — ONEN чо >м! «л Сам tat) ко \© ке чә м1 XO ©л Q CA CA Q М л CA 


— 
- 


= 
ка ка 


— 
ND (A O ке М чә — Q — — XO 0-1-1-404 XO — XO чө чө хм чо м XO XO — —1 XO —1 NO “© AO —1 «л — XO л М чө м м м к_ л м \© \© _ м м л __є шо щл шо мм м 


= 


- 


10-142 


А 
10857 


4.2Е-02 
9.0E-03 
3.1Е-02 
3.83Е-03 
5.2Е-02 
2.14Е-02 
8.3Е-03 
5.6Е-03 
4.6E-02 
3.6E-02 
5.07E-03 
4ЛЕ-03 
5.6Е-03 
1.63Е-01 
6.7Е-03 
2.0Е-02 
2.88Е-02 
1.79Е-03 
3.60Е-02 
5.6Е-03 
1.0Е-01 
4.13Е-03 
4.9E-02 
4.8E-03 
8.4Е-03 
8.6Е-03 
4.9Е-03 
6.1E-03 
1.38E-02 
3.04E-02 
1.69E-03 
1.2Е-01 
3.6E-02 
5.1Е-03 
1.64Е-03 
3.48Е-03 
4.2Е-03 
1.5Е-02 
1.55Е-03 
5.6Е-03 
3.6E-03 
3.3E-03 
7.0Е-03 
1.42Е-03 
4.20Е-03 
3.4E-03 
1.42E-02 
2.9E-03 
8.8E-03 
1.0E-02 
1.4E-02 
3.22E-03 
7.8E-03 
5.20E-03 
2.72E-03 
4.1E-03 
2.6E-03 
1.9E-02 
8.1E-03 


À Weights 


À 8 8к 


4924.6 1 
4931.6 
4948.6 
4972.6 
4982.6 
4986.9 
5006.2 
5015.3 
5040.4 
5053.3 
5071.5 
5117.6 
5124.2 
51412 
52247 
5243.0 
5254.5 
5268.6 
5500.5 
55147 
55377 
5617.1 
5631.9 
5660.7 
5675.4 
5796.5 
5891.6 
5947.6 
5965.9 
6021.5 
6081.4 
6203.5 
6285.9 
6292.0 
6303.2 
6404.2 
6439.7 
6445.1 
6532.4 
6538.1 
6563.2 
6814.9 
7285.8 
7569.9 
7664.9 
8017.2 
8358.7 
9381.4 


- 


ка ка 
кі ка 


= 


— 


к. 


МО л л л (A Q) NO QA ке Q —1 NO QA NO чо —1 —1 A QA До —1 NO QA юз л ДО До єк Q) Q) шо ао — — оо : ле 
— 


ч з а чо шо — iO “л XO (A әл NO —1 “© QA л ыл м NN A кє м1 ооо QA М бо л к кє оо л о - o 


= 


к. 
— 


Uranium 

UI 

3553.0 13 13 
3553.0 9 7 
3553.4 15 13 
3554.5 11 9 
3554.9 15 17 
3555.3 13 15 
3555.8 13 11 
3556.9 13 11 


À 


° 


A 


3557.8 
3558.0 
3558.6 
3559.4 
3560.3 
3561.4 
3561.5 
3561.8 
3563.7 
3563.8 
3565.0 
3566.0 
3566.6 
3568.8 
3569.1 
3569.4 
3570.1 
3570.2 
3570.6 
3570.7 
3571.2 
3571.6 
3572.9 
3573.9 
3574.1 
3574.8 
3577.1 
3577.5 
3577.8 
3577.9 
3578.3 
3580.0 
3580.2 
3580.4 
3580.9 
3582.6 
3584.6 
3584.9 
3585.4 
3585.8 
3587.8 
3588.3 
3589.7 
3589.8 
3590.7 
3591.7 
3593.0 
3593.2 
3593.7 


Vanadium 
VI 
3043.12 
3050.39 
3053.65 
3056.33 
3060.46 
3066.37 
3066.53 


Weights 
8 8к 
13 13 
11 13 
9 7 
T 9 
9 7 
15 13 
9 9 
13 11 
13 13 
7 7 
13 11 
13 15 
11 11 
13 13 
17 15 
9 9 
13 11 
11 9 
13 15 
15 15 
11 11 
17 15 
13 15 
13 11 
13 15 
13 15 
17 15 
15 13 
11 11 
13 13 
13 11 
9 9 
11 9 
11 13 
13 13 
13 13 
7 5 
13 15 
11 11 
11 9 
9 11 
7 9 
11 13 
15 13 
9 7 
11 9 
11 11 
13 15 
11 11 
6 8 
10 8 
4 4 
6 6 
8 8 
10 10 
6 4 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


A 
108 5-1 


2.9Е-02 
1.6Е-02 
3.9Е-02 
1.5Е-02 
6.4E-02 
5.5E-02 
2.5E-02 
5.7Е-02 
2.9Е-02 
1.1E-02 
2.9E-02 
1.7E-02 
2.4E-01 
3.8E-02 
1.1E-01 
1.5E-02 
1.3E-02 
5.3E-03 
2.7E-02 
1.2E-02 
6.3E-03 
1.3E-01 
1.5E-02 
4.0E-02 
3.5Е-02 
1.9Е-02 
4.3E-02 
7.8E-03 
8.3E-03 
2.3E-02 
2.0E-02 
1.2Е-02 
2.9Е-02 
7.5Е-03 
2ЛЕ-02 
2.9E-02 
2.4E-02 
1.8Е-01 
1.9E-02 
2.8E-02 
1.3E-02 
1.8E-02 
2ЛЕ-02 
5.9E-02 
2.2Е-02 
5.3Е-02 
1.4Е-02 
4.2Е-02 
7.2Е-02 


2.3Е-01 
5.3Е-01 
1.3Е-00 
1.3Е-00 
1.4Е-00 
2.1Е+00 
3.2Е-01 


À 


° 


A 


3075.93 
3080.33 
3083.54 
3087.06 
3088.11 
3089.13 
3093.79 
3094.69 
3112.92 
3183.41 
3183.96 
3183.98 
3185.38 
3198.01 
3202.39 
3205.58 
3207.41 
3212.43 
3218.87 
3233.19 
3273.03 
3284.36 
3309.18 
3329.85 
3356.35 
3365.55 
3376.05 
3377.39 
3377.62 
3397.58 
3400.39 
3529.73 
3533.68 
3533.76 
3543.49 
3545.33 
3553.27 
3555.14 
3663.60 
3667.74 
3672.41 
3673.41 
3676.70 
3680.12 
3686.26 
3687.50 
3688.07 
3690.28 
3692.22 
3695.34 
3695.86 
3703.57 
3704.70 
3705.04 
3706.03 
3708.71 
3790.46 
3794.96 
3806.79 


Weights 
8: Sk 
4 6 
2 4 
6 8 
2 2 
4 6 
4 4 
6 6 
2 4 
4 2 
6 8 
8 10 
4 6 
10 12 
6 6 
8 8 
8 10 
10 10 
10 12 
8 6 
10 8 
8 8 
10 10 
4 4 
6 4 
4 6 
2 4 
4 4 
4 2 
6 6 
6 4 
8 8 
4 6 
6 8 
2 4 
2 2 
4 4 
6 6 
4 2 
4 6 
6 8 
12 12 
8 10 
14 14 
10 12 
10 12 
12 14 
8 8 
2 4 
6 6 
14 16 
4 4 
10 8 
8 6 
6 4 
10 10 
12 12 
10 8 
10 10 
10 10 


А 
10857 


2.8Е-01 
2.7E-01 
2.5E-01 
9.2E-01 
4.9E-01 
5.3E-01 
4ЛЕ-01 
4.ЗЕ-01 
5.0Е-01 
2.4E+00 
2.5E+00 
2.4E+00 
2.7E+00 
3.9E-01 
4.0E-01 
1.3E+00 
2.6E-01 
1.4E+00 
3.5E-01 
3.2E-01 
2.7Е-01 
2.8Е-01 
3.2Е-01 
7.7Е-01 
3.1Е-01 
4.8Е-01 
3.2Е-01 
9.0E-01 
6.0E-01 
2.3E-01 
2.5E-01 
4ЛЕ-01 
5.2Е-01 
3.7E-01 
6.7E-01 
3.7E-01 
2.2Е-01 
2.6Е-01 
3.1E+00 
2.7E+00 
9.2E-01 
2.7E+00 
1.3E+00 
2.2E+00 
2.3E-01 
2.9E+00 
3.5E-01 
4.5E-01 
5.4E-01 
2.8E+00 
6.6E-01 
9.2E-01 
6.6E-01 
3.6E-01 
5.2E-01 
4.4E-01 
2.3E-01 
2.3E-01 
2.5E-01 


À 


° 


A 


3818.24 
3828.56 
3840.75 
3855.36 
3855.85 
3863.86 
3864.86 
3871.07 
3875.07 
3902.26 
3921.86 
3922.43 
3930.02 
3934.01 
3992.80 
3998.73 
4050.96 
4051.35 
4090.57 
4092.68 
4095.48 
4099.78 
4102.15 
4104.77 
4105.16 
4109.78 
4111.78 
4115.18 
4116.47 
4116.59 
4123.50 
4128.06 
4131.99 
4134.49 
4232.46 
4232.95 
4268.64 
4271.55 
4276.95 
4284.05 
4291.82 
4296.10 
4297.67 
4298.03 
4379.23 
4384.71 
4389.98 
4395.22 
4400.57 
4406.64 
4407.63 
4408.20 
4416.47 
4452.01 
4457.75 
4460.33 
4462.36 
4468.00 
4469.71 


Weights 
8: Sk 
4 2 
6 4 
8 6 
4 4 

10 8 

8 6 

6 6 
10 8 
8 8 
10 10 
4 2 
6 6 
10 10 
8 8 
12 10 
14 12 
10 10 
12 12 

8 10 
8 10 
6 8 
6 8 
4 6 

10 8 
4 6 
2 4 

10 10 

8 8 
6 6 
2 2 
4 2 
6 4 
8 6 
10 8 
10 10 
8 8 
14 14 
12 12 
10 10 
8 8 
12 14 
10 12 
8 10 
6 8 
10 12 
8 10 
6 8 
4 6 
2 4 
10 10 
8 8 
6 6 
4 2 
14 16 
10 12 
10 8 
12 14 
8 10 
10 12 


А 
103 5-1 


6.73E-01 
5.33E-01 
5.48E-01 
3.30E-01 
5.78E-01 
3.]E-01 
2.70E-01 
2.8E-01 
2.36E-01 
2.68E-01 
2.7E-01 
2.6E-01 
3.3E-01 
6.2Е-01 
1.2Е-00 
1.0Е+00 
1.4E+00 
1.3E+00 
8.5Е-01 
2.30Е-01 
7.2Е-01 
4.10Е-01 
7.1Е-01 
2.1Е+00 
4.9Е-01 
5.00Е-01 
1.01Е+00 
5.80Е-01 
3.2Е-01 
2.90Е-01 
1.00E+00 
7.70Е-01 
5.5Е-01 
2.90Е-01 
9.8Е-01 
7.7Е-01 
1.2E+00 
9.6E-01 
9.4E-01 
1.2E+00 
8.8E-01 
7. TE-01 
7.0E-01 
7.8E-01 
1.1Е+00 
1.1E+00 
6.9Е-01 
5.5Е-01 
3.4Е-01 
2.2Е-01 
4.4Е-01 
6.0Е-01 
2.6Е-01 
9.2Е-01 
2ЛЕ-01 
3.0Е-01 
7.6Е-01 
2.3Е-01 
6.2Е-01 


À 


° 


A 


4474.04 
4496.06 
4514.18 
4524.21 
4525.17 
4529.58 
4545.40 
4560.72 
4571.79 
4578.73 
4706.16 
4757.47 
4766.62 
4776.36 
4786.50 
4796.92 
4807.52 
5193.00 
5195.39 
5234.08 
5240.87 
5415.25 
5487.91 
5507.75 
6090.21 


УП 

2527.90 
2528.47 
2528.83 
2554.04 
2589.10 
2640.86 
2677.80 
2679.33 
2683.09 
2687.96 
2689.88 
2690.25 
2690.79 
2700.94 
2706.17 
2734.22 
2753.41 
2784.20 
2787.91 
2825.86 
2843.82 
2847.57 
2854.34 
2862.31 
2868.11 
2869.13 
2882.49 
2884.78 
2889.61 
2891.64 
2892.43 
2892.65 


Weights 
8 8к 
10 8 
8 6 
6 4 
12 10 
4 2 
10 8 
10 12 
8 10 
6 8 
4 6 
6 4 
4 2 
6 4 
8 6 
10 8 
12 10 
14 12 
12 12 
8 8 
10 10 
12 12 
12 14 
12 10 
10 8 
8 6 
13 13 
9 9 
11 11 
9 9 


- 


ree 
— XO QA шо чо QA Q) QA ке ке ON NO —- DOLU ON XO «л м ш \© — аж 


NIST ATOMIC TRANSITION PROBABILITY TABLES (continued) 


- 


= 
CA \© ш к чо д ке Q) ке ON NATO iD ке о — чо Q кє OWN UA м оо 


A 
108 5-1 


4.7E-01 
4.0E-01 
3.3E-01 
3.0E-01 
4.1] E-01 
2.4E-01 
7.6E-01 
7.0E-01 
6.0E-01 
6.8E-01 
2.4E-01 
7.6E-01 
5.6E-01 
5.1Е-01 
4.7E-01 
4.8E-01 
5.8E-01 
4.0E-01 
2.3E-01 
4.9E-01 
4.3E-01 
3.1E-01 
2.9E-01 
3.5E-01 
2.60Е-01 


6.1Е-01 
5.2Е-01 
5.3Е-01 
5.4Е-01 
7.1Е-01 
1.2Е-00 
3.4E-01 
3.4E-01 
3.4E-01 
7.6Е-01 
9.2Е-01 
3.4E-01 
5.2Е-01 
3.5Е-01 
3.4E-01 
6.2Е-01 
4.2E-01 
1.3Е-00 
5.0Е-01 
1.2Е-00 
9.9Е-01 
4.6Е-01 
5.0Е-01 
3.6Е-01 
2.1E+00 
4.8E-01 
4.2E-01 
5.6E-01 
1.9E+00 
1.4E+00 
3.6E-01 
1.3E+00 


À 


° 


A 


2893.31 
2903.07 
2906.45 
2908.81 
2910.01 
2910.38 
2911.05 
2912.46 
2915.88 
2924.02 
2924.63 
2930.80 
2941.37 
2944.57 
2948.08 
2952.07 
2955.58 
2968.37 
2972.26 
2973.98 
2985.18 
3001.20 
3014.82 
3016.78 
3020.21 
3048.21 
3063.25 
3100.94 
3113.56 
3122.89 
3134.93 
3136.50 
3139.73 
3151.32 
3190.69 
3250.78 
3251.87 
3271.12 
3276.12 
3279.84 
3287.71 
3337.85 
3517.30 
3530.77 
3545.19 
3556.80 
3592.01 
3618.92 


VIII 

2318.06 
2323.82 
2330.42 
2331.75 
2334.21 
2337.13 
2343.10 
2358.73 
2366.31 


Weights 


5: Sk 


— 


- 


— 
- 


— 


VO — хо b «л ма м1 WO UA мї о мї WO O кє — X0 — X0 — м о tà к мо 
= 


- 
- л чо ок XO о л к м1 \© м XO — JO OU tA о - Ut м 


1 13 

11 
7 7 
11 11 
11 13 
13 13 
11 11 
9 9 
3 5 
9 9 
11 9 
5 7 
7 9 
9 11 
9 11 
5 7 
5 7 
9 7. 
5 3 
7 5 
9 7 
7 5 
3 5 
8 10 
6 8 
10 10 
8 8 
6 6 
4 4 
6 8 
6 8 
8 10 


10-144 


A 
10857 


1.2Е+00 
3.4Е-01 
7.8Е-01 
1.6Е+00 
1.1Е+00 
1.2Е+00 
3.7E-01 
5.0E-01 
4.9E-01 
1.7E+00 
1.2E+00 
5.8E-01 
3.5E-01 
7.6Е-01 
4.0Е-01 
7.2Е-01 
3.3E-01 
7.0E-01 
5.2Е-01 
3.5Е-01 
4.4Е-01 
7.5Е-01 
8.9Е-01 
5.0E-01 
5.0E-01 
7.0E-01 
1.0Е+00 
5.8Е-01 
5.0Е-01 
7.6Е-01 
5.9Е-01 
5.3Е-01 
5.2Е-01 
4.4Е-01 
3.3E-01 
5.2Е-01 
3.5Е-01 
6.9Е-01 
5.2Е-01 
5.8Е-01 
7.5Е-01 
5.3Е-01 
3.8Е-01 
4.5Е-01 
4.ЗЕ-01 
5.1Е-01 
4.4Е-01 
3.3E-01 


4.6E+00 
3.8E+00 
3.2E+00 
2.5E+00 
2.2E+00 
2.7E+00 
3.6E+00 
4.2E+00 
4.2E+00 


À 


° 


A 


2371.06 
2373.06 
2382.46 
2393.58 
2404.18 
2516.14 
2521.55 
2548.21 
2554.22 
2593.05 
2595.10 


VIV 
677.345 
680.632 
681.145 
682.455 
682.923 
684.450 
691.530 
723.537 
724.068 
724.809 
737.854 
750.110 
884.146 
1071.05 
1110.72 
1112.20 
1112.44 
1127.84 
1131.26 
1194.46 
1226.52 
1243.72 
1247.07 
1272.97 
1304.17 
1305.42 
1308.06 
1309.50 
1312.72 
1317.57 
1321.92 
1326.81 
1329.29 
1329.97 
1330.36 
1331.67 
1332.46 
1334.49 
1355.13 
1356.53 
1395.00 
1400.42 
1403.62 
1412.69 
1414.41 
1414.84 


Weights 
8: Sk 
10 12 
4 6 
8 10 
6 8 
4 6 
10 10 
8 8 
6 4 
8 6 
6 6 
8 8 


CA CA чо —1 CA CA CA <1 \О© CA оо к Q ©л Q М CA м1 CA У хол оо л м1 \© 1 ©л м чо — лл QA Q n> Nn м — MO © 


л —1 чә AO —1 —1 чо XO XO чә — 0 чоо QA CLA iD 1 1 Non CA о но, 1 л л 1 чә л оо QA м1 шо л — оо л л — CA — \© 


A 
108 5-1 


5.2Е+00 
2.9Е+00 
5.0E+00 
4.3E+00 
2.5E+00 
3.7E+00 
3.5E+00 
2.0E+00 
1.2E+00 
2.8E+00 
2.8E+00 


6.7E+00 
1.2E+01 
1.1Е+01 
6.5Е+00 
6.9Е-00 
7.TE+00 
1.1E+01 
1.5E+01 
1.1Е+01 
5.6Е+00 
2.4E+01 
1.0E+01 
4.7E+00 
6.1E+00 
5.0E+00 
6.3E+00 
5.0E+00 
8.9E+00 
9.4E+00 
1.0E+01 
1.5E+01 
9.4E+00 
4.7E+00 
2.7E+01 
1.5E+01 
7.0E+00 
7.9E+00 
8.7E+00 
8.6E+00 
8.7E+00 
9.9E+00 
4.0E+00 
1.5E+01 
4.8E+00 
6.0E+00 
1.7E+01 
7.5E+00 
8.3E+00 
2.5E+01 
4.9E+00 
1.4E+01 
7.5E+00 
8.4E+00 
1.1E+01 
1.2E+01 
4.6E+00 


À 


° 


A 


1418.53 
1419.58 
1423.72 
1426.65 
1429.11 
1434.84 
1451.04 
1454.00 
1520.14 
1522.49 
1601.92 
1611.88 
1806.18 
1809.85 
1817.68 
1825.84 
1861.56 
1939.07 
1951.43 
1963.10 
1997.72 
2084.43 
2120.05 
2141.20 
2146.83 
2149.85 
2151.09 
2155.34 
2446.80 
2570.72 
3284.56 
3496.42 
3514.25 


Xenon 
Хе 

1043.8 
1047.1 
1050.1 
1056.1 
1061.2 
1068.2 
1085.4 
1099.7 
1110.7 
1129.3 
1170.4 
1192.0 
1250.2 
1295.6 
1469.6 
4501.0 
4524.7 
4624.3 
46712 
4807.0 
7119.6 
7967.3 
8409.2 


Weights 
8: 


- 
о и момон м л м чо м QA м чо л м л 1 A Q) язь чо CA CA чо о O Q м м 


А-а Ол л АЗ Оюна = = = нэ = = = = = = = = = = 
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Sk 


- 


N з XO боо л м QA —1 \© мз NWR Q м Q До алло м 


дец ed 
= = о 


шч чә \© — лол ©л Чә Чә Чә Чә гт ээ Чә WWW WW WW Ww 


А 
108 5-1 


5.2Е+00 
1.3Е+01 
7ЛЕ-00 
2.2Е-01 
5.0Е+00 
5.4Е+00 
7.0E+00 
1.1E+01 
7.2E+00 
5.5E+00 
1.2E+01 
5.2E+00 
7.3E+00 
7.2Е+00 
4.8Е+00 
5.3Е-00 
6.6Е+00 
5.8Е+00 
5.0Е+00 
4.8Е-00 
4.7Е-00 
4.0E+00 
8.1E+00 
7.0E+00 
6.6E+00 
5.1E+00 
4.3Е-00 
1.2E+01 
5.3E+00 
7.6E+00 
5.3E+00 
4.4E+00 
4.7Е-00 


5.9Е-01 
1.3Е-00 
8.5Е-02 
2.45E+00 
1.9E-01 
3.99E+00 
4.10E-01 
4.34E-01 
1.5E+00 
4.4E-02 
1.6E+00 
6.2E+00 
1.4E-01 
2.46E+00 
2.81E+00 
6.2E-03 
2.1E-03 
7.2E-03 
1.0E-02 
2.4E-02 
6.6E-02 
3.0E-03 
1.0E-02 


° 


A 5: Sk 


Хеп 

4180.1 
4330.5 
4414.8 
4603.0 
4844.3 
4876.5 
5260.4 
5262.0 
5292.2 
5372.4 
5419.2 
5439.0 
5472.6 
5531.1 
5719.6 
5976.5 
6036.2 
6051.2 
6097.6 
6270.8 
6277.5 
6805.7 
6990.9 


© бо + + O. o O. + + o o L + = с Ъ 2 O. O. + O O + 
Оо С\ С\ С\ + 0 0 + 000000. ANARA + oe oc с o + 


- 


Ytterbium 
YbI 
2464.5 
2672.0 
3464.4 
3988.0 
5556.5 


тэ 
WWW чә ч 


Yb Il 
3289.4 2 4 
3694.2 2 2 


Yttrium 
YI 

2948.41 
2974.59 
2984.25 
2995.26 
2996.94 
3005.26 
3022.28 
3045.36 
3053.95 
3155.65 
3172.84 
3185.96 
3209.38 
3227.16 
3484.05 
3549.66 
3552.69 
4077.36 
4083.71 
4102.36 


ON + + + С + ON O, O + + O O. O. + + O S + + 
ом ON. O. 500 + O. + O. ON + O. + oc 07 


10-145 


3, Weights 


A 
10857 


2. 2Е+00 
1.4E+00 
1.0E+00 
8.2E-01 
1.1E+00 
6.3E-01 
2.2E-01 
8.5E-01 
8.9E-01 
7.1E-01 
6.2E-01 
7.4Е-01 
9.9E-02 
8.8E-02 
6.1E-02 
2.8E-01 
7.5E-02 
1.7E-01 
2.6E-01 
1.8Е-01 
3.6Е-02 
6.1E-02 
2.7E-01 


9.1Е-01 
1.18Е-01 
6.2Е-01 
1.76Е+00 
1.14Е-02 


1.8E+00 
1.4E+00 


3.5E-01 
3.5E-01 
4.8E-01 
5.1Е-02 
8.4Е-02 
4.8Е-02 
6.6E-02 
1.07E-01 
1.9E-03 
2.7E-03 
9.9E-03 
1.2Е-03 
3.0E-03 
1.10E-03 
1.2Е-02 
1.0Е-03 
2.3Е-01 
1.1Е+00 
2.5Е-01 
1.3Е+00 


À 


° 


A 


4128.30 
4142.84 
4167.51 
4235.93 
4352.40 
4379.33 
4385.47 
4394.01 
4409.70 
4417.43 
4437.34 
4443.65 
4459.01 
4476.95 
4491.74 
4514.01 
4527.78 
4534.09 
4544.31 
4559.36 
4581.33 
4613.00 
4643.70 
4653.78 
4674.85 
4725.84 
4762.96 
4780.16 
4781.03 
4799.30 
4804.31 
4804.80 
4821.63 
4845.67 
4852.68 
4856.71 
4859.84 
4893.44 
4900.08 
4906.11 
4950.01 
4963.49 
4981.97 
5004.44 
5205.01 
5258.47 
5271.82 
5380.63 
5381.24 
5388.39 
5390.81 
5401.88 
5424.36 
5466.24 
5466.47 
5469.10 
5513.65 
5519.88 
5526.43 


Weights 


= 


— 


= 


= 


= 
ARARO + QO O. oo O. + O. oo O. + O. + Ь оо © оо O. Ь сос + O. O. оо tS O. + С та QO LD O. O. oo + о ов — O. O + o + QO + QO O + о 


8: 8к 


- 


- 


= 
+ ON O. С\ 29 + + оо С\ со + + с O. + + O + 000000 + + 00000000 + + o O + + + со с O. + + + G. Оо С O. O O. O. 00000 + + + + QG + 


A 
108 5-1 


1.6Е+00 
1.6Е+00 
2.38Е-01 
3.0Е-01 
6.7Е-03 
7.83Е-01 
6.9Е-02 
1.9Е-02 
2.7Е-03 
3.2Е-02 
8.64Е-02 
1.1Е-01 
1.8Е-02 
2.8Е-01 
2.3Е-02 
3.34Е-01 
8.33Е-01 
4.4Е-02 
4.10Е-01 
4.0Е-01 
1.5Е-01 
1.8Е-01 
1.8Е-01 
1.6Е-01 
1.3Е-01 
1.5Е-01 
4.2Е-02 
8.9Е-02 
1.0Е-01 
1.6Е-01 
2.6Е-01 
3.84Е-01 
1.0Е-01 
6.8E-01 
6.2Е-01 
2.0Е-01 
7.26Е-01 
2.2Е-01 
2.0Е-01 
1.2Е-01 
2.0E-02 
1.4Е-02 
4.7E-03 
1.2E-02 
8.4E-03 
2.9E-03 
1.1E-02 
3.2E-01 
9.9E-03 
1.1E-02 
2.9E-02 
6.0E-03 
3.47E-01 
1.0E-01 
6.3E-01 
3.6E-03 
2.39E-01 
1.2Е-02 
3.9Е-03 


À 


° 


A 


5527.56 
5541.63 
5551.00 
5573.03 
5594.12 
5606.34 
5619.96 
5630.14 
5641.78 
5675.27 
5675.64 
5693.63 
5714.94 
5729.25 
5732.09 
5740.22 
5757.59 
5788.36 
5844.13 
5879.93 
5902.91 
6087.94 
6191.72 
6222.58 
6402.01 
6435.02 
6437.17 
6538.57 
6622.48 
6815.15 
7009.89 
7035.15 


YH 

3112.03 
3179.42 
3195.62 
3200.27 
3203.32 
3216.69 
3242.28 
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Weights 


8 8к 


- 


- 
Ф мю Мм со С © Т с > > с с > с > Ь соо с с со = Юю + Оса ооо 
— 


= Чык 
- 


0 
8 
4 
4 
8 
0 
4 
6 
4 
6 
6 
4 
6 
6 
6 
6 
6 
4 
4 
2 
8 
4 
4 
6 
4 
6 
8 
0 
6 
4 
4 
4 


ал л O We 
CA чо соло 


A 
108 8-1 


5.4E-01 
5.2Е-02 
6.9E-02 
1.8E-02 
5.0E-02 
5.84E-02 
2.0E-02 
4.9E-01 
1.9E-02 
9.3E-02 
4.3Е-02 
1ЛЕ-01 
2.0Е-02 
2.2Е-03 
7.5E-02 
4.0E-02 
7.6E-03 
9.4Е-03 
5.6Е-03 
8.5Е-02 
4.0Е-02 
1.1E-01 
4.7E-02 
5.9E-03 
2.TE-03 
4.0E-02 
4.8E-02 
1.5Е-01 
4.5Е-03 
7.18Е-02 
4.4E-02 
6.3E-02 


1.3E-02 
3.8E-02 
8.23E-01 
4.8E-01 
2.77E+00 
2.0E+00 
2.0E+00 


À 


° 


A 


3448.81 
3467.88 
3496.08 
3549.01 
3584.51 
3600.74 
3601.91 
3611.04 
3628.70 
3664.62 
3710.29 
3747.55 
3774.34 
3776.56 
3788.70 
3818.34 
3832.90 
3878.29 
3930.66 
3950.36 
3951.59 
3982.60 
4124.91 
4177.54 
4199.27 
4204.69 
4235.73 
4309.62 
4358.73 
4374.95 
4398.01 
4422.59 
4682.33 
4786.58 
4823.31 
4854.87 
4881.44 
4883.69 
4900.11 
4982.13 
5087.42 


Weights 


5: Sk 


NO —1 —1 XO CA CA ф лал фл Q М CA — Эд Ол Ол ‹л QA Q QA м1 1 ©л оо CA QA Q —1 М л л Q —] оо л — CA CLA 
ND XO л —1 чо чо CA М CA к чо л чо CA CA Q CA л М tn мәл флл-аллсаа чо XO Un чоо л Q — QA м] шо шч) л 


10-146 


A 
10857 


4ЛЕ-02 
2.7Е-02 
3.49Е-01 
3.97Е-01 
4.02Е-01 
1.4Е +00 
1.13E+00 
1.04E+00 
3.3E-01 
3.7E-01 
1.5E+00 
1.9E-01 
1.1E+00 
2.42E-01 
8.1E-01 
9.70E-02 
3.0E-01 
2.9E-02 
2.1E-02 
2.80E-01 
1.5E-02 
2.7Е-01 
1.8Е-02 
5.27Е-01 
5.36Е-03 
2.20Е-02 
2.3E-02 
1.29E-01 
5.55E-02 
9.97E-01 
1.16E-01 
1.83E-01 
1.9E-02 
2.1E-02 
4.3Е-02 
3.9Е-01 
1.5Е-03 
4.7E-01 
4.51E-01 
1.5E-02 
2.0E-01 


À 
À 


5119.11 
5200.41 
5205.73 
5289.82 
5320.78 
5473.39 
5480.73 
5497.41 
5509.90 
5544.61 
5546.01 
5728.89 
6613.74 
6832.48 
7264.16 


Zinc 

ZnI 

748.29 
765.60 
792.05 
793.85 
809.92 
1109.1 
2138.6 
3075.9 
3282.3 
3302.6 
3302.9 
3345.0 
3345.6 
3345.9 
6362.3 
11054 


Zn П 

2025.5 
2064.2 
2099.9 
2102.2 
4911.6 


Weights 
8: Sk 
5 7 
5 5 
7 7 
7 5 
9 7 
3 5 
1 3 
5 5 
5 5 
3 1 
5 3 
5 5 
5 7 
5 5 
5 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
5 3 
3 5 
3 1 


+ + + > ~ 
S + O + + 


6.0E-02 
7.6E-02 
5.7E-02 
1.8E-01 
2.6E-01 
3.05E-01 
7.09E+00 
3.29E-04 
9.0E-01 
1.2E+00 
6.7E-01 
1.7E+00 
4.0E-01 
4.5E-02 
4.74E-01 
2.43E-01 


3.3E+00 
4.6E+00 
5.6E+00 
9.3E-01 
1.6E+00 


ELECTRON AFFINITIES 
Thomas M. Miller 


Electron affinity is defined as the energy difference between the lowest (ground) state ofthe neutral and the lowest state of the corresponding negative 
ion. The accuracy of electron affinity measurements has been greatly improved since the advent of laser photodetachment experiments with negative 
ions. Electron affinities can be determined with optical precision, though a detailed understanding of atomic and molecular states and splittings is 
required to specify the photodetachment threshold corresponding to the electron affinity. 

Atomic and molecular electron affinities are discussed in two excellent articles reviewing photodetachment studies which appear in Gas Phase Ion 
Chemistry, Vol. 3, Bowers, M. T., Ed., Academic Press, Orlando, 1984: Chapter 21 by Drzaic, P. S., Marks, J., and Brauman, J. І., "Electron 
Photodetachment from Gas Phase Negative Ions,” p. 167, and Chapter 22 by Mead, В. D., Stevens, A. E., and Lineberger, W. C., “Photodetachment 
in Negative Ion Beams,” р. 213. Persons interested in photodetachment details should consult these articles and the critical review of Hotop, H., and 
Lineberger, W. C., J. Phys. Chem. Кеј. Data, 14, 731, 1985. For simplicity in the tables below, any electron affinity which was discussed in the articles 
by Drzaic et al. or Hotop and Lineberger is referenced to these sources, where original references are given. A great many additional electron affinities 
have been provided here by G. B. Ellison, W. C. Lineberger, H. Hotop, D. G. Leopold, and K. H. Bowen. Little work has been done on electron affinities 
for the lanthanides and actinides, but theoretical estimates have been made by Bratch, S. G., Слет. Phys. Lett., 98, 113, 1983, and Bratch, S. G., and 
Lagowski, J. J., Chem. Phys. Lett., 107, 136, 1984. The development of cluster-ion photodetachment apparatuses has brought an explosion of electron 
affinity estimates for atomic and molecular clusters. [See Arnold, S. T., Eaton, J. G., Patel-Mistra, D., Sarkas, H. W., and Bowen, К. H., in Jon and 
Cluster Ion Spectroscopy and Structure, Maier, J. P., Ed., Elsevier Science, New York, 1989, p. 417.] The policy in this tabulation is to list the electron 
affinities for the atoms, diatoms, and triatoms, if adiabatic electron affinities have been determined, but to refer the reader to original sources for higher- 
order clusters. Additional data on molecular electron affinities may be found in Lias, S. G., Bartmess, J. E., Liebman, J. F., Holmes, J. L., Levin, R. 
D., and Mallard, W. G., Gas Phase Ion and Neutral Thermochemistry, J. Phys. Chem. Ref. Data, 17, (Supplement No. 1), 1988. 

For the present tabulation the 1998 CODATA value e/hc = 8065.54477 +0.00032 cnr! eV"! (http://physics.nist.gov) has been used to convert electron 
affinities from the units used in spectroscopic work, cnr!, into eV for these tables. The 40 ppb uncertainty in е/йс is insignificant compared to 
uncertainties in the electron affinity measurements. 

Abbreviations used in the tables: calc — calculated value; PT - photodetachment threshold using a lamp as a light source; LPT - laser 
photodetachment threshold; LPES = laser photoelectron spectroscopy; DA = dissociative attachment; e-scat = electron scattering or attachment; kinetic 
= dissociation kinetics; Knud-Knudsen cell; CT = charge transfer; CD = collisional detachment; and ZEKE = zero electron kinetic energy 
spectroscopy. 


Table 1 
Atomic Electron Affinities 
Electron 
Atomic affinity Uncertainty Method Ref. 
number Atom in eV in eV 
1 Н 0.754195 0.000019 ЕРТ 89 
0.75420812 - саіс 205 
р 0.754593 0.000074 ІРТ 89 deuterium 
D 0.75465624 — calc 205 deuterium 
T 0.75480540 — calc 205  tritium 
2 He not stable — calc 1 
3 Li 0.618049 0.000020 LPT 185 
4 Be not stable — calc 1 
5 B 0.279723 0.000025 LPES 207 
6 C 1.262119 0.000020 LPT 28 
7 N not stable — DA 1 
8 O 1.4611096 0.0000007 LPT 4 
9 Е 3.401189 0.000003 ІРТ 74 
10 Ме not stable — calc 1 
11 Ма 0.547926 0.000025 ТРТ 1 
12 Ме not stable — e-scat 1 
13 А1 0.43283 0.00005 Т.РЕ5 208 
14 Si 1.389521 0.000020 LPES 28 
15 P 0.7465 0.0003 LPT 1 
16 S 2.077103 0.000001 LPT 1 
17 СІ 3.612724 0.000027 ТРТ 52 
18 Аг not stable — calc 1 
19 K 0.50147 0.00010 LPT 1 
20 Ca 0.02455 0.00010 LPT 44 
21 Sc 0.188 0.020 LPES 1 
22 Ті 0.079 0.014 Т.РЕ5 1 
23 V 0.525 0.012 LPES 1 
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ELECTRON AFFINITIES (continued) 


Table 1 
Atomic Electron Affinities (continued) 
Electron 

Atomic affinity Uncertainty Method Ref. 

number Atom in eV in eV 
24 Cr 0.666 0.012 LPES 1 
25 Мп not stable — calc 1 
26 Fe 0.151 0.003 LPES 27 
27 Со 0.662 0.003 LPES 27 
28 Ni 1.156 0.010 LPES 1 
29 Са 1.235 0.005 LPES 37 
30 Zn not stable — e-scat 1 
31 Па 0.43 0.03 Т.РЕ5 183 
32 Ge 1.232712 0.000015 LPES 28 
33 As 0.814 0.008 LPES 200 
34 Se 2.020670 0.000025 LPT 1 
35 Вг 3.363588 0.000002 LPT 74 
36 Kr not stable — calc 1 
37 Rb 0.48592 0.00002 ЇРТ 1 
38 Sr 0.048 0.006 LPT 122 
39 Y 0.307 0.012 LPES 1 
40 Zr 0.426 0.014 LPES 1 
41 Nb 0.893 0.025 LPES 1 
42 Мо 0.748 0.002 LPES 127 
43 Te 0.55 0.20 calc 1 
44 Ru 1.05 0.15 calc 1 
45 Rh 1.137 0.008 LPES 
46 Pd 0.562 0.005 LPES 116 
47 Ag 1.302 0.007 LPES 1 
48 Cd not stable — e-scat 1 
49 Іп 0.3 0.2 РТ 1 
50 50 1.112067 0.000015 LPES 28 
51 Sb 1.046 0.005 LPES 108 
52 Te 1.9708 0.0003 LPT 1 
53 І 3.059037 0.000010 ІРТ 92 
54 Хе not stable — calc 1 
55 Cs 0.471626 0.000025 LPT 1 
56 Ва 0.14462 0.00006 LPT 195 
57 La 0.47 0.02 LPT 184 
70 Yb -0.020 — calc 196 
72 Hf “0 -- саіс 1 
73 Ta 0.322 0.012 LPES 1 
74 w 0.815 0.002 LPES 37 
75 Re 0.15 0.15 calc 1 
76 Os 141 0.2 саіс 1 
77 Ir 1.5638 0.0005 LPT 141 
78 Pt 2.128 0.002 LPT 1 
79 Au 2.30863 0.00003 LPT 1 
80 Hg not stable — e-scat 1 
81 ТІ 0.2 0.2 РТ 1 
82 РЬ 0.364 0.008 Т.РЕ5 1 
83 Ві 0.946 0.010 Т.РЕ5 1 
84 Ро 1.9 0.3 саіс 1 
85 At 2.8 0.2 calc 1 
86 Rn not stable — calc 1 
87 Fr 0.46 — calc 82 
89 Ac 0.35 — calc 207 

118 ekaradon 0.056 0.01 calc 140 
121 ekaactinium 0.57 — calc 207 


Molecule 


Аг 
Al, 
AlO 
AIS 
Аз» 
AsH 
AsO 
Ай» 


Electron 
affinity 
in eV 


1.023 
1.10 
2.60 
2.60 
0.739 
1.0 
1.286 
1.938 
3.160 
2.508 
0.7 
1.271 
2,39 
2.353 
3.269 
1.238 
3.862 
1.46 
0.205 
0.93 
2.38 
2.275 
1.110 
0.680 
0.671 
0.505 
0.568 
0.563 
1.221 
0.469 
0.455 
0.273 
0.836 
1.777 
3.08 
2,272 
0.902 
0.932 
0.934 
1.493 
2.035 
2.55 
2:59 
2.378 
1.95 
0.497 
0.642 
0.582 
0.471 
0.728 
0.486 
0.593 
0.337 
0.342 


Uncertainty 
іп eV 


0.007 
0.15 
0.02 
0.03 
0.008 
0.1 
0.008 
0.007 
0.005 
0.008 
0.1 
0.008 
0.10 
0.006 
0.006 
0.008 
0.004 
0.02 
0.021 
0.05 
0.10 
0.006 
0.008 
0.010 
0.010 
0.005 
0.010 
0.010 
0.006 
0.015 
0.010 
0.012 
0.006 
0.006 
0.10 
0.006 
0.008 
0.015 
0.011 
0.005 
0.001 
0.05 
0.10 
0.006 
0.05 
0.012 
0.010 
0.010 
0.020 
0.010 
0.020 
0.010 
0.012 
0.012 


ELECTRON AFFINITIES (continued) 


Electron Affinities for Diatomic Molecules 


Method 


LPES 
LPES 
LPES 
LPES 
LPES 
PT 

LPES 
LPES 
LPES 
LPES 
PT 

LPES 
CT 

LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
PT 

CT 

LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
СТ 

LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
CT 

CT 

LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 


Table 2 
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Molecule 


MgCl 
MgH 
Mgl 
MgO 
MnD 
MnH 
MnO 
MoO 
NH 
NO 
NRh 
NS 
Ха, 
МаВт 
NaCl 
NaF 
Nal 
Nak 
NbO 
Ni, 
NiCu 
NiAg 
NiD 
NiH 
NiO 


ORh 


Sb, 
ScO 


SeH 
SeO 


SiH 


Electron 
affinity 
ineV 


1.589 
1.05 
1.899 
1.630 
0.866 
0.869 
1.375 
1.290 
0.370 
0.026 
1.51 
1.194 
0.430 
0.788 
0.727 
0.520 
0.865 
0.465 
1.29 
0.926 
0.889 
0.979 
0.477 
0.481 
1.470 
0.451 
1.825533 
1.8276534 
1.58 
0.589 
1.028 
1.092 
1.366 
0.722 
1.685 
0.604 
1.898 
1.240 
0.498 
0.544 
0.478 
1.571 
1.670 
2.315 
2.285 
2.314343 
1.125 
1.282 
1.35 
1.94 
2.212519 
1.456 
2.201 
1.277 


Uncertainty 


ineV 


0.011 
0.06 
0.018 
0.025 
0.010 
0.010 
0.010 
0.006 
0.004 
0.005 
0.02 
0.011 
0.015 
0.010 
0.010 
0.010 
0.010 
0.030 
0.02 
0.010 
0.010 
0.010 
0.007 
0.007 
0.003 
0.007 
0.000037 
0.0000037 
0.02 
0.025 
0.010 
0.010 
0.010 
0.006 
0.008 
0.010 
0.008 
0.010 
0.015 
0.010 
0.020 
0.008 
0.015 
0.002 
0.006 
0.000004 
0.005 
0.008 
0.02 
0.07 
0.000025 
0.020 
0.010 
0.009 


Method 


LPES 
PT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
LPES 


ELECTRON AFFINITIES (continued) 


Table 2 
Electron Affinities for Diatomic Molecules (continued) 


Electron Electron 

affinity Uncertainty affinity Uncertainty 
Molecule in eV in eV Method Ref. Molecule in eV in eV Method Ref. 
Sn; 1.962 0.010 LPES 117 TiO 1.30 0.03 LPES 172 
SnO 0.598 0.006 LPES 168 VO 1.229 0.008 LPES 170 
SnPb 1.569 0.008 LPES 117 YO 1.35 0.02 LPES 171 
Те» 1.92 0.07 LPES 38 ZnH <0.95 - РТ 2 
TeH 2.102 0.015 LPES 39 ZnO 2.088 0.010 LPES 179 
TeO 1.697 0.022 LPES 40 ZrO 1:3 0.3 Т.РЕ5 173 

Table 3 
Electron Affinities for Triatomic Molecules 

Electron Electron 

affinity Uncertainty affinity Uncertainty 
Molecule in eV in eV Method Ref. Molecule in eV in eV Method Ref. 
Арз 2.32 0.05 Т.РЕ5 37 CuBr, 4.35 0.05 LPES 177 
AgCN 1.588 0.010 LPES 163 DCO 0.301 0.005 LPES 35 
Al; 1.4 0.15 Т.РЕ5 68 DNO 0.330 0.015 LPES 14 
AIO; 4.23 0.02 LPES 143 DO, 1.089 0.017 LPES 15 
ДІР, 1.933 0.007 LPES 191 DS, 1.912 0.015 LPES 53 
ALP 2.513 0.020 LPES 191 HS, 1.907 0.015 LPES 53 
ALS 0.80 0.12 LPES 129 Fe3 1.47 0.08 LPES 149 
As3 1.45 0.03 LPES 200 FeCO 1.157 0.005 LPES 103 
AsH, 1:27 0.03 PT 2 Бер, 1.038 0.013 LPES 34 
Aus 3.7 0.3 LPES 37 Бену 1.049 0.014 LPES 34 
BO, 4.3 0.2 СТ 98 ЕеО, 2.358 0.030 LPES 130 
BN 3.098 0.005 LPES 193 GaAs, 1.894 0.022 LPES 192 
Bi; 1.60 0.03 LPES 119 GaP; 1.666 0.027 LPES 192 
с; 1.981 0.020 LPES 11 Са; Ав 2.428 0.020 LPES 192 
ССІ, 1.591 0.010 LPES 95 Ga;P 2.481 0.020 LPES 192 
CD, 0.645 0.006 LPES 12 Се; 2.23 0.01 LPES 123 
CDF 0.535 0.005 LPES 95 Сен, 1.097 0.015 Т.РЕ5 28 
СЕ, 0.165 0.010 LPES 95 HCO 0.313 0.005 LPES 35 
CH; 0.652 0.006 LPES 12 НСІ, 4.896 0.005 LPES 69 
CHBr 1.454 0.005 LPES 95 HNO 0.338 0.015 LPES 14 
CHCI 1.210 0.005 LPES 95 НО, 1.078 0.017 LPES 15 
CHF 0.542 0.005 LPES 95 LQ 4.226 0.013 LPES 162 
CHI 1.42 0.17 LPES 95 InP, 1.61 0.05 LPES 137 
CH 2.969 0.006 LPES 87 In;P 2.36 0.05 LPES 137 
CO 2.289 0.018 LPES 180 K; 0.956 0.050 LPES 18 
COS 0.46 0.20 CD 2 MnD, 0.465 0.014 LPES 34 
CS, 0.895 0.020 LPES 11 Ман» 0.444 0.016 Т.РЕ5 34 
С-Ті 1.542 0.020 LPES 147 MnO, 2.06 0.03 LPES 158 
CoD, 1.465 0.013 LPES 34 N; 2.70 0.12 PT 2 
Сон, 1.450 0.014 LPES 34 NCN 2.484 0.006 LPES 154 
СІН, >2.5 - Т.РЕ5 34 МСО 3.609 0.005 Т.РЕ5 111 
Cr,D 1.464 0.005 LPES 107 NCS 3.537 0.005 LPES 111 
Сг-Н 1.474 0.005 LPES 107 NH, 0.771 0.005 LPES 58 
CrO, 2.413 0.008 LPES 144 №0 -0.03 0.10 calc 59 
Св 0.864 0.030 Т.РЕ5 18 МО, 2:213 0.005 Т.РЕ5 63 
Cus 2.11 0.05 LPES 37 (МОЈЕ R=Ar,Kr,Xe — Т.РЕ5 90 
СиСМ 1.466 0.010 Т.РЕ5 163 Маз 1.019 0.060 Т.РЕ5 18 
CuCl, 4.35 0.05 LPES 177 Nb, 1.032 0.010 LPES 175 
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Molecule 


Ni, 
NiCO 
NiD, 
мін, 
NiO, 
ONiO 
NiO, 
Ni(O;) 
О; 
О,Аг 
OCIO 
OIO 
PH, 
PO, 


Electron 
affinity 
in eV 


1.41 
0.804 
1.926 
1.934 
3.05 


0.82 


2.1028 
0.52 
2.140 
2.577 
1.271 
3.42 


Uncertainty 


in eV 


0.05 
0.012 
0.007 
0.008 
0.01 


0.03 


0.0025 
0.02 
0.008 
0.008 
0.010 
0.01 


Molecule 


ELECTRON AFFINITIES (continued) 


Table 3 


Electron Affinities for Triatomic Molecules (continued) 


Method 


LPES 
LPES 
LPES 
LPES 
LPES 


LPES 


LPT 

LPES 
LPES 
LPES 
LPES 
LPES 


Ref. 


Table 4 


Molecule 


Pty 
Pd; 


Electron 


affinity Uncertainty 
ineV 


ineV 


1.87 
213 
0.920 
2.093 
1.107 
1.877 
1.85 
1.823 
1.124 
2.31 
2.29 
1.36 
1.59 
1.107 
2.3 


Electron Affinities for Larger Polyatomic Molecules 


Electron 
affinity 
in eV 


п= 1-10 
п= 3-32 
2.56 
п=12 
1.00 

п = 1-5 
п=2,6,7 
п-2-9 
п-2-19 
<0.8 
“1.7 

п= 2-5 
7.5 
0.027 
0.038 
2.098 
n=2-9 
1.05 
3.582 

п = 2-84 
п=12 
п-2 
n=1,2 
1.73 
3.510 
1.82 
3.498 
0.465 
0.24 


Uncertainty 
ineV Method Ref. 
-- LPES 37 
— LPES 68 
0.06 LPES 161 
т = 1-5 LPES 143 
0.15 LPES 68 
т = 1-3 Т.РЕ5 129 
— LPES TI 
— ZEKE 212 
— ZEKE 212 
— LPES 200 
— LPES 200 
— LPES 37 
estimate СЕ 98 
0.014 LPES 62 
0.015 LPES 62 
0.035 LPES 193 
шин LPES 213 
0.010 LPES 119 
0.017 LPES 131 
— LPES 70 
— LPES 75 
— LPES 75 
-- LPES 79 
0.03 LPES 199 
0.015 LPES 109 
0.05 LPES 187 
0.015 LPES 109 
0.023 LPES 53 
0.08 LPES 211 
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Co(CO,)NO 


0.02 
0.1 
0.030 
0.025 
0.008 
0.008 
0.03 
0.050 
0.020 
0.01 
0.02 
0.03 
0.03 
0.010 
0.2 


Method 


LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
CT 


Molecule 


CH; 
сны 
CH;NO, 
СН 1 
СН, 51 
Ср,О 
Ср,О, 
СН,О 
СН:О, 
Ср;8 
Ср;8; 
CFO, 
СЕ,Вг 
СЕЈ 
СН;5 
СН,5, 
CH5SiH; 
СО, 
СОХЊО) 
CF, 
C,DO 
CHF 
С,НО 
СО 
C;HD 
СН, 
С,Н,ЕО 
CDN 
CDN 
CHN 
C.N 
СН; 
С,р,О 
C,H;0 
C,D;0 
C;H4N 
С,Н,О 
СНО; 
С,Н,5 
С,Н,5 
C;H;02 
C3Fe 
C3H 
С.НЕе 
С.Н» 
С.Н,Е,О 
С.Н. 
CHD 
C;D)H 
C;H;N 
Сар: 
С.Н; 
СН, 
C3H,D 


ELECTRON AFFINITIES (continued) 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 
affinity Uncertainty 
ineV ineV Method Ref. 
0.08 0.03 LPES 2 
0.2 0.1 CT 2 
0.26 0.08 LPES 211 
0.852 0.010 LPES 97 СН,-51 
2.010 0.010 LPES 97 CH;-SiH 
1.559 0.004 LPES 194 
1.150 0.005 LPES 188 methy-d; peroxyl radical 
1.572 0.004 LPES 194 
1.162 0.005 LPES 188 methyl peroxyl radical 
1.856 0.006 LPT 2 
1.748 0.022 LPES 53 
4.271 0.030 LPES 131 
0.91 0.2 CD 2 
1:57 0.2 CD 2 
1.867 0.004 LPES 166 
1:757 0.022 LPES 53 
1.19 0.04 LPT 65 
2.69 0.14 LPES 2 
2.1 0.2 PT 2 
2.255 0.006 LPES 106 difluorovinylidene 
2.350 0.020 LPES 13 
1.718 0.006 LPES 106 fluorovinylidene 
2.338 0.008 LPES 190 
0.492 0.006 LPES 83 vinylidene-d; 
0.489 0.006 LPES 83 vinylidene-d, 
0.490 0.006 LPES 83 vinylidene 
2.22 0.09 РТ 2 acetyl fluoride enolate 
1.538 0.012 LPES 21 cyanomethyl-d» radical 
1.070 0.024 LPES 21 isocyanomethyl-d) radical 
1.543 0.014 LPES 21 cyanomethyl radical 
1.059 0.024 LPES 21 isocyanomethyl radical 
0.667 0.024 LPES 90 vinyl 
1.81897 0.00012 LPT 22 acetaldehyde-d; enolate 
1.82476 0.00012 LPT 22 acetaldehyde enolate 
1.699 0.004 LPES 194 ethoxide-d; 
0.56 0.01 PT 2 ethyl nitrine 
1.712 0.004 LPES 194 ethoxide 
1.182 0.006 LPES 188 ethyl peroxyl radical 
1.953 0.006 LPT 2 ethyl sulfide 
0.868 0.051 LPES 53 СН;5СН, 
2.26 0.08 РТ 50 MeOHOMe 
1.69 0.08 LPES 132 
1.858 0.023 LPES 11 
1.58 0.06 LPES 132 
1.794 0.008 LPES 153 
2.625 0.010 ІРТ 113 1,1,1-trifluoroacetone enolate 
0.893 0.025 LPES 24 ргорагву! radical 
0.88 0.15 LPES 24 ргорагеуі-а) radical 
0.907 0.023 LPES 24 ргорагву!-а» radical 
1.247 0.012 LPES 21 СН,СН-СМ 
0.464 0.006 LPES 138 allyl-ds 
0.481 0.008 LPES 138 allyl 
0.397 0.069 kinetic 155 cyclopropyl 
0.373 0.019 LPES 25 allyl-d, 
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Molecule 


С;Н;О 
C3H;0 
С.Н.О, 
СНО 
СНО 
С,Н,5 
С,Н,5 
C,O 
C305 
Ст 
СО; 
C,Fe 
С.НЕе 
С.Н:О, 
C4D4 
САН, 
сним 
С,Н,О 
C4H6 
С.Н,О, 
C,H,D 
C,H; 
С,Н,О 
C,H4DO 
C,H;D,0 
С,Н,О 
С,Н,5 
С,Н,5 
С,О 
СО 
С 

E: 
СЕМ 
С; Оз 
С;р; 
СН; 
С.Н, 
C;H;O 
С.Н,О 
С.Н,О 
СУНи5 
С:О, 
C;Ti 

Cs 
СВО, 
ССО, 
СЕО 
CoF;Br 
СС 
CFI 
СМО; 
CF6 
СР 
С,Н:С1,О, 


ELECTRON AFFINITIES (continued) 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 
affinity Uncertainty 
in eV in eV Method Ref. 
1.758 0.019 LPT 113 acetone enolate 
1.621 0.006 LPT 113 propionaldehyde enolate 
1.80 0.06 PT 2 methyl acetate enolate 
1.789 0.033 LPES 23 propyl oxide 
1.847 0.004 LPES 194 isopropyl oxide 
2.00 0.02 PT 2 propyl sulfide 
2.02 0.02 PT 2 isopropyl sulfide 
1.34 0.15 LPES 11 
0.85 0.15 LPES 11 
1.561 0.015 LPES 147 
0.5 0.2 CD 2 tetrafluorosuccinic anhydride 
<2.2 0.2 LPES 132 
1.67 0.06 LPES 132 
1.44 0.10 CT 61 maleic anhydride 
0.909 0.015 LPES 125 vinylvinylidene-d, 
0.914 0.015 LPES 125 vinylvinylidene 
2.39 0.13 PT 2 pyrrolate 
1.801 0.008 LPT 113 cyclobutanone enolate 
0.431 0.006 LPES 135 trimethylenemethane 
0.69 0.10 CT 61 2,3-butanedione 
0.493 0.008 LPES 138 2-methylallyl-d; 
0.505 0.006 LPES 138 2-methylallyl 
1.67 0.05 PT 2 butyraldehyde enolate 
1.67 0.05 PT 2 2-butanone-3-d, enolate 
1.75 0.06 PT 2 2-butanone-3,3-d, enolate 
1.909 0.004 LPES 194 tert-butoxyl 
2.03 0.02 PT 2 butyl sulfide 
2.07 0.02 PT 2 tert-butyl sulfide 
2.05 0.15 LPES 11 
2.0 0.2 LPES 11 
1.494 0.020 LPES 147 
2.853 0.001 LPT 99 
0.68 0.11 СТ 67 pentafluoropyridine 
1:3 0.2 CD 2 hexafluoroglutaric anhydride 
1.790 0.008 LPES 11 cyclopentadienyl-d; 
1.804 0.007 LPES 11 cyclopentadienyl 
0.91 0.03 PT 2 pentadienyl 
1.598 0.007 LPT 113 cyclopentanone enolate 
1.69 0.05 PT 2 3-penanone enolate 
1.93 0.05 LPT 2 neopentoxyl 
2.09 0.02 PT 2 n-pentyl sulfide 
1.2 0.2 LPES 11 
1.748 0.050 LPES 147 
4.180 0.001 LPT 8 
2.44 0.20 CT 2 tetrabromo-BQ 
2.78 0.10 CT 61 tetrachloro-BQ 
2.70 0.10 СТ 61 tetrafluoro-BQ 
1.15 0.11 CT 67 pentafluorobromobenzene 
0.82 0.11 СТ 67 pentafluorochlorobenzene 
1.41 0.11 CT 67 pentafluoroiodobenzene 
1.52 0.11 СТ 67 pentafluoro-NB 
0.52 0.10 СТ 51 hexafluorobenzene 
214 0.3 CT 2 perfluorocyclohexane 
2.48 0.10 СТ 61 2,6-dichloro-BQ 
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Molecule 


СЊЕКО; 
Сера 

СН, 
C,H,BrNO, 
C,H,BrNO, 
C,H,BrNO, 
С,Н,СЇМО, 
С,Н,СЇМО, 
С,Н,СЇМО, 
C&H4CIO 
C,H,FNO, 
СМО, 
СЊЕМО, 
Сено. 
С,Н,М,О, 
Сено. 
С,Н,О, 
Ср; 
сұр; 
СН; 
сен 
С,Н,ХО, 
С,Н,О 
С,Н,5 
C,H;NH 
СН; 

СНз 
С,Н,51 
С,Н, 
CHO 
СН 
С,Н,О 
С,Н,О 
CN, 
C;F;N 
С 

Сва 
С;НЕ;О 
C;H3N50, 
сін, ХО, 
С,Н,М,О, 
C;H4N505 
Сун, МО, 
С,Н,Вг 
C;HgBr 
С,Н,Вг 
C;H&CI 
C;H&CI 
сва 
CHF 
CHF 
CHF 
С,Н,ЕО 
CHFO 


ELECTRON AFFINITIES (continued) 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 
affinity Uncertainty 

in eV in eV Method Ref. 

1.17 0.10 СТ 61 2,4-difluoro-NB 

0.551 0.010 LPES 36 o-benzyne-d, 

0.560 0.010 LPES 36 o-benzyne 

1.16 0.10 СТ 61 0-bromo-NB 

1.32 0.10 СТ 61 m-bromo-NB 

1.29 0.10 CT 61 p-bromo-NB 

1.14 0.10 CT 61 o-chloro-NB 

1.28 0.10 СТ 61 m-chloro-NB 

1.26 0.10 CT 61 p-chloro-NB 

«2.58 0.08 PT 2 o-chloroperoxide 

1.07 0.10 CT 61 o-fluoro-NB 

1.23 0.10 CT 61 m-fluoro-NB 

1.12 0.10 CT 61 p-fluoro-NB 

1.65 0.10 СТ 61 0-diNB 

1.65 0.10 CT 61 m-diNB 

2.00 0.10 CT 61 p-diNB 

1.91 0.10 CT 61 1,4-benzoquinone (ВО) 
1.092 0.020 LPES 26 phenyl-d; 

1.44 0.02 LPES 96 рһепуіпітепе-45 

1.096 0.006 LPES 26 phenyl 

1.429 0.011 LPT 115 phenylnitrene 

1.00 0.01 LPES 164 nitrobenzene (NB) 
2.253 0.006 LPES 26 phenoxyl 

<2.47 0.06 РТ 2 thiophenoxide 

1.70 0.03 PT 2 anilide 

«1.67 0.04 PT 2 methylcyclopentadienyl 
0.855 0.010 LPES 203 (СН›)С-С(СН,), 
1.435 0.004 ІРТ 65 СеН;581ІН; 

0.654 0.010 LPES 203 СН,-С(СН,)-С(СН»), 
1.526 0.010 LPT 113 cyclohexanone enolate 
0.645 0.015 LPES 126 tert-butyl vinylidene 
1.755 +0.05/-0.005 LPT 113 pinacolone enolate 

1.82 0.06 PT 2 3,3-dimethylbutananl enolate 
2.3 0.3 РТ 2 ТСМЕ 

111 011 СТ 67 pentafluorobenzonitrile 
0.86 0.11 CT 67 octafluorotoluene 

1.08 0.10 CT 61 perfluoromethylcyclohexane 
1.10 0.11 CT 67 pentafluorobenzaldehyde 
2.16 0.10 CT 61 3,5-(МО); benzonitrile 
1.41 0.10 CT 61 m-trifluoromethyl-NB 
1.61 0.10 CT 61 o-cyano-NB 

1.56 0.10 СТ 61 т-супо-МВ 

1.72 0.10 СТ 61 р-суапо-МВ 

1.308 0.008 LPES 167 0-bromobenzyl 

1.307 0.008 LPES 167 m-bromobenzyl 

1.229 0.008 LPES 167 p-bromobenzyl 

1.257 0.008 LPES 167 o-chlorobenzyl 

1:272 0.008 LPES 167 m-chlorobenzyl 

1.174 0.008 LPES 167 p-chlorobenzyl 

1.091 0.008 LPES 167 o-fluorobenzyl 

1.173 0.008 LPES 167 m-fluorobenzyl 

0.937 0.008 LPES 167 p-fluorobenzyl 

2.218 0.010 LPT 2 m-fluoroacetophenone enolate 
2.176 0.010 LPT 2 p-fluoroacetophenone enolate 


Molecule 


С,Н,ЕеО, 
С,Н,М.О, 
С,Н,М.О, 
С,Н,М:О, 
СУН 0, 
СН; 

С-Н; 

С-Н; 

С-Н; 

С-Н; 

СІН; 

C;H; 
СИМО; 
C;H;NO; 
C;H;NO, 
C;H;NO, 
СНО; 
С,Н,О 
С,Н:О 
C;H;0, 
С,Н,ЕО 
СІН, 
Со 
C;HsSi 
СНО 
СНО 
С,Н,О 
С,Н,О 
eum 
С,Н,Е,О 
сын, ХО, 
С,Н,О, 
СН; 

С,Н, 
С,Н,О 
С,Н,О 
CsHs 

CsHs 
CsHÓoNO; 
CsHÓoNO; 
CHNO, 
CH |30 
СоНзЕеОз 
CHO 
CoHoSiN 
СУН МО; 
СОН 50 
Сун, С,О, 
Сре О 
Сре О, 
CioH ,O; 
Сон, 
CHNO, 
C;9H;NO; 


ELECTRON AFFINITIES (continued) 


Table 4 


Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 
affinity 
in eV 


0.990 
1.77 
1.77 
1.60 
1:55 
0.912 
0.868 
0.962 
1.286 
0.39 
3.046 
>1.140 
0.92 
0.99 
0.95 
1.04 
0.91 
<2.36 
244 
1.85 
<3.05 
1,27 
1.61 
1.33 
1.598 
1.49 
1.72 
1.46 
1.89 
0.88 
1.79 
1:21 
1.044 
1.091 
2.057 
210 
0.55 
0.919 
121 
2.61 
0.86 
1.63 
0.76 
2.030 
1.43 
0.70 
1.69 
2.19 
1.78 
1.77 
1.81 
1.403 
1.23 
1.18 


Uncertainty 
in eV Method 
0.10 CT 
0.05 PT 
0.05 РТ 
0.05 PT 
0.05 PT 
0.006 LPES 
0.006 LPES 
0.006 LPES 
0.006 LPES 
0.04 LPES 
0.006 LPES 
0.006 LPES 
0.10 СТ 
0.10 СТ 
0.10 СТ 
0.10 СТ 
0.10 СТ 
0.06 РТ 
0.02 РТ 
0.10 СТ 
0.06 РТ 
0.03 РТ 
0.05 РТ 
0.04 ІРТ 
0.007 ІРТ 
0.04 РТ 
0.06 РТ 
0.04 РТ 
0.10 СТ 
0.11 СТ 
0.10 СТ 
0.10 СТ 
0.008 LPES 
0.008 LPES 
0.010 PT 
0.08 LPT 
0.02 CT 
0.008 LPES 
0.05 PT 
0.05 PT 
0.10 CT 
0.06 PT 
0.10 CT 
0.010 ІРТ 
0.10 РТ 
0.10 СТ 
0.06 РТ 
0.10 СТ 
0.10 СТ 
0.10 СТ 
0.10 СТ 
0.015 LPES 
0.10 CT 
0.10 CT 
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Ref. 


120 
60 
60 
60 
60 
26 

136 

136 

136 

136 

136 

136 


61 
2, 
61 
61 
61 
61 
197 
61 
61 


h4-1,3-butadiene-Fe(CO); 
3,4-dintrotoluene 
2,3-dinitrotoluene 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
benzyl 

1-quadricyclanide 
2-quadricyclanide 
norbornadienide 
cycloheptatrienide 
1-(1,6-heptadiynide) 
3-(1,6-heptadiynide) 
o-methyl-NB 
m-methyl-NB 
p-methyl-NB 
т-ОСН;-МВ 
р-ОСН,-ХВ 

o-methyl phenoxide 
benzyloxide 

о-СН;-ВО 

РҺСН-ОНЕ 

heptatrienyl 
2-norbornanone enolate 
СеН5(СНз)5іН 
cycloheptanone enolate 
2,5-dimethyl-cyclopentanone enolate 
4-heptanone enolate 
diisopropyl ketone enolate 
1,4-(СМ)-СЕ, 
pentafluoroacetophenone 
3,5-(СЕ;);-МВ 

phthalic anhydride 


acetophenone enolate 
phenylacetaldehyde enolate 
cycooctatetraene 

m-xylylene 

3,5-dimethyl-NB 
2,6-dimethyl-NB 
2,3-dimethyl-NB 
cyclooctanone enolate 
h4-1,3-cyclohexadiene-Fe(CO); 
m-methylacetophenone enolate 
trimethylsilyInitrene 
2,4,6-trimethyl-NB 
cyclononanone enolate 
2,3-dichloro-1,4-naphthoquinone 
1,3-dinitronaphthalene 
1,5-dinitronaphthalene 
1,4-naphthoquinone 

1-парћћу! radical 
]-nitronaphthalene 
2-nitronaphthalene 


ELECTRON AFFINITIES (continued) 


Molecule 


Сун, 

С,уН, СО, 
С,уН,ЕеО, 

Ср то 

Cj; HgFeO; 
Србу 

Срнка 

Ср 

Сі2Н |50 
СН» О 

СізЕ 00 

Cj4HjF 

СізНО 

СН .ХО, 
С.Н 

СН 

Су!» 

Су!» 

СуНа 

C44 CbsFeN4 
С.СЬ,Е,,ЕеМ, 
С.С1,Е,,ЕеМ, 
Сав ЕМ 
Cy4HgCIFr9FeNy 
C44HgCb,FeN, 
C44H Cl, 7FeNy 
С. Нь Cl gFeN4 
C44H54CIyFeN4 
С.Н FeN4 

C44 H5; МА 
C44H5;4CIFeN4 
C44 HsoN4 
C45H59NiN4O 
С.,Н.сЕеМ:,О 
Се 
CooF 
Са Неве О 
СЕ» 

СеЕ, 

СКСО.) 

Сов; 

СІ(СО); 

CrO; 

Cü; 

Cu,(CN),, 

Fe, 

Ее(СО)> 
Ее(СО), 
Fe(CO), 

FeF; 

ЕеЕ, 

Fe,O,, 

GaAs; 

GaP; 


Electron 
affinity 
in eV 


0.69 
0.93 
0.98 
1.83 
1.29 
0.82 
2.8 
1.07 
2.032 
1.90 
1:52 
0.64 
0.62 
1.43 
0.57 
1.04 
0.79 
0.97 
1:35 
2.59 
3.21 
3:35 
2.15 
3.14 
2.93 
3.14 
1.86 
2.10 
1.87 
1.51 
2.15 
1.69 
1.74 
1.97 
2.65 
2.74 
2.07 
2.80 
3.8 
3.907 
6.4 
1.349 
3.6 

n = 1-41 
п = 1-6 
п = 3-24 
1.22 
1.8 
24 
3.6 
6.0 
n=1-4 
2.783 
2.991 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Uncertainty 
ineV 


0.10 
0.10 
0.10 
0.06 
0.10 
0.11 
0.3 
0.10 
0.010 
0.07 
0.11 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.11 
0.03 
0.03 
0.15 
0.03 
0.23 
0.03 
0.03 
0.19 
0.03 
0.01 
0.15 
0.01 
0.01 
0.03 
0.05 
0.07 
0.03 
0.07 
0.4 
0.010 
0.3 
0.006 
0.2 

т = 1-6 
0.02 
0.2 
0.3 
0.1 
estimate 
m = 1-6 
0.024 
0.026 
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Method 


CT 
CT 
CT 
PT 
CT 
CT 
CD 
PT 
LPT 
PT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
СТ 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
LPT 
Knud 
CT 
Knud 
CT 
LPES 
CT 
LPES 
CT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
CT 
CT 
LPES 
LPES 
LPES 


186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
201 
202 
186 
202 


131 


azulene 

h4-1,3,5-cycloheptatriene Cr(CO) 
h4-1,3,5-cycloheptatriene-Fe(CO); 
cyclodecanone enolate 
h4-1,3-butadiene- Fe(CO); 
decafluorobiphenyl 

TCNQ 

perinaphthenyl 
tert-butylacetophenone enolate 
cyclododecanone enolate 
decafluorobenzophenone 
4-fluorobenzophenone 
benzophenone 

9-nitroanthracene 

anthracene 

tetracene 

benz[a]pyrene 

perylene 

pentacene 

FeTPPCL; 

ЕеТРРВС; 

БеТРРЕ-,, ОСС 

ЕеТРРЕ,, 

ЕеТРРЕ,(СІ 

ЕеТРРОСІ,(СІ 

БеТРРоС!,5С1,С1 

FeTPPoClg 

ЕеТРРОСІ;СІ 

iron tetraphenylporphyrin (FeTPP) 
nickel tetraphenylporphyrin (NiTPP) 
FeTPPCI 

H, tetraphenylporphyrin 
NiTPPCHO 

FeTPP-val 


FeTPP-piv 


ELECTRON AFFINITIES (continued) 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 

affinity Uncertainty 
Molecule іп eV in eV Method Ref. 
Ge, n 23-15 = LPES 71 
Ge,As, n = 5-30 п = хњу LPES 72 
Сен; <1.74 0.04 РТ 2 
Н(АН;), п-12 - LPES 76 
HNO; 0.57 0.15 CD 2 
(Н:О), п-2-19 = LPES 77 
ИСО») 3.225 0.001 LPES 131 
ШР, п=2-8 n-xty LPES 137 
IF, 47 0.3 CT 98 
ПЕ 6.5 0.4 СТ 98 
К, п-2-7 = LPES 18 
MnF, 5.5 0.2 СТ 98 
MnO; 3.335 0.010 LPES 158 
Мо(СО); 1.337 0.006 LPES 94 
МОЕ» 3:5 0.2 СТ 98 
МоҒ 3.8 0.2 СТ 98 
MoO; 2.9 0.2 CT 98 
N CD 2.622 0.005 LPES 154 NCND 
N CH 2.622 0.005 LPES 154 NCNH 
(NH3), п =41-1100 — LPES TI 
NH,(NH3), п-12 - LPES 78 
NO(H,0), п=12 = LPES 75 
МО; 3.937 0.014 LPES 85 
МО(М-О), п-12 = LPES 79 
(NO), 22.1 - LPES 75 
(О), п=12 ЭР LPES 81 
Na, n -2-5 = LPES 18 
(NaF), n=1-7,12 č = LPES 64 
Na(NaF),, n=5,7-12 -- LPES 64 
Nb, п = 6-17 — LPES 181 
Nbg 1:513 0.008 LPES 157 
№30 1.393 0.006 LPES 169 
Ni(CO), 0.643 0.014 LPES 2 
Ni(CO), 1.077 0.013 LPES 2 
NiO, 3.05 0.01 LPES 145 ONiO 
NiO, 0.82 0.03 LPES 145 Ni(O;) 
OH(H,0) «2.95 0.15 РТ 2 
OH(N5O) 2.14 0.02 LPES 209 
ОН(М:О), п 1-5 — LPES 209 
ОЗЕ, 3.9 0.3 СТ 98 
OsFg 6.0 0.3 CT 98 
PBr; 1:59 0.15 CD 2 
PBr;Cl 1.63 0.20 CD 2 
РСЬВг 1.52 0.20 CD 2 
PCl; 0.82 0.10 CD 2 
PF; 075 0.15 СТ 121 
РО, 4.95 0.03 СТ 156 
РОСІ, 3.83 0.25 CD 2 
POCI; 1.41 0.20 CD 2 
РЕ, 5.5 0.3 CT 98 
РЕ 7.0 0.4 СТ 98 
ReFg 4.7 estimate СТ 98 
RhF, 54 0.3 CT 98 
RuF, 4.8 0.3 CT 98 
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ELECTRON AFFINITIES (continued) 


Table 4 
Electron Affinities for Larger Polyatomic Molecules (continued) 


Electron 
affinity Uncertainty 
Molecule ineV ineV Method Ref. 
RuF; 5.2 0.4 CT 98 
RuFç 75 0.3 СТ 98 
SF, 1.5 0.2 CT 9] 
SF; 4.23 0.12 e-scat 204 
SF; 1.05 0.10 CT 56 
SO; 1.97 0.10 LPES 165 
(5О-)» 0.6 0.2 LPES 80 
Sb, п-2-9 — LPES 213 
SeF, 2.9 0.2 CD 2 
Sig 2.13 0.01 LPES 110 
Sis 2.59 0.02 LPES 110 
Siz 1.85 0.02 LPES 110 
Si, п = 3-20 — LPES 71 
SiD; 1.386 0.022 LPES 43 
SiF3 <2.95 0.10 PT 17 
SiH; 1.406 0.014 LPES 43 
Si H 2:53 0.01 LPES 182 
SiH 2.68 0.01 LPES 182 
51, Ма,, n=4-11 m= 1-3 LPES 210 
ТазО 1.583 0.010 LPES 169 
TeFg 3.34 0.17 CD 2 
Ti, п = 3-65 — LPES 151 
TiO; 4.2 - LPES 172 
UF; 3.7 0.2 CT 98 
UF, эЛ 0.2 СТ 98 
UO, «2.1 — СІ 98 
М» п = 3-65 — LPES 150 
ҮЕ, 3.5 0.2 СТ 98 
У,О 1.218 0.008 LPES 169 
У,Ою 42 0.6 СТ 101 
W(CO), 1.859 0.006 LPES 94 
WF; 1:25 0.3 CD 18 
WF, >3.5 — CT 19 
WO, 3.33 +0.04/-0.15 LPT 86 
WO, 3.9 0.2 CT 98 
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ATOMIC AND MOLECULAR POLARIZABILITIES 
Thomas M. Miller 


The polarizability of an atom or molecule describes the response of the electron cloud to an external field. The atomic or molecular energy shift 
AW due to an external electric field E is proportional to E? for external fields which are weak compared to the internal electric fields between the nucleus 
and electron cloud. The electric dipole polarizability is the constant of proportionality defined by AW = - о E?/2. The induced electric dipole moment 
is ОЕ. Hyperpolarizabilities, coefficients of higher powers of E, are less often required. Technically, the polarizability is a tensor quantity but for 
spherically symmetric charge distributions reduces to a single number. In any case, an average polarizability is usually adequate in calculations. 
Frequency-dependent or dynamic polarizabilities are needed for electric fields which vary in time, except for frequencies which are much lower than 
electron orbital frequencies, where static polarizabilities suffice. 

Polarizabilities for atoms and molecules in excited states are found to be larger than for ground states and may be positive or negative. Molecular 
polarizabilities are very slightly temperature dependent since the size of the molecule depends on its rovibrational state. Only in the case of dihydrogen 
has this effect been studied enough to warrant consideration in Table 3. 

Polarizabilities are normally expressed іп cgs units of cm?. Ground state polarizabilities are in the range of 10-24 cm? = 1 А? and hence are often 
given in АЗ units. Theorists tend to use atomic units of a,3 where a, is the Bohr radius. The conversion is o(cm?) = 0.148184 x 10-24 x о(а,3). 
Polarizabilities are only recently encountered in SI units, C-m?/V = J/(V/m). The conversion from cgs units to SI units is О(С-ш2/У) = 4ле, x 10-6 
x о(ст?), where £, is the permittivity of free space іп SI units and the factor 10 simply converts cm? into m?. Thus, o(C-m?/V) = 1.11265 x 10-16 
х a(cm?). Persons measuring excited state polarizabilities by optical methods tend to use units of MHz/(V/cm), where the energy shift, AW, is 
expressed in frequency units with a factor of h understood. The polarizability is -2 AW/E?. The conversion into cgs units is t(cm?) = 5.95531 
x 10716 x a[MHz/(V/cm)?]. 

The polarizability appears in many formulas for low-energy processes involving the valence electrons of atoms or molecules. These formulas are 
given below in сов units: the polarizability 015 in cm?; masses т or H are in grams; energies are in ergs; and electric charges are in esu, where e = 4.8032 
х 10-10 esu. The symbol о(у) denotes a frequency (v) dependent polarizability, where о(У) reduces to the static polarizability ot for v = 0. For further 
information and references, see Miller, T. M., and Bederson, B., Advances in Atomic and Molecular Physics, 13, 1, 1977. Details on polarizability- 
related interactions, especially in regard to hyperpolarizabilities and nonlinear optical phenomena, are given by Bogaard, M. P., and Orr, B. J., in 
Physical Chemistry, Series Two, Vol. 2, Molecular Structure and Properties, Buckingham, A. D., Ed., Butterworths, London, 1975, pp. 149-194. A 
tabulation of tensor and hyperpolarizabilities is included. The gas number density, n, in Table 1 is usually taken to be that of 1 atm at 0°C in reporting 
experimental data. 


Table 1 
Formulas Involving Polarizability 


Description Formula Remarks 
Lorentz-Lorenz relation 3 n? (v) E For a gas of atoms or nonpolar molecules; 
оцу) = den PHOESI the index of refraction is Т(у) 
Refraction by polar molecules а? 3[m (v)-1 The dipole moment is d, іп esucm (= 10:18 D) 
ОЦУ) + = 
(У) ЗЕТ Алп Ес = 
Dielectric constant (dimensionless) к(у) =1+4nn о(У) From the Lorentz-Lorenz relation for the usual 
case of к(%)=1 
Index of refraction (dimensionless) т(у)-1--2лп o(v) From Xv) = К(У) 
Diamagnetic susceptibility Xa = e° (a No) ° jäme From the approximation that the static polarizability 
E : 5 is given by the variational formula 
о-(4/9а )Х(М;қ2)2; N is the number of electrons, 
m, is the electron mass; a crude approximation is 
Xa = (G4m,c?)a, where Е; is the ionization energy 
Long-range electron- or V(r) = –е"0,/ 27" The target molecule polarizability is o 
ion-molecule interaction 
energy 
Ion mobility in a gas x 213.87 Қан) ^ cm? "m This one formula is not in сав units. Enter 0; in АЗ or 


10-24 cm? units and the reduced mass u of the ion- 
molecule pair in amu. Classical limit; pure 
polarization potential 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Description 


Langevin capture cross section 


Langevin reaction rate 
coefficient 


Rate coefficient for polar 


molecules 


Modified effective range 
cross section for electron- 
neutral scattering 

van der Waals constant 


between two systems A, B 


Dipole-quadrupole constant 
between two systems A, B 


van der Waals constant between 
an atom and a surface 


Relation between o(v) and 
oscillator strengths 


Dynamic polarizability 


Rayleigh scattering 
cross section 


Verdet constant 


Table 1 


Formulas Involving Polarizability (continued) 


Formula 


o(v, ) = (2пе/», (a/u)? 


k = 2ne(o.19) - 


Ка = 2nd (0.11) ^ +ca(2 /unkr) | 


o(k) = 4лА? 

4327 ue^oAK/ 312 
с =3. аа E^EP 
° 2| EA +E 
ё 215 ага, PE^E,P 
` 4| ЕЗ-ЕР 

15 о ^a E, ^E" 
ар EA+E® 
_ OgE^E? 
8(Е^ + ЕЗ) 


OE,” 
оцу) = Е? (т)? 
лу), 
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Remarks 


The relative velocity of approach for an ion- 
molecule pair is v,; the target molecular 
polarizability is © and the reduced mass 
of the ion-molecule pair is H 


Collisional rate coefficient for an ion-molecule 
reaction 


The dipole moment of the neutral is d in esu cm; 
the number c is a "locking factor" that depends on 
о and а, and is between 0 and 1 


Here, k is the electron momentum divided by h/27, 
where Л is Planck's constant; A is called the 
"scattering length"; the reduced mass is H 


For the interaction potential term V,(r)= - Cg; 
EA8 represents average dipole transition energies 
and о/ В the respective polarizabilities of A, В 


For the interaction potential term Уз(г) = —Cgr?; 
EAS represents average quadrupole transition 
energies and o, ^P are the respective quadrupole 
polarizabilities of A, B 


For an interaction potential V3(r) = –Са73; E^ are 
characteristic energies of the atom and surface; 
g = 1 for a free-electron metal and g = (е„— 1)/ 

(€+ 1) for an ionic crystal 


Here, f; is the oscillator strength from the ground 
state to an excited state k, with excitation energy 
E,. This formula is often used to estimate static 
polarizabilities (v = 0) 


Approximate variation of the frequency-dependent 
polarizability о(у) from v= 0 up to the first dipole- 
allowed electronic transition, of energy E,; the 
static dipole polarizability 15 00); infrared 
contributions ignored 


The photon frequency is v; the polarizability 
anisotropy (the difference between polarizabilities 
parallel and perpendicular to the molecular axis) 


is (v) 


Defined from 02 V(v)B, where Ө is the angle of 
rotation of linearly polarized light through a 
medium of number density л, per unit length, 
for a longitudinal magnetic field strength B 
(Faraday effect) 


ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 2 


Static Average Electric Dipole Polarizabiilities for Ground State Atoms (in Units of 10-24 cm?) 


Atomic 
number 


39 


Atom 


Polarizability 


0.666793 
0.204956 
0.2050 
24.3 
5.60 
3.03 
1.76 
1.10 
0.802 
0.557 
0.3956 
24.08 
10.6 
6.8 
5.38 
3.63 
2.90 
2.18 
1.6411 
43.4 
22.8 
25.0 
17.8 
14.6 
12.4 
11.6 
9.4 
8.4 
7.5 
6.8 
6.1 
5.75 
5.6 
8.12 
6.07 
4.31 
ITI: 
3.05 
2.4844 
47.3 
27.6 
22.7 
17.9 
19.7 
12.8 
11.4 
9.6 
8.6 
4.8 
7.2 
7.36 
722 
10.2 
9.1 


Estimated 
accuracy (96) 


"exact" 
"exact" 
0.1 


N 


pm 


+ 


ш»моммюммьмюмоосомммымны 
o 
сл 


өс 
ан 
N 


NNN 
Un Ол л 


024 
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Method 


calc 
calc 
index/diel 
beam 
calc 
calc 
calc 
calc/index 
calc/index 
calc 
diel 
interferom 
calc 
beam 
calc 
calc 
calc 
calc 
index/diel 
beam 
calc 
beam 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
index 
calc 
calc 
calc 
calc 
calc 
calc 
diel 
beam 
beam 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
index 
calc 
beam 
calc 


Ref. 


MB77 
МВ77 
NB65/OC67 
МВ77 
МВ77 
МВ77 
МВ77 
МВ77 
МВ77 
МВ77 
OC67 
ESCHP94 
МВ77 
MMD90 
МВ77 
МВ77 
МВ77 
МВ77 
NB65/OC67 
MB77 
МВ77 
МВ77 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
GHM96 
D84 
МВ77 
МВ77 
МВ77 
МВ77 
МВ77 
OC67 
МВ77 
МВ77 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
D84 
GH95 
D84 
GMBSJ84 
D84 


ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 2 
Static Average Electric Dipole Polarizabiilities for Ground State Atoms (in Units of 10:24 cm?) 
(continued) 
Atomic Estimated 
number Atom Polarizability accuracy (%) Method Ref. 

50 Sn TT 25 calc D84 
51 Sb 6.6 25 calc D84 
52 Те 5.5 25 calc D84 
53 I 5.35 25 іпдех А56 

4.7 25 саїс D84 
54 Xe 4.044 0.5 diel MB77 
55 Cs 59.6 2 beam MB77 
56 Ba 39.7 8 beam МВ77 
57 Га 31.1 25 calc D84 
58 Ce 29.6 25 calc D84 
59 Pr 28.2 25 calc D84 
60 Nd 31.4 25 calc D84 
61 Pm 30.1 25 calc D84 
62 Sm 28.8 25 calc D84 
63 Eu 27.7 25 саіс D84 
64 Gd 23.5 25 calc D84 
65 Tb 25.5 25 calc D84 
66 Dy 24.5 25 calc D84 
67 Ho 23.6 25 calc D84 
68 Er 22.7 25 calc D84 
69 Tm 21.8 25 calc D84 
70 Yb 21.0 25 calc D84 
71 Lu 21.9 25 calc D84 
72 Hf 16.2 25 calc D84 
73 Ta 13.1 25 calc D84 
74 w 11.1 25 calc D84 
75 Re 9.7 25 саїс D84 
76 Os 8.5 25 calc D84 
27 Ir 7.6 25 calc D84 
78 Pt 6.5 25 calc D84 
79 Au 5.8 25 calc D84 
80 Hg 5.02 0.05 index GH96 

Jw 25 calc D84 
81 TI 7.6 15 beam №084 

dun 25 calc D84 
82 Pb 6.8 25 calc D84 
83 Bi 7.4 25 calc D84 
84 Po 6.8 25 calc D84 
85 At 6.0 25 calc D84 
86 Rn 5.3 25 calc D84 
87 Fr 48.7 25 calc D84 
88 Ra 38.3 25 calc D84 
89 Ac 32.1 25 calc D84 
90 Th 32.1 25 calc D84 
91 Pa 25.4 25 calc D84 
92 U 24.9 6 beam KB94 
93 Np 24.8 25 calc D84 
94 Pu 24.5 25 calc D84 
95 Am 23.3 25 calc D84 
96 Cm 23.0 25 calc D84 
97 Bk 22.7 25 calc D84 
98 СІ 20.5 25 саіс D84 
99 Es 19.7 25 calc D84 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 2 
Static Average Electric Dipole Polarizabiilities for Ground State Atoms (in Units of 10-24 cm?) 
(continued) 
Atomic Estimated 
number Atom Polarizability accuracy (%) Method Ref. 
100 Fm 23.8 25 calc D84 
101 Md 182 25 calc D84 
102 No 17.5 25 calc D84 


Note: calc = calculated value; beam = atomic beam deflection technique; interferom = atomic beam interference; index = determination 
based on the measured index of refraction; diel - determination based on the measured dielectric constant. 
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Table 3 
Average Electric Dipole Polarizabilities for Ground State Diatomic Molecules (in Units of 10:24 cm?) 

Molecule Polarizability Ref. Molecule Polarizability Ref. 
Al, 19 23 HI 5.44 3 
BH 3.32* 1 5.35 2 
Bry 7.02 2 HgCl 74* 9 
CO 1.95 3 ICI 12.3 2 
СІ, 4.61 3 к, 77 22 
Cs; 104 22 72 21 
CsK 89 22 Li, 34 22 
Dy (у =0,J = 0) 0.7921" 5 LiCl 3.46" 10 
D, (293 K) 0.7954 6 LiF 10.8* 11 
DCI 2.84 2 LiH 3.84" 12 
Е, 1.38" 7 3.68” 13 
Н, (v=0,J = 0) 0.8023* 5 3.88* 14 
Н, (293 K) 0.8045* 5 №, 1.7403 6,8 
Н, (293 К) 0.8042 6 МО 1.70 2 
Н, (322 К) 0.8059 8 Ма, 40 22 
НВг 3.61 3 38 21 
НСІ 2.63 3 Мак 51 22 
2.77 2 NaLi 40 4 

HD (v20J 2 0) 0.7976* 5 о, 1.5812 6 
НЕ 0.80 27 Rb; 79 22 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 4 


Average Electric Dipole Polarizabilities for Ground State Triatomic Molecules (in Units of 10:24 cm?) 


Molecule Polarizability Ref. 
Вен, 4,34% 14 
СО, 2.911 8 
CS; 8.74 3 

8.86 2 
10 1.26 2 
H,O 1.45 2 
Н,5 3.78 3 
3.95 2 
Molecule Polarizability 
АЅСІ; 14.9 
AsN; 5.75 
ВСІ; 9.38 
ВЕ; 3.31 
(ВМ): 5,73 
(ВН,№); 8.0 
CIF; 6.32 
(CsBr), 54.5 
(СЗС; 42.4 
(С<Е)» 28.4 
(CsI), 51.8 
Ga, Ав, п + т =4-30 
Сесі, 15.1 
GeH,Cl 6.7 
(Несі); 14.7 
К, n= 2,5,7-9,11,20 
(KBr) 42.0 
(KCl), 324 
(КЕ), 21.0 
(КІ), 36.3 
(ТаВг)> 18.9 
(LiCl) 13.1 
(LiF), 6.9 
(Lil); 23.4 
ND; 1.70 
NF; 3.62 
NH; 2.81 
2.10 
2.26 
(МО 6.69 


Molecule 


HCN 


HgBr, 
HgCl, 
12149 
№0 
Маз 


Ref. 


Polarizability 


2.59 

2.46 
14.5 
11.6 
19.1 

3.03 

3.02 
70 


Table 5 
Average Electric Dipole Polarizabilities for Ground State Inor 
(Larger than Triatomic) (in Units of 10? 
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Ref. 


Molecule 


Na, 
(NaBr) 
(NaCl); 
(мар), 
(Nal), 
ОО, 
РСІ; 
РЕ; 
РН; 
(RbBr); 
(RbCl), 
(RbF); 
(КЫ) 
SF; 
(ЅЕ;) 
50, 
50:61, 
8еЕ, 
SiF, 
SiH, 
(SiH), 
SiHCl, 
SiH,Cl, 
SiH3Cl 
SnBry 
SnCly 


514 
Те 
ТІСІ, 
UF, 


ganic Polyatomic Molecules 


cm?) 


Polarizability 


Molecule 
O4 3.21 
OCS 5.71 
52 
SO, 3.72 
4.28 


Polarizability 


п = 1-40 
26.8 
23.4 
20.7 
26.9 
8.17 
12.8 
6.10 
4.84 
48.2 
432 
40.7 
46.3 
6.54 
13,2 
4.84 
10.5 
7.33 
5.45 
5.44 
TI 
10.7 
8.92 
7.02 
22.0 
18.0 
13.8 
32.3 
9.00 
16.4 
12.5 


Ref. 


= = = = ~ 
ооо = 


= = — — 
о С\ OV ON ON r2 М м 


= 
кә кә Мә SG мм S S ммм» ы 


Ref. 


N 


we 


ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 6 
Average Electric Dipole Polarizabilities for Ground State Hydrocarbon Molecules (in Units of 10:24 cm?) 
Molecule Name Polarizability ` Ref. Molecule Name Polarizability Ref. 
СН, methane 2.593 8 СН ethylbenzene 14.2 2 
C,H, acetylene 3.33 3 o-xylene 14.9 2 
3.93 2 14.1 15 
ОН, ethylene 4.252 8 p-xylene 13.7 25 
СН, ethane 4.47 3 14.2 15 
4.43 2 14.9 2 
СН, ргорупе 6.18 2 m-xylene 14.2 15 
C3H6 propene 6.26 2 СН ethylcyclohexane 15.9 2 
cyclopropane 5.66 2 СА n-octane 15.9 2 
С.Н, ргорапе 6.29 3 3-methylheptane 15.4 27 
6.37 2 2,2,4-trimethylpentane 15.4 27 
C4Hg 1-butyne 7.41 2! CoH jo a-methylstyrene 16.05 27 
1,3-butadiene 8.64 2 CoH |» isopropylbenzene 16.0 2- 
С.Н; 1-butene 7:97 2 mesitylene 15.5 25 
8.52 2 16.1 27 
trans-2-butene 8.49 2 СН isopropylcyclohexane 17.2 2 
2-methylpropene 8.29 2 СУН» попапе 174 27 
СН butane 8.20 2 СН; napthalene 16.5 17 
isobutane 8.14 27 17.5 27 
С-Н, 1,3-cyclopentadiene 8.64 2 СН durene 17.3 25 
СН; 1-решупе 9.12 2 tert-butylbenzene 17.2 25 
trans-1,3-pentadiene 10.0 2 17.8 21 
isoprene 9.99 2 СН» tert-butylcyclohexane 19.8 2 
С.Нү cyclopentane 9.15 18 Срб; десапе 19.1 27 
1-решепе 9.65 27 С.Н a-methylnaphthalene 19.35 27 
2-pentene 9.84 27 B-methylnaphthalene 19.52 27 
СЫН,» pentane 9.99 2 СН о. B.B-trimethylstyrene 19.64 27 
пеорешапе 10.20 18 С.Н pentamethylbenzene 19.1 25 
C6H6 benzene 10.0 25 СН undecane 21.0 27 
10.32 3 СН acenaphthene 20.6 27 
10.74 2 СН} o.-ethylnaphthalene 21.19 27 
СН 1-һехупе 10.9 2t B-ethylnaphthalene 21.36 27 
2-ethyl-1,3-butadiene 11.8 2! СЫН hexamethylbenzene 20.9 25 
3-methyl-1,3-pentadiene 11.8 21 СН» dodecane 22.8 27 
2-methyl-1,3-pentadiene 12.1 21 СН fluorene 21.7 27 
2,3-dimethyl-1,3-butadiene 11.8 21 САН) anthracene 25.4 17 
cyclohexene 10.7 2t 25.9 27 
СН cyclohexane 11.0 18 phenanthrene 36.8* 17 
10.87 15 24.7 27 
1-Бехепе 117 27 С.Н»; p-di-tert-butylbenzene 24.5 25 
СН һехапе 11.9 2 СН ругепе 28.2 27 
С-Н, toluene 11.8 25 Сб; 2,3-benzfluorene 30.2 27 
12.26 15 СН napthacene 32.3 27 
12.3 2 1,2-benzanthracene 32.9 27 
СІН, 1-һеріупе 12.8 2! chrysene 33.1 27 
СІН, methylcyclohexane 13.1 2 triphenylene 31.1 27 
1-heptene 13.5 27 CisHao 1,3,5-tri-tert-butylbenzene 31.8 25 
С-Нь, heptane 13.7 2 СН} согопепе 42.50 27 
С,Н, styrene 15.0 2 
14.4 27 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 7 
Average Electric Dipole Polarizabilities for Ground State Organic 
Halides (in Units of 10:24 cm?) 


Molecule Name Polarizability Ref. 
СВг,Р, dibromodifluoromethane 9.0 2 
ССІЕ; chlorotrifluoromethane 572 20 

5.59 2 

ССЬЕ, dichlorodifluoromethane 7.93 20 
7.81 2 

ССЬО phosgene 7.29 2 
CCLS thiophosgene 10.2 2 
CCLF trichlorofluoromethane 9.47 2 
CChNO; trichloronitromethane 10.8 2! 
CCl, carbon tetrachloride 11.2 2 
10.5 3 

СЕ, carbon tetrafluoride 3.838 8 
СЕ,О carbonylfluoride 1.88* 17 
СНВт; bromoform 11.8 27 
CHBrF, bromodifluoromethane 57 2' 
СНСІЕ, chlorodifluoromethane 6.38 20 
5.91 2 

CHCLF dichlorofluoromethane 6.82 2 
CHCI, chloroform 9.5 8 
8.23 27 

CHF; fluoroform 3.52 20 
3.57 8 

CHFO fluoroformaldehyde 1.76* 17 
СНІ; iodoform 18.0 17 
СН,Вг, dibromomethane 9:32 2 
8.62 27 

CH;CINO; chloronitromethane 6.9 2! 
CH,Cl, dichloromethane 6.48 3 
7.93 2 

CHIL, diiodomethane 12.90 27 
СН,Вг bromomethane 5.87 20 
6.03 2 

5.55 15 

CH4CI chloromethane 585 20 
4.72 8 

СЊЕ fluoromethane 2.97 8 
CHI iodomethane 7.97 2 
ОСЕ chloropentafluoroethane 6.3 21 
С-СІ-Е, 1,2-dichlorotetrafluoroethane 8.5 2! 
C,CLN trichloroacetonitrile 10.42 18 
CF6 hexafluoroethane 6.82 2 
CHBr bromoacetylene 7.39 2 
C;HCI chloroacetylene 6.07 2 
CHCl; pentachloroethane 14.0 2 
ОЊСЉ 1,1-dichloroethylene 7.83 27 
trans-1,2-dichloroethylene 8.15 27 
cis-1,2-dichloroethylene 8.03 27 

С.Н,СЬЕ, 1,1-dichloro-2,2-difluoroethane 8.4 2! 
С,Н,С1,О chloroacetyl chloride 8.92 2 
ОЊСЊЕ 1,2,2-trichloro-1-fluoroethane 10.2 2t 
C;jH5Cl4 1,1,2,2-tetrachloroethane 12.1 21 
C,H,CIN chloroacetonitrile 6.10 18 
СОЊЕ 1,1-difluoroethylene 5.01 20 
C;H;Br bromoethylene 7.59 2 
C;H4CI chloroethylene 6.41 2 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 7 
Average Electric Dipole Polarizabilities for Ground State Organic 
Halides (in Units of 10:24 cm?) (continued) 


Molecule Name Polarizability Ref. 
С-Н;СІЕ, 1-chloro-1,1-difluoroethane 8.05 2 
C;H;CIO acetyl chloride 6.62 2 
C;H;CIO, methyl chloroformate 7.1 2! 
С-Н;СІ, 1,1,1-trichloroethane 10.7 
C;H5F4 1,1,1-trifluoroethane 4.4 2! 
СН iodoethylene 9.3 2! 
C;H4BrCI 1-bromo-2-chloroethane 9.5 2! 
С.Н,Вг; 1,2-dibromomethane 10.7 2! 
C;H4CIF 1-chloro-2-fluoroethane 6.5 2! 
C;H4CINO; 1-chloro- 1-nitroethane 10.9 2 
С.Н,СЬ, 1,1-dichloroethane 8.64 2 

1,2-dichloroethane 8.0 2! 

C;H;Br bromoethane 8.05 2 

7.28 27 

она chloroethane 7.27 20 

8.29 2 

6.4 15 

С,Н.СО 2-chloroethanol 7.1 2! 

6.88 27 

chloromethyl methyl ether 7.1 2! 

C;H;F fluoroethane 4.96 2 
С.Н; iodoethane 10.0 

СНС dichloropropene 10.1 2! 
она сШогоргорепе 83 

C3H;ClO chloroacetone 8.4 2! 

С;Н5СІО, ethyl chloroformate 9.0 21 

С.Н,СШО, 1-chloro- 1-nitropropane 10.4 2! 

C3H,6Cl, dichloropropane 10.9 2! 

С.Н,Вг 1-bromopropane 9.4 2! 

9.07 27 

2-bromopropane 9.6 2! 

СзН;СІ сШогоргорапе 10.0 2 

C4H;CIO B-chloroethyl methyl ether 8.71 27 

2-chloro-1-propanol 8.89 27 

3-chloro-1-propanol 8.84 27 

САНА 1-iodopropane 115 2! 

C,H;Cl 4-chloro-1,2-butadiene 10.0 2t 

САЊА 1-chloro-2-methylpropene 10.8 2 

С,Н,СО, 2-chlorobutyric acid 10.7 27 

3-chlorobutyric acid 10.7 27 

4-chlorobutyric acid 10.6 27 

С.Н8СЬ 1,4-dichlorobutane 12.0 2t 

C,H Br bromobutane 13.9 2 

10.86 27 

C4HoCl 1-chlorobutane 11.3 2 

1-chloro-2-methylpropane 11.1 2 

2-chloro-2-methylpropane 12.5 2t 

2-chlorobutane 12.4 2 

С,Н.СЇО B-chloroethyl ethyl ether 10.56 27 

2-chloro-1-butanol 10.70 27 

3-chloro-1-butanol 10.38 27 

САНА 1-iodobutane 13.3 2! 

12.65 27 

С.Н.СО, methyl 2-chlorobutanoate 12.33 27 

methyl 3-chlorobutanoate 12.31 27 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 7 
Average Electric Dipole Polarizabilities for Ground State Organic 
Halides (in Units of 10:24 cm?) (continued) 


Molecule Name Polarizability Ref. 

methyl 4-chlorobutanoate 12.27 27 

2-chloropentanoic acid 12.69 27 

3-chloropentanoic acid 12.57 27 

4-chloropentanoic acid 12.53 27 

СН, Br 1-bromopentane 13.1 2! 

СН СІ ]-chloropentane 12.0 21 

С;Н Е fluoropentane 9.95 27 

СЕ hexafluorobenzene 9.58 27 

СНЕ; pentafluorobenzene 9.63 27 

С,Н,С1,О, 2,5-dichloro-1,4-benzoquinone 18.4 2 

СНЕ 1,2,3,4-tetrafluorobenzene 9.69 27 

1,2,4,5-tetrafluorobenzene 9.69 27 

CHF; 1,3,5-trifluorobenzene 9.74 27 

C6H4BrF p-bromofluorobenzene 13.4 2! 

C6H4CINO, chloronitrobenzene 14.6 2! 

С,Н,С1, o-dichlorobenzene 14.17 27 

m-dichlorobenzene 14.23 27 

p-dichlorobenzene 14.20 27 

C&H4FI p-fluoroiodobenzene 15:5 2 

С,Н,ЁМО, p-fluoronitrobenzene 12.8 2! 

СНЕ» o-difluorobenzene 9.80 27 

m-difluorobenzene 10.3 2! 

p-difluorobenzene 9.80 27 

СеН;Вг bromobenzene 14.7 2 

13.62 27 

Сена chlorobenzene 14.1 2 

12.3 15 

C4H5CIO chlorophenol 13.0 2! 
СеН5Е fluorobenzene 10.3 

C,HsI iodobenzene 15.5 2! 

С Н,,СО, ethyl 2-chlorobutanoate 14.16 27 

ethyl 3-chlorobutanoate 14.13 27 

ethyl 4-chlorobutanoate 14.11 27 

C&H;4Br bromohexane 14.44 27 

С6,НаЕ fluorohexane 11.80 27 

C;H;Br p-bromotoluene 14.80 27 

C;H;CI p-chlorotoluene 13.70 27 

C;H;F p-fluorotoluene 11.70 27 

СНА p-iodotoluene 17.10 27 

С,Н,,Вг 1-bromoheptane 16.8 2! 

16.23 27 

СНЕ fluoroheptane 13.66 27 

C;H;;Br bromooctane 18.02 27 

САНЕ fluorooctane 15.46 27 

CoH у Вг bromononane 19.81 27 

CoH oF fluorononane 17.34 27 

Сува octafluoronaphthalene 17.64 27 

С,095Вг Q-bromonaphthalene 20.34 27 

Cy H7Cl a-chloronaphthalene 19.30 27 

B-chloronaphthalene 19.58 27 

Срни Q-iodonaphthalene 22.41 27 

B-iodonaphthalene 22.95 27 

СН, Вт bromodecane 21.60 27 

C oH; F fluorodecane 19.18 27 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 7 
Average Electric Dipole Polarizabilities for Ground State Organic 
Halides (in Units of 10-24 cm?) (continued) 


Molecule Name Polarizability Ref. 
СНЕ fluoroundecane 21.00 27 
С,Н,5Вг bromododecane 25.18 27 
СОЊЕ fluorododecane 22.83 27 
Cji;HgjBr,O 4,4'—dibromodiphenyl ether 27.8 2! 
С,Н,ВгО 4-bromodiphenyl ether 24.2 2! 
Сан Вто p-bromophenyl-p-tolyl ether 26.6 21 
C,4HoBr 9-bromoanthracene 28.32 27 
САНС 9-chloroanthracene 27.35 27 
СНЕ fluoranthracene 28.34 27 
САНЕ fluorotetradecane 26.57 27 
Cj H44Br bromohexadecane 32.34 27 
С.Н; Вт bromooctadecane 35.92 27 

Table 8 


Static Average Electric Dipole Polarizabilities for Other Ground State 
Organic Molecules (in Units of 10-24 cm?) 


Molecule Name Polarizability Ref. 
СМ,О, tetranitromethane 15.3 2 
СН,О formaldehyde 2.8 25 

2.45 18 

СН,О, formic acid 3.4 2! 
СН;МО formamide 4.2 21 
4.08 18 

CH4NO; nitromethane 7.37 2 
CHO methanol 3.29 2 
3.23 15 

3.32 18 

CH;N methyl amine 4.7 2 
4.01 19 

CN, cyanogen 7.99 2 
С,Н:О Кеїепе 4.4 21 
С,Н acetonitrile 4.40 2t 
4.48 18 

C,H,O acetaldehyde 4.6 27 
4.59 18 

ethylene oxide 4.43 18 

ОНО; acetic acid 5.1 2! 
methyl formate 5.05 27 

С,Н,О, formic acid dimer 12.7 2 
C,H;NO acetamide 5.67 18 
N-methyl formamide 5.91 18 

С,Н;№О, nitroethane 9.63 2 
ethyl nitrite 7.0 15 

C;H40 ethanol 5.41 2 
5.11 18 

methyl ether 5.29 20 

5.84 2 

5.16 15 

С.Н,О, ethylene glycol 5.7 2t 
5.61 27 

C5H40,S dimethyl sulfone 7.3 2! 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 8 
Static Average Electric Dipole Polarizabilities for Other Ground State 
Organic Molecules (in Units of 10:24 cm?) (continued) 


Molecule Name Polarizability Ref. 
С-Н65 ethanethiol 7.41 2 
C;H;N ethyl amine 7.10 2 

dimethyl amine 6.37 2 
CyHgN> ethylene diamine 12 21 
С.Н,М, malononitrile 5.79 18 
С:Н;М acrylonitrile 8.05 2 
ОНА pyrazole 7.23 27 
С.Н,О ргорепа! 6.38 2! 
С:Н;М propionitrile 6.70 p 
6.24 18 
С,Н,О acetone 6.33 15 
6.4 2t 
6.39 18 
allyl alcohol 7.65 2 
propionaldehyde 6.50 2 
C4H$0; propionic acid 6.9 2t 
ethyl formate 8.01 2 
6.88 27 
methyl acetate 6.94 2 
6.81 27 
C3H,O3 dimethyl carbonate 77 27 
C;H;NO N-methyl acetamide 7.82 18 
N,N-dimethyl formamide 7.81 18 
СНО; пигоргорапе 8.5 2! 
С.Н,О 2-propanol 7.61 2 
6.97 18 
1-ргорапо! 6.74 2 
ethyl methyl ether 7.93 2 
С.Н,О, dimethoxymethane 7:1 2! 
ethylene glycol monoethyl ether 7.44 27 
С.Н,М propylamine 7.70 27 
9.20 2 
isopropylamine 7.17 27 
trimethylamine 8.15 2 
С,Н,М, fumaronitrile 11.8 2 
С,Н,М, succinonitrile 8.1 2 
pyrimidene 8.53* 17 
pyridazine 9.27* 17 
СНО, diketene 8.0 2 
C4H4S thiophene 9.67 2 
С.Н5М methacrylonitrile 8.0 2 
trans-crotononitrile 8.2 2 
С,Д,М, N-methylpyrazole 8.99 27 
С,Н,О crotonaldehyde 8.5 2 
methacrylaldehyde 8.3 2 
С.Н,О, biacetyl 82 2 
С,Н,О, acetic anhydride 8.9 2 
С,Н,5 divinyl sulfide 10.9 2 
C4H;N butyronitrile 8.4 2 
isobutyronitrile 8.05 18 
С,Н,О butanal 8.2 2 
methyl ethyl ketone 8.13 15 
trans-2,3-epoxy butane 8.22* 17 
С.Н,О, ethyl acetate 9.7 2 
8.62 27 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 8 
Static Average Electric Dipole Polarizabilities for Other Ground State 
Organic Molecules (in Units of 10-24 cm?) (continued) 


Molecule Name Polarizability Ref. 
1,4-dioxane 10.0 2 
p-dioxane 8.60 18 
2-methyl-1,3-dioxolane 9.44 15 
butyric acid 8.38 27 
methyl propionate 8.97 27 
САМО; ]-nitrobutane 10.4 25 
2-methyl-2-nitropropane 10.3 27 
СНО ethyl ether 10.2 2 
8.73 15 
1-butanol 8.88 2 
2-methylpropanol 8.92 2 
methyl ргору! ether 8.86 27 
САНОО» ethylene glycol monoethyl ether 9.28 27 
С.Н |95 ethyl sulfide 10.8 2 
СНМ butylamine 13.5 2 
diethylamine 10.2 2 
9.61 27 
С;Н;М ругійіпе 9.5 15 
9.18 27 
4-cyano-1,2-butadiene 10.5 21 
СВ 1,5-dimethylpyrazole 10.72 27 
С.Н,О, acetyl acetone 10.5 21 
С.Н,М valeronitrile 10.4 2 
22-DMPN 9.59 18 
С.Н,сО diethyl ketone 9.93 15 
methyl propyl ketone 9.93 15 
СНО» ethyl propionate 10.41 27 
methyl butanoate 10.41 27 
С;Н 003 diethyl carbonate 11.3 2 
С.Н,:О ethyl propyl ether 10.68 27 
С.Н,0, tetramethyl orthocarbonate 13.0 2t 
C |H N.O, p-dinitrobenzene 18.4 2 
СНО, p-benzoquinone 14.5 p 
СН;мО, nitrobenzene 14.7 2 
12.92 15 
С,Н,О phenol 11.1 21 
9.94* 17 
СЕМ aniline 12.1 21 
С,Н,М, phenylenediamine 13.8 2! 
phenylhydrazine 12.91 27 
СН,“ 1-ethyl-5-methylpyrazole 12.50 27 
C6H 003 ethyl acetoacetate 12.9 21 
С,Н,,М, dimethylketazine 15.6 2 
СНО cyclohexanol 11.56 18 
СНО amyl formate 14.2 2 
СНО; paraldehyde 17.9 2 
СНО propyl ether 12.8 2 
12.5 15 
CH, О» 1,1-diethoxyethane 13.2 2! 
1,2-diethoxyethane 11.3 21 
СН, triethylamine 13.1 2 
13.38 27 
dipropylamine 13.29 27 
СНО; p-cyanonitrobenzene 19.0 2 
C;H;N benzonitrile 12.5 2t 
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ATOMIC AND MOLECULAR POLARIZABILITIES (continued) 


Table 8 
Static Average Electric Dipole Polarizabilities for Other Ground 
State Organic Molecules (in Units of 10:24 cm?) (continued) 


Molecule Name Polarizability Ref. 
С,Н,МХО, nitroanisole 15.7 2! 
С,Н,О anisole 13.1 2t 
C;H9NO o-anisidine 14.2 2t 
C;H40N5 1,1-methylphenylhydrazine 14.81 27 
С,Н,О cyclohexyl methyl ether 13.4 2t 

2,4-dimethyl-3-pentanone 13:5 15 
СНО pentyl acetate 14.9 2 
С,Н,М, p-dicyanobenzene 19.2 2 
С,Н,М, quinoxaline 15:13 27 
С,Н,О acetophenone 15.0 2 
С,Н,О, 2,5-dimethyl-1,4-benzoquinone 18.8 2 
СНО phenetole 14.9 2 
CHN N-dimethylaniline 16.2 2! 
C4Hj5N5 1,1-ethylphenylhydrazine 16.62 27 
СНО ethyl sorbate 17:2 2t 

tetramethylcyclobutane-1,3-dione 18.6 2 
СұН,,О, diethyl succinate 16.8 2t 
С,Н,О butyl ether 17.2 2 
CoH,N quinoline 15.70 27 

isoquinoline 16.43 27 
CoH ОО» ethyl benzoate 16.9 2t 
СоН N tripropylamine 18.87 27 
СНМ o.-naphthylamine 19.50 27 

B-naphthylamine 19.73 27 

1-methylquinoline 18.65 27 

1-methylisoquinoline 18.28 27 
Ci oH 9Fe ferrocene 17.1 26 
СоНю№ 2,3-dimethylquinoxaline 18.70 27 
СоНаВеО, beryllium acetylacetonate 34.1 2 
С,Н,О 1-naphthaldehyde 19.75 27 

2-naphthaldehyde 20.06 27 
СиН,О, anthraquinone 24.46 27 
Сун phenazine 23.43 27 
Cj;3H9NO, 4-nitrodiphenyl ether 24.7 2t 
С,Н,О di-p-tolyl ether 24.9 21 
С.Н. AlO, aluminum acetylacetonate 51.9 2 
С.Н, СО, chromium acetylacetonate 53.7 2 
С,,Н,ЕеО, ferric acetylacetonate 58.1 2 
СО Th thorium acetylacetonate 79.0 2 
Ceo buckminsterfullerene -80 24 


Note: All polarizabilities in the tables are experimental values except those values marked by an 
asterisk (*), which indicates a calculated result. The experimental polarizabilities are mostly 
determined by measurements of a dielectric constant or refractive index which are quite accurate 
(0.5% or better). However, one should treat many of the results with several percent of caution 
because of the age of the data and because some of the results refer to optical frequencies rather 
than static. Comments given with the references are intended to allow one to judge the degree of 
caution required. Interested persons should consult these references. In many cases, the reference 
given is to a theoretical paper in which the experimental results are quoted. These papers, noted 
in the References, contain valuable information on polarizability calculations and experimental 
data which often includes the tensor components of the polarizability. 
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from 0.3-896. 


. Knight, W. D., Clemenger, K., de Heer, W. A., and Saunders, W. A., Phys. Rev. B, 31, 2539, 1985. These data probably correspond to a very 


low internal temperature. 


. Tarnovsky, V., Bunimovicz, M., Vuskovic, L., Stumpf, B., and Bederson, B., J. Chem. Phys., 98, 3894, 1993. These data correspond to internal 


temperatures 480-948 K. 


. Milani, P., Moullet, I., and de Heer, W. A., Phys. Rev. A, 42, 5150, 1990. Beam measurements accurate to 11%. 


Bonin, К. D., and Kadar-Kallen, M. А., Int. J. Mod. Phys., 8, 3313, 1994. Review article. 


. Aroney, M. J., and Pratten, S. J., J. Chem. Soc., Faraday Trans. 1, 80, 1201, 1984. Uncertainties in the range 1-396. 


Le Fevre, R. J. W., Murthy, D. S. N., and Saxby, J. D., Aust. J. Chem., 24, 1057, 1971. Kerr effect. 


. No, K. T., Cho, К. H., Jhon, M. S., and Scheraga, H. A., J. Am. Chem. Soc., 115, 2005, 1993. Theoretical; these results are quoted in numerous 


valuable papers on calculated polarizabilities, e.g., Miller, K. J., and Savchik, J. A., J. Am. Chem. Soc., 101, 7206, 1979. 


. Schlecht, S., Scháfer, R., Woenckhaus, J., and Becker, J. A., Chem. Phys. Lett., 246, 315, 1995. 
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IONIZATION POTENTIALS OF ATOMS AND ATOMIC IONS 


The ionization potentials of neutral and partially ionized atoms are listed in this table. Data were obtained from the compilations cited below, 


supplemented by results from the recent research literature. АП values have been corrected to the currently recommended value of the conversion factor 
from wave number to energy, namely 1 eV = 8065.541 ст“! (Reference 5). Values are given in eV. 

Following the traditional spectroscopic notation, columns are headed I, II, III, etc. up to XXX, where I indicates the neutral atom, II the singly 
ionized atom, III the doubly ionized atom, etc. The first section of the table includes spectra I to VIII of all the elements; subsequent sections cover 
higher spectra (ionization stages) for those elements for which data are available. 


N 
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26 
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Neutral Atoms to +7 Ions 


Element I II ш ТУ У УІ ҮП УШ 
Н 13.59844 
Не 24.58741 54.41778 
Li 5.39172 75.64018 122.45429 
Be 9.3227 18.21116 153.89661 217.71865 
B 8.29803 25.15484 37.93064 259.37521 340.22580 
C 11.26030 24.38332 47.8878 64.4939 392.087 489.99334 
М 14.53414 29.6013 47.44924 77.4735 97.8902 552.0718 667.046 
[9] 13.61806 35.11730 54.9355 71.41353 113.8990 138.1197 739.29 871.4101 
F 17.42282 34.97082 62.7084 87.1398 114.2428 157.1651 185.186 953.9112 
Ne 21.5646 40.96328 63.45 97.12 126.21 157.93 207.2759 239.0989 
Na 5.13908 47.2864 71.6200 98.91 138.40 172.18 208.50 264.25 
Ме 7.64624 15.03528 80.1437 109.2655 141.27 186.76 225.02 265.96 
А1 5.98577 18.82856 28.44765 119.992 153.825 190.49 241.76 284.66 
5і 8.15169 16.34585 33.49302 45.14181 166.767 205.27 246.5 303.54 
Р 10.48669 19.7694 30.2027 51.4439 65.0251 220.421 263.57 309.60 
5 10.36001 23.3379 34.79 47.222 72.5945 88.0530 280.948 328.75 
СІ 12.96764 23.814 39.61 53.4652 67.8 97.03 114.1958 348.28 
Аг 15.75962 27.62967 40.74 59.81 75.02 91.009 124.323 143.460 
K 4.34066 31.63 45.806 60.91 82.66 99.4 117.56 54.88 
Ca 6.11316 11.87172 50.9131 67.27 84.50 08.78 1272 147.24 
5с 6.5615 12.79967 24.75666 73.4894 91.65 10.68 138.0 58.1 
Ті 6.8281 13.5755 27.4917 43.2672 99.30 19:53 140.8 70.4 
У 6.7462 14.66 29.311 46.709 65.2817 28.13 150.6 73.4 
Сг 6.7665 16.4857 30.96 4916 69.46 90.6349 160.18 84.7 
Mn 7.43402 15.63999 33.668 51.2 72.4 95.6 119.203 94.5 
Ее 7.9024 16.1878 30.652 54.8 75.0 99. 124.98 51.06 
Со 7.8810 17.083 33.50 51.3 79.5 02.0 128.9 57.8 
Ni 7.6398 18.16884 35.19 54.9 76.06 08 133 62 
Си 7.72638 20.29240 36.841 57.38 79.8 03 139 66 
Zn 9.3942 17.96440 39.723 59.4 82.6 08 134 174 
Ga 5.99930 20.5142 30.71 64 
Ge 7.8994 15.93462 34.2241 45.7131 93.5 
As 9.7886 18.633 28.351 50.13 62.63 27.6 
5е 9.75238 21.19 30.8204 42.9450 68.3 817 155.4 
Вг 11.81381 21.8 36 473 59.7 88.6 103.0 192.8 
Кг 13.99961 24.35985 36.950 52.5 64.7 78.5 111.0 125.802 
Rb 4.17713 27.285 40 52.6 71.0 84.4 99.2 136 
Sr 5.6949 11.03013 42.89 57 71.6 90.8 106 122.3 
У 6.2171 12.24 20.52 60.597 77.0 93.0 16 129 
Zr 6.63390 13.13 22.99 34.34 80.348 
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43 


63 


83 


101 


IONIZATION POTENTIALS OF ATOMS AND ATOMIC IONS (continued) 


I 


6.75885 
7.09243 
7.28 
7.36050 
7.45890 
8.3369 
7.5762 
8.9938 
5.78636 
7.3439 
8.6084 
9.0096 
10.45126 
12.1298 
3.89390 
5.21170 
5.5769 
5.5387 
5.473 
5.5250 
5.582 
5.6436 
5.6704 
6.1501 
5.8638 
5.9389 
6.0215 
6.1077 
6.18431 
6.25416 
5.4259 
6.82507 
7.5496 
7.8640 
7.8335 
8.4382 
8.9670 
8.9587 
9.2255 
10.43750 
6.1082 
7.41666 
7.2856 
8.417 


10.74850 
4.0727 
5.2784 
5.17 
6.3067 
5.89 
6.19405 
6.2657 
6.0262 
5.9738 
5.9915 
6.1979 
6.2817 
6.42 
6.50 
6.58 
6.65 
4.9 
6.0 


II 


14.32 
16.16 
15.26 
16.76 
18.08 
19.43 
21.49 
16.90832 
18.8698 
14.63225 
16.53051 
18.6 
19.1313 
21.20979 
23.15745 
10.00390 
11.060 
10.85 
10.55 
10.73 
10.90 


18.563 
20.5 
18.756 
20.428 
15.0322 
16.69 


10.14716 
12.1 
11.5 


ш 


25.04 
27.13 
29.54 
28.47 
31.06 
32.93 
34.83 
37.48 
28.03 
30.50260 
25.3 
27.96 
33 
32.1230 


34.2 
29.83 
31.9373 
25.56 


ТУ 


38.3 
46.4 


54 
40.73502 
44.2 
37.41 


49.95 
36.758 
38.98 
40.41 
41.1 
41.4 
42.7 
44.0 
39.79 
41.47 
42.5 
42.7 
42.7 
43.56 
45.25 
33.33 


42.32 
45.3 


10-179 


72.28 
56 
58.75 


61.6 
65.55 
57.53 


68.8 
56.0 


VI 


102.057 
68.8276 


108 
70.7 


88.3 


VII 


125 
125.664 


137 


VIII 


IONIZATION POTENTIALS OF ATOMS AND ATOMIC IONS (continued) 


Element IX 
F 1103.1176 
Ne 1195.8286 
Na 299.864 
Mg 328.06 
Al 330.13 
Si 351.12 
P 372.13 
S 379.55 
CI 400.06 
Ar 422.45 
K 175.8174 
Ca 188.54 
Sc 180.03 
Ti 192.1 
V 205.8 
Ci 209.3 
Mn 221.8 
Fe 233.6 
Co 186.13 
Ni 193 
Cu 199 
Zn 203 
Kr 230.85 
Rb 150 
Sr 162 
Y 146.2 
Mo 164.12 

Element XVII 
CI 3946.2960 
Ar 4120.8857 
K 033.4 
Ca 1087 
Sc 094 
Ti 131 
V 168 
Cr 185 
Mn 224 
Fe 266 
Co 546.58 
Ni 571.08 
Cu 557 
Zn 579 
Kr 592 
Mo 636 

Element 
Mn 
Fe 
Co 
Ni 
Cu 
Kr 
Mo 


1362.1995 

1465.121 
367.50 
398.75 
401.37 
424.4 
447.5 
455.63 
478.69 
503.8 
211.275 
225.18 
215.92 
230.5 
244.4 
248.3 
262.1 
275.4 
224.6 
232 
238 
268.2 
2771 
177 
191 
186.4 


XVIII 


4426.2296 
4610.8 
1157.8 
1213 
1221 
1260 
1299 
1317 
1358 
1397.2 
607.06 
633 
619 
641 
702 


ХХУ 


8571.94 
8828 
2219.0 
2295 
2308 
1151 
1263 


ХІ 


1648.702 

1761.805 
442.00 
476.36 
479.46 
504.8 
529.28 
538.96 
564.7 
591.9 
249.798 
265.07 
255.7 
270.8 
286.0 
290.2 
305 
321.0 
265.3 
274 
308 


324.1 
206 
209.3 


XIX 


4934.046 
5128.8 
1287.97 
1346 
1355 
1396 
1437 
1456 
1504.6 
1541 
670.588 
698 
786 
767 


XXVI 


9277.69 
9544.1 
2399.2 
2478 
1205.3 
1323 


+8 Ions to +15 Ions 


ХП 


1962.6650 

2085.98 
523.42 
560.8 
564.44 
591.99 
618.26 
629.4 
657.2 
687.36 
291.500 
308.1 
298.0 
314.4 
330.8 
336 
352 
369 
310.8 
350 


374.0 
230.28 


+16 Ions to +23 Ions 


XX 


5469.864 
5674.8 
1425.4 
1486 
1496 
1539 
1582 
1603 
1648 
1697 
738 
833 
833 


+24 Ions to +29 Ions 


XXVII 


10012.12 

10288.8 
2587.5 
2928 
1387 
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XIII 


2304.1410 

2437.63 
611.74 
652.2 
656.71 
686.10 
714.6 
726.6 
756.7 
787.84 
336.277 
354.8 
343.6 
361.0 
379 
384 
401 
419.7 
391 


279.1 


ХХІ 


6033.712 
6249.0 
1569.6 
1634 
1644 
1689 
1735 
1756 
1804 
1856 
884 
902 


XXVIII 


10775.40 

11062.38 
3070 
1449 


XIV 


2673.182 


2816.91 
707.01 
749.76 
755.74 
786.6 
817.6 
830.8 
863.1 
896.0 


384.168 


403.0 
392.2 
411 
430 
435 
454 
447 


302.60 


ХХП 


6625.82 
6851.3 
1721.4 
1788 
1799 
1846 
1894 
1916 


937 
968 


XV 


3069.842 

3223.78 
809.40 
854.77 
861.1 
894.5 
927.5 
941.9 
976 

1010.6 
435.163 
457 
444 
464 
484 
490 
492 


544.0 


XXIII 


7246.12 
7481.7 
1879.9 
1950 
1962 
2011 
2060 


998 
1020 


XXIX 


11567.617 
3227 
1535 


XVI 


3494.1892 
3658.521 
918.03 

968 
974 
1009 
1044 
1060 
1097 
1134.7 
489.256 
511.96 
499 
520 
542 
541 


570 


XXIV 


7894.81 
8140.6 
2023 
2119 
2131 
2182 


1051 
1082 


XXX 


3381 
1601 


IONIZATION ENERGIES ОЕ GAS-PHASE MOLECULES 
Sharon G. Lias 


This table presents values for the first ionization energies (IP) of approximately 1000 molecules and atoms. Substances are listed by molecular 
formula in the modified Hill order (see introduction). Values enclosed in parentheses are considered not to be well established. Data appearing in the 
1988 reference, were updated in 1996 for inclusion in the database of ionization energies available at the Internet site of the Standard Reference Data 
program of the National Institute of Standards and Technology (http://webbook.nist.gov). The list appearing here includes these updates. 

The list also includes values for enthalpies of formation of the ions at 298 К, АН, given according to the ion convention used by mass 
spectrometrists; to convert these values to the electron convention used by thermodynamicists, add 6 kJ/mol. Details on the calculation of Aj, as 
well as data for a much larger number of molecules, may be found in the reference and on the Internet site. 
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Ref. Data, Vol. 17, Suppl. No. 1, 1988. 


Mol. 
Form. 


Name 


Substances not containing carbon 


Actinium 

Silver 

Silver(I) chloride 
Silver(I) fluoride 
Aluminum 


Aluminum monobromide 


Aluminum tribromide 


Aluminum monochloride 


Aluminum trichloride 


Aluminum monofluoride 


Aluminum trifluoride 


Aluminum monoiodide 


Aluminum triiodide 
Americium 

Argon 

Arsenic 
Arsenic(III) chloride 
Arsenic(IID fluoride 
Arsine 

Gold 

Boron 

Boron tribromide 
Boron trichloride 
Fluoroborane 
Difluoroborane 
Boron trifluoride 
Boron monohydride 
Borane 

Boron triiodide 
Boron dioxide 
Diborane 

Boron oxide 
Tetraborane 
Pentaborane(9) 
Hexaborane 
Barium 

Barium oxide 
Beryllium 
Beryllium oxide 
Bismuth 

Bismuth trichloride 
Berkelium 
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IP/eV 


5.17 
7.57624 

(< 10.08) 
(11.0 £0.3) 
5.98577 

(9.3) 

(10.4) 

94 

(12.01) 

9.73 £0.01 

< 15.45 

9.3 +0.3 
(9.1) 

5.9738 +0.0002 
15.75962 
9.8152 

(10.55 0.025) 
(12.84 +0.05) 
(9.89) 
9.22567 
8.29803 
(10.51) 

11.60 +0.02 
11.12 +0.01 
(9.4) 

157 +0.3 
(9.77) 

12.026 +0.024 
(9.25 +0.03) 
(13.5 +0.3) 
11.38 £0.05 
13.5 £0.15 
10.76 +0.04 
9.90 +0.04 
(9.0) 
5.21170 

6.91 +0.06 
9.32263 

(10.1 £0.4) 
7.2855 

(10.4) 

6.23 


А; Н; іоп 
kJ/mol 


905 
1016 
< 1065 
1071 
905 
913 
593 
855 
573 
673 
<282 
965 
673 
860 
1521 
1250 
754 
452 
1021 
1254 
1363 
809 
718 
957 
317 
365 
1385 
1261 
964 
1001 
1134 
460 
1105 
1028 
965 
683 
543 
1224 
1111 
908 
736 
911 


IONIZATION ENERGIES ОЕ GAS-PHASE MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 
Br Bromine (atomic) 11.81381 1252 
BrCl Bromine chloride 11.01 1079 
BrF Bromine fluoride 11.86 1086 
ВгЕ; Bromine pentafluoride 13.172 0.002 840 
BrH Hydrogen bromide 11.66 +0.03 1087 
BrHsSi Bromosilane 10.6 943 
Ви Iodine bromide 9.790 +0.004 986 
BrK Potassium bromide 7.85 50.1 578 
BrLi Lithium bromide (8.7) 685 
BrNO Nitrosyl bromide 10.17 50.03 1065 
BrNa Sodium bromide 8.31 50.1 660 
BrO Bromine monoxide 10.46 +0.02 1135 
BrRb Rubidium bromide 7.94 € 0.03 583 
BrTl Thallium(I) bromide 9.14 +0.02 844 
Br; Bromine 10.516 +0.005 1046 
Br;Hg Мегсигу(П) bromide 10.560 30.003 935 
Br;Sn Tin(II) bromide 9.0 839 
Br3Ga Gallium(III) bromide 10.40 711 
Br3P Phosphorus(III) bromide 9.7 798 
Br Hf Hafnium(IV) bromide (10.9) 366 
BrySn Tin(IV) bromide 10.6 709 
BryTi Titanium(IV) bromide 10.3 375 
BryZr Zirconium(IV) bromide (10.7) 388 
Ca Calcium 6.11316 768 
CaCl Calcium monochloride 5.86 £0.07 462 
CaO Calcium oxide 6.66 £0.18 668 
Cd Cadmium 8.99367 980 
Ce Cerium 5.5387 957 
Cf Californium 6.30 805 
Cl Chlorine (atomic) 12.96764 1373 
CICs Cesium chloride (7.84 € 0.05) 510 
CIF Chlorine fluoride 12.66 +0.01 1171 
CIFO; Perchloryl fluoride (12.945 +0.005) 1224 
CIF; Chlorine difluoride (12.77 £0.05) 1128 
CIF; Chlorine trifluoride (12.65 +0.05) 1057 
CIFSS Sulfur chloride pentafluoride (12.335 =0.005) 144 
CIH Hydrogen chloride 12.749 0.009 1137 
CIHO Hypochlorous acid (11.12 £0.01) 993 
CIH5Si Chlorosilane 11.4 899 
CII Iodine chloride 10.088 £0.01 991 
Clin Indium(I) chloride (9.51) 842 
CIK Potassium chloride (8.0 =0.4) 557 
CILi Lithium chloride 9.57 727 
СІМО Nitrosyl chloride 10.87 50.01 1099 
CINO, Nitryl chloride (11.84) 1155 
CINa Sodium chloride 8.92 50.06 681 
CIO Chlorine monoxide 10.95 1159 
CIO; Chlorine dioxide 10.33 +0.02 1093 
CIRb Rubidium chloride (8.50 +0.03) 590 
CITI Thallium(T) chloride 9.70 50.03 869 
СІ, Chlorine 11.480 =0.005 1108 
CLCrO; Chromyl chloride 11.6 580 
Cl,Ge Germanium(II) chloride (10.20 £0.05) 813 
CLH,Si Dichlorosilane 11.4 765 
CLHg Мегсигу(П) chloride 11.380 =0.003 952 
CLO Chlorine oxide 10.94 1135 
CLOS Thionyl chloride 10.96 844 
С1,О,5 Sulfuryl chloride 12.05 807 
СЬРЬ Lead(II) chloride (10.2) 791 
CLS Sulfur dichloride 9.45 £0.03 895 
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Мате 


Dichlorosilylene 

Tin(ID) chloride 
Gallium(II]) chloride 
Trichlorosilane 
Nitrogen trichloride 
Phosphorus(V) oxychloride 
Vanadyl trichloride 
Phosphorus(III) chloride 
Phosphorus(V) sulfide trichloride 
Antimony(IIT) chloride 
Germanium(IV) chloride 
Hafnium(IV) chloride 
Tetrachlorosilane 
Tin(IV) chloride 
Titanium(IV) chloride 
Vanadium(IV) chloride 
Zirconium(IV) chloride 
Molybdenum(V) chloride 
Niobium(V) chloride 
Phosphorus(V) chloride 
Tantalum(V) chloride 
Tungsten(VI) chloride 
Curium 

Cobalt 

Chromium 

Cesium 

Cesium fluoride 

Cesium sodium 

Copper 

Соррег(1) fluoride 
Dysprosium 

Erbium 

Einsteinium 

Europium 

Fluorine (atomic) 
Gallium monofluoride 
Hydrogen fluoride 
Hypofluorous acid 
Fluorosilane 

Тодте fluoride 

Indium monofluoride 
Nitrosyl fluoride 

Nitryl fluoride 
Thionitrosyl fluoride (NSF) 
Fluorine monoxide 
Fluorine superoxide (FOO) 
Sulfur fluoride 
Thallium(D fluoride 
Fluorine 

Germanium(II) fluoride 
Difluoramine 
Difluorosilane 
Magnesium fluoride 
Difluoroamidogen 
trans-Difluorodiazine 
Fluorine monoxide 
Thionyl fluoride 
Sulfuryl fluoride 
Lead(ID fluoride 

Sulfur difluoride 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


(10.93 £0.10) 
(10.0) 

11.52 

(11.7) 
(10.12 +0.1) 
11.36 +0.02 
(11.6) 

9.91 

9.71 £0.03 
(€ 10.7) 
11.68 £0.05 
(11.7) 

11.79 £0.01 
11.7 502 
(11.5) 

(9.2) 

(112) 

(8.7) 
(1097) 
(102) 
(11.08) 
(9.5) 

6.02 

7.8810 
6.76664 
3.89390 
(8.80 +0.10) 
(4.05 +0.04) 
7.12638 
10.15 +0.02 
5.9389 
6.1078 

6.42 

5.6704 
17.42282 
(9.6+0.5) 
16.044 +0.003 
12.71 +0.01 
117 

10.54 +0.01 
(9.6 +0.5) 
12.63 £0.03 
(13.09) 
11.51 £0.04 
12.78 £0.03 
(12.6 +0.2) 
10.09 

10.52 
15.697 +0.003 
(< 11.65) 
(11.53 £0.08) 
(12.2) 

(13.6 £0.3) 
11.628 +0.01 
(12.8) 

13.11 £0.01 
1225 

13.04 +0.01 
(11.5) 
(10.08) 


А; Н; іоп 
kJ/mol 


887 
760 
664 
648 
1244 
540 
425 
668 
573 
s719 
629 
246 
527 
656 
349 
361 
210 
392 
356 
608 
303 
348 
966 
1187 
1050 
452 
489 
535 
1084 
984 
862 
907 
753 
799 
1761 
700 
1276 
1130 
752 
922 
740 
1152 
1154 
1090 
1342 
1228 
986 
835 
1515 
551 
1046 
386 
588 
1155 
1315 
1290 
688 
501 
679 
676 


Мате 


Difluorosilylene 
Tin(ID) fluoride 
Xenon difluoride 
Trifluorosilane 
Nitrogen trifluoride 
Trifluoramine oxide 


Phosphorus(V) oxyfluoride 


Phosphorus(III) fluoride 


Phosphorus(V) sulfide trifluoride 


Trifluorosilyl 
Germanium(IV) fluoride 
Tetrafluorohydrazine 
Sulfur tetrafluoride 
Tetrafluorosilane 

Xenon tetrafluoride 
Iodine pentafluoride 
Phosphorus(V) fluoride 
Sulfur pentafluoride 


Molybdenum(VI) fluoride 


Sulfur hexafluoride 
Uranium(VI) fluoride 
Iron 

Fermium 

Gallium 
Gallium(III) iodide 
Gadolinium 
Germanium 
Germane 
Germanium(IV) iodide 
Germanium(II) oxide 
Germanium(II) sulfide 
Hydrogen (atomic) 
Hydrogen iodide 
Lithium hydride 
Imidogen 

Nitrosyl hydride 
Nitrous acid 

Nitric acid 
Hydrazoic acid 
Нуагоху! 
Hydroperoxy 
Mercapto 
Hydrogen 
Amidogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Hydrogen selenide 
Silylene 

Ammonia 
Hydroxylamine 
Phosphine 

Stibine 

Hydrazine 

Silane 

Stannane 

Disilane 

Trisilane 

Helium 

Hafnium 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


10.78 £0.05 
(11.1) 

12.35 +0.01 
(14.0) 

13.00 +0.02 
13.31 +0.06 
12.76 +0.01 
11.60 +0.05 

< 11.05 +0.035 
(9.99) 

(15.5) 

11.94 +0.03 
12.0 +0.3 
1524 +0.14 
12.65 50.1 
12.943 +0.005 
(15.1) 

9.60 £0.05 
(14.5 £0.1) 
15.32 +0.02 
14.00 +0.10 
7.9024 

6.50 

5.99930 

9.40 

6.1500 

7.900 

< 10.53 

(9.42) 

11.25 +0.01 
(9.98) 
13.59844 
10.386 +0.001 
73 

< 13.49 +0.01 
(10.1) 

«113 

11.95 £0.01 
10.72 +0.025 
13.0170 30.0002 
11.35 +0.01 
10.4219 0.0004 
15.42593 +0.00005 
11.14 x 0.01 
12.6206 +0.0020 
10.58 +0.04 
10.457 +0.012 
9.892 +0.005 
8.244 +0.025 
10.070 +0.020 
(10.00) 

9.869 +0.002 
9.54 £0.03 

8.1 £0.15 
11.00 +0.02 
(10.75) 

9.74 +0.02 
(9.2) 

24.58741 
6.82507 +0.00004 


А; H, ion 
kJ/mol 


450 
586 
1083 
150 
1125 
1121 
-24 
161 
<58 
- 32 
307 
1119 
399 
-144 
1016 
408 
-137 
10 
-159 
258 
-796 
1177 
627 
851 
765 
991 
1139 
< 1108 
850 
1044 
1055 
1530 
1028 
882 
1678 
1075 
< 1011 
1019 
1328 
1294 
1106 
1145 
1488 
1264 
976 
885 
989 
984 
1084 
925 
923 
958 
1067 
877 
1095 
1200 
1019 
1009 
2372 
1278 


Мате 


Mercury 
Мегсигу(П) iodide 
Holmium 

Iodine (atomic) 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Thallium(I) iodide 
Iodine 
Titanium(IV) iodide 
Zirconium(IV) iodide 
Indium 

Iridium 

Potassium 

Lithium potassium 
Potassium sodium 
Dipotassium 
Krypton 
Lanthanum 
Lithium 

Lithium sodium 
Lithium monoxide 
Lithium rubidium 
Dilithium 
Lutetium 
Mendelevium 
Magnesium 
Magnesium oxide 
Manganese 
Molybdenum 
Nitrogen (atomic) 
Nitric oxide 
Nitrogen dioxide 
Phosphorus nitride 
Nitrogen sulfide 
Nitrogen 

Nitrous oxide 
Nitrogen tetroxide 
Nitrogen pentoxide 
Sodium 

Rubidium sodium 
Disodium 
Niobium 
Neodymium 

Neon 

Nickel 

Nobelium 
Neptunium 
Oxygen (atomic) 
Lead(II) oxide 
Sulfur monoxide 
Sulfur oxide (SSO) 
Silicon monoxide 
Tin(II) oxide 
Strontium oxide 
Oxygen 

Sulfur dioxide 
Thorium(IV) oxide 
Titanium(IV) oxide 
Uranium(IV) oxide 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


10.43750 
9.5088 0.0022 
6.0216 
10.45126 

(7.21 +0.3) 
(7.5) 

7.64 +0.02 

8.47 +0.02 
9.3074 +0.0002 
(9.1) 

(9.3) 

5.78636 

91 

4.34066 

4.57 £0.04 
4.41636 +0.00017 
4.0637 +0.0002 
13.99961 
5.5770 

5.39172 

5.05 £0.04 
(8.44) 

4.3 £0.1 

5.1127 50.0003 
5.42585 

6.58 

7.64624 

(8.76 +0.22) 
7.43402 
7.09243 
14.53414 
9.26438 +0.00005 
9.586 0.002 
11.84 +0.04 
8.87 +0.01 
15.5808 

12.886 

(10.8) 

(11.9) 

5.13908 

4.32 +0.04 
4.894 +0.003 
6.75885 

5.5250 
21.56454 
7.6398 

6.65 

6.2657 0.0003 
13.61806 
9.08 +0.10 
10.294 +0.004 
10.584 +0.005 
11.49 50.20 
9.60 +0.02 
6.6 +0.2 
12.0697 +0.0002 
12.349 +0.001 
(8.7 +0.15) 
(9.54 +0.1) 
(5.4 +0.1) 


А; H, ion 
kJ/mol 


1069 
900 
882 
1115 
570 
633 
659 
826 
960 
602 
500 
802 
1543 
508 
512 
561 
519 
1351 
969 
680 
571 
894 
486 
709 
950 
635 
885 
901 
998 
1343 
1875 
985 
958 
1247 
1119 
1503 
1325 
1050 
1161 
603 
480 
614 
1384 
859 
2081 
1167 
642 
1069 
1563 
939 
998 
971 
1008 
944 
623 
1165 
894 
342 
623 
57 


С 
CBrCIF; 
CBrCl, 
СВтЕ; 
СВЕ 
CBr, 
CCI 
CCIF, 


IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


Name 


Ozone 

Sulfur trioxide 
Uranium(VI) oxide 
Osmium(VIID oxide 
Ruthenium(VIII) oxide 
Rhenium(VII) oxide 
Osmium 
Phosphorus 
Diphosphorus 
Protactinium 
Lead 

Lead(II) sulfide 
Palladium 
Promethium 
Praseodymium 
Platinum 
Plutonium 
Radium 
Rubidium 
Rhenium 
Rhodium 
Radon 
Ruthenium 
Sulfur 

Тіп(П) sulfide 
Disulfur 
Antimony 
Scandium 
Selenium 
Silicon 
Samarium 

Tin 

Strontium 
Tantalum 
Terbium 
Technetium 
Tellurium 
Thorium 
Titanium 
Thallium 
Thulium 
Uranium 
Vanadium 
Tungsten 
Xenon 

Yttrium 
Ytterbium 
Zinc 
Zirconium 


Substances containing carbon 


Carbon 
Bromochlorodifluoromethane 
Bromotrichloromethane 
Bromotrifluoromethane 
Dibromodifluoromethane 
Tetrabromomethane 
Chloromethylidyne 
Chlorotrifluoromethane 
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IP/eV 


12.43 
12.82 +0.03 
(10.5 +0.5) 
(12.32) 
12.15 £0.03 
(12.7 +0.2) 
8.7 
10.48669 
10.53 

5.89 
7.41666 
(8.5 £0.5) 
8.3367 
5.55 

5.464 

9.0 

6.025 
5.27892 
4.17713 
7.88 
7.45890 
10.74850 
7.36050 
10.36001 
(8.8) 
9.356 +0.002 
8.64 
6.56144 
9.75238 
8.15169 
5.6437 
7.34381 
5.69484 
7.89 
5.8639 
7.28 
9.0096 
6.308 +0.003 
6.8282 
6.10829 
6.18431 
6.19405 
6.746 +0.002 
7.98 
12.12987 
6.217 
6.25416 
9.39405 
6.63390 


11.26030 
(11.21) 
(10.6) 
(11.40) 
11.03 +0.04 
(10.31 +0.02) 
(8.9 +0.2) 
12.6 +0.2 


А; Н; іоп 
kJ/mol 


1342 
841 
214 
850 
988 
125 
1630 
1328 
1160 
1133 
911 
954 
1181 
536 
883 
1433 
926 
668 
484 
1530 
1276 
1037 
1355 
1277 
966 
1031 
1096 
1010 
1168 
1238 
751 
1011 
713 
1544 
955 
1380 
1066 
1207 
1127 
771 
827 
1129 
1166 
1621 
1170 
1022 
754 
1037 
1251 


1803 
642 
980 
451 
683 
1079 
1244 
505 


IONIZATION ENERGIES ОЕ СА5-РНА5Е MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 
CCIN Cyanogen chloride 12.34 +0.01 1329 
ССІ, Dichloromethylene (9.27) 1058 
CCIF, Dichlorodifluoromethane 12.05 +0.24 685 
СС,О Carbonyl chloride (11.5) 888 
CCIF Trichlorofluoromethane 11.77 +0.02 868 
СС Tetrachloromethane 11.47 50.01 1010 
CF Fluoromethylidyne 9.11 +0.01 1134 
СЕМ Cyanogen fluoride 13.34 +0.02 1325 
СЕ, Difluoromethylene 11.44 50.03 899 
СЕ,О Carbonyl fluoride 13.035 =0.030 617 
CF; Trifluoromethyl 8.7 £0.2 379 
СЕЈ Trifluoroiodomethane 10.23 397 
CH Methylidyne 10.64 +0.01 1622 
CHBrCl, Bromodichloromethane 10.6 973 
CHBr,Cl Chlorodibromomethane 10.59 50.01 1030 
CHBr; Tribromomethane 10.48 +0.02 1035 
сна! Chloromethylene 9.84 1247 
СНСІЕ, Chlorodifluoromethane (12.2) 693 
СНСІ,Е Dichlorofluoromethane (11.5) 829 
СНСІ; Trichloromethane 11.37 50.02 992 
СНЕ Fluoromethylene 10.06 =0.05 1121 
CHF; Trifluoromethane (13.86) 643 
CHI, Triiodomethane 9.25 50.02 1010 
CHN Hydrogen cyanide 13.60 +0.01 1447 
CHN Hydrogen isocyanide (12.5 £0.1) 1407 
CHNO Isocyanic acid 11.595 =0.005 1016 
CHNO Fulminic acid (10.83) 1263 
CHO Oxomethyl (HCO) (8.55) 826 
CH, Methylene 10.396 0.003 1392 
CH,BrCl Bromochloromethane 10.77 £0.01 1085 
СЊВљ Dibromomethane (10.50 +0.02) 1013 
СН-СІЕ Chlorofluoromethane 11.71 +0.01 870 
СН-СІ, Dichloromethane 11.32 +.01 996 
CHF, Difluoromethane 12.71 774 
CH; Diiodomethane 9.46 +0.02 1030 
СН,М, Diazomethane 8.999 € 0.001 1098 
СН,М, Cyanamide (10.4) 1137 
CH;O Formaldehyde 10.88 +0.01 941 
СН:О, Formic acid 11.33 +0.01 715 
CH; Methyl 9.843 +0.002 1095 
СН;ВО Вогапе сагропу! 11.14 +0.02 962 
CH3Br Bromomethane 10.541 =0.003 979 
сња Chloromethane 11.22 £0.01 1001 
СН,С1,51 Methyltrichlorosilane (11.36 £0.03) 548 
CH3F Fluoromethane 12.47 +0.02 956 
CHI Iodomethane 9.538 936 
CHNO Formamide 10.16 +0.06 796 
СН, ХО, Nitromethane 11.08 50.07 994 
CHN; Methyl azide 9.81 +0.02 1227. 
СН:О Methoxy (10.72) 1050 
CH, Methane 12.61 +0.01 1143 
CH4N;O Urea 9.7 690 
СН,О Methanol 10.85 50.01 845 
СН,5 Methanethiol 9.44 t 0.005 888 
CH;N Methylamine (8.80) 826 
СН,М, Methylhydrazine 7.7 350.15 835 
CH,Si Methylsilane (10.7) 1003 
CN Cyanide 13.5984 1748 
CNO Cyanate 11.76 50.01 1290 
СО Carbon monoxide 14.014 0.0003 1242 
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Mol. 
Form. 


COS 
COSe 
СО, 

С5 

С5, 

С, 
CjBrF, 
ОС 
ОСЕ 
ССІ, 
C;CLF, 
ОСЕ 
ОСЕ 
С.СІ, 
С-СЕ, 
C;CLO 
ССІ 
СЕ 
СБ 
CF6 
C,H 
CHBr 
C;HBrCIF, 
С-НСІ 
С,НСЇР, 
CHCl; 
С-НСІ;О 
CHCl; 
CHF 
CHF; 
С,НЕ:О, 
C-H; 
СНС} 
СНС} 
C3H,Cl, 
С.Н,С1,О 
С.Н:СЦц 
С.Н:СЦц 
CHF, 
CHE 
СНО 
С.Н:О, 
С.Н,5, 
С.Н.Вг 
оња 
С;Н;СІЕ, 
C;H;CIO 
C;H4CIO 
С-Н;СІО, 
C3H;Cl; 
C3H;Cl; 
СОЊЕ 
C;H;FO 
CHF; 
C;H4N 
ОНО 
ОН, 
C,H,Bry 
C3H,Cl, 
C3H,Cl, 


Name 


Carbon oxysulfide 

Carbon oxyselenide 

Carbon dioxide 

Carbon sulfide 

Carbon disulfide 

Dicarbon 
1,2-Dibromotetrafluoroethane 
Chlorotrifluoroethylene 
Chloropentafluoroethane 
Dichloroacetylene 
1,2-Dichlorotetrafluoroethane 
1,1,1-Trichlorotrifluoroethane 
1,1,2-Trichlorotrifluoroethane 
Tetrachloroethylene 
1,1,2,2-Tetrachloro-1,2-difluoroethane 
Trichloroacetyl chloride 
Hexachloroethane 
Trifluoroacetonitrile 
Tetrafluoroethylene 
Hexafluoroethane 

Ethynyl 

Bromoacetylene 
2-Bromo-2-chloro-1,1,1-trifluoroethane 
Chloroacetylene 
1-Chloro-2,2-difluoroethylene 
Trichloroethylene 
Dichloroacetyl chloride 
Pentachloroethane 
Fluoroacetylene 
Trifluoroethylene 
Trifluoroacetic acid 
Acetylene 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
Chloroacetyl chloride 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
1,1-Difluoroethylene 
cis-1,2-Difluoroethylene 
Ketene 

Glyoxal 

Thiirene 

Bromoethylene 
Chloroethylene 
1-Chloro-1,1-difluoroethane 
Acetyl chloride 
Chloroacetaldehyde 
Chloroacetic acid 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Fluoroethylene 

Acetyl fluoride 
1,1,1-Trifluoroethane 
Acetonitrile 
Methylisocyanate 

Ethylene 

1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


ТР/еУ 


11.18 £0.01 
10.36 +0.01 
13.773 +0.002 
11.33 £0.01 
10.0685 +0.0020 
(11.4 £0.3) 
(11.1) 

9.81 +0.03 
(12.6) 

9.9 

122 

11.5 

11.99 +0.02 
9.326 +0.001 
(11.3) 

(11.0) 

(11.1) 

13.93 +0.07 
10.12 +0.02 
(13.6) 

(11.61 +0.07) 
10.31 +0.02 
(11.0) 

10.58 +0.02 
9.80 +0.04 
9.46 50.02 
(10.9) 

(11.0) 

11.26 

10.14 

11.46 

11.400 +0.002 
9.81 +0.04 
9.66 +0.01 
9.64 +0.02 
(€ 10.3) 
(11.1) 

(< 11.62) 
10.29 +0.01 
10.23 +0.02 
9.617 +0.003 
10.2 

8.61 

9.83 +0.02 
9.99 +0.02 
(11.98) 
10.82 +0.04 
(10.48) 
(10.7) 

(11.0) 

(11.0) 

10.36 +0.01 
(11.5) 

13.3 +0.5 
12.20 +0.01 
(10.67) 
10.5138 +0.0006 
10.35 +0.04 
11.04 +0.02 
11.04 +0.02 


А; Н; іоп 
kJ/mol 


936 
929 
935 
1361 
1089 
2000 
280 
373 
99 
1165 
252 
386 
429 
887 
563 
827 
920 
845 
315 
-30 
1685 
1242 
363 
1276 
628 
894 
809 
919 
1195 
489 
75 
1328 
949 
936 
934 
815 
920 
< 971 
650 
690 
880 
773 
892 
1028 
985 
626 
801 
815 
597 
917 
911 
861 
667 
536 
1253 
900 
1067 
961 
935 
931 


Mol. 
Form. 


СОЊЕ, 
C,H,O 
C,H,O 
С.Н,О, 
С.Н,О, 
С,Н;Вг 
сона 
C,H;ClO 
СОЊЕ 
сына 
С,Н,Х 
C,H;NO 
C,H;NO 
C,H;NO, 
СН; 
С,Н,С1581 
С.Н,О 
С.Н,О 
С,Н,О8 
С.Н,О, 
С,Н,5 
С,Н,5 
С.Н,5, 
C;H;N 
C;H;N 
C;H;NO 
СН 
CHN; 
CN 
CF6 
С; О 
ОБ 
C;HN 
С;Н;О 
C;H;F, 
Сын 
С,Н,ХО 
C;H;NO 
ОН, 
ОН, 
ОН, 
С 
С.Н,О 
C3H,O 
C3H,O 
С.Н,О, 
С.Н,О, 
С.Н.Вг 
она 
C3H;ClO 
C3HsClO, 
СНЕ 
C,HN 
C3H;NO 
C3H6 
C3H6 
СНеВљ 
СНеВљ 
C4H&CL; 
C4H&CL; 


Name 


1,1-Difluoroethane 
Acetaldehyde 
Ethylene oxide 
Acetic acid 

Methyl formate 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Fluoroethane 
Iodoethane 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Nitroethane 

Ethane 
Dichlorodimethylsilane 
Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol 
Ethanethiol 
Dimethyl sulfide 
Dimethyl disulfide 
Ethylamine 
Dimethylamine 
Ethanolamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
Perfluoropropene 
Perfluoroacetone 
Perfluoropropane 
Cyanoacetylene 
2-Propynal 
3,3,3-Trifluoropropene 
2-Propenenitrile 
Oxazole 

Isoxazole 

Allene 

Propyne 
Cyclopropene 
Imidazole 

Propargyl alcohol 
Acrolein 
Cyclopropanone 
Propenoic acid 
2-Oxetanone 
3-Bromopropene 
3-Chloropropene 
Epichlorohydrin 
Methyl chloroacetate 
3-Fluoropropene 
Propanenitrile 
Acrylamide 

Propene 
Cyclopropane 
1,2-Dibromopropane 
1,3-Dibromopropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


(11.87) 
10.229 “0.0007 
10.56 +0.01 
10.65 +0.02 
10.835 40.005 
10.29 +0.01 
10.98 +0.02 
(10.5) 
(11.78) 
9.3492 “0.0006 
(9.5 50.3) 
9.65 £0.03 
9.83 £0.04 
10.88 £0.05 
11.56 +0.02 
(10.7) 

10.43 £0.05 
10.025 0.025 
9.10 £0.03 
10.16 

9.31 £0.03 
8.69 +0.02 
(7.4 £0.3) 
8.86 £0.02 
8.24 £0.08 
8.96 

(8.6) 

7.29 £0.05 
13.37 £0.01 
10.60 +0.03 
(11.57 £0.13) 
(13.38) 

11.64 £0.01 
(10.7 £0.1) 
(10.9) 

10.91 +0.01 
(9.9) 

(9.93) 

9.692 0.004 
10.37 £0.01 
9.67 50.01 
(8.81) 

10.49 +0.02 
10.103 +0.006 
(9.1 £0.1) 
10.60 

(9.70 £0.01) 
(9.96) 

10.04 +0.01 
(10.64) 
(10.3) 
(10.11) 

11.84 +0.02 
(9.5) 

9.73 50.02 
9.86 

(10.1) 

(< 10.2) 

10.8 50.1 
10.89 +0.04 


А; H, ion 
kJ/mol 


643 
821 
966 
595 
690 
931 
947 
756 
873 
893 
1044 
693 
760 
948 
1031 
576 
772 
783 
727 
593 
851 
801 
690 
808 
717 
664 
812 
787 
1597 
-103 
-282 
-491 
1475 
1145 
437 
1237 
940 
1038 
1126 
1187 
1209 
997 
1060 
900 
895 
701 
653 
1008 
965 
919 
575 
821 
1194 
720 
959 
1005 
903 
5919 
886 
892 


Mol. 
Form. 


С.Н,О 
C3H,O 
С.Н,О 
С.Н,О 
C3H,O 
С.Н,О 
С.Н,О» 
C4H40, 
С.Н,О, 
С.Н,О, 
C4H40, 
С.Н,Вг 
С.Н,Вг 
C3H,Cl 
Сања 
C,H;F 
СНЕ 
CHI 
CHI 
C;H;N 
Сын; 
Сын; 
СНО 
C;H;NO; 
C3H,NO, 
СН, 
С;Н;О 
С;Н;О 
С;Н;О 
С.Н,О, 
C3HgS 
С.Н,5 
C3HgS 
С.Н,ВО, 
C3H,CISi 
CHN 
C3HoN 
C;H;,N 
С.Н,ХО 
С.Н:О, 
САН, 
сн 
сн 
сн 
C4H40 
С.Н,О, 
С.Н,О, 
C4H40, 
C4H4S 
C,H4N 
CHN 
CHN 
C4Hg 
C4Hg 
C4Hg 
C4Hg 
C4Hg 
С,Н,О 
С,Н,О 
СНО 


Мате 


Allyl alcohol 
Methyl vinyl ether 
Propanal 

Acetone 
Methyloxirane 
Oxetane 

Propanoic acid 
Ethyl formate 
Methyl acetate 
1,3-Dioxolane 
1,3,5-Тпохапе 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
1-Fluoropropane 
2-Fluoropropane 
1-Iodopropane 
2-Iodopropane 
Allylamine 
Cyclopropylamine 
Propyleneimine 
N,N-Dimethylformamide 
1-Nitropropane 
2-Nitropropane 
Propane 

1-Propanol 
2-Propanol 

Ethyl methyl ether 
Dimethoxymethane 
1-Propanethiol 
2-Propanethiol 
Ethyl methyl sulfide 
Trimethyl borate 
Trimethylchlorosilane 
Propylamine 
Isopropylamine 
Trimethylamine 
3-Amino-1-propanol 
Maleic anhydride 
1-Вшеп-3-упе 
Succinonitrile 
Pyrimidine 
Pyridazine 

Furan 

Diketene 

Succinic anhydride 
Fumaric acid 
Thiophene 
Methylacrylonitrile 
Pyrrole 
Cyclopropanecarbonitrile 
1,2-Butadiene 
1,3-Butadiene 
1-Butyne 

2-Butyne 
Cyclobutene 
Divinyl ether 
trans-2-Butenal 
2-Methylpropenal 


10-190 


IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


9.67 £0.05 
8.95 £0.01 
9.96 +0.01 
9.703 +0.006 
(10.22) 

9.65 £0.01 
10.525 +0.003 
10.61 +0.01 
10.25 +0.02 
(9.9) 

(10.3) 

10.18 +0.01 
10.10 £0.03 
10.81 +0.01 
10.79 %0.02 
(11.3) 
(11.08) 

9.25 +0.01 
9.19 £0.02 
(8.76) 

(8.8) 

(9.0) 

(9.12) 
(10.81) 
(10.71) 

10.95 50.05 
10.18 +0.06 
10.17 +0.02 
9.72 £0.07 
9.7 

9.20 £0.01 
9.145 40.005 
(8.55) 

(10.0) 
(10.15) 
(8.78) 

(8.72) 

7.82 £0.06 
(9.0) 

(10.8) 

9.58 50.02 
(12.1 £0.25) 
9.23 

8.67 £0.03 
8.883 +0.003 
(9.6 £0.02) 
(10.6) 

(10.7) 

8.86 +0.02 
10.34 

8.207 +0.005 
(10.25) 
(9.03) 

9.082 +0.004 
10.19 +0.02 
9.59 £0.03 
9.43 50.02 
(8.7) 

9.73 £0.01 
(9.92) 


А; H, ion 
kJ/mol 


808 
763 
712 
719 
892 
851 
568 
639 
579 
658 
528 
898 
877 
911 
896 
806 
776 
860 
845 
891 
926 
960 
688 
919 
894 
952 
727 
709 
722 
588 
819 
806 
765 
65 
624 
777 
758 
731 
651 
645 
1230 
1377 
1087 
1112 
822 
736 
500 
355 
970 
1127 
900 
1173 
1034 
986 
1148 
1071 
1067 
827 
835 
834 


IONIZATION ENERGIES ОЕ СА5-РНА5Е MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 
С,Н,О Cyclobutanone (9.35 815 
С.Н,О, cis-Crotonic acid (10.08) 625 
С.Н,О, trans-Crotonic acid (9.9) 604 
С.Н,О, Methacrylic acid (10.15) 611 
С.Н,О, Vinyl acetate 9.19 50.05 572 
С.Н,О, Methyl acrylate (9.9) 641 
СНО; Acetic anhydride (10.0) 398 
С.Н,О, Dimethyl oxalate (10.0) 287 
С,Н,5 2,5-Dihydrothiophene (8.4) 898 
C4H;N Butanenitrile (11.2) 1110 
C,H;N 2-Methylpropanenitrile (11.3) 1115 
C,H,NO 2-Pyrrolidone (9.2) 674 
СН, 1-Вшепе 9.55 50.06 921 
СІҢ; cis-2-Butene 9.11 +0.01 871 
С.Н; trans-2-Butene 9.10 50.01 866 
C4Hg Isobutene 9.239 +0.003 875 
C4Hg Cyclobutane (9.82 50.05) 976 
С.Н; Methylcyclopropane (9.46) 936 
С.Н; Вт, 1,4-Dibromobutane (10.15) 879 
C4,H,0 Ethyl vinyl ether (8.98) 709 
C4,H,0 1,2-Epoxybutane (€ 10.15) 862 
С,Н,О Butanal 9.84 50.02 742 
С,Н,О Isobutanal 9.71 £0.01 721 
С,Н,О 2-Вшапопе 9.52 50.04 678 
С,Н,О Tetrahydrofuran 9.38 50.05 721 
С.Н,О, Butanoic acid 10.17 50.05 509 
С.Н,О, 2-Methylpropanoic acid 10.33 £0.03 516 
С.Н,О, Propyl formate 10.52 50.02 555 
С.Н,О, Ethyl acetate 10.01 +0.05 522 
С.Н,О, Methyl propanoate 10.15 £0.03 548 
С.Н,О, 1,3-Dioxane 9.8 607 
C4H0, 1,4-Dioxane 9.19 +0.01 571 
С,Н,О,5 Sulfolane (9.8) 577 
С,Н,5 Tetrahydrothiophene 8.38 774 
С.НоВг 1-Bromobutane (10.12) 869 
C,H Br 2-Bromobutane 10.01 +0.02 845 
C,H Br 1-Bromo-2-methylpropane 10.09 +0.02 861 
С.НоВг 2-Bromo-2-methylpropane 9.92 50.03 823 
С.НьС 1-Chlorobutane 10.67 £0.03 875 
С.Н 2-Chlorobutane 10.53 857 
С.Н 1-Chloro-2-methylpropane 10.73 £0.07 877 
C4HoCl 2-Chloro-2-methylpropane (10.61) 842 
СНУ 1-Iodobutane 9.23 “0.01 840 
С,Ны? 2-Iodobutane 9.10 50.02 815 
САНА 1-Iodo-2-methylpropane 9.19 50.01 824 
САНА 2-Iodo-2-methylpropane (9.02) 798 
СНМ Pyrrolidine (8.0) 769 
С,Н,ХО N,N-Dimethylacetamide 8.81 £0.03 616 
С,Н,МХО Morpholine (8.2) 841 
САН Butane 10.53 50.10 890 
САН Isobutane (10.57) 886 
СІН IO 1-Вшапо1 9.99 +0.05 689 
С.НюО 2-Butanol 9.88 50.03 658 
C4H0 2-Methyl-1-propanol 10.02 +0.04 683 
C4H0 2-Methyl-2-propanol 9.90 +0.02 642 
С,Н,6О Diethyl ether 9.51 £0.03 666 
С.НюО Methyl propyl ether 9.41 € 0.07 670 
С.НюО Isopropyl methyl ether 9.45 € 0.04 661 
СІН (0, Ethylene glycol monoethyl ether (9.6) 529 
С.Н |00; Ethylene glycol dimethyl ether (9.3) 558 
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Mol. 
Form. 


СІН |05 
CAS 
СІН |05 
СІН |05 
CHS 
СІН |05 
СІН |05 
СІН 5; 
CHN 
C,H, N 
C,H, N 
C,H,N 
CHN 
С;Н,,81 
СІН |5 
C;NiO, 
С.Н,О, 
C;H4N 
СН, 
СН, 
СН, 
СН, 
С-Н, 
С.Н,О 
С.Н,О 
С.Н,5 
С.Н,5 
СН, 
СН, 

С Ња 
CsHs 
CsHs 
CsHs 
CsHs 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О, 
С.Н,О, 
С.Н,О, 
C;H,NO 
СУН 
СУН 
СУН 
СУН 
СУН 
СУН 
СУН 
СНО 
СНО 
СНО 
С.Н,О 
СНО 
СНО 
СНО 
СН 00 
СН 00 
СН 00 
СН 00 
С5Н 00 


Мате 


1-Вшапе о! 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 

Methyl propyl sulfide 
Isopropyl methyl sulfide 
Diethyl disulfide 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Isobutylamine 
Diethylamine 
Tetramethylsilane 
Tetramethylstannane 
Nickel carbonyl 
Furfural 

Pyridine 

1-Penten-3-yne 
cis-3-Penten-1-yne 
trans-3-Penten-1-yne 
2-Methyl-1-buten-3-yne 
1,3-Cyclopentadiene 
2-Methylfuran 
3-Methylfuran 
2-Methylthiophene 
3-Methylthiophene 
cis-1,3-Pentadiene 
trans-1,3-Pentadiene 
1,4-Pentadiene 
2-Methyl-1,3-butadiene 
1-Pentyne 
Cyclopentene 
Spiropentane 
Cyclopropyl methyl ketone 
Cyclopentanone 
3,4-Dihydro-2H-pyran 
Ethyl acrylate 

Methyl methacrylate 
2,4-Pentanedione 
N-Methyl-2-pyrrolidone 
1-Pentene 

cis-2-Pentene 
trans-2-Pentene 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
Cyclopentane 
2,2-Dimethylpropanal 
Cyclopentanol 

Pentanal 

2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
Pentanoic acid 
3-Methylbutanoic acid 
Butyl formate 

Propyl acetate 
Isopropyl acetate 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


IP/eV 


9.14 +0.01 
(9.10) 
(9.12) 
(9.03) 
(8.43) 
(8.8) 

(8.7) 
(8.27) 

8.7 £0.1 
846 0.1 
8.46 50.1 
8.50 50.1 
7.85 £0.1 
9.80 +0.04 
8.89 +0.05 
8.27 £0.04 
9.22 +0.01 
9.25 

9.00 +0.01 
9.14 £0.04 
9.05 +0.01 
9.25 £0.02 
8.55 £0.02 
8.38 £0.02 
(8.64) 
(8.14) 
(8.40) 

8.63 +0.03 
8.59 £0.02 
9.60 +0.02 
8.84 +0.01 
10.10 +0.01 
9.01 £0.01 
(9.26) 

(< 9.46) 
9.26 +0.01 
8.35 £0.01 
(< 10.3) 
(9.7) 

8.85 +0.01 
(59.17) 
9.51 £0.01 
9.01 £0.03 
9.04 +0.01 
9.12 £0.01 
9.52 +0.01 
8.69 +0.01 
(10.33 +0.15) 
9.5] £0.01 
(9.72) 
9.74 £0.04 
9.38 +0.01 
9.31 £0.01 
9.30 £0.01 
9.25 £0.01 
(< 10.53) 
(€ 10.51) 
10.52 +0.02 
(< 9.92) 
9.99 +0.03 


А; Н; іоп 
kJ/mol 


794 
781 
783 
762 
730 
767 
749 
724 
748 
711 
695 
721 
684 
713 
837 
200 
739 
1031 
1119 
1137 
1128 
1152 
955 
729 
763 
867 
893 
914 
905 
1032 
928 
1119 
905 
1078 
796 
701 
681 
617 
589 
469 
<676 
896 
843 
841 
844 
891 
796 
918 
675 
695 
709 
646 
640 
635 
670 
5527 
< 499 
584 
501 
482 


Mol. 
Form. 


С-Н 0; 
С-Н (0; 
СН! 
С;Н Вг 
C5H,,1 
C;H,N 
C;H,N 
САН 
САН 
САН 
C5H,,0 
С.Н,О 
С.Н,:О 
С,Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С.Н,О 
С;Н 0 
С5Н pS 
СН pS 
СН 8 
С,В:Е, 
С<СІЕ; 
ССІ 

С 5 
CF 12 
СНЕ; 
С,НЕ-О 
CHF, 
CHF; 
CHF, 
C6H;Cl; 
C6H;Cl; 
С,Н,СЇМО, 
С,Н,СЇМО, 
СоН4СЬ 
СоН4СЬ 
СС 
СЊЕМО, 
CF, 
CHF 
CHF, 
С,Н,О, 
СеН;5Вг 
са 
С,Н.СО 
C&H5CIO 
CHF 
Сеня 
СИМО; 
C&H5NO, 
C&H5NO, 
C&H5NO, 
СН, 
СН, 
С,Н,СЇМХ 
С,Н,СЇМХ 
С,Н,СЇМХ 
С,Н,М:О, 


IONIZATION ENERGIES ОЕ СА5-РНА5Е MOLECULES (continued) 


Name 


Ethyl propanoate 
Methyl butanoate 
Thiacyclohexane 
1-Bromopentane 
1-Iodopentane 
Piperidine 
N-Methylpyrrolidine 
Pentane 

Isopentane 

Neopentane 

1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
Butyl methyl ether 
Methyl tert-butyl ether 
Ethyl propyl ether 
tert-Butyl methyl sulfide 
Ethyl propyl sulfide 
Ethyl isopropyl sulfide 
Bromopentafluorobenzene 
Chloropentafluorobenzene 
Hexachlorobenzene 
Hexafluorobenzene 
Perfluorocyclohexane 
Pentafluorobenzene 
Pentafluorophenol 
1,2,3,4- Tetrafluorobenzene 
1,2,3,5- Tetrafluorobenzene 
1,2,4,5- Tetrafluorobenzene 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
1-Fluoro-4-nitrobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Difluorobenzene 
p-Benzoquinone 
Bromobenzene 
Chlorobenzene 
m-Chlorophenol 
p-Chlorophenol 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 

Benzene 

Fulvene 

o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 
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IP/eV 


(10.00) 
(10.07) 
(8.2) 

10.10 +0.01 
9.20 50.01 
8.03 £0.11 
< 841 +0.02 
10.28 +0.10 
10.32 +0.05 
(< 10.2) 
(10.00) 
(9.78) 

9.78 

(9.86) 

(9.8) 

(9.88 £0.13) 
(9.4041) 
(9.24) 
(9.45) 
(8.38) 
(8.50) 
(8.35) 
(9.67) 
(9.72) 
(8.98) 

9.89 +0.04 
(13.2) 
(9.63) 
(9.20) 
(9.53) 
(9.53) 
(9.35) 
(9.04) 

9.32 +0.02 
(9.92 50.1) 
(9.96 0.1) 
9.06 +0.02 
9.10 £0.02 
8.92 +0.02 
(9.90) 

9.29 +0.01 
9.33 £0.01 
9.1589 0.0003 
10.01 +0.06 
9.00 +0.02 
9.07 +0.02 
8.655 0.001 
(< 8.69) 
9.20 0.01 
8.685 

9.86 +0.02 
(9.1) 

(9.0) 

(9.1) 


9.24378 +0.00007 


(8.36) 
(8.50) 
(8.09) 
(€ 8.18) 
(8.27) 


А; H, ion 
kJ/mol 


500 
520 
728 
846 
817 
726 
< 809 
845 
843 
<818 
668 
630 
628 
649 
615 
637 
648 
608 
640 
687 
716 


IONIZATION ENERGIES ОЕ GAS-PHASE MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 
C |H ,N,O, m-Nitroaniline (8.31) 865 
С,Н,М,О, p-Nitroaniline (8.34) 859 
CHO Phenol 8.49 +0.02 723 
СНО; p-Hydroquinone 7.94 50.01 503 
С,Н,5 Benzenethiol (8.32) 915 
СНМ Aniline 7.720 x 0.002 832 
C |H,N 2-Methylpyridine (9.02) 970 
СМ 3-Methylpyridine (9.04) 979 
CHN 4-Methylpyridine (9.04) 976 
С,Н,М, o-Phenylenediamine (7.2) 787 
С,Н,М, m-Phenylenediamine (7.14) 777 
С,Н,М, p-Phenylenediamine (6.87 £0.05) 759 
CoH 1,5-Hexadiene 9.27 £0.05 978 
СН о 1-Нехупе 10.03 +0.05 1089 
СН об 3,3-Dimethyl-1-butyne 9.90 50.04 1060 
CoH Cyclohexene 8.945 +0.01 859 
СЕН О Сус1оһехапопе 9.14 +0.01 656 
СеН О Mesityl oxide 9.10 50.01 694 
СНО Diethyl oxalate (9.8) 205 
Сен NO Caprolactam (9.07 +0.02) 629 
СЕН | 1-Нехепе 9.44 +0.04 869 
С6Ну, cis-2-Hexene (8.97 £0.01) 818 
С6Ну, trans-2-Hexene (8.97 50.01) 814 
С6Ну, 2-Methyl-1-pentene (9.08 50.01) 817 
C&H;; 4-Methyl-1-pentene 9.45 “0.01 862 
С6Ну, 2-Methyl-2-pentene (8.58) 761 
СН 4-Methyl-cis-2-pentene 8.98 £0.01 809 
СеН 4-Methyl-trans-2-pentene (8.97 50.01) 804 
С6Ну, 2-Ethyl-1-butene (9.06 +0.02) 818 
С6Ну, 2,3-Dimethyl-1-butene (9.07 £0.01) 812 
С6Ну, 2,3-Dimethyl-2-butene 8.27 £0.01 729 
СН Cyclohexane 9.86 £0.03 828 
С6Ну, Methylcyclopentane (9.85) 845 
СНО Нехапа! 9.72 50.05 691 
СНО 2-Нехапопе 9.3 50.1 626 
СНО 3-Нехапопе 9.12 50.02 600 
СНО 3-Methyl-2-pentanone 9.21 “0.01 600 
СНО 4-Methyl-2-pentanone 9.30 50.01 609 
СНО 2-Methyl-3-pentanone 9.10 50.01 592 
СНО 3,3-Dimethyl-2-butanone 9.12 50.02 589 
СНО Cyclohexanol (9.75) 651 
С<Н|:О; Hexanoic acid < 10.12 < 463 
С<Н|:0; Butyl acetate (9.92 5.05) 471 
С<Н|:0, sec-Butyl acetate 9.90 453 
СеН 0; Methyl 2,2-dimethylpropanoate (9.90 £0.04) 466 
СН, 1-Iodohexane 9.179 794 
С Нүх Cyclohexylamine (8.86) 750 
СН Нехапе 10.13 810 
С6Ни 2-Methylpentane (10.12) 802 
С6Ни 3-Methylpentane (10.08) 801 
С6Ни 2,2-Dimethylbutane (10.06) 787 
С6Ни 2,3-Dimethylbutane (10.02) 791 
СНО 1-Hexanol (9.89) 639 
СНО 2-Hexanol (9.80 £0.03) 611 
СНО 3-Нехапо! (9.63 £0.03) 599 
СНО Dipropyl ether (9.27) 602 
СНО Diisopropyl ether 9.20 50.05 569 
СНО Butyl ethyl ether (9.36) 610 
СНО Methyl pentyl ether (59.67) 5657 
С Ни О, 1,1-Diethoxyethane (9.2) 434 
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IONIZATION ENERGIES ОЕ СА5-РНА5Е MOLECULES (continued) 


Mol. Ac Hion 

Form. Name IP/eV kJ/mol 
C H, O; Diethylene glycol dimethyl ether <9.8 <448 
С,Н,,5 Dipropyl sulfide 8.30 £0.02 676 
СН 48 Diisopropyl sulfide (8.2 50.2) 649 
СНМ Hexylamine (8.63 50.05) 699 
СНМ Dipropylamine (7.84 £0.02) 641 
СНМ Diisopropylamine (7.73 £0.03) 602 
СНМ Triethylamine (7.50 =0.02) 631 
CeH,5NO, Triethanolamine (7.9) 206 
СЊЕ 2,3,4,5,6-Pentafluorotoluene (9.4) 64 
C;H;CIO Benzoyl chloride (9.53) 815 
C;HsCl, (Trichloromethyl)benzene (< 9.60) <914 
С5Н;Е; (Trifluoromethyl)benzene 9.685 X: 0.005 335 
C;H5N Benzonitrile 9.70 £0.01 1154 
СО Benzaldehyde 9.49 50.02 878 
СНО, Benzoic acid (9.3) 604 
C;H;Br p-Bromotoluene 8.67 £0.02 908 
C;H;Cl o-Chlorotoluene (8.7 £0.1) 856 
С,Н,С m-Chlorotoluene (8.83) 869 
С,Н,С p-Chlorotoluene (8.69) 855 
СНС (Chloromethyl)benzene 9.10 50.02 897 
C;H;F o-Fluorotoluene 8.91 £0.01 709 
C;H;F m-Fluorotoluene 8.91 +0.01 709 
C;H;F p-Fluorotoluene 8.79 £0.01 701 
C;H;NO Benzamide (9.25) 792 
С,Н,ХО, o-Nitrotoluene 9.24 946 
С,Н,ХО, m-Nitrotoluene 9.45 50.1 941 
С,Н,ХО, p-Nitrotoluene 9.46 +0.05 942 
СІН; Toluene 8.8276 x 0.0006 901 
СНО o-Cresol (8.24) 670 
СО m-Cresol 8.29 £0.07 668 
С,Н,О p-Cresol (8.3) 675 
С,Н,О Benzyl alcohol (8.3) 701 
СО Anisole 8.22 50.03 725 
C,H oN Benzylamine (8.64) 917 
C,H oN o-Methylaniline (7.44 £0.02) 772 
C,H oN m-Methylaniline (7.50 £0.02) 778 
С-НуМ p-Methylaniline (7.24 £0.02) 753 
C,H oN N-Methylaniline 7.34 £0.04 792 
C,H oN 2,3-Dimethylpyridine (8.85 +0.02) 922 
C,H oN 2,4-Dimethylpyridine (8.85 +0.03) 918 
C,H oN 2,5-Dimethylpyridine (< 8.80 £0.05) <916 
C,H oN 2,6-Dimethylpyridine 8.86 £0.03 913 
C,H oN 3,4-Dimethylpyridine (<9.15) <953 
C,H oN 3,5-Dimethylpyridine (€ 9.25) < 965 
C,H 00 Dicyclopropyl ketone (9.1) 1041 
СНА 1-Нерїепе 9.34 50.10 839 
Ста trans-3-Heptene (8.92) 790 
СІН, Cycloheptane 9.97 844 
СІН Methylcyclohexane 9.64 775 
СНА cis-1,2-Dimethylcyclopentane (9.92 +0.05) 828 
СНА trans-1,2-Dimethylcyclopentane 9.7 502 799 
СНО 1-Heptanal (9.65) 668 
С,Н,О 2-Нерїапопе 9.28 50.10 594 
С,Н,О 3-Heptanone 9.18 £0.08 589 
СНАО 4-Нергапопе 9.10 £0.06 277 
С,Н,О 5-Methyl-2-hexanone (9.28) 586 
С,Н,О 2,4-Dimethyl-3-pentanone 8.95 50.01 552 
С,Н,О 1-Methylcyclohexanol (9.8 X 0.2) 586 
С-Нь, Нерїапе 9.93 50.10 771 
СНО 1-Нерїапо! (9.84) 614 
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IONIZATION ENERGIES ОЕ GAS-PHASE MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 

СНО 2-Нерїапо! (9.70) 580 
С,Н,О 3-Heptanol (9.68) 578 
СНО 4-Нерїапо! (9.61) 572 
СНО Ethyl pentyl ether (< 9.49) <602 
С,Н,О, Phthalic anhydride (10.1) 603 
С,Н,О, Isophthalic acid (9.98) 268 
СНО; Terephthalic acid (9.86) 232 
СВМ 2-Methylbenzonitrile (€ 9.38) 1085 
СВ 3-Methylbenzonitrile (€ 9.34) 1085 
Са 4-Methylbenzonitrile 9.32 € 0.02 1083 
СМ Indole 7.7602 30.0006 908 
СұНұ Styrene 8.464 +0.001 964 
С,Н,О p-Tolualdehyde (9.33) 825 
С,Н,О Acetophenone 9.29 50.03 810 
С,Н,О, о-ТоШіс acid (9.1) 558 
С,Н,О, m-Toluic acid (9.43) 579 
С,Н,О, p-Toluic acid (9.23) 560 
С,Н,О, Benzeneacetic acid (8.26) 479 
С,Н,О, Methyl benzoate 9.32 50.03 611 
СұН 0 Ethylbenzene 8.77 £0.01 876 
СН o-Xylene 8.56 +0.01 844 
СНо m-Xylene 8.56 £0.01 843 
СНо р-Ху!епе 8.44 +0.01 832 
СНО p-Ethylphenol (7.84) 613 
СНО 2,3-Ху!епо! (8.26) 640 
СНО 2,4-Xylenol (8.0) 609 
СН О 2,6-Xylenol (8.05) 615 
СН О 3,4-Xylenol (8.09) 624 
СНО Phenetole (8.13) 683 
СНМ 2,4,6-Trimethylpyridine (< 8.9) < 880 
СНМ N-Ethylaniline (€ 7.67) < 794 
CHN N,N-Dimethylaniline 7.12 +0.02 787 
С,Ни 1-Octyne (9.95 £0.02) 1040 
СН 2-Octyne 9.31 +0.01 961 
СН 3-Осїупе 9.22 +0.01 952 
С,Ни 4-Octyne 9.20 50.01 946 
С,Нь, 1-Осїепе 9.43 “0.01 829 
СаН 6 Cyclooctane 9.75 £0.05 816 
С,Нь, Ethylcyclohexane (9.54) 748 
С,Нь, 1,1-Dimethylcyclohexane (9.42) 728 
С,Нь, cis-1,2-Dimethylcyclohexane («9.78) 772 
СұН 6 trans-1,2-Dimethylcyclohexane 9.41 728 
С,Нь, cis-1,3-Dimethylcyclohexane («9.98) 778 
СУН trans-1,3-Dimethylcyclohexane 9.53 743 
С,Нь, cis-1,4-Dimethylcyclohexane (<9.93) 782 
СН trans-1,4-Dimethylcyclohexane (9.56) 738 
С,Нь, Propylcyclopentane (9.34) 753 
С,Н,О 2,2,4-Trimethyl-3-pentanone (8.80) 211 
СА | Octane 9.80 £0.10 737 
CgH jg 2-Methylheptane (9.84) 734 
СН 2,2,4-Trimethylpentane (9.86) 713 
CgH jg 2,2,3,3-Tetramethylbutane 9.8 720 
С,Н,О Dibutyl ether (9.28) s 560 
СНО Di-sec-butyl ether (9.11) 511 
СұНО Di-tert-butyl ether 8.88 £0.07 493 
С,Н,, 5 Dibutyl sulfide (8.2) 624 
С,Н,, 5 Di-tert-butyl sulfide (8.0) 583 
С,Н,, 5 Diisobutyl sulfide (8.34) 625 
CHiN Dibutylamine (7.69) 586 
СНом Diisobutylamine (7.8) 574 
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IONIZATION ENERGIES ОЕ СА5-РНА5Е MOLECULES (continued) 


Mol. Ac Hion 
Form. Name IP/eV kJ/mol 

CsH>oSi Tetraethylsilane (8.9) 595 
СНМ Quinoline 8.62 £0.01 1041 
Сон Isoquinoline 8.53 £0.03 1032 
CoHg Indene 8.14 +0.01 949 
CoH io o-Methylstyrene (8.20) 908 
CoH 9 m-Methylstyrene (8.15) 899 
СН p-Methylstyrene (8.1) 895 
СУН Cyclopropylbenzene (8.35) 956 
СУН Indan (8.3) 864 
CoH oO; Ethyl benzoate (8.9) 537 
СЫН, Propylbenzene 8.713 £0.010 848 
СоНр Isopropylbenzene 8.73 £0.01 847 
СоНр 1,2,3- Trimethylbenzene 8.42 +0.02 803 
СЫН, 1,2,4-Trimethylbenzene 8.27 £0.01 784 
СоНр 1,3,5- Trimethylbenzene 8.41 +0.01 796 
СОН N N,N-Dimethyl-o-toluidine 7.40 £0.02 814 
СНО Isophorone (59.07) < 670 
САН а Butylcyclopentane (9.95) 793 
CoH jg Propylcyclohexane (9.46) 720 
CoH jg Isopropylcyclohexane (9.33) 704 
СоНзО 2-Мопапопе (9.16) 545 
СоНзО 5-Мопапопе (9.07) 530 
СНО 2,6-Dimethyl-4-heptanone 9.01 50.06 512 
СУН» Мопапе 9.71 £0.10 709 
Су, Perfluoronaphthalene 8.85 -368 
С,уН,Вг 1-Bromonaphthalene 8.08 £0.03 955 
Суња 1-Chloronaphthalene (8.13) 906 
Соба Naphthalene 8.1442 € 0.0009 936 
Сүн, Azulene 7.38 50.05 1001 
С,уН,О 1-Naphthol 7.76 £0.03 719 
СоНзО 2-Naphthol 7.87 50.06 729 
Cj oH 904 Dimethyl phthalate (9.64 £0.07) 277 
СН» 1,2,3,4- Tetrahydronaphthalene 8.46 +0.02 841 
СН Butylbenzene 8.69 +0.02 826 
(6771:177 sec-Butylbenzene 8.68 +0.02 820 
СН tert-Butylbenzene 8.68 £0.05 816 
СН Isobutylbenzene 8.69 £0.02 817 
СН р-Сушепе (8.29) 771 
СН o-Diethylbenzene (€ 8.51) <804 
СН m-Diethylbenzene (8.49) 798 
СоНа p-Diethylbenzene (8.40) 790 
СН 1,2,4,5- Tetramethylbenzene 8.04 +0.02 730 
СНО p-tert-Butylphenol (7.8) 552 
СН о-Ріпепе (8.07) 808 
СНО Camphor (8.76) 577 
СН» cis-Decahydronaphthalene 9.36 50.04 734 
СН» trans-Decahydronaphthalene 9.34 € 0.04 720 
СН 1-Decene 9.42 € 0.05 786 
СН Butylcyclohexane (9.41) 695 
Сун» Песапе (9.65) 682 
СИН 1-Methylnaphthalene 7.97 50.03 882 
СН 2-Methylnaphthalene 7.91 £0.08 877 
С.Н p-tert-Butyltoluene (8.12) 730 
СН Undecane (9.56) 650 
СН 2-Methyldecane (9.7) 658 
С.Н; Acenaphthylene (8.22) 1053 
СНМ Carbazole (7.57) 961 
СН Acenaphthene 7.75 £0.07 903 
СН Вірһепуі 8.23 50.10 977 
С,,Н,М:0 trans-Azoxybenzene (8.1) 1123 
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Mol. 


Form. 


СНО 
СНМ 
СН 
СН 
Сон» 
СН 
СН 
C)3H о 
СН) 
С.Н 0 
С.Н 0 
СН 
СН 
СН 
СаНа 
С, Но 
С, Но 
emm 
Сана 
Сана 
Сана 
Сон 12 
СН 


Мате 


Diphenyl ether 
Diphenylamine 
5,7-Dodecadiyne 
Hexamethylbenzene 


Cyclohexylcyclohexane 


Tributylamine 
9H-Fluorene 
Benzophenone 
Diphenylmethane 
Anthracene 
Phenanthrene 
Diphenylacetylene 
cis-Stilbene 
trans-Stilbene 
1,2-Diphenylethane 
Fluoranthene 
Pyrene 

Chrysene 
o-Terphenyl 
m-Terphenyl 
p-Terphenyl 
Perylene 
Coronene 
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IONIZATION ENERGIES OF GAS-PHASE MOLECULES (continued) 


ТР/еУ 


(8.09) 

7.16 +0.04 
(8.67) 

7.85 +0.01 
(9.41) 

(7.4) 

7.91 +0.02 
9.08 +0.05 
(8.55) 

7.439 € 0.006 
7.8914 +0.0006 
7.94 +0.03 
(7.80) 

7.656 € 0.001 
8.9 50.1 

7.9 50.1 
7.4256 +0.0006 
7.60 +0.01 
(7.99) 

(8.01) 

7.80 50.03 
6.960 +0.001 
7.29 +0.01 


А; Н; іоп 
kJ/mol 


766 
908 
1079 
670 
690 
492 
952 
926 
963 
948 
966 
1168 
1005 
973 
1002 
1052 
935 
1017 
1056 
1057 
1037 
981 
1026 


X-RAY ATOMIC ENERGY LEVELS 


The energy levels in this tables are the values recommended by Bearden and Burr on the basis of a thorough review of the literature on x-ray 
wavelengths and related data. All values are in electron volts (eV). Values in parentheses are interpolated, and an asterisk * indicates a level which 
is not resolved from the level above it. See Reference | for uncertainties in the levels and a complete description of how the recommended values were 
obtained. 


REFERENCES 
1. Bearden, J. A., and Burr, А. Е., Rev. Mod. Phys., 39, 125, 1967; also published as X-Ray Wavelengths and X-Ray Atomic Energy Levels, Natl. 


Stand. Ref. Data Sys.- Natl. Bur. Standards (U.S.), No. 14, 1967. 
2. Gray, D. E., Editor, American Institute of Physics Handbook, Third Edition, pp. 7-158 to 7-167, McGraw-Hill, New York, 1972. 


Level ІН 2Не 3Li 4Ве 5В “С 7N 80 
K 13.59811 24.58678 54.75 111.0 188.0 283.8 401.6 532.0 
L, 237 
Lii 47 6.4 9.2 74 

Level oF 10Ne пМа Mg ІЗДІ б 15р 166 
K 685.4 866.9 1072.1 1305.0 1559.6 1838.9 2145.5 2472.0 
Li (31) (45) 63.3 89.4 117.7 148.7 189.3 229.2 
En 8.6 18.3 311 514 73.1 99.2 1322 164.8 

Level UC] 184г РК 20Са 21Sc 2275 By 24Ст 
K 2822.4 3202.9 3607.4 4038.1 4492.8 4966.4 5465.1 5989.2 
Li 270.2 320 377.1 437.8 500.4 563.7 628.2 694.6 
Lg 201.6 247.3 296.3 350.0 406.7 461.5 520.5 583.7 
Li 200.0 245.2 293.6 346.4 402.2 455.5 512.9 574.5 
М 17.5 25.3 33.9 43.7 53.8 60.3 66.5 74.1 
Mim 6.8 12.4 17.8 254 32.3 34.6 378 42.5 
Муу 6.6 37 22 23 

Level ?5Mn Ге 27Со 28Ni 2Cu 307 31Ga 2Ge 
K 6539.0 7112.0 7708.9 8332.8 8978.9 9658.6 10367.1 11103.1 
Li 769.0 846.1 925.6 1008.1 1096.1 1193.6 1297.7 1414.3 
Ly 651.4 721.1 793.6 871.9 951.0 1042.8 1142.3 1247.8 
Lin 640.3 708.1 778.6 854.7 931.1 1019.7 1115.4 1216.7 
Mj 83.9 92.9 100.7 111.8 119.8 135.9 158.1 180.0 
Мп 48.6 54.0 59.5 68.1 73.6 86.6 106.8 127.9 
М 48.6* 54.0* 59.5* 68.1* 73.6* 86.6* 102.9 120.8 
Муу 33 3.6 2.9 3.6 1.6 84 174 28.7 

Level 33As MSe 35Br 36Kr 37Rb 38Sr зү 407г 
K 11866.7 12657.8 13473.7 14325.6 15199.7 16104.6 17038.4 17997.6 
Li 1526.5 1653.9 1782.0 1921.0 2065.1 2216.3 2372.5 2531.6 
Ly 1358.6 1476.2 1596.0 1727.2 1863.9 2006.8 2155.5 2306.7 
Li 1323.1 1435.8 1549.9 1674.9 1804.4 1939.6 2080.0 2222.3 
Mj 203.5 231.5 256.5 322.1 357.5 393.6 430.3 
Мп 146.4 168.2 189.3 2227 247.4 279.8 312.4 344.2 
Ми 140.5 161.9 181.5 213.8 238.5 269.1 300.3 330.5 
My 41.2 56.7 70.1 88.9 111.8 135.0 159.6 182.4 
My 41.25 56.75 69.0 88.05 110.3 133.1 157.4 180.0 
М 27.3 24.0 29.3 37.7 45.4 51.3 
Ng 2,5 5.6 52 10.6 14.8 19.9 25.6 28.7 
Nm 2,5% 5.6* 4.6 10.6* 14.0 19.9* 25.6" 28.75 
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4INb 


18985.6 
2697.7 
2464.7 
2370.5 

468.4 
378.4 
363.0 
207.4 
204.6 
58.1 
33.9 
33.9* 
32 


49m 


277939.9 
4237.5 
3938.0 
3730.1 

825.6 
702.2 
664.3 
450.8 
443.1 
121.9 
77.4 
77.4% 
16.2 
16.2% 
0.1 
0.8 
0.8* 


‘La 


38924.6 
6266.3 
5890.6 
5482.7 
1361.3 
1204.4 
1123.4 

848.5 
831.7 
270.4 
205.8 
191.4 

98.9 


32.3 
14.4 


65Tb 


51995.7 
8708.0 
8251.6 
7514.0 
1967.5 


X-RAY ATOMIC ENERGY LEVELS (continued) 


42Мо 


19999.5 
2865.5 
2625.1 
2520.2 

504.6 
409.7 
392.3 
230.3 
221.0 

61.8 

34.8 


34.8* 


1.8 
506 


29200.1 
4464.7 
4156.1 
3928.8 

883.8 
756.4 
714.4 
493.3 
484.8 
136.5 
88.6 
88.6% 
23.9 
23.9% 
0.9 
11 
1.1* 


58Ce 


40443.0 
6548.8 
6164.2 
5723.4 
1434.6 
1272.8 
1185.4 

901.3 
883.3 
289.6 
223.3 
207.2 
110.0 
0.1 
37.8 
19.8 


66py 


53788.5 
9045.8 
8580.6 
7790.1 
2046.8 


43Те 


21044.0 
3042.5 
2793.2 
2676.9 


444.9 
425.0 
256.4 
252.9 


38.9 


38.9* 


516, 


304912 
4698.3 
4380.4 
41322 

943.7 
811.9 
765.6 
536.9 
527.5 
152.0 
98.4 
98.4* 
31.4 
31.4* 
6.7 
2.1 
2.1* 


59pr 


41990.6 
6834.8 
6440.4 
5964.3 
1511.0 
1337.4 
1242.2 

951.1 
931.0 
304.5 
236.3 
217.6 
1132 
2.0 
37.4 
22.3 


67Но 


55617.7 
9394.2 
8917.8 
8071.1 
2128.3 


“Ru 


22117.2 
3224.0 
2966.9 
2837.9 

585.0 
482.8 
460.6 
283.6 
279.4 
74.9 
43.1 
43.1* 
2.0 


52Te 


31813.8 
4939.2 
4612.0 
4341.4 
1006.0 

869.7 
818.7 
582.5 
572.1 
168.3 
110.2 
110.2* 
39.8 
39.8* 
11.6 
2.3 
2,3% 


60Nd 


43568.9 
7126.0 
6721.5 
6207.9 
1575.3 
1402.8 
1297.4 

999.9 
977.7 
315.2 
243.3 
224.6 
117.5 
1.5 
37.5 
21.1 


68Er 


57485.5 
9751.3 
9264.3 
8357.9 
2206.5 
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45 Rh 


23219.9 
3411.9 
3146.1 
3003.8 

627.1 
521.0 
496.2 
311.7 
307.0 
81.0 
47.9 
47.9* 
2:5 


53] 


33169.4 
5188.1 
4852.1 
4557.1 
1072.1 

930.5 
874.6 
631.3 
619.4 
186.4 
122.7 
122.7* 
49.6 
49.6* 
13.6 
3.3 
335 


ӨР 


45184.0 
7427.9 
7012.8 
6459.3 


1471.4 
1356.9 
1051.5 
1026.9 


242 
242% 
120.4 


Tm 


59389.6 
10115.7 
9616.9 
8648.0 
2306.8 


46pg 


24350.3 
3604.3 
3330.3 
3173.3 

669.9 
559.1 
531.5 
340.0 
334.7 

86.4 

51.1 


51.1* 


1.5 


54Хе 


34561.4 
5452.8 
5103.7 
4782.2 


999.0 
937.0 


672.3 


146.7 
146.7* 


625 


46834.2 
7736.8 
7311.8 
6716.2 
1722.8 
1540.7 
1419.8 
1106.0 
1080.2 

345.7 
265.6 
247.4 
129.0 
2:9 
37.4 
21.3 


туђ 


61332.3 
10486.4 
9978.2 
8943.6 
2398.1 


TAg 


25514.0 
3805.8 
3523.7 
3351.1 

717.5 
602.4 
571.4 
372.8 
366.7 
95.2 
62.6 
55.9 
3.3 


55Cs 


35984.6 
5714.3 
5359.4 
5011.9 
1217.1 
1065.0 

997.6 
739.5 
725.5 
230.8 
172.3 
161.6 
78.8 
76.5 
22.7 
13.1 
11.4 


63Eu 


48519.0 
8052.0 
7617.1 
6976.9 
1800.0 
1613.9 
1480.6 
1160.6 
1130.9 

360.2 
283.9 
256.6 
133.2 
0.0 
31.8 
22.0 


“Lu 


63313.8 
10870.4 
10348.6 
9244.1 
2491.2 


аса 


26711.2 
4018.0 
3727.0 
3537.5 

770.2 
650.7 
616.5 
410.5 
403.7 
107.6 
66.9 
66.9* 
9.3 


56Ba 


37440.6 
5988.8 
5623.6 
5247.0 
1292.8 
1136.7 
1062.2 

796.1 
780.7 
253.0 
191.8 
179.7 
92.5 
89.9 
39.1 
16.6 
14.6 


“Gd 


50239.1 
8375.6 
7930.3 
7242.8 
1880.8 
1688.3 
1544.0 
1217.2 
1185.2 

375.8 
288.5 
270.9 
140.5 
0.1 
36.1 
20.3 


THE 


65350.8 
11270.7 
10739.4 
9560.7 
2600.9 


65Tb 


1767.7 
1611.3 
1275.0 
1241.2 
397.9 
310.2 
385.0 
147.0 
147.0* 
2.6 
39.0 
25.4 
25.4* 


73Та 


67416.4 
11681.5 
11136.1 
9881.1 
2708.0 
2468.7 
2194.0 
1793.2 
1735.1 
565.5 
464.8 
404.5 
241.3 
229.3 
25.0 

25.0* 
71.1 
44.9 
36.4 
5.7 


81Т1 


855304 
15346.7 
14697.9 
12657.5 
3704.1 
3415.7 
2956.6 
2485.1 
2389.3 
845.5 
721.3 
609.0 
406.6 
386.2 
122.8 
118.5 
136.3 
99.6 
75.4 
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66ру 


1841.8 
1675.6 
1332.5 
1294.9 
416.3 
331.8 
292.9 
154.2 
154.2* 
42 
62.9 
26.3 
26.3% 


тауу 


69525.0 
12099.8 
11544.0 
10206.8 
2819.6 
2574.9 
2281.0 
1871.6 
1809.2 
595.0 
491.6 
425.3 
258.8 
245.4 
36.5 
33.6 
774 
46.8 
35.6 
6.1 


8грр 


88004.5 
15860.8 
15200.0 
13035.2 
3850.7 
3554.2 
3066.4 
2585.6 
2484.0 
893.6 
763.9 
644.5 
435.2 
412.9 
142.9 
138.1 
147.3 
104.8 
86.0 


67Но 


1922.8 
1741.2 
1391.5 
1351.4 
435.7 
343.5 
306.6 
161.0 
161.0% 
3.7 
51.2 
20.3 
20.3* 


75Re 


71676.4 
12526.7 
11958.7 
10535.3 
2931.7 
2681.6 
2367.3 
1948.9 
1882.9 
625.0 
517.9 
444.4 
273.7 
260.2 
40.6 

40.6* 
82.8 
45.6 
34.6 
3.5 


83Bi 


90525.9 
16387.5 
15711.1 
13418.6 
3999.1 
3696.3 
3176.9 
2687.6 
2579.6 
938.2 
805.3 
678.9 
463.6 
440.0 
161.9 
157.4 
159.3 
116.8 
92.8 


68Er 


2005.8 
1811.8 
1453.3 
1409.3 
449.1 
366.2 
320.0 
176.7 
167.6 
4.3 
59.8 
29.4 
29.4* 


7605 


73870.8 
12968.0 
12385.0 
10870.9 
3048.5 
2792.2 
2457.2 
2030.8 
1960.1 
654.3 
546.5 
468.2 
289.4 
272.8 
46.3 
46.3* 
83.7 
58.0 
45.4 


заро 


93105.0 
16939.3 
16244.3 
13813.8 
4149.4 
3854.1 
3301.9 
2798.0 
2683.0 
995.3 
851 
705 
500.2 
473.4 


10-198 


69'Tm 


2089.8 
1884.5 
1514.6 
1467.7 
471.7 
385.9 
336.6 
179.6 
179.6* 
5.3 
532 
32.3 
32,3% 


Tr 


76111.0 
13418.5 
12824.1 
11215.2 
3173.7 
2908.7 
2550.7 
2116.1 
2040.4 
690.1 
577.1 
494.3 
311.4 
294.9 
63.4 
60.5 
95.2 
63.0 
50.5 
3.8 


85At 


95729.9 
17493 
16784.7 
14213.5 
(4317) 
4008 
3426 
2908.7 
2786.7 
(1042) 
886 
740 
533.2 


туђ 


2173.0 
1949.8 
1576.3 
1527.8 
487.2 
396.7 
343.5 
198.1 
184.9 
6.3 
54.1 
23.4 


23.4* 


78pt 


8394.8 
13879.9 
13272.6 
11563.7 
3296.0 
3026.5 
2645.4 
2201.9 
2121.6 
722.0 
609.2 
519.0 
330.8 
313.3 
74.3 
71.1 
101.7 
65.3 
51.7 
2. 


86 үү 


98404 
18049 
17337.1 
14619.4 
(4482) 
4159 
3538 
3021.5 
2892.4 
(1097) 
929 
768 
566.6 


Пра 


2263.5 
2023.6 
1639.4 
1588.5 
506.2 
410.1 
359.3 
204.8 
195.0 
6.9 
56.8 
28.0 
28.0% 


ТАЏ 


80724.9 
14352.8 
13733.6 
11918.7 
3424.9 
3147.8 
2743.0 
2291.1 
2205.7 
758.8 
643.7 
545.4 
352.0 
333.9 
86.4 
82.8 
107.8 
71.7 
53.7 
2.5 


87Ер 


101137 
18639 
17906.5 
150312 
(4652) 

4327 
3663 
3136.2 
2999.9 
(1153) 
980 
810 
603.3 
577 


7Hf 


2365.4 
2107.6 
1716.4 
1661.7 
538.1 
437.0 
380.4 
223.8 
213.7 
17.1 
64.9 
38.1 
30.6 


8 Hg 


83102.3 
14839.3 
14208.7 
12283.9 
3561.6 
3278.5 
2847.1 
2384.9 
2294.9 
800.3 
676.9 
571.0 
378.3 
359.8 
102.2 
98.5 
120.3 
80.5 
57.6 
6.4 


88Ra 


103921.9 
19236.7 
18484.3 
15444.4 

4822.0 
4489.5 
3791.8 
3248.4 
3104.9 
1208.4 
1057.6 
879.1 
635.9 
602.7 
298.9 
298.9* 
254.4 
200.4 
152.8 


Level 


Oy 
Оу 
Р, 
Риш 


Level 


81T] 


15.3 
13.1 


Ас 


106755.3 
19840 
19083.2 
15871.0 
(5002) 

4656 
3909 
3370.2 
3219.0 
(1269) 
1080 
890 
674.9 


ШЧ 


131590 
25275 
24385 
19452 

6556 
6147 
4977 
4366 
4132 
1755 
1554 
1235 

398 
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8грр 


21.8 
19.2 
3.1 
0.7 


90Th 


109650.9 
20472.1 
19693.2 
16300.3 

5182.3 
4830.4 
4046.1 
3490.8 
3332.0 
1329.5 
1168.2 
967.3 
714.1 
676.4 
344.4 
335.2 
290.2 
229.4 
181.8 
94.3 
87.9 
59.5 
49.0 
43.0 


%Cf 


135960 
26110 
25250 
19930 

6754 
6359 
5109 
4497 
4253 
1799 
1616 
1279 

419 


83pi 


26.5 
24.4 


2.7 


Эра 


112601.4 
21104.6 
20313.7 
16733.1 

5366.9 
5000.9 
4173.8 
3611.2 
3441.8 
1387.1 
1224.3 
1006.7 
743.4 
708.2 
371.2 
359.5 
309.6 
222.9 
222.9* 
94.1 
94.1* 


%Е< 


139490 
26900 
26020 
20410 

6977 
6574 
5252 
4630 
4374 
1868 
1680 
1321 

435 


заро 


31.4 
31.4* 


921) 


115606.1 
21757.4 
20947.6 
17166.3 

5548.0 
5182.2 
4303.4 
3727.6 
3551.7 
1440.8 
1272.6 
1044.9 
780.4 
331 
391.3 
380.9 
323.7 
259.3 
195.1 
105.0 
96.3 
70.7 
42.3 
32.3 


100Fm 


143090 
27100 
26810 
20900 

7205 
6793 
5397 
4766 
4498 
1937 
1747 
1366 

454 
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85At 


93Np 


118678 
22426.8 
21600.5 
17610.0 

5723.2 
5366.2 
4434.7 
3850.3 
3665.8 
1500.7 
1327.7 
1086.8 
815.9 
710.3 
415.0 
404.4 


283.4 
206.1 
109.3 
101.3 


тама 


146780 
28530 
27610 
21390 

7441 
7019 
5546 
4903 
4622 
2010 
1814 
1410 

472 


86Rn 


94pu 


121818 
23097.2 
22266.2 
18056.8 

5932.9 
5541.2 
4556.6 
3972.6 
3778.1 
1558.6 
1372.1 
1114.8 
848.9 
801.4 
445.8 
432.4 
351.9 
274.1 
206.5 
116.0 
105.4 


102No 


150540 
29380 
28440 
21880 

7675 
7245 
5688 
5037 
4741 
2078 
1876 
1448 

484 


87Fr 


95Am 


125027 
23772.9 
22944.0 
18504.1 

6120.5 
5710.2 
4667.0 
4092.1 
3886.9 
1617.1 
1411.8 
(1135.7) 
878.7 
827.6 


115.8 
103.3 


103 г 


154380 
30240 
29280 
22360 

7900 
7460 
5710 
5150 
4860 
2140 
1930 
1480 

490 


88Ra 


67.2 
67.2* 
43.5 
18.8 


Ст 


128220 
24460 
23779 
18930 

6288 
5895 
4797 
4227 
3971 
1643 
1440 
1154 
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ELECTRON BINDING ENERGIES ОЕ THE ELEMENTS 


Gwyn P. Williams 


This table gives the binding energies in electron volts (eV) for selected electronic levels of the elements. For metallic elements the binding energy 
is referred to the Fermi level; for semiconductors, to the valence band maximum; and for gases and insulators, to the vacuum level. The atomic number 
is listed after the element name. 


REFERENCES 
1. Fluggle and Martensson, J. Elect. Spect., 21, 275, 1980. 


2. Cardona, M. and Ley, L., Photoemission from Solids, Springer Verlag, Heidelberg, 1978. 
3. Bearden, J. A. and Burr, A. F., Rev. Mod. Phys., 39, 125, 1967. 


Actinium (89) Argon (18) LIII Орау 5247 LI 2s 17824 
K 15 106755 К 18 3205.92 MI 3s 129324 LII 2pip 15964 
LI 2s 19840 LI 2s 326.38 MIL 3pip 113724 L III 2рзо 1550? 
LI рр 19083 LI in 250.68 МШ Зрзр 106324 MI 3s 2578 
L III 2рзр 15871 LIII 2pap 248 4a MIV 34, 795.7а МП 3pip 1894 
МІ 25 5002 МІ 38 29.34 МУ 345, йг МШ Зрзр 1822 
MII 3Pip 4656 MIL 3pio 15.98 NI 4s 253.5 MIV 34, 16 
мш СЭР 3909 ХИЙ Зра 15:58 NII 4pip 192 MV 3452 69 
МІУ 30 3370 МШ арз» 178.6 
b + 
МУ 34; 3219 Arsenic (33) NIV 443 ae Cadmium (48) 
NI 48 12694 K 15 11867 МУ 4452 89.9 K 18 26711 
МП 4 10804 : а | МУ “5 = LI 2s 4018 
Риг LI 2s 1527.0% 
МШ 4р 8904 а | МУП 4£p = LII 2рүр 3727 
3/2 LII 2pip 1359.1 ОЛ : d 

NIV 44у» 6752 ad 5 . ІШ Ор» 3538 

LI 2psp 1323.6 ОЛ 5 19:09 
МУ 44; 6394 МІ 3s 204.78 Pin Ud MI 3s 772.09 
N VI Af) 3198 MII a 146.28 ош 5рзо 14.8 MII 3pip 652.6? 
МУП 46 3194 МШ Зра 145» : МШ Зрзр 618.49 
921 58 2728 MIV 34, 41 та Вегу ит (4) МІУ 34 411.95 
ОП 5р» 2154 MY 345 i K 18 111.52 МУ 3452 405.25 
ош Spip 1674 : МІ 48 109.8 
ОТУ 543» 804 Astatine (85) Bismuth (83) NII Ар; 63.95 
ОУ 545, 80: к 15 95730 K 18 90526 МШ 4рзр 63.95% 
РІ 6s — i = idi LI 2s 16388 NIV 4432 11.79 
РП бр» = ҮЛ эт 16785 LII 2pip 15711 NV 445, 10.79 
БИЕ. bn = LI Ор) 14214 LIT 2р 13419 . 

Mi d: 4317 MI 3s 3999 Calcium (20) 
Aluminum (13) МЇ Зр 4008 MII 3pip 3696 K 18 4098.5» 
K Is 1559.0 МЛ aho 3426 M III Зрзр 3177 LI 2s 438.45 
LI 2 117 88 МУ За» 2909 MIV За» 2688 LII 2pip 349.7 
LII piz 72.92 MV 3а» 2787 МУ 34; 2580 LIII Орау 346.25 
LI 2pap 72.54 NI 4s 10424 МІ 48 9399 МІ 38 44.35 

NT Ais Яав NII 4pip 805.25 MII 3pip 25.4 
Antimony (51) NII ёр 7408 МШ. раз 6788 | МШ — 3py 25.4 
к is 30419 ME WEE |200) л 
LI 2s 4698 NV 4455 5078 N v 2 Ын Carbon (6) 
LU 2р 4380 NVI 45 210^ цал 4 1629. K 15 а 
L III 2рзр 4132 МУП 45 210% ч ын ae es 
MI 3s 946> О1 58 1954 UE Spi ioe Cerium (58) 
МП 3pip 8127 ОП 5pip 148% ОШ S. 926 к 15 40443 
МШ Зрзр 766.4^ ош 5psp 1154 ОТУ 54.2 26.9» LI 2s 6548 
MIV Заз» 537.55 ОТУ 5442 408 оу 54: 23 8b LII 2pip 6164 
MV За; pes ОУ 54; 404 : L III 2рзр 5723 
МШ dpi 956" | Barium (56) Boron (5) MI 3p 127444 

а 12 

NII Фу 956 | K Is 37441 K 18 188 МШ 3р3 118754 
NIV 4435 33.39 1:1 28 5989 Bromine (35) МІУ Заз» 902.44 
МУ 44у, 321^ | Lm 2рір 5624 к 18 13474 MV зау 883.8 


МІ 48 
МП 4р2 
МШ Ару» 
NIV 4435 
МУ 44; 
МУІ 465 
NVI 46, 
ОТ 5$ 
ОП 5pip 
ош Spa 
Cesium (55) 
K 18 
LI 2s 
LII 2pip 
ІШ 2psp 
MI 3s 
MII Зр 
мш Зрз» 
МІУ 34, 
МУ 3%) 
МІ 48 
МП 4р 
МШ 4рур 
NIV 44у» 
МУ 4%, 
МУІ 4» 
МУП 45 
OI 5s 
ОП 5pip 
ош Spip 
Chlorine (17) 
K 18 
LI 2s 
LI 2pip 
ІШ Ср 
Chromium(24) 
K 18 
LI 2s 
LII 2pip 
L III Зрар 
МГ 38 
MII Зр 
МШ 3p;o 
Cobalt (27) 
K 18 
LI 2s 
LII 2pin 
ІШ 2psp 
MI 3s 
MII 3pip 
МШ Зрзр 
Соррег (29) 
K 18 
LI 2s 
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291.04 
223.3 
206.54 
109° 
0.1 
0.1 
37.8 
19.84 
17.08 


35985 
5714 
5359 
5012 
1211% 
1071* 
1003* 

740.54 
726.64 
232.34 
172.48 
161.34 

79.8? 

TRI 


8979 
1096.75 


LII 2pip 952.3 
L III 2рзр 932.5 
МІ 35 122.5 
МП 3pip 77.39 
МШ Зрэо 75.19 
Dysprosium (66) 

K 18 53789 
LI 2s 9046 
LII 2pip 8581 
ІШ 2рз» 7790 
МІ 35 2047 
МП 3р» 1842 
МШ Зрар 1676 
MIV 343» 1333 
МУ 345 12925 
МІ 48 414,28 
NI рр 333.5а 
N III 4рзр 293.28 
NIV 44,» 153.64 
NV 4%» 153.64 
N VI 45» 8.04 
МУП 45 4.34 
OI 5s 49.94 
ОП Spin 26.3 
ош 5рз» 26.3 
Erbium (68) 

K Is 57486 
LI 2s 9751 
LII 2pip 9264 

L III 2рзр 8358 
МІ 38 2206 
MII 3р» 2006 
МШ Зрзр 1812 
MIV 34у» 1453 
МУ 34; 1409 
МІ 48 449.82 
NII 4p in 366.2 
МШ 4рзр 320.28 
NIV 44,» 167.64 
NV 44; 167.62 
NVI 465 E 
МУП 45 4.78 
OI 5s 50.6% 
ОП 5pip 31.42 
ош 5p3p 24.7 
Europium (63) 

K 18 48519 
LI 2s 8052 
LII 2pip 7617 

L III 2рзр 6977 
МІ 38 1800 
MII 3pip 1614 
MIII Зрзр 1481 
MIV За 1158.68 
MV 3455 1127.54 
NI 4s 360 


NII 4рір 284 
МШ 4ру» 257 
NIV 44у» 133 
МУ 4455 12274 
N VI 45; 0 
МУП 45» 0 
ОТ 58 32 
ОП 5рїо 22 
ОШ 5рзо 22 
Fluorine (9) 

K Is 696.7 
Francium (87) 

K 18 101137 
LI 2s 18639 

L II 2pip 17907 

L III 2рзр 15031 
МТ 38 4652 
MII Зрүр 4327 
МШ 3р} 3663 
МІУ 34, 3136 
МУ 3455 3000 
МІ 48 11534 
NII Ар 9808 
МШ 4ру» 8104 
NIV 44% 603° 
МУ 4455 5775 
N VI 415, 268^ 
МУП 45 2684 
OI 5s 2348 
on Spip 1822 
ош ӛру» 1403 
ОТУ 543 588 
ОУ 545) 588 
РЇ 68 34 
PII брі» 15 
РШ брур 15 
Gadolinium (64) 

K 18 50239 
1.1 2s 8376 
LII 2pip 7930 

L III 2рзр 7243 
МІ 38 1881 
MII 3Pip 1688 
M III Зрзр 1544 
МІУ 34, 1221.98 
MV 3ds 1189.62 
NI As 378.62 
NII 4рїр 286 
МШ 4p3p 271 
NIV 445 - 
МУ 4455 142.68 
NVI 4; 8.68 
МУП 4% 8.6: 
OI 5s 36 
ol рр 20 
ош бр 20 


10-201 


Gallium (31) 
K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII 3pip 
MII Зрзр 
17817 3d» 
MV 345, 


10367 
1299.054 
1143.2 
1116.49 

159.55 
103.55 
100.05 
18.7» 
18.7» 


Germanium (32) 


K 18 
LI 2s 
LI 2pip 
сш Орау 
МІ 38 
МП 3pip 
MM Зрзр 
MIV 3d» 
MV 34; 
Gold (79) 

K 18 
LI 2s 
LII 2pip 
сш Орз/ 
МІ 38 
MII Зр 
MM Зрзр 
MIV 34; 
МУ 34; 
МІ 48 
МП 4р 
N III 4рзр 
МІУ 445 
МУ 445» 
N VI 4%» 
N VII 415 
OI 5s 
ОП 5pip 
ош 5рзо 
Hafnium (72) 
K 18 
LI 2s 
Lil 2pip 
сш Орау 
МІ 38 
МП 3pip 
МШ Зрзр 
MIV 3d» 
MV 34; 
МІ 48 
МП Ару 
N III 4рзр 
NIV 445 
МУ 445 
N VI 4%) 


11103 
1414.6%4 
1248.154 
1217.054 

180.14 
124.98 
120.84 
29.84 
29.24 


80725 
14353 
13734 
11919 
3425 
3148 
2743 
2291 
2206 
762.1» 
642.7» 
546.3> 
353.25 
335.1° 
87.6° 
83.99 
107.244 
74.25 
57.29 


65351 
11271 
10739 
9561 
2601 
2365 
2107 
1176 
1662 
5383 
438.2> 
380.7° 
220.0° 
211.5> 
15.99 


N VII 45 
OI 5s 
ОП 5pip 
ОШ 5руу/ 
Helium (2) 
K 18 
Holmium (67) 
K 18 
LI 2s 
Lil 2pip 
LII 2рзр 
МІ 38 
MII 3pip 
MII Зрзр 
MIV Заз» 
МУ За,» 
МІ 45 
МП Apip 
N III Ару» 
МІУ 443 
МУ Ads 
N VI 4%» 
N VII 45р 
OI 5s 
ol 5р2 
ош 5рзр 
Hydrogen (1) 
K 18 
Indium (49) 
K 18 
LI 2s 
LII 2pip 
LII 2рзр 
МТ 38 
MII Зр 
МШ Зр р 
17817 Заз» 
МУ 34; 
МІ 48 
МП 4р 
МШ 4рзр 
NIV 443 
МУ 44; 
Iodine (53) 
K 18 
LI 2s 
LII 2pip 
LII 2рзр 
МТ 38 
МП Зр 
МШ Зрзр 
МІУ 34; 
МУ 3455 
МІ 48 
МП 4р 
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14.25 
64.29 
38а 

29.95 


24.68 


55618 
9394 
8918 
8071 
2128 
1923 
1741 
1392 
1351 

432.4? 
343.5 
308.28 
1604 
1604 
8.64 
5.27 
49.34 
30.84 
24.14 


13.6 


27940 
4238 
3938 
3730 

827.2> 
703.2? 
665.3? 
451.4? 
443.99 
122.95 
73.50 
73.59 
17.79 
16.99 


33169 
5188 
4852 
4557 
10724 

9314 
8754 
631% 
620% 
186° 
1234 


МШ 4p3p 123% 
NIV 443 504 
МУ 445 504 
Iridium (77) 

K 18 76111 
1.1 2s 13419 
LII 2p, 12824 

L III 2рзр 11215 
МІ 38 3174 
МП 3pip 2909 
M III Зрзр 2551 
MIV За,» 2116 
МУ 3455 2040 
МІ 48 691.15 
МП 4р» 577.85 
МШ Арар 495.8 
МІУ 445 311.99 
МУ 4455 296.3 
NVI 46) 63.85 
МУШ 45 60.85 
OI 52 95,244 
oll ӛрі» 63.04 
ош ӛр» 48.09 
Ігоп (26) 

K 18 7112 
1.1 2s 844.6^ 
L II 2pip 719.99 
L III 2рзр 706.89 
МІ 35 91.35 
MII 3pip 52.7% 
M III Зрзр 52.7% 
Krypton (36) 

K 18 14326 
LI 2s 1921 

L II 2pip 1730.94 
L III 2рзр 1678.44 
МІ 38 292.8? 
MII 3pip 222.28 
M III Зрзр 214.42 
MIV За,» 95.04 
МУ 3452 93.82 
NI 4s 27.54 
МП 4р» 14.12 
N III 4рзр 14.12 
Lanthanum (57) 

K 18 38925 
1.1 28 6266 
LII 2р» 5891 
LIII 2р,р 5483 
МІ 38 136224 
MII Зрир 120944 
M III Зрзр 112824 
MIV За,» 8532 
МУ 3452 8368 
NI 4s 247.78 
NI 4рїр 205.8 


ши (12) 


N III 4рзр 
МІУ 445 
МУ 445 
М VI 455 
МУП 455 
OI 5s 
ОП 5р1/2 
ош 5рзо 
Lead (82) 

K 18 
LI 2s 
LII 2pip 
сш 2рз2 
МІ 38 
MII Зр 
МШ Зрзр 
MIV 3d» 
MV 345, 
МІ 48 
МП Арі 
N III 4рзр 
МІУ 44; 
МУ 445 
М VI 455 
МУП 45 
OI 5s 
ОП Spin 
ош 5рз2 
ОТУ 54;/; 
ОУ 545 
Lithium (3) 
K 18 
Lutetium 

K 18 
LI 2s 
LII 2pip 
сш 2p32 
MI 3s 
MII Зр 
MM Зрзр 
MIV 34; 
МУ 34; 
МІ 48 
МП 4р 
N III 4рзр 
МІУ 445 
МУ 445» 
МУІ 4%» 
N VII 415 
OI 5s 
ОП 5pip 
ош 5рзр 
Magnesi 

K 18 
LI 2s 
Lil 2pip 
сш Орау 


10-202 


196.08 
105.34 
102.54 


1303.09 
88.62 
49.69 
49.22 


Manganese (25) 

K 18 6539 
LI 2s 769.1* 
LII 2p ip 649.99 
L III 2ру» 638.79 
МІ 38 82.39 
MII Зрир 47.29 
МШ Зрзр 47.29 
Mercury (80) 

K 18 83102 
LI 2s 14839 
LII 2рир 14209 

L III 2ру» 12284 
М1 38 3562 
МП Зрир 3279 
МШ Зрзр 2847 
MIV Заз» 2385 
МУ 3455 2295 
NI 4s 802.25 
МИ 4pip 680.2^ 
N III 4p3p 576.69 
МІУ 4435 378.25 
NV 4455 358.85 
N VI 4» 104.09 
МУП 45 99.95 
OI 5s 1279 
ОП 5рзр 83.19 
ош 5рзр 64.59 
OIV 54,» 9.6 
ОУ 5055 7.88 
Molybdenum (42) 

K 18 20000 
LI 2s 2866 
LII 2рир 2625 

L III 2ру» 2520 
МІ 38 506.3? 
MII Зрир 411.6 
МШ Зрзр 394.09 
MIV Заз» 231.15 
МУ За» 227.99 
МІ 48 63.2» 
МИ 4pip 37.69 
N III 4ру» 35.59 
Neodymium (60) 

к 18 43569 
LI 2s 7126 
LII 2рү» 6722 

L III 2ру» 6208 
МІ 38 1575 
MII Зрир 1403 
МШ Зрзр 1297 
MIV За ар 1003.32 
MV 3455 980.42 
NI 4s 319.28 
МИ 4pip 243.3 
МШ 4рзр 224.6 
МІУ 4435 120.54 


МУ Ads 
NVI 455, 
N VII 45 р 
OI 5s 
ОП Spin 
ош 5рзр 
Меоп (10) 

K 18 
LI 2s 
Lil 2pip 
L III 2рзр 
Nickel (28) 
K 18 
LI 2s 
LII 2pip 
L III 2рзр 
МТ 38 
МП 3pip 
MIII Зрзр 
Niobium (41) 
K 18 
ET 2s 
LII 2pip 
ІШ 2рзр 
МТ 3$ 
МП Зр 
МШ Зрзр 
МІУ 3а; 
МУ 3455 
МІ 48 
МП 4р» 
МШ 4рзр 
Nitrogen (7) 
K 18 
LI 2s 
Osmium (76) 
K 18 
EI 2s 
LII 2pip 
L III 2рзр 
МТ 38 
МП 3pip 
MII Зрзр 
МІУ Заз» 
МУ 3455 
NI 4s 
NII Арі 
МШ 4рзр 
NIV 445» 
МУ Ads 
NVI 455, 
N VII 4 
OI 5s 
ОП 5pip 
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120.5* 
1.5 
1.5 

375 
214 
214 


870.28 
48.54 
21.74 
21.64 


8333 
1008.6b 
870.0b 
852.79 
110.85 
68.09 
66.2» 


18986 
2698 
2465 
2371 

466.6 
376.1 
360.65 
205.05 
202.35 
56.49 
32.69 
30.89 


409.98 
37.34 


73871 
12968 
12385 
10871 
3049 
2792 
2457 
2031 
1960 
658.2^ 
549.1^ 
470.79 
293.1^ 
278.55 
53.49 
50.75 
844 
58а 


ОШ 5рзо 
Oxygen (8) 
K 18 
LI 2s 
Palladium (46) 
K 18 
LI 2s 
LII 2pip 
LIII 2рур 
МІ 38 
МП 3pip 
МШ — 3p, 
МІУ 34, 
МУ 3455 
МІ 48 
МП 4р» 
МШ 4рзр 
Phosphorus (15) 
K 18 
LI 2s 
LI 2pip 
LIH рар 
Platinum (78) 
K 18 
LI 2s 
LII 2pip 
LIII 2р; 
МІ 35 
МП Зр 
MIHI — 3p, 
МІУ 34, 
МУ 3452 
МІ 48 
МИ 4р» 
МШ 4р р 
NIV 4а; 
МУ 445 
N VI 46р 
МУП Ар 
OI 5s 
ОП 5pip 
ош 5ру» 
Polonium (84) 
K 18 
LI 2s 
LII 2pip 
LIH рар 
МІ 38 
MII Зр 
МШ Зрзр 
МІУ 34, 
МУ 3452 
МІ 48 


44.55 


24350 
3604 
3330 
3173 

671.6» 
559.95 
532.35 
340.5? 
335.25 
87.124 
55,756 
50.96 


2145.5 
1894 
1364 
1354 


78395 
13880 
13273 
11564 
3296 
3027 
2645 
2202 
2122 
725.46 
609.15 
519.45 
331.69 
314.69 
74.55 
71.25 
101.744 
65.32» 
51.79 


93105 
16939 
16244 
13814 
4149 
3854 
3302 
2798 
2683 
9953 


МП 4р 
N III 4рзр 
МІУ 445 
МУ 445» 
М VI 455 
МУП 455 
OI 5s 
ОП 5pip 
ош 5рзо 
ОТУ 54; 
ОУ 5450 
Potassium (19) 
K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
MM Зрзр 


8514 
7053 
5004 
473% 
1844 
1844 
1774 
1324 
1042 

314 

314 


3608.42 
378.64 
297.34 
294.6? 

34.84 
18.3? 
18.38 


Praseodymium (59) 


K Is 41991 
LI 2s 6835 
LU 2pip 6440 

L III 2ру» 5964 
М1 38 1511 
MII 3pip 1337 
MIII Зрзр 1242, 
MIV За,» 948.34 
МУ 3455 928.8 
М1 48 304.5 
NII Ар 236.3 
N III 4рзр 217.6 
МІУ 4435 115118 
NV 4455 115.12 
NVI 46 2.0 
NVI 456 2.0 
OI 5s 374 
OII 5рү» 22.3 
ош бр 22.3 
Promethium (61) 

K 18 45184 
LI 2s 7428 
LII 2рү» 7013 

L III 2рзр 6459 
МТ 38 -- 
MII Зрир 1471.4 
МШ Зрзр 1357 
MIV Заз» 1052 
МУ 3455 1027 
МІ 48 - 
МИ 4pip 242 
МШ Арзу 242 
NIV 44,, 120 
МУ 4455 120 


Protactinium (91) 


K 
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18 


112601 


LI 2s 
LII 2pip 
ІШ Орау 
МІ 38 
MII Зр 
M M Зрзр 
MIV 3d, 
MV 34; 
МІ 48 
МП 4р 
N III 4рзр 
МІУ 44» 
МУ 445» 
N VI 4%» 
N VII 415 
OI 5s 
ОП 5pip 
ош 5рзр 
ОТУ 54; 
ОУ 5450 
РЇ 68 
РП брі; 
РШ брзо 
Radium (88) 
K 18 
LI 2s 
LII 2pip 
сш 2рз2 
МІ 38 
МП Зр» 
MII Зрзр 
МІУ 3d» 
MV 345, 
МІ 48 
МИ Apip 
N III 4рзр 
МІУ 44, 
МУ 445 
N VI 4%» 
N VII 45 
OI 5s 
ОП 5pip 
ош 5р р 
ОТУ 543» 
ОУ 54; 
РІ 68 
РП брі; 
РШ брз; 
Radon (86) 
K 18 
LI 2s 
LII 2pip 
сш Фрар 
МІ 38 
MII Зр 
MM Зрзр 
MIV 3d» 
MV 345, 


103922 
19237 
18484 
15444 

4822 
4490 
3792 
3248 
3105 
12084 
1058 
8798 
6364 
6034 
2993 
2993 
2544 
2003 
1534 
68а 
68а 
44 
19 
19 


98404 
18049 
17337 
14619 
4482 
4159 
3538 
3022 
2892 


МІ 48 
МП 4р2 
N III 4рзр 
МІУ 44; 
МУ 445 
N VI 4%; 
N VII 455, 
OI 5s 
ОП 5pip 
ош 5р р 
ОТУ 54.0 
ОУ 5450 
РЇ 68 
Rhenium (75) 
K 18 
LI 2s 
LII 2pip 
сш 2рз2 
МІ 35 
MII 3pip 
M M Зрзр 
MIV 34; 
МУ 34; 
NI 4s 
NII 4р 
N III 4рзр 
МІУ 445 
МУ 445 
N VI 4%; 
N VII 4555 
О1 58 
ОП 5pip 
ош 5рзр 
Rhodium (45) 
K 18 
LI 2s 
LI 2pip 
Ш Орау 
МІ 38 
MII 3pip 
мш Зрзр 
MIV 3d» 
MV 34; 
МІ 48 
МП Api 
N III 4рзр 
Rubidium (37) 
K 18 
LI 2s 
LII 2pip 
LII 2рз2 
М1 38 
MII 3pip 
M M Зрзр 
MIV 34; 
МУ 345, 
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10974 
9298 
7683 
5674 
5418 
2383 
2383 
2144 
1644 
1278 

48? 
484 
26 


71676 
12527 
11959 
10535 
2932 
2682 
2367 
1949 
1883 
625.4^ 
518.7^ 
446.8^ 
273.95 
260.55 
42.94 
40.54 
83^ 
45.6^ 
34,684 


23220 
3412 
3146 
3004 

628.1^ 
521.3 
496.59 
311.95 
307.2? 
81.424 
50.55 
47.35 


15200 
2065 
1864 
1804 

326.74 
248.74 
239.14 
113.08 
1124 


МІ 48 
МП 4р» 
МШ 4рзр 
Ruthenium (44) 
K 18 
LI 2s 
LI 2pip 
ІШ Ipis 
MI 3s 
МП 3pip 
МШ psp 
МІУ 34 
MV За,» 
МІ 48 
МП 4р2 
N III 4рьр 


Samarium (62) 


K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
M M Зрзр 
MIV 34; 
МУ 34; 
МІ 48 
МП 4р 
N III 4рзр 
МІУ 44» 
МУ 445» 
МУІ 4%» 
N VII 45р 
OI 5s 
ОП 5pip 
ош 5рзо 
Scandium (21) 
K 18 
LI 2s 
LI 2pip 
сш Орау 
МІ 38 
МП 3pip 
M M Зрзр 
Selenium (34) 
K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
МШ Зрзр 
МІУ 34; 
МУ 34; 


30.54 
16.34 
15:33 


22117 
3224 
2967 
2838 

586.25 
483.3 
461.59 
284.25 
280.05 
75.09 
46.55 
43.25 


46834 
7737 
7312 
6716 
1723 
1541 
1419.8 
1110.94 
1083.44 

347.28 
265.6 
247.4 
129.0 
129.0 
52 
52 
37.4 
21.3 
21.3 


4492 
498.0" 
403.62 
389.74 

51.14 
28.34 
28.34 


12658 
1652.054 
1474.354 
1433.9%1 

229.6? 
166.5* 
160.7* 
95:58 
54.63 


Silicon (14) 
K 18 
EI 2s 
LII 2pip 
LI рар 
Silver (47) 
K 18 
LI 2s 
LII 2pip 
ІШ 2psp 
MI 3s 
MII 3P 12 
MII pap 
MIV 343, 
MV 3455 
МІ 48 
МП 4р 
МШ 4рз» 
Sodium (11) 
K 18 
LI 2s 
LII 2pip 
LI рар 
Strontium (38) 
K 18 
LI 2s 
LII 2pip 
ІШ 2psp 
MI 3s 
MII 3P 12 
MII Зрзр 
МІУ 34, 
МУ 3455 
МІ 48 
МП 4р» 
МШ 4рзр 
Sulfur (16) 
K 18 
LI 2s 
LII 2pip 
L III 2ру» 
Tantalum (73) 
K 18 
LI 2s 
LII 2pip 
LI 2ру» 
МІ 38 
MII Зр 
МШ 3p;o 
МІУ 303 
МУ 3452 
МІ 48 
МП Apip 
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1839 
149.724 
99.8? 
99.22 


25514 
3806 
3524 
3351 

719.05 
603.85 
573.05 
374.09 
368.05 
97.09 
63.75 
58.35 


1070.89 
63.55 
30.49 
30.54 


16105 
2216 
2007 
1940 

358.7° 
280.3? 
270.0? 
136.0° 
134.25 
38.99 
21.69 
20.19 


2472 
230.984 
163.68 
162.54 


67416 
11682 
11136 
9881 
2708 
2469 
2194 
1793 
1735 
563.4 
463.49 


МШ Ару» 
МІУ 443 
МУ Ads 
N VI 45 
N VII 4 
OI 5s 
ol SPin 
ош Зрзг 
Technetium (43) 
K 18 
LI 2s 
LII 2pip 
Lill 2рзр 
МТ 38 
MII Зр 
МШ Зрзр 
МІУ Заз» 
МУ 3455 
МІ 48 
МП 4р» 
МШ Ярар 
Tellurium (52) 
K 18 
LI 2s 
Lil 2pip 
Lill 2рзр 
МТ 38 
МП 3pip 
MIII Зрзр 
МІУ Заз» 
МУ 3а5р 
МІ 48 
МП 4р» 
МШ Ару 
МІУ 443 
МУ 445 
Terbium (65) 
K 18 
LI 2s 
Lil 2pip 
Lill 2рзр 
МТ 38 
МП 3pip 
MIII Зрзр 
МІУ Заз» 
МУ За,» 
МІ 48 
МП Арі 
МШ 4рзр 
NIV 443 
МУ Ads 
NVI 45 
N VII 45 р 
OI 5s 
ОП 5р2 
ош 5рзр 


400.99 
237.95 
226.4? 
23.55 
21.69 
69.75 
4223 
32.79 


21044 
3043 
2793 
2677 

586.12 
447.65 
417.78 
257.62 
253.98 
69.54 
42.34 
39.98 


31814 
4939 
4612 
4341 
1006» 

870.8? 
820.09 
583.45 
573.0° 
169.46 
103.36 
103.36 
41.99 
40.45 


51996 
8708 
8252 
7514 
1968 
1768 
1611 
1267.94 
1241.18 

396.08 
322.44 
284.14 
150.54 
150.54 
Ve 
2.44 
45.6? 
28.74 
22.63 
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Thallium (81) 

K 18 85530 
1.1 28 15347 
LII 2p.) 14698 
LIII 2р» 12658 
MI 3s 3704 
MII Зр 3416 
МШ 3р 2957 
MIV 34 2485 
МУ 34:5 2389 
NI 4s 846.25 
NII Ар 720.5? 
МШ Ар 609.55 
NIV 446 405.7? 
NV 4455 385.09 
NVI 4 122.25 
NVI 4% 117.89 
OI 5s 13624 
оп E 94.6^ 
ош бр 73.59 
ОТУ 5452 14.79 
ОУ 5450 12.5 
Thorium (90) 

K Is 109651 
LI 2s 20472 
LII 2p, 19693 
LII 2p,, 16300 
MI 3s 5182 
MII 3р» 4830 
МШ зру 4046 
MIV 34 3491 
MV Заур 3332 
NI 4s 1330? 
NII рр 11688 
МШ 4p;o 966.4^ 
NIV 44у» 712.1? 
NV 4455 675.25 
NVI 4) 342.46 
МУШ 465 333.15 
OI 5s 290% 
ol Spin 229% 
ош 5руз 18286 
OIV 54» 92.55 
OV 54% 85.49 
РЇ 68 41.45 
PII бр 24.59 
РШ брз» 16.69 
Thulium (69) 

K 18 59390 
1.1 2s 10116 
LII 2pip 9617 
Lit 2ру» 8648 
МІ 38 2307 
MII Эр 2090 
МШ 3р 1885 
МІУ 34 1515 

а Reference 1. 

b 


c 
d 


MV 34; 
МІ 48 
МП Арі 
N III 4рзр 
МІУ 445 
МУ 445 
N VI 4%» 
N VII 415, 
OI 5s 
ОП 5pip 
ош 5рзо 
Тіп (50) 

K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
M M Зрзр 
MIV За а» 
МУ 34; 
МІ 48 
МП Арі 
N III 4рзр 
МІУ 445 
МУ 445 
Titanium (22) 
K 18 
LI 2s 
LII 2pip 
ІШ Орау 
МІ 38 
MII Зр 
МШ Зрзр 
Tungsten (74) 
K 18 
LI 2s 
LII 2pip 
ІШ 2p 
MI 3s 
МП Зр 
МШ Зрзр 
MIV 3d» 
MV 34; 
МІ 48 
МП Apip 
N III 4рзр 
МІУ 445 
МУ 445 
N VI 4%» 
N VII 415 
OI 5s 
ОП 5pip 
ош 5рзо 


Reference 2 (remaining values from Reference 3). 
One-particle approximation not valid. 
Derived using energy differences from Reference 3. 


1468 
470.98 
385.98 
332.62 
175.54 
175.54 

4.6 
54.74 
31.88 
25.03 


29200 
4465 
4156 
3929 

884,79 
756.55 
714.6» 
493.25 
484.99 
137.15 
83.65 
83.65 
24,99 
23.99 


4966 
560.9^ 
460.2^ 
453.8^ 

58.79 
32.69 
32.69 


69525 
12100 
11544 
10207 
2820 
2575 
2281 
1949 
1809 
594.19 
490.49 
423.69 
255.95 
243.55 
33.68 
31.49 
75.69 
45324 
36.89 


Uranium (92) 
K 18 
LI 2s 
LII 2pip 
Lill 2рзр 
МТ 38 
MII Зр 
МШ Зрзр 
МІУ Заз» 
МУ 3455 
МІ 48 
МП Арі 
МШ 4рзр 
МІУ 443 
МУ 445 
МУІ 4%» 
N VII 4 
OI 5s 
ОП 5pip 
ош 5рзр 
ОТУ 54;; 
ОУ 5%) 
РІ 68 
РП бру» 
РШ брз, 
Vanadium (23) 
K 18 
LI 2s 
LII 2pip 
Lill 2рзр 
МТ 38 
MII Зр 
МШ Зр р 
Хепоп (54) 
K 18 
LI 2s 
LII 2pip 
LIII 2рзр 
МТ 38 
MII 3pip 
MIII Зрзр 
МІУ Заз» 
МУ 3455 
МІ 48 
МП Apip 
N III 4рзр 
NIV 443 
МУ Ads 
NVI 455, 
N VII 4 
OI 5s 
ОП 5pip 
ош 5рзр 
Ytterbium (70) 
K 18 
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115606 
21757 
20948 
17166 

5548 
5182 
4303 
3728 
3552 
143924 
127144 
10439 
778.35 
736.25 
388.2а 
377.4 
22124 
25724 
19224 
102.8? 
94.25 
43.95 
26.89 
16.89 


5465 
626.7^ 
519.8^ 
521.1^ 

66.39 
37.25 
37.25 


61332 


LI 2s 
LII 2pip 
сш 2рзр 
МІ 38 
MII 3pip 
MII Зрзр 
MIV 3d» 
MV 34; 
МІ 48 
МП Арі 
N III 4рзр 
МІУ 445 
МУ 445 
N VI 4%» 
N VII 415 
OI 5s 
ОП Spin 
ош 5рзо 
Yttrium (39) 
K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
MM Зрзр 
MIV 3d» 
MV 34; 
МІ 48 
МП 4рїр 
N III 4рзр 
Тіпс (30) 

K 18 
LI 2s 
LII 2pip 
сш Орау 
МІ 38 
MII Зр 
МШ Зрзр 
МІУ 3d» 
MV 34; 


Zirconium (40) 


K 
LI 
LII 
LIII 
MI 
MII 
MIII 
MIV 
MV 
NI 
NII 
МШ 


10486 
9978 
8944 
2398 
2173 
1950 
1576 
1528 

480.53 
388.78 
339.78 
191.28 
182.48 
2.58 
159% 
52.08 
30.34 
24.14 


17038 
2373 
2156 
2080 

392.024 
310.64 
298.88 
157.79 
155.89 
43.84 
24.44 
23.14 


9659 
1196.22 
1044.94 
1021.8? 
139.84 
91.48 
88.62 
10.28 
10.18 


17998 
2532 
2307 
2223 

430.3^ 
343.5^ 
329.8^ 
181.19 
178.85 
50.69 
28.55 
27.19 


NATURAL WIDTH ОЕ X-RAY LINES 


Natural widths of K X-ray lines in eV: 


Element Ko, Ко Kf, Kf; Element Ko, Ко Kf, Kf; 
Ca 1.00 0.98 Ce 18.60 19.50 20.60 18.60 
Ti 1.45 2.13 Nd 21.50 21.50 23.25 21.33 
Cr 2.05 2.64 Sm 26.00 24.70 25.65 24.65 
Fe 2.45 3.20 Gd 29.50 28.00 29.37 28.00 
Ni 3.00 3.70 Dy 33.90 32.20 32.73 32.00 
Zn 3.40 3.96 Er 35.00 35.50 36.20 35.70 
Ge 3.75 4.18 Yb 38.80 40.60 41.43 41.15 
Se 4.10 4.43 Hf 42.70 44.30 46.00 46.10 
Kr 4.23 4.62 w 46.80 48.00 51.83 51.50 
Sr 5.17 4.97 Os 49.00 49.40 55.90 55.95 
Zr 5.70 5.25 Pt 54.10 54.30 59.98 62.13 
Mo 6.82 6.80 Hg 64.75 68.20 65.75 68.95 
Ru 7.41 7.96 РЬ 67.10 72.30 72.20 73.80 
Pd 8.80 9.20 Po 73.20 75.10 78.60 80.10 
Cd 9.80 10.40 Rn 80.00 81.50 85.50 86.50 
Sn 11.20 12.40 11.80 11.00 Ra 87.00 88.20 94.20 95.50 
Te 12.80 14.20 13.30 13.10 Th 94.70 95.00 99.70 101.00 
Xe 14.20 15.10 15.30 14.50 U 103.00 104.30 105.00 107.30 
Ba 16.10 16.80 18.15 16.70 


From Salem, S. I. and Lee, P. L., At. Data Nucl. Data Tables, 18, 233, 1976. 


Natural widths of L X-ray lines in eV: 


Element Lo, Lo, Lp, Lp; LB; Lp, Ly, 
Zr 1.68 1:52. 1.87 5.13 5.50 5.60 3.34 
Mo 1.86 1.80 2.03 5.30 5.90 5.78 3.76 
Ru 2.03 1.98 2.18 5.45 6.35 5.96 4.15 
Pd 2.21 2.16 2.36 5.63 6.80 6.18 4.50 
са 2.43 2.40 2.54 5.82 7.23 6.28 4.83 
Sn 2.62 2.62 2.75 6.10 7.10 6.60 5.23 
Тс 2.88 2.88 2.96 6.25 8.22 6.82 5.60 
Хе 3.15 3.15 3.20 6.43 8.70 7.15 5.95 
Ba 3.39 3.45 3.45 6.70 9.20 7.42 6.35 
Ce 3.70 3.78 3.73 6.86 9.70 7.82 6.75 
Nd 3.93 4.08 4.00 7.18 10.30 8.15 7.16 
Sm 4.13 4.50 4.33 7.42 10.80 8.60 7.50 
Cd 4.46 4.90 4.63 7.70 11.20 9.08 7.83 
Бу 4.81 5.35 5.03 7.90 11.50 9.60 8.30 
Ег 5.17 5.73 5.45 8.28 11.85 10.03 8.75 
Үр 5.40 6.22 5.90 8.58 12.20 11.00 9.20 
Hf 5.83 6.70 6.36 8.92 12.40 12.80 9.63 
W 6.50 7.20 6.90 9.06 13.10 14.60 10.20 
Os 7.04 7.70 7.42 9.60 14.60 16.50 10.65 
Pt 7.60 8.28 8.00 9.95 16.10 18.00 11.20 
Hg 8.10 8.80 8.70 10.40 17.40 19.70 11.80 
Pb 8.82 9.35 9.35 10.75 18.65 21.30 12.30 
Po 9.50 9.95 10.10 11.25 19.90 2270 13.05 
Rn 10.03 10.50 10.65 11.65 21.00 24.00 13.55 
Ra 11.00 11.20 11.60 12.20 22.00 25.20 14.30 
Th 11.90 11.80 12.40 12.80 22.85 26.35 15.00 
U 12.40 12.40 13.50 13.30 23.70 27.50 15.70 
Pu 13.20 13.00 14.10 13.90 24.10 28.30 16.40 
Cm 14.80 13.60 15.70 14.60 25.00 29.40 17.10 
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PHOTON ATTENUATION COEFFICIENTS 
Martin J. Berger and John H. Hubbell 


This table gives mass attenuation coefficients for photons for all elements at energies between 1 keV (soft x-rays) and 1 GeV (hard gamma rays). 
The mass attenuation coefficient u describes the attenuation of radiation as it passes through matter by the relation 


ТООЛ, = e *0* 


where J, is the initial intensity, /(х) the intensity after path length x, and p is the mass density of the element in question. To a high approximation the 
mass attenuation coefficient is additive for the elements present, independent of the way in which they are bound in chemical compounds. 

The power of ten is indicated beside each number in the table; i.e., 7.41 + 03 means 7.41 x 103. A vertical line between two columns indicates that 
an absorption edge lies between those energy values. The various edges are labeled at the bottom of the table. 

The attenuation coefficients were calculated with the computer program XCOM (Reference 1), which uses a cross-section database compiled at 
the Photon and Charged Particle Data Center at the National Institute of Standards and Technology. Their accuracy has been confirmed at all energies 
by extensive comparisons with experimental attenuation coefficients. Such comparisons for X-ray energies up to 100 keV can be found in 
Reference 2. 
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Atomic 
no. 
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PHOTON ATTENUATION COEFFICIENTS (continued) 


Mass attenuation coefficient, cm?/g 


Photon energy, MeV 


0.001 0.002 
7.21 4 00 1.06 + 00 
6.08 + 01 6.86 + 00 
2.34 + 02 2.71+ 01 
6.04 + 02 7.47 + 01 
1.23 + 03 1.60 + 02 
2.21 + 03 3.03 + 02 
3.31 + 03 4.77 + 02 
4.59 + 03 6.95 + 02 
5.65 + 03 9.05 + 02 
7.41 + 03 1.24 + 03 
6.54 + 02 1.52 + 03 
9.22 + 02 1.93 + 03 
1.19 + 03 2.26 + 03 
1.57 + 03 2.78 + 03 
1.91 + 03 3.02 + 02 
2.43 + 03 3.85 + 02 
2.83 + 03 4.52 + 02 
3.18 + 03 5.12 + 02 
4.06 + 03 6.59 + 02 
4.87 + 03 8.00 + 02 
5.24 + 03 8.70 + 02 
5.87 + 03 9.86 + 02 
6.50 + 03 1.11 +03 
7.40 + 03 1.28 + 03 
8.09 + 03 1.42 + 03 
9.09 + 03 1.63 + 03 
9.80 + 03 1.78 + 03 
9.86 + 03 2.05 + 03 
1.06 + 04 2.15 + 03 
1.55 + 03 2.37 + 03 
1.70 + 03 2.52 + 03 
1.89 + 03 2.71 + 03 
2.12 + 03 2.93 + 03 
2.32 + 03 3.10 + 03 
2.62 + 03 3.41 + 03 
2.85 + 03 3.60 + 03 
3.17 + 03 3.41 + 03 
3.49 + 03 2.59 + 03 
3.86 + 03 7.42 + 02 
4.21 + 03 8.12 + 02 
4.60 + 03 8.89 + 02 
4.94 + 03 9.60 + 02 
5.36 + 03 1.04 + 03 
5.72 + 03 1.12 + 03 
6.17 + 03 1.21+ 03 
6.54 + 03 1.29 + 03 
7.04 + 03 1.40 + 03 
7.35 + 03 1.47 + 03 
7.81 + 03 1.58 + 03 
8.16 + 03 1.66 + 03 


0.005 


4.19-01 

5.77-01 

1.62 + 00 
4.37 + 00 
9.68 + 00 
1.91 +01 
3.14 + 01 
4.79 + 01 
6.51+ 01 
9.34 + 01 
1.19+02 
1.58 + 02 
1.93 + 02 
2.45 + 02 
2.86 + 02 
3.49 + 02 
3.90 + 02 
4.23 + 02 
5.19+ 02 
6.03 + 02 
6.31+ 02 
6.84 + 02 
9.29 + 01 
1.08 + 02 
1.21+02 
1.40 + 02 
1.54 + 02 
1.79 + 02 
1.90 + 02 
2.12 + 02 
2.27 + 02 
2.47 + 02 
2.71 + 02 
2.90 + 02 
3.21 + 02 
3.43 + 02 
3.74 + 02 
4.06 + 02 
4.42 + 02 
4.76 + 02 
5.13 + 02 
5.45 + 02 
5.84 + 02 
6.17 + 02 
6.59 + 02 
6.91 + 02 
7.39 + 02 
7.69 + 02 
8.13 + 02 
8.47 + 02 
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0.01 0.02 0.05 
3.85-01 3.69-01 3.36-01 
2.48-01 1.96-01 1.70-01 
3.40-01 1.86-01 1.49-01 
6.47-01 2.25-01 1.55-01 
1.25 + 00 3.01-01 1.66-01 
2.37 + 00 4.42-01 1.87-01 
3.88 + 00 6.18-01 1.98-01 
5.95 + 00 8.65-01 2.13-01 
8.21 + 00 1.13 + 00 2.21-01 
1.20 + 01 1.61 + 00 2.58-01 
1.56 + 01 2.06 + 00 2.80-01 
211+01 2.76 + 00 3.29-01 
2.62 + 01 3.44 + 00 3.68-01 
3.39 + 01 4.46 + 00 4.38-01 
4.04 + 01 5.35 + 00 4.92-01 
5.01+01 6.71 + 00 5.85-01 
5.73 + 01 7.74 + 00 6.48-01 
6.32 + 01 8.63 + 00 7.01-01 
7.91 +01 1.09 + 01 8.68-01 
9.34 01 1.31+ 01 1.02 + 00 
9.95 + 01 1.41 +01 1.09 + 00 
1.11 +02 1.59 + 01 1.21 + 00 
122402 1.77 +01 1.35 + 00 
1.39 + 02 2.04 + 01 1.55 + 00 
1.51 + 02 2.25 + 01 1.71 + 00 
1.71 + 02 2.57+01 1.96 + 00 
1.84 + 02 2.80 + 01 2.14 + 00 
2.09 + 02 3.22 + 01 2.47 + 00 
2.16 + 02 3.38 + 01 2.61 + 00 
2.33 + 02 3.72 + 01 2.89 + 00 
3.42 + 01 3.93 + 01 3.08 + 00 
3.74 + 01 4.22 + 01 3.34 + 00 
4.12 + 01 4.56 + 01 3.63 + 00 
4.41 +01 4.82 + 01 3.86 + 00 
4.91 +01 5.27 + 01 4.26 + 00 
5.26 + 01 5.55 + 01 4.52 + 00 
5.77 + 01 5.98 + 01 4.92 + 00 
6.27 + 01 6.39 + 01 5.31+ 00 
6.87 + 01 6.86 + 01 5.76 + 00 
7.42 + 01 7.24 + 01 6.17 + 00 
8.04 + 01 7.714 01 6.64 + 00 
8.58 + 01 1.31+ 01 7.04 + 00 
9.23 + 01 1.41 +01 7.52 + 00 
9.80 + 01 1.50 + 01 7.92 + 00 
1.05 + 02 1.61+01 8.45 + 00 
1.11+02 170 + 01 8.85 + 00 
1.19 + 02 1.84 + 01 9.45 + 00 
124402 1.92 + 01 9.78 + 00 
1.32 + 02 2.04 + 01 1.03 + 01 
1.38 + 02 2.15 +01 1.07 +01 

К ЕрСЕ 


0.1 


2.94-01 
1.49-01 
1.29-01 
1.33-01 
1.39-01 
1.51-01 
1.53-01 
1.55-01 
1.50-01 
1.60-01 
1.59-01 
1.69-01 
1.70-01 
1.84-01 
1.87-01 
2.02-01 
2.05-01 
2.04-01 
2.34-01 
2.57-01 
2.58-01 
2.72-01 
2.88-01 
3.17-01 
3.37-01 
3.72-01 
3.95-01 
4.44-01 
4.58-01 
4.97-01 
5.20-01 
5.55-01 
5.97-01 
6.28-01 
6.86-01 
7.22-01 
7.80-01 
8.37-01 
9.05-01 
9.66-01 
.04 + 00 
1.10 4 00 
1.17 + 00 
23-00 
31-00 
1.38 + 00 
1.47 + 00 
52 + 00 
61-00 
.68 + 00 


0.2 


2.43-01 
1.22-01 
1.06-01 
1.09-0 
1.14-0 
1.23-01 
1.23-0 
1.24-0 
1.18-0 
1.24-0 
1.20-01 
1.24-0 
1.22-0 
1.28-01 
1.25-01 
1.30-0 
1.27-0 
1.20-01 
1.32-01 
1.38-01 
1.31-01 
1.31-01 
1.32-01 
1.38-01 
1.39-01 
1.46-01 
1.48-01 
1.58-01 
1.56-01 
1.62-01 
1.62-01 
1.66-01 
1.72-01 
1.74-01 
1.84-01 
1.87-01 
1.96-01 
2.04-01 
2.15-01 
2.24-01 
2.34-01 
2.42-01 
2.53-01 
2.62-01 
2.74-01 
2.83-01 
2.97-01 
3.04-01 
3.17-01 
3.26-01 


9.5 


1.73-01 
8.71-02 
7.53-02 
7.74-02 
8.07-02 
8.72-02 
8.72-02 
8.73-02 
8.27-02 
8.66-02 
8.37-02 
8.65-02 
8.44-02 
8.75-02 
8.51-02 
8.78-02 
8.45-02 
7.96-02 
8.60-02 
8.85-02 
8.31-02 
8.19-02 
8.07-02 
8.28-02 
8.19-02 
8.41-02 
8.32-02 
8.70-02 
8.36-02 
8.45-02 
8.24-02 
8.21-02 
8.26-02 
8.13-02 
8.33-02 
8.23-02 
8.36-02 
8.44-02 
8.61-02 
8.69-02 
8.83-02 
8.85-02 
8.97-02 
8.99-02 
9.13-02 
9.13-02 
9.32-02 
9.25-02 
9.37-02 
9.37-02 
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PHOTON ATTENUATION COEFFICIENTS (continued) 


Mass attenuation coefficient, cm?/g 


Photon energy, MeV 

1.0 2.0 5.0 10.0 20.0 50.0 100.0 500.0 1000.0 
1.26-01 8.77-02 5.05-02 3.25-02 2.15-02 42-02 1.19-02 1.14-02 1.16-02 
6.36-02 4.42-02 2.58-02 1.70-02 1.18-02 8.61-03 7.18-03 7.79-03 7.95-03 
5.50-02 3.83-02 2.26-02 1.53-02 1.11-02 8.68-03 8.21-03 8.61-03 8.87-03 
5.65-02 3.94-02 2.35-02 1.63-02 1.23-02 1.02-02 9.94-03 1.08-02 1.12-02 
5.89-02 4.11-02 2.48-02 1.76-02 1.37-02 .19-02 1.19-02 1.32-02 1.37-02 
6.36-02 4.44-02 2.71-02 1.96-02 1.58-02 43-02 1.46-02 1.64-02 1.70-02 
6.36-02 4.45-02 2.74-02 2.02-02 1.67-02 57-02 1.63-02 1.85-02 1.92-02 
6.37-02 4.46-02 2.78-02 2.09-02 1.77-02 71-02 1.79-02 2.06-02 2.13-02 
6.04-02 4.23-02 2.66-02 2.04-02 1.77-02 ‚75-02. 1.86-02 2.14-02 2.21-02 
6.32-02 4.43-02 2.82-02 2.20-02 1.95-02 96-02 2.11-02 2.43-02 2.51-02 
6.10-02 4.28-02 2.75-02 2.18-02 1.97-02 2.03-02 2.19-02 2.53-02 2.62-02 
6.30-02 4.43-02 2.87-02 2.31-02 2.13-02 2.23-02 2.42-02 2.81-02 2.90-02 
6.15-02 4.32-02 2.84-02 2.32-02 2.17-02 2.31-02 2.52-02 2.93-02 3.03-02 
6.36-02 4.48-02 2.97-02 2.46-02 2.34-02 2.52-02 2.76-02 3.23-02 3.34-02 
6.18-02 4.36-02 2.91-02 2.45-02 2.36-02 2.58-02 2.84-02 3.33-02 3.45-02 
6.37-02 4.50-02 3.04-02 2.59-02 2.53-02 2.79-02 3.08-02 3.62-02 3.75-02 
6.13-02 4.33-02 2.95-02 2.55-02 2.52-02 2.81-02 3.11-02 3.67-02 3.80-02 
5.76-02 4.07-02 2.80-02 2.45-02 2.45-02 2.76-02 3.07-02 3.62-02 3.75-02 
6.22-02 4.40-02 3.05-02 2.70-02 2.74-02 3.11-02 3.46-02 4.09-02 4.24-02 
6.39-02 4.52-02 3.17-02 2.84-02 2.90-02 3.32-02 3.71-02 4.40-02 4.56-02 
5.98-02 4.24-02 3.00-02 2.72-02 2.80-02 3.23-02 3.62-02 4.30-02 4.45-02 
5.89-02 4.18-02 2.98-02 2.73-02 2.84-02 3.30-02 3.71-02 4.40-02 4.56-02 
5.79-02 4.11-02 2.96-02 2.74-02 2.88-02 3.36-02 3.78-02 4.49-02 4.65-02 
5.93-02 4.21-02 3.06-02 2.86-02 3.03-02 3.56-02 4.01-02 4.76-02 4.93-02 
5.85-02 4.16-02 3.04-02 2.87-02 3.07-02 3.63-02 4.09-02 4.86-02 5.04-02 
5.99-02 4.26-02 3.15-02 2.99-02 3.22-02 3.83-02 4.33-02 5.15-02 5.33-02 
5.91-02 4.20-02 3.13-02 3.00-02 3.26-02 3.88-02 4.40-02 5.23-02 5.41-02 
6.16-02 4.39-02 3.29-02 3.18-02 3.48-02 4.17-02 4.73-02 5.61-02 5.81-02 
5.90-02 4.20-02 3.18-02 3.10-02 3.41-02 4.10-02 4.66-02 5.53-02 5.72-02 
5.94-02 4.24-02 3.22-02 3.18-02 3.51-02 4.24-02 4.82-02 5.72-02 5.91-02 
5.77-02 4.11-02 3.16-02 3.13-02 3.48-02 4.22-02 4.80-02 5.70-02 5.89-02 
5.73-02 4.09-02 3.16-02 3.16-02 3.53-02 4.30-02 4.89-02 5.80-02 6.00-02 
5.73-02 4.09-02 3.19-02 3.21-02 3.60-02 4.40-02 5.01-02 5.95-02 6.15-02 
5.62-02 4.01-02 3.14-02 3.19-02 3.60-02 4.41-02 5.03-02 5.97-02 6.17-02 
5.73-02 4.09-02 3.23-02 3.29-02 3.74-02 4.60-02 5.24-02 6.22-02 6.43-02 
5.63-02 4.02-02 3.20-02 3.28-02 3.74-02 4.61-02 5.26-02 6.25-02 6.46-02 
5.69-02 4.06-02 3.25-02 3.36-02 3.85-02 4.75-02 5.43-02 6.45-02 6.67-02 
5.71-02 4.08-02 3.29-02 3.41-02 3.93-02 4.87-02 5.56-02 6.61-02 6.83-02 
5.80-02 4.14-02 3.35-02 3.50-02 4.05-02 5.03-02 5.75-02 6.83-02 7.06-02 
5.81-02 4.15-02 3.38-02 3.55-02 4.12-02 5.13-02 5.87-02 6.98-02 7.22-02 
5.87-02 4.18-02 3.44-02 3.63-02 4.22-02 5.27-02 6.03-02 7.17-02 7.42-02 
5.84-02 4.16-02 3.44-02 3.65-02 4.26-02 5.33-02 6.10-02 7.26-02 7.51-02 
5.88-02 4.19-02 3.48-02 3.71-02 4.35-02 5.45-02 6.24-02 7.43-02 7.68-02 
5.85-02 4.16-02 3.48-02 3.73-02 4.39-02 5.50-02 6.30-02 7.51-02 7.77-02 
5.89-02 4.20-02 3.53-02 3.80-02 4.48-02 5.63-02 6.45-02 7.69-02 7.94-02 
5.85-02 4.16-02 3.52-02 3.80-02 4.50-02 5.66-02 6.49-02 7.73-02 8.00-02 
5.92-02 4.21-02 3.58-02 3.88-02 4.61-02 5.81-02 6.67-02 7.93-02 8.20-02 
5.83-02 4.14-02 3.54-02 3.85-02 4.59-02 5.79-02 6.64-02 7.91-02 8.18-02 
5.85-02 4.15-02 3.56-02 3.90-02 4.65-02 5.88-02 6.75-02 8.04-02 8.32-02 
5.80-02 4.11-02 3.55-02 3.90-02 4.66-02 5.90-02 6.78-02 8.07-02 8.35-02 
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Atomic 

no. 
Sb 51 
Te 52 
I 53 
Xe 54 
Cs 55 
ZB 56 
La 57 
Ce 58 
Pr 59 
Nd 60 
Pm 61 
Sm 62 
Eu 63 
Gd 64 
Tb 65 
Dy 66 
Ho 67 
Er 68 
Tm 69 
Yb 70 
Lu 71 
НЕ 72 
Та 73 
W 74 
Re 75 
Os 76 
Ir 77 
Р 78 
Ап 79 
Не 80 
ТІ 81 
РЬ 82 
Bi 83 
Po 84 
At 85 
Rn 86 
Fr 87 
Ra 88 
Ac 89 
Th 90 
Pa 91 
U 92 
Np 93 
Pu 94 
Am 95 
Cm 96 
Bk 97 
Cf 98 
Es 99 
Fm 100 


PHOTON ATTENUATION COEFFICIENTS (continued) 


Mass attenuation coefficients, cm?/g 


10-210 


Photon energy, MeV 
0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 
8.58 + 03 1.77 + 03 8.85 + 02 1.46 + 02 2.27 + 01 1.12 +01 1.76 + 00 3.38-01 9.45-02 
8.43 + 03 1.83 + 03 9.01 + 02 1.50 + 02 2.34 + 01 1.14 4 01 1.80 + 00 3.43-01 9.33-02 
9.10 + 03 2.00 + 03 8.43 + 02 1.63 + 02 2.54 + 01 1.23 + 01 1.94 + 00 3.66-01 9.70-02 
9.41 + 03 2.09 + 03 6.39 + 02 1.69 + 02 2.65 + 01 127+01 2.01 + 00 3.76-01 9.70-02 
9.37 + 03 2.23 + 03 2.30 + 02 1.79 + 02 2.82 + 01 1.34 + 01 2.12 + 00 3.94-01 9.91-02 
8.54 + 03 2.32 + 03 2.41 + 02 1.86 + 02 2.94 + 01 1.38 + 01 2.20 + 00 4.05-01 9.92-02 
9.09 + 03 2.46 + 03 2.58 + 02 1.97 + 02 3.12 +01 1.45 + 01 2.32 + 00 4.24-01 1.01-01 
9.71 + 03 2.61 + 03 2.74 + 02 2.08 + 02 3.31+01 1.52 + 01 2.45 + 00 4.45-01 1.04-01 
1.06 + 04 2.77 + 03 2.92 + 02 2.21 +02 3.53 + 01 1.60 + 01 2.59 + 00 4.69-01 1.07-01 
6.63 + 03 2.88 + 03 3.06 + 02 2.30 + 02 3.68 + 01 1.65 + 01 2.69 + 00 4.84-01 1.08-01 
2.06 + 03 3.05 + 03 3.26 + 02 2.44 + 02 3.92 + 01 173+01 2.84 + 00 5.10-01 1.12-01 
2.11 +03 3.12 + 03 3.36 +02 2.50 + 02 4.03 +0 1.77 +01 2.90 + 00 5.19-01 1.11-01 
2.22 +03 3.28 + 03 3.54 + 02 2.63 + 02 4.24 +0 1.85 + 01 3.04 + 00 5.43-01 1.14-01 
2.29 + 03 3.36 + 03 3.65 + 02 2.69 + 02 4.36-0 3.86 + 00 3.11+00 5.54-01 1.14-01 
2.40 + 03 3.51+ 03 3.84 + 02 2.82 + 02 4.59 + 0 4.06 + 00 3.25 + 00 5.77-01 1.17-01 
2.49 + 03 3.47 + 03 3.99 + 02 2.90 + 02 4.76 +0 4.23 + 00 3.36 + 00 5.95-01 1.18-01 
2.62 + 03 3.59 + 03 4.17 + 02 3.01 + 02 4.98 +0 4.43 + 00 3.49 +00 6.18-01 1.20-01 
2.75 + 03 3.52 + 03 4.36 + 02 3.13 + 02 520-0 4.63 + 00 3.63 + 00 6.41-01 1.23-01 
2.90 + 03 3.69 + 03 4.57 + 02 2.83 + 02 5.45 +0 4.87 + 00 3.78 + 00 6.68-01 1.26-01 
3.02 + 03 3.80 + 03 4.72 + 02 2.94 + 02 5.63 +0 5.04 + 00 3.88 + 00 6.86-01 1.27-01 
3.19 + 03 3.45 + 03 4.94 + 02 2.21+02 5.88 +0 5.28 + 00 4.03 + 00 7.13-01 1.30-01 
3.34 + 03 3.60 + 03 5.11 + 02 2.30 + 02 6.09 + 0 5.48 + 00 4.15 + 00 7.34-01 1.32-01 
3.51 + 03 3.77 + 03 5.33 + 02 2.38 + 02 6.33+ 0 5.72 + 00 4.30 + 00 7.60-01 1.35-01 
3.68 + 03 3.92 + 03 5.53 + 02 9.69 + 01 6.57 + 0 5.95 + 00 4.44 + 00 7.84-01 1.38-01 
3.87 + 03 3.77 + 03 5.76 + 02 1.01+02 6.84 + 0 6.21 + 00 4.59 + 00 8.12-01 1.41-01 
4.03 + 03 2.22 + 03 5.93 + 02 1.04 + 02 7.04 + 0 6.41 + 00 4.70 + 00 8.33-01 1.43-01 
4.24 + 03 1.03 + 03 6.18 + 02 1.09 + 02 7.3240 6.69 + 00 4.86 + 00 8.63-01 1.46-0 
4.43 + 03 1.08 + 03 6.40 + 02 1.13 + 02 7.57 +0 6.95 + 00 4.99 + 00 8.90-01 1.49-0 
4.65 + 03 1.14 + 03 6.66 + 02 1.18 + 02 7.88 + 0 7.26 + 00 5.16 + 00 9.22-01 1.53-0 
4.83 + 03 1.18 + 03 6.87 + 02 1.22 + 02 8.1240 7.50 + 00 5.28 + 00 9.46-01 1.56-01 
5.01 + 03 1.23 + 03 7.07 + 02 1.26 + 02 8.36-0 7.75 + 00 5.40 + 00 9.69-01 1.58-0 
5.21 + 03 1.29 + 03 7.30 + 02 1.31+02 8.64-0 8.04 + 00 5.55 + 00 9.99-01 1.61-0 
5.44 + 03 1.35 + 03 7.58 + 02 1.36 + 02 8.95 + 0 8.38 + 00 5.74 + 00 1.03 + 00 1.66-01 
5.72 + 03 1.42 + 03 7.93 + 02 1.43 + 02 9.35 + 0 8.80 + 00 5.99 + 00 1.08 + 00 1.71-01 
5.87 + 03 1.49 + 03 8.25 + 02 1.49 + 02 9.70 -- 0 9.19 + 00 6.17 + 00 1.12 + 00 1.77-0 
5.83 + 03 1.49 + 03 8.16 + 02 1.48 + 02 9.56+0 9.12 + 00 6.09 + 00 1.10 4 00 1.73-0 
6.08 + 03 1.56 + 03 8.49 + 02 1.54 + 02 9.93 + 0 9.52 + 00 1.66 + 00 1.14 + 00 1.78-0 
6.20 + 03 1.62 + 03 8.74 + 02 1.59 + 02 1.02 + 02 9.85 + 00 1.71 + 00 1.17 + 00 1.82-0 
6.47 + 03 1.70 + 03 8.69 + 02 1.65 + 02 1.06 + 02 1.03 +01 1.79 + 00 1.21 4 00 1.87-0 
6.61 + 03 1.74 + 03 8.88 + 02 1.69 + 02 9.37 + 01 1.05 + 01 1.83 4 00 1.23 4 00 1.90-0 
6.53 + 03 1.83 + 03 8.76 + 02 1.77 + 02 7.03 + 01 1.10+01 1.92 +00 1.29 + 00 1.97-0 
6.63 + 03 1.86 + 03 8.89 + 02 1.79 + 02 7.11 4 01 1.12401 1.95 +00 1.30 4 00 1.98-0 
6.95 + 03 1.96 + 03 9.32 + 02 1.87 + 02 7.45 + 01 1.18 +01 2.05 +00 1.35 + 00 2.05-0 
7.19 + 03 2.04 + 03 9.65 + 02 1.94 + 02 7.71 +01 1.22 +01 2.13 + 00 1.39 + 00 2.10-0 
7.37 + 03 2.10 + 03 9.90 + 02 1.98 + 02 7.93+01 1.25+01 2.19 + 00 1.42 + 00 2.14-01 
7.54 + 03 2.15 + 03 1.02 + 03 2.03 +02 8.14 + 01 1.28 + 01 2.25 + 00 1.44 + 00 2.18-01 
7.84 + 03 2.25 + 03 1.06 + 03 2.10 + 02 8.39 + 01 1.34 + 01 2.35 + 00 1.50 + 00 2.25-01 
7.89 + 03 2.31+ 03 9.27 + 02 2.15 + 02 8.58 + 01 1.37 +01 2.41 + 00 1.52 + 00 2.29-01 
7.79 + 03 2.40 + 03 9.59 + 02 2.22 + 02 4.01 +01 1.42 +01 2.51 + 00 1.57 + 00 2.36-01 
7.13 + 03 2.46 + 03 9.77 + 02 2.26 + 02 4.09 + 01 1.45 + 01 2.57 + 00 1.59 + 00 2.39-01 
N М, M, L, 
M, L, K EDGE 
M L 


Atomic 
no. 
Sb 51 
Te 52 
I 53 
Xe 54 
Cs 55 
ZB 56 
La 57 
Ce 58 
Pr 59 
Nd 60 
Pm 61 
Sm 62 
Eu 63 
Gd 64 
Tb 65 
Dy 66 
Ho 67 
Er 68 
Tm 69 
Yb 70 
Lu 71 
НЕ 72 
Та 73 
w 74 
Re 75 
Os 76 
Ir 77 
Р 78 
Au 79 
Hg 80 
ТІ 81 
РЬ 82 
Ві 83 
Ро 84 
АГ 85 
Еп 86 
Fr 87 
Ra 88 
Ac 89 
Th 90 
Pa 91 
U 92 
Np 93 
Pu 94 
Am 95 
Cm 96 
Bk 97 
Cf 98 
Es 99 
Fm 100 


PHOTON ATTENUATION COEFFICIENTS (continued) 


Mass attenuation coefficients, cm?/g 


Photon Energy, MeV 

1.0 2.0 5.0 10.0 20.0 50.0 100.0 500.0 1000.0 
5.80-02 4.10-02 3.56-02 3.92-02 4.70-02 5.96-02 6.85-02 8.16-02 8.44-02 
5.67-02 4.01-02 3.49-02 3.86-02 4.64-02 5.89-02 6.77-02 8.07-02 8.35-02 
5.84-02 4.12-02 3.61-02 4.00-02 4.82-02 6.13-02 7.04-02 8.40-02 8.69-02 
5.78-02 4.08-02 3.58-02 3.99-02 4.82-02 6.12-02 7.04-02 8.40-02 8.69-02 
5.85-02 4.12-02 3.64-02 4.06-02 4.91-02 6.25-02 7.19-02 8.58-02 8.88-02 
5.80-02 4.08-02 3.61-02 4.04-02 4.90-02 6.25-02 7.19-02 8.58-02 8.88-02 
5.88-02 4.12-02 3.66-02 4.11-02 5.00-02 6.37-02 7.34-02 8.76-02 9.06-02 
5.96-02 4.18-02 3.73-02 4.19-02 5.10-02 6.52-02 7.50-02 8.96-02 9.27-02 
6.07-02 4.24-02 3.80-02 4.29-02 5.23-02 6.68-02 7.69-02 9.19-02 9.50-02 
6.07-02 4.24-02 3.81-02 4.30-02 5.26-02 6.72-02 7.74-02 9.25-02 9.56-02 
6.19-02 4.31-02 3.88-02 4.40-02 5.38-02 6.89-02 7.94-02 9.48-02 9.81-02 
6.11-02 4.24-02 3.83-02 4.35-02 5.34-02 6.84-02 7.88-02 9.41-02 9.73-02 
6.19-02 4.28-02 3.88-02 4.42-02 5.42-02 6.96-02 8.02-02 9.57-02 9.90-02 
6.12-02 4.23-02 3.84-02 4.38-02 5.38-02 6.91-02 7.97-02 9.51-02 9.83-02 
6.20-02 4.27-02 3.89-02 4.45-02 5.47-02 7.03-02 8.11-02 9.67-02 1.00-0 
6.20-02 4.26-02 3.90-02 4.46-02 5.49-02 7.06-02 8.15-02 9.72-02 1.00-0 
6.26-02 4.29-02 3.93-02 4.50-02 5.55-02 7.14-02 8.24-02 9.83-02 1.02-0 
6.32-02 4.32-02 3.96-02 4.55-02 5.61-02 7.23-02 8.34-02 9.95-02 1.03-0 
6.40-02 4.36-02 4.01-02 4.61-02 5.70-02 7.35-02 8.48-02 1.01-01 1.04-01 
6.40-02 4.35-02 4.00-02 4.61-02 5.70-02 7.35-02 8.49-02 1.01-01 1.04-0 
6.48-02 4.39-02 4.05-02 4.66-02 5.77-02 7.45-02 8.60-02 1.02-01 1.06-0 
6.50-02 4.39-02 4.05-02 4.68-02 5.80-02 7.48-02 8.64-02 1.03-01 1.06-0 
6.57-02 4.41-02 4.08-02 4.72-02 5.85-02 7.56-02 8.73-02 1.04-01 1.07-0 
6.62-02 4.43-02 4.10-02 4.75-02 5.89-02 7.62-02 8.80-02 1.05-01 1.08-0 
6.69-02 4.46-02 4.14-02 4.79-02 5.95-02 7.70-02 8.89-02 1.06-01 1.09-0 
6.71-02 4.46-02 4.13-02 4.79-02 5.96-02 7.71-02 8.90-02 1.06-01 1.10-0 
6.79-02 4.50-02 4.17-02 4.84-02 6.02-02 7.80-02 9.01-02 1.07-01 1.11-0 
6.86-02 4.52-02 4.20-02 4.87-02 6.06-02 7.86-02 9.08-02 1.08-01 1.12-0 
6.95-02 4.57-02 4.24-02 4.93-02 6.14-02 7.95-02 9.19-02 1.09-01 1.13-0 
6.99-02 4.57-02 4.25-02 4.94-02 6.15-02 7.98-02 9.22-02 1.10-01 1.13-0 
7.03-02 4.58-02 4.25-02 4.94-02 6.16-02 8.00-02 9.24-02 1.10-01 1.14-01 
7.10-02 4.61-02 4.27-02 4.97-02 6.21-02 8.06-02 9.31-02 1.11-01 1.15-0 
7.21-02 4.66-02 4.32-02 5.03-02 6.28-02 8.15-02 9.42-02 1.12-01 1.16-01 
7.39-02 4.75-02 4.40-02 5.12-02 6.40-02 8.32-02 9.61-02 1.15-01 1.18-0 
7.54-02 4.82-02 4.46-02 5.20-02 6.49-02 8.44-02 9.76-02 1.16-01 1.20-0 
7.30-02 4.65-02 4.30-02 5.01-02 6.26-02 8.14-02 9.42-02 1.12-01 1.16-01 
7.45-02 4.72-02 4.36-02 5.08-02 6.35-02 8.26-02 9.56-02 1.14-01 1.18-01 
7.53-02 4.75-02 4.38-02 5.10-02 6.38-02 8.31-02 9.61-02 1.15-01 1.19-0 
7.69-02 4.82-02 4.44-02 5.17-02 6.47-02 8.43-02 9.75-02 1.16-01 1.20-0 
7.71-02 4.81-02 4.42-02 5.15-02 6.45-02 8.40-02 9.72-02 1.16-01 1.20-0 
7.94-02 4.93-02 4.52-02 5.26-02 6.59-02 8.60-02 9.95-02 1.19-01 1.23-0 
7.90-02 4.88-02 4.46-02 5.19-02 6.51-02 8.49-02 9.83-02 1.17-01 1.21-0 
8.13-02 4.99-02 4.56-02 5.30-02 6.65-02 8.68-02 1.01-01 1.20-01 1.24-0 
8.26-02 5.05-02 4.60-02 5.34-02 6.71-02 8.76-02 1.01-01 1.21-01 1.25-0 
8.33-02 5.06-02 4.60-02 5.34-02 6.70-02 8.77-02 1.02-01 1.21-01 1.25-0 
8.41-02 5.08-02 4.60-02 5.34-02 6.70-02 8.77-02 1.02-01 1.21-01 1.26-01 
8.62-02 5.18-02 4.68-02 5.42-02 6.81-02 8.92-02 1.03-01 1.24-01 1.28-01 
8.70-02 5.20-02 4.68-02 5.42-02 6.81-02 8.92-02 1.04-01 1.24-01 1.28-0 
8.89-02 5.28-02 4.74-02 5.48-02 6.89-02 9.04-02 1.05-01 1.25-01 1.29-0 
8.94-02 5.28-02 4.72-02 5.45-02 6.86-02 9.00-02 1.05-01 1.25-01 1.29-0 
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CLASSIFICATION ОЕ ELECTROMAGNETIC RADIATION 


Hans Dolezalek 


Basic Conversions: c = Av = wk; v = СА = ck; = су = lk; k = vic = Ш 
с = speed of light = 2.99792458 х 10? m/s 


Frequency Wavelength Wave number Approximate 
(v) (a) 13) Names of bands photon energies 
3 x 1 —3 x 10! Hz 105 — 107 m 10-8 — 10-7 m=! ELF-(ELF 1), ITU band no. 1 
3— 30 Hz 100 — 10 Mm ` 10 — 100 бт - ! 
3 x 10! — 3 x 10? Hz 107 — 106 m 10-7 — 10-6 m-! SLF-(ELF 2), ITU band no. 2, mega- 
30 — 300 Hz 10 — 1 Mm 100 Gm^! — 1 Мт -! meter waves 
3x 102—3 x 10 Hz 106 — 105 т 10-6 — 1075 т-1 ULF-(ELF 3), ITU band no. 3 
300 Hz — 3 kHz 1 Mm — 100 km 1 — 10 Ма?! 
3 x 19 —3 x 10* Hz 105 — 10% m 10-5 — 107* m^! VLF, ITU band no. 4, myriameter 
3 — 30 kHz 100 — 10 km 10 — 100 Mm~! waves 
3 x 10 * —3 x 105 Hz 10* — 10 т 10-4 — 107? m7! LF, ITU band no. 5, kilometer waves 
30 — 300 kHz 10 — 1 km 100 Mn^! — 1 km! 
3 x 106 — 3 x 105 Hz 105 — 102 m 107? — 107? m^! МЕ, ITU band no. 6, hectometer 
300 kHz — 3 MHz 1 km — 100m 1 — 10km~! waves 
—————————————————————————À 
3 x 105 — 3х 107 Hz 10? — 10! m 10-2 — 107! m7! НЕ, ITU band no. 7, decameter waves 
3 — 30 MHz 100 — 10m 10 — 100 кт! 
3 x 107—3 x 105 Hz 10! — 100 m 107! — 100 m=! VHF, ITU band no. 8, meter waves 
30 — 300 MHz 10—1m 100km^! — 1 m7! 
3 x 105—3 x 109 Hz 10 — 107! m 100 — t0! m=! UHF, ITU band no. 9, decimeter 
300 MHz — 3 GHz I m — 100 mm 1-10 m^! waves? 
3 x 109--3 x 100 Hz 107! — 107? m 10! — 10? m=! SHF, ITU band no. 10, centimeter 
3 — 30 GHz 100 — 10 mm 10 — 100 тэ! waves? 
3 x 109--3 x 101 Hz 10-2 — 10-3 m 10? — 10 m=! EHF, ITU band no. 11, millimeter 
30 — 300 GHz 10 — 1 mm 100 m^! — 1 mm^! waves 
(1 — 10 ст- 1) 
3 x 101! — 3 x 1012 Hz 1073 — 10-4 т 103 — 104 m7! Part of micrometer waves, includes 
300 GHz — 3 THz ] mm — 100 pm 1— 10 mm^! part of far or thermal infrared; ITU 
(10 — 100 ст- !) band no. 12 
3 x 1012 — 3 x 103 Hz 10-4 — 10-5 m 10* — 105 m=! Part of micrometer waves includes 
3 — 30 THz 100 — 10 pm 10 — 100 mm^! part of far (thermal) infrared 
(100 — 1000 ст- !} 
3 x 100 — 3 x 10% Hz 1075 — 1079 m 105 — 106 m! Part of ит waves, part of infrared (1.6—16) х 10-29 joule 
30 — 300 THz 10 — 1 рт 100 mm^! — 1 ит! {0.1 — 1 eV} 
(100,000 — 10,000 A) 
3x 104 — 3 х 1015 Hz 10-6 — 10-7 т 106 — 107 т-! Near infrared, visible, near ultraviolet — (1.6—-16) х 10-79 joule 
300 THz — 3 PHz 1 рт — 100 nm 1--10 ит! {1 — 10 eV} 
(10,000 — 1000 À) 
3 x 1015 —3 x 10!6 Hz 107? — 1073 т 107 — 108 m=! Part of “vacuum” - ultraviolet (1.6—16) x 10:18 joule 
3 — 30 PHz 100 — 10 nm 10 — 100 ша"! (10 — 100 eV) 
(1000 — 100 À) 
3 x 1016 — 3 x 107 Hz 10-8 — 107? m 108 — 109 m7! Part of soft X-rays (1.6—16) x 10-17 joule 
30 — 300 PHz 10 — 1 nm 100 um^! — 1 nm”! (100 — 1000 eV)} 
(100 — 10 À) 
3 x 107 — 53 x 108 Нг 10-9 — 107? m 109 — 1010 m~! Part of soft X-rays (1.6—16) х 10:15 joule 
300 PHz — 3 EHz 1 nm — 100 рт 1— 10 пт! (1 — 10 keV) 
(10 — 1 A) 
3 x 1018 —3 x 109 Hz 10-10 — 197 !! m 100 — 10 тэ! Hard X-rays and part of soft y-rays (1.6—16) x 10:15 joule 
3 — 30 ЕН 100 — 10 pm 10 — 100 атг! {10 — 100 keV} 
(1— 0.1 4) 
3 x 100? — 3 x 102 Hz 1071 10-2 m 10!! — 1072 шт! Part of soft and part of hard гү-гауз (1.6—16) x 10- 14 joule 
30 — 300 EHz 10 — 1 pm 100 nm7! — | рт“) (limit at 510 keV) {100 keV — 1 MeV} 
(0.1 — 0.01 À) 
3 x 199 —3 x 10?! Hz 107-4 — 10-3 m 1012 — 108 тт! Part of hard y-rays and part of (1.6—16) x 107" joule 
300 — 3000 EHz 1 pm — 100 fm 1 — 10 pm `! *'cosmic'' -y-rays {1 — 10 MeV] 
(0.01 — 0.001 À) 
3 x 1021 — 3 x 102 Hz 10-13 — 107^ m 1013 — 108 m~! ‘y-tays produced by cosmic rays (1.6—16) x 10-12 joule 
3000 — 30,000 EHz 100 — 10 fm 10 — 100 pm `! (10 — 100 MeV) 


a 


(0.001 — 0.0001 А) 
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CLASSIFICATION ОЕ ELECTROMAGNETIC RADIATION (continued) 


Note: Abbreviations used in this table; A—-Angstrom (1 А = 10? m); EHz—exahertz (108 hertz); EHF—extremely high frequency; ELF—extremely 


low frequency; eV—electron volt (1 eV = 1.60219 x 10: joule); PHz—petahertz (1013 hertz); fm—femtometer (10-5 m); GHz—gigahertz 
(10° hertz); Gm—gigameter (10° m); HF—high frequency; Hz—hertz (8); ITU—International Telecommunications Union; keV— 
kiloelectron volt (10° eV); km—kilometer (10° т); LF—low frequency; m—meter; MeV—megaelectron volt (106 eV); MF—medium 
frequency; MHz—megahertz (106 hertz); Mm—megameter (10° meter); mm—millimeter (10? meter); um—micrometer (10-5 meter); nm— 
nanometer (10? meter); pm—picometer (107? meter); SHF—super high frequency; SLF—super low frequency; THz—terahertz; UHF—ultra 
high frequency; ULF—ultra low frequency; VHF—very high frequency; VLF—very low frequency. 


Also called “microwaves”; not to be confused with “micrometer waves". 


LETTER DESIGNATIONS OF MICROWAVE BANDS 


Frequency (GHz) Wavelength (cm) Wavenumber (cm!) Band 
1-2 30—15 0.033—0.067 L-Band 
1—4 15—7.5 0.067--0.133 S-Band 
4—8 7.5—3.7 0.133—0.267 C-Band 
8—12 3.7—2.5 0.267—0.4 X-Band 
12—18 2.5—1.7 0.4—0.6 Ku-Band 
18—27 1.7—1.1 0.6—0.9 K-Band 
27—40 1.1—0.75 0.9—1.33 Ka-Band 
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BLACK BODY RADIATION 


The total power radiated from an ideal black body and the wavelength corresponding to maximum power are given here as a function of absolute 
temperature. Constants used in the calculation are taken from the table "Fundamental Physical Constants" in Section 1. The radiated power in a band 
AX at Amax may be calculated from: 


P max = 0.657548 (АМА ах) Ры 


Т) / K P tot À max! um Т/ K P tot Халах! um Т/К Р tot A may! um 
50 0.354 W/m? 57.955 740 17.004 3.916 1520 302.689 1.906 
100 5.671 28.978 750 17.942 3.864 1540 318.937 1.882 
150 28.707 19.318 760 18.918 3.813 1560 335.831 1.858 
200 90.728 14.489 770 19.934 3.763 1580 353.387 1.834 
250 221.504 11.591 780 20.989 3.715 1600 371.623 1.811 
273 314.973 10.614 790 22.087 3.668 1620 390.555 1.789 
280 348.541 10.349 800 23.226 3.622 1640 410.202 1.767 
290 401.064 9.992 810 24.410 3.577 1660 430.581 1.746 
300 459.311 9.659 820 25.638 3.534 1680 451.710 1.725 
310 523.684 9.348 830 26.911 3.491 1700 473.607 1.705 
320 594.596 9.055 840 28.232 3.450 1720 496.290 1.685 
330 672.478 8.781 850 29.600 3.409 1740 519.779 1.665 
340 757.771 8.523 860 31.018 3.369 1760 544.093 1.646 
350 850.931 8.279 870 32.486 3.331 1780 569.249 1.628 
360 952.428 8.049 880 34.006 3.293 1800 595.267 1.610 
370 1.063 kW/m? 7.832 890 35.578 3.256 1820 622.168 1.592 
380 1.182 7.626 900 37.204 3.220 1840 649.970 1.575 
390 1.312 7.430 910 38.886 3.184 1860 678.694 1.558 
400 1.452 7.244 920 40.623 3.150 1880 708.359 1.541 
410 1.602 7.068 930 42.418 3.116 1900 738.987 1.525 
420 1.764 6.899 940 44.272 3.083 1920 710.597 1.509 
430 1.939 6.739 950 46.187 3.050 1940 803.210 1.494 
440 2.125 6.586 960 48.162 3.018 1960 836.848 1.478 
450 2.325 6.439 970 50.201 2.987 1980 871.531 1.464 
460 2.539 6.299 980 52.303 2.957 2000 907.282 1.449 
470 2.767 6.165 990 54471 2.927 2020 944.121 1.435 
480 3.010 6.037 1000 56.705 2.898 2040 982.071 1.420 
490 3.269 5.914 1020 61.379 2.841 2060 1.021 MW/m2 1.407 
500 3.544 5.796 1040 66.337 2.786 2080 1.061 1.393 
510 3.836 5.682 1060 71.589 2.134 2100 1.103 1.380 
520 4.146 5.573 1080 77.147 2.683 2120 1.145 1.367 
530 4.474 5.467 1100 83.022 2.634 2140 1.189 1.354 
540 4.822 5.366 1120 89.227 2.587 2160 1.234 1.342 
550 5.189 5.269 1140 95.773 2.542 2180 1.281 1.329 
560 5.577 5.175 1160 102.672 2.498 2200 1.328 1.317 
570 5.986 5.084 1180 109.939 2.456 2220 1.377 1.305 
580 6.417 4.996 1200 117.584 2.415 2240 1.428 1.294 
590 6.871 4.911 1220 125.621 2.375 2260 1.479 1.282 
600 7.349 4.830 1240 134.063 2.337 2280 1.532 1.271 
610 7.851 4.750 1260 142.924 2.300 2300 1.587 1.260 
620 8.379 4.674 1280 152.217 2.264 2320 1.643 1.249 
630 8.933 4.600 1300 161.955 2.229 2340 1.700 1.238 
640 9.514 4.528 1320 172.154 2.195 2360 1.759 1.228 
650 10.122 4.458 1340 182.827 2.163 2380 1.819 1.218 
660 10.760 4.391 1360 193.989 2.131 2400 1.881 1.207 
670 11.427 4.325 1380 205.655 2.100 2420 1.945 1.197 
680 12.124 4.261 1400 217.838 2.070 2440 2.010 1.188 
690 12.853 4.200 1420 230.556 2.041 2460 2.077 1.178 
700 13.615 4.140 1440 243.822 2.012 2480 2.145 1.168 
710 14.410 4.081 1460 257.652 1.985 2500 2.215 1.159 
720 15.239 4.025 1480 272.063 1.958 2550 2.398 1.136 
730 16.103 3.970 1500 287.070 1.932 2600 2.591 1.115 
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BLACK BODY RADIATION (continued) 


T/K Р tot max! um TIK Р tot max! um Т/К Р tot max! um 
2650 2.796 1.093 3600 9.524 0.805 5100 38.362 0.568 
2700 3.014 1.073 3650 10.065 0.794 5200 41.461 0.557 
2750 3.243 1.054 3700 10.627 0.783 5300 44.743 0.547 
2800 3.485 1.035 3750 11.214 0.773 5400 48.217 0.537 
2850 3.741 1.017 3800 11.824 0.763 5500 51.889 0.527 
2900 4.011 0.999 3850 12.458 0.753 5600 55.767 0.517 
2950 4.294 0.982 3900 13.118 0.743 5700 59.858 0.508 
3000 4.593 0.966 3950 13.804 0.734 5800 64.170 0.500 
3050 4.907 0.950 4000 14.517 0.724 5900 68.712 0.491 
3100 5.237 0.935 4100 16.024 0.707 6000 73.490 0.483 
3150 5.583 0.920 4200 17.645 0.690 6500 101.222 0.446 
3200 5.946 0.906 4300 19.386 0.674 7000 136.149 0.414 
3250 6.326 0.892 4400 21.254 0.659 7500 179.418 0.386 
3300 6.725 0.878 4500 23.253 0.644 8000 232.264 0.362 
3350 7.142 0.865 4600 25.389 0.630 8500 296.004 0.341 
3400 7.578 0.852 4700 27.670 0.617 9000 372.042 0.322 
3450 8.033 0.840 4800 30.101 0.604 9500 461.867 0.305 
3500 8.509 0.828 4900 32.689 0.591 10000 567.051 0.290 
3550 9.006 0.816 5000 35.441 0.580 


The curves below show, for various temperatures, the fraction of radiant power as a function of wavelength. The function plotted is Р,/АХ Ро, 
where P; is the power at wavelength À in a small interval AA (in um), and Рі is the total power. 
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CHARACTERISTICS OF INFRARED DETECTORS 


This graph summarizes the wavelength response of some semiconductors used as detectors for infrared radiation. The quantity D*(A) is the signal 
to noise ratio for an incident radiant power density of 1 W/cm? and a bandwidth of 1 Hz (60? field of view). The Ge, InAs, and InSb detectors are 
photovoltaics, while the HgCdTe series are photoconductive devices. The cutoff wavelength ofthe latter can be varied by adjusting the relative amounts 
of Hg, Cd, and Te (three examples are shown at 77 K). The graph also shows the theoretical background limited sensitivity for ideal detectors which 
introduce no intrinsic noise. 


REFERENCE 
Infrared Detectors 1995, EG&G Judson, Montgomeryville, PA. 
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REFRACTIVE INDEX AND TRANSMITTANCE ОЕ REPRESENTATIVE GLASSES 


Typical values of the index of refraction and internal transmittance (fraction of light transmitted through a one centimeter thickness) are tabulated 
here for selected types of glasses, as well as for synthetic fused (vitreous) silica. Nominal compositions are given in the first part ofthe table. The second 
part gives the index of refraction, relative to air, and the internal transmittance for representative samples of each glass at wavelengths in the infrared, 
visible, and near-ultraviolet regions. It should be emphasized that wide variation of these parameters may be found among subtypes of each glass. More 
detailed data may be found in Reference 3. 

Assuming that the Lambert-Beer Law is followed, the transmittance of a glass plate of thickness d (in centimeters) can be obtained by raising the 
transmittance value in the table to the power d. 


REFERENCES 
1. Weber, МЈ., СЕС Handbook of Laser Science and Technology, Vol. IV, Part 2, СЕС Press, Boca Raton, FL ,1988. 
2. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972. 
3. Schott Optical Glass, Schott Glass Technologies, Inc., 400 York Ave., Duryea, PA 18642. 
4. Kaye, G.W.C., and Laby, T.H., Tables of Physical and Chemical Constants, 15th Edition, Longman, London, 1986. 
Composition in percent by mass 

Type Name 510; B20; АО; Ма,О К,О Сао Вао ZnO PbO РО; 

РК Phosphate crown 3 10 12 5 70 

PSK Dense phosphate crown 3 D 4 28 60 

BK Borosilicate crown 70 10 8 1 3 

K Crown 74 9 11 6 

ZK Zinc crown 71 17 12 

Вак Barium crown 60 3 3 10 19 3 

SK Dense crown 39 15 5 41 

КЕ Crown flint 67 2 16 3 12 

BaLF Barium light flint 51 6 5 20 14 4 

55К Extra dense crown 35 10 5 42 8 

LLF Extra light flint 63 5 8 24 

BaF Barium flint 46 8 16 8 22 

LF Light flint 53 5 8 34 

F Flint 47 2 7 44 

BaSF Dense barium flint 43 1 7 11 5 33 

5Е Dense flint 93 5 62 

KzFS Short flint 

510, Fused silica 100 

Index of refraction Transmittance of 1 cm plate 

Type 1.060 um 546.1 nm 365.0 nm 312.6 nm 1.060 um 546.1 nm 365.0 nm 310 nm 
PK 1.51519 1.52736 1.54503 1.5574 0.997 0.998 0.987 0.46 
PSK 1.54154 1.55440 1.57342 1.5868 0.996 0.998 0.984 0.46 
BK 1.50669 1.51872 1.53627 1.5486 0.999 0.998 0.987 0.35 
K 1.50091 1.51314 1.53189 1.5454 0.998 0.998 0.988 0.40 
ZK 1.52220 1.53534 1.55588 1.5708 0.996 0.998 0.976 0.27 
BaK 1.55695 1.57124 1.59407 1.6108 0.998 0.997 0.986 0.28 
SK 1.59490 1.60994 1.63398 0.998 0.998 0.959 0.28 
KF 1.50586 1.51978 1.54251 1.5600 0.998 0.996 0.989 0.49 
BaLF 1.57579 1.59166 1.61804 0.996 0.998 0.933 0.010 
SSK 1.60402 1.61993 1.64595 0.999 0.998 0.915 0.010 
LaK 1.69710 1.71616 1.74573 0.999 0.998 0.882 0.17 
LLF 1.52775 1.54344 1.57038 0.998 0.997 0.990 0.32 
ВаЕ 1.56873 1.58565 1.61524 0.999 0.997 0.992 0.004 
ГЕ 1.56594 1.58482 1.61926 0.999 0.998 0.981 0.008 
Е 1.58636 1.60718 1.64606 0.997 0.998 0.959 
BaSF 1.60889 1.62987 1.66926 0.999 0.998 0.857 
SF 1.71350 1.74620 1.8145 0.998 0.997 0.650 
KzFS 1.59680 1.61639 1.64849 1.6739 0.998 0.672 0.012 
SiO, 1.44968 1.46008 1.474358 1.53430^ 

а At 366.3 nm. 
5 At213.9 nm. 
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INDEX ОЕ REFRACTION ОЕ WATER 


This table gives the index of refraction of liquid water at atmospheric pressure, relative to a vacuum, at several temperatures and wavelengths. It 
is generated from the formulation in Reference 1, which covers a wide range of temperature, pressure, and wavelength.The wavelengths listed here 
correspond to prominent lines of cadmium (226.50 and 361.05 nm), potassium (404.41 nm), sodium (589.00 nm), Ne (632.80 nm, from a helium - 
neon laser), and mercury (1.01398 шт). 


REFERENCES 
1. Schiebener, P., Straub, J., Levelt Sengers, J.M.H., and Gallagher, J.S., J. Phys. Chem. Ref. Data, 19, 677 (1990); 19, 1617, 1990. 


2. Marsh, КМ., Editor, Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 


Т/С 226.50 nm 361.05 nm 404.41 nm 589.00 nm 632.80 nm 1.01398 um 
0 1.39450 1.34896 1.34415 1.33432 1.33306 1.32612 
10 1.39422 1.34870 1.34389 1.33408 1.33282 1.32591 
20 1.39336 1.34795 1.34315 1.33336 1.33211 1.32524 
30 1.39208 1.34682 1.34205 1.33230 1.33105 1.32424 
40 1.39046 1.34540 1.34065 1.33095 1.32972 1.32296 
50 1.38854 1.34373 1.33901 1.32937 1.32814 1.32145 
60 1.38636 1.34184 1.33714 1.32757 1.32636 1.31974 
70 1.38395 1.33974 1.33508 1.32559 1.32438 1.31784 
80 1.38132 1.33746 1.33284 1.32342 1.32223 1.31576 
90 1.37849 1.33501 1.33042 1.32109 1.31991 1.31353 
100 1.37547 1.33239 1.32784 1.31861 1.31744 1.31114 
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INDEX ОЕ REFRACTION OF LIQUIDS FOR CALIBRATION PURPOSES 


This table gives the index of refraction of six liquids which are available in highly pure form and whose index of refraction has been accurately 
measured as a function of wavelength and temperature. They are therefore useful for calibration of refractometers. The estimated uncertainty in the 
values is: 


2,2,4-Trimethylpentane +0.00003 
Hexadecane +0.00008 
trans-Bicyclo[4.0.0]decane +0.00008 
1-Methylnaphthalene +0.00008 
Тошепе +0.00003 
Methylcyclohexane +0.00003 


Full details are given in the references. This table is reprinted from Reference | by permission of the International Union of Pure and Applied Chemistry. 
REFERENCES 


1. Marsh, K.N., Editor, Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 
2. Tilton, L. W., J. Opt. Soc. Ат., 32, 71, 1941. 


3, 2,2,4- Trimethylpentane Hexadecane 
nm 209С 259С 309С 209С 259С 30?C 
667.81 1.38916 1.38670 1.38424 1.43204 1.43001 1.42798 
656.28 1.38945 1.38698 1.38452 1.43235 1.43032 1.42829 
589.26 1.39145 1.38898 1.38650 1.43453 1.43250 1.43047 
546.07 1.39316 1.39068 1.38820 1.43640 1.43436 1.43232 
501.57 1.39544 1.39294 1.39044 1.43888 1.43684 1.43480 
486.13 1.39639 1.39389 1.39138 1.43993 1.43788 1.43583 
435.83 1.40029 1.39776 1.39523 1.44419 1.44213 1.44007 
A trans-Bicyclo[4.4.0]decane 1-Methylnaphthalene 
nm 209С 259С 309С 209С 259С 30?C 
667.81 1.46654 1.46438 1.46222 1.60828 1.60592 1.60360 
656.28 1.46688 1.46472 1.46256 1.60940 1.60703 1.60471 
589.26 1.46932 1.46715 1.46498 1.61755 1.61512 1.61278 
546.07 1.47141 1.46923 1.46705 1.62488 1.62240 1.62005 
501.57 1.47420 1.47200 1.46980 1.63513 1.63259 1.63022 
486.13 1.47535 1.47315 1.47095 1.63958 1.63701 1.63463 
435.83 1.48011 1.47789 1.47567 1.65627 1.65386 
À Toluene Methylcyclohexane 
nm 209С 259С 309С 209С 259С 309С 
667.81 1.49180 1.48903 1.48619 1.42064 1.41812 1.41560 
656.28 1.49243 1.48966 1.48682 1.42094 1.41842 1.41591 
589.26 1.49693 1.49413 1.49126 1.42312 1.42058 1.41806 
546.07 1.50086 1.49803 1.49514 1.42497 1.42243 1.41989 
501.57 1.50620 1.50334 1.50041 1.42744 1.42488 1.42233 
486.13 1.50847 1.50559 1.50265 1.42847 1.42590 1.42334 
435.83 1.51800 1.51506 1.51206 1.43269 1.43010 1.42752 
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INDEX ОЕ REFRACTION OF AIR 


This is a table of the index of refraction n of dry air at 15?C and a pressure of 101.325 kPa and containing 0.04596 by volume of carbon dioxide 
(“standard air"). The index of refraction is defined by n = Л а а Where A is the wavelength of the radiation. The index is calculated from the expression 


where o = 1/A,,. and À, 


vac 


has units of um. The equation is valid for 2. 


(n-1) x 108 = 8342.54 + 2406147(130 - 62)! + 15998(38.9 - 62)! 


be added to the wavelength in air to obtain Ал. 


If the air is at a temperature f in °С (ITS-90) and a pressure p in pascals, a value of (n-1) from this table should be multiplied by 


1. 


РИ + p(60.1 — 0.9721) x 10:19/96095.43(1 + 0.0036617) 


2. Edlen, B., Metrologia 2, 71, 1966. 


Avac 


200 nm 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 


32409 
31748 
31226 
30801 
30447 
30148 
29892 
29670 
29477 
29307 
29157 
29023 
28904 
28796 
28700 
28612 
28532 
28460 
28393 
28332 
28276 
28224 
28177 
28132 
28091 
28053 
28018 
27985 
27954 
27925 
27897 
27872 
27848 
27825 


(n-1) x 108 


ас ын Хак 


0.06480 nm 
0.06665 
0.06868 
0.07082 
0.07305 
0.07535 
0.07769 
0.08009 
0.08251 
0.08497 
0.08745 
0.08995 
0.09247 
0.09500 
0.09755 
0.10011 
0.10269 
0.10527 
0.10786 
0.11046 
0.11307 
0.11569 
0.11831 
0.12094 
0.12357 
0.12620 
0.12885 
0.13149 
0.13414 
0.13679 
0.13945 
0.14211 
0.14477 
0.14743 


Мае 


540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 


REFERENCES 


Birch, K. P., and Downs, M. J., Metrologia, 31, 315, 1994. 


(1-1) х 108 


27804 
27784 
27765 
27747 
27730 
27714 
27698 
27684 
27670 
27657 
27644 
27632 
27621 
27610 
27600 
27590 
27581 
27572 
27563 
27555 
27547 
27539 
27532 
27525 
27518 
27511 
27505 
27499 
27493 
27488 
27482 
27477 
27472 
27467 
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Avac z Хак 


0.15010 
0.15277 
0.15544 
0.15811 
0.16079 
0.16347 
0.16614 
0.16882 
0.17151 
0.17419 
0.17688 
0.17956 
0.18225 
0.18494 
0.18763 
0.19032 
0.19301 
0.19570 
0.19840 
0.20109 
0.20379 
0.20649 
0.20918 
0.21188 
0.21458 
0.21728 
0.21998 
0.22268 
0.22538 
0.22808 
0.23079 
0.23349 
0.23619 
0.23890 


Мае 


880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 


1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1:35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 


um 


(п-1) x 108 


27462 
27458 
27454 
27449 
27445 
27441 
27437 
27434 
27430 
27427 
27423 
27420 


27417 
27402 
27390 
27379 
27370 
27361 
27354 
27347 
27341 
27336 
27331 
27327 
27323 
27319 
27316 
27313 
27310 
27307 
27305 
27303 
27301 


vac from 200 nm to 2 um. The table also gives the correction (1-1). which must 


Avac = Хас 


0.24160 
0.24431 
0.24701 
0.24972 
0.25243 
0.25513 
0.25784 
0.26055 
0.26326 
0.26597 
0.26868 
0.27138 


0.0002741 um 
0.0002876 
0.0003012 
0.0003148 
0.0003283 
0.0003419 
0.0003555 
0.0003691 
0.0003827 
0.0003963 
0.0004099 
0.0004234 
0.0004370 
0.0004506 
0.0004642 
0.0004778 
0.0004914 
0.0005050 
0.0005187 
0.0005323 
0.0005459 


CHARACTERISTICS OF LASER SOURCES 
William F. Krupke 


Light Amplification by Stimulated Emission of Radiation was first demonstrated by Maiman in 1960, the result of a population inversion produced 
between energy levels of chromium ions in a ruby crystal when irradiated with a xenon flashlamp. Since then population inversions and coherent 
emission have been generated in literally thousands of substances (neutral and ionized gases, liquids, and solids) using a variety of incoherent excitation 
techniques (optical pumping, electrical discharges, gas-dynamic flow, electron-beams, chemical reactions, nuclear decay). 

The extrema of laser output parameters which have been demonstrated to date and the laser media used are summarized in Table 1. Note that the 
extreme power and energy parameters listed in this table were attained with laser systems rather than with simple laser oscillators. 

Laser sources are commonly classified in terms of the state-of-matter of the active medium: gas, liquid, and solid. Each of these classes is further 
subdivided into one or more types as shown in Table 2. A well-known representative example of each type of laser is also given in Table 2 together 
with its nominal operation wavelength and the methods by which it is pumped. 

The various lasers together cover a wide spectral range from the far ultraviolet to the far infrared. The particular wavelength of emission (usually 
a narrow line) is presented for some six dozen lasers in Figures 1A and 1B. 

By suitably designing the excitation source and/or by controlling the laser resonator structure, laser systems can provide continuous or pulsed 
radiation as shown in Table 3. 

Besides the method of excitation and the temporal behavior of a laser, there are many other parameters that characterize its operation and efficiency, 
as shown in Tables 4 and 5. 

Although many lasers only emit in one or more narrow spectral “lines”, an increasing number of lasers can be tuned by changing the composition 
orthe pressure of the medium, or by varying the wavelength of the pump bands. The spectral regions in which these tunable lasers operate are presented 
in Figure 2. 


REFERENCE 


Krupke, W. F., in Handbook of Laser Science and Technology, Vol. I, Weber, M. J., Ed., CRC Press, Boca Raton, FL, 1986. 


TABLE 1 
Extrema of Output Parameters of Laser Devices or Systems 


Parameter Value Laser medium 

Peak power 1 x 1014 W (collimated) Nd:glass 

Peak power density 1018 W/cm2 (focused) Nd:glass 

Pulse energy >1057 СО», Nd:glass 

Average power 107 УУ СО, 

Pulse duration 3 х 10-155 continuous wave (cw) Rh6G dye; various gases, 
liquids, solids 

Wavelength 60 nm <> 385 шп Many required 

Efficiency (nonlaser pumped) 70% СО 

Beam quality Diffraction limited Various gases, liquids, solids 

Spectral linewidth 20 Hz (for 107! s) Neon-helium 


Spatial coherence 10 ш Ruby 


Class 


Liquid 


Solid 


TABLE 2 


Classes, Types, and Representative Examples of Laser Sources 


Type (characteristic) 


Atom, neutral (electronic transition) 
Atom, ionic (electronic transition) 
Molecule, neutral (electronic transition) 


Molecule, neutral (vibrational transition) 


Molecule, neutral (rotational transition) 
Molecule, ionic (electronic transition) 
Organic solvent (dye-chromophore) 


Organic solvent (rare earth chelate) 
Inorganic solvent (trivalent rare earth ion) 
Insulator, crystal (impurity) 

Insulator, crystal (stoichiometric) 
Insulator, crystal (color center) 

Insulator, amorphous (impurity) 
Semiconductor (p-n junction) 
Semiconductor (electron-hole plasma) 


Representative 
example 


Neon-Helium (Ne-He) 


Argon (Ar*) 


Krypton fluoride (KrF) 


Carbon dioxide (CO;) 


Methyl fluoride (СЊЕ) 


Nitrogen ion (N5*) 


Rhodamine dye (Rh6G) 


Europium:TTF 
Neodymium:POCI, 
Neodymium: YAG 


Neodymium:UP(NdP5O;,) 


БУДЕ 
Neodymium:glass 
GaAs 

GaAs 


Table 3 


Nominal operating 
wavelength (nm) 


633 
488 
248 


10600 


496000 
420 
580—610 


612 
1060 
1064 
1052 
1120 
1061 
820 
890 


Temporal Characteristics of Lasers and Laser Systems 


Form 


Continuous wave 


Pulsed Excitation is pulsed; resonator Q is held 


Technique 


Excitation is continuous; resonator Q 
is held constant at some moderate value 


constant at some moderate value 


Q-Switched Excitation is continuous or pulsed; resonator Q 
is switched from a very low value to a moderate value 


Cavity dumped 


Mode locked 


Excitation is continuous or pulsed; resonator Q 
is switched from a very high value to a low value 
Excitation is continuous or pulsed; phase or loss of 


Pulse width 
range 


the resonator modes is modulated at a rate related to 
the resonator transit time 


Method(s) of excitation 


Glow discharge 

Arc discharge 

Glow discharge; e- 
beam 

Glow discharge; gas- 
dynamic flow 

Laser pumping 

E-beam 

Flashlamp; laser 
pumping 

Flashlamp 

Flashlamp 

Flashlamp, arc lamp 

Flashlamp 

Laser pumping 

Flashlamp 

Injection current 

E-beam, laser 


pumping 


(penuguoo) SADANOS AASV AO SOLLSPALLO VH VHO 


Parameter 


Excitation method 
Gain medium composition 
Gain medium density 


Wavelength 

Laser cross-section 

Radiative lifetime (upper level) 
Decay lifetime (upper level) 
Gain bandwidth 

Туре, gain saturation 
Homogeneous saturation flux 
Decay lifetime (lower level) 
Inversion density 

Small signal gain coefficient 
Pump power density 

Output power density 

Laser size (diameter:length) 
Excitation current/voltage 
Excitation current density 
Excitation power 

Output power 

Efficiency 


a Junction thickness:width:length. 


b Pressure dependent. 


Unit 


Torr 
ions/cm? 


Table 4 
Properties and Performance of Some Continuous Wave (CW) Lasers 


Gas Liquid Solid 
Rhodamine 6G 
Neon helium Argon ion Carbon dioxide dye Nd:YAG GaAs 
DC discharge DC discharge DC discharge Ar* laser pump Krypton arc lamp DC injection 
Neon:helium Argon CO;:N;:He Rh 6С:Н:О Nd:YAG p:n:GaAs 
0.1:1.0 0.4 0.4:0.8:5.0 
2(18):2(22) 1.5(20):2(22) 2(19):3(18):3(22) 

633 488 10600 590 1064 810 
3(-13) 1.6(-12) 1.5(-16) 1.8(-16) 7(-19) ; 6(-15) 
; 1C7) 7.5(-9) 4(-3) 6.5(-9) 2.6(-4) 7 1(-9) 
; 1(-7) 7 5.0(-9) ;463) 6.0(-9) 2.3(-4) ; 1(-9) 
2(-3) 5(-3) 1.6(-2) 80 0.5 10 
Inhomogeneous Inhomogeneous Homogeneous Homogeneous Homogeneous Homogeneous 

; 20 3(5) 2.3(3) ; 2(4) 
;168) ; 4(-10) ;5(-6) <1(-12) <1(-7) <1(-12) 
; (9) 2(10) 2(15) 2(16) 6(16) 1(16) 
; 1(-3) ;3(-2) 1(-2) 4 5(-2) 40 
3 900 0.15 1(6) 150 70) 
2.6(-3) PE 2(-2) 3(5) 95 5(6) 
0.5:100 0.3:100 5.0:600 1(-3):0.3 0.6:10 5(-4):7(-3);2(-20% 
3(-2):2(3) 30:300 0.1:1.5(4) 90:125 1.0/1.7 
0.15 600 6(-3) 140 4.5(3) 
60 9(3) 1.5(3) 4 1.1(4) 1.7 
0.06 10 240 0.3 300 0.12 
0.1 0.1 13 7 2.6 7 


(penuguoo) SADANOS AASV AO SOLLSPALLO VH VHO 


Parameter 


Excitation method 
Gain medium composition 
Gain medium density 


Wavelength 

Laser cross-section 

Radiative lifetime (upper level) 
Decay lifetime (upper level) 
Gain bandwidth 

Homogeneous saturation fluence 
Decay lifetime (lower level) 
Inversion density 

Small signal gain coefficient 
Medium excitation energy density 
Output energy density 

Laser dimensions 

Excitation current/voltage 
Excitation current density 
Excitation peak power 

Output pulse energy 

Output pulse length 

Output pulse power 

Efficiency 


a Pressure dependent. 
b 


Unit 


torr 
ions/cm? 


Table 5 


Properties and Performance of Some Pulsed Lasers 


Liquid Solid 
Carbon dixoxide Krypton fluoride Rhodamine 6G Nd:YAG Nd:glass 
TEA-discharge E-beam/sust. Glow discharge E-beam Xenon flashlamp Xenon flashlamp Xenon flashlamp 
CO;:N;:He CO;:N;:He He:Kr:F; Ar:Kr:F, Rh6G:alcohol Nd:YAG Nd:Glass 
100:50:600 240:240:320 1070:70:3 1235:52:3 - 
1(18):1.5(22) 1.5(20):1(22) 3(20):2(22) 
10600 10600 249 249 590 1064 1061 
2(-18) 2(-18) 2(-16) 2(-16) 1.8(-16) 7(-19) 2.8(-20) 
4(-3) 4(-3) 7(-9) 7(-9) 6.5(-9) 2.6(-4) 4104) 
7 1(-4) 5(-5) 2(-9) 3(-9) 6.0(-9) 2.3(-4) 3.7(-4) 
1 1 2 2 80 0.5 26 
0.2 0.2 4(-3) 4(-3) 2(-3) 0.6 #5 
5(-8 16894 <1(:12) <1(-12) <1(:12) <1(-7) <1(-8) 
3(17) 6(17) 4(14) 2(14) 2(16) 4(17) 3(18) 
2(-2) 4(-2) 8-92) 4(-2) 4 0.3 8(-2) 
0.1 0.36 0.15 0.13 2.8 0.15 0.6 
2(-2) 1.8(-2) 1.5(-3) 1.2(-2) 0.85 5(-2) 2(-2) 
4.5:4.5:87 10:10:100 1.5:4.5:100 8.5:10:100 1.2025 0.607.5 0.608.3 
6(4)/3.3(3) 2.4(4)/4(4) 2.5(4)/1.5(5) 1.2(4)/2.5(5) 2(5)/2.5(4) 
8.5 22 170 11.5 2.6(3) 
2(8) 9(8) 4(9) 3(9) 5.4(9) 4(4) 9(4) 
35 180 1 102 32 0.1 1.0 
1(-6) 4(-6) 2.5(-8) 6(-7) 3.2(-6) 2(-8) 1(-4) 
3.5(7) 4(7) 4(7) 2(8) 1(7) 5(6) 1(4) 
17 5 1 109 02 1.5 37 


Intrinsic efficiency = energy output/energy deposited in gas. 
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CHARACTERISTICS OF LASER SOURCES (continued) 


120 
Аг, ---- 
m 
е 4 
Е, — 
H, — ши 
Хе, — 
ма ~ Н -+- 
ArF 
d 
Кес! 
—— 
KrF Cut 
Сі, — _ Ад" 
ХеВг mum 
Br — 
2 
XeCl 300 + 
N, ~ Cdt ------- ZnS 
Р ----- = шилж ++ 
Е — Kr 
xr- Е — artt 
Е ————— 480 
Р 
KrF E —+— 400 Pb 
м; 7“ 2 | 
+ ZnSe 
HgBr . ши 500 АГ" ----- са5 
хес---- — - 
XeO + Cu пе 
АГО Г 
KrO — 600 GaSe 
Нас! Ме: 
CdSe 
Ruby 700 F 
кр РЬ? 
500 CdTe 
> GaAs 
900 
= 
Ча: YAG InP 
Yb: Glass 1000 
Nd: Glass 
Nd: YAG- 
Ме? 


FIGURE 1A. Wavelengths of lasers operating in the 120 to 1200 nm spectral region. 


CHARACTERISTICS ОЕ LASER SOURCES (continued) 
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FIGURE IB. Wavelength of lasers operating in the 1300 to 12,000 nm spectral region. 
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CHARACTERISTICS OF LASER SOURCES (continued) 
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FIGURE 2. Spectral tuning ranges of various types of tunable lasers. 


Semiconductor lasers 


INFRARED LASER FREQUENCIES 
Arthur Maki 


The CO, laser has been the subject of a number of very accurate frequency measurements. Most of the earlier measurements are given by Bradley 
et al.! That analysis was based on a single absolute frequency measurement and many laser frequency differences. New measurements of the methane 
frequency?“ have made it necessary to slightly revise that single absolute frequency measurement. In addition, there have been several other absolute 
frequency measurements?" that have been used here to improve the accuracy of the present tables. New frequency difference measurements have also 
been added to the database used for the present tables. 
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Frequencies for the 00°1-(10°0,02°0), and 00°1-(10°0,02°0),, Bands of 12C16O, with the Estimated 2-с Uncertainties 


Band I Band II 
Frequency Uncertainty Frequency Uncertainty 
Line (MHz) (MHz) Line (MHz) (MHz) 
P(70) 26721305.4647 0.1680 P(70) 29789856.3783 0.0308 
P(68) 26794232.6712 0.1217 P(68) 29861850.7690 0.0192 
P(66) 26866318.8073 0.0867 P(66) 29933216.1760 0.0122 
P(64) 26937571.7234 0.0606 P(64) 30003944.2861 0.0086 
P(62) 27007998.9216 0.0415 P(62) 30074026.9127 0.0072 
P(60) 27077607.5643 0.0279 P(60) 30143456.0039 0.0066 
P(58) 27146404.4834 0.0185 P(58) 30212223.6504 0.0061 
P(56) 27214396.1873 0.0121 P(56) 30280322.0930 0.0055 
P(54) 27281588.8696 0.0081 P(54) 30347743.7306 0.0049 
P(52) 27347988.4161 0.0057 P(52) 30414481.1273 0.0044 
P(50) 27413600.4119 0.0043 P(50) 30480527.0196 0.0041 
Р(48) 27478430.1487 0.0036 Р(48) 30545874.3239 0.0039 
Р(46) 27542482.6310 0.0032 Р(46) 30610516.1429 0.0039 
Р(44) 27605762.5826 0.0030 Р(44) 30674445.7724 0.0039 
P(42) 27668274.4525 0.0028 Р(42) 30737656.7080 0.0039 
Р(40) 27730022.4206 0.0027 Р(40) 30800142.6511 0.0039 
Р(38) 27791010.4036 0.0026 Р(38) 30861897.5150 0.0038 
Р(36) 27851242.0594 0.0025 Р(36) 30922915.4310 0.0037 
Р(34) 27910720.7927 0.0024 Р(34) 30983190.7534 0.0037 
Р(32) 27969449.7593 0.0023 Р(32) 31042718.0652 0.0037 
Р(30) 28027431.8708 0.0022 Р(30) 31101492.1833 0.0036 
Р(28) 28084669.7981 0.0021 Р(28) 31159508.1631 0.0037 
Р(26) 28141165.9762 0.0020 Р(26) 31216761.3029 0.0037 
Р(24) 28196922.6067 0.0019 Р(24) 31273247.1487 0.0037 
Р(22) 28251941.6622 0.0017 Р(22) 31328961.4978 0.0037 
Р(20) 28306224.8888 0.0016 Р(20) 31383900.4028 0.0037 
Р(18) 28359773.8090 0.0014 Р(18) 31438060.1749 0.0037 
Р(16) 28412589.7245 0.0012 Р(16) 31491437.3872 0.0036 
Р(14) 28464673.7184 0.0011 Р(14) 31544028.8776 0.0036 
Р(12) 28516026.6574 0.0009 P(12) 31595831.7516 0.0036 
P(10) 28566649.1935 0.0008 P(10) 31646843.3843 0.0035 
P(8) 28616541.7661 0.0008 P(8) 31697061.4225 0.0035 
P(6) 28665704.6027 0.0008 P(6) 31746483.7868 0.0035 


10-228 


Line 


P(4) 

PQ) 

R(0) 

R2) 

R(4) 

R(6) 

R(8) 

R(10) 
R(12) 
R(14) 
R(16) 
R(18) 
R(20) 
R(22) 
R(24) 
R(26) 
R(28) 
R(30) 
В(32) 
R(34) 
R(36) 
R(38) 
R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 
R(52) 
R(54) 
R(56) 
R(58) 
R(60) 
R(62) 
R(64) 
R(66) 
R(68) 
R(70) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


28714137.7205 
28761840.9272 
28832026.2198 
28877902.4382 
28923046.4303 
28967457.0657 
29011133.0054 
29054072.7010 
29096274.3935 
29137736.1129 
29178455.6759 
29218430.6852. 
29257658.5269 
29296136.3689 
29333861.1583 
29370829.6191 
29407038.2491 
29442483.3168 
29477160.8582 
29511066.6733 
29544196.3221 
29576545.1205 
29608108.1360 
29638880.1831 
29668855.8183 
29698029.3350 
29726394.7582 
29753945.8385 
29780676.0464 
29806578.5659 
29831646.2878 
29855871.8032 
29879247.3960 
29901765.0357 
29923416.3695 
29944192.7145 
29964085.0488 
29983084.0036 


Uncertainty 
(MHz) 


0.0008 
0.0008 
0.0008 
0.0007 
0.0006 
0.0005 
0.0003 
0.0001 
0.0003 
0.0005 
0.0007 
0.0009 
0.0010 
0.0011 
0.0012 
0.0011 
0.0011 
0.0011 
0.0012 
0.0013 
0.0015 
0.0017 
0.0019 
0.0022 
0.0024 
0.0027 
0.0032 
0.0037 
0.0042 
0.0047 
0.0052 
0.0058 
0.0074 
0.0113 
0.0186 
0.0302 
0.0475 
0.0720 


Line 


P(4) 

PQ) 

R(0) 

RQ) 

R(4) 

R(6) 

R(8) 

R(10) 
R(12) 
R(14) 
R(16) 
R(18) 
R(20) 
R(22) 
R(24) 
R(26) 
R(28) 
R(30) 
R(32) 
R(34) 
R(36) 
В(38) 
R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 
R(52) 
R(54) 
R(56) 
R(58) 
R(60) 
R(62) 
R(64) 
R(66) 
R(68) 
R(70) 


Band II 
Frequency 
(MHz) 


31795108.6724 
31842934.5511 
31913172.5691 
31958996.0621 
32004017.3822 
32048236.2498 
32091652.6619 
32134266.8917 
32176079.4878 
32217091.2721 
32257303.3386 
32296717.0510 
32335334.0408 
32373156.2044 
32410185.7003 
32446424.9459 
32481876.6140 
32516543.6293 
32550429.1641 
32583536.6340 
32615869.6937 
32647432.2320 
32678228.3665 
32708262.4386 
32737539.0081 
32766062.8469 
32793838.9334 
32820872.4463 
32847168.7576 
32872733.4269 
32897572.1935 
32921690.9701 
32945095.8355 
32967793.0268 
32989788.9322 
33011090.0831 
33031703.1467 
33051634.9172 


Uncertainty 
(MHz) 


0.0035 
0.0035 
0.0035 
0.0034 
0.0034 
0.0034 
0.0034 
0.0034 
0.0034 
0.0035 
0.0036 
0.0037 
0.0038 
0.0039 
0.0041 
0.0042 
0.0042 
0.0042 
0.0042 
0.0042 
0.0041 
0.0040 
0.0039 
0.0038 
0.0039 
0.0041 
0.0045 
0.0055 
0.0071 
0.0099 
0.0141 
0.0202 
0.0288 
0.0407 
0.0567 
0.0780 
0.1060 
0.1423 


Frequencies for the 00°1-(10°0,02°0), and 00°1-(10°0,02°0),, Bands of 1?C!9O, with the Estimated 2-с Uncertainties 


Line 


P(66) 
P(64) 
P(62) 
P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 
P(46) 


Band I 
Frequency 
(MHz) 


25523832.1808 
25590013.4703 
25655543.6502 
25720428.2487 
25784672.4840 
25848281.2771 
25911259.2627 
25973610.8005 
26035339.9857 
26096450.6582. 
26156946.4123 


Uncertainty 
(MHz) 


0.7836 
0.5415 
0.3629 
0.2339 
0.1430 
0.0810 
0.0405 
0.0157 
0.0045 
0.0079 
0.0101 


10-229 


Line 


P(66) 
P(64) 
P(62) 
P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 
P(46) 


Band II 
Frequency 
(MHz) 


28512082.5283 
28585121.9396 
28657449.4180 
28729056.6374 
28799935.4147 
28870077.7187 
28939475.6771 
29008121.5846 
29076007.9109 
29143127.3077 
29209472.6164 


Uncertainty 


(MHz) 


1.2894 
0.9194 
0.6420 
0.4375 
0.2897 
0.1853 
0.1135 
0.0659 
0.0357 
0.0180 
0.0090 


Line 


P(44) 
P(42) 
P(40) 
Р(38) 
Р(36) 
Р(34) 
Р(32) 
Р(30) 
Р(28) 
Р(26) 
РОА) 
P(22) 
P(20) 
P(18) 
P(16) 
P(14) 
P(12) 
P(10) 
P(8) 

P(6) 

P(4) 

P(2) 

R(0) 

R(2) 

R(4) 

R(6) 

R(8) 

Е(10) 
R(12) 
R(14) 
R(16) 
R(18) 
R(20) 
R(22) 
R(24) 
R(26) 
R(28) 
R(30) 
В(32) 
R(34) 
R(36) 
R(38) 
R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 
R(52) 
R(54) 
R(56) 
R(58) 
R(60) 
R(62) 
R(64) 
R(66) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


26216830.6053 
26276106.3655 
26334776.6003 
26392844.0030 
26450311.0599 
26507180.0565 
26563453.0836 
26619132.0428 
26674218.6515 
26728714.4479 
26782620.7952 
26835938.8858 
26888669.7451 
26940814.2347 
26992373.0555 
27043346.7508 
27093735.7083 
27143540.1624 
27192760.1962 
27241395.7431 
27289446.5880 
27336912.3682 
27407012.8882 
27453013.4589 
27498426.5430 
27543251.1200 
27587486.0225 
27631129.9356 
27674181.3963 
27716638.7917 
27758500.3577 
27799764.1770 
27840428.1773 
27880490.1283 
27919947.6395 
27958798.1567 
27997038.9591 
28034667.1551 
28071679.6785 
28108073.2842 
28143844.5432 
28178989.8377 
28213505.3554 
28247387.0838 
28280630.8035 
28313232.0818 
28345186.2652 
28376488.4720 
28407133.5839 
28437116.2372 
28466430.8141 
28495071.4324 
28523031.9357 
28550305.8819 
28576886.5323 
28602766.8393 


Uncertainty 
(MHz) 


0.0101 
0.0090 
0.0077 
0.0068 
0.0063 
0.0061 
0.0060 
0.0058 
0.0055 
0.0054 
0.0054 
0.0054 
0.0055 
0.0055 
0.0055 
0.0054 
0.0052 
0.0051 
0.0049 
0.0048 
0.0047 
0.0046 
0.0045 
0.0043 
0.0040 
0.0037 
0.0034 
0.0031 
0.0029 
0.0029 
0.0029 
0.0029 
0.0030 
0.0029 
0.0029 
0.0028 
0.0028 
0.0027 
0.0027 
0.0026 
0.0026 
0.0026 
0.0028 
0.0033 
0.0046 
0.0083 
0.0161 
0.0301 
0.0531 
0.0887 
0.1419 
0.2188 
0.3271 
0.4763 
0.6781 
0.9467 


10-230 


Line 


P(44) 
P(42) 
P(40) 
P(38) 
P(36) 
P(34) 
P(32) 
P(30) 
P(28) 
P(26) 
Р(24) 
Р(22) 
Р(20) 
Р(18) 
Р(16) 
Р(14) 
Р(12) 
Р(10) 
Р(8) 

Р(6) 

Р(4) 

Р(2) 

Р(0) 

Р(2) 

Р(4) 

Р(6) 

Р(8) 

Р(10) 
Р(12) 
Р(14) 
Р(16) 
Р(18) 
Р(20) 
Р(22) 
Р(24) 
Р(26) 
Р(28) 
Р(30) 
Р(32) 
Р(34) 
Р(36) 
Р(38) 
Р(40) 
Р(42) 
Р(44) 
Р(46) 
Р(48) 
Р(50) 
Р(52) 
Р(54) 
Р(56) 
Р(58) 
Р(60) 
Р(62) 
Р(64) 
Р(66) 


Band II 
Frequency 
(MHz) 


29275036.8754 
29339813.3270 
29403795.4243 
29466976.8383 
29529351.4635 
29590913.4252 
29651657.0844 
29711577.0447 
29770668.1566 
29828925.5239 
29886344.5074 
29942920.7308 
29998650.0838 
30053528.7271 
30107553.0955 
30160719.9016 
30213026.1388 
30264469.0839 
30315046.2994 
30364755.6359 
30413595.2335 
30461563.5231 
30531879.5415 
30577664.6138 
30622575.1885 
30666611.0128 
30709772.1257 
30752058.8571 
30793471.8269 
30834011.9425 
30873680.3976 
30912478.6694 
30950408.5159 
30987471.9732 
31023671.3517 
31059009.2327 
31093488.4642 
31127112.1569 
31159883.6793 
31191806.6529 
31222884.9469 
31253122.6730 
31282524.1795 
31311094.0452 
31338837.0736 
31365758.2858 
31391862.9147 
31417156.3972 
31441644.3679 
31465332.6516 
31488227.2557 
31510334.3631 
31531660.3243 
31552211.6497 
31571995.0017 
31591017.1868 


Uncertainty 
(MHz) 


0.0058 
0.0050 
0.0044 
0.0037 
0.0032 
0.0029 
0.0028 
0.0028 
0.0031 
0.0035 
0.0041 
0.0046 
0.0051 
0.0054 
0.0055 
0.0055 
0.0054 
0.0054 
0.0054 
0.0055 
0.0056 
0.0057 
0.0057 
0.0056 
0.0054 
0.0051 
0.0047 
0.0045 
0.0044 
0.0043 
0.0044 
0.0044 
0.0044 
0.0043 
0.0042 
0.0042 
0.0042 
0.0043 
0.0045 
0.0046 
0.0048 
0.0053 
0.0061 
0.0077 
0.0108 
0.0173 
0.0295 
0.0505 
0.0845 
0.1366 
0.2138 
0.3247 
0.4800 
0.6932 
0.9805 
1.3619 


INFRARED LASER FREQUENCIES (continued) 


Frequencies for the 00°1-(10°0,02°0), and 00°1-(10°0,02°0),, Bands of ?C!5O, with the Estimated 2-с Uncertainties 


Band I Band II 
Frequency Uncertainty Frequency Uncertainty 
Line (MHz) (MHz) Line (MHz) (MHz) 
P(70) 27045326.3119 0.4540 P(70) 30695237.5856 0.0858 
P(68) 27114914.0922 0.3324 P(68) 30755520.2231 0.0570 
P(66) 27183635.7945 0.2392 P(66) 30815311.4928 0.0364 
P(64) 27251496.4118 0.1688 P(64) 30874607.2084 0.0223 
P(62) 27318500.7361 0.1165 Р(62) 30933403.2309 0.0131 
Р(60) 27384653.3618 0.0783 Р(60) 30991695.4724 0.0075 
Р(58) 27449958.6881 0.0510 Р(58) 31049479.9009 0.0049 
Р(56) 27514420.9224 0.0319 Р(56) 31106752.5446 0.0041 
Р(54) 27578044.0828 0.0191 Р(54) 31163509.4964 0.0040 
Р(52) 27640832.0010 0.0108 Р(52) 31219746.9183 0.0040 
Р(50) 27702788.3248 0.0059 Р(50) 31275461.0455 0.0039 
Р(48) 27763916.5206 0.0035 Р(48) 31330648.1908 0.0039 
Р(46) 27824219.8762 0.0028 Р(46) 31385304.7490 0.0039 
Р(44) 27883701.5029 0.0026 Р(44) 31439427.2006 0.0039 
Р(42) 27942364.3379 0.0025 Р(42) 31493012.1163 0.0038 
Р(40) 28000211.1464 0.0024 Р(40) 31546056.1605 0.0038 
Р(38) 28057244.5242 0.0022 Р(38) 31598556.0954 0.0037 
Р(36) 28113466.8992 0.0021 Р(36) 31650508.7847 0.0037 
Р(34) 28168880.5335 0.0020 Р(34) 31701911.1970 0.0037 
Р(32) 28223487.5256 0.0019 Р(32) 31752760.4093 0.0037 
Р(30) 28277289.8118 0.0017 Р(30) 31803053.6105 0.0037 
Р(28) 28330289.1679 0.0016 Р(28) 31852788.1043 0.0038 
Р(26) 28382487.2111 0.0015 Р(26) 31901961.3125 0.0038 
Р(24) 28433885.4012 0.0013 Р(24) 31950570.7773 0.0038 
Р(22) 28484485.0420 0.0012 Р(22) 31998614.1649 0.0038 
Р(20) 28534287.2828 0.0011 Р(20) 32046089.2669 0.0037 
Р(18) 28583293.1193 0.0010 Р(18) 32092994.0036 0.0037 
Р(16) 28631503.3952 0.0010 Р(16) 32139326.4254 0.0036 
Р(14) 28678918.8025 0.0009 Р(14) 32185084.7154 0.0036 
Р(12) 28725539.8830 0.0010 Р(12) 32230267.1907 0.0036 
Р(10) 28771367.0288 0.0010 Р(10) 32274872.3041 0.0037 
Р(8) 28816400.4829 0.0010 Р(8) 32318898.6455 0.0038 
Р(6) 28860640.3403 0.0011 Р(6) 32362344.9434 0.0039 
Р(4) 28904086.5477 0.0011 Р(4) 32405210.0652 0.0041 
Р(2) 28946738.9048 0.0011 Р(2) 32447493.0185 0.0041 
К(0) 29009228.1702 0.0010 Р(0) 32509824.0580 0.0042 
ко) 29049894.0586 0.0010 РО) 32550648.1723 0.0042 
R(4) 29089764.2368 0.0009 P(4) 32590887.7542 0.0042 
R(6) 29128837.8426 0.0008 P(6) 32630542.4457 0.0041 
R(8) 29167113.8668 0.0008 P(8) 32669612.0295 0.0041 
R(10) 29204591.1529 0.0009 P(10) 32708096.4282 0.0040 
R(12) 29241268.3964 0.0010 P(12) 32745995.7040 0.0040 
R(14) 29277144.1444 0.0011 Р(14) 32783310.0573 0.0040 
R(16) 29312216.7955 0.0012 P(16) 32820039.8258 0.0040 
R(18) 29346484.5984 0.0012 Р(18) 32856185.4827 0.0040 
R(20) 29379945.6517 0.0013 P(20) 32891747.6358 0.0040 
R(22) 29412597.9024 0.0013 P(22) 32926727.0254 0.0040 
R(24) 29444439.1458 0.0013 P(24) 32961124.5220 0.0040 
R(26) 29475467.0236 0.0014 P(26) 32994941.1249 0.0040 
R(28) 29505679.0230 0.0015 P(28) 33028177.9594 0.0040 
R(30) 29535072.4755 0.0016 Р(30) 33060836.2743 0.0040 
R(32) 29563644.5557 0.0018 P(32) 33092917.4394 0.0041 
R(34) 29591392.2794 0.0020 P(34) 33124422.9429 0.0043 
R(36) 29618312.5023 0.0023 P(36) 33155354.3878 0.0046 
R(38) 29644401.9182 0.0028 P(38) 33185713.4894 0.0049 


10-231 


Line 


R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 
R(52) 
R(54) 
R(56) 
R(58) 
R(60) 
R(62) 
R(64) 
R(66) 
R(68) 
R(70) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


29669657.0575 
29694074.2853 
29717649.7992 
29740379.6276 
29762259.6274 
29783285.4820 
29803452.6988 
29822756.6072 
29841192.3558 
29858754.9100 
29875439.0495 
29891239.3658 
29906150.2589 
29920165.9352 
29933280.4042 
29945487.4756 


Uncertainty 
(MHz) 


0.0036 
0.0053 
0.0082 
0.0128 
0.0200 
0.0307 
0.0461 
0.0681 
0.0985 
0.1401 
0.1960 
0.2702 
0.3673 
0.4930 
0.6540 
0.8581 


Line 


P(40) 
P(42) 
P(44) 
P(46) 
P(48) 
P(50) 
P(52) 
P(54) 
P(56) 
P(58) 
P(60) 
P(62) 
P(64) 
P(66) 
P(68) 
P(70) 


Band II 
Frequency 
(MHz) 


33215502.0716 
33244722.0637 
33273375.4969 
33301464.5003 
33328991.2976 
33355958.2027 
33382367.6161 
33408222.0209 
33433523.9780 
33458276.1228 
33482481.1601 
33506141.8605 
33529261.0556 
33551841.6335 
33573886.5352 
33595398.7493 


Uncertainty 
(MHz) 


0.0056 
0.0068 
0.0092 
0.0134 
0.0199 
0.0294 
0.0427 
0.0607 
0.0848 
0.1165 
0.1576 
0.2104 
0.2775 
0.3621 
0.4679 
0.5992 


Frequencies for the 00°1-(10°0,02°0); апа 00°1-(10°0,02°0)т Bands of C180, with the Estimated 2-с Uncertainties 


Line 


P(70) 
P(68) 
P(66) 
P(64) 
P(62) 
P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 
P(46) 
P(44) 
P(42) 
P(40) 
P(38) 
P(36) 
P(34) 
P(32) 
P(30) 
Р(28) 
Р(26) 
Р(24) 
Р(22) 
Р(20) 
Р(18) 
Р(16) 
Р(14) 
Р(12) 
Р(10) 
Р(8) 

Р(6) 

Р(4) 


Band I 
Frequency 
(MHz) 


25967863.7652 
26033448.2798 
26098273.9159 
26162346.4813 
26225671.5466 
26288254.4494 
26350100.2984 
26411213.9778 
26471600.1504 
26531263.2618 
26590207.5442 
26648437.0195 
26705955.5026 
26762766.6051 
26818873.7378 
26874280.1143 
26928988.7531 
26983002.4809 
27036323.9351 
27088955.5657 
27140899.6384 
27192158.2363 
27242733.2620 
27292626.4396 
27341839.3165 
27390373.2651 
27438229.4843 
27485409.0008 
27531912.6704 
27577741.1795 
27622895.0455 
27667374.6182 
27711180.0803 
27754311.4480 


Uncertainty 
(MHz) 


1.1146 
0.8152 
0.5860 
0.4129 
0.2844 
0.1906 
0.1237 
0.0772 
0.0459 
0.0258 
0.0138 
0.0077 
0.0057 
0.0055 
0.0055 
0.0056 
0.0056 
0.0056 
0.0055 
0.0054 
0.0051 
0.0049 
0.0047 
0.0044 
0.0042 
0.0040 
0.0037 
0.0035 
0.0033 
0.0031 
0.0031 
0.0031 
0.0033 
0.0034 


10-232 


Line 


P(70) 
P(68) 
P(66) 
P(64) 
P(62) 
P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 
P(46) 
P(44) 
P(42) 
P(40) 
P(38) 
P(36) 
P(34) 
P(32) 
P(30) 
Р(28) 
Р(26) 
Р(24) 
Р(22) 
Р(20) 
Р(18) 
Р(16) 
Р(14) 
Р(12) 
Р(10) 
Р(8) 

Р(6) 

Р(4) 


Band II 
Frequency 
(MHz) 


28960476.2278 
29022326.9578 
29083661.3546 
29144473.5795 
29204757.8761 
29264508.5768 
29323720.1086 
29382386.9988 
29440503.8809 
29498065.4997 
29555066.7172 
29611502.5178 
29667368.0132 
29722658.4475 
29777369.2022 
29831495.8006 
29885033.9125 
29937979.3584 
29990328.1139 
30042076.3132 
30093220.2534 
30143756.3978 
30193681.3793 
30242992.0038 
30291685.2529 
30339758.2870 
30387208.4477 
30434033.2603 
30480230.4356 
30525797.8725 
30570733.6593 
30615036.0750 
30658703.5912 
30701734.8727 


Uncertainty 


(MHz) 


0.4069 
0.2861 
0.1961 
0.1303 
0.0833 
0.0507 
0.0290 
0.0152 
0.0073 
0.0038 
0.0032 
0.0031 
0.0031 
0.0034 
0.0039 
0.0044 
0.0049 
0.0053 
0.0054 
0.0055 
0.0055 
0.0054 
0.0053 
0.0052. 
0.0051 
0.0049 
0.0048 
0.0046 
0.0045 
0.0044 
0.0043 
0.0043 
0.0044 
0.0045 


Line 


PQ) 

R(0) 

ЕО) 

R(4) 

R(6) 

R(8) 

Е(10) 
R(12) 
R(14) 
R(16) 
R(18) 
В(20) 
В(22) 
R(24) 
R(26) 
R(28) 
R(30) 
В(32) 
R(34) 
R(36) 
R(38) 
R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 
R(52) 
R(54) 
R(56) 
R(58) 
R(60) 
R(62) 
R(64) 
R(66) 
R(68) 
R(70) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


27796768.5718 
27859189.3155 
27899959.0889 
27940052.7921 
27979469.5315 
28018208.2478 
28056267.7161 
28093646.5448 
28130343.1757 
28166355.8825 
28201682.7706 
28236321.7757 
28270270.6628 
28303527.0249 
28336088.2817 
28367951.6781 
28399114.2823 
28429572.9843 
28459324.4940 
28488365.3390 
28516691.8625 
28544300.2211 
28571186.3823 
28597346.1222 
28622775.0223 
28647468.4672 
28671421.6417 
28694629.5272 
28717086.8993 
28738788.3239 
28759728.1540 
28779900.5263 
28799299.3572 
28817918.3393 
28835750.9374 
28852790.3843 
28869029.6768 


Uncertainty 
(MHz) 


0.0036 
0.0036 
0.0035 
0.0033 
0.0031 
0.0028 
0.0026 
0.0025 
0.0025 
0.0025 
0.0025 
0.0025 
0.0024 
0.0024 
0.0023 
0.0024 
0.0025 
0.0026 
0.0028 
0.0029 
0.0029 
0.0031 
0.0032 
0.0032 
0.0038 
0.0071 
0.0148 
0.0286 
0.0510 
0.0852 
0.1355 
0.2075 
0.3078 
0.4447 
0.6283 
0.8707 
1.1863 


Line 


PQ) 

P(0) 

PQ) 

P(4) 

P(6) 

P(8) 

P(10) 
P(12) 
P(14) 
P(16) 
P(18) 
P(20) 
Р(22) 
Р(24) 
Р(26) 
Р(28) 
Р(30) 
Р(32) 
Р(34) 
Р(36) 
Р(38) 
Р(40) 
Р(42) 
Р(44) 
Р(46) 
Р(48) 
Р(50) 
Р(52) 
Р(54) 
Р(56) 
Р(58) 
Р(60) 
Р(62) 
Р(64) 
Р(66) 
Р(68) 
Р(70) 


Band II 
Frequency 
(MHz) 


30744128.7785 
30806522.5414 
30847319.2956 
30887476.2168 
30926993.0424 
30965869.7046 
31004106.3298 
31041703.2379 
31078660.9408 
31114980.1420 
31150661.7340 
31185706.7976 
31220116.5992 
31253892.5891 
31287036.3991 
31319549.8396 
31351434.8973 
31382693.7318 
31413328.6728 
31443342.2165 
31472737.0219 
31501515.9074 
31529681.8467 
31557237.9646 
31584187.5329 
31610533.9656 
31636280.8146 
31661431.7650 
31685990.6298 
31709961.3449 
31733347.9642 
31756154.6537 
31778385.6867 
31800045.4375 
31821138.3761 
31841669.0622 
31861642.1394 


Uncertainty 
(MHz) 


0.0045 
0.0045 
0.0044 
0.0043 
0.0042 
0.0041 
0.0040 
0.0040 
0.0040 
0.0040 
0.0041 
0.0042 
0.0043 
0.0043 
0.0044 
0.0043 
0.0043 
0.0042 
0.0042 
0.0041 
0.0040 
0.0039 
0.0040 
0.0042 
0.0046 
0.0057 
0.0088 
0.0151 
0.0261 
0.0434 
0.0693 
0.1068 
0.1594 
0.2317 
0.3291 
0.4581 
0.6268 


Frequencies for the 01!¢1-(11!¢0,03!°0); and 011*1-(111*0,03!*0); Bands of 12C16O, with the Estimated 2-с Uncertainties 


Line 


P(59) 
P(57) 
P(55) 
P(53) 
P(51) 
P(49) 
Р(47) 
Р(45) 
Р(43) 
Р(41) 
Р(39) 
Р(37) 
Р(35) 


Band I 
Frequency 
(MHz) 


26125213.2723 
26191576.6703 
26257240.7898 
26322208.2302 
26386481.4313 
26450062.6783 
26512954.1076 
26575157.7109 
26636675.3402 
26697508.7115 
26757659.4084 
26817128.8857 
26875918.4726 


Uncertainty 
(MHz) 


1.6633 
1.0880 
0.6844 
0.4094 
0.2286 
0.1155 
0.0498 
0.0191 
0.0160 
0.0182 
0.0177 
0.0160 
0.0144 


10-233 


Line 


P(59) 
P(57) 
P(55) 
P(53) 
P(51) 
P(49) 
P(47) 
P(45) 
P(43) 
P(41) 
P(39) 
P(37) 
P(35) 


Band П 
Frequency 
(MHz) 


30427055.2899 
30494640.3229 
30561557.5929 
30627802.0344 
30693368.7014 
30758252.7710 
30822449.5469 
30885954.4624 
30948763.0834 
31010871.1119 
31072274.3882 
31132968.8940 
31192950.7549 


Uncertainty 
(MHz) 


0.1962 
0.1332 
0.0865 
0.0530 
0.0306 
0.0175 
0.0123 
0.0114 
0.0109 
0.0100 
0.0091 
0.0091 
0.0102 


Line 


Р(33) 
Р(31) 
Р(29) 
Р(27) 
Р(25) 
Р(23) 
Р(21) 
Р(19) 
Р(17) 
Р(15) 
Р(13) 
Р(11) 
Р(9) 

Р(7) 

Р(5) 

Р(3) 

ка) 

RG) 

R(5) 

R(7) 

R(9) 

R(11) 
R(13) 
R(15) 
R(17) 
R(19) 
Е(21) 
203) 
205) 
кот) 
R(29) 
В(31) 
R(33) 
R(35) 
R(37) 
R(39) 
R(41) 
R(43) 
R(45) 
R(47) 
R(49) 
R(51) 
R(53) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


26934029.3751 
26991462.6787 
27048219.3509 
27104300.2431 
27159706.0925 
27214437.5237 
27268495.0505 
27321879.0769 
27374589.8987 
27426627.7040 
27477992.5747 
27528684.4867 
27578703.3113 
27628048.8151 
27676720.6609 
27724718.4080 
27841759.7696 
27887393.2105 
27932349.2934 
27976627.0108 
28020225.2521 
28063142.8031 
28105378.3457 
28146930.4576 
28187797.6116 
28227978.1750 
28267470.4088 
28306272.4666 
28344382.3939 
28381798.1267 
28418517.4902 
28454538.1976 
28489857.8477 
28524473.9240 
28558383.7917 
28591584.6963 
28624073.7602 
28655847.9806 
28686904.2261 
28717239.2334 
28746849.6038 
28775731.7988 
28803882.1361 


Uncertainty 
(MHz) 


0.0131 
0.0119 
0.0106 
0.0096 
0.0093 
0.0097 
0.0104 
0.0108 
0.0108 
0.0104 
0.0098 
0.0096 
0.0101 
0.0113 
0.0127 
0.0141 
0.0152 
0.0146 
0.0135 
0.0124 
0.0115 
0.0110 
0.0109 
0.0109 
0.0107 
0.0103 
0.0099 
0.0099 
0.0107 
0.0122 
0.0141 
0.0165 
0.0213 
0.0312 
0.0486 
0.0754 
0.1131 
0.1644 
0.2328 
0.3239 
0.4465 
0.6142 
0.8465 


Line 


P(33) 
Р(31) 
Р(29) 
Р(27) 
Р(25) 
Р(23) 
Р(21) 
Р(19) 
Р(17) 
Р(15) 
Р(13) 
Р(11) 
Р(9) 

Р(7) 

Р(5) 

Р(3) 

РА) 

Р(3) 

Р(5) 

Р(7) 

Р(9) 

Р(11) 
Р(13) 
Р(15) 
Р(17) 
Р(19) 
Р(21) 
Р(23) 
Р(25) 
Р(27) 
Р(29) 
Р(31) 
Р(33) 
P(35) 
P(37) 
P(39) 
Р(41) 
Р(43) 
Р(45) 
Р(47) 
Р(49) 
Р(51) 
Р(53) 


Band II 
Frequency 
(MHz) 


31252216.2430 
31310761.7788 
31368583.9339 
31425679.4328 
31482045.1550 
31537678.1367 
31592575.5725 
31646734.8172 
31700153.3868 
31752828.9602 
31804759.3803 
31855942.6551 
31906376.9582 
31956060.6304 
32004992.1796 
32053170.2819 
32170312.0391 
32215845.0845 
32260620.8121 
32304638.8261 
32347898.8990 
32390400.9714 
32432145.1513 
32473131.7137 
32513361.0997 
32552833.9153 
32591550.9309 
32629513.0796 
32666721.4564 
32703177.3164 
32738882.0732 
32773837.2976 
32808044.7156 
32841506.2063 
32874223.8000 
32906199.6761 
32937436.1606 
32967935.7238 
32997700.9775 
33026734.6728 
33055039.6965 
33082619.0689 
33109475.9403 


Uncertainty 
(MHz) 


0.0118 
0.0134 
0.0147 
0.0155 
0.0157 
0.0154 
0.0147 
0.0137 
0.0127 
0.0119 
0.0113 
0.0113 
0.0116 
0.0122 
0.0129 
0.0136 
0.0149 
0.0151 
0.0152 
0.0152 
0.0150 
0.0148 
0.0145 
0.0142 
0.0140 
0.0140 
0.0141 
0.0143 
0.0144 
0.0142 
0.0136 
0.0136 
0.0174 
0.0279 
0.0462 
0.0735 
0.1114 
0.1624 
0.2292 
0.3151 
0.4238 
0.5595 
0.7272 


Frequencies for the 01111-(11110,03110); and 01!#1-(1110,0310) Bands of 1?C!5O, with the Estimated 2-с Uncertainties 


Line 


P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 


Band I 
Frequency 
(MHz) 


26051570.0104 
26120964.4932 
26189552.8496 
26257339.6006 
26324329.0344 
26390525.2136 
26455931.9824 


Uncertainty 
(MHz) 


4.4521 
3.0629 
2.0516 
1.3305 
0.8289 
0.4901 
0.2698 


10-234 


Line 


P(60) 
P(58) 
P(56) 
P(54) 
P(52) 
P(50) 
P(48) 


Band П 
Frequency 
(MHz) 


30355115.0204 
30425283.5969 
30494732.8293 
30563455.6325 
30631445.1076 
30698694.5456 
30765197.4310 


Uncertainty 


(MHz) 


0.2752 
0.1926 
0.1301 
0.0840 
0.0512 
0.0292 
0.0163 


Line 


P(46) 
P(44) 
P(42) 
P(40) 
P(38) 
P(36) 
P(34) 
P(32) 
P(30) 
P(28) 
P(26) 
P(24) 
P(22) 
P(20) 
P(18) 
P(16) 
P(14) 
P(12) 
P(10) 
P(8) 

P(6) 

P(4) 

P(2) 

R(2) 

R(4) 

R(6) 

R(8) 

Е(10) 
R(12) 
R(14) 
R(16) 
R(18) 
R(20) 
R(22) 
R(24) 
R(26) 
R(28) 
R(30) 
В(32) 
R(34) 
R(36) 
R(38) 
R(40) 
R(42) 
R(44) 
R(46) 
R(48) 
R(50) 


INFRARED LASER FREQUENCIES (continued) 


Band I 
Frequency 
(MHz) 


26520552.9722 
26584391.6075 
26647451.1105 
26709734.5057 
26771244.6242 
26831984.1067 
26891955.4069 
26951160.7945 
27009602.3576 
27067282.0045 
27124201.4662 
27180362.2977 
27235765.8792 
27290413.4182 
27344305.9494 
27397444.3368 
27449829.2733 
27501461.2824 
27552340.7179 
27602467.7649 
27651842.4399 
27700464.5912 
27748333.8988 
27864709.8633 
27909939.2762 
27954412.3294 
27998127.7801 
28041084.2173 
28083280.0620 
28124713.5668 
28165382.8151 
28205285.7213 
28244420.0302 
28282783.3158 
28320372.9812 
28357186.2574 
28393220.2023 
28428471.6994 
28462937.4565 
28496614.0042 
28529497.6934 
28561584.6939 
28592870.9914 
28623352.3850 
28653024.4839 
28681882.7038 
28709922.2632 
28737138.1785 


Uncertainty 
(MHz) 


0.1334 
0.0551 
0.0181 
0.0151 
0.0174 
0.0157 
0.0126 
0.0105 
0.0096 
0.0092 
0.0090 
0.0089 
0.0090 
0.0093 
0.0096 
0.0097 
0.0096 
0.0096 
0.0101 
0.0111 
0.0125 
0.0139 
0.0148 
0.0146 
0.0135 
0.0122 
0.0112 
0.0107 
0.0108 
0.0110 
0.0112 
0.0111 
0.0110 
0.0114 
0.0129 
0.0149 
0.0168 
0.0175 
0.0165 
0.0142 
0.0163 
0.0309 
0.0593 
0.1054 
0.1779 
0.2907 
0.4635 
0.7231 


10-235 


Line 


P(46) 
P(44) 
P(42) 
P(40) 
P(38) 
P(36) 
P(34) 
P(32) 
P(30) 
Р(28) 
Р(26) 
Р(24) 
Р(22) 
Р(20) 
Р(18) 
Р(16) 
Р(14) 
Р(12) 
Р(10) 
Р(8) 

Р(6) 

Р(4) 

Р(2) 

Р(2) 

Р(4) 

Р(6) 

Р(8) 

Р(10) 
Р(12) 
Р(14) 
Р(16) 
Р(18) 
Р(20) 
Р(22) 
Р(24) 
Р(26) 
Р(28) 
Р(30) 
Р(32) 
Р(34) 
Р(36) 
Р(38) 
Р(40) 
Р(42) 
Р(44) 
Р(46) 
Р(48) 
Р(50) 


Вапа П 
Егедиепсу 
(MHz) 


30830947.4444 
30895938.4662 
30960164.5794 
31023620.0723 
31086299.4415 
31148197.3941 
31209308.8510 
31269628.9481 
31329153.0395 
31387876.6994 
31445795.7236 
31502906.1318 
31559204.1695 
31614686.3091 
31669349.2515 
31723189.9280 
31776205.5007 
31828393.3642 
31879751.1463 
31930276.7092 
31979968.1497 
32028823.8002 
32076842.2290 
32193218.1935 
32238298.4853 
32282538.0393 
32325936.7244 
32368494.6458 
32410212.1438 
32451089.7941 
32491128.4063 
32530329.0234 
32568692.9211 
32606221.6061 
32642916.8154 
32678780.5147 
32713814.8971 
32748022.3813 
32781405.6101 
32813967.4482 
32845710.9809 
32876639.5111 
32906756.5580 
32936065.8540 
32964571.3426 
32992277.1760 
33019187.7118 
33045307.5105 


Uncertainty 
(MHz) 


0.0111 
0.0104 
0.0105 
0.0105 
0.0107 
0.0114 
0.0126 
0.0138 
0.0147 
0.0151 
0.0149 
0.0141 
0.0128 
0.0113 
0.0098 
0.0086 
0.0081 
0.0085 
0.0095 
0.0107 
0.0120 
0.0131 
0.0139 
0.0150 
0.0151 
0.0153 
0.0153 
0.0154 
0.0155 
0.0155 
0.0154 
0.0152 
0.0149 
0.0147 
0.0144 
0.0140 
0.0133 
0.0120 
0.0106 
0.0122 
0.0212 
0.0385 
0.0646 
0.1015 
0.1518 
0.2184 
0.3048 
0.4152 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS 
Arthur Maki 


Aside from the CO, laser transitions, the absorption spectrum of CO has been more accurately and thoroughly measured than any other spectrum. 
A bibliography of earlier measurements on CO is given by Maki and Wells,! and the present tables were calculated from the measurements referred 
to in that work. In addition, some new and very accurate frequency measurements?? have been made and were incorporated in the present tables. The 
frequencies of the rotational transitions of HF апа НСІ were calculated from constants obtained from fitting the measurements of Evenson et al.^? and 
Jennings and Wells. 

A new report on infrared wavenumber standards from the International Union of Pure and Applied Chemistry, Commission on Molecular Structure 
and Spectroscopy, may be found in Reference 7. 
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Wavenumbers for the v - 1-0 Band of CO 


Wavenumber (unc)* Wavenumber (unc) 
стг! Transition стг! Transition 

2147.081132(01) R(0) 
2139.426071(01) P( 1) 2150.856006(01) ва) 
2135.546178(01) P( 2) 2154.595581(01) R(2) 
2131.631574(01) P(3) 2158.299710(01) R(3) 
2127.682404(01) P( 4) 2161.968245(01) R(4) 
2123.698816(01) P( 5) 2165.601041(01) В( 5) 
2119.680957(01) Р(6) 2169.197949(01) R( 6) 
2115.628973(01) P(7) 2172.758824(01) R(7) 
2111.543012(01) Р( 8) 2176.283519(01) R(8) 
2107.423221(01) Р(9) 2179.771887(01) R(9) 
2103.269746(01) P(10) 2183.223782(01) R(10) 
2099.082734(01) Р(11) 2186.639057(01) R(11) 
2094.862333(01) Р(12) 2190.017565(01) R(12) 
2090.608688(01) P(13) 2193.359161(01) R(13) 
2086.321947(01) P(14) 2196.663698(01) R(14) 
2082.002256(01) P(15) 2199.931030(01) R(15) 
2077.649762(01) P(16) 2203.161010(01) R(16) 
2073.264612(01) Р(17) 2206.353492(01) R(17) 
2068.846952(01) Р(18) 2209.508331(02) R(18) 
2064.396929(01) P(19) 2212.625379(02) R(19) 
2059.914688(02) P(20) 2215.704492(02) R(20) 
2055.400377(02) Р(21) 2218.745522(02) R(21) 
2050.854140(02) P(22) 2221.748326(03) R(22) 
2046.276126(03) Р(23) 2224.712755(03) R(23) 
2041.666479(03) Р(24) 2227.638666(03) R(24) 
2037.025345(03) P(25) 2230.525912(04) R(25) 
2032.352870(04) P(26) 2233.374349(04) R(26) 
2027.649200(04) Р(27) 2236.183829(04) R(27) 
2022.914480(04) P(28) 2238.954210(05) R(28) 
2018.148857(05) P(29) 2241.685344(05) R(29) 
2013.352474(05) P(30) 2244.377088(06) R(30) 
2008.525477(06) P(31) 2247.029296(07) R(31) 
2003.668012(06) P(32) 2249.641824(08) R(32) 
1998.780224(07) P(33) 2252.214527(10) R(33) 
1993.862257(09) P(34) 2254.747262(14) R(34) 


10-236 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS (continued) 


Wavenumber (unc)* Wavenumber (unc) 
стг! Transition стг! Transition 
1988.914257(11) P(35) 2257.239883(18) R(35) 
1983.936367(14) P(36) 2259.692248(24) R(36) 
1978.928733(18) P(37) 2262.104213(33) R(37) 
1973.891500(25) P(38) 2264.475634(45) R(38) 
1968.824811(34) P(39) 2266.806368(61) R(39) 
1963.728813(46) P(40) 2269.096273(81) R(40) 
1958.603648(61) P(41) 2271.345206(106) R(41) 
1953.449462(82) P(42) 2273.553027(139) R(42) 


* The uncertainty in the last digits (twice the standard error) is given in parentheses. 


Wavenumbers for the v - 2-0 Band of CO 


Wavenumber (unc)* Wavenumber (unc) 
стг! Transition eme Transition 

4263.837198(02) R( 0) 
4256.217140(02) P( 1) 4267.542066(02) R( 1) 
4252.302244(02) P( 2) 4271.176630(02) R( 2) 
4248.317633(02) P( 3) 4274.740746(02) R(3) 
4244.263453(02) P( 4) 4278.234264(02) R( 4) 
4240.139852(02) P( 5) 4281.657039(02) R(5) 
4235.946975(02) P( 6) 4285.008924(02) R( 6) 
4231.684972(02) P( 7) 4288.289772(02) R(7) 
4227.353987(02) P( 8) 4291.499437(02) R(8) 
4222.954169(02) P( 9) 4294.637773(02) R(9) 
4218.485665(02) P(10) 4297.704631(02) R(10) 
4213.948620(02) P(11) 4300.699868(02) R(11) 
4209.343182(02) P(12) 4303.623334(02) R(12) 
4204.669499(02) P(13) 4306.474886(02) R(13) 
4199.927716(02) P(14) 4309.254375(02) R(14) 
4195.117980(02) P(15) 4311.961657(02) R(15) 
4190.240439(02) P(16) 4314.596584(02) R(16) 
4185.295239(02) Р(17) 4317.159011(02) R(17) 
4180.282526(02) P(18) 4319.648791(02) R(18) 
4175.202447(02) P(19) 4322.065779(03) R(19) 
4170.055149(03) P(20) 4324.409829(03) R(20) 
4164.840777(03) P(21) 4326.680794(03) R(21) 
4159.559478(03) P(22) 4328.878530(03) R(22) 
4154.211398(03) P(23) 4331.002889(04) R(23) 
4148.796683(04) P(24) 4333.053728(04) R(24) 
4143.315479(04) P(25) 4335.030899(05) R(25) 
4137.767932(04) P(26) 4336.934259(06) R(26) 
4132.154187(05) P(27) 4338.763661(07) R(27) 
4126.474391(06) Р(28) 4340.518961(09) R(28) 
4120.728689(07) P(29) 4342.200014(11) R(29) 
4114.917226(09) P(30) 4343.806675(16) R(30) 
4109.040148(12) P(31) 4345.338799(21) К(31) 
4103.097600(16) Р(32) 4346.796243(29) R(32) 
4097.089728(21) P(33) 4348.178862(40) R(33) 
4091.016676(29) P(34) 4349.486513(54) R(34) 
4084.878591(40) P(35) 4350.719052(73) R(35) 
4078.675618(54) P(36) 4351.876336(96) R(36) 
4072.407901(73) P(37) 4352.958224(127) R(37) 
4066.075588(97) P(38) 4353.964572(166) R(38) 
4059.678822(127) P(39) 4354.895240(214) R(39) 


ж Тһе uncertainty in the last digits (twice the standard error) is given in parentheses. 


10-237 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS (continued) 


Wavenumbers for the v - 3-0 Band of CO 


Wavenumber (unc)* Wavenumber (unc) 
сиг! Transition стг! Transition 
6354.179057(13) R(0) 
6346.594000(13) Р(1) 6357.813923(13) ЕСІ) 
6342.644103(13) P( 2) 6361.343487(13) R(2) 
6338.589491(13) Р( 3) 6364.767599(13) R(3) 
6334.430309(13) P(4) 6368.086115(13) R(4) 
6330.166705(13) Р(5) 6371.298887(13) В( 5) 
6325.798826(13) Р(6) 6374.405768(12) R( 6) 
6321.326819(13) P(7) 6377.406611(12) R(7) 
6316.750831(12) Р( 8) 6380.301271(12) R(8) 
6312.071008(12) Р(9) 6383.089600(12) R(9) 
6307.287498(12) P(10) 6385.771452(12) као) 
6302.400447 (12) Р(11) 6388.346680(13) R(11) 
6297.410003(12) P(12) 6390.815139(13) R(12) 
6292.316311(13) P(13) 6393.176681(13) R(13) 
6287.119520(13) P(14) 6395.431160(13) R(14) 
6281.819775(13) P(15) 6397.578430(13) R(15) 
6276.417224(13) P(16) 6399.618344(13) R(16) 
6270.912012(13) P(17) 6401.550757(13) R(17) 
6265.304287(13) Р(18) 6403.375523(13) R(18) 
6259.594194(13) P(19) 6405.092495(14) R(19) 
6253.781880(13) P(20) 6406.701527(14) код) 
6247.867492(14) Р(21) 6408.202474(14) R(21) 
6241.851176(14) P(22) 6409.595189(15) R2) 
6235.733077(14) Р(23) 6410.879527(15) R(23) 
6229.513342(15) P(24) 6412.055343(16) R(24) 
6223.192117(15) P(25) 6413.122491(17) R(25) 
6216.769547(16) P(26) 6414.080825(19) R(26) 
6210.245778(17) РОТ) 6414.930201(23) R(27) 
6203.620957(19) P(28) 6415.670474(28) R(28) 
6196.895229(23) Р(29) 6416.301500(37) R(29) 
6190.068739(28) P(30) 6416.823133(50) R(30) 
6183.141633(37) P1) 6417.235231(67) В(31) 
6176.114058(50) Р(32) 6417.537649(90) R(32) 
6168.986159(67) P(33) 
6161.758082(90) P(34) 


* The uncertainty in the last digits (twice the standard error) is given in parentheses. 


Frequencies and Wavenumbers for the Rotational Lines of CO 


Frequency Uncertainty* Wavenumber Uncertainty* 
MHz MHz J J emi emi 
115271.2029 0.0004 1 0 3.84503345 0.00000001 
230538.0016 0.0008 2 1 7.68991999 0.00000003 
345795.9923 0.0012 3 2 11.53451273 0.00000004 
461040.7712 0.0016 4 3 15.37866477 0.00000005 
576267.9350 0.0019 5 4 19.22222923 0.00000006 
691473.0809 0.0021 6 5 23.06505926 0.00000007 
80665 1.8065 0.0023 7 6 26.90700800 0.00000008 
921799.7104 0.0025 8 7 30.74792863 0.00000008 
1036912.3919 0.0027 9 8 34.58767438 0.00000009 
1151985.4515 0.0029 10 9 38.42609848 0.00000010 
1267014.4906 0.0031 11 10 42.26305422 0.00000010 
1381995.1119 0.0034 12 11 46.09839491 0.00000011 
1496922.9195 0.0038 13 12 49.93197392 0.00000013 


10-238 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS (continued) 


Frequency Uncertainty* Wavenumber Uncertainty* 
MHz MHz J J emi emi 

1611793.5189 0.0042 14 13 53.76364468 0.00000014 
1726602.5173 0.0047 15 14 57.59326065 0.00000016 
1841345.5237 0.0052 16 15 61.42067535 0.00000017 
1956018.1486 0.0057 17 16 65.24574239 0.00000019 
2070616.0050 0.0061 18 17 69.0683 1542 0.00000020 
2185134.7075 0.0065 19 18 72.88824816 0.00000022 
2299569.8733 0.0069 20 19 76.70539441 0.00000023 
2413917.1217 0.0071 21 20 80.51960806 0.00000024 
2528172.0747 0.0073 22 21 84.33074306 0.00000024 
2642330.3567 0.0074 23 22 88.13865346 0.00000025 
2756387.5949 0.0075 24 23 91.94319341 0.00000025 
2870339.4194 0.0077 25 24 95.74421713 0.00000026 
2984181.4631 0.0080 26 25 99.54157896 0.00000027 
3097909.3621 0.0085 27 26 103.33513334 0.00000028 
3211518.7558 0.0090 28 27 107.12473480 0.00000030 
3325005.2869 0.0096 29 28 110.91023800 0.00000032 
3438364.6013 0.0102 30 29 114.69149772 0.00000034 
3551592.3489 0.0107 31 30 118.46836884 0.00000036 
3664684.1829 0.0111 32 31 122.24070637 0.00000037 
3777635.7608 0.0118 33 32 126.00836545 0.00000039 
3890442.7435 0.0137 34 33 129.77120137 0.00000046 
4003100.7965 0.0179 35 34 133.52906952 0.00000060 
4115605.5892 0.0254 36 35 137.28182546 0.00000085 
4227952.7954 0.0370 37 36 141.02932487 0.00000123 
4340138.0932 0.0531 38 37 144.77142361 0.00000177 
4452157.1657 0.0746 39 38 148.50797766 0.00000249 
4564005.7001 0.1025 40 39 152.23884318 0.00000342 


* Тһе uncertainty given is twice the standard error. 


Frequencies and Wavenumbers for the Rotational Lines of HF 


Frequency Uncertainty* Wavenumber Uncertainty* 
MHz MHz J I’ em! ст“ 
1232476.21 0.12 1 0 41.110981 0.000004 
2463428.09 0.19 2. 1 82.171116 0.000006 
3691334.81 0.25 3 2 123.129676 0.000008 
4914682.58 0.51 4 3 163.936165 0.000017 
6131968.11 1.10 5 4 204.540439 0.000037 
7341702.00 2.00 6 5 244.892818 0.000067 
8542412.1 321 7 6 284.944197 0.000107 
9732646.8 4.72 8 7 324.646153 0.000157 
10910978.2 6.51 9 8 363.951056 0.000217 
12076004.8 8.55 10 9 402.81216 0.000285 
13226355.2 10.81 11 10 441.18372 0.000361 
14360689.8 13.25 12 11 479.02105 0.00044 
15477704.4 15.86 13 12 516.28065 0.00053 
16576131.8 18.61 14 13 552.92024 0.00062 
17654744.4 21.48 15 14 588.89888 0.00072 
18712356.5 24.44 16 15 624.17703 0.00082 
19747825.6 27.43 17 16 658.71656 0.00092 
20760054.3 30.32 18 17 692.4809 0.00101 
21747991.7 32.91 19 18 725.4349 0.00110 
22710634.7 34.94 20 19 757.5452 0.00117 
23647028.7 36.08 21 20 788.7800 0.00120 
24556268.8 35.93 22 21 819.1090 0.00120 
25437499.9 34.12 23 22 848.5037 0.00114 


10-239 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS (continued) 


Frequency Uncertainty* Wavenumber Uncertainty* 
MHz MHz J J emi emi 
26289917.4 30.32 24 23 876.9373 0.00101 
27112767.2 24.41 25 24 904.38457 0.00081 
27905345.6 16.88 26 25 930.82214 0.00056 
28666999.3 10.80 27 26 956.22817 0.00036 
29397124.8 14.65 28 27 980.58253 0.00049 
30095168.2 24.62 29 28 1003.86676 0.00082 
30760624.2 33.36 30 29 1026.0640 0.00111 
31393035.7 36.17 31 30 1047.1590 0.00121 


* The uncertainty given is twice the standard error. 


Frequencies and Wavenumbers for the Rotational Lines of H?5CI 


Frequency Uncertainty* Wavemumber Uncertainty* 
MHz MHz J J^ emi emi 
1876226.517 0.065 3 2 62.584180 0.000002 
2499864.439 0.066 4 3 83.386502 0.000002 
3121986.563 0.064 5 4 104.138262 0.000002 
3742216.601 0.076 6 5 124.826909 0.000003 
4360180.042 0.098 7 6 145.439951 0.000003 
4975504.51 0.11 8 Я 165.964966 0.000004 
5587820.10 0.12 9 8 186.389615 0.000004 
6196759.76 0.22 10 9 206.701656 0.000007 
6801959.63 0.50 11 10 226.888951 0.000017 
7403059.41 1.02 12 11 246.939481 0.000034 
7999702.7 1.8 13 12 266.841359 0.000062 
8591537.3 3.1 14 13 286.582837 0.000103 
9178215.8 4.8 15 14 306.152324 0.000161 


* The uncertainty given is twice the standard error. 


Frequencies and Wavenumbers for the Rotational Lines of Н?7СІ 


Frequency Uncertainty* Wavenumber Uncertainty* 
MHz MHz J J ст“! ст“! 
1873410.72 0.05 3 2 62.490255 0.000002. 
2496115.33 0.05 4 3 83.261445 0.000002. 
3117308.69 0.05 5 4 103.982225 0.000002 
3736615.64 0.06 6 2 124.640082 0.000002 
4353662.84 0.08 7 6 145.222561 0.000003 
4968079.04 0.09 8 7 165.717279 0.000003 
5579495.53 0.10 9 8 186.111938 0.000003 
6187546.42 0.19 10 9 206.394332 0.000006 
6791869.04 0.45 11 10 226.552365 0.000015 
7392104.3 0.9 12 11 246.574057 0.000030 
7987896.9 1.6 13 12 266.447561 0.000054 
8578896.1 2.7 14 13 286.161170 0.000089 


* The uncertainty given is twice the standard error. 


10-240 


SENSITIVITY OF THE HUMAN EYE TO LIGHT OF DIFFERENT WAVELENGTHS 


The human eye responds to electromagnetic radiation in the wavelength range from about 360 nm (violet) to 820 nm (red), with a peak sensitivity 
near 555 nm. While the detailed shape of this response curve depends on the individual person, studies on representative samples of human subjects 
have led to adoption of a standard function relating the perceived brightness (luminous flux) to the actual power of the spectral radiation. This function 
is referred to as V(À), the photopic spectral luminous efficiency function, and it plays an important role in photometry. 

The function V(A), as adopted by the International Commission on Illumination (CIE) is tabulated and plotted below. 
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GAUGE AND HIGGS BOSONS 


КУРС) = ола 7) 


Mass m < 2 x 10716 ev 
Charge q < 5х 10730 e 
Mean life т = Stable 


Ë] 
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8 = 
шал 


Mass m = 0 [8] 
SU(3) color octet 


Е 


Charge = +1 е 

Mass т = 80.41 + 0.10 GeV 

ту — ту = 10.78 + 0.10 GeV 
my, — Mw- = — 0.2 + 0.6 GeV 
Full width Г = 2.06 + 0.06 GeV 


ИУ modes are charge conjugates of the modes below. 


p 
w+ DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Ти [b] (10.74 0.33) % - 
ету (10.9 404 ) 96 40205 
utv (10.2 405 ) 96 40205 
rty (113 40.8 ) % 40185 
hadrons (67.8 +1.0 )% - 
тї < 22 x 1074 95% 40205 
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je 


Charge — 0 

Mass m = 91.187 + 0.007 GeV 141 

Full width Г = 2.490 -- 0.007 GeV 

F(£* £7) = 83.83 + 0.27 MeV 19 

Г (invisible) = 498.3 + 4.2 MeV [al] 

Г (hadrons) = 1740.7 = 5.9 MeV 

T (ut u-)/F(e* ет) = 1.000 + 0.005 
(r*r-)/F(e* e-) = 0.998 + 0.005 [9] 


Average charged multiplicity 
UN paya q = 21:00:35: 0:13 


Couplings to leptons 
gv = — 0.0377 + 0.0007 
£4 = —0.5008 + 0.0008 
gve = 0.53 + 0.09 
g”. = 0.502 + 0.017 


2 
V 
£ 
A 


Asymmetry parameters [f] 


A, = 0.1519 = 0.0034 
А, = 0.102 + 0.034 
А; = 0.143 + 0.008 
Ас = 0.59 - 0.19 

Ap = 0.89 + 0.11 


Charge asymmetry (96) at 2 pole 
ASD = 1.59 + 0.18 
AS) — 4.0 + 7.3 
AQ) = 99 + 31 (5-12) 
AS) = 7.32 + 0.58 
ACP) — 10.02 + 0.28 
FB `~ d 5 
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Z DECAY MODES 

ете” 

и“ и“ 

T'T- 

TES лай 

invisible 

hadrons 
(uu--cc)/2 
(dd+ss+bb)/3 
сс 
bb 

ЕЕЕ 

nO 

ny 

wy 

7'(958) у 

7 

YYY 

nt WF 

pe WF 

J/w(15)X 

4(25)Х 

Хс1(1Р)Х 

Хә(1Р)Х 

T(1S) X +7(25) X 

+7(35) X 

T(1S)X 
т(25)х 
T(3S)X 

(D? / D?) х 

D*X 

D*(2010)* X 

вох 


anomalous ^ + hadrons 


ете ү 
u* uy 
тїт 
ГАВЛЫН yy 
4477 
VUYY 
et ит 
eE +T 
pnt 


LF 


Fraction (Г;/Г) 


[5] 


[2] 


| < 
[^] < 
| < 
[n] < 
Й < 
Й < 


( 3.366--0.008) % 
( 3.367--0.013) % 
( 3.360--0.015) % 
( 3.366--0.006) % 
(20.01 +0.16 ) % 
(69.90 +0.15 ) % 
(101 +11 )% 


(16.0 +06 )% 
(124 %06 )% 
(15.16 +0.09 ) 96 
1.1 % 
5.2 x 1079 
5.1 x 1079 
6.5 x 1074 
4.2 x 1079 
5.2 x 1079 
1.0 x 1079 
7 x 1079 
8.3 x 1079 


( 3.66 +0.23 ) x 10-3 
( 1.60 +0.29 ) x 10-3 


(29 +07 )х1073 
3.2 x 1073 

(10 +05 )x10-4 
5.5 x 1079 
1.39 x 1074 
9.4 x 1079 

(207 -20 )% 

(122 +17 )% 

(114 -13 )% 

сееп 
3.2 х 10-3 
5.2 x 1074 
5.6 x 1074 
13 x 1074 
6.8 x 1076 
5.5 x 1076 
3.1 x 1076 
1.7 x 1076 
9.8 x 1076 
1.2 x 1079 


Confidence level 


95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 


90% 


95% 
95% 
95% 
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(MeV/c) 


45594 
45593 
45559 
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Higgs Bosons — НО and НЕ, Searches for 


НО Mass m > 77.5 GeV, CL = 95% 
НО т Supersymmetric Models (тро <т но) 
Mass т > 62.5 GeV, СІ = 95% 


АО Pseudoscalar Higgs Boson іп Supersymmetric Models Ú! 
Mass т > 62.5 GeV, CL = 95% tang >1 


H* Mass m » 54.5 GeV, CL - 95% 


See the Particle Listings for a Note giving details of Higgs 
Bosons. 
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Heavy Bosons Other Than 
Higgs Bosons, Searches for 


Additional W Bosons 
Wr — right-handed W 
Mass m > 549 GeV 
(assuming light right-handed neutrino) 
W” with standard couplings decaying to ev, uv 
Mass m » 720 GeV, CL — 9596 
Additional Z Bosons 
Za with standard couplings 
Mass m > 690 GeV, CL = 95% (pp direct search) 
Mass m > 779 GeV, CL = 95% (electroweak fit) 
ZLR of 50(2) xSU(2) Rx U(1) 
(with gj = gg) 
Mass m > 630 GeV, CL = 95% (pp direct search) 
Mass m > 389 GeV, CL = 95% (electroweak fit) 
Zx of SO(10) = 50(5)х U(1)x 
(coupling constant derived from G.U.T.) 
Mass m > 595 GeV, CL = 95% (pp direct search) 
Mass m > 321 GeV, CL = 95% (electroweak fit) 
Z, of Eg — SO(10)xU(1)y 
(coupling constant derived from G.U.T.) 
Mass m > 590 GeV, CL = 95% (рр direct search) 
Mass m > 160 GeV, CL = 95% (electroweak fit) 
2, of Eg — SU(3)xSU(2)xU(1)xU(1), 
(coupling constant derived from G.U.T .); 
charges аге Q} = /3/8Qy - 4/5/80,) 
Mass т > 620 GeV, CL = 95% (рр direct search) 
Mass т > 182 GeV, CL = 95% (electroweak fit) 


Scalar Leptoquarks 
Mass m > 225 GeV, CL = 95% (1st generation, pair prod.) 
Mass m > 237 GeV, CL = 95% (1st gener., single prod.) 
Mass m > 119 GeV, CL — 95% (2nd gener., pair prod.) 
Mass m > 73 GeV, CL — 95% (2nd gener., single prod.) 
Mass m > 99 GeV, CL — 95% (3rd gener., pair prod.) 

(See the Particle Listings for assumptions on leptoquark quan- 

tum numbers and branching fractions.) 
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Axions (A9) and Other 


Very Light Bosons, Searches for 


The standard Peccei-Quinn axion is ruled out. Variants with reduced 
couplings or much smaller masses are constrained by various data. The 
Particle Listings in the full Review contain a Note discussing axion 
searches. 


The best limit for the half-life of neutrinoless double beta decay with 
Majoron emission is > 7.2 х 1024 years (CL = 90%). 


NOTES 


[a] Theoretical value. A mass as large as a few MeV may not be precluded. 
[b] £ indicates each type of lepton (e, u, and т), not sum over them. 


[c] The Z-boson mass listed here corresponds to a Breit-Wigner resonance 
parameter. It lies approximately 34 MeV above the real part of the posi- 
tion of the pole (in the energy-squared plane) in the Z-boson propagator. 


[d] This partial width takes into account Z decays into v7 and any other 
possible undetected modes. 


[e] This ratio has not been corrected for the 7 mass. 
ІҢ Here A = 2gvga/(&--g). 


[g] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 


[h] See the 2 Particle Listings for the ^; energy range used in this measure- 
ment. 


[ For m, = (60 + 5) GeV. 


[Л The limits assume no invisible decays. 
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LEPTONS 
п 2-3 


Mass т = 0.51099907 + 0.00000015 MeV Ia! 
= (5.485799111 + 0.000000012) х 1074 u 
(m+ — m,-)/m< 4х 1078, CL = 90% 
|44. + 9.-|/е < 4х 1078 
Magnetic moment ш = 1.001159652193 + 0.000000000010 ид 
(Ее — 8.-) / Бамегаве = (20.5 2.1) x 10-37 
Electric dipole moment d = (0.18 + 0.16) x 10:29 ест 
Mean Мет > 4.3 x 1023 yr, CL = 68% [^l 
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Д 


Mass т = 105.658389 + 0.000034 MeV 1“ 
= 0.113428913 + 0.000000017 и 

Mean life т = (2.19703 + 0.00004) x 10-6 s 
a [us = 1.00002 + 0.00008 

cr — 658.654 m 
Magnetic moment ш = 1.0011659230 + 0.0000000084 eh/2m,, 
(g ын g,-) / Бамегаве — (=2.6 x 1.6).X 10-8 
Electric dipole moment d = (3.7 + 3.4) х 1071? ест 


Decay parameters |4! 
р = 0.7518 + 0.0026 
п = —0.007 + 0.013 
ó = 0.749 + 0.004 
ЕР, = 1.003 + 0.008 [9] 
ЄР,6/р > 0.99682, CL = 90% [9] 
£ = 1.00 + 0.04 
&' = 0.7 + 0.4 
a/A = (0 + 4) x 1073 
а! ЈА = (0 + 4) x 107? 
В/А = (4 + 6) x 1073 
В'ЈА = (2 + 6) x 1073 


7 = 0.02 + 0.08 
pt modes are charge conjugates of the modes below. 
р 
и” DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
ери = 100% 53 
е VeVy^ [f] (1.40.4) % 53 
e V.v,e*e- [g] (3.4-0.4) x 1079 53 
Lepton Family number (LF) violating modes 
e ve, LF [n] < 12 % 90% 53 
e y LF « 4.9 x 10-11 9094 53 
егете” LF «10 x 10-12 90% 53 
e 27 LF < 72 x 10—11 90% 53 
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1 
Ј= 5 


Маѕѕ т = 1777.08 058 MeV 

Mean life т = (290.0 + 1.2) x 10-15 
cr — 86.93 um 

Magnetic moment anomaly > — 0.052 and < 0.058, CL = 95% 

Electric dipole moment d > —3.1 and < 3.1 x 10-16 ecm, CL = 
95% 

Weak dipole moment 
Ке(4”) < 0.56 x 10-17 ecm, CL = 95% 
Im(d”) < 1.5 x 1071" ест, CL = 95% 


Weak anomalous magnetic dipole moment 


Re(a") < 4.5 x 1073, СІ = 90% 
Іт(а а") < 9.9 х 107 3 CL — 90% 


Decay parameters 


See the 7 Particle Listings for a note concerning 7-decay parameters. 
рт (e or u) = 0.748 + 0.010 

рт (e) = 0.745 + 0.012 
p” (џи) = 0.741 + 0.030 
£*(e or u) = 1.01 + 0.04 
&Т (e) = 0.98 + 0.05 
& (u) = 1.07 + 0.08 

( 


T 


n (e ог u) = 0.01 + 0.07 

п" (и) = —0.10 + 0.18 
(6£)" (e or и) = 0.749 + 0.026 
(5€)7 (e) = 0.733 + 0.033 

(£) (u) = 0.78 + 0.05 


<7(т) = 0.99 + 0.05 
e = 0.996 + 0.010 

(ар) = 1.02 + 0.04 
ЄТ (all hadronic modes) = 0.997 + 0.009 
Tt modes аге charge conjugates of the modes below. “ht” stands for 
п or КЖ. “e stands for e or џи. "Neutral" means neutral hadron whose 
decay products include y's and/or л0%. 
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Scale factor/ p 
T DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Modes with one charged particle 

particle” > 0 neutrals > ок%у, (84.71-- 0.13) % S=1.2 - 
( "1-prong") 

particle” > 0 neutrals > oK? (85.30+ 0.13) % S=1.2 - 

H Кит [] (17.374 0.09) % 885 

H uten) [g] (30 + 0.6 ) x 1073 _ 

e Ve, [i] (1781- 0.07) % 889 

h >Q neutrals > OK? Vr (49.52+ 0.16) % S=1.2 - 

ће > OK? v (12.32+ 0.12) % S=1.5 _ 

hv, (11.79-- 0.12) % S=1.5 = 

T V. [i] (11.08= 0.13) % S=1.4 883 

Кт и; Й (71 + 0.5 )х 1073 820 

h > 1 neutrals v, (36.91-- 0.17) % 5-12 - 

h nv, (25.84-- 0.14) % 5-14 E 

v nv, [i] (25.32= 0.15) 96 5=11 878 

т” п0поп-р(770) и (3.0 + 3.2 ) x 1073 878 

К-тди, [] (52 + 0.5 )x 1073 814 

Sor (10.79+ 0.16) % S=1.2 5 

h- 259v, ( 9.39-- 0.14) % 5-1.2 5 

h 270 и, (ех. K9) ( 9.23+ 0.14) % S=1.2 - 

п 2n°v,(ex.K°) || ( 915-- 0.15) % 5-1.2 862 

К-2л9у,(ех.К9) || (8.0 + 27 )х 1074 796 

h- > 3n°v, ( 1.40-- 0.11) % 5-14 5 

h 3T? v, ( 1.23+ 0.10) % 5-14 _ 

п Эл0/,(ех.К0) p] (1414 014)% 836 

Като (Ко (Cas 2750 x10 = 766 


h^ 470 v, (ex. K9) 
h^ 470 v, (ex. K9 n) 
K- > 070 > 0К0 v, 
K- > 1 (ло or КО) v, 


(17 + 0.6 ) x 1072 
(11 + 0.6 ) x 1073 
( 1.66-- 0.10) 96 

(9.5 + 10 ) x 1073 
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Modes with К05 


КО (particles) и; (1.66 0.09) % S=14 - 

h- КО > 0 neutrals > окђи, ( 1.62-- 0.09) % S=1.4 - 

h- Kov, (9.9 + 08)x10 3 65-15 - 

т” K? y, [] (83 + 08)х10:3 S=14 812 

т” КО eb х 10-3 CL-95* 812 

(поп- K*(892)~ )v, 

KT KÌ’ Й (1594 0.24) x 10-3 737 

h- К9л9,, (5.5 + 0.5 ) x 1073 - 

т” Колби, [] (39+ 0.5 ) x 1073 794 

K9p- (19 + 07)x10-3 - 

K- POM [] (1.514 0.29) x 10-3 685 

то КО 5050 y. (6 +4 )х107% - 

KT КОл0 л0 џи, < 3.9 х 1074 С1=95% - 

т” K° Koy, [] (1.214 0.21) х10-3 6-12 682 

т^ KS Кен; (30 + 0.5 ) х10—4 5=12 - 

m Кек ир (60-10)х10:4 65-12 - 

т” К SK Vy < 20 х 1074 CL-95* - 

-K ти. (31 + 1.2 ) x 1074 - 

a K > 0 neutrals v; ( 31 + 04 ) x 1073 - 

K9 h* h- h- > 0 neutrals и, < 17 x10-3 CL=95% _ 

KÌ h* h- h" v. (2.3 + 20 ) x 1074 - 

Modes with three charged particles 

h h h* > Oneut. v, ("3-prong") (15.18-- 0.13) % S=1.2 - 

h h h* > 0 neutrals и, (14.60-- 0.13) % S=1.2 - 
(ех. KQ э ntr) 

"T ma > 0 neutrals v, (14.60-- 0.14) % - 

h В ВТ и. ( 9.96-- 0.10) % 5-11 - 

h h- h* v, (ех. КО) ( 9.62-- 0.10) % 5-1.1 - 

h h ht v, (ex. K9,u) ( 9.57-- 0.10) % 5-11 u 

T TT U ( 9.56-- 0.11) 96 5-11 - 

л ntr v, (ex КО) ( 9.52+ 0.11) % 5-11 - 

л mmn и, (ех.КО,ш) [i] ( 9.23+ 0.11) % S=1.1 - 

В hT h* > 1 neutrals v, ( 5.18-- 0.11) % S=1.2 - 
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hh ht > 1 neutrals и, (ex. ( 4.98+ 0.11) 96 S242 - 
КЗ — тїт) 
h- h- h* 9v, ( 4.50-- 0.09) % 5-14 = 
h h- htn? и, (ex. КО) ( 4.31-- 0.09) % 5-11 = 
h h htn? и, (ех. КО, и) ( 2.59-- 0.09) % - 
т mm 104. ( 4.35-- 0.10) % жі 
п пъ т nv, (ex.K9) ( 4.22-- 0.10) 96 - 
пті т 1% -(ех.К9,) [i] ( 2.49-- 0.10) % - 
h (p Y ( 2.88-- 0.35) 96 - 
(а 11260) h ) v. « 20 % CL=95% - 
ћ“ 2 ( 1.35-- 0.20) % _ 
h pt h v, (45 + 2.2 ) x107 - 
ћо рт a ( 1.174 0.23) 96 - 
h- hT h* 2x9 v, (5.4 + 04 ) x 1073 - 
h h- ht 219 v, (ex. K9) (5.3 + 0.4 ) x 1073 - 
h h- ht 270 v, (ех.КО, от) (| (11 + 04 ) х10-3 - 
h- h- ht > Зп џи. салын” 5951078: 5515 - 
h- h- h* 3x9 v, (2.9 + 0.8 ) x 1074 - 
Кт ht рт > 0 neutrals и, (54 + 0.7 )х 1073 Sel - 
К пт A > 0 neutrals v, ( 3.1 + 0.6 ) x 1073 S=1.1 - 
К пт тт EZ (2.8 + 04 ) x 1072 - 
K at тти, (ex. K9) Й (18 0.5 )x 1073 - 
л (8 +4 )х107% - 
К-тіл”тду,(ех.К0) (| (247 18 )x 10-4 - 
K m > 0 neut. v, < 9 x10-^ CL=95% - 
К-КТт” > 0пеш. v, (2.8 + 0.4 ) x 1073 - 
К К+ тти, Ї (1614 0.26) х 10-3 685 
K- К+ п пир [] (69 + 3.0 )x 1074 - 
K K*K- > 0 пеш. v, < 2.1 х10-3 CL=95% _ 
К КТ Ки, < 19 x10-^ CL=90% - 
т Кіл” > 0 neut. v, < 25 х1073 CL=95% - 
e e et*V,v, (2.8 + 15 )x 107 889 
joe etu < 3.6 х 1075 CL=90% 885 
Modes with five charged particles 
3h 2h* > 0 neutrals v, (97 + 07 )х107% - 
(e. KL > m т”) 
("5-prong") 
3h- 2h* v, (ex. K9) М (75 + 0.7 )x 1074 _ 
3h- 2h* 7? v, (ex. K9) [] (22+ 0.5 )x 1074 - 


3h-2h* 279 и < 11 x10-4 CL=90% - 
T 
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Miscellaneous other allowed modes 


(57) u> 
Аһ” 3h* > 0 neutrals v, 
( "r-prong") 

K*(892) > 0(h9 Z КЗ), 

K*(892) > 0 neutrals v; 
K* (892) v, 

К*(892)0 KT > 0 neutrals v; 
K* (8929 К-и, 

К%(892)0т- > 0 neutrals и, 
K* (892)9 п и, 


nK v, 
nit am > 0 neutrals v, 
NT ntn Vr 
та1(1260) v. = эт” pv, 
пут“ v; 
пут“ T o 
n'(958) n7 и, 
n (958) т x9 v, 
фл V. 
ФК v. 
fí(1285)7 v; 
Я (1285) пои; — 
NT ntn V 
h^ о > 0 neutrals и, 
h шит 
hwn? v, 
hwr? v, 


[i] 


(7.4 + 
< 2.4 


A A A A A A A 
~ 
> 


(58 + 
(1.9 + 


( 2.364 
( 1.934 
(43 + 
(19 + 


0.7 ) x 1073 
x 1076 


0.31) 96 
0.13) 96 
0.08) 96 
14 ) x 1073 
0.4 ) x 1073 
1.7 ) x 1073 
0.5 ) x 107? 
0.5 ) x 107? 


4 )x10-3 
4 )х1073 
x 10-3 
х10-4 
0.24) x 10-3 
0.7 ) x 107^ 
0.6 ) x 1074 
x 10-3 
0.8 ) x 1074 
x 1074 
x 10-4 
x 1074 
x 1079 
x 1079 
x 10-4 
x 1075 
2.3 ) x 1074 
0.7 ) x 1074 


0.08) 96 
0.06) 96 
0.5 ) x 1073 
0.8 ) x 1074 


CL=90% 


CL=95% 
CL=95% 


CL=90% 


CL=90% 
CL=95% 
CL=95% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
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Lepton Family number (LF), Lepton number (L), 
or Baryon number (B) violating modes 
(In the modes below, £ means a sum over е and и modes) 


L means lepton number violation (e.g. 7T — etam ). Following 
common usage, LF means lepton family violation and not lepton number 
violation (e.g. T — e тї п ). B means baryon number violation. 


e y LF < 27 x10-Š CL=90% 888 
ж 1Е < 3.0 х10-9 CL=90% 885 
e n? LF < 37 х10-6 С1=90% 883 
и“ по LF « 40 х10-6 CL=90% 880 
е” КО LF « 13 х 10-3 CL=90% 819 
џи“ К LF < 10 x10-3 cL=90% 815 
em LF < 82 х10-9 CL=90% 804 
и т 1Е « 9.6 х10-9 cL=90% 800 
e рб LF « 20 х10-6 С1=90% 722 
и“ р LF < 63 х10-9 CL=90% 718 
е” K*(892)9 LF < 51 х 10-6 CL=90% 663 
и“ K*(892)9 LF < 7.5 х10-9 CL=90% 657 
е” K*(892)9 LF < 7.4 х10-9 CL=90% 663 
ит K*(892)° LF < 75 х10-9 CL=90% 657 
e ó LF < 6.9 х 10-6 CL=90% 596 
uo LF < 70 х10-9 CL=90% 590 
тү L « 28 x10-^ CL=90% 883 
a по L < 37 х 1074 CL=90% 878 
e ete LF < 29 х10-9 cL-90* 888 
e u'u LF < 18 х 10-6 CL=90% 882 
еш шт 1Е < 15 х 10-6 CL=90% 882 
и етет LF < 17 x10-Š CL=90% 885 
ute e LF < 15 x10-Š cL-90* 885 
uT utu LF < 19 x107 CL=90% 873 
ent LF < 22 х 10-6 CL=90% 877 
eta m L < 19 х10-9 CL=90% 877 
i-am m LF « 82 х 10-6 cL-90* 866 
итп L « 34 х 10-6 cL-90* 866 
етт kK- LF < 6.4 х 10-6 cL=90% 814 
en КТ 1Е « 38 х10-9 CL=90% 814 
етт КТ L < 2.1 x10-Š cL=90% 814 
e КТК” LF < 6.0 x10-9 CL=90% 739 
et K Кт L < 38 х10-9 cL-90* 739 
и т KT LF < 75 х 1076 cL-90* 800 
ит КТ LF < 74 х10-9 CL=90% 800 
uta K- L = 70 х 10-6 С1=90% 800 
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и КТ КТ ІЕ < 15 х10-5 CL=90% 699 
ut K~ Кт L < 6.0 х10-6 С1=90% 699 
е” поло LF < 65 х10-6 cL=90% 878 
и“ поло LF < 14 x10-5 CL=90% 867 
e 1 LF < 35 x10-? CL=90% 700 
и“ nn LF « 6.0 x10-? CL=90% 654 
e n?n LF < 24 х 1075 CL=90% 798 
џи“ Wn 1Е < 22 х 1075 CL=90% 784 
PY LB < 2.9 х10-4 cL=90% 641 
pa LB < 6.6 x10-^ С1=90% 632 
Pn LB « 1.30 х10-3 CL=90% 476 
e light boson LF < 27 х10-3 CL=95% - 
иг light boson LF < 5 х10-3 С1=95% - 


Heavy Charged Lepton Searches 


1+ – charged lepton 
Mass m > 80.2 GeV, CL = 95% m, = 0 


L* — stable charged heavy lepton 
Mass т > 84.2 GeV, CL — 95% 


See the Particle Listings for a Note "Neutrino Mass" giving details of 
neutrinos, masses, mixing, and the status of experimental searches. 


Ј= 


Бі 


Mass m: Unexplained effects have resulted іп significantly neg- 
ative m? in the new, precise tritium beta decay experiments. 
It is felt that a real neutrino mass as large as 10-15 eV would 
cause observable spectral distortions even in the presence of 
the end-point count excesses. 

Mean life/mass, /т, > 7х 10? s/eV (solar) 

Mean life/mass, т/т„ > 300 s/eV, CL = 90% (reactor) 

Magnetic moment ш < 1.8 x 10:10 ив, CL = 90% 
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1-3 
Mass m « 0.17 MeV, CL = 90% 
Mean life /mass, т/ту, > 15.4s/eV, CL = 90% 
Magnetic moment ш < 7.4 x 10:10 ид, CL = 90% 


2-4 


Mass т < 18.2 MeV, СІ = 95% 
Magnetic moment ш < 5.4 x 107% ив, CL = 90% 
Electric dipole moment d < 5.2 x 10717 ecm, CL = 95% 


Number of Light Neutrino Types 


(including ve, Vu, and из) 
Number М = 2.994 + 0.012 (Standard Model fits to LEP data) 
Number N = 3.07 = 0.12 (Direct measurement of invisible Z 
width) 


Massive Neutrinos and 


Lepton Mixing, Searches for 


For excited leptons, see Compositeness Limits below. 


See the Particle Listings for a Note "Neutrino Mass" giving details of 
neutrinos, masses, mixing, and the status of experimental searches. 
While no direct, uncontested evidence for massive neutrinos or lepton 
mixing has been obtained, suggestive evidence has come from solar neu- 
trino observations, from anomalies in the relative fractions of ve and и, 
observed in energetic cosmic-ray air showers, and possibly from a v, ap- 
pearance experiment at Los Alamos. Sample limits are: 


Stable Neutral Heavy Lepton Mass Limits 


Mass m > 45.0 GeV, CL = 95% (Dirac) 
Mass m > 39.5 GeV, CL = 95% (Majorana) 


Neutral Heavy Lepton Mass Limits 
Mass m > 69.0 GeV, CL = 95% (Dirac v, coupling to e, м, т 
with |Up;|? > 10:12) 
Mass m > 58.2 GeV, CL = 95% (Majorana v, coupling to e, 
и, т with |Up;|? > 10712) 
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Solar Neutrinos 


Detectors using gallium (E, Z 0.2 MeV), chlorine (E, > 0.8 MeV), 
and Cerenkov effect in water (E, > 7 MeV) measure significantly 
lower neutrino rates than are predicted from solar models. The deficit 
in the solar neutrino flux compared with solar model calculations 
could be explained by oscillations with Am? < 1079 eV? causing 
the disappearance of ve. 


Atmospheric Neutrinos 


Underground detectors observing neutrinos produced by cosmic rays 
in the atmosphere have measured a u;,/ue ratio much less than ex- 
pected and also a deficiency of upward going v,, compared to down- 
ward. This could be explained by oscillations leading to the disap- 
pearance of v, with Ат? = 1073 to 107? eV?. 


v oscillation: De 7» Р, (0 = mixing angle) 
Ат? < 9x 10-4 еу?, СІ = 90% (if sin220 = 1) 
$1220 < 0.02, CL = 90% (if A(m?) is large) 

v oscillation: ид (Ур) — ve (Ре) (any combination) 
Ат? < 0.075 eV?, CL = 90% (if sin220 = 1) 
5іп220 < 1.8 x 1073, CL = 90% (if A(m?) is large) 
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NOTES 


[a] The uncertainty in the electron mass in unified atomic mass units (и) 
is ten times smaller than that given by the 1986 CODATA adjustment, 
quoted in the Table of Physical Constants (Section 1). The conversion 
to MeV via the factor 931.49432(28) MeV/u is more uncertain because 
of the electron charge uncertainty. Our value in MeV differs slightly from 
the 1986 CODATA result. 


[b] This is the best "electron disappearance" limit. The best limit for the 
mode е” — v» is > 2.35 x 109 yr (CL=68%). 


[c] The muon mass is most precisely known in u (unified atomic mass units). 
The conversion factor to MeV via the factor 931.49432(28) MeV/u is 
more uncertain because of the electron charge uncertainty. 


[d] See the "Note on Muon Decay Parameters” in the и Particle Listings for 
definitions and details. 


[e] P, is the longitudinal polarization of the muon from pion decay. In 
standard V—A theory, P,, = 1 and p = д = 3/4. 
[f] This only includes events with the y energy > 10 MeV. Since the e си, 


and e Ter, modes cannot be clearly separated, we regard the latter 
mode as a subset of the former. 


[g] See the и Particle Listings for the energy limits used in this measurement. 
[h] A test of additive vs. multiplicative lepton family number conservation. 


[i] Basis mode for the т. 
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QUARKS 


The и-, d-, and s-quark masses are estimates of so-called "current- 
quark masses," in a mass-independent subtraction scheme such as 


MS at a scale u ~ 2 GeV. The c- апа b-quark masses are estimated 
from charmonium, bottomonium, D, and B masses. They are the 
"running" masses in the MS scheme. These can be different from 
the heavy quark masses obtained in potential models. 


© 
e: 
| 
Nie 
ae: 
без 


Mass m = 1.5 to 5 MeV [al Charge — 2 = +4 
my, / та = 0.20 to 0.70 


= 
с 
220 
|| 
Мы 
~ 
Nie 
+ 


Mass m = 3 to 9 MeV [al Charge — -i EN = -4 
img та = 17 to 25 
т = (m,4-mg)/2 = 2 to 6 MeV 


(J) = 0(5*) 


[^] 


Mass m = 60 to 170 Мем ІЗІ Charge — -i e Strangeness — —1 
(ms - (m, + та)/2)/(та - ти) = 34 to 51 


(JP) = 0(3*) 


[l 


Mass m = 1.1 to 1.4 GeV Charge = 5 e Charm = +1 


КР) = o(37) 


Mass т = 4.1 to 4.4 GeV Charge = -4 e Bottom = —1 
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(JP) = o(4*) 


[-] 


Charge — 2 е Top = +1 


Mass т = 173.8 + 5.2 GeV (direct observation of top events) 

Mass m = 170 + 7 (+14) GeV (Standard Model electroweak fit, assum- 
ing Мн — Mz. Number in parentheses is shift from changing Мн to 
300 GeV. 


Ы (4^ Generation) Quark, Searches for 


Mass m > 128 GeV, CL = 95% (рр, charged current decays) 
Mass m > 46.0 GeV, CL = 95% (етет, all decays) 


Free Quark Searches 


АП searches since 1977 have had negative results. 


NOTES 


[a] The ratios m,/mg апа m,/mg are extracted from pion and kaon masses 
using chiral symmetry. The estimates of u and d masses are not without 
controversy and remain under active investigation. Within the literature 
there are even suggestions that the u quark could be essentially massless. 
The s-quark mass is estimated from SU(3) splittings in hadron masses. 
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LIGHT UNFLAVORED MESONS 
(S= C= B=0) 


For! = 1 (т, b, р, а): ud, (иш-аа)/у/?, du; 
for | = 0 (m, vl, В, H, w, ó, Ғ.Ғ) calut + dd) + oss) 


|6(ЈР) = 1- (07) 


Mass m — 139.56995 -- 0.00035 MeV 
Mean life т = (2.6033 + 0.0005) x 10-86 (S = 1.2) 
cr = 7.8045 m 


n= — ty» form factors [2] 


Fy = 0.017 + 0.008 

Ед = 0.0116 + 0.0016 (S = 1.3) 
n -- 0.009 

К = 0.059 * 0-009 


7T modes are charge conjugates of the modes below. 


p 


n+ DECAY MODES Fraction (Г; /Г) Confidence level (Ме\/с) 
T [b] (99.98770--0.00004) 96 30 

и“ урду [] (124 4025 )х10-4 30 
et ve [ (1230 40004 )х 10-4 70 

et иу [ce] (161 4023 )х10-! 70 
et ven? ( 1.025 40034 )х1078 4 
et veet ет (32 +05  )x10-9 70 
е „ьт < 5 х 10-6 90% 70 

Lepton Family number (ЇР) or Lepton number (1) violating modes 

ит, L [d] < 15 х 10-3 90% 30 
UT Ve LF [d] < 80 x 10-3 90% 30 


џи“ etetv LF < 16 х 10-6 90% 30 
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16 (jPC) = 1-(0-2) 


Mass т = 134.9764 + 0.0006 MeV 
m. — т = 4.5936 + 0.0005 MeV 


т= 


Mean life т = (8.4 + 0.6) x 1071 5 (S = 3.0) 
ст = 25.1 nm 


zÜ DECAY MODES 


positronium 
etete eT 
ете” 
Жү 
1/1/ 

Valla 

VuVu 

Ds 


Scale factor/ p 
Fraction (F;/T) Confidence level (Ме\/с) 


(98.798 + 0.032) % 5-14 67 

( 1.198--0.032) % 5-11 67 

( 1.82 +0.29 ) x 10 9 67 

( 314 0.30 ) x 107° 67 
(75 +20 )x10-8 67 

< 2 x 10-9 CL=90% 67 
[e] < 8.3 х 10-7 CL=90% 67 
< 17 x 10-6 cL—90% 67 

< 3.1 x 10-6 cL—90% 67 

< 2.1 x 10-6 CL=90% 67 


Charge conjugation (C) or Lepton Family number (LF) violating modes 


C < 3.1 x 1079 cL—90% 67 
LF < 1.72 x 1079 cL—90% 26 
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IG( JPG) = 0%(0- +) 


Mass m — 547.30 -- 0.12 MeV 
Full width Г = 1.18 + 0.11 keV If] 


C-nonconserving decay parameters 


(S — 1.8) 


лт ло Left-right asymmetry = (0.09 + 0.17) x 1072 
тїп «9 Sextant asymmetry = (0.18 + 0.16) x 1072 

л+л ло Quadrant asymmetry = (—0.17 + 0.17) x 107? 
пел у  Left-right asymmetry = (0.9 + 0.4) x 1072 
мл y В (D-wave) = 0.05 + 0.06 (S = 1.5) 


Dalitz plot parameter 


101077 а--0.039 + 0.015 
Scale factor/ p 
п DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Neutral modes 
neutral modes (71.5 +06 )% S=1.4 - 
27 [f] (39.21--0.34) % $=1.4 274 
379 (32.2 +04 ) % 5=1.3 178 
nl 27у (71 +14 ) x 1074 257 
other neutral modes < 28 % CL=90% - 
Charged modes 
charged modes (28.5 40.6 )% S=1.4 - 
at т 7 (231 +0.5 )% S=1.4 173 
теп ү ( 4.7740.13) 96 5-1.3 235 
ете y ( 49 +1.1 ) х10-3 274 
Ши; (31 +04 ) x 1074 252 
ете” = TI х 1075 СІі-90% 274 
и и“ (5.8 +0.8 ) x 1076 252 
ntn ete Шы а айы 235 
тъп 27 « 21 x 1073 235 
тт лбу « 6 x10-^ CL=90% 173 
nO ut ш у < 3 х 1076 cL=90% 210 
Charge conjugation (C), Parity (P), 
Charge conjugation x Parity (CP), or 
Lepton Family number (LF) violating modes 
тїт Р,СР < 9 х 107%  С1-909 235 
Зү C < 5 х 10-4 С1-95% 274 
пб ete С | < 4 x10-5 С1-90% 257 
m? uT u C |< 5 х10-6 Сі--90% 210 
ute + pet LF < 6 x10-6  CL=90% 263 
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fo(400-1200) f^ |6 (РС) = 0+(0+ +) 
oro 


Mass m — (400-1200) MeV 
Full width Г = (600-1000) MeV 


f9(400-1200) DECAY MODES Fraction (Г; /Г) р (MeV/c) 
TU T dominant = 
yy seen = 


Mass т = 770.0 += 0.8 MeV (S = 1.8) 
Full width Г = 150.7 = 1.1 MeV 
Гее = 6.77 + 0.32 keV 


Scale factor/ р 
p(770) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 


TT ~ 100 % 358 


p(770)* decays 


тё у ( 45 £05)x10-^ 65-22 372 
nEn < 6 х 10-3 CL=84% 146 
тЕліл” ло < 20 х 10-3 CL=84% 249 


p(770)° decays 


тл у ( 9.9 +1.6 ) x 1073 358 
т0 у ( 68 +17 ) x 1074 372 
n^ (4195 ЙА” 55216 189 
и“ и“ Й ( 4.6050.28) x 10-5 369 
ете” [D] ( 44940222) x 10-5 384 
тъ п по < 12 х10-4 CL=90% 319 
пл тіл” < 2 x10-^ CL=90% 246 
тъ п поло < 4 x10-5 CL=90% 252 
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16 (РС) = o7 - -) 


Mass т = 781.94 + 0.12 MeV (5 = 1.5) 
Full width Г = 8.41 + 0.09 MeV 
Fee = 0.60 + 0.02 keV 


Scale factor/ p 
ш(782) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
at п ло (88.8 +07) % 327 
nO (8.5 +055 ) 379 
at то ( 2.21--0.30) 96 365 
neutrals (excluding 7° у) ( 5.3 ur ) x 1073 - 
ny (6.5 +1.0 ) x 1074 199 
nete ( 5.9 +1.9 ) x 1074 379 
n? uT pu (9.6 £23 ) x 1075 349 
ете” ( 7.07--0.19) х 10-5 5-11 391 
пл поло < 2 % CL=90% 261 
тл ү < 3.6 х 1073  CL=95% 365 
пл mcm m < 1 х10-3  CL=90% 256 
п0 л0 (7.2 £25 ) x 1075 367 
и" и“ < 18 x10-^ Сі-90% 376 
3y < 1.9 x 1074 CL=95% 391 
Charge conjugation (C) violating modes 
пто С < 1 х 1073  CL-90* 162 
Зло С < 3 x10-^  CL-90* 329 
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хаяа 


Mass т = 957.78 = 0.14 MeV 
Full width Г = 0.203 + 0.016 MeV ($ = 1.3) 


Scale factor/ p 


1 (958) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
тїї (43.8 +15 )% 5-1. 232 
( у (including non- (30.2 +1.3 )% 5-11 169 
resonant? т” y) 
полу (20.7 +13) % S=1.2 239 
wy ( 3.01--0.30) 96 160 
yy ( 2.11+0.13) 96 5-12 479 
349 ( 1.54+0.26) x 10-3 430 
B рт ү ( 1.03--0.26) х 10-4 467 
тъ п по < 5 % CL=90% 427 
лд ро < 4 % CL=90% 118 
пепел т^ < 1 % CL=90% 372 
mt то neutrals < 1 % CL=95% - 
тетеп лл < 1 % CL=90% 298 
бт < 1 % CL=90% 189 
тїт ete « 6 х 1073 CL=90% 458 
по yy < 8 x10-^ СІ--90% 469 
449 < 5 х 107%  CL-90* 379 
ете < 2.1 х10-7 CL=90% 479 
Charge conjugation (С) ог Parity (Р) violating modes 
тїт Р,СР E^ % CL=90% 458 
nOn? P,CP < 9 x 1074  CL-90* 459 
nlet eT C [gl < 13 % CL=90% 469 
nete C [z] < 13 % CL=90% 322 
3y C < 1.0 х 107% С1=90% 479 
p^ ит? C [g] < 60 х 1075 CL=90% 445 
uu C (61 « 1.5 х10-5 CL=90% 274 
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IG( JPG) = 0+(0+ +) 


Mass m = 980 = 10 MeV 
Full width Г = 40 to 100 MeV 


p 
f9(980) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
TT dominant 470 
КК сееп - 
^y^ (119--0.33) x 1079 490 
ете <3 x 1077 90% 490 


ag(980) 11 


16 (jPC) == 17(0* 7) 


Mass m — 983.4 -- 0.9 MeV 
Full width Г = 50 to 100 MeV 


ag(980) DECAY MODES Fraction (F;/T) p (MeV/c) 
Пт. dominant 321 
KK seen - 


YY 


seen 492 
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16 (РС) -0-01-27) 


Mass т = 1019.413 = 0.008 MeV 
Full width Г = 4.43 + 0.05 MeV 


Scale factor/ p 
Ф(1020) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
K*K- (49.1 408 ) 96 S=1.3 127 
K? ко (34.1 406 ) % S=1.2 110 
рт + тїт m (15.5 40.7 ) 96 5-1.5 - 
ny ( 1.26--0.06) 96 5-1.1 363 
nO ( 1.31+0.13) x 10-3 501 
ете” ( 2.99+0.08) x 1074 5-12 510 
utu (2.5 0.4 ) x 1074 499 
nete (qa Ene yam 363 
т л (5825. уж? 5-1.5 490 
wy < 5 % CL=84% 210 
py < 7 х 107% CL=90% 219 
ntn y < 3 x 1075 CL=90% 490 
(980) у < 1 x10-^  CL-909* 39 
nO 70 y < 1 x10-3  CL-90* 492 
тїт mim < 8.7 х 107% CL=90% 410 
at ла ап п < 1.5 х 107%  CL-95* 341 
Tete < 12 x10-^  CL-90* 501 
лд ny « 25 х 1073 СІ1--90% 346 
a0 (980) у < 5 x10-3 Сі-90% 36 
n (958) у ЕЖЕН Ты - 
ur py ( 2.3 £10 ) x 1079 - 


16(2РС) = o) 


Mass m — 1170 -- 20 MeV 
Full width Г = 360 + 40 MeV 


h1(1170) DECAY MODES Fraction (Г,/Г) р (MeV/c) 


рт 


сееп 310 
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16 (/РС) ЭР T5 2-1 


Mass m = 1229.5 + 3.2 MeV (5 = 1.6) 
Full width Г = 142 + 9 MeV (S = 1.2) 


Ьу (1235) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 
WT dominant 348 
[D/S amplitude ratio = 0.29 + 0.04] 
лэ) ( 1.6+0.4) x 10-3 608 
пр сееп = 
at at то < 50 % 84% 536 
(KK)* «9 « 8 96 90% 248 
КЗ KÌ т < 6 % 90% 238 
КОКО < 2 % 90% 238 
фт < 15 % 84% 146 


а\(1260) !! 


16 (/РС) нэ 1-(17:7) 


Mass m = 1230 + 40 MeV [ml 
Full width Г = 250 to 600 MeV 


а1(1260) DECAY MODES Fraction (Г; /Г) р (MeV/c) 

рт dominant 356 
[D/S amplitude ratio = — 0.100 + 0.028] 

T^y seen 607 

т (пт) S-wave possibly seen 575 
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16 (јРО) = 0+(2+ +) 


Mass т = 1275.0 + 1.2 MeV 
Full width Г = 185.5*3$ MeV (5 = 1.5) 


Scale factor/ p 
f,(1270) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 
тт (84.6 725 )% 2256: 622 
P: 1. 
т п 2779 ( 7.2 u )% $213 562 
KK ( 4.6 +0.4 )% 5-2.8 403 
27727 ( 2.8 +04 )% 5-1.2 559 
nN ( 45 +1.0 ) x 1073 S=2.4 327 
449 (3.0 +1.0 ) x 1073 564 
0.17 E 
yy (51325 ух 637 
NTT < 8 х 1073 CL=95% 415 
K9 K- «t + с.с < 34 x10-3  CL-95* 293 
ете « 9 x10-9 Сі-90% 637 


16 (jPC) = 0+(1+ +) 


Mass т = 1281.9 + 0.6 MeV (5 = 1.7) 
Full width Г = 24.0 = 1.2 MeV (5 = 1.4) 


(Ат = p (тт) Pwave ) 


Scale factor/ p 
Е (1285) DECAY MODES Fraction (I; /T) Confidence level (MeV/c) 
Ат (35 + 4 )% 5-1.6 563 
под т^ (23.5-- 3.0) % S=1.6 566 
277277 (117+ 1.5) 96 S=1.6 563 
pont тт (11.74 1.5) % S=1.6 340 
419 < 7 х 107% Сї—=90% 568 
NTT (50 +18 )% 479 
ag(980)7 [ignoring 20(980) — (34 + 8 )% 5-12 234 
K K] 
nam [excluding а0(980) т] (15 +7 )% 5-11 - 
ККт ( 9.6+ 1.2) % S=1.5 308 
K K* (892) not seen = 
yp? (5.44 1.2) % $—2.3 410 
oy ( 7.9+ 3.0) x 1074 236 
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IG(JPC) = o*(o- +) 


Mass т = 1297.0 2.8 MeV 
Full width Г = 53 + 6 MeV 


1(1295) DECAY MODES Fraction (I; /T) р (MeV/c) 
1) пло seen 488 
ag(980) T seen 245 
TT T seen - 
(17)s-wave seen = 


Mass m = 1300 + 100 MeV Іт! 
Full width Г = 200 to 600 MeV 


т(1300) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
рт сееп 406 
т(тт)5-муауе зееп Е 


ана 


Mass т = 1318.1 + 0.6 MeV (S = 1.1) 
Full width Г = 107 + 5 MeV 11 (К КО and ул modes) 


Scale factor/ p 
а2(1320) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
рт (70.1--2.7) % 5=1.2 419 
NT (14.5+1.2) 96 535 
шт (10.6+3.2) 96 $=1.3 362 
КК ( 4.9--0.8) % 437 
11(958)т ( 5.30.9) x 1073 287 
T y ( 2.8+0.6) x 10-3 652 
yy ( 9.40.7) x 10-6 659 
тїт m" « 8 % CL=90% 621 


ete < 2.3 x 1077 CL—9094 659 
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f(1370) ІМ о о ока 


Mass m = 1200 to 1500 MeV 
Full width Г = 200 to 500 MeV 


f9(1370) DECAY MODES Fraction (Г,/Г) p (MeWc) 
TT seen = 
4r seen = 
459 seen = 
27+ 2т7 seen — 
nEn 270 seen = 
2(пп) s-wave seen = 
nn seen x: 
KK Seen _ 
^y^ Seen — 
ете” not seen = 


fi (1420) 1" ОР рабин) 


Mass т = 1426.2 + 1.2 MeV (S = 1.3) 
Full width Г = 55.0 + 3.0 MeV 


Е (1420) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
ККт dominant 439 

K K*(892) + с.с. dominant 155 
NTT possibly seen 571 


Mass m = 1419 + 31 MeV 
Full width Г = 174 + 60 MeV 


w(1420) DECAY MODES Fraction (Г;/Г) p (MeV/c) 


рт dominant 488 
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хаян, 


Mass m = 1400 - 1470 MeV Іт! 
Full width Г = 50 - 80 MeV Іт! 


1(1440) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
ККт seen = 
КК" (892) + c.c. seen = 
NTT seen = 

ао (980) T seen = 

7 (пп )5-уаме зееп С 
4n seen = 


Mass т = 1474 + 19 MeV 
Full width Г = 265 + 13 MeV 


ag(1450) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
T T] Seen 613 
71 (958) seen 392 
KK Seen 530 


Mass m = 1465 + 25 MeV Іт! 
Full width Г = 310 + 60 MeV Іт! 


p(1450) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
пл seen 719 
47 seen 665 

шт «2.0 % 95% 512 
ете” seen 732 
np c4 % 317 
фл <1 % 358 


КК «1.6 x 10-3 95% 541 
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6 (1500) l 


Mass т = 1500 = 10 MeV 


C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 
16 (/РС) = 0+(0+ +) 


(S = 1.3) 


Full width Г = 112 = 10 MeV 


f9(1500) DECAY MODES Fraction (I; /T) р (MeV/c) 
1 (958) seen = 
77 seen 513 
An seen = 
4519 seen 690 
2п+ 2m7 seen 686 
27 seen нэ 
at то зееп 737 
219 seen 738 
KK seen 563 
2 (1525) IG(JPC) = gt (2 ++) 
Mass m = 1525 + 5 MeV [7l 
Full width Г = 76 + 10 MeV Їл 
f^ (1525) DECAY MODES Fraction (F;/F) p (MeV/c) 
KK (88.8 --31 ) 96 581 
77 (10.3 -31 ) 96 531 
TT (82 +15 ) x 1073 750 
yy ( 1.32+0.21) х 1076 763 
w(1600) [1 je eg 
Mass m — 1649 - 24 MeV (5- 2.3) 
Full width Г = 220 + 35 MeV (5 = 1.6) 
ш(1600) DECAY MODES Fraction (Г;/Г) р (MeWc) 
рт seen 637 
WNT seen 601 
ете” seen 824 
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Mass 


C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


I6 (PC) = o7 (8 - —) 
m = 1667 + 4 MeV 


Full width Г = 168 + 10 MeV [ml 


w3(1670) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
рт seen 647 
WT T seen 614 
b1(1235)« possibly seen 359 
п2(1670) 16 (PC) = 17 (0 +) 


Mass 


m = 1670 + 20 Mev Іт! 


Full width Г = 258 + 18 MeV lm] ($ = 1.7) 


т2(1670) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Зл (95.81.4) % 806 
(1270) т (56.2--3.2) % 325 
рт (31 +4 )% 649 
f9(1370) x ( 8.7+3.4) % - 


K K*(892)+ с.с. 


( 4.2+1.4) % 453 


Mass 


(5 РСу-0-11-27) 


m = 1680 + 20 Mev Іт! 


Full width Г = 150 + 50 Mev Іт! 


Ф(1680) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
K K* (892) + C.C. dominant 463 
Ко Кт seen 620 
KK seen 681 
ете” seen 840 
итп not seen 622 
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11 


ҮР from the 2т апа K K modes. 
Mass m = 1691 + 5 MeV 1”! 
Full width Г = 160 + 10 MeV [m] (S = 1.5) 


p3(1690) DECAY MODES Fraction (Г;/Г) Scale factor (MeV/c) 
Ar (71.1 + 1.9 ) % 788 

тті п п? (67 +22 )% 788 

шт (6 +6 )% 656 
TT (23.6 + 1.3 )96 834 
ККт (38 + 12 )% 628 
КК ( 1.584- 0.26) 96 1.2 686 
тїт seen 728 


Mass m = 1700 + 20 MeV [7] (ур0 and zT z modes) 
Full width Г = 240 + 60 MeV [7] (599 and zf z modes) 


p(1700) DECAY MODES Fraction (Г;/Г) р (MeWc) 
ртт dominant 640 
2(7+ т) large 792 
p? nEn large 640 

рё nF 779 large 642 
at a seen 838 
л“ по зееп 839 
КК" (892) + с.с. seen 479 
тр сееп 533 
КК seen 692 


et e7 seen 850 
T~ W seen 662 
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ғ(1710) 89 


Mass т = 1712 + 5 MeV 


C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 
16 (РС) = ot (even + +) 


($ = 1.1) 


Full width Г = 133 + 14 MeV. (S = 12) 
f (1710) DECAY MODES Fraction (Г;/Г) р (MeWc) 
KK Seen 690 
111] Seen 648 
T 1 seen 837 
(1800) 1G(yPC) = 17 (0 — +) 
Mass m — 1801 -- 13 MeV (5- 1.9) 
Full width Г = 210 + 15 MeV 
т(1800) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
ел љ seen zz 
fo (980) т. seen 623 
fo (1370) т. seen x 
рт not seen 728 
NNT seen Е 
ао (980) 7 ѕееп 459 
fo (1500) 7” seen 240 
77 (958) T seen — 
К((1430) K- seen - 
K* (892) K- not seen 560 
фз(1850) [Susp ve) 
Mass т = 1854 + 7 MeV 
Full width Г = 87738 MeV ($ = 1.2) 
%3(1850) DECAY MODES Fraction (I; /T) р (MeV/c) 
KK seen 785 
КК” (892)-- с.с. seen 602 
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16 (РС) = ot (o + +) 


Seen by one group only. 
Mass m = 2011150 MeV 
Full width Г = 202 -- 60 MeV 
f,(2010) DECAY MODES Fraction (I; /T) р (MeV/c) 


oo seen = 


Mass m = 2020 + 16 MeV 
Full width Г = 387 + 70 MeV 


ад(2040) DECAY MODES Fraction (I; /T) р (MeV/c) 
KK seen 892 
ло лд seen = 
1) лд Seen 941 


IG(JPC) = ot (4+ +) 


Mass m — 2044 -- 11 MeV (5- 14) 
Full width Г = 208 + 13 MeV (5 = 12) 


f4(2050) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
WW) (26 +6 )% 658 
TT (17.0--1.5) % 1012 
КК Geor р а; 895 
пт ( 2.1+0.8) х 1073 863 
449 < 12 % 977 


IG( JPG) = 0T(2 T +) 


Mass m = 2297 + 28 MeV 
Full width Г = 149 + 40 MeV 


f,(2300) DECAY MODES Fraction (I; /T) р (MeV/c) 
ФФ seen 529 


Review of Particle Physics: С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


16 (АРС) = 0+(2+ +) 


Ма55 т = 2339 = 60 Меу 
Full width Г = 319790 MeV 


(2340) DECAY MODES Fraction (Г;/Г) p (MeWc) 
ФФ seen 573 
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STRANGE MESONS 


Mass m = 493.677 + 0.016 MeV М (S — 2.8) 
Mean life т = (1.2386 + 0.0024) x 1078 5 (S = 2.0) 
ст = 3.713 m 


Slope parameter g |! 


(See Particle Listings for quadratic coefficients) 
Kt > ттптт = —0.2154 + 0.0035 (5 = 14) 
К-- m m «* ——0.217 + 0.007 (5 = 2.5) 
КЕ — q+7°79 = 0.594 + 0.019 (S = 1.3) 


КЕ decay form factors l^ 


КА A, = 0.0286 + 0.0022 

Kis A+ = 0.032 + 0.008 (S = 1.6) 
Кт Ло = 0.006 + 0.007 (S = 1.6) 

KH |56/5] = 0.084 + 0.023 ($ = 12) 
Кї. eife EE OAT (oed 
Kis |fr/f,| = 0.02 + 0.12 


К+ = etvey |Ед + Fy| = 0.148 + 0.010 
Kt 5 штиту |Fa + Fy| < 0.23, СІ = 90% 
Kt — etvey |Ед — Fv| < 0.49 


Kt > pt yy |Ед — Fy| = —2.2 to 0.3 
K modes are charge conjugates of the modes below. 
Scale factor/ p 
К+ DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Bv (63.51--0.18) 96 S—1.3 236 
ету; ( 1.55--0.07) x 1075 247 
at по (21.16+0.14) % 5-11 205 
at at то ( 5.59--0.05) % 5-18 125 
т+ 7979 ( 1.73--0.04) % 5-12 133 
Ww pty ( 3.18+0.08) % 5:15 215 


1 + 
Called Ка 
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mÜ et v, ( 4.82--0.06) % S=1.3 228 
Called Ku 
nO nO et y, (21 +04 ) x 1075 206 
тїт ету; ( 3.9140.17) х 10-5 203 
полни (14 +0.9 ) x 1075 151 
OnO ety, < 35 х10-9  cL-90* 135 
лүү [x] (14104032) x 1076 227 
nT Зу [x] < 10 x10-^ CL=90% 227 
Пра < 6.0 х 1076  cL-90* 236 
“38721717 « 6 х 1075 CL=90% 247 
"vpete (13 0.4 ) x 1077 236 
et veet e7 (5507250 30-9 247 
p vt < 441 х10-7 CL=90% 185 
i vus xy] (5.50--0.28) x 10-3 236 
at aO» [xy] ( 2.75+0.15) x 10-4 205 
at 19a (DE) [xz] ( L8 50.4 ) x 1075 205 
тетет y Ixy] ( 1.040.31) x 10-4 125 
at л0л0- [ку]. !(:25:263:5:)50:10229 133 
лд ит ип ү Ixy] < 6.1 x10-? С1=90% 215 
Wet Vey Ixy] ( 2.62+0.20) x 10-4 228 
T? et ve (SD) [a] « 53 x10-5  CL-90* 228 
Won et voy < 5 х 1076  cL-90* 206 


Lepton Family number (LF), Lepton number (L), AS = ДО (SQ) 
violating modes, or AS — 1 weak neutral current (S1) modes 


50 
50 
51 
51 


51 


< 12 
< 3.0 


х 10-8 
x 10-6 


( 2.74+0.23) х 1077 
(5.0 +1.0 ) x 10-8 


Caer? jog 19 


« 2.0 
[d] « 4 
« 241 


x 10-8 
x 10-3 
x 10—10 
x 10-9 
x 10-9 
x 10-8 
x 1074 
x 10-3 
x 10-3 


CL=90% 
CL=95% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


236 


214 
214 
214 


172 
236 
228 
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КУР) = 207) 


50% Ks, 50% Ку 


Mass 


m = 497.672 + 0.031 MeV 


тко — Myx = 3.995 + 0.034 MeV (S = 1.1) 


| тко 


— то | / ауегаре < 10—18 [98] 


Р 1(0— 
ke I(J) = (0 ) 
Mean life т = (0.8934 + 0.0008) х 10:10 s 
cr — 2.6762 cm 
CP-violation parameters [<<] 
Іт( 7-0) = —0.002 + 0.009 
Im(9ooo)? < 0.1, CL = 90% 
Scale factor/ p 
Kg DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
лото (68.61--0.28) 96 S=1.2 206 
поло (31.39--0.28) % 5-12 209 
пеп ү [ydd] ( 1.78--0.05) x 1073 206 
yy (24 0.9 )х10:6 249 
пт m fov Nr nad 133 
Зло < 3⁄7 х 1075 CL=90% 139 
at eF py [ee] ( 6.70--0.07) x 1074 S=1.1 229 
при [ее] ( 4.69+0.06) x 10-4 5=11 216 
AS = 1 weak neutral current (S1) modes 

utu 51 < 3.2 x10-/ CL=90% 225 
ете 51 < 14 х10-7 СІі-90% 249 
Tete 51 < 11 х 1076 CL=90% 231 
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кү ЦЭ?) = 1007) 


тк, 


‚ — тк; = (0.5301 + 0.0014) х 1010 5-1 


= (3.489 + 0.009) х 10-12 MeV 
Mean life т = (5.17 + 0.04) x 10-8 5 (S = 1.1) 
ст = 1551 т 
Slope parameter g |"! 


(See Particle Listings for quadratic coefficients) 
K? — път по = 0.670 + 0.014 (S = 1.6) 


Кі decay form factors |" 
КО, A, = 0.0300 + 0.0016 (S = 12) 


Кі; Л, = 0.034 + 0.005 (S = 2.3) 
КӘ; № = 0.025 + 0.006 (5 = 2.3) 


КО, |5/6| < 0.04, CL = 68% 

Ко |Ғ/ҒД < 0.23, CL = 68% 
УЕ | = 012: 0.12 

Kj ete т: ак» = — 0.28 + 0.08 


CP-violation parameters [<<] 


ó = (0.327 + 0.012)% 
|поо| = (2.275 + 0.019) x 10-3 (5-11) 


|74--| = (2.285 + 0.019) х 1073 

Inoo/n.,.—| = 0.9956 + 0.0023 [F] (5 = 1.8) 
е је = (1.5 + 0.8) x 10-3] (5 = 1.8) 
фу = (43.5 + 0.6)? 

Фоо = (43.4 + 1.0)? 

фо — $+- = (-0.1 = 0.8)? 

j for КО — път по = 0.0011 + 0.0008 
ШЕ = (2.35 + 0.07) x 1073 

фу = (44 + 4 

le, ИЕ < 0.3, CL = 90% 
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AS = —AQ in КО, decay 
Ке x= 0.006 + 0.018 (S = 1.3) 
Im x = —0.003 + 0.026 (5-12) 
CPT-violation parameters 


Re A = 0.018 + 0.020 
Im A = 0.02 + 0.04 


Scale factor/ p 
КО DECAY MODES Fraction (Г;/Г Confidence level (MeV/c 
L 1 
379 (2112 £0.27 )% 5-11 139 
at то ло (12.56 +0.20 )% S=1.7 133 
at pF vy [gg] (2717 £0.25 )% 5=11 216 
0 
Called Коз: 
«t ety, [gg] (38.78 £0.27 ) % S=1.1 229 
0 
Called К.з 
2y ( 5.92 0.15 ) x 1074 249 
3y < 24 x 1077 CL=90% 249 
л02- [hh] ( 1.70 £0.28 ) x 10-6 231 
поле и [gg] ( 518 +0.29 ) x 10-5 207 
(т atom) и ( 1.06 +0.11 ) x 1077 - 
«t et yy [vgg,hh] (3.62 5026 ) x 1073 229 
nt v [hh] (4.61 +0.14 ) x 1075 206 
поло < 5.6 x 10-6 209 


Charge conjugation x Parity (CP, CPV) or Lepton Family number (LF) 
violating modes, or AS — 1 weak neutral current (S1) modes 


пло СРУ ( 2.067--0.035) x 10-3 5-11 206 
nOn? CPV ( 9.36 +0.20 ) x 1074 209 
и“ и“ 51 (72 +05 )х1079 5-14 225 
ТАН uw ү 51 ( 3.25 +0.28 ) x 1077 225 
ете” 51 < 44 х10-11с1-90% 249 
ете”, 51 (91 +05 )х10-6 249 
ете yy S1 [h] (65 +12 )x1077 249 
ata ете” S1 [hh] < 46 x 10-7 CL=90% 206 
ut ш етет 51 (oe pol ydus 225 
етет ete S1 (41 +08 )х10-8 65-12 249 
Ww ut иг СР,51 [i] < 51 x 10-9 CL=90% 177 
Tete СР,51 [ii] < 43 х 10-9 CL=90% 231 
Оу? СР,51 [jj] < 58 х 1075 CL=90% 231 
et uF LF [gg] < 33 x 10-11 С1=90% 238 
et et ТАН uF? LF [gg] < 61 х 10-9 CL=90% - 
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I^) = 307) 


K*(892)* mass m — 891.66 -- 0.26 MeV 

К*(892)0 mass m = 896.10 + 0.28 MeV (5 = 1.4) 

К*(892)= full width Г = 50.8 + 0.9 MeV 

K*(892)0 full width Г = 50.5 + 0.6 MeV (5 = 1.1) 

р 
К" (892) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
Кт ~ 100 % 291 
К9- ( 2.3040.20) x 10-3 310 
К ~ ( 9.9 +0.9 ) x 1074 309 
Krr < 7 х 1074 95% 224 
Ка (1270) IP) = $07) 

Mass т = 1273 + 7 MeV [rl 

Full width Г = 90 + 20 MeV 1" 
К1(1270) DECAY MODES Fraction (Г;/Г) р (MeWc) 
Kp (42 +6 )% 76 
К((1430)л (28 +4 )% _ 
K*(892) т (16 +5 )% 301 
Kw (11.0--2.0) % _ 
K (1370) ( 3.0+2.0) % _ 

К\(1400) ЦЭР) = #07) 

Mass m = 1402 + 7 MeV 

Full width Г = 174 + 13 MeV (S — 1.6) 
К1(1400) DECAY MODES Fraction (Г,/Г) р (MeWc) 
K*(892) т (94 +6 )% 401 
K p ( 3.03.0) % 298 
K (1370) ( 2.0--2.0) % - 
Кш ( 1.0--1.0) % 285 
К((1430)т not seen = 
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Mass m = 1414 + 15 MeV ($ = 1.3) 
Full width Г = 232 + 21 MeV (5 = 1.1) 


p 
K*(1410) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
K*(892) т > 40 % 95% 408 
Кт ( 6.6--1.3) % 611 
Кр < 7 % 95% 309 
К4(1430) /44 12Р) = $(0*) 

Mass т = 1429 + 6 MeV 

Full width Г = 287 + 23 MeV 
К4(1430) DECAY MODES Fraction (Г,/Г) р (MeWc) 
Кт (93--10) % 621 

2(1430) КР) = 59%) 

K%(1430)+ mass m = 1425.6 + 1.5 MeV (5 = 1.1) 

K%(1430)° mass т = 1432.4 + 1.3 MeV 

К5(1430)= full width Г = 98.5 + 2.7 MeV (5 = 1.1) 

K3(1430)9 full width Г = 109 = 5 MeV (5 = 1.9) 

Scale factor/ p 

K5(1430) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
Кт (49.9--1.2) % 622 
K*(892) x (24.7 31.5) % 423 
K*(892) лт (13.4--2.2) % 375 
Кр ( 8.740.8) % 5-12 331 
Ко ( 2.90.8) 96 319 
Kty ( 2.4--0.5) x 10-3 S=1.1 627 
Кт (ists tors S=1.3 492 
Кот < 7.2 x 1074 CL=95% 110 


К9- < 9 х 1074 CL=90% 631 
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Mass m = 1717 + 27 MeV (5 = 14) 
Full width Г = 322 + 110 MeV (5 = 4.2) 


(JP) = #17) 


К" (1680) DECAY MODES Fraction (Г,/Г) р (MeWc) 
Кт (38.7--2.5) % 779 
Кр (314* $1) % 571 
K*(892) т (29.9 22) % 615 
Ko(1770) !! (JP) = $07) 
Mass т = 1773 = 8 MeV 
Full width Г = 186 -- 14 MeV 
К2(1770) DECAY MODES Fraction (Г,/Г) p (MeWc) 
Krr = 
K5(1430)5 dominant 287 
К*(892) лт ѕееп 653 
K Б(1270) ѕееп _ 
Ко seen 441 
Ко seen 608 
3(1780) JP) = $67) 
Mass т = 1776 + 7 Ме\/ (S=1.1) 
Full width Г = 159 + 21 MeV (S = 1.3) 
р 


К3(1780) DECAY MODES 


Fraction (Г;/Г) 


Confidence level (MeV/c) 


Кр (31 + 9 )% 612 
K*(892) x (20 +5 )% 651 
Кт (18.8+ 1.0) % 810 
Kn (30 +13 )% 715 
К5(1430)л <16 % 95% 284 
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Mass т = 1816 = 13 MeV 
Full width Г = 276 = 35 MeV 


К2(1820) DECAY MODES Fraction (Г,/Г) р (MeWc) 
K5(1430) T seen 325 
K* (892) T seen 680 
K (1270) seen 186 
Kw seen 638 


) 


Mass m = 2045 + 9 MeV (S=1.1 
Full width Г = 198 + 30 MeV 


Ка (2045) DECAY MODES Fraction (Г,/Г) p (MeV/c) 
Kr (9.9--1.2) % 958 
К*(892) лт (9 +5 )% 800 
K*(892) ттт (7 +5 )% 764 
pKr (5.7 3:3.2) % 742 
«Кт (5.0--3.0) % 736 
ФКт (2.8--1.4) % 591 


o K* (892) (1.4--0.7) % 363 
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CHARMED MESONS 


Mass т = 1869.3 + 0.5 MeV (S = 1.1) 
Mean life т = (1.057 + 0.015) x 10-12 s 
cr — 317 um 

CP-violation decay-rate asymmetries 
Acp(K* Krt) = —0.017 + 0.027 
Аср(К K*9) = —0.02 + 0.05 
Аср(фт®) = —0.014 + 0.033 
Аср(п“л“ п) = —0.02 + 0.04 

D+ — K*(892)°¢+ v, form factors 
р = 0.72 + 0.09 
r, = 1.85 + 0.12 


Ги /Гт = 1.23 + 0.13 
Г. /Г_ = 0.16 + 0.04 


D modes are charge conjugates of the modes below. 


Scale factor/ p 
D'* DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Inclusive modes 
e* anything (17.2 51.9 )% - 
K anything (24.2 +2.8)% S=1.4 - 
K? anything + КО anything (59 +7 )% = 
КТ anything (5.8 +14)% 2 


1) anything [nn] « 13 % CL=90% = 
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Leptonic and semileptonic modes 


i vs < 7.2 x10-^ CL=90% 932 

K9ttv, [оо] ( 68 +08 ) % 868 

K? etv, ( 6.7 +0.9 )% 868 

KO ED (0 230 у% 865 

К-ттети, (САҢ). 509:) 4 863 

K* (892)9 et ve ( 3.2 £0.33) 96 720 
х B(K*® = К-т”) 

К пт et ve nonresonant = 7 х 1073 CL=90% 863 
Кии (3.2 +04) % 5-11 851 

K*(892)9 ити, (29 +0.4 ) 6 715 

x B(K*® = К-т”) 

K пл“ и“ и, nonresonant (27 +11) x 1073 851 
(К%(892)т)2е%и, < 1.2 % CL=90% 714 
(Kar)? et venon- K* (892) < 9 x10-3 Сі-90% 846 
K m nut vy < 14 х 1073  CL-90* 825 
nO £t y, [pp] (3.1 +15 ) х10-3 930 


Fractions of some of the following modes with resonances have already 
appeared above as submodes of particular charged-particle modes. 


K*( 92)0 g+ Ve [oo] ( 4.7 +04 )% 720 
K*(892)° et ve (48 +05 )% 720 
K*(892)9 ити, (4.4 +0.6 )% S=1.1 715 

plet v, ( 22 +0.8 ) x 1073 776 

ШТ vg (27 £07 ) x 10-3 772 

фе ve < 2.09 % CL—9096 657 

out yy, < 3.72 % CL=90% 651 

ТАЙ?) < 5 х 1073  cL-90* - 

n (958) шти, < 9 x10-3 С1=90% 684 
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Hadronic modes with a K or KKK 


Kort ( 2.89+0.26) % S=1.1 862 
K at at [qq] (9.0 =0.6 )% 845 
K*(892)9 r+ ( 1.2740.13) % 712 
х B(K*® 5 К-т”) 
K5(1430)° z+ ( 2.3 40.3 ) % 368 
x B(K$(1430)° = K пл“) 
K* (1680)0 z+ (37 40.8 ) x 1073 65 
x B(K*(1680)° > К-т”) 
К пт тт nonresonant (85 +08 ) % 845 
KO ntn? [99] (9.7 +3.0 )% 5=1.1 845 
K9 pt ( 6.6 42.5 ) % 680 
K* (892) т+ ( 6.3 40.4 ) x 1073 712 
x B(K*9 — Коло) 
КО ntn? nonresonant ( 13 +1.1 )% 845 
Kontran? [99] (6.4 +1.1 )% 816 
K* (892)? p+ total (14 +09 )% 423 
х B(K*® = К-т”) 
K1(1400)0 z+ ( 2.2 +06 )% 390 
х B(K1(1400)° ^ Kartz?) 
K ptr? total ( 31 11 ) % 616 
K pt тт 3-body (11 0.4 )% 616 
К*(892)0 ++ л0 total ( 45 +09) % 687 
x В(Ю9-» К-т”) 
K* (892)9 xt ло 3-body ( 2.8 20.9 ) % 687 
x B(K*9 > К-т”) 
K*(892)- т" тт 3-body (7 +3 )х10:3 688 
х B(K*- ^ K-«9) 
К mt т 7 nonresonant [r] (12 +0.6 )% 816 
Ko nt at тг [qq] (7.0 +09) % 814 
K? а1 (1260) + ( 4.0 +0.9 )% 328 
х В(а1(1260)“ — л“"л“"л“) 
К! (1400) 01 (22 40.6 )% 390 
х В(К1(1400)0-» Кол-л“) 
K*(892)- т” тт 3-body ( L4 +06 ) 96 688 
x B(K*- ^ Кол“) 
КО p? т+ total (42 +0.9 )% 614 
K? 00 rt 3-body (5 +5 )х10:3 614 


КО т+ тї т nonresonant (8 +4 )х1073 814 
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Кол ла at дт [99] (7.2 X10 ) х 1073 772 
К"(892) nt at тт ( 5.4 %2.3 ) x 1073 642 
x B(K*® 5 К-т”) 

K*(892)° 50 т+ (iO Ey) io? 242 

x В(К® > К-т”) 
K* (892)9 rt at т7-по-0 (29 +11 ) x 1073 642 

x B(K*® = К-т”) 
K pat at (31 40.9 ) x 1073 529 
К петт тт т nonresonant < 23 х 1073 cCL=90% 772 
К-л+л+л0 70 ( 2.2 . )% 775 
Kort at т ло ( 5.4 E ) % 773 
Кол at а л т^ (8 47 )x10 4 714 
Кол а ntn 79 (20 +1.8 ) х 10-3 718 
KOKO K+ (18 +0.8 )% 545 


Fractions of some of the following modes with resonances have already 
appeared above as submodes of particular charged-particle modes. 


Ко р+ (6.6 +25 )% 680 
Kis (280) (8.0 £17 )% 328 
К а2(1320)* < 3 x10-3 СІ--90% 199 
K*(892)9 т ( 1.90+0.19) % 712 
K*(892)° р Эг [r] (21 +13)% 423 
K* (802) p * S-wave [r] (16 +1.6 )% 423 
K* (8929 pt P-wave < 1 x 1073  CL=90% 423 
K*(892) pt D-wave (10 +7 )х1073 423 
K* (8929 p+ D-wave longitu- < 7 х 1073  cL-90* 423 
dinal 
к1(1270)0 z+ < 7 x10-3 CL=90% 487 
K.,(1400)9 z+ ( 49 +1.2 )% 390 
K*(1410)9 z+ < 7 x10-3 CL=90% 382 
К (1430) z+ (37 £0.4 ) 6 368 
K*(1680)9 z+ ( 143+0.30) % 65 
К*(892)0 п + 7° total (6.7 x14 )% 687 
К*(892)0 m+ 1° 3-body [r] (42 +14 )% 687 
К%(892) т" тт 3-body (2.0 +09) % 688 
К ptr? total (31 +11)% 616 
K pt rt 3-body (11 0.4 )% 616 
K? 90 r+ total ( 4.2 40.9 ) % CL=90% 614 


K? p? т+ 3-body (5 +5 )х10-3 614 
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K? f(980) тт 


К*(892)0 ал“ 


К*(892)0 po at 


К*(892) nt «t+ z no-p 


Ко“ pat at 


пл т nonresonant 


пті x В(п = тіл” пл) 
wat x В(о > т 


| | | 
п 7 7 7 T 
0 


| | | 
T 7 7 7 m T 


« 


< 


5 


х1073 


(81 3.4 ) x 1073 


( ӨЛЕ dors 


(43 +17 ) x 1073 
(31 0.9 ) x 1073 


Pionic modes 


( 2.5 0.7 ) x 1073 
( 3.6 «0.4 ) x 1073 
( 1.05+0.31) x 1073 


(22 
( 1.9 


( 1.7 
6 
( 2.1 


( 2.9 


+0.4 ) x 1073 
1. 

+12 )% 

4066 ) x 1073 


х 1073 


+0.4 ) x 1073 
429 уу 19-3 


CL=90% 
S=1.7 


S=1.8 


CL=90% 


Fractions of some of the following modes with resonances have already 
appeared above as submodes of particular charged-particle modes. 

(7.5 2.5 ) x 1073 
( 1.05+0.31) x 10-3 


NN A A 


7 
1.2 
9 
1.5 


x 10-3 
% 
x 10-3 
% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 


461 
642 


242 


642 
529 


925 
908 
769 
908 


882 


848 
764 
845 


799 


848 
769 
764 
658 
680 
355 
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Hadronic modes with a K K pair 


K+ Ko (ТА +1.0 )x 1073 792 
KEK тт [qq] (88 40.8 ) x 1073 744 
фл“ x В(ф— КТК”) ( 3.0 +0.3 ) x 1073 647 
K+ K*(892)0 ( 2.8 +0.4 ) x 1073 610 
х B(K*® = К-т”) 
K+ K- тт nonresonant (4.5 309) x 1073 744 
KOK? qt = 741 
K*(892)* КО (21 +10 )% 611 
x B(K** — Кол") 
КТ K~ at 7° — 682 
ertr? x В(ф- КТК”) ( 11 +05 ) % 619 
фр“ x В(ф— КТК”) < 7 х 1073  CL-909* 268 
K+ K xt 2° non-ó ( 1.5 шэн ) 96 682 
Kt Ko at пт < 2 % CL=90% 678 
КОК-л+л+ (10 +0.6 ) % 678 
К*(892)+ K* (892)9 (12 +05 ) 6 273 
x B^(K** — КОл+) 
КОК пъ тъ non-K** K*0 < 7.9 x10-3  cL-90* 678 
Кт Ке път т — 600 
ont at то < 4 х 1073  С1-0909 565 
х В(ф- КТК”) 
K+ K~ тт тт т nonresonant < 3 % CL=90% 600 


Fractions of the following modes with resonances have already appeared 
above as submodes of particular charged-particle modes. 


ont (61 0.6 ) x 10-3 647 
ont п? ( 23 +10 ) % 619 

фр” < 14 % CL=90% 268 
фтп тп < 2 х10-3  С1-0909 565 
K+ K*(892)0 (4.2 +0.5 ) x 1073 610 
K*(892)* КО (32 +15 )% 611 


K*(892)* K*(892)° ( 2.6 £11 ) % 273 
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Doubly Cabibbo suppressed (DC) modes, 
AC = 1 weak neutral current (C1) modes, ог 
Lepton Family number (LF) or Lepton number (1) violating modes 


Kt at пт DC (6.8 £15 ) x 1074 845 
K+ ро DC (25 +12 ) x 1074 681 
K* (892)? n+ DC ( 3.6 +1.6 ) x 1074 712 
КҮ пт т nonresonant DC (24 #12 ) x 1074 845 

Kt KT Кт DC < 14 x10-^ СІі-90% 550 
фКТ рс < 1.3 x10-^ cL=90% 527 

ntete C1 < 6.6 х 1075 CL=90% 929 

nt utu СІ < 18 х 1075 СІі-90% 917 

pt ut шт C1 < 5.6 x 10-4 CL=90% 759 

Kt ет ет [s] « 2.0 х 107%  CL-909 869 

Kt wt pe [ss] < 9.7 х 1075 CL=90% 856 

ntet u` LF < 11 х 1074 CL=90% 926 

"te pt LF < 1.3 x10-^ CL=90% 926 

Кт ет дт 1Е < 13 x10-^ CL=90% 866 

Кет ut LF < 1.2 x 107% Сі-90% 866 

п etet L < 11 x 1074 CL=90% 929 

"T utut L < 8.7 x 1075 CL=90% 917 

те ut L < 11 х 1074 CL=90% 926 

p utut L < 5.6 x10-^  CL-909 750 

К етет L < 1.2 x10-^ cL=90% 869 

К-и pr L < 1.2 х 107% CL=90% 856 

K ет pt L < 1.3 x10-^ cL=90% 866 

K*(892) и“ и“ L < 8.5 x10-^  CL-90* 703 


Review of Particle Physics: 


СР- 


КУР) = 207) 


Mass т = 1864.6 + 0.5 MeV (5 = 1.1) 
mpi = Mpo = 4.76 + 0.10 MeV (5 = 1.1) 
Mean life т = (0.415 + 0.004) x 10-12 s 
cr — 124.4 um 
тро = mpo| < 24 x 1010 n 571, CL = 90% [t 
1 2 


Гре = l'po|/Fpo < 0.20, CL = 90% [tt] 
F(K* £77; (via D'))/F(K- £* vj) < 0.005, CL = 90% 


F(K* z or K+ тт ntn (viaD®)) 
[(K~ xt or K~ пъ тт r) 


90% [uu] 


violation decay-rate asymmetries 

С K~) = 0.026 + 0.035 
(пъ тт) = —0.05 + 0.08 

MARY $) = —0.03 + 0.09 
(К9л9) = —0.018 = 0.030 


DO modes are charge conjugates of the modes below. 


DÜ DECAY MODES 


Scale factor/ 
Fraction (Г;/Г) 


Inclusive modes 


e* anything ( 6.75--0.29) 96 
и“ anything (6.6 0.8 )% 
K anything (53 +4 )% S=1.3 
K? anything + КО anything (42 -5 )% 
КТ anything ( 3.4 ae )% 
1) anything [nn] « 13 % CL=90% 
Semileptonic modes 
K~ (tu [oo] ( 3.50--0.17) % 5-1.3 
Кт etve ( 3.66--0.18) % 
K ( 3.23+0.17) % 
К ety, (36:02 )9 
Kon etve ( 2.8 Хи ) 90 
К" (892) eT v, ( m % 


х B(K*- — Кол“) 


K*(892)- 4 


tu = 


C. Caso et al. (Particle Data Group), European Physical Journal C3, 


< 0.0085 (or < 0.0037), CL = 


p 


Confidence level (MeV/c) 


1 (1998) 
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К*(892) л et ve — 708 
К-лїт-иги < 12 х 1073  С1-909 821 

(К%(892)т) u*v, < 14 x10-3 С1--90% 693 
теь (3.7 +0.6 ) x 1073 927 


A fraction of the following resonance mode has already appeared above as 
a submode of a charged-particle mode. 


K*(892)- eT v, ( 2.02--0.33) % 719 
Hadronic modes with а K or ККК 
K тт ( 3.85--0.09) 96 861 
Коло ( 2.12+0.21) % 5-1 860 
Кл [99] (5.4 +0.4 )% 5-1.2 842 
КО ро (12140417) % 676 
K? (980) ( 3.0 +O. ) x 1073 549 
x B(fo — тїт) 
K? (1270) ( 2.4 40.9 ) x 1073 263 
x В(Б — тїт) 
K? (1370) (43 +13 ) x 1073 - 
x B(fo — тїт) 
K*(892) тт (3.4 +0.3 ) 96 711 
x В(К — Кол“) 
К%(1430) лт ( 64 £16 ) x 1073 364 


КО ntr nonresonant ( 1.47 0.24) 96 842 
К-л+л0 [99] (13.9 +0.9 )% S=1.3 844 
K рт (10.8 +10)% 678 
K*(892) zf (17 %02)% 711 
х B(K*- > K-71) 
K* (892)0 7° (21 40.3 ) % 709 
х B(K*® = К-т”) 
К-т? по nonresonant ( 6.9 +2.5 ) x 1073 844 
Kon? 40 = 843 
K* (892)0 по (11 40.2) % 709 


x B(K*9 — Коло) 
КО 797° nonresonant (7.9 +2.1 ) x 1073 843 
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Кол тко [qq] (7.6 +04) % 5-11 812 
К-т” ЖАҒЫ (6.3 +04 ) % 612 
К т р0 3-body (4.8 +21 ) х10-3 612 
K* (892) p 9 (98 +2.2 ) x 1073 418 
x B(K"0 > К-т?) 
K- а1(1260)" ( 3.6 +0.6 )% 327 
х ца - тоот то) 
К*(892)0 r+ m7 total (1.5 +0.4 )% 683 
х B(K-0 > К-т?) 
K* (892)9 «+ л“ 3-body ( 9.5 +21 ) x 10-3 683 
x шин > К-т+) 
Кү(1270) т [r] (3.6 x10 )x 1073 483 
x B(K (1270)- = К- та“) 
К пъ тт т nonresonant ( 1.76--0.25) % 812 
Кол+л- 79 [sg] (10.0 £12 )% 812 
Rn x x Bln — пел m) ( 1.6 40.3 ) x 1073 772 
Kw x B(w > ata) (19 404 ) % 670 
K*(892)- pt ( 41 £16 )% 422 
x B(K*- ^ Кол“) 

K* (892)0 ро ( 49 +11 ) x 1073 418 
x B(K*9 — Коло) 

К1(1270) тт [r] (51 +14 )x1073 483 
x В(К1(1270)- — Кол“ по) 
K* (892) 1 + 17 3-body (4.8 +11 )x 10-3 683 
x В(К — Коло) 

Ko т+ тт n? nonresonant (21 +21)% 812 
К at 7979 (15 +5 )% 815 
Кол at т пб (4.1 40.4 )% 771 

K* (892) at л ло (12 +06 )% 641 

х B(K*® 5 К-т”) 

K* (892)9 1 ( 2.9 +O. ) x 1073 580 

x В(К® = К-т”) 

x В(у— тїт по) 
К-т+о x В(Ф-» път п0) ( 2.7 +05 )% 605 
К*(892)0 w (7 +3 )х10:3 406 

x В(К® = К-т”) 

х B(w э тіл” по) 
Kort at тт тт ( 5.8 +1.6 ) х 10-3 768 
KO gt a по 7° (7°) (10.6 NA. )% 771 
Кок+к- ( 9.4 +1.0 ) x 1073 544 
K°¢é x В(ф = КТК”) (4.3 +05 ) x 10-3 520 


K9 K* K- non-ó (5.1 +08 ) x 10-3 544 
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коко KQ (84 +15 ) x 1074 538 
KEKO К пт (21 0.5 ) x 1074 434 
K*K-K049 (Cae Po ae 435 


Fractions of many of the following modes with resonances have already 
appeared above as submodes of particular charged-particle modes. (Modes 
for which there are only upper limits and K* (892) p submodes only appear 


below.) 

Kon ( 74 =10 )x 1073 772 
K? ро (1214-0017) % 676 
К рт (10.8 +10) 96 5=1.2 678 
Ко ( 21 +04 ) % 670 
K9 (958) ( 1.72+0.26) % 565 
K? (980) (5.7 +16 )х 1073 549 
Ко ф (86 +1.0 ) x 10-3 520 
K-a1(1260)* (73 +11)% 327 
K? ау (1260)? < 19 % CL=90% 322 
K? (1270) (4.2 +15 ) x 1073 263 
К“ а2(1320)+ < 2 x10-3 С1=90% 197 
K? (1370) ( 7.0 +21 ) x 1073 - 
K*(892) тт (5.1 +04 ) % S=1.2 711 
K*(892)° ло (3.2 +04 )% 709 
K*(892)° тт z total (2.3 +05 ) % 683 
К*(892)0 «+ т” 3-body ( 1.43+0.32) % 683 
К-т? рО total ( 6.3 +04 ) % 612 
К т р03-Боду ( 48 +21 ) x 10-3 612 
K* (892)9 p0 ( 1.47--0.33) 96 418 
K* (892)? p? transverse (15 +05 )% 418 

K* (892? 00 S-wave ( 2.8 +06 )% 418 

K* (892)? 00 S-wave long. < 3 х 1073  cL-90* 418 

K* (892? ро P-wave < 3 х 1073 Сі-90% 418 

K* (892)? ро D-wave (19 +06 )% 418 
K*(892) p* (61 £24 ) % 422 
K*(892)- рт longitudinal (2.9 +12 )% 422 
K*(892) рт transverse (32 £18 ) % 422 
K*(892)- pt P-wave < 15 % CL=90% 422 

K т (980) < 1.1 % CL=90% 459 
K* (892)? 6(980) < 7 x10-3 Сі-90% - 
Кү(1270) тт [r] ( 1.062:0.29) % 483 
К1(1400) тт < 12 % CL=90% 386 
K(1400)0 1° < 37 % CL=90% 387 
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K*(1410) тт < 12 % CL=90% 378 
К%(1430) лт ( 1.04+0.26) % 364 
К%(1430) "т" < 8 x10-3 СІ--90% 367 
K3(1430)9 по < 4 х 1073 CL=90% 363 
K* (892) т+ л ло (18 +09 )% 641 

К*(892) n (1.9 40.5 ) % 580 
К пи (3.0 +0.6 ) 96 605 

K* (892)9 w (11 £05 ) % 406 
K z (958) (7.0 £18 ) x 1073 479 

K* (8929 n/(958) < 141 х 1073 Сі-90% 99 

Pionic modes 
пло ( 1.53--0.00) x 10-3 922 
п0 л0 (85 £22 )x10-4 922 
т+ п п (16 +11 )% S=2.7 907 
at at m T ( 7.4 +0.6 ) x 1073 879 
at at ла m по ( 1.9 0.4 ) 96 844 
тлїлїлїл л тл ( 40 +3.0 ) x 1074 795 
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Hadronic modes with a K K pair 


K*K- ( 4.27 +0.16) x 10-3 791 

KOK? (6.5 +1.8 ) x 1074 S=1.2 788 

KOK x+ ( 64 +1.0 ) x 1073 S=1.1 739 

K*(892)° K? < 11 x10-3 cL=90% 605 
x B(K*? = К-т”) 

K*(892)* K^ ( 2.3 +0.5 ) x 1073 610 
x В(К*+ — Кол“) 

КО K~ п nonresonant ( 2.3 2.3 ) x 1073 739 
Ko Kt тт (5.0 £10 ) x 1073 739 

K* (892)9 Ко < 5 x10-^ СІ-90% 605 

x В(Ю9- K*a-) 
K*(892)- К+ (12 £07 ) x 1073 610 
x B(K*- ^ Кол“) 

K? K+ т nonresonant ( 3.9 су“ ) x 1073 739 
K+ K- ло (1.3 £04 ) x 1073 742 
Ko Коло < 59 x 1074 739 
КТК ata [w] ( 2.52--0.24) x 10-3 676 

ortn x В(ф— КТК”) (5.3 +14 ) x 1074 614 

фр x В(ф-» КТК”) (3.0 £16 ) x 1074 260 
K+ K- p°3-body (9.1 £23 ) x 1074 309 
K* (8929 К-т” +c.c. [ww] < 5 x 10-4 528 

x В(К = K*a-) 

K* (892)9 K* (892)9 (6 +2 )х10:4 257 

x В2(К*0 ^ Кт) 

K*K- xt тт поп-ф — 676 

K+ K~ тт x nonresonant « 8 х 107% CL=90% 676 
KO Ko gt лт (6.9 +27 )х 1073 673 
KEK т тт по (31 +2.0 ) х10-3 600 


Fractions of most of the following modes with resonances have already 
appeared above as submodes of particular charged-particle modes. 


K*(892)0 ко « 16 x10-3 CL=90% 605 
K*(892)* K^ (3.5 +0.8 ) x 1073 610 
K*(892)0 K? « 8 x10-^ Сі-90% 605 
K*(892)- К+ (18 £10 ) x 1073 610 
фто < 14 x10-3  CL-909*, 644 
фт) < 28 х 1073 СІ--90% 489 
фо < 2.1 х 1073 CL=90% 239 
фтп ( 1.08--0.20) х 10-3 614 

фр? (6 +з yx10-4 260 

ont пл” 3-body (7 +5 )х107% 614 
K*(892)9 K at + c.c. [ww] < 8 x10-^ CL=90% - 


K* (892)9 K* (892)9 (14 +0.5 ) x 1073 257 
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Doubly Cabibbo suppressed (DC) modes, 
AC = 2 forbidden via mixing (C2M) modes, 
АС = 1 weak neutral current (C1) modes, or 
Lepton Family number (LF) violating modes 


К-т, (ма D?) C2M < 17 x10-^  С1-0909 - 
Kt тт ог C2M « 10 x10-3 Сі-90% - 
K*a- пт (via D?) 

Кіл” рс ( 2.8 +0.9 ) x 1074 861 
К+ тт (via DO) < 19 х 107%  CL-90*, 861 
Кп път рс (19 -27)х10-4 812 
K*a- път (ма 09) < 4 х 10-4 Сі-90% 812 
и“ anything (ма D) < 4 x10-^ С1=90% = 
ете” СІ < 13 х 1075 СІі-90% 932 
и“ и“ СІ < 41 х 1076 СІі-90% 926 
лдеће“ СІ < 45 x10-5  CL-90* 927 
nO ut u^ СІ < 18 х 10-4  CL—90* 915 
пет ет СІ < 11 x10-^ CL=90% 852 
пи“ и“ Ci < 53 x10-^  CL-909 838 
рдеће“ СІ < 10 x10-^ CL=90% 773 
(gut u- СІ < 23 х 10-4  CL—90* 756 
шет ет СІ < 18 x10-^ Сі-90% 768 
wut и“ СІ < 83 x10-^ CL=90% 751 
pete C1 < 5.2 х 1075  CL=90% 654 
фи“ u СІ < 41 x10-^ CL=90% 631 
K? et ет [s] < 11 х 107%  CL-90* 866 
K? ut џи“ [s] < 2.6 х 107%  CL—90* 852 
K*(892) e ын [s] « 14 x10-^ Сі-90% 717 
K*(892)9 u* и“ [s] « 118 x10-3  cL-90* 698 
тт n? ut рт СІ < 81 x10-^  CL-90*, 863 

tet LF [gg] < 19 x10-5 CL=90% 929 
n? et uF LF [gg] < 8.6 х 10-5 CL=90% 924 
net ит LF [gg] < 1.0 x10-^ С1=90% 848 
pret pt LF [gg] < 49 x10-5  CL-909* 769 
wet uF [Е [gg] < 12 x10-^ CL=90% 764 
фе ut LF [gg] < 34 x10-5 CL=90% 648 
K? et yt LF [gg] < 1.0 х10-4 с1=90% 862 


К*(892)0 e+ ит LF [gg] < 10 x10-^ Сі-90% 712 
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10Р) = $07) 
1, J, P need confirmation. 


Mass т = 2006.7 + 0.5 MeV (S = 1.1) 
тр — Mpo = 142.12 + 0.07 MeV 
Full width Г < 2.1 MeV, СІ = 90% 


D* (2007)0 modes are charge conjugates of modes below. 


D* (2007)0 DECAY MODES Fraction (Г,/Г) р (MeWc) 
p0 40 (61.9--2.9) % 43 
DO» (38.1--2.9) % 137 


КУР) = 307) 
1, J, P need confirmation. 


Mass m = 2010.0 + 0.5 MeV (S = 1.1) 

Mp*(2010)+ c p+ = 140.64 = 0.10 MeV ($ = 1.1) 
Тр*(2010)+ — Mpo = 145.397 + 0.030 MeV 

Full width Г < 0.131 MeV, СІ = 90% 


р%(2010)” modes аге charge conjugates of the modes below. 


D*(2010)* DECAY MODES Fraction (Г;/Г) p (MeV/c) 
D’ xt (68.3--1.4) % 39 
Dt «9 (30.6--2.5) % 38 
D+ y (JE OT) 136 


10Р) = $017) 
1, J, P need confirmation. 


Mass т = 2422.2 1.8 MeV (5 = 12) 
Full width Г = 18.9 $$ MeV 


D4(2420)0 modes are charge conjugates of modes below. 


ру (2420)0 DECAY MODES Fraction (Г;/Г) р (MeV/c) 
D*(2010)* т” seen 355 
D*a- not seen 474 
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JP = 2+ assignment strongly favored (ALBRECHT 89B). 


Mass т = 2458.9 + 2.0 MeV (5 = 1.2) 
Full width Г = 23 = 5 MeV 


D3 (2460)0 modes are charge conjugates of modes below. 


D% (2460)° DECAY MODES Fraction (I; /T) р (MeV/c) 
Dt тт seen 503 
D*(2010)* т” seen 387 


JP = 2+ assignment strongly favored (ALBRECHT 89B). 
Mass т = 2459 + 4 MeV (5 = 1.7) 
Тр: (2460)+ - тр: (2460)0 = 0.9 + 3.3 MeV (5 = 1.1) 


Full width Г = 2578 MeV 


D5(2460) ` modes are charge conjugates of modes below. 


D2(2460)* DECAY MODES Fraction (Г;/Г) p (MeV/c) 
ро тї seen 508 
D*0 + seen 390 
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CHARMED, STRANGE MESONS 
(С-5- +1) 


Dr = cs, D — €s, similarly for D*'s 


D P - 
5 (0°) = 0(0 ) 
was F+ 
Mass т = 1968.5 + 0.6 MeV (5-11) 
mpi — mpg = 99.2 = 0.5 MeV (S = 1.1) 
Mean life т = (0.467 + 0.017) х 10-12 s 
ст = 140 ит 
Dt form factors 
ro = 1.6 + 0.4 
r, = 1.5 + 0.5 


T, /Fr = 0.72 + 0.18 


Branching fractions for modes with a resonance in the final state include 
all the decay modes of the resonance. D. modes are charge conjugates 
of the modes below. 


Scale factor/ p 
рї DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 
Inclusive modes 
K anything (13 Tu )% = 
K? anything + K9anything (39 +28 )% = 
КТ anything (20 He )% = 
non- K K anything (64 +17 )% = 
ет anything (8 * : ) 96 - 
ф anything (18 20 )% = 
Leptonic and semileptonic modes 
TRE (4027.55 )xq079« 08-14 981 
T'v. (7 +4 )% 182 
ott v, [xx] (2.0 + 0.5 ) % - 
net Ve + n (958) 6+ Vp [xx] (3.4 = 1.0 )% = 
ТАЙ?) (25 + 0.7 ) 6 - 
n (958)4* v; (88 + 34 ) x 1073 - 
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Hadronic modes with a КК pair (including from a $) 


K* ко 
KEK тт 
ont 
K+ K*(892)0 
(980) тт 
K+ Ké(1430)° 
Р(1710)л" > KTK xt 
КТК” тт nonresonant 
KOKO gt 
K*(892)* КО 
K* К at 79 
ont «9 
ot 
drt n? 3-body 
K+ K~ mt п non-ó 
Kt Ko gt пт 
KO K~ at at 
К*(892)+ K*(892)° 
КОК at ті non-K** K*9 
КТ K- at тт т 
ont at a 
K'K xt xt т поп-ф 


( 3.6 

(44| (44 

Dy] (3.6 

Dy] (3.3 

Dy] (18 
уу] (7 

[z] (15 
(9 

by] (43 
by] (9 

by] (67 

[y] « 2.6 
« 9 

< 28 

( 4.3 

Dy] (58 

« 29 

( 8.3 


+ 11 )% 
+ 12)% 
+ 0.9 )% 
+ 0.9 )% 
+ 0.8 )% 
+4 )х1073 
+ 19 ) x 1073 
+4 )х1073 
+ 14)% 
+5 )% 
+ 2.3 )% 

% 

% 

% 
+ 15)% 
+ 25)% 

% 
+ 33 ) x 1073 


[yy] (1.18= 0.35) % 


(3.0 


5 20 )х1073 


Hadronic modes without K's 


at at то 
pont 

fy(980) л + 

f2(1270) rt 

© (1500) мт — ata x+ 

qt at Т” nonresona nt 


1/ (958) p* 
n! (958) x + 2° 3-body 


( 1.0 
« 8 
by] (18 
by] (23 
[aaa] (28 
< 2.8 
< 12 
by] ( 2.0 
Dy] (3.1 
( 6.9 
[yy] (10.3 
[yy] < 3.0 
( 4.9 
by] (49 
by] (12 
[уу] < 31 


+ 04 )% 
x 1074 
+ 0.8 )% 
+ 13)х1073 
+ 1.6) x 1073 
x 10-3 
% 
+ 0.6 )% 
+ 14)х1073 
+ 3.0 ) x 1073 
+ 32)96 
% 
+ 32 )% 
+ 18)% 
+4 )% 
% 


S=1.1 


5=1.3 


CL=90% 
CL=90% 
CL=90% 


CL=90% 


5=1.2 
СІ =90% 
S=1.7 


CL=90% 
CL=90% 


CL=90% 


CL=90% 
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850 
805 
712 
682 
732 
186 
204 
805 
802 
683 
748 
687 
407 
687 
748 
744 
744 
412 
744 
673 
640 


673 


959 
827 
732 
559 
391 
959 
935 
902 
822 
899 
902 
727 
886 
856 
743 
803 
470 
720 
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Modes with one or three K's 


KO r+ < 8 x10-3 CL=90% 916 
Kt at т (10 + 0.4) % 900 
K+ рб < 29 х 10-3 CL=90% 747 
К*(892)0 z+ [yy] (65 + 2.8 ) x 1073 773 
Kt KT K~ < 6 x 1074 CL=90% 628 
фКТ [уу] < 5 x10-^ CL=90% 607 
АС = 1 weak neutral current (C1) modes, ог 
Lepton number (1) violating modes 
Tutu [s] < 4.3 x10-^ cL=90% 968 
Kt wt pe C1 < 5.9 x 1074 CL=90% 909 
K*(892)* и" u^ СІ < 14 х 10-3 CL=90% 765 
"T M о L < 43 x10-^ CL=90% 968 
28 ut pr L < 5.9 x10-^ CL=90% 909 
К"(892) и“ и“ L < 1.4 x10-3 С1=90% 765 
JP is natural, width and decay modes consistent with 17 


Mass 


Тр» 


т = 2112.4 + 0.7 MeV (S = 1.1) 


= тр+ = 143.8 + 0.4 MeV 


Full width Г < 1.9 MeV, CL = 90% 


D* mode 
5 


s are charge conjugates of the modes below. 


D** DECAY MODES Fraction (Г;/Г) p (MeV/c) 
рт (94.2--2.5) % 139 
Den? ( 5.8--2.5) % 48 
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D,1(2536)* КР) = 017) 
J, P need confirmation. 
Mass m = 2535.35 + 0.34 + 0.5 MeV 


Full width Г < 2.3 MeV, CL = 90% 


D,1(2536) modes are charge conjugates of the modes below. 


2.1(2536)+ DECAY MODES Fraction (Г;/Г) р (MeWc) 
D*(2010)* ко зееп 150 
D* (2007)9 K+ seen 169 
D+ K9 not seen 382 
po K+ not seen 392 
D ^y possibly seen 389 
D,3(2573)* (JP) = 0(??) 
JP is natural, width and decay modes consistent with 27. 


Mass m = 2573.5 + 1.7 MeV 
Full width Г = 15+? MeV 


D, y(2573) ` modes are charge conjugates of the modes below. 


D, j(2573)* DECAY MODES Fraction (Г;/Г) р (MeWc) 
D° K+ seen 436 


D* (2007)9 K+ not seen 245 
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BOTTOM MESONS 
(B= +1) 


В+ = ub, B? = db, B? = db, B- = ub, similarly for B*'s 


B-particle organization 


Many measurements of B decays involve admixtures of B hadrons. Pre- 
viously we arbitrarily included such admixtures in the B= section, but 
because of their importance we have created two new sections: “B+ / B 
Admixture” for T (4S) results and “B+ / B9 / ВО /Б-Багуоп Admixture" for 
results at higher energies. Most inclusive decay branching fractions are 
found in the Admixture sections. BÜ-B mixing data are found in the B? 
section, while B0- pO mixing data and B-B mixing data for a B°/B° ad- 
mixture are found in the B? section. CP-violation data are found in the 
B? section. b-baryons are found near the end of the Baryon section. 
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The organization of the B sections is now as follows, where bullets 
indicate particle sections and brackets indicate reviews. 
[Production and Decay of b-flavored Hadrons] 
• В+ 
mass, mean life 
branching fractions 
• ВО 
mass, mean life 
branching fractions 
polarization in B? decay 
B9-B? mixing 
[CP Violation in B Decay] 
CP violation 
e B+ BÓ Admixtures 
branching fractions 
° B+ /B°/B°/b-baryon Admixtures 
mean life 
production fractions 
branching fractions 
e B* 
mass 
• BO 
mass, mean life 
branching fractions 
polarization in во decay 
BO- po mixing 
B-B mixing (admixture of ВО, ВО) 
At end of Baryon Listings: 
e Ab 
mass, mean life 
branching fractions 
e b-baryon Admixture 
mean life 
branching fractions 
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(JP) = 407) 


1, J, P need confirmation. Quantum numbers shown аге quark-model 
predictions. 
Mass трі = 5278.9 + 1.8 MeV 
Mean life rg. = (1.65 + 0.04) х 10712 $ 
ст = 495 ит 


В” modesare charge conjugates of the modes below. Modes which do not 
identify the charge state of the B are listed in the в--/в0 ADMIXTURE 
section. 


The branching fractions listed below assume 5096 вО BÓ and 50% Bt B— 
production at the T (4S). We have attempted to bring older measurements 
up to date by rescaling their assumed 7(45) production ratio to 50:50 
and their assumed D, Ds, D*, and ф branching ratios to current values 
whenever this would affect our averages and best limits significantly. 


Indentation is used to indicate a subchannel of a previous reaction. All 
resonant subchannels have been corrected for resonance branching frac- 
tions to the final state so the sum of the subchannel branching fractions 
can exceed that of the final state. 


Scale factor/ p 
B+ DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Semileptonic and leptonic modes 
(+ veanything [pp] (10.3 +0.9 )% = 
Бо у; [pp] ( 1.86--0.33) % - 
D* (2007)9 07 v; [pp] (53 +0.8 ) 5 - 
nl et ve < 22 x10-3 CL=90% 2638 
wlt Ve [pp] < 2.1 х 107% CL=90% = 
p? g+ Vp [pp] « 21 х 107% CL=90% = 
et ve < 15 x10-? CL=90% 2639 
р, < 241 х 1075 CL=90% 2638 
ти, < 57 х 10-4 CL=90% 2340 
eT Vey < 2.0 x10-^ Сі-90% - 
ит Vn < 5.2 x10-?  CL=90% = 
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D, D*, or D, modes 


Do xt (5.3 +0.5 ) x 10-3 2308 
D? pt ( 1.3440.18) % 2238 
Dat at ту (11 +04 )% 2289 
DO «t п т^ nonresonant (5 +4 )х1073 2289 
D° xt ро ( 42 +3.0 ) x 1073 2209 
09 2. (1260) + (5 +4 )х10:3 2123 
р%(2010) z! at (21 %06)х1073 2247 
Do at at < 14 x10-3 CL=90% 2299 
D*(2007)° a+ (4.6 +0.4 ) x 1073 2256 
D* (2010) * 7° < 17 х 10-4 CL=90% 2254 
D*(2007)9 of ( 1.55--0.31) 96 2183 
D*(2007)° at nt n7 ( 9.4 +2.6 ) x 1073 2236 
D* (2007)? a; (1260) T (19 +05 )% 2062 
D*(2010) rT rtr? (1.5 £07 )% 2235 
D*(2010) z! at at т < 1 % CL=90% 2217 
Dt(2420)9 z+ (1.5 +0.6 ) x 1073 5=13 2081 
D1(2420)9 pt < 14 x10-3 Сі-90% 1997 
0%(2460)0 xt < 13 х10-3 Сі-90% 2064 
D3(2460)9 p* < 47 х10:3 Сі-90% 1979 
Бер (13 +04)% 1815 
DU (9 +4 )х10:3 1734 
D*(2007)° D* (12 +05 ) 6 1737 
D*(2007)9 DT ( 2.7 £10 )% 1650 
Dra < 2.0 x10-^ Сі-90% 2270 
peu « 33 x10-^ CL=90% 2214 
Din < 5 x10-^ CL=90% 2235 
О < 8 х1074 Сі-90% 2177 
pup < 4 x10-^ CL=90% 2198 
Осер? < 5 х 1074 Сі-90% 2139 
Р? а < 5 x10-^ Сі-90% 2195 
Dt w < 7 x10-^ CL=90% 2136 
D а1(1260)0 < 22 x10-3 Сї=90% 2079 
D** а1(1260)0 < 16 x10-3 Сі-90% 2014 
Di ф < 3.2 x10-4^ CL=90% 2141 
D+ $ < 4 x10-^ CL=9% 2079 
D} K? < L1 х 1073 CL=90% 2241 
Do Ke < 11 x10-3 CL=90% 2184 
рт K*(892)9 « 5 x10-^ Сі-90% 2171 


Review of Particle Physics: 


D** K*(892)0 
D. at K+ 

D met 

D- rt K*(892)* 
Dt + K*(892)* 


) 
) 
) 
)r* 
) 
) 
4(25) K+ 


Xey(1P) K* 
Xe1(1P) K*(892)* 


K9 z+ 

К+ 7° 

п КТ 

n’ K*(892)* 
nkt 

n K*(892)+ 
K*(892)9 т+ 
K*(892)* ло 


Кіл” т” nonresonant 
К 2+ «* nonresonant 


К: (1400)9 z+ 
K3(1430)9 rt 
K+ p? 

ко pt 

К"(892) тт т” 

К*(892)+ p? 

К: (1400) T p? 
К* (1430) + p? 


A A A A A 


4 х 107% 
8 х 107% 
1.2 х 1073 
6 x 10-3 
8 x 1073 


Charmonium modes 


« 
« 


« 


« 


(9.9 £10 ) x 1074 
( L4 +0.6 ) x 1073 
( 1.47+0.27) x 10-3 
(5.0 £15 )x 107 


7.7 х10-4 
1.2 х 10-3 
(6.9 3.1 ) х 10-4 
3.0 х 10-3 


(19 1.2 ) x 1073 
( L0 +04 ) x 1073 
2.1 x 1073 


К ог K* modes 


< 


AOAN ANA AKA AA AAA М М МГ 


( 2.3 £11 ) x 107 


1.6 x 1079 
(6.5 +17 )х 107 
1.3 x 1074 
1.4 x 1079 
3.0 x 1079 
4.1 x 1079 
9.9 x 1079 
2.8 x 1079 
5.6 x 1079 
2.6 x 10-3 
6.8 x 1074 
1.9 x 1079 
4.8 x 1079 
1.1 х 10-3 
9.0 x 1074 
7.8 x 10-4 
1.5 x 10-3 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 

5=1.3 
CL=90% 


CL=90% 


CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
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2110 
2222 
2164 
2137 
2075 
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KFK? < 21 x10-5 CL=90% 2592 
КТК” тт nonresonant < 7.5 х 1075 С1=90% - 
K*K-K* < 2.0 x10-^ CL=90% 2522 
Kto < 12 х 1075 CL=90% 2516 
K+ К KT nonresonant < 38 х 1075 CL=90% 2516 
K*(892)* Кт K- < 16 х 1073 Сі-90% 2466 
K*(892)* ф < 7.0 х 1075 CL=90% 2460 
К1(1400)"%ф < 11 х 1073 Сі-90% 2339 
K35(1430)* ó « 34 x10-3 Сі-90% 2332 
K* t (980) < 8 x10-9 С1=90% 2524 
K*(892)* y ( 5.7 +3.3 ) x 107° 2564 
К\(1270) y « 73 х 1073 Сі-90% 2486 
К1 (1400) y < 2.2 x10-3 CL=9% 2453 
К5(1430) y < 1.4 x10-3 CL=90% 2447 
К" (1680) y < 19 х10-3 Сі-90% 2361 
К*(1780) y < 55 х 10-3 Сі-90% 2343 
K1(2045)* y < 9.9 х10-3 Сі-90% 2243 
Light unflavored meson modes 
at 79 < 20 x10-5 CL=9% 2636 
тетт < 13 х 107% С1=90% 2630 
pont < 43 x10-5 CL=9% 2582 
т" (980) < 14 x10-^ Сі-90% 2547 
т" f2(1270) < 2.4 x10-^ Сі-90% 2483 
п п m nonresonant < 41 x10-5 CL=90% - 
at 7979 < 8.9 x10-^ CL=9% 2631 
pt п? < 77 x10-5 CL=90% 2582 
ata пъ по < 40 x10-3 CL=9% 2621 
pto? < 10 x10-3  С1=90% 2525 
a1(1260)* 7° < 17 x10-3 Сі-90% 2494 
а1(1260)0 + < 90 х 10-4 Сі-90% 2494 
wat < 4.0 х10-4 CL=90% 2580 
уп" < 1.5 х 1075 CL=9% 2609 
тї < 3.1 х 1075 CL=90% 2550 
nl pt < 47 х 1075 CL=90% 2493 
пр“ 21332 x10-5 CL=90% 2554 
л пл a т < 8.6 х 107% CL=90% 2608 
p? а1(1260)+ < 62 х 107% CL=90% 2434 
0 а›(1320)+ < 72 x10-^ CL=90% 2411 
пл ла at т то < 63 х 1073 CL=90% 2592 
а1 (1260) а1(1260)0 < 13 % CL=90% 2335 
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Baryon modes 


pprt < 16 x 1074 CL=90% 2439 

ppr” nonresonant « 53 х 1075 С1=90% - 
pprt ata < 52 x10-^ Сі-90% 2369 
pp KT nonresonant < 89 х 1075  CL-909 - 
рл « 6 х 1075 CL=90% 2430 
pAm*m « 20 x10-^ Сі-90% 2367 
Ap < 38 x10-^ Сі-90% 2402 
Д-р < 15 х 107% CL=90% 2402 
Ac рт“ (62 +27 ) x 1074 - 
A prt по < 3.12 x10-3 cCL=90% _ 
A pam < 146 х 1073  CL-909 - 
Ac рл пі т т? < 1.34 % CL=90% _ 


Lepton Family number (LF) or Lepton number (L) violating modes, or 
AB = 1 weak neutral current ( B1) modes 


тетет Bl « 39 х10-3 CL=9% 2638 
ли“ рт B1 < 9.1 х10-3 CL=90% 2633 
Ktet ет B1 « 6 х 1075 CL=90% 2616 
Kt wt и“ B1 < 10 х 1075 CL=90% 2612 
К*(892) et e^ B1 < 69 x 1074 CL=90% 2564 
K*(892)* шт u^ B1 < 1.2 x10-3 CL=90% 2560 
ntet u LF < 6.4 x 1073 CL=90% 2637 
те ит 1Е « 64 х 1073 С1=90% 2637 
Кт ет ц LF « 64 x10-3 Сі-90% 2615 
КТе pt LF « 64 х10-3 С1=90% 2615 
л етет L < 3.9 х 1073 CL=9% 2638 
"T utut L < 9.1 х 1073 CL=90% 2633 
met pt LF < 64 х 1073 С1=90% 2637 
Кт етет L « 39 х10-3 CL=9% 2616 
К-и pr L < 9.1 х10-3 Сі-90% 2612 
Ket yt LF < 64 х10-3 С1=90% 2615 
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(JP) = #07) 


1, J, P need confirmation. Quantum numbers shown аге quark-model 
predictions. 

Mass тро = 5279.2 + 1.8 MeV 

Mpo — тр- = 0.35 + 0.29 MeV (5 = 1.1) 

Mean life т во = (1.56 + 0.04) x 10 1? s 

cr — 468 um 

тв+/Т во = 1.02 + 0.04 (average of direct and inferred) 
-/тро = 1.04 + 0.04 (direct measurements) 
- /T go = 0:95 2025 (inferred from branching fractions) 


T вэ 
T вэ 


B9-B mixing parameters 


Ха = 0.172 + 0.010 
Атдо = тво — тро = (0.464 + 0.018) x 1012 5 51 
Н L 


ха = Атдо/Гдо = 0.723 + 0.032 


CP violation parameters 
| е(єдо)| = 0.002 + 0.008 


BÜ modes are charge conjugates of the modes below. Reactions indicate 
the weak decay vertex and do not include mixing. Modes which do not 
identify the charge state of the B are listed in the в--/в0 ADMIXTURE 
section. 


The branching fractions listed below assume 5096 вО ВО and 50% В+ B — 
production at the T (4S). We have attempted to bring older measurements 
up to date by rescaling their assumed 7(45) production ratio to 50:50 
and their assumed D, Ds, D*, and ф branching ratios to current values 
whenever this would affect our averages and best limits significantly. 


Indentation is used to indicate a subchannel of a previous reaction. All 
resonant subchannels have been corrected for resonance branching frac- 
tions to the final state so the sum of the subchannel branching fractions 
can exceed that of the final state. 


Scale factor/ p 
ВО DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
(+ veanything [рр] (105 + 0.8 ) % - 
D- (tup [pp] ( 2.00-- 0.25) % - 
D*(2010) ` (+ Ve [pp] ( 4.60+ 0.27) % = 
p ttu [p] (25 + 95 )x 107^ Е 
na £'v (18 + 0.6 ) x 1074 - 


Inclusive modes 
КТ anything (78 +80 )% = 
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D, D*, or D, modes 


D a1(1260)* 
D* (2010) - т” 7° 
D*(2010)- pt 
D*(2010) nt rtr 
( D*(2010) rt r+ z ) non- 
resonant 
D* (2010)- тт p? 
D*(2010)~ а1(1260)" 
D*(2010)- at at a r? 
П%(2460) тт 
D5(2460) p+ 
D Dt 


5 


pe p 

D a1(1260)- 
D** ау (1260) 
D. K* 

DERF 

D. K*(892)* 
D*- K*(892)* 
В. та ке 
DEREK? 

D. nt K*(892)9 
D* xt K*(892)° 
D? 79 

D? 00 

09 


< 


A МОМ л л л л М МОМ МОМ AAA A A 


( 3.0 + 0.4 ) х10-3 
(7.9 + 14 ) х10-3 


1.6 х10-3 CL=90% 

( 2.76+ 0.21) х 1073 

(8.0 + 25 ) х10-3 

(3.9 = 19 ) x 1073 

(11410)х10:3 

(6.0 + 3.3 ) х10-3 

( 15 0.5 )% 

(6.7 + 3.3 ) x 1073 

(7.6 -17)х1073 65-13 

( 0.0 + 2.5 ) x107 

(5.7 + 3.1 ) x107 

( 1.30-- 0.27) % 

( 3.4 + 18)% 
2/2 х 10-3 CL=90% 
4.9 х 10-3 CL=90% 

(8.0 + 3.0 ) х 1073 

(9.6 + 34 ) х10-3 

(10 + 0.5 ) % 

(2.0 + 07 )% 
2.8 x10-^ cL=90% 
5 x10-^ CL=90% 
7 x10-^ cL=90% 
8 x10-^ cL=90% 
2.6 х 10-3 CL=90% 
2.2 x10-3 CL=90% 
2.4 x10-^ cL=90% 
1.7 x10-^ cL=90% 
9.9 x10-^ cL=90% 
1.1 х 10-3 CL=90% 
5 х 10-3 CL=90% 
3.1 х 10-3 CL=90% 
4 х 1073 CL=90% 
2.0 х10-3 CL=90% 
1.2 x10-^ cL=90% 
3.9 x10-^ cL=90% 
1.3 х 1074 cL=90% 


С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


2306 
2236 
2301 
2254 
2287 
2287 
2207 
2121 
2247 
2181 
2235 
2235 


2151 
2061 
2218 
2064 
1979 
1812 
1735 
1731 
1649 
2270 
2214 
2198 
2139 
2079 
2014 
2242 
2185 
2172 
2112 
2221 
2164 
2136 
2074 
2308 
2238 
2274 
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*(2010)- 


D+ D*(2010)- 


J/s (15) КО 

J/V (19) K* лт 
J/v (1S) K*(892)9 

4//%05)т9 

J/v(15)n 

J/ (1s) p® 

J/wW(1s)w 

(2S) К9 

4(25) Kt «- 
(2S) K*(892)9 

Ха(1Р) K9 

Хе (1) K*(892)9 


Кіл” 
Коло 

п! ко 

n’ K* (892) 


K? f(980) 

K* (892)* 77 
K* (892)0 7° 
K3(1430)* лт 


« 94 x 1074 
< 5.1 x 1074 
< 44 x 1074 
« 5.6 x 1074 
« 26 x 1074 
< 1.4 х 10-3 
< 74 x 1074 
< 2.2 х 10-3 
< 18 х 10-3 
142 х1073 


Charmonium modes 


(89 + 1.2 )x 1074 
(11 + 0.6 ) x 1073 
( 1.35-- 0.18) x 10-3 


« 58 x 1079 
< 1.2 х1073 
< 25 x 1074 
< 27 x 1074 
< 8 x 1074 
< 1 х 10-3 

(14 + 09 ) x 1073 
< 2.7 х1073 
< 2.1 х 10-3 


К ог K* modes 


GEB 2023 
< 41 х 1073 
S vu ВОЮ в 


< 3.9 x 1079 
< 3.0 x 1079 
< 3.3 x 107? 
< 4.3 х 1076 
< 17 x 1079 
< 3.5 x 1079 
« 3.9 x 1079 
« 3.6 x 1074 
< 7.2 x 1079 
< 2.8 x 1079 
« 2.6 x 10-3 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 


CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
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2198 
2235 
2256 
2183 
2220 
2141 
2180 
1711 
1790 
1790 


1683 
1652 
1570 
1728 
1672 
1614 
1609 
1283 
1238 
1113 
1411 
1263 


2615 
2614 
2528 


2472 
2534 
2593 
2593 
2592 
2559 
2559 
2523 
2562 
2562 
2445 
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K9 K+ К 
Kod 
К-т тъп 


K* (892)0 xt тт 


K* (892)9 ро 


K* (892)? f (980) 
K3(1400)* тт 
K- a1(1260)* 


K*(892)? K+ K- 
K* (892)? à 
к1(1400)0 20 


[bbb] 


[bbb] 


NAKA KR AAA АЛ АЛ AAA 


AN AA AAA 


1.3 
8.8 
2.3 
1.4 
4.6 
1.7 
1.1 
2.3 
6.1 
4.3 
3.0 
5.0 
1.1 
1.4 
4.0 
7.0 
4.3 
4.0 
2.0 
1.0 
4.3 
3.9 


x 10-3 
x 1079 
x 1074 
x 10-3 
x 1074 
x 1074 
x 10-3 
x 1074 
x 1074 
x 1079 
x 10-3 
x 10-3 
x 10-3 
x 10-3 
+ 1.9 )x10-? 
x 10-3 
x 10-3 
x 1074 
x 10-3 
% 
x 10-3 
х10-5 


Light unflavored meson modes 


[22] 


А АЛА МОМ МОМ М АЛ ММ МОЛ 


8 
^ 


[eg] « 


1.5 
9.3 
8 

1.8 
1.1 
4.7 
2.7 
2.3 
1.3 
7.2 
2.4 
8.8 
2.3 
2.8 
4.9 
3.0 


х 1079 
х10-6 
x 1076 
х 1079 
х 1075 
х 1079 
x 1079 
x 1079 
х 1079 
х 107% 
x 1079 
x 1079 
х 1074 
х 107% 
x 1074 
х 1074 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
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2522 
2516 
2600 
2556 
2504 
2467 
2451 
2471 
2466 
2459 
2389 
2339 
2380 
2330 
2564 
2486 
2453 
2445 
2361 
2343 
2244 
2435 


2636 
2636 
2609 
2582 
2551 
2460 
2522 
2493 
2554 
2631 
2582 
2582 
2621 
2525 
2494 
2473 
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Кери 

К*(892)0 et 
ти 

K*(892)9 и 


|] 


A A A A A A A A A A 


< 


3.1 
2.2 
1.1 
4.6 
9.0 
3.4 
2.4 
3.0 
2.8 
1.1 


1.8 
2.5 
1.8 
1.5 
1.1 
1.0 
1.3 
2.1 
5.9 
5.07 
2.74 


Baryon modes 


+ 0.6 ) 


x 10-3 
x 10-3 
x 10-3 
x 10-4 
x 10-3 
x 10-3 
x 10-3 
x 10-3 
x 1073 
% 


х10-5 
х10-4 
x 10-4 
x 10-3 
x 10-4 
x 10-3 
x 10-3 
x 1074 
x 1074 
х 1073 
х 1073 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 


Lepton Family number (LF) violating modes, or 


e^ 
Та 


AB - 1 weak neutral current (B1) modes 


B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
LF 
LF 
LF 


3.9 
5.9 
6.8 
3.0 
3.6 
2.9 
2.3 
1.0 
5.9 
5.3 
8.3 


x 1079 
х 1076 
x 10-7 
x 1074 
x 1074 
x 1074 
x 1079 
x 10-3 
x 1076 
x 1074 
x 10-4 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


2622 
2525 
2494 
2580 
2609 
2434 
2434 
2592 
2336 
2572 
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B*/B? ADMIXTURE 


The branching fraction measurements are for an admixture of B mesons at 
the 7(45). The values quoted assume that B(T(4S) — ВВ) = 100%. 


For inclusive branching fractions, e.g., B — Р anything, the treatment 
of multiple D’s in the final state must be defined. One possiblity would be 
to count the number of events with one-or-more D's and divide by the total 
number of B's. Another possibility would be to count the total number of 
D's and divide by the total number of B's, which is the definition of average 
multiplicity. The two definitions are identical when only one of the specified 
particles is allowed in the final state. Even though the "one-or-more" 
definition seems sensible, for practical reasons inclusive branching fractions 
are almost always measured using the multiplicity definition. For heavy 
final state particles, authors call their results inclusive branching fractions 
while for light particles some authors call their results multiplicities. In the 
B sections, we list all results as inclusive branching fractions, adopting a 
multiplicity definition. This means that inclusive branching fractions can 
exceed 100% and that inclusive partial widths can exceed total widths, 
just as inclusive cross sections can exceed total cross sections. 


B modes are charge conjugates of the modes below. Reactions indicate 
the weak decay vertex and do not include mixing. 


Scale factor/ p 
B DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Semileptonic and leptonic modes 
В — e*v,anything [ccc] ( 10.41--0.29) % 6-12 - 
B — ре! veanything < 16 х 10-3 CL=90% - 
Bo pt v, anything [ccc] ( 10.3 +0.5 )% - 
B= £t upanything Їрр,ссс| ( 10.45--0.21) % = 
В — D- (+ anything [pp] ( 2.7 0.8 )% _ 
B — D°é+ vjanything [pp] ( 7.0 +14 ) % _ 
Bo D'*f*y, [pp.ddd] ( 27 +017) % - 
B — 01(2420) 6+ v;any- ( 74 +16 )х1073 - 
thing 
B — Оле“ v;anything + ( 23 0.4 )% = 
D* піт us anything 
B — 0%(2460) 6+ v;any- < 65 х 10-3 CL=95% = 
thing 
В — D* «*£* урапу- ( 1.00--0.34) % - 


thing 
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[pp] « 
[pp] « 


В— D. (+ v; anything 
В > D. ft v; K any- 
thing 
В— D; (+ v; K? anything [pp] < 
В- K*(* vjanything 


[рр] 
В- К (+ v; anything [pp] 
В > K°/Ké*+ anything [pp] 


( 


( 10 


( 


9 х 10-3 
6 х 10-3 


9 х 10-3 
6.0 +0.5 ) % 
+4 )x10-3 
4.4 «0.5 ) % 


D, D*, or D, modes 


B — D-anything 

B — DO/Danything 

B — D*(2010)* anything 
B — D*(2007)Panything 


B Dš anything [gg] 
b— cts 
В > D,D, 020, D,D*,or [gg] 
D* D* 
B — D*(2010)4 < 
Bo Б?л”, Dita, [22] < 
Diac up a DT a. 
Вто, Din, Den, 
Dt 60, D** gh, ріш, 
+ 
Dew 
B — D,1(2536)* anything < 


( 24.1 
( 63.1 
( 22.7 
( 26.0 
( 10.0 
( 22 


( 


+1.9 ) % 
+2.9 ) % 
+1.6 ) % 
+27 )% 
+2.5 )% 
+4 )% 


4.9 +1.3 ) % 


1.1 х 10-3 
5 х 1074 


9.5 х 10-3 


Charmonium modes 


В — J/w(1S)anything 
В = J/wv(1S)(direct) any- 
thing 
B — w(2S)anything 


B — Xa (1P)anything 
В — X.-1(1P)(direct) any- 
thing 
B — X¢2(1P)anything < 
B — n<(1S)anything < 


( 
( 


( 
( 
( 


1.13 0.06) 96 
8.0 408 ) x 1073 


3.5 “0.5 ) x 1073 
4.2 +0.7 ) x 1073 
3.7 +0.7 ) x 1073 


3.8 х 10-3 
9 х 10-3 


К ог K* modes 
( 78.9 +25 ) % 


В-» К апуіһіпе 


[gg] 
В-» Kt anything 
В — К anything 
B — K9/KPanything [22] 


B — K*(892)* anything 
B — К%(892)0/К>%(892)0апу- [gg] 
thing 


(66 +5 )% 
(13 +4 )% 
(64 +4 )% 
(18 +6 )% 


(146 +2.6 ) % 
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CL=90% 
CL=90% 


CL=90% 


CL=90% 
CL=90% 


CL=90% 


CL=90% 
CL=90% 


Review of Particle Physics: С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


В = K(1400)4 < 4.1 x10-^ cL=90% _ 
B > K3(1430)4 « 83 x10-^ С1=90% = 
В — Ко(1770)9 < 1.2 x10-3 CL=90% - 
B > К%(1780) < 30 х 10-3 CL=90% - 
В — K4(2045)y < 1.0 x10-3 cL-90* - 
В— b зү ( 2.3 0.7 ) x 1074 = 
В — b — sgluon < 68 % CL=90% = 
Light unflavored meson modes 
Bo nt anything [gg,eee] (359 +7 )% = 
В — nT anything ( 17.6 +16 )% = 
B — 00 anything (21 +5 )% = 
B — w anything < 81 % CL=90% = 
B — Фф anything ( 35 0.7 )% S=1.8 _ 
Baryon modes 
В— Л anything ( 64 +11)% = 
B => A et anything < 3.2 x 1073 CL=90% = 
В — Л. panything ( 3.6 +07 ) % 3 
В- A рећи, < 15 x10-3 CL-90* - 
В— X. anything ( 42 +24 ) x 1073 - 
В — X. anything < 96 х10-3 CL=90% - 
B — 20 anything ( 46 +24 ) x107 - 
В > XÜN(N = por n) < 15 х 10-3 CL=90% - 
B — =? anything ( 14 £0. ) x 107^ - 
x B(z9— =") 
В + =“ anything ( 45 iE )x 10-4 - 
xB(zte set.) 
В — pj[panything [22] ( 80 +0.4)% - 
В — p/Pp(direct) anything [22] ( 55 +O.5 )% - 
B — Л/Лапу тв [22] ( 40 +0.5 )% - 
B = =" | = anything [m] ( 2.7 +0.6 )x 1073 - 
B — baryons anything ( 6.8 +0.6 ) *6 - 
В-» ppanything ( 2.47+0.23) % = 
В — Ap/Apanything [28] ( 25 +04)% = 
B — AAanything < 5 х10-3 cL=90% - 


Lepton Family number (ЇР) violating modes ог 
AB - 1 weak neutral current (B1) modes 


В- ете 5 B1 < 57 x 10-5 С1=90% - 
В Ши $ B1 < 58 x 10-5 CL=90% - 
Bo etyts LF < 22 х10-5 С1=90% - 
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В+ /B9/B9 /b-baryon ADMIXTURE 


These measurements are for an admixture of bottom particles at high 
energy (LEP, Tevatron, SppS). 
Mean life т = (1.564 + 0.014) x 10-12 s 
Mean life т = (1.72 + 0.10) х 1071? s Charged b-hadron 
admixture 
Mean life т = (1.58 + 0.14) х 1071? s Neutral b-hadron ad- 
mixture 


T charged b—hadron/T neutral b—hadron = 1.09 + 0.13 


The branching fraction measurements are for an admixture of B mesons 
and baryons at energies above the 7(45). Only the highest energy results 
(LEP, Tevatron, SppS) are used in the branching fraction averages. Тһе 
production fractions give our best current estimate of the admixture at 
LEP. 


For inclusive branching fractions, e.g., B — DE anything, the treatment 
of multiple D's in the final state must be defined. One possiblity would be 
to count the number of events with one-or-more D's and divide by the total 
number of B's. Another possibility would be to count the total number of 
D's and divide by the total number of B's, which is the definition of average 
multiplicity. The two definitions are identical when only one of the specified 
particles is allowed in the final state. Even though the "one-or-more" 
definition seems sensible, for practical reasons inclusive branching fractions 
are almost always measured using the multiplicity definition. For heavy 
final state particles, authors call their results inclusive branching fractions 
while for light particles some authors call their results multiplicities. In the 
B sections, we list all results as inclusive branching fractions, adopting a 
multiplicity definition. This means that inclusive branching fractions can 
exceed 100% and that inclusive partial widths can exceed total widths, 
just as inclusive cross sections can exceed total cross sections. 


The modes below are listed for a b initial state. b modes are their charge 
conjugates. Reactions indicate the weak decay vertex and do not include 
mixing. 


Review of Particle Physics: С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


p 
b DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 


PRODUCTION FRACTIONS 


The production fractions for weakly decaying b-hadrons at the Z have 
been calculated from the best values of mean lives, mixing parameters, and 
branching fractions in this edition by the LEP B Oscillation Working Group 
as described in the note “Production and Decay of b-Flavored Hadrons" 
in the B+ Particle Listings. Values assume 


B(b— вт) = B(b— B) 
B(b— В+) + B(b— B?) +B(b — B9) + B(b— Ap) = 100%. 


The notation for production fractions varies in the literature (fpo; f(b — 


ВО), Br(b — B9). We use our own branching fraction notation here, 


B(b— BO). 
B* (397 + 28 )% - 
Во (38722255: - 
B? (05 19 ys - 
Np (10151531: 8 - 
DECAY MODES 
Semileptonic and leptonic modes 

v anything (23.1 + 1.5 )% _ 
er vg anything Їрр,ссс| ( 10.994 0.23) % = 
et ис anything [ccc] ( 10.9 + 0.5 )% _ 
ит v, anything [ccc] ( 10.8 + 0.5 )% - 
Dt vp anything [pp] ( 2.024 0.29) 9 => 
D? ¢+ v; anything [РР] ( 65 + 0.6 ) % = 

D = 1 v; anything [pp] ( 2.762 0.29) % = 

р? er vp anything [pp. fff] ^ seen = 

D; g+ vg anything [pp,fff] ^ seen Е 
0%(2460)0 (+ vp anything seen = 
0%(2460)- (+ vp anything seen = 

тт + anything ( 2.6 + 04)% _ 


c — (7Туапуіһіпе [РР] ( 7.8 06)9 = 
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Charmed meson and baryon modes 


D? anything ( 60.1 + 3.2 )% = 

D anything ( 23.7 + 2.3 )% _ 

D.anything (18 +5 )% = 

Ac anything ( 97 + 2.9 ) 6 = 

€ / сапу тя [еее] (117 +4 )% - 

Charmonium modes 

J/) (1S) anything ( 116+ 0.10) 96 - 

v(2S)anything ( 48 + 24 )x 1073 - 

X¢1(1P) anything ( 18 + 0.5 )% - 
К or K* modes 

57 < 5.4 х 1074 9096 - 

К anything (88 +19 )% zi 

КЗ anything ( 29.0 + 2.9 )% = 

Ріоп modes 

л? anything [eee] (278 -60 )% zi 
Baryon modes 

p/ panything (14 +6 )% = 
Other modes 

charged anything [еее] (497 +7 )% = 

hadront hadron^ (17 t "s ) x 107? - 

charmless (7 +21 )х10:3 - 


Baryon modes 
A/ Aanything ( 5.9 + 0.6 )% = 


АВ = 1 weak neutral current (B1) modes 
и“ џи“ anything B1 < 3.2 x 1074 90% - 


(JP) = 07) 


1, J, P need confirmation. Quantum numbers shown аге quark-model 
predictions. 

Mass mg, = 5324.9 = 1.8 MeV 

mpg. — mg = 45.78 + 0.35 MeV 


B* DECAY MODES Fraction (F;/T) р (MeWc) 


Ву dominant 46 
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BOTTOM, STRANGE MESONS 
(B= =1,5==1) 


0 T ES "50 __ = . š ' 
В. = sb, B; = Sb, similarly for В? 5 


I(JP) = 0(07) 


1, J, P need confirmation. Quantum numbers shown аге quark-model 
predictions. 
Mass тро = 5369.3 = 2.0 Меу 
Mean life т = (1.54 + 0.07) х 10-12 s 
ст = 462 ит 


B0-BO mixing parameters 
Хв at high energy = fgXg-4-f;X, = 0.118 + 0.006 
are = тро -Mg > 91 10 hs, CL = 95% 
= = Amgo/t go > 14.0, CL — 9596 
Xs > 0.4975, СЕ = 95% 


These branching fractions all scale with B(b — ВО), the LEP во рго- 
duction fraction. Тһе first four were evaluated using B(b — Во) = 


(10.57 18); and the rest assume B(b — Во) = 12%. 


The branching fraction в(в0 -> D. pt vg anything) is not a риге mea- 
surement since the measured product branching fraction B(b — Во) х 


B(B0 > D. et vpanything) was used to determine B(b — ВО), аѕ 
described іп the note on "Production and Decay of b-Flavored Hadrons." 
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p 
во DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
D. anything (92 +33 )% = 
D. er vp anything [ggg] (81 + 2.5) % = 
Dx. « 13 96 2321 
J/v(1S) o (9.3 + 3.3) x 1074 1590 
3/4(15)л9 < 12 x 1073 90% 1788 
J/v(1S)n < 38 x 1073 90% 1735 
ф(25)ф seen 1122 
тїт < 17 х 1074 90% 1122 
nOn? < 21 x 1074 90% 2861 
пто < 1.0 x 10-3 90% _ 2655 
nN < 15 x 1073 90% 2628 
at Ко < 241 х10-4 90% _ 2660 
K*K- < 5.9 x 1079 90% 2639 
pp « 59 x 1079 90% 2515 
yy < 1.48 х 1074 90% 2685 
фу < 7 x 1074 90% 2588 

Lepton Family number (ЇР) violating modes ог 
AB - 1 weak neutral current (B1) modes 
ut B1 < 20 х 10:96 90% 2682 
ете” Bl < 54 x 1075 90% 2864 
et uF LF [gg] < 41 x 10-5 90% 2864 


фит B1 < 54 х 1073 90% - 
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cc MESONS 
IG (АРС) — 0+(0– +) 


Mass т = 2979.8 + 2.4 MeV (S = 2.1) 
Full width Г = 13.2+3-8 MeV 


7с(15) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 
Decays involving hadronic resonances 
7 (958) тт (41 +17) % 1319 
рр (2.6 +0.9) 96 1275 
K*(892)9K~ rt + c.c. (2.0 40.7) % 1273 
K*(892) K* (892) (8.5 +3.1) x 1073 1193 
фф (7.1 2.8) x 1073 1086 
ао (980) т <2 % 90% 1323 
а2(1320)т < 2 % 9% 1193 
К*(892) K + с.с. < 1.28 % 90% 1307 
Ь(1270)7 < 1.1 % 90% 1142 
шш < 3.1 х 1073 90% 1268 


Decays into stable hadrons 


ККт (5.5 1.7) % 1378 
NTT (4.9 +1.8) % 1425 
пел KtK- (Loro yv 1342 
2(K* K7) (21 +1.2) % 1053 
2(nt т) (1.2 +0.4) % 1457 
рр (1.2 404) x 1073 1157 
KKn < 3.1 % 90% 1262 
тїт pp < 1.2 % 90% 1023 
AA «2 x 1073 9096 987 


Radiative decays 
yy (3.0 21.2) x 1074 1489 
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J/v(1S) шр о) 


Mass т = 3096.88 -- 0.04 MeV 
Full width Г = 87 = 5 keV 
Fee = 5.26 + 0.37 keV (Assuming Tee = Гин) 


Scale factor/ p 

J/ (1S5) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
hadrons (87.7 +0.5 )% - 

virtual — hadrons (17.0 +2.0 )% - 
ете” ( 6.02--0.19) 96 1548 
ШЭНЭ ( 6.0140.19) 96 1545 

Песау5 involving hadronic resonances 

рт ( 1.27--0.09) % 1449 

р0 n° (4.2 40.5 ) x 10-3 1449 
a5(1320)p ( 1.09--0.22) % 1125 
wat at ан ( 8.5 =34 ) x 1073 1392 
wat то (72 £10 ) x 1073 1435 

w fo (1270) (4.3 +0.6 ) x 1073 1143 
K*(892)° K5(1430)9 + c.c. (67 +26 ) x 1073 1005 
w K* (892) К + с.с. ( 5.3 £2.0 ) x 1073 1098 
K+ K*(892)- + с.с. ( 5.0 +0.4 ) x 1073 1373 
K9 K*(892)0 + c.c. (4.2 40.4 ) x 1073 1371 
што по ( 3.4 +0.8 ) x 10-3 1436 
b4(1235)* z+ [gg] (3.0 +O. ) x 1073 1299 
wo K+ КО тт [gg] ( 3.0 50.7 ) x 10-2 1210 
Ь1(1235)0 л0 ( 2.3 +0.6 ) x 1073 1299 
o K*(892) К + с.с. ( 2.04--0.28) x 10-3 969 
ӘКК ( 19 «0.4 ) x 1073 1268 

wfj(1710) > «КК (48 +11 )х 1074 878 
92(т" т”) ( 1.60+0.32) x 10-3 1318 
(1232) pr (1.6 +0.5 ) x 1073 1030 
шт ( 1.58-0.16) х 1073 1394 
ФКК ( 1.48 0.22) x 10-3 1179 

ófj(1710) > ФКК ( 3.6 =0.6 ) x 1074 875 
ppw ( 1.30--0.25) x 1073 5-1.3 769 
А(1232)++ A(1232) ^ ( 1.1040.29) x 10-3 938 
2 (1385) (1385) (ог c.c.) (ев! ( 1.03+0.13) x 1073 692 
ppn (958) (9 +4 )х1074 5-1. 596 
Ф,(1525) (8 +4 )х10-4 5-2.7 871 


фліл” (80 £12 ) x 10—4 1365 
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фк КО тт [gg] (72 +0.9 )x 1074 1114 
w (1420) (68 +2.4 ) х 107^ 1062 
on (65 +0.7 ) x 1074 1320 
E(1530)-2 (5.9 +15 ) x 1074 597 
pK >(1385)0 ( 51 +32 ) x 1074 645 
што ( 42 +0.6 ) x 1074 5-14 1447 
фт' (958) (33 £0.4 ) x 1074 1192 
ф (980) (32 +0.9 ) x 107^ 5-1.9 1182 
=(1530)° =? ( 32 £14 ) x 1074 608 
Х (1385) ХТ (or c.c.) [gg] ( 3.1 +0.5 ) x 1074 857 
фћ (1285) ( 2.6 +0.5 ) x 10-4 5-11 1032 
pn ( 1.9340.23) х 1074 1398 
w (958) ( 1.67--0.25) x 10-4 1279 
w fo (980) ( L4 +0.5 ) x 107^ 1271 
p (958) ( 1.05-0.18) x 1074 1283 
ppó ( 4.5 #15 ) x 107 527 
а2(1320) = nF [ee] < 43 х 10-3 CL=90% 1263 
K КУ (1430) + с.с. < 4.0 х 1073 CL=90% 1159 
K3(1430)9 К*(1430)0 < 29 х 1073 Сі-90% 588 
K*(892)0 K*(892)° < 5 x10-^ CL=90% 1263 
ф (1270) < 3.7 х 107% CL=90% 1036 
ppp « 341 x10-^  CL-909 779 
ón(1440) — QT < 25 x10-^  CL-90* 946 
ш f5(1525) < 2.2 x10-^ CL=90% 1003 
=(1385)°A < 2 x10-^ CL=90% 911 
A(1232)* p = 1 x10-^ CL=9% 1100 
БУЛ < 9 х 1075 CL=90% 1032 
фто < 6.8 х 1076 CL=90% 1377 
Decays into stable hadrons 
207+ 1) ( 3.37--0.26) % 1496 
3(x+ 1) 7 (29-06 ) % 1433 
at п ло ( 1.50+0.20) % 1533 
at a a КТК ( 1.20+0.30) % 1368 
A(n r)a? (90 +3.0 ) x 1073 1345 
ntn KT KO ( 7.2 +23 ) x 1073 1407 
ККт (61 +1.0 ) x 1073 1440 
ррт т^ ( 6.0 +0.5 ) x 10-3 5=13 1107 
2(n* r7) ( 40 +10 ) x 1073 1517 
З(л z) (4.0 +2.0 ) x 1073 1466 
nnam (4 +4 )х1073 1106 
59559 ( 1.27+0.17) x 10-3 992 
(nrt )КТК- (31 £13 ) x 1073 1320 


ррл+л- по [Ahh] (2.3 £0.9 ) x 1073 S—1.9 1033 
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pp ( 2.14+0.10) x 10-3 1232 
pp ( 2.09--0.18) x 1073 948 
рта” ( 2.00--0.10) x 1073 1174 
nn (19 0.5 ) x 1073 1231 
== (18 «0.4 )х 1073 5-1.8 818 
AA ( 1.35--0.14) x 10-3 S—12 1074 
ppr ( 1.09--0.09) x 10-3 1176 
ЛУ n^ (or c.c.) [22] ( 1.06--0.12) x 10-3 945 
pK A ( 8.9 41.6 ) x 1074 876 
2(K* K7) (7.0 +3.0 ) x 1074 1131 
pK- 29 (2.9 +0.8 ) x 1074 820 
K*K- ( 2.37+0.31) x 10-4 1468 
AAT? (22 +0.7 ) x 1074 998 
ntn ( 1.47 +0.23) x 1074 1542 
KLK? ( 1.08--0.14) х 1074 1466 
AL + c.c. < 15 x10-^ Сі-90% 1032 
ка KQ < 5.2 х 1076 CL=90% 1466 
Radiative decays 
үпс(15) (1.3 +04 ) % 116 
ynt п 279 (83 £3.1 ) x 1073 1518 
YNTT (61 1.0 ) x 1073 1487 
yn(1440) ^ уККт [] (91 +1.8 )x 1074 1223 
yn(1440) — yyp9 ( 64 +1.4 ) x 1075 1223 
yn(1440) > ynrt a (34 +0.7 ) x 1074 - 
үрр (4.5 0.8 ) x 1073 1343 
yw (958) ( 4.31--0.30) x 1073 1400 
2т*2т^— (28-05 ) x 1073 S=1.9 1517 
y fa(2050) (2.7 0.7 ) x 1073 874 
үшш ( 1.59--0.33) х 10-3 1337 
(1440) — yop (17 +04 ) x 1073 S—13 1223 
*y (1270) ( 1.38+0.14) x 10-3 1286 
(1710) — 4 KK Ces увя 5-12 1075 
yn (8.6 +0.8 ) x 1074 1500 
7 (1420) — yKKn (83 +15 )х10-4 1220 
y В (1285) (6.5 1.0 ) x 1074 1283 
yf5 (1525) а ОС e104 1173 
“Фф (40 +1.2 ) x 1074 S=2.1 1166 
ypp (38 +1.0 ) x 1074 1232 


(2225) ( 2.9 +0.6 ) x 1074 834 
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ү1(1760) — yop ( 1.3 од ) x 1074 1048 
упо ( 3.9 +1.3 ) x 1075 1546 
уррт то < 7.9 х 107%  CL-909 1107 
Yy < 5 х 107% CL=90% 1548 
yAA < 1.3 x10-^ СІ-90% 1074 
3y < 5.5 x10-? CL=90% 1548 
y #/(2220) > 2.50 х 1073 CL=99.9% - 
y (1500) (5.7 +0.8 ) x 107^ 1184 
yet eT (88 =14 ) x 1073 - 


IG( JPG) = 0+(0+ +) 


Маѕѕ т = 3417.3 + 2.8 Меу 
Full width Г = 14 + 5 MeV 


р 
Хсо(1Р) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 


Hadronic decays 


207+ т) (3.7--0.7) % 1679 
лїт K*K- (3.0--0.7) % 1580 
pont тт (1.6+0.5) % 1608 
3(r* rT) (1.5--0.5) % 1633 
К+К*(892)9т— + c.c. (1.20.4) 96 1522 
тетт (7.52.1) х 1073 1702 
K*K- (7.142.4) x 1073 1635 
тїл pp (5.0--2.0) x 1073 1320 
pp « 9.0 x 1074 90% 1427 
Radiative decays 
“./%(15) (6.6--1.8) x 1073 303 
yy <5 x 1074 95% 1708 
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IG(JPC) = o*(1 + +) 


Mass m = 3510.53 + 0.12 MeV 
Full width [ = 0.88 + 0.14 MeV 


Xc1(1P) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Hadronic decays 
З(л"л”) ( 2.2+0.8) % 1683 
2("“л”) ( 1.6+0.5) % 1727 
тїт KT KO (9 +4 )x1073 1632 
pont тт ( 3.943.5) x 10-3 1659 
K+ К*(892)9т—-+ с.с. ( 3.242.1) x 10-3 1576 
тїт pp ( 1.4+0.9) x 10-3 1381 
pp ( 8.6+1.2) x 1073 1483 
лїт + KEK < 2.1 x 10-3 - 


Radiative decays 
y Jb(1S) (27.33: 1.6) 96 389 


IG(JPC) = ot (o + +) 


Mass m — 3556.17 -- 0.13 MeV 
Full width Г = 2.00 = 0.18 MeV 


Хс2(1Р) DECAY MODES Fraction (Г,/Г) Confidence level (мемо) 
Hadronic decays 
207+ т) ( 2.24-0.5) % 1751 
лїт K*K- ( 1.9+0.5) % 1656 
З(л т) ( 1.2+0.8) 96 1707 
pont тт (7 +4 )х10-3 1683 
K+ K*(892)0 z + c.c. ( 4.842.8) x 10-3 1601 
тїт pp ( 3.341.3) x 1073 1410 
ntn (1.91.0) x 1073 1773 
K*K- ( 1.51.1) x 1073 1708 
pp (10.02: 1.0) x 10-79 1510 
JI (1S)n* т” пб < 15 % 90% 185 


Radiative decays 
y J/)(1S) (13.541.1) % 430 
yy ( 1.6--0.5) x 1074 1778 
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ха 


Mass т = 3686.00 = 0.09 MeV 
Full width Г = 277 + 31keV (S = 1.1) 
[ee = 2.14 + 0.21 keV (Assuming Гее = Lun) 


Scale factor/ p 
№(25) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 
hadrons (98.10+0.30) % - 

virtual; — hadrons ( 2.9 +04 ) % = 
ете” ( 85 407) x 1073 1843 
Ши (77 +17 ) x107 1840 

Decays into .//0(15)апа anything 
J/) (1S) anything (54.2 +3.0 ) % = 
J/) (1S) neutrals (22.8 +17 )% - 
3/0(15)тї n^ (30.2 +1.9 )% 477 
3/44(15)л9 т (17.9 2-18 ) % 481 
3/4(15)) (27 %04)% $=1.7 200 
Ј/ф(15)л9 (97 £21 ) x 1074 527 
2Ј/0(15) ит ит (10.0 +3.3 ) x 10-3 - 
Hadronic decays 

пл“ )ло ( 3.5 £16 ) x 1073 1746 
2(п'л“ )ло (30 +0.8 ) x 1073 1799 
тїт KT KO (1.6 0.4 ) x 1073 1726 
тїт pp ( 8.0 +2.0 ) x 1074 1491 
K+ K*(892)0z_ + c.c. (6.7 +25 ) x 1074 1673 
2(тї т) (4.5 +1.0 )х 1074 1817 

pont тт (42 +15 )x 10-4 1751 
pp (19 +0.5 ) x 1074 1586 
3(n* т”) (15 £10 )х 1074 1774 
ppr? (14 +0.5 ) x 1074 1543 
K*K- (10 0.7 ) x 1074 1776 
т+ т по (9 +5 )x10-5 1830 

рт « 83 x10-?  CL-909 1760 
nt то (8 45 )х1079 1838 
АЛ «4 x10-^ CL=90% 1467 
=- => < > х 107% CL=90% 1285 
K+ K- 79 < 2.96 x10-5 CL=90% 1754 


K* K*(892)- + с.с. < 5.4 х 1075 CL=90% 1698 
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Radiative decays 


үХсо(1Р) ( 9.8 +09 ) % 261 
7Хс1(1Р) (8.7 0.8 )% 171 
үХс2(1Р) ( 7.8 +08 )% 127 
үпс(15) (28 +0.6 ) x 1073 639 
5777 (958) Al x10-3 Сі-90% 1719 
^y^ < 16 x10-^ CL=90% 1843 
y0(1440) ^ ҮККт < 12 x10 3 CL=90% 1569 


hi ui 


Mass т = 3769.9 + 2.5 MeV (5 = 1.8) 
Full width Г = 23.6 + 2.7 Меу (S = 1.1) 
Tee = 0.26 + 0.04 keV. (5 = 12) 


р 
%(3770) DECAY MODES Fraction (F;/T) Scale factor (MeV/c) 
DD dominant 242 
ете” (1.1240.17) x 1075 1.2 1885 


ЕЕ 


Mass т = 4040 + 10 MeV 
Full width Г = 52 + 10 MeV 
Fee = 0.75 + 0.15 keV 


%(4040) DECAY MODES Fraction (Г; /Г) p (MeWc) 
ете” (1.4--0.4) х 10-5 2020 
pop? m seen ТТТ 
D* (2007)9 po + с.с. seen 578 
D*(2007)° D* (2007)° seen 232 


Mass m = 4159 + 20 MeV 
Full width Г = 78 + 20 MeV 
Гее = 0.77 + 0.23 keV 


(4160) DECAY MODES Fraction (Г; /Г) р (MeV/c) 


ете” (104) x 10-6 2079 
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Mass т = 4415 + 6 MeV 
Full width Г = 43 + 15 MeV (S = 1.8) 
Гее = 0.47 + 0.10 keV 


4(4415) DECAY MODES Fraction (Г; /Г) р (MeWc) 
hadrons dominant = 


ете” (1.140.4) x 10-5 2207 
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bb MESONS 
(ОРС) = 07017 -) 


Mass m = 9460.37 + 0.21 MeV (5 = 2.7) 
Full width Г = 52.5 + 1.8 keV 
Гее = 1.32 + 0.05 keV 


Scale factor/ p 
T(1S) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
rtr (26710214 4384 
ете” (2.52--0.17) % 4730 
Жш (2.48--0.07) 96 5=11 4729 
Hadronic decays 
J/V(1S)anything (11 +04 ) x 1073 4223 
рт «2 x10-4^ . С1=90% 4698 
тїт < 5 x10-^ С1=90% 4728 


K*K- «5 х 107%  CL=90% 4704 
рр <5 x10-^ СІ-90% 4636 
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Radiative decays 


y2h'2h-^ (7.0 £15 ) x 1074 4720 
y3h*3h^ (54 520 ) x 10-4 4703 
y4h* 4h^ (ТА 435 ) x 1074 4679 
тїт KT KO (2.9 +0.9 ) x 1074 4686 
ү2п+ 277 (2.5 +0.9 ) x 1074 4120 
y3nt Зп (25 +1.2 ) x 1074 4703 
y2n'2n K*K- (24 +12 ) x 1074 4658 
тїт pp (1.5 0.6 ) x 1074 4604 
y21'2" pp (4 +6 )х 107 4563 
y2K*2K- (2.0 +2.0 ) x 1075 4601 
“11 (958) «13 х 1073 Сі-90% 4682 
yn < 3.5 х 10-4 СІ-90% 4714 
y f5(1525) < 14 x10-^ С1-90% 4607 
л (1270) < 1.3 x10-^ CL=90% 4644 
(1440) < 8.2 х 1079  СІ-90% 4624 
4fj(1710) — УКК < 2.6 x10-^ СІ-90% 4576 
y f9(2200) = үКТ КТ <2 х 107% CL=90% 4475 
(2220) > үКТ K- < 1.5 х 1075 Сї=90% 4469 
77(2225) > уфф <3 х 1073 CL=90% 4469 
yX <3 х 1075 СІ-90% - 


X = pseudoscalar with m« 7.2 GeV) 


yXX 


< 1 х1073 CL=90% - 


ХХ — vectors with т< 3.1 GeV) 


Хьо(1Р) ИЛ 


16 (/РС) = 0+(0+ +) 


4 needs confirmation. 


Mass m — 9859.8 -- 1.3 MeV 


p 
Xpo(1P) DECAY MODES Fraction (Г; /Г) Confidence level (MeV/c) 


y TS) 


«6 96 90% 391 


Хы(1Р) Ul 


16 (РС) =0T(1T +) 


J needs confirmation. 


Mass m = 9891.9 + 0.7 MeV 


Xp1(1P) DECAY MODES Fraction (Г;/Г) p (MeWc) 


ү T(S) 


(3548) % 422 
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хы (1Р) Uil 16 (РС) = 0+2++) 


4 needs confirmation. 


Mass m — 9913.2 -- 0.6 MeV 


Хь2(1Р) DECAY MODES Fraction (F;/T) р (MeV/c) 
y T(1S) (2244) % 443 


у аги 


Mass т = 10.02330 -Е 0.00031 GeV 
Full width Г = 44 + 7 keV 
Гее = 0.520 + 0.032 keV 


Т(25) ОЕСАҮ МООЕ$ Fraction (Г,/Г) Confidence level (мемо) 
TUS) ata (18.5 +0.8 )% 475 
7(15)л0 л0 ( 8.8 +11 )% 480 
rtr ( L7 +1.6 ) % 4686 
ur ит ( 1.31+0.21) 96 5011 
ете” (14840220) 96 5012 
T(1S)z9 < 8 х 10-3 90% 531 
Т(15)7 0 х 10-3 90% 127 
2/0(15)апуёһіпе < 6 x 10-3 90% 4533 


Radiative decays 


үХь1(1Р) (6.7 40.9 ) % 131 
үХь2(1Р) (6.6 +0.9 ) % 110 
үХьо(1Р) (43 +10 ) % 162 
y 5 (1710) « 5.9 x 1074 90% 4866 
y Р(1525) < 53 x 1074 90% 4896 
* fə(1270) < 241 x 1074 90% 4931 


J needs confirmation. 


Mass m = 10.2321 + 0.0006 GeV 


Xpo(2P) DECAY MODES Fraction (Г;/Г) p (MeWc) 


y T(2S) (4.6=2.1) 96 210 
y T(1S) (9 +6 )х 1073 746 
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Xp (2P) Uil 16 (РС) = o*(1 + +) 


J needs confirmation. 
Mass m = 10.2552 + 0.0005 GeV 
mx (2Р) ==. mx jo(2P) = 23.5 + 1.0 Меу 


р 
Xp1(2P) DECAY MODES Fraction (Г;/Г) Scale factor (MeV/c) 
y T(2S) (21 +4 )% 1.5 229 
y T(1S) ( 8.5--1.3) % 1.3 764 


Хь2(2Р) ШЛ 16 (jPC) = or (2 zn T) 
J needs confirmation. 
Mass т = 10.2685 = 0.0004 GeV 

тх, (2Р) = тхы(оР) = 13.5 + 0.6 MeV 


Хь2(2Р) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
y T(2S) (16.2--2.4) % 242 
y T(1S) ( 7.1+1.0) % 776 


ыт 


Mass m = 10.3553 = 0.0005 GeV 
Full width Г = 26.3 = 3.5 keV 


Scale factor/ p 
T(3S) DECAY MODES Fraction (Г,/Г) Confidence level (MeV/c) 
7 (2S) anything (10.6 +0.8 ) 6 296 
T (2S) т ( 2.8 +06 )% S=2.2 177 
T (2S) 0 л0 ( 2.002-0.32) % 190 
T(2S) yy ( 5.0 +0.7 ) % 327 
T(1S)r* z ( 4.48+40.21) % 814 
7(15)л0 л0 ( 2.06+0.28) % 816 
T(1S)n < 2.2 x10-3  cL-90* - 
ur ит ( 1.8140.17) 96 5177 
ете” Seen 5177 
Radiative decays 
үХь(2Р) (11.4 +08 )% 6-13 87 
үХь1(2Р) (11.3 +06 )% 100 


үХьо(2Р) (5.4 40.6 ) 96 5-11 123 
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T(4S) о (PC) = ??( - —) 
or T(10580) 


Mass т = 10.5800 = 0.0035 GeV 
Full width Г = 10 + 4 MeV 
Ге = 0.248 + 0.031 кеу (S = 1.3) 


T(4S) DECAY MODES Fraction (Г,/Г) Confidence level (мемо) 
ВВ » 96 % 95% - 
поп-ВВ < 4 % 95% ú 
ете” ( 2.8+0.7) x 1079 5290 
J/1: (3097) anything ( 2.2+0.7) x 1073 - 
D*+ anything + c.c. < 74 % 90% 5099 
danything < 23 x 1073 90% 5240 
7 (1S) anything < 4 x 1073 90% 1053 


Mass т = 10.865 + 0.008 GeV (S = 1.1) 
Full width Г = 110 + 13 MeV 
[ae = 0.31 + 0.07 кеу (S = 1.3) 


Т (10860) DECAY MODES Fraction (Г,/Г) р (MeWc) 
ете” (2.8--0.7) x 10-6 5432 


Mass т = 11.019 + 0.008 GeV 
Full width Г = 79 + 16 MeV 
Fee = 0.130 + 0.030 keV 


Т(11020) DECAY MODES Fraction (Г,/Г) p (MeWc) 
ете” (1.60.5) x 1076 5509 
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NOTES 


[a] See the "Note on л= — (ил and K+ — (ил Form Factors" in the 
rE Particle Listings for definitions and details. 
[b] Measurements of [(e* v«)/T (u^ v,,) always include decays with y's, and 


measurements of [ (eT vey) and Г(и u, у) never include low-energy 7's. 
Therefore, since no clean separation is possible, we consider the modes 
with y's to be subreactions of the modes without them, and let [F(e* ve) 
T F(u* ӨЛЕ = 100%. 

[c] See the т Particle Listings for the energy limits used in this measure- 
ment; low-energy y's аге not included. 

[d] Derived from an analysis of neutrino-oscillation experiments. 


[e] Astrophysical and cosmological arguments give limits of order 10-13; see 
the z9 Particle Listings. 


ІҢ See the "Note on the Decay Width Г (7 — уу)” in ош 1994 edition, 
Phys. Rev. 050, 1 August 1994, Part |, p. 1451. 


[2] C parity forbids this to occur as а single-photon process. 


[h] See the "Note on scalar mesons” in the f9(1370) Particle Listings . The 
interpretation of this entry as a particle is controversial. 


ІҢ See the "Note on р(770)” in the p(770) Particle Listings . 

Л The e* e^ branching fraction is from et e^ — лт z experiments only. 
The c p interference is then due to wp mixing only, and is expected to 
be small. If ej; universality holds, Г(00-» ини”) = Г(р0 — ete-) 
x 0.99785. 

[К] See the "Note on scalar mesons” in the f5(1370) Particle Listings . 

[/] See the "Note on а1(1260)” in the а1(1260) Particle Listings . 


[m] This is only an educated guess; the error given is larger than the error on 
the average of the published values. See the Particle Listings for details. 


[n] See the "Note on the А (1420)" in the (1440) Particle Listings. 
[o] See also the (1600) Particle Listings. 
[p] See the "Note on the "(1440)" in the (1440) Particle Listings. 


[9] See the "Note on the р(1450) and the р(1700)” in the р(1700) Particle 
Listings. 


[r] See the "Note on поп-44 mesons’ in the Particle Listings (see the index 
for the page number). 


[s] See also the (1420) Particle Listings. 
[t] See the "Note on #/(1710)" in the Ғ/(1710) Particle Listings . 
[u] See the note in the K Particle Listings. 
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[v] The definition of the slope parameter g of the К — Зл аг plot is as 
follows (see also "Note on Dalitz Plot Parameters for K — 37 Decays" 
in the К Particle Listings): 


|MP = 1 + g(ss — 5)/т?, +. 


[w] For more details and definitions of parameters see the Particle Listings. 


[x] See the К Particle Listings for the energy limits used in this measure- 
ment. 


[y] Most of this radiative mode, the low-momentum ? part, is also included 
in the parent mode listed without 7у'ѕ. 


[z] Direct-emission branching fraction. 
[aa] Structure-dependent part. 
[bb] Derived from measured values of ó, _, Фоо, |n], |тко - тко |, апа 
тко, aS described in the introduction to “Tests of Conservation Laws.” 
5 
[cc] Тһе CP-violation parameters are defined as follows (see also "Note оп 
CP Violation in Kg — 3r” and "Note on CP Violation in к? Песау” 


in the Particle Listings): 
А(КО — т?л”) 


— =e + € 
A(K2 — тїт”) 


n4- = | [et = 


A(K0 — поло) 


=== = е — 2d 
A(K9 — поло) 


noo = оо | е 900 - 


Г(Кф- пт 0и) - T(K} 5 пт и) 


бес, 
Г(К®— лы) + T(K0 > и) 
(7-0)? = oer er 
Г(КО-» ata ло) 
5 r(K9 — полбло) 
Іт(7000) 


i Г(К® — лолбло) | 
where for the last two relations CPT is assumed valid, i.e., Re(r) о) = 
0 and Ке(”7000) c 0. 

[dd] See the KQ Particle Listings for the energy limits used in this measure- 
ment. 

[ee] Calculated from К? semileptonic rates and the Ко lifetime assuming AS 
= AQ. 

[ff] е је is derived from 7100/71. | measurements using theoretical input on 
phases. 
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[gg] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 


[hh] See the K Particle Listings for the energy limits used in this measure- 
ment. 


[ii] Allowed by higher-order electroweak interactions. 


[jj] Violates CP in leading order. Test of direct CP violation since the in- 
direct CP-violating and CP-conserving contributions are expected to be 
suppressed. 


[kk] See the "Note on f (1370)” in the (1370) Particle Listings and in the 
1994 edition. 


[//] See the note іп the L(1770) Particle Listings in Reviews of Modern 
Physics 56 No. 2 Pt. II (1984), р. S200. See also the "Note on K5(1770) 
and the K5(1820)" in the K2(1770) Particle Listings . 


[mm] See the "Note on К2(1770) and the K2(1820)" іп the K2(1770) Particle 
Listings . 

[nn] This is a weighted average of D+ (44%) and D? (56%) branching frac- 
tions. See "D^ and D? — (m anything) / (total D* and DO)" under 
“D+ Branching Ratios" in the Particle Listings. 

[oo] This value averages the eT and шт branching fractions, after making a 
small phase-space adjustment to the u™ fraction to be able to use it as 
ап ет fraction; hence our £T here is really an ет. 

[pp] An £ indicates an e or a и mode, not а sum over these modes. 

[99] The branching fraction for this mode may differ from the sum of the 
submodes that contribute to it, due to interference effects. See the 
relevant papers in the Particle Listings. 

[rr] The two experiments measuring this fraction are in serious disagreement. 
See the Particle Listings. 

[ss] This mode is not a useful test for a AC=1 weak neutral current because 
both quarks must change flavor in this decay. 

[tt] The 09-29 limits are inferred from the 00-00 mixing ratio 
F(K* £ ue (ма 09)) / [(K £* vj). 

[uu] The larger limit (from E791) allows interference between the doubly 
Cabibbo-suppressed and mixing amplitudes; the smaller limit (from E691) 
doesn't. See the papers for details. 

[wv] The experiments on the division of this charge mode amongst its sub- 
modes disagree, and the submode branching fractions here add up to 
considerably more than the charged-mode fraction. 


[ww] However, these upper limits are in serious disagreement with values ob- 
tained in another experiment. 


Review of Particle Physics: С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


[хх] For now, we average together measurements of the X et апа X u+ v, 
branching fractions. This is the average, not the sum. 

[yy] This branching fraction includes all the decay modes of the final-state 
resonance. 


[zz] This value includes only K* К“ decays of the fj(1710), because branch- 

ing fractions of this resonance are not known. 

[aaa] This value includes only т © т” decays of the #(1500), because branching 
fractions of this resonance are not known. 

[bbb] B? and BO contributions not separated. Limit is on weighted average of 
the two decay rates. 

[ccc] These values are model dependent. See 'Note on Semileptonic Decays' 
in the B+ Particle Listings. 

[ddd] D** stands for the sum of the D(11P1), D(1?P5), D(1?P4), Г(13р;), 
D(2 156), апа D(2 151) resonances. 

[eee] Inclusive branching fractions have a multiplicity definition and can be 
greater than 100%. 


[fff] D; represents an unresolved mixture of pseudoscalar and tensor D** (P- 
wave) states. 


[ggg] Not a pure measurement. See note at head of B? Decay Modes. 


[hhh] Includes ррл * т” y and excludes ppn, ppw, pp. 


ШІ JPC known by production in ef е” via single photon annihilation. IG 


is not known; interpretation of this state as a single resonance is unclear 
because of the expectation of substantial threshold effects in this energy 
region. 

Ш] Spectroscopic labeling for these states is theoretical, pending experimen- 
tal information. 
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N BARYONS 
(S= 0,1 — 1/2) 


р, М+ —uud; n, № = udd 


[2] (JP) = 384) 


Mass m = 938.27231 + 0.00028 MeV [al 
= 1.007276470 + 0.000000012 u 
ms (та) = 10000000015 + 0.0000000011 


|ар + ag|/e < 2 х 107° 
[ар + ае|/е < 1.0 x 10721 [b] 
Magnetic moment u = 2.79284739 + 0.00000006 шм 
Electric dipole moment d = (—4 + 6) х 10723 ест 
Electric polarizability @ = (12.1 + 0.9) x 1074 fm? 
Magnetic polarizability В = (2.1 + 0.9) х 1074 fm? 
Mean life т > 1.6 x 1025 years (independent of mode) 
> 103! to 5 x 1032 years [°] (mode dependent) 


Below, for N decays, p and n distinguish proton and neutron partial life- 
times. See also the “Note on Nucleon Decay” in our 1994 edition (Phys. 
Rev. D50, 1673) for a short review. 


The “partial mean life” limits tabulated here are the limits on TB where 
T is the total mean life and B; is the branching fraction for the mode in 


question. 
Partial mean life p 
p DECAY MODES (1030 years) Confidence level (MeV/c) 
Antilepton + meson 
N— etr > 130 (n), > 550 (p) 90% 459 
N = ptr > 100 (n), > 270 (р) 90% 453 
N — ил > 100 (n), > 25 (p) 90% 459 
p etn > 140 90% 309 
po un » 69 90% 296 
п > vr) > 54 90% 310 
М-» etp > 58 (п), > 75 (р) 90% 153 
№ — prp > 23 (п), > 110 (р) 90% 119 
N — vp > 19 (п), > 27 (р) 90% 153 


p етш > 45 90% 142 
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p иш >57 90% 104 
п > vu > 43 90% 144 
М— етк > 1.3 (n), > 150 (p) 90% 337 

рә et ke > 76 90% 337 

po ek » 44 9096 337 
№ = ШК > 1.1 (п), > 120 (р) 90% 326 

рә ut ke > 64 90% 326 

p ut K? > 44 90% 326 
М — vK > 86 (п), > 100 (р) 90% 339 
р — etK*(892)9 > 52 90% 45 
N = vK*(892) » 22 (n), » 20 (p) 9096 45 

Antilepton 4- mesons 

po еїтїт^ >21 90% 448 
p etnan? >38 90% 449 
п епт пд > 32 90% 449 
р = ит тїт > 17 90% 425 
p и*т°т9 > 33 90% 427 
n ит т” 19 » 33 9096 427 
п et КОлт » 18 9096 319 


Lepton 4- meson 


n= egt » 65 9096 459 
no ит > 49 90% 453 
no e pt » 62 9096 154 
no ppt >7 90% 120 
n— e КТ » 32 9096 340 
no р КТ » 57 9096 330 
Lepton + mesons 
po e atat > 30 90% 448 
п— entan? » 29 9096 449 
pou qt at >17 90% 425 
no nu at 79 > 34 90% 427 
po етікті >20 90% 320 
рә и m K+ >5 90% 279 
Antilepton + photon(s) 
p ety > 460 9094 469 
p py » 380 9096 463 
п— vy > 24 90% 470 
p etyy > 100 90% 469 


Review of Particle Physics: 


Three (or more) leptons 
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po etete » 510 9094 469 
po etutu > 81 90% 457 
p етиу > 11 90% 469 
n etev » 74 9096 470 
n prev >47 90% 464 
no иди >42 90% 458 
p pete >91 90% 464 
p шшш" » 190 90% 439 
p иии >21 90% 463 
рә e ut ut >6 90% 457 
п-» Зи » 0.0005 9096 470 
Inclusive modes 
М — et anything » 0.6 (n, p) 9096 - 
М — и" anything » 12 (n, р) 90% = 
N — e+ 7 anything > 0.6 (n, p) 90% - 
АВ = 2 dinucleon modes 
The following are lifetime limits per iron nucleus. 
pp atat > 0.7 90% - 
рп-» nTn? 2:2 90% = 
nno wha > 0.7 90% - 
пп — поло > 3,4 90% - 
pp etet >5.8 90% - 
pp- ети" » 3.6 9096 - 
pp ити" >17 90% - 
рп- ет? >2.8 90% - 
pn рї? >1.6 90% - 
пп — 0.7. > 0.000012 90% - 
nn иц, > 0.000006 90% - 
р DECAY MODES 
Partial mean life p 
p DECAY MODES (years) Confidence level (MeV/c) 
рә ey > 1848 95% 469 
p e 7? > 554 95% 459 
р--ет >171 95% 309 
P> е kg > 29 95% 337 
po ек? >9 95% 337 
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[^] 


n DECAY MODES 


pe Ve 


PVeVe 
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КУР) = 147) 


Mass т = 939.56563 + 0.00028 Мем lal 


= 1.008664904 = 0.000000014 и 


ти — Тр = 1.293318 + 0.000009 MeV 


= 0.001388434 + 0.000000009 и 


Mean life т = 886.7 + 1195 (5 = 1.2) 


ст — 2.658 х 10? km 


Magnetic moment u = — 1.9130428 + 0.0000005 uw 

Electric dipole moment d < 0.97 x 10725 ест, CL = 90% 
Electric polarizability a = (0.98 * 0:23) x 1073 fm? (S = 1.1) 
Charge q = (—0.4 + 1.1) x 10-21 e 

Mean n7-oscillation time  1.2x 108 s, CL = 90% 19 (bound n) 


> 0.86 x 108 s, CL = 90% (free n) 


Decay parameters [<] 
pe V. gA/gv = —1.2670 = 0.0035 (5 = 1.9) 


А = —0.1162 + 0.0013 (S — 1.8) 
В = 0.990 = 0.008 

а = —0.102 = 0.005 

av = (180.07 + 0.18)° [f] 

D = (-0.5 + 14) x 1073 


р 
Fraction (Г;/Г) Confidence level (Ме\/с) 
100 96 1.19 


Charge conservation (0) violating mode 
Q « 8х10-27 68% 1.29 
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(UD Ы) 


Breit-Wigner mass = 1430 to 1470 (= 1440) MeV 
Breit-Wigner full width = 250 to 450 (= 350) MeV 
Pbeam = 0.61 GeV/c 4тХ2 = 31.0 mb 
Re(pole position) = 1345 to 1385 (= 1365) MeV 
— 2Im(pole position) = 160 to 260 (= 210) MeV 


N(1440) DECAY MODES Fraction (Г,/Г) р (MeWc) 
Мт 60-70 % 397 
Naw 30-40 % 342 
At 20-30 % 143 
Np <8% Ї 
М(тт 15544 5-10 96 5 
p^ 0.035-0.048 % 414 
py, helicity=1/2 0.035-0.048 % 414 
ny 0.009-0.032 % 413 
ny, helicity=1/2 0.009-0.032 % 413 


Breit-Wigner mass = 1515 to 1530 (= 1520) MeV 
Breit-Wigner full width = 110 to 135 (= 120) MeV 
Pbeam = 0.74 GeV/c 4тХ2 = 23.5 mb 
Re(pole position) = 1505 to 1515 (= 1510) MeV 
— 2Im(pole position) = 110 to 120 (= 115) MeV 


N(1520) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Мт 50-60 % 456 
Naw 40-50 % 410 
Дл 15-25 % 228 
Мр 15-25 % Ї 
Nnm). <8% = 
p^ 0.46-0.56 96 470 
py, helicity=1/2 0.001-0.034 % 470 
py, helicity=3/2 0.44-0.53 % 470 
ny 0.30-0.53 % 470 
ny, helicity=1/2 0.04-0.10 % 470 
ny, helicity=3/2 0.25-0.45 % 470 
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Breit- Wigner mass = 1520 to 1555 (= 1535) MeV 
Breit-Wigner full width = 100 to 250 (= 150) MeV 
Pbeam = 0.76 GeV/c 4тХ2 = 22.5 mb 
Re(pole position) — 1495 to 1515 (z 1505) MeV 
— 2Im(pole position) = 90 to 250 (= 170) MeV 


N(1535) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Мт 35-55 % 467 
Nn 30-55 96 182 
Мтт 1-10 % 422 
Ат <1% 242 
Мр <4% 1 
N (ar) 0 е <3% = 
М(1440)т <7% Ї 
p^ 0.15-0.35 96 481 
py, helicity=1/2 0.15-0.35 % 481 
ny 0.004-0.29 % 480 


ny, helicity=1/2 0.004-0.29 96 480 
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N(1650) 511 


КУР) = 147) 


Breit- Wigner mass = 1640 to 1680 (= 1650) MeV 
Breit-Wigner full width = 145 to 190 (= 150) MeV 


Pbeam = 0.96 GeV/c 


4лХ2 = 16.4 mb 


Re(pole position) — 1640 to 1680 (z 1660) MeV 
— 2Im(pole position) = 150 to 170 (= 160) MeV 


N(1650) DECAY MODES 


Мт 
Nn 


N(1440) т 
PY 

py, helicity=1/2 
ny 

ny, helicity=1/2 


Fraction (Г;/Г) 


55-90 % 
3-10 % 

3-11 96 
10-20 % 

1-7 96 

4-12 % 
<4% 

<5 % 
0.04-0.18 % 
0.04-0.18 % 
0.003-0.17 % 
0.003-0.17 % 
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Breit- Wigner mass = 1670 to 1685 (= 1675) MeV 
Breit-Wigner full width = 140 to 180 (= 150) MeV 
Pbeam — 1.01 GeV/c 4тХ2 = 15.4 mb 
Re(pole position) — 1655 to 1665 (z: 1660) MeV 
— 2Im(pole position) = 125 to 155 (= 140) MeV 


N(1675) DECAY MODES Fraction (Г;/Г) р (MeWc) 
Мт 40-50 % 563 
AK «196 209 
Мтт 50–60 % 529 
Дт 50–60 % 364 
Мр <1-3% + 
p^ 0.004-0.023 % 575 
py, helicity=1/2 0.0-0.015 % 575 
py, helicity=3/2 0.0-0.011 % 575 
ny 0.02-0.12 % 574 
ny, helicity=1/2 0.006-0.046 % 574 


ny, helicity=3/2 0.01-0.08 % 574 
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М(1680) Fis 


IJP) = $87) 


Breit- Wigner mass = 1675 to 1690 (= 1680) MeV 
Breit-Wigner full width = 120 to 140 (= 130) MeV 


Pbeam — 1.01 GeV/c 


4лХ2 = 15.2 mb 


Re(pole position) = 1665 to 1675 (= 1670) MeV 
— 2Im(pole position) = 105 to 135 (= 120) MeV 
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N(1680) DECAY MODES Fraction (Г;/Г) р (MeWc) 
Мт 60-70 % 567 
Naw 30-40 % 532 
Ат 5-15 % 369 
Мр 3-15 % 1 
М(тт 15544 5-20 96 = 
p^r 0.21-0.32 96 578 
py, helicity=1/2 0.001-0.011 % 578 
py, helicity=3/2 0.20-0.32 % 578 
ny 0.021-0.046 % 577 
ny, helicity=1/2 0.004-0.029 % 577 
ny, helicity=3/2 0.01-0.024 96 577 
Breit- Wigner mass = 1650 to 1750 (= 1700) MeV 
Breit-Wigner full width = 50 to 150 (= 100) MeV 
Pbeam — 1.05 GeV/c 4тХ2 = 14.5 mb 
Re(pole position) — 1630 to 1730 (ғ- 1680) MeV 
— 2Im(pole position) = 50 to 150 (= 100) MeV 
N(1700) DECAY MODES Fraction (Г,/Г) р (MeWc) 
Мт 5-15 % 580 
AK «396 250 
Naa 85-95 % 547 
Np «35 % 1 
p^ 0.01-0.05 96 591 
py, helicity=1/2 0.0-0.024 % 591 
py, helicity=3/2 0.002-0.026 % 591 
ny 0.01-0.13 % 590 
ny, helicity=1/2 0.0-0.09 % 590 
ny, helicity=3/2 0.01-0.05 % 590 
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Breit-Wigner mass = 1680 to 1740 (= 1710) MeV 
Breit-Wigner full width = 50 to 250 (= 100) MeV 
Pbeam — 1.07 GeV/c 4тХ2 = 14.2 mb 
Re(pole position) = 1670 to 1770 (= 1720) MeV 

— 2Im(pole position) = 80 to 380 (~ 230) MeV 


N(1710) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Мт 10-20 96 587 
ЛК 5-25 % 264 
Мтт 40-90 % 554 
Ат 15-40 % 393 
Мр 5-25 % 48 
М(тт 12-22 10-40 96 = 
p^ 0.002-0.05% 598 
py, helicity=1/2 0.002-0.05% 598 
ny 0.0-0.02% 597 
ny, helicity=1/2 0.0-0.02% 597 


Breit-Wigner mass = 1650 to 1750 (= 1720) MeV 
Breit-Wigner full width = 100 to 200 (= 150) MeV 
Pbeam = 1.09 GeV/c 4тХ2 = 13.9 mb 
Re(pole position) = 1650 to 1750 (= 1700) MeV 
— 2Im(pole position) = 110 to 390 (~ 250) MeV 


N(1720) DECAY MODES Fraction (I; /T) р (MeV/c) 
Мт 10–20 % 594 
ЛК 1-15 % 278 
Naw >70 % 561 
Np 70-85 % 104 
py 0.003-0.10 % 604 
py, helicity=1/2 0.003-0.08 % 604 
py, helicity=3/2 0.001-0.03 % 604 
ny 0.002-0.39 96 603 
ny, helicity=1/2 0.0-0.002 % 603 


ny, helicity=3/2 0.001-0.39 % 603 
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Breit- Wigner mass = 2100 to 2200 (= 2190) MeV 
Breit-Wigner full width = 350 to 550 (= 450) MeV 
Pbeam — 2.07 GeV/c 4тХ2 = 6.21 mb 
Re(pole position) = 1950 to 2150 (= 2050) MeV 
— 2Im(pole position) — 350 to 550 (z 450) MeV 


N(2190) DECAY MODES Fraction (Г,/Г) р (MeWc) 


Мт 10-20 % 888 


Breit-Wigner mass = 2180 to 2310 (ғ: 2220) MeV 
Breit-Wigner full width = 320 to 550 (= 400) MeV 
Pbeam — 2.14 GeV/c 4тХ2 = 5.97 mb 
Re(pole position) — 2100 to 2240 (z 2170) MeV 
— 2Im(pole position) = 370 to 570 (= 470) MeV 


N(2220) DECAY MODES Fraction (Г;/Г) р (MeV/c) 


Мт 10-20 % 905 


Breit- Wigner mass = 2170 to 2310 (~ 2250) MeV 
Breit- Wigner full width = 290 to 470 (= 400) MeV 
Pbeam — 2.21 GeV/c 4nX? = 5.74 mb 
Re(pole position) = 2080 to 2200 (= 2140) MeV 
— 2Im(pole position) = 280 to 680 (= 480) MeV 


N(2250) DECAY MODES Fraction (Г;/Г) р (MeWc) 


Мт 5-15 % 923 


С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


Review of Particle Physics: С. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


Breit- Wigner mass = 2550 to 2750 (= 2600) MeV 
Breit-Wigner full width = 500 to 800 (= 650) MeV 
Pbeam — 3.12 GeV/c 4тХ2 = 3.86 mb 


N(2600) DECAY MODES Fraction (Г;/Г) р (MeV/c) 


Мт 5-10 % 1126 
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A** — uuu, 


A(1232) P33 


A BARYONS 
(S = 0, l= 3/2) 


А+ = uud, A? = udd, A` = ddd 


(JP) = 3($7) 
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Breit- Wigner mass (mixed charges) = 1230 to 1234 (= 1232) 


MeV 


Breit-Wigner full width (mixed charges) = 115 to 125 (= 120) 


MeV 


Pbeam — 0.30 беУ/с 


4nX? = 94.8 mb 


Re(pole position) = 1209 to 1211 (= 1210) MeV 
— 2Im(pole position) — 98 to 102 (ғ- 100) MeV 


4(1232) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
Мт »99 96 227 
N^ 0.52-0.60 % 259 
Ny, helicity=1/2 0.11-0.13 % 259 
Ny, helicity=3/2 0.41-0.47 % 259 
A(1600) P33 12Р) = $37) 
Breit-Wigner mass = 1550 to 1700 (= 1600) MeV 
Breit-Wigner full width = 250 to 450 (= 350) MeV 
Pbeam — 0.87 GeV/c 4тХ2 = 18.6 mb 
Re(pole position) = 1500 to 1700 (= 1600) MeV 
— 2Im(pole position) = 200 to 400 (= 300) MeV 
(1600) DECAY MODES Fraction (I; /T) р (MeV/c) 
Мт 10–25 % 512 
Naa 75-90 % 473 
Ат 40-70 % 301 
Мр <25 % 1 
М(1440)т 10-35 % 74 
Ny 0.001-0.02 % 525 
Ny, helicity=1/2 0.0-0.02 % 525 
Ny, helicity=3/2 0.001-0.005 % 525 
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Breit-Wigner mass = 1615 to 1675 (= 1620) MeV 
Breit-Wigner full width = 120 to 180 (= 150) MeV 
Pbeam - 0.91 беУ/с 4тХ2 = 17.7 mb 
Re(pole position) = 1580 to 1620 (= 1600) MeV 
— 2Im(pole position) — 100 to 130 (z 115) MeV 


A(1620) DECAY MODES Fraction (I; /T) p (MeWc) 
Мт 20–30 % 526 
Мтт 70-80 % 488 
Ат 30-60 % 318 
Мр 7-25 % + 
Ny 0.004-0.044 % 538 
Ny, helicity=1/2 0.004–0.044 % 538 


= 


Breit- Wigner mass = 1670 to 1770 (= 1700) MeV 
Breit-Wigner full width = 200 to 400 (= 300) MeV 
Pbeam — 1.05 GeV/c 4TA? = 14.5 mb 
Re(pole position) = 1620 to 1700 (= 1660) MeV 
— 2Im(pole position) = 150 to 250 (= 200) MeV 


4(1700) DECAY MODES Fraction (Г;/Г) р (MeWc) 
Мт 10-20 96 580 
Naw 80-90 % 547 
Ат 30-60 % 385 
Мр 30-55 % 1 
Ny 0.12-0.26 % 591 
Ny, helicity=1/2 0.08-0.16 % 591 


Ny, helicity=3/2 0.025-0.12 % 591 


Review of Particle Physics: 


C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998) 


144. 


Breit-Wigner mass = 1870 to 1920 (= 1905) MeV 
Breit-Wigner full width = 280 to 440 (= 350) MeV 


Pbeam — 1.45 GeV/c 4тХ2 = 9.62 mb 


Re(pole position) = 1800 to 1860 (= 1830) MeV 
— 2Im(pole position) = 230 to 330 (== 280) MeV 


4(1905) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Мт 5-15 % 713 
Мтт 85-95 % 687 
Дл <25 % 542 
Мр >60 % 421 
Ny 0.01-0.03 % 721 
Ny, helicity=1/2 0.0-0.1 % 721 
Му, helicity=3/2 0.004—0.03 96 721 


Breit- Wigner mass = 1870 to 1920 (= 1910) MeV 
Breit-Wigner full width = 190 to 270 (= 250) MeV 


Рьеат = 1.46 GeV/c 4тХ2 = 9.54 mb 


Re(pole position) = 1830 to 1880 (= 1855) MeV 
— 2Im(pole position) — 200 to 500 (z 350) MeV 


4(1910) DECAY MODES Fraction (I; /T) p (MeWc) 
Мт 15-30 % 716 
Ny 0.0-0.2 % 725 

Ny, helicity=1/2 0.0-0.2 % 725 


Breit-Wigner mass = 1900 to 1970 (~ 1920) MeV 
Breit-Wigner full width = 150 to 300 (= 200) MeV 


Pbeam = 1.48 GeV/c 4тХ2 = 9.37 mb 


Re(pole position) = 1850 to 1950 (~ 1900) MeV 
— 2Im(pole position) = 200 to 400 (~ 300) MeV 


4(1920) DECAY MODES Fraction (Г,/Г) p (MeV/c) 


Мт 


5-20 % 722 
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Breit- Wigner mass = 1920 to 1970 (= 1930) MeV 
Breit-Wigner full width = 250 to 450 (= 350) MeV 


Pbeam — 1.50 GeV/c 4тХ2 = 9.21 mb 


Re(pole position) = 1840 to 1940 (= 1890) MeV 
— 2Im(pole position) = 200 to 300 (= 250) MeV 


4(1930) DECAY MODES Fraction (Г;/Г) р (MeWc) 
Мт 10–20 % 729 
Ny 0.0-0.02 % 737 
Ny, helicity=1/2 0.0-0.01 % 737 
Ny, helicity=3/2 0.0-0.01 % 737 


iu^ = HE") 


Breit-Wigner mass = 1940 to 1960 (= 1950) MeV 
Breit-Wigner full width = 290 to 350 (= 300) MeV 


Pbeam = 1.54 GeV/c 4тХ2 = 8.91 mb 


Re(pole position) = 1880 to 1890 (= 1885) MeV 
— 2Im(pole position) = 210 to 270 (= 240) MeV 


(1950) DECAY MODES Fraction (I; /T) p (MeWc) 
Мт 35-40 96 741 
Nat 716 
Дл 20-30 % 574 
Np «10 96 469 
Ny 0.08-0.13 % 749 
Ny, helicity=1/2 0.03-0.055 % 749 
Ny, helicity=3/2 0.05-0.075 96 749 


(2420) Hi (JP) = 389) 


Breit-Wigner mass = 2300 to 2500 (= 2420) MeV 
Breit-Wigner full width = 300 to 500 (= 400) MeV 


Pbeam = 2.64 GeV/c 4тХ2 = 4.68 mb 


Re(pole position) = 2260 to 2400 (= 2330) MeV 
— 2Im(pole position) = 350 to 750 (= 550) MeV 


4(2420) DECAY MODES Fraction (Г,/Г) р (MeWc) 


Мт 


5-15 % 1023 
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A BARYONS 


(S= —1,1- 0) 


ЛО = uds 


I(JP) = oi) 


Mass m = 1115.683 + 0.006 MeV 
Mean life т = (2.632 + 0.020) x 10710 5 (S = 1.6) 
ст = 7.89 cm 
Magnetic moment и = — 0.613 + 0.004 им 
Electric dipole moment d < 1.5 x 10716 ест, CL = 95% 


Decay parameters 


a_ = 0.642 + 0.013 
ф_ = (-6.5 + 3.5)° 
4.. = 0.76 lel 
A. = (8 = 4)° lel 
ag = +0.65 + 0.05 


pe Te gA/gv = —0.718 + 0.015 [el 


A DECAY MODES 
рт 

пло 

n^y 

pm ^ 

ре ue 

PH Vy 


Fraction (Г;/Г) р (MeWc) 
(63.9 +0.5 ) 96 101 
(35.8 40.5 ) 96 104 
( 1.75+0.15) x 10-3 162 
[ ( 84 +1.4 ) x 10-4 101 
( 8.32+0.14) x 10-4 163 
( 1.57--0.35) x 1074 131 


Mass т = 1407 + 4 MeV 
Full width Г = 50.0 + 2.0 MeV 


Below К N threshold 


A(1405) DECAY MODES Fraction (Г;/Г) р (MeV/c) 


Ут 


100 % 152 
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Mass т = 1519.5 + 1.0 MeV ЇЙ 
Full width Г = 15.6 + 1.0 MeV (Й 
Pbeam = 0.39 GeV/c 4тХ2 = 82.8 mb 


A(1520) DECAY MODES Fraction (Г,/Г) р (MeWc) 
NK 45 + 1% 244 
Ул 42 + 1% 267 
ATT 10 + 1% 252 
Xm 0.9 + 0.1% 152 
Ay 0.8 + 0.2% 351 


Mass m = 1560 to 1700 (= 1600) MeV 
Full width Г = 50 to 250 (== 150) MeV 
Рьеат = 0.58 GeV/c 4тХ2 = 41.6 mb 


(1600) DECAY MODES Fraction (I; /T) p (MeWc) 
NK 15-30 96 343 
Ул 10-60 % 336 


Mass т = 1660 to 1680 (= 1670) MeV 
Full width Г = 25 to 50 (= 35) MeV 
Pbeam — 0.74 GeV/c 4тХ2 = 28.5 mb 


A(1670) DECAY MODES Fraction (Г;/Г) p (MeWc) 
NK 15-25 % 414 
У п 20-60 % 393 


An 15-35 % 64 
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Mass m = 1685 to 1695 (= 1690) MeV 
Full width Г = 50 to 70 (= 60) MeV 
Pbeam = 0.78 GeV/c 4тХ2 = 26.1 mb 


A(1690) DECAY MODES Fraction (Г;/Г) р (MeWc) 
NK 20-30 94 433 
Ут 20-40 % 409 
ATT ~ 25 96 415 
У тт ~ 20 96 350 


Mass m = 1720 to 1850 (= 1800) MeV 
Full width Г = 200 to 400 (= 300) MeV 
Pbeam — 1.01 GeV/c 4тХ2 = 17.5 mb 


A(1800) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
NK 25-40 % 528 
Уп seen 493 
> (1385) T seen 345 
NK* (892) seen T 


Mass m = 1750 to 1850 (= 1810) MeV 
Full width Г = 50 to 250 (= 150) MeV 
Pbeam — 1.04 GeV/c 4тХ2 = 17.0 mb 


A(1810) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
NK 20-50 % 537 
Ул 10-40 % 501 
> (1385) T seen 356 


N K* (892) 30-60 % Ї 
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Mass т = 1815 to 1825 (~ 1820) MeV 
Full width Г = 70 to 90 (= 80) MeV 
Pbeam — 1.06 GeV/c 4тХ2 = 16.5 mb 


A(1820) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
NK 55-65 96 545 
2 7 8-14% 508 
У (1385)т 5-10 96 362 


Mass т = 1810 to 1830 (= 1830) MeV 
Full width Г = 60 to 110 (= 95) MeV 
Pbeam — 1.08 GeV/c 4тХ2 = 16.0 mb 


A(1830) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
NK 3-10 96 553 
Ут 35-75 % 515 
Х(1385)т »15 % 371 


Mass т = 1850 to 1910 (= 1890) MeV 
Full width Г = 60 to 200 (~ 100) MeV 
Pbeam - 1.21 GeV/c 4тХ2 = 13.6 mb 


A(1890) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
NK 20-35 94 599 
У п 3-10 % 559 
У (1385) T seen 420 


NK* (892) seen 233 
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Mass т = 2090 to 2110 (~ 2100) MeV 
Full width Г = 100 to 250 (= 200) MeV 
Pbeam — 1.68 GeV/c 4тХ2 = 8.68 mb 


A(2100) DECAY MODES Fraction (Г;/Г) р (MeWc) 
NK 25-35 % 751 
Ут ~ 5 % 704 
An «3 % 617 
=K <3% 483 
Aw «8 % 443 
N K*(892) 10-20 % 514 


Mass m = 2090 to 2140 (= 2110) MeV 
Full width Г = 150 to 250 (= 200) MeV 
Рьеат = 1-70 GeV/c 4тХ2 = 8.53 mb 


A(2110) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
NK 5-25 % 757 
Ут 10-40 % 711 
Ли зееп 455 
> (1385) 7 seen 589 
N K*(892) 10-60 % 524 


Mass m = 2340 to 2370 (= 2350) MeV 
Full width Г = 100 to 250 (= 150) MeV 
Pbeam — 2.29 GeV/c 4тХ2 = 5.85 mb 


A(2350) DECAY MODES Fraction (Г;/Г) р (MeWc) 


NK — 19:96 915 
> — 10% 867 
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> BARYONS 
(5--1,1-1) 


У+ = uus, X9 = uds X = dds 


(JP) = t) 


Маз5 т = 1189.37 + 0.07 МеУ (5-22) 
Mean life т = (0.799 + 0.004) х 10:10 s 
ст = 2.396 ст 
Magnetic moment и = 2.458 + 0.010 им ($ = 2.1) 
(Zt  nt*v)/T(X- — пе“р) < 0.043 


Decay parameters 


pz? ag = —0.980* 0017 
" Фо = (36 + 34? 
" yo = 0.16 lel 
" Ao = (187 + 6)? lel 
пл“ a, = 0.068 + 0.013 
" ó, = (167 + 20)? (S = 1.1) 
" y+ = —0.97 lel 
" Ае к= N e 
py ау = —0.76 + 0.08 
p 
Xt DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
рт? (51.57--0.30) % 189 
nrt (48.31 +0.30) 96 185 
p^ ( 1.23+0.05) x 10-3 225 
плу [М (45 x05 )x 1074 185 
Aet ve ( 2.0 0.5 ) x 1075 71 
AS = AQ (SQ) violating modes or 
AS = 1 weak neutral current (S1) modes 
net ve SQ < 5 х 1076 90% 224 
пи“ ид 50 « 30 х 1079 9096 202 


pete 51 < 7 х 1076 225 
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КР) = 145) 


Mass m = 1192.642 + 0.024 MeV 
ту - Myo = 4.807 + 0.035 MeV (5 = 1.1) 
Myo — тд = 76.959 + 0.023 MeV 
Mean life т = (7.4 + 0.7) x 10720 5 
S222 И tE ni 
Transition magnetic moment Ix A| = 1.61 + 0.08 им 


p 
20 DECAY MODES Fraction (F;/T) Confidence level (MeV/c) 
Ay 100 % 74 
Ayy < 3% 90% 74 
Лете“ U] 5х1073 74 
х- IJP) 2137) 
Mass т = 1197.449 + 0.030 MeV (S = 1.2) 
ту — My, = 8.08 + 0.08 MeV (5 = 1.9) 
mp. — тд = 81.766 + 0.030 MeV (5 = 12) 
Mean life т = (1.479 + 0.011) х 10-195 (S = 1.3) 
ст = 4.434 ст 
Magnetic moment u = — 1.160 + 0.025 им ($ = 1.7) 
Decay parameters 
пт a_ = — 0.068 + 0.008 
" ф- = (10 15)° 
" 4.. = 0.98 181 
" e + 12\о 
A= = (2491 12)" lel 
пе”? вајеу = 0.340 + 0.017 [9] 
" Б(0)/5(0) = 0.97 + 0.14 
! D = 0.11 + 0.10 
Ae Te gv/gA = 0.01 + 0.10 @ (S = 1.5) 
7 £WM/EA = 2.4 + 1.7 [e] 
X DECAY MODES Fraction (Г;/Г) р (MeV/c) 
пло (99.848 -- 0.005) 96 193 
пл“ у (46 406 )x10-4 193 
ne v, ( 1.01740.034) x 10-3 230 
nu V, (45 +04 )x10-4 210 


Ae v, ( 5.73 +0.27 ) x 107 79 
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У (1385) Pi; 


MMMMMM 


X(1385) DECAY MODES 


Ат 
Ут 


КР) = 187) 


(1385) + mass m = 1382.8 + 0.4 MeV (5 = 2.0) 

(1385)0 mass т = 1383.7 + 1.0 MeV (5 = 1.4) 

(1385) mass т = 1387.2 = 0.5 MeV (5 = 2.2) 

(1385) full width Г = 35.8 + 0.8 MeV 

(1385)0 full width Г = 36 + 5 MeV 

(1385) full width Г = 39.4 + 2.1 MeV (5 = 1.7) 
Below К N threshold 


Fraction (F;/T) p (MeV/c) 
88--2 96 208 
1242 96 127 


Х (1660) P, 


Mass т = 1630 to 1690 (= 1660) MeV 
Full width Г = 40 to 200 (= 100) MeV 
Pbeam — 0.72 GeV/c 4тХ2 = 29.9 mb 


> (1660) DECAY MODES Fraction (Г,/Г) р (MeWc) 
NK 10-30 94 405 
Лт сееп 439 
Ут зееп 385 


2 (1670) Dis 


Mass m = 1665 to 1685 (= 1670) MeV 
Full width Г = 40 to 80 (= 60) MeV 
Pbeam — 0.74 GeV/c 4тХ? = 28.5 mb 


У (1670) DECAY MODES Fraction (Г,/Г) p (MeV/c) 
NK 7-13 % 414 
Am 5-15 % 447 


т 30-60 % 393 
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Mass m = 1730 to 1800 (= 1750) MeV 
Full width Г = 60 to 160 (== 90) MeV 
Pbeam = 0.91 GeV/c 4тХ2 = 20.7 mb 


X (1750) DECAY MODES Fraction (Г,/Г) р (MeWc) 
NK 10-40 % 486 
Лт seen 507 
У п «8 96 455 
2 7 15-55 % 81 


Mass m = 1770 to 1780 (= 1775) MeV 
Full width Г = 105 to 135 (= 120) MeV 
Pbeam = 0.96 GeV/c 4тХ2 = 19.0 mb 


> (1775) DECAY MODES Fraction (Г,/Г) p (MeV/c) 
NK 37-43% 508 
Ат 14-20% 525 
У п 2-5% 474 
Х(1385)т 8-12% 324 
A(1520) т 17-23% 198 


Mass т — 1900 to 1935 (z 1915) MeV 
Full width Г = 80 to 160 (= 120) MeV 
Pbeam — 1.26 GeV/c 4тХ2 = 12.8 mb 


> (1915) DECAY MODES Fraction (Г,/Г) р (MeWc) 
NK 5-15 94 618 
Лт сееп 622 
Ут зееп 577 


> (1385) 7 «5 % 440 
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Mass m = 1900 to 1950 (= 1940) MeV 
Full width Г = 150 to 300 (~ 220) MeV 
Pbeam — 1.32 GeV/c 4тХ2 = 12.1 mb 


> (1940) DECAY MODES Fraction (Г,/Г) р (MeV/c) 
NK «20 96 637 
Ат seen 639 
Ут сееп 594 
> (1385) T seen 460 
A(1520) T seen 354 
A(1232) K seen 410 
NK* (892) seen 320 


Mass m = 2025 to 2040 (= 2030) MeV 
Full width Г = 150 to 200 (= 180) MeV 
Pbeam — 1.52 GeV/c 4тХ2 = 9.93 mb 


X (2030) DECAY MODES Fraction (Г,/Г) p (MeWc) 
NK 17-23 % 702 
Лт 17–23 % 700 
Ут 5-10 % 657 
эд <2% 412 
У (1385)т 5-15 % 529 
A(1520) т 10-20 % 430 
A(1232) К 10-20 96 498 


NK*(892) «5 9, 438 
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Mass т = 2210 to 2280 (~ 2250) MeV 
Full width Г = 60 to 150 (= 100) MeV 
Pbeam — 2.04 GeV/c 4nX? = 6.76 mb 


X (2250) DECAY MODES Fraction (Г,/Г) p (MeWc) 
NK «10 96 851 
Ат seen 842 


Ут сееп 803 
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= BARYONS 
(S— —2,1—1/2) 


=? = uss, =" = dss 


IJP) = 337) 


P is not yet measured; + is the quark model prediction. 


Mass m = 1314.9 + 0.6 MeV 
m=- — m= = 6.4 + 0.6 MeV 
Mean life т = (2.90 + 0.09) х 10:10 s 
cr = 8.71 ст 
Magnetic moment u = — 1.250 + 0.014 им 


Decay parameters 


An? а = —0.411 + 0.022 (S = 2.1) 
" ó = (21 + 12)° 
" 4 = 0.85 lel 
у A = (218+15)° lel 
Лу а = 0.4 + 0.4 
x04 а = 0.20 + 0.32 
р 
20 рЕСАҮ MODES Fraction (Г;/Г) Confidence level (MeV/c) 
An? (99.54+0.05) % 135 
A^ ( 1.06-0.16) x 1073 184 
x04 ( 3.5 +0.4 ) x 1073 117 
Te ть < 1.1 х 10-3 90% 120 
XC». < 1.1 х 1073 90% 64 
AS = AQ (SQ) violating modes or 
AS = 2 forbidden (S2) modes 
> etu, SQ < 9 х10-4 90% 112 
пир SQ «9 x 10-4 9096 49 
рт“ S2 < 4 х 1079 90% 299 
pe Ve S2 < 13 x 1073 323 
pu V, 52 < 13 x 1073 309 
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[=-] (JP) = (4+) 


P is not yet measured; + is the quark model prediction. 
Mass m = 1321.32 + 0.13 MeV 
Mean life т = (1.639 + 0.015) х 10719 s 
ст = 4.91 cm 
Magnetic moment u = — 0.6507 + 0.0025 им 


Decay parameters 


An а = —0.456 + 0.014 (S = 1.8) 
" ó = (4 + 4j? 
" 4 = 0.89 lel 


" A = (188 + 8)? 181 
Лет, ga/gy = —0.25 + 0.05 le] 


p 
= ` DECAY MODES Fraction (F;/T) Confidence level (MeV/c) 
Лл” (99.887--0.035) % 139 
У-у ( 1.27 +0.23 ) x 1074 118 
Ле v, ( 5.63 +0.31 ) x 1074 190 
Au Vy, (Be: 33 С ак 163 
x05 p. (87 +17 )х10-5 122 
И, < 8 x10-^ 90% 70 
5де-р, < 2.3 x 1073 90% 6 

А5 = 2 forbidden (52) modes 
пт” S2 < 19 х 10-5 9096 303 
ne Ve S2 < 3.2 x 1073 90% 327 
nu T, S2 < 15 % 90% 314 
рт от“ S2 < x 1074 90% 223 
рт e V. S2 < 4 x 1074 90% 304 
PTU V, 57. < 4 x 10-4 90% 250 
рии L < 4 x 10-4 90% 272 
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=(1530)° mass m = 1531.80 + 0.32 MeV (5 = 1.3) 

Е(1530) mass m = 1535.0 + 0.6 MeV 

(1530)? full width Г = 9.1 + 0.5 MeV 

=(1530)~ full width Г = 9.9* 2 MeV 
Е (1530) DECAY MODES Fraction (Г,/Г) Confidence level (мемо) 
=o 100 % 152 
=y «496 9096 200 


=(1690) КР) = 1(??) 


Mass m = 1690 + 10 MeV ІЙ 
Full width Г < 50 MeV 


=(1690) DECAY MODES Fraction (Г; /Г) р (MeWc) 
ЛК seen 240 
> K seen 51 
Ела possibly seen 214 


Mass т = 1823 + 5 MeV (Й 
Full width Г = 24715 MeV Їй 


=(1820) DECAY MODES Fraction (Г,/Г) р (MeWc) 
AK large 400 
> K small 320 
ЕЛ small 413 


Е(1530)т small 234 
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Mass m = 1950 + 15 MeV ІЙ 
Full width Г = 60 + 20 MeV ЇЙ 


=(1950) DECAY MODES Fraction (Г; /Г) р (MeWc) 
ЛК seen 522 
ХК possibly seen 460 
257) seen 518 


12Р) = 4( > 87) 


Mass т = 2025 + 5 MeV ЇЙ 
Full width Г = 20772 Мем ЇЇ 


=(2030) DECAY MODES Fraction (Г; /Г) р (MeV/c) 
AK ~ 20% 589 
УК ~ 80 % 533 
207 small 573 
=(1530) T small 421 
A Кт small 501 


У Km small 430 
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O BARYONS 


(9--3,1-0) 


QT = sss 


(JP) = 08) 


JP is not yet measured; 37 15 the quark model prediction. 


Mass m = 1672.45 + 0.29 MeV 

Mean life т = (0.822 + 0.012) x 10719 s 
cr — 2.46 cm 

Magnetic moment u = —2.02 + 0.05 им 


Decay parameters 


АК” а = —0.026 + 0.026 
594- а = 0.09 + 0.14 
== 71 а = 0.05 = 0.21 
р 
2“ DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
AK (67.8+0.7) % 211 
504- (23.6--0.7) % 294 
5-0 ( 8.6+0.4) % 290 
Еола ( 43529) x 1074 190 
Е(1530) 77 (545501025 17 
бет. ( 5.62.8) х 10-3 319 
= < 4.6 х 1074 90% 314 
AS = 2 forbidden (S2) modes 
Лл” S2 < 19 x 1074 90% 449 
0(2250)- КР) = 02°) 
Mass т = 2252 + 9 MeV 
Full width Г = 55 + 18 MeV 
(2250) DECAY MODES Fraction (Г; /Г) p (MeWc) 
ак“ зееп 531 


Е(1530)0 K- seen 437 
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CHARMED BARYONS 
(С=+1) 


eat e ++ _ exce 0 — 
ДС = иас, > = uuc, Х = иас, 2 = ddc, 


be -0 _ 0 _ 
=; -ивс, Ес = dsc, Qe = ssc 


A КР) = 0(2+) 


J not confirmed; 3 Is the quark model prediction. 


Mass т = 2284.9 + 0.6 MeV 
Mean life т = (0.206 + 0.012) x 10-12 s 


cr — 61.8 ит 
Decay asymmetry parameters 
Ant a = —0.98 + 0.19 
У+ 0 a = —0.45 + 0.32 
ТАЯ?) а = —0.821 0:01: 


Nearly all branching fractions of the AT are measured relative to the 


рк” ті mode, but there are по model-independent measurements of this 


branching fraction. We explain how we arrive at our value of BAT -> 


рк” nt) in a Note at the beginning of the branching-ratio measurements, 
in the Listings. When this branching fraction is eventually well determined, 
all the other branching fractions will slide up or down proportionally as the 
true value differs from the value we use here. 


Scale factor/ p 
At DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
= Hadronic modes with a p and one K 
pK? (25+ 07 )% 872 
pK at [k] (50 + 13)% 822 
pK*(892)9 1 (18 + 06 )% 681 
A(1232)** K^ (8 +5 )х10-3 709 
A(1520) rt (45:25 ео? 626 
_pK т? nonresonant (2.8 + 0.9 ) 4 822 
pK? (13 + 0.4)% 567 
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рК®т*т 
рК тї по 
pK*(892)- т” 

р(К Е ЖЛ ран Онан Т 
A(1232) K* (892) 
pK at at a 
рк“ at 79 79 

+0 гр 


pK m'm i 


0 


(24 + 11)% 

зееп 

(11 + 0.6 ) % 
(3.6 + 12)% 

сееп 
(11408)х10:3 
(8 +4 )х1073 
( 5.0 + 34 ) x 1073 


Hadronic modes with a p and zero or two K's 


рат 

p fo (980) 
рт" nEn то 
рк“К“ 

рф 


Ш 


0 


( 3.5 + 2.0 ) х10-3 
(2.8 + 19 ) x 1073 
(18 + 1.2 ) x 1073 
(2.3 + 0.9 ) x 1073 
(12 + 05 ) x107 


Hadronic modes with a hyperon 


Ant 

Ant 79 
Apt 

Ant пл 

Ant 
X (1385)! 

АК КО 

xO«t 

У "до 

xg 

У+лїл 
yt p? 

Laat at 

ZO ntr? 

Убл+л+л 

У+л+л- т? 
бла, 

Liat ata то 

У+К+ К 
У + (ф 

У+К+ т 

=0 K+ 

= Kt qt 
Е(1530) К+ 


Ш 


0 


0 


0 


(9.0 + 2.8 ) x 1073 
(3.6 + 13)% 


«ub % CL=95% 
(3.3 + 1.0 ) % 
(17 + 0.6 ) % 
(8.5 + 33 ) x 1073 
(6.0 + 2.1 )х 1073 
(9.9 + 3.2 ) х 1073 
( 1.00-- 0.34) % 
(5.5 + 23 ) x 1072 
(3.4 + 10)% 

< 14 % CL=95% 
( 18 + 0.8 ) 6 
( 18 + 0.8 ) 6 
(11 + 04 )% 
(27-10)% 
(а оре 
(3.5 + 1.2 )х 1073 
(3.5 + 17 )х 1073 
(207223 epe? 
(3.9 + 14 ) x 1073 
(49-17)х1073 
(2.6 + 10 ) x 1073 
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153 
158 
579 
758 
416 
670 
676 
573 


926 
621 
851 
615 
589 


863 
843 
638 
806 
690 
569 
441 
824 
826 
712 
803 
578 
798 
802 
762 
766 
568 


707 


346 
292 
668 
652 


564 
471 
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Ле“ Ир 
Ne* v, 
Au* Vy 
e* anything 
рет anything 
Ле“ anything 
Aut anything 


ЛЕТ veanything 
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Semileptonic modes 
[m] (2.0 + 06)% - 
(21 + 0.6) % = 
( 2.0 + 0.7)% = 
(45 + 17 )% _ 
( 1.8 + 0. )% = 


Inclusive modes 


p anything (50 +16 )% ú 
p anything (по Л) (12 +19 )% - 
р hadrons — - 
n anything (50 +16 )% = 
n anything (по Л) (29 +17 )% - 
Л anything (35 +11 )% 5=1.4 - 
У anything [п] (10 +5 )% = 
АС = 1 weak neutral current (C1) modes, ог 
Lepton number (1) violating modes 
ри и“ Ci < 34 x 1074 CL=90% 936 
X utut L < 70 x10-^ CL=90% 811 
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The spin-parity follows from the fact that Х-(2455)т decays, with 
little available phase space, are dominant. 


Mass т = 2593.9 + 0.8 MeV 
m- m, = 308.9 + 0.6 MeV (5 = 1.1) 


Full width Г = 3.6720 MeV 
ЛТ-тт and its submode (2455) л — the latter just barely — are the 
с 


only strong decays allowed to an excited At having this mass; and the 


ЛЕ т п mode seems to be largely via II or х0т+, 


Лс(2593) + DECAY MODES Fraction (Г,/Г) р (MeV/c) 
Abg [o] = 67% 124 
У (2455) 4^ 24 + 796 17 
X. (24559 т+ 24 + 7 % 23 
AT xt r 3-body 18 + 10 % 124 
At то not seen 261 
+ 
ж ^y not seen 290 


ЈР is expected to be 3/27. 
Mass т = 2626.6 + 0.8 MeV (S = 1.2) 
m — mA, = 341.7 + 0.6 MeV (5 = 1.6) 
Full width Г < 1.9 MeV, CL = 90% 

Л тт and its submode X (2455) are the only strong decays allowed to 


an excited At having this mass. 


Ac (2625) + DECAY MODES Fraction (Г;/Г) р (MeV/c) 
AT ntn” seen 184 
X. (2455)! T т. small 100 
X. (24550 at small 101 
AT nt то 3-роду large 184 
At «9 not seen 293 


AT ^y not seen 319 
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JP not confirmed; it 15 the quark model prediction. 
> (2455)! * mass т = 2452.8 + 0.6 MeV 
X.(2455)* mass т = 2453.6 + 0.9 MeV 
У.(2455)0 mass m = 2452.2 + 0.6 MeV 

ту++ — m4. = 167.87 + 0.19 MeV 


> 

Hs — mi — 168.7 4 0.6 MeV 

туо — ma, = 167.30 = 0.20 Меу 

МЕ: - туо = 0.57 + 0.23 Меу 

+ — туо = 1.4 + 0.6 Меу 

ЛЁ т is the only strong decay allowed to а >. having this mass. 

ХС(2455) DECAY MODES Fraction (Г,/Г) p (MeWc) 
Atm аг 100 % 90 


> (2520) * ^ mass m = 2519.4 + 1.5 MeV 
X.(2520)8 mass m = 2517.5 + 1.4 MeV 


ту (2520)++ => mMm q+ = 234.5 + 1.4 MeV 
ту (2520) — Myr = 232.6 + 1.3 MeV 
ту (2520)++ = m у- (2520)0 = 1.9 + 1.9 Меу 


Х (2520) full width Г = 18 + 5 MeV 
X.(2520)0 full width Г = 13 + 5 MeV 
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zt 12?) = 387) 


(JP) not confirmed; i(l*) is the quark model prediction. 


Mass m = 2465.6 = 1.4 MeV 
Mean life 7 — (0:35 0-07) x 1071? s 


cr = 106 um 
ET DECAY MODES Fraction (Г; /Г) р (MeV/c) 
ЛК тъ тт seen 784 
AK* (892)9 x+ not seen 601 
> (1385)" K x+ not seen 676 
ZTK rt seen 808 
x+ K* (892)9 seen 653 
ZOK at at seen 733 
=0 тї seen 875 
Е- піт seen 850 
Е(1530)0 тї not seen 748 
50 тї лд seen 854 
=0л вал зееп 817 
=0 ет u seen 882 


1(2Р) not confirmed; i(l*) is the quark model prediction. 


Mass т = 2470.3 + 1.8 MeV (5 = 1.3) 
moo - та -47%21Ме/ (5-12) 


Me ez = (0:098::5::2) 50107425 


cr = 29 ит 
20 DECAY MODES Fraction (Г;/Г) р (MeV/c) 
AK? seen 864 
Еле seen 875 
5-7 7 Seen 816 
р VK (892)? seen 406 
Q-K* seen 522 
Е ет Ue seen 882 
zr anything seen - 
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(JP) = 202) 


c(2645)* mass т = 2644.6 + 2.1 MeV (5 = 12) 


= (2645) mass т = 2643.8 + 1.8 MeV 


m= (2645)+ — zo = 174.3 + 1.1 MeV 
m= (2645)0 — m=+ = 178.2 + 1.1 MeV 


5.(2645)" full width Г < 3.1 MeV, CL = 90% 
= (2645)? full width Г < 5.5 MeV, CL = 90% 


б, 


Ест is the only strong decay allowed їо a =. resonance having this mass. 


Ес(2645) DECAY MODES Fraction (Г; /T) p (MeWc) 
ЕЕ seen 101 
= 7” seen 107 
00 (ОР) -0(57) 
I(JP) not confirmed; 0(27) is the quark model prediction. 
Mass т = 2704 + 4 MeV (5 = 1.8) 
Mean life т = (0.064 + 0.020) х 10-12 s 
ст = 19 ит 

00 DECAY MODES Fraction (Г;/Г) р (MeV/c) 
ZEK K x+ seen 697 
Е-К-тїтт seen 838 
От seen 827 
0-т пл" seen 159 
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BOTTOM BARYONS 
(В = -1) 


ЛО = шав o c Ға аар 


^ (gy eso 


(JP) not yet measured; o(4t) is the quark model prediction. 
Mass m = 5624 + 9 MeV (S = 1.8) 
Mean life т = (1.24 + 0.08) x 10-12 s 
ст = 372 ит 
These branching fractions are actually an average over weakly decaying 
b-baryons weighted by their production rates in Z decay (or high-energy 


рр), branching ratios, and detection efficiencies. They scale with the LEP 
Ap production fraction B(b — Ap) and are evaluated for our value B(b — 


Ap) = (10.11 2296. 


The branching fractions B(b-baryon — AL Tpanything) and B(A? — 


At C^ Vganything) are not pure measurements because the underlying 
measured products of these with B(b — Ap) were used to determine 
B(b — Ap), as described in the note "Production and Decay of b-Flavored 


Hadrons." 

p 
лд DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
J/V(1S)A (4.72.8) x 1074 1744 
At 7” seen 2345 
AT a1(1260) ^ seen 2156 
AT £ De anything [p] (9.0733) % = 
рл” « 5.0 x 1079 90% 2732 


рк” < 5.0 х 10-5 90% 2711 
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b-baryon ADMIXTURE (Ap, =p, Хь, 25) 


Mean life т = (1.20 + 0.07) x 10-12 s 


These branching fractions are actually an average over weakly decaying 
b-baryons weighted by their production rates in Z decay (or high-energy 
pp), branching ratios, and detection efficiencies. They scale with the LEP 
Ap production fraction B(b — Ap) and are evaluated for our value B(b — 


Ap) = (10.1* $296. 


The branching fractions B(b-baryon — Af anything) and B(A? — 


AC C^ Vj anything) are not pure measurements because the underlying 
measured products of these with B(b — Ap) were used to determine 
B(b — Ap), as described in the note "Production and Decay of b-Flavored 


Hadrons." 
b-baryon ADMIXTURE (Ap,Zp.Xp.Qp) Fraction (Г;/Г) p (MeV/c) 
pu vanything ( 4.9 2.4) 96 - 
ЛЕ“ Deanything (317 13) % = 
Л / Aanything (35 Uy ) 96 - 
=£ Deanything (557 24) x 1073 - 
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NOTES 


[а] The masses of the p and n are most precisely known in и (unified atomic 
mass units). The conversion factor to MeV, 1 и = 931.49432 + 0.00028 
MeV, is less well known than are the masses in u. 


[b] The limit is from neutrality-of-matter experiments; it assumes qn = др + 
qe. See also the charge of the neutron. 

[c] The first limit is geochemical and independent of decay mode. The 
second entry, a range of limits, assumes the dominant decay modes are 
among those investigated. For antiprotons the best limit, inferred from 
the observation of cosmic ray p'sis тъ > 107 yr, the cosmic-ray storage 
time, but this limit depends on a number of assumptions. The best direct 
observation of stored antiprotons gives r5/B(p > е +) > 1848 yr. 

[d] There is some controversy about whether nuclear physics and model 
dependence complicate the analysis for bound neutrons (from which the 
best limit comes). The second limit here is from reactor experiments 
with free neutrons. 

[e] The parameters gy, gy, and gwm for semileptonic modes are defined by 
Ви (ву + gays) + (аум/тв,) сли q"|Bi, and фду is defined by 
БАЈЕ = lzA/ gv |d a. See the "Note on Baryon Decay Parameters" 
in the neutron Particle Listings. 


[f] Time-reversal invariance requires this to be 0? or 1807. 
[g] The decay parameters y and A are calculated from o and ф using 


y = V 1—o? coso, tanA — E 1—02 sing. 
See the “Note on Baryon Decay Parameters” in the neutron Particle List- 
ings. 


[h] See the Particle Listings for the pion momentum range used in this mea- 
surement. 
ІҢ The error given here is only an educated guess. It is larger than the error 
on the weighted average of the published values. 
Л A theoretical value using QED. 
[k] See the "Note on AŻ Branching Fractions” in the Branching Fractions 
of the At Particle Listings. 
[/] This branching fraction includes all the decay modes of the final-state 
resonance. 
[т] Ап £ indicates an e or a и mode, not a sum over these modes. 
[n] The value is for the sum of the charge states of particle/antiparticle 


states indicated. 


[o] Assuming isospin conservation, so that the other third is At поло, 


[p] Not а pure measurement. See note ағ head of Л Decay Modes. 
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SEARCHES FOR 
MONOPOLES, 


SUPERSYMMETRY, 
COMPOSITENESS, etc. 


Magnetic Monopole Searches 


Isolated supermassive monopole candidate events have not been con- 
firmed. The most sensitive experiments obtain negative results. 
Best cosmic-ray supermassive monopole flux limit: 
< L0x10715 cm 2-16-1 for 1.1 x 1074 < 8 < 0.1 


Supersymmetric Particle Searches 


Limits are based on the Minimal Supersymmetric Standard Model. 


Assumptions include: 1) х (or 5) is lightest supersymmetric particle; 
2) R-parity is conserved; 3) All scalar quarks (except tj and tg) are de- 
generate in mass, and та, = та). 4) Limits for selectrons and smuons 
refer to the фр states. 


See the Particle Listings for a Note giving details of supersymmetry. 


25 — neutralinos (mixtures of 5, 20, and Н?) 


Mass mx, > 10.9 GeV, CL = 95% 
1 
Mass mx, > 45.3 GeV, CL = 95% [tang >1] 
2 
Mass mio > 75.8 GeV, CL = 95% [tang >1] 
Mass my) > 127 GeV, CL = 95% [tang >3] 


ХУ — charginos (mixtures of W and Н+) 

Mass ту. > 65.7 GeV, CL = 95% [mz,-ms, > 2 GeV] 
1 1 1 

Mass mz, > 99 GeV, CL = 95% [GUT relations assumed] 


X3 


7 — scalar neutrino (sneutrino) 


Mass m > 37.1 GeV, CL = 95% [one flavor] 
Mass m > 43.1 GeV, CL = 95% [three degenerate flavors] 
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€ — scalar electron (selectron) 
Mass т > 58 GeV, CL = 95% [те-то 2 4GeV] 
1 


Ji — scalar muon (smuon) 
Mass m > 55.6 GeV, CL = 95% [mis “Тао > 4 GeV] 
1 


т — scalar tau (stau) 
Mass m > 45 GeV, CL — 95% [if то < 38 GeV] 
1 


q — scalar quark (squark) 


These limits include the effects of cascade decays, evaluated assuming a 
fixed value of the parameters u and tan. The limits are weakly sensitive 
to these parameters over much of parameter space. Limits assume GUT re- 
lations between gaugino masses and the gauge coupling; in particular that 
for ІП not small, myg ~ тр/б. 


X 
Mass m > 176 GeV, CL = 95% [any mç <300 GeV, 
и = — 250 GeV, ғап) = 2] 
Mass m > 224 GeV, CL = 95% [mg < та, 
и = — 400 GeV, ғап) = 4] 
g — gluino 
There is some controversy on whether gluinos in a low-mass window (1 < 
mg < 5 GeV) are excluded or not. See the Supersymmetry Listings for 


details. 


The limits summarised here refere to the high-mass region (mç > 5 GeV), 
and include the effects of cascade decays, evaluated assuming a fixed value 
of the parameters u and tanB. The limits are weakly sensitive to these pa- 
rameters over much of parameter space. Limits assume GUT relations be- 
tween gaugino masses and the gauge coupling; in particular that for ІП not 
small, то дш mç /6. 


Mass m > 173 GeV, CL = 95% [any та, и = — 200 GeV, 
tang = 2] 

Mass m » 212 GeV, CL - 95% [mg > та, и = —250 GeV, 
tang = 2] 
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Quark and Lepton Compositeness, 
Searches for 


Scale Limits A for Contact Interactions 
(the lowest dimensional interactions with four fermions) 


If the Lagrangian has the form 
Ri = 
+ УКА, КЛМ. Л 
(with g*/47 set equal to 1), then we define Л = AD. For the full definitions 


and for other forms, see the Note in the Listings on Searches for Quark and 
Lepton Compositeness in the full Review and the original literature. 


Л|(ееее) > 2.4 TeV, CL = 95% 


Aj (eeee) > 3.6 TeV, CL = 95% 
А (ееши) > 2.6 TeV, CL = 95% 
Aj(eeuu) > 2.9 TeV, CL = 95% 
Л|(еетт) > 1.9 TeV, CL = 95% 
Aj (eerr) > 3.0 TeV, CL = 95% 
Л1(444) > 3.5 TeV, CL = 95% 
Лу (6666) > 3.8 TeV, CL = 95% 
Nf (eeqq) > 2.5 TeV, CL — 95% 
Ar (eeqq) > 3.7 TeV, CL = 95% 
Nh (eebb) > 3.1 TeV, CL = 95% 
A, (eebb) > 2.9 TeV, CL = 95% 
Nh(uuqq) > 2.9 TeV, CL = 95% 
Ny (uuqq) > 4.2 TeV, CL = 95% 
ЛЕ (уд vene) > 3.1 TeV, CL = 90% 
Л, (9999) > 1.6 TeV, CL = 95% 
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Excited Leptons 


The limits from ¢** #*— do not depend on A (where Л is the £/* transition 
coupling). The A-dependent limits assume chiral coupling, except for the third 
limit for e* which is for nonchiral coupling. For chiral coupling, this limit cor- 


responds to А, = V2. 
— excited electron 
Mass m > 85.0 GeV, CL = 95% 


Mass m> 91 GeV, CL = 95% 
Mass m> 194 GeV, CL = 95% 


e*t 


ШЕ — excited muon 


Mass m > 85.3 GeV, CL = 95% 
Mass m > 91 GeV, CL = 95% 


ЖБ — excited tau 


Mass m > 84.6 GeV, CL = 95% 
Mass m > 90 GeV, CL = 95% 


T 


и“ — excited neutrino 


Mass m > 84.9 GeV, CL = 95% 
Mass m > 91 GeV, CL = 95% 


Mass m = none 40-96 GeV, CL = 95% 


q* — excited quark 


Mass m > 45.6 GeV, CL = 95% 
Mass m > 88 GeV, CL = 95% 
Mass m > 570 GeV, CL = 95% 


Color Sextet and Octet Particles 
Color Sextet Quarks (46) 

Mass m > 84 GeV, CL = 95% 
Color Octet Charged Leptons (£g) 

Mass m > 86 GeV, CL = 95% 
Color Octet Neutrinos (vg) 

Mass m > 110 GeV, CL = 90% 


(from e** e*—) 
(if AG > 1) 
(КА, = 1) 


(from u** u*—) 
(if àz > 1) 


(from 7** 7*—) 
(if Az » 0.18) 


(from v*7*) 
(if àz > 1) 
(from ep — v*X) 


(Кот 44%) 
(if Ag > 1) 
(рр — q*X) 


(Stable 46) 


(Stable £g) 


(vg > vg) 
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TESTS OF CONSERVATION LAWS 
Revised by L. Wolfenstein and T.G. Trippe, May 1998. 


In keeping with the current interest in tests of conservation laws, we col- 
lect together a Table of experimental limits on all weak and electromagnetic 
decays, mass differences, and moments, and on a few reactions, whose ob- 
servation would violate conservation laws. Тһе Table is given only in the 
full Review of Particle Physics, not in the Particle Physics Booklet. For the 
benefit of Booklet readers, we include the best limits from the Table in the 
following text. Limits in this text аге for CL=90% unless otherwise specified. 
The Table is in two parts: “Discrete Space-Time Symmetries,” i.e., C, Р, 
Т, СР, and СРТ; and “Number Conservation Laws,” i.e., lepton, baryon, 
hadronic flavor, and charge conservation. The references for these data can 
be found in the the Particle Listings in the Review. A discussion of these 
tests follows. 


CPT INVARIANCE 


General principles of relativistic field theory require invariance under the 
combined transformation CPT. The simplest tests of CPT invariance are 
the equality of the masses and lifetimes of a particle and its antiparticle. The 
best test comes from the limit on the mass difference between K? and к. 
Any such difference contributes to the C P-violating parameter e. Assuming 
СРТ invariance, фе, the phase of е should be very close to 449. (See the 
^Note on СР Violation in K? Decay" in the Particle Listings.) In contrast, 


if the entire source of CP violation in Ж? decays were а K? — ra mass 
difference, Фе would be 44° + 90°. 

Assuming that there is no other source of СРТ violation than this mass 
difference, it is possible to deduce that [1] 


2(тко — тко) |n| (30... + $400 — do) 


111--0 — То < : 
А sin Фо 


К 


? 


where фо = 43.5? with an uncertainty of less than 0.12. Using our best values 
of the C P-violation parameters, we get |(rrizo —тко)/тко| < 10-18. Limits 
can also be placed on specific СРТ-лојаџпе decay amplitudes. Given the 
small value of (1 — |700/7---|), the value of poo — Ф+— provides a measure of 
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СРТ violation in K? — 2т decay. Results from CERN [1] and Fermilab [2] 
indicate no C PT-violating effect. 


CP AND T INVARIANCE 


Given СРТ invariance, СР violation and Т violation are equivalent. So far 
the only evidence for СР or T violation comes from the measurements of 
n+—, Noo, and о semileptonic coy charge asymmetry for Kr, e.g., ин | 
-|А(К)->т?л”)/А(КӘ-т?л”)|- (2.28540.019) x 10-3 and [[( K? — 
ax etu) — Г(К® — «*e v)|/[sum] = (0.333 + 0.014)%. Other оо for 
CP or T' violation divide into (a) those that involve weak interactions or 
parity violation, and (b) those that involve processes otherwise allowed by 
the strong or electromagnetic interactions. In class (a) the most sensitive are 
probably the searches for an electric dipole moment of the neutron, measured 
to be < 1.0 x 10729 e ст, and the electron (—0.18 + 0.16) x 10-26 e cm. А 
nonzero value requires both P and Т violation. Class (b) includes the search 
for C violation in 7) decay, believed to be an electromagnetic process, e.g., 
as measured by T(n — ити т0)/Г(0) — all) < 5 x 1079, and searches for T 
violation in a number of nuclear and electromagnetic reactions. 


CONSERVATION OF LEPTON NUMBERS 


Present experimental evidence and the standard electroweak theory are con- 
sistent with the absolute conservation of three separate lepton numbers: elec- 
tron number Le, muon number L,, and tau number L+. Searches for viola- 
tions are of the following types: 


a) AL — 2 for one type of lepton. The best limit comes from the search 
for neutrinoless double beta decay (Z, A) > (Z +2, A) +е +e. The best 
laboratory limit is бүүр > 1.1 x 109 yr (CL=90%) for “Ge. 


b) Conversion of one lepton type to another. For purely leptonic 
processes, the best limits are on и — еу and и — Зе, measured as 
Г(и — ey) /T (yu all) < 5 х 10798 and Г(џ — 3e)/T (u — all) < 1.0 x 10712. 
For semileptonic processes, the best limit comes from the coherent con- 
version process іп a muonic atom, и + (Z,A) — e^ + (Z, A), measured 
as Г(р“ Ti > e Ti)/l'(u Ti — all) < 4 x 10712. Of special interest is 
the case in which the hadronic flavor also changes, as in Kr, — ей and 
К+ — лТе`и*, measured as Г(Ку — eu)/T (Kr — all) < 3.3 x 10-1 
and Г(К* — mte~pt)/T(K* — all) < 2.1 x 10-10. Limits on the conver- 
sion of т into e or u are found in т decay and are much less stringent than 
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those for u — e conversion, e.g., Г(т — wy)/T(r — all) < 3.0 x 10-6 and 
Г(т-» ey)/T(r — all) < 2.7 x 1076. 

c) Conversion of one type of lepton into another type of antilepton. 
The case most studied is и“ + (Z, А) = et + (Z — 2, A), the strongest limit 
being l'(u^ Ti — e*Ca)/T(u- Ti — all) < 9 x 1071, 

d) Relation to neutrino mass. If neutrinos have mass, then it is ex- 
pected even in the standard electroweak theory that the lepton numbers are 
not separately conserved, as a consequence of lepton mixing analogous to 
Cabibbo quark mixing. However, in this case lepton-number-violating pro- 
cesses such as и — ey are expected to have extremely small probability. For 
small neutrino masses, the lepton-number violation would be observed first 
in neutrino oscillations, which have been the subject of extensive experimen- 
tal searches. For example, searches for v, disappearance, which we label as 
V, 7 Ре, give measured limits A(m?) < 9 x 1074 eV? for sin?(20) = 1, and 
sin^(20) < 0.02 for large A(m?), where 0 is the neutrino mixing angle. Pos- 
sible evidence for mixing has come from two sources. The deficit in the solar 
neutrino flux compared with solar model calculations could be explained by 
oscillations with A(m?) < 107? eV? causing the disappearance of ve. In ad- 
dition underground detectors observing neutrinos produced by cosmic rays 
in the atmosphere have measured a v,,/ve ratio much less than expected and 
also a deficiency of upward going и, compared to downward. This could be 
explained by oscillations leading to the disappearance of и, with A(m?) of 
the order 1072-1079 eV?. 


CONSERVATION OF HADRONIC FLAVORS 


In strong and electromagnetic interactions, hadronic flavor is conserved, i.e. 
the conversion of a quark of one flavor (d, u, s, c, b, t) into a quark of another 
flavor is forbidden. In the Standard Model, the weak interactions violate these 
conservation laws in a manner described by the Cabibbo-Kobayashi-Maskawa 
mixing (see the section “Cabibbo-Kobayashi-Maskawa Mixing Matrix"). The 
way in which these conservation laws are violated is tested as follows: 


a) А5- AQ rule. In the semileptonic decay of strange particles, the 
strangeness change equals the change in charge of the hadrons. Tests come 
from limits on decay rates such as Г(22" — ne*v)/T(X* — all) < 5 x 1076, 
and from a detailed analysis of Кт, — тему, which yields the parameter z, 
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measured to be (Rez, Im x) = (0.006--0.018, -0.003-Е0.026). Corresponding 
rules are AC = AQ and AB = AQ. 


b) Change of flavor by two units. In the Standard Model this occurs 
only in second-order weak interactions. The classic example is AS — 2 via 
Кот mixing, which is directly measured by т( Ка) — т(Ку) = (3.489 + 
0.009) x 10:12 MeV. There is now evidence for В? SB mixing (AB — 2), with 
the corresponding mass difference between the eigenstates (m Во — Mpo = 


(0.723 0.032)Г go = (3.054-0.12) х 10-10 MeV, and for B?-B° mixing, with 
Mpo Mpo ) > 140 go ог > 6 x 1079 MeV (CL=95%). No evidence exists 
Вен Br В: 


for 0-2 mixing, which is expected to be much smaller in the Standard 
Model. 


c) Flavor-changing neutral currents. Іп the Standard Model the 
neutral-current interactions do not change flavor. The low rate Г(Кт — 
pu )/T(Kr — all) = (7.2 + 0.5) x 107? puts limits on such interac- 
tions; the nonzero value for this rate is attributed to a combination of the 
weak and electromagnetic interactions. Тһе best test should come from 
КТ — xtvv, which occurs in the Standard Model only as а second-order 
weak process with a branching fraction of (1 to 8) x 10719. Observation of 
one event has been reported [4], yielding ГК“ — «*vrv)/T(K* — all) 
= (4.2197) x 10—10. Limits for charm-changing or bottom-changing neutral 
currents are much less stringent: Г(00 — ptp-)/T(D® — all) < 4 x 1079 
and P(B9? — u*u-)/T(B9 = all) < 7 x 1077. One cannot isolate flavor- 
changing neutral current (FCNC) effects in non leptonic decays. For exam- 
ple, the FONC transition s — d+ (u 4- и) is equivalent to the charged-current 
transition s — и + (u + d). Tests for FCNC are therefore limited to hadron 
decays into lepton pairs. Such decays are expected only in second-order in 
the electroweak coupling in the Standard Model. 
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TESTS OF DISCRETE SPACE-TIME SYMMETRIES 


CHARGE CONJUGATION (C) INVARIANCE 


Г(т0 = 3y)/T total 
n C-nonconserving decay parameters 


теп п left-right asymmetry parameter 


0 
0 


Гл т“ sextant asymmetry parameter 


хі 
пп п“ quadrant asymmetry parameter 
ян 


Гл y left-right asymmetry parameter 


тт y parameter 8 (D-wave) 
F(n > 3Y)/Ttotal 
Г(0) > net em ТАРА ға 
9 и“ и“ )/ltotal 
F(»(782) > "т0Уу/Г, 1 
Г(4(782) -» 3n9)/Trotal 
Гб (958) > met e~)/Teotal 
Г(т/ (958) > net e )/Ltotal 
Г( (958) 2° 33)/T total 
P(r! (958) > ити «9)/T a 
Г(1 (958) > ити n)/Teotai 


(n> т 


«3.1 x 10-8, CL = 90% 


(0.09 + 0.17) х 10-2 
(0.18 + 0.16) х 1072 
(-0.17 + 0.17) x 1072 
(0.9 + 0.4) x 1072 

0.05 + 0.06 (5 = 1.5) 
«5 x 1074, CL = 95% 
«4 x 1079, CL = 90% 
«5 x 1076, CL = 90% 
«1 x 1073, CL = 90% 
«3 x 1074, CL = 90% 
<1.3 х 1072, СІ = 90% 
«1.1 x 1072, СІ = 90% 
«1.0 x 107^, CL = 90% 
«6.0 x 1079, CL = 90% 
«1.5 x 1079, CL = 90% 


PARITY (P) INVARIANCE 


e electric dipole moment 
и electric dipole moment 


т electric dipole moment (d_) 


Г()-» тіл” )/T total 

ЕСІ (958) — тїт )/Usotal 
ЕСІ (958) — лд 20 )/F orat 
p electric dipole moment 

n electric dipole moment 


A electric dipole moment 


(0.18 + 0.16) x 10-26 ест 

(3.7 + 3.4) x 10719 ест 

> —3.1 and < 3.1 x 10-16 ест, CL — 
95% 

«9 x 1074, CL = 90% 

«2 x 1072, CL - 90% 

«9 x 1074, CL = 90% 

(—4 + 6) x 10723 ест 

«0.97 x 10725 ест, CL — 90% 

«1.5 x 10716 ecm, CL = 95% 
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TIME REVERSAL (T) INVARIANCE 


Limits on e, и, т, p, n, and A electric dipole moments under Parity Invariance above 
are also tests of Time Reversal Invariance. 


ин. decay parameters 


transverse e T polarization normal to plane of и 0.007 - 0.023 
spin, et momentum 
о! ЈА (0 + 4) x 1073 
В'/А (2 + 6) х 1073 
т electric dipole moment (d_) > —3.1 апа < 3.1 x 10-16 ест, CL = 
95% 
Im(£) т к» decay (from transverse u pol.) — 0.017 + 0.025 
Im(£) in ко; decay (from transverse u pol.) — 0.007 + 0.026 
п— pe v decay parameters 
ay. phase of gA relative to gy [b] (180.07 -- 0.18)? 
triple correlation coefficient D (— 0.5 + 1.4) x 10-3 


triple correlation coefficient D for 2 — —^ ne У 0.11 + 0.10 


e 
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CP INVARIANCE 


Re(d) «0.56 х 10—17 ест, CL = 95% 
Іт(а/У) «1.5 x 10-17 ест, СІ. = 95% 
F(n — пп) Гы «9 x 107^, CL = 90% 
Г(1/(958)- тіл” )/Trotal «2 x 1072, CL - 90% 
Г(1 (958) > 70 70)/Ttotal «9 x 107^, CL = 90% 
КЕ — п пъ пт rate difference/average (0.07 + 0.12)% 
КЕ — п aO rate difference/average (0.0 + 0.6)% 
КЕ — лЕл0. rate difference/average (0.9 + 3.3)% 
(f+ = В) / Сан + 8.) for КЕ — gt тъ тт (-0.7 -- 0.5)% 
CP-violation parameters іп KQ decay 

(7+0) = Im(A(KO — m <= 10, CP- —0.002 + 0.008 

violating) / A(K > mta л0)) 
Im(n000)? = [ (KÇ — 350) / «0.1, CL — 90% 
г(к%ф — 370) 

charge asymmetry j for ko — ata 79 0.0011 + 0.0008 
ее for КФ тіл” <0.3, CL = 90% 
г(кф- тоъ ш) ЛГ скај [<] <5.1 х 1079, СІ = 90% 
г(кф- жб теуш [c] <4.3 x 1079, СІ = 90% 
r(K0 > лбуир)/Г. ока [d] «5.8 x 1079, CL = 90% 
Acp(K* K^ n=) in DE > КЕК x+ —0.017 + 0.027 
Acp(K* K*®) in Dt — K*K*9 апа DT > — 0.02 + 0.05 

K~ K*0 
Аср(фт=) in DE — rt — 0.014 + 0.033 
Аср(т+ т тё) in ОЖ > път rt — 0.02 = 0.04 
Acp(K* К) т 09, DO > K+ K— 0.026 + 0.035 
Аср(т пл“) in D9, D? — tae — 0.05 + 0.08 
АСР(К® $) in D0, 00 — «Qo — 0.03 + 0.09 
Acp(KQ 70) in 00, DO > коло — 0.018 + 0.030 
| ё(єво)| 0.002 + 0.008 


[а (A) + a, (A)| / [a_(A) - а (A)| — 0.03 + 0.06 
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CP VIOLATION OBSERVED 


ko branching ratios 


charge asymmetry in ко, decays 


(и) = [F(x— ut va) — Г(т u- 7 ,)]/sum (0.304 -- 0.025)% 
(e) = (лт e* ve) — (петт, )]/ѕит (0.333 + 0.014)% 
parameters for к? — 2т decay 
|про| = |A(K9 — 270) / (2.275 -- 0.019) x 10-3 (S = 1.1) 
А(КО — 210) 
п | = [АК > zt<=-)/A(K — (2.285 + 0.019) х 10-3 
at т”) 
е је ж Ве(Є/6) = (1—-|ngg/n4_|)/3 [e] (1.5 + 0.8) x 10-3 (S = 1.8) 
фр, phase of n} _ (43.5 + 0.6)9 
Фоо, phase of ngo (43.4 + 1.0)? 
parameters for ko > път гү decay 
пру = |А(К) — тет у, СР (2.35 + 0.07) x 1073 
violating) /A(KQ > ntn” 22] 
$. = phase of т. , (44 -- 4)? 
r(K0 > тт) Га (2.067 -- 0.035) x 10-3 (S = 1.1) 


r(K9 — 192) /Г ока (9.36 + 0.20) х 1074 
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CPT INVARIANCE 


(my = түү-) / Maverage 
(т. = m.) / "average 
| лире 

(g.+ -46.-) / Вамегаве 
un - тү) / T average 
(g+ = £,-) / Вауегаве 


(m + т mu) / Maverage 


(T+ = T.) 2 T average 
(тк+ = my) / "average 


(T e x: тк-) / T average 


Kt. pt p, rate difference/average 
КЕ — qa гаје difference/average [f] 
|m ко = то! / Maverage [e] 


phase difference фор — Фр 


CPT-violation parameters in ко decay 
real part of A 
imaginary part of A 


dp, 4 
(Eme 7759/ | те average 

| р x ар|/е 

(ир + рр) / | амегаве 
(т, — ту) / Maverage 

(mA — m) / mA 

(TA = TA) / T average 
(Mp. + иу) / | амегаве 
== =+) / Maverage 


22126 тээ.) / T average 


(то- x тр+) / Maverage 


-0.002 + 0.007 
<4 x 10-8, CL = 90% 
<4 x 10-8 

(—0.5 + 2.1) x 10-12 
(2 + 8) x 107 

(—2.6 + 1.6) x 10-8 
(2+5) x 1074 

(6 + 7) x 1074 

(0.6 + 1.8) х 1074 
(0.11 -- 0.09)% (5 = 1.2) 
(0.5 + 0.4)% 


(0.8 + 1.2)% 
«10-18 


(—0.1 + 0.8)? 


0.018 + 0.020 
0.02 + 0.04 

(1.5 + 1.1) x 1079 
«2 x 1075 

(—2.6 + 2.9) x 10-3 
(9 + 5) x 107 
(—1.0 + 0.9) x 1073 
0.04 + 0.09 

0.014 + 0.015 

(11 + 2.7) x 1074 
0.02 + 0.18 

(0 + 5) x 1074 
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TESTS OF NUMBER CONSERVATION LAWS 


LEPTON FAMILY NUMBER 


Lepton family number conservation means separate conservation of each of Le, Іш 


Ёс 
Г(2  etyuT)r | «17x 1076, CL = 95% 
Г(2  etrT*)gu | «9.8 x 10-6, CL = 95% 


Г(7-» ит) Г [h] <1.2 x 1079, CL = 95% 


limit on и — е conversion 


eb 999-3 а 925] | <7х10-11, CL = 90% 


о(и” 32с aiy py Зар?) 


c(u Тїз e Ti)/ 


o(u Ті — capture) 


c(u Pb — e Pb) / 


limit on muonium — antimuonium conversion Rg = 


c(u РЬ — capture) 


Gc / GF 


Га“ — 
Г(и“ = 


e YeV,)/T total 
e "y)/Ttotal 
ақы )/T total 


«4.3 x 10-12, CL — 90% 
«4.6 x 10-11, CL = 90% 
«0.018, CL — 9096 


«1.2 x 10-2, CL = 90% 
«4.9 x 10-1, CL — 90% 
«1.0 x 10-12, CL = 90% 


F(u — 

F(u- — ет 27) /Teotal «72 x 10-11, CL = 90% 
F(r- > ету) Гоа <2.7 х 1076, СІ - 90% 
F(r- > n [total «3.0 x 10-6, CL = 90% 
F(r- — e-z9)/r. s «3.7 x 10-6, CL = 90% 
[(r- — n m rise «4.0 x 1076, CL - 90% 
[(z— — ет коОу/г,-ы! «1.3 x 1073, CL - 90% 
Г(т— — м КОГ su «1.0 x 1073, CL - 90% 
F(r- — е“ n)/Trotal «8.2 x 1076, CL = 90% 
F(r- > po п) Гы <9.6 x 1076, CL = 90% 
F(r- — ет 99r su «2.0 x 1076, CL - 90% 
F(r- — м pyra «6.3 x 1076, CL — 90% 
F(r- — ет K*(892)9)/r sr «5.1 x 10-6, CL = 90% 
F(r- — ит K*(892)0)/r sr «1.5 x 1076, CL = 90% 
F(r- — е” K*(892)9)/r ы «14 x 1076, CL = 90% 
Г(т — и” K*(892)0)/T ы <7.5 x 1076, CL - 90% 
F(r- — е ¢)/Trotal «6.9 x 1076, CL = 90% 
F(r- — и Ф/Гюы «7.0 x 1076, CL = 90% 
[(r— > езебе-)/Г ны <2.9 x 1076, CL = 90% 
Г(т— > 4 ES <1.8 x 1076, СІ = 90% 
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rr > етш” и“ )/Vtotal 
F(r- > poet e )/[Ltotal 
F(r- > pte e )/Trotal 
Fr — и Вэ и“ )/Teotal 
(7 — e at кај Гав 
Г(т nu ntr )/T total 
Гт = e at K ЕТТІ 
Г(т em ЕЛЕР 
Пт  e- КЕК) Гы 
Г(т nu at K Јата] 


Г зил Ky eae 
Пт > в КТК) Го 
Г(т — e 1929) /T о 
(rT — џи“ л9 л0) Гоа 
Г(т — e nn)/Ttotal 
Г(т > и т) total 
(rT > ес 79 7)/Veotal 
F(r- — и“ потока 
Г(т — 


Г(т — po light boson)/[ total 


e light бозоп)/Г otal 


«1.5 x 1076, CL = 90% 
«1.7 x 1076, CL = 90% 
«1.5 x 1076, CL = 90% 
«1.9 x 1076, CL = 90% 
«2.2 x 1076, CL = 90% 
«8.2 x 1076, CL = 90% 
«6.4 x 1076, CL = 90% 
«3.8 x 1076, CL = 90% 
«6.0 x 1076, CL = 90% 
<7.5 x 1076, CL = 90% 
«7.4 x 1076, CL = 90% 
«1.5 x 1079, CL = 90% 
«6.5 x 1076, CL = 90% 
«1.4 x 1075, CL - 90% 
«3.5 x 1079, CL = 90% 
«6.0 x 1079, CL = 90% 
«2.4 x 1079, CL = 90% 
«2.2 x 1079, CL = 90% 
«2.7 x 1073, CL = 95% 
«5 x 1073, CL — 95% 


v oscillations. (For other lepton mixing effects in particle decays, see the Particle Listings.) 


Ve 72 Ve 


А(т2) for sin? (20) =1 


sin2(20) for "Large" А(т2) 


Мас” V 


А(т2) for sin? (20) =1 


sin2(20) for "Large" А(т2) 


Ve > V 


ѕіп2(20) for "Large" А(т2) 


Vu ` Ve 


А(т2) for sin? (20) =1 


sin? (20) for "Large" А(т2) 


V, ` Ve 


А(т2) for sin? (20) ex 


ѕіп2(20) for "Large" А(т2) 


и (Ри) > vele) 
А(т2) for sin? (20) =1 


ѕіп2(20) for "Large" А(т2) 


и b 


m 
А(т2) for sin? (20) =1 


sin2(20) for "Large" А(т2) 


«9 x 107^ еу2 CL = 90% 
«0.02, CL — 9094 


«9 еу2 CL — 90% 
«0.25, CL — 9094 


«0.7, CL — 9096 


«0.09 е№2, CL = 90% 
«3.0 x 1073, CL = 90% 


«0.14 eV2, CL = 90% 
«0.004, CL — 9596 


«0.075 еу2, CL — 90% 
«1.8 x 1073, CL — 90% 


«0.9 eV2, CL = 90% 
«0.004, CL = 90% 
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А(т2) for sin? (20) =1 
sin2(20) for "Large" А(т2) 
ии (y) — um 
А(т2) for sin? (20) =1 
sin2(20) for "Large" А(т2) 
Ve 7^ Ve 
А(т2) for sin? (20) =1 
ѕіп2(20) for "Large" А(т2) 
Vy > ид 
А(т2) for sin? (20) =1 
sin2(20) for A(m?) — 100еу2 
Py V. 
А(т2) for sin? (20) =1 
sin2(20) бог 190 eV? < A(m?) < 320 eV? 
(nt — wh ve)/Ttotai 
Г(п  u-etet v )/T total 
Г(л0-» ule + e u*)/ total 
Г pte + uet) 
u vet ет )/Гуога| 
ПК" > ш ие) Гоа 
п 
п 


p` e )/Ttotal 

H e | )/T total 
ГКО — е) Г, 

Г(КО — etet uF и) Г 


F(D* — nt et ш) угы 
(ОТ extet ut M rl 
(DF reum ree 


гр" = K+ e` рТ) Гы 
г(00 — utet) 

r(DO — «Det UF) Total 

Г(00 > net uF)/Trotal 
г(р0- «ұту, а 

г(р0 — wet pF)/Tropal 

гро => pet uT)/T oral 
г(р0-» Ket „Ғ) ы 
г(р0-» К*(892)0 е= pF) /Pr otal 
ГВ" — ntet и“) Гота 


ГВ" — пе“ pt)/Trotal 
ГВ" — K*et џи“)/Гјоћј 
(BF — Кте в Жағы! 
(BF — по et р+) Гота 
r(B* — K- et u*)/Tiotal 


U] 


[К] 
Ш 


Ш 


Ш 
Ш 


Ш 
Ш 
Ш 
Ш 
Ш 
Ш 
Ш 
Ш 
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«2.2 eV?, CL = 90% 
«4.4 x 1072, CL = 90% 


«1.5 eV?, CL — 90% 
«8 x 10-3, CL = 90% 


«0.17 е№2, CL = 90% 
<7 x 10-2, CL = 90% 


«0.23 or >1500 eV? 
«0.02, CL — 9094 


<7 or 51200 eV? 

«0.02, CL — 9096 

«8.0 x 1073, CL - 90% 
«1.6 x 10-6, CL = 90% 
«1.72 x 10-8, CL = 90% 
«6 x 1076, CL = 90% 
«2.0 x 1078, CL - 90% 
<4 x 1073, CL = 90% 
«2.1 x 10-10, сі = 90% 
«7 x 10-9, CL - 90% 
«3.3 x 10711, CL = 90% 
«6.1 x 1079, CL - 90% 
«1.1 x 1074, CL = 90% 
«1.3 x 1074, CL = 90% 
«1.3 x 1074, CL = 90% 
«1.2 x 1074, CL = 90% 
«1.9 x 1079, CL = 90% 
«8.6 x 1073, CL = 90% 
«1.0 x 1074, CL = 90% 
«4.9 x 1079, CL = 90% 
«1.2 x 1074, CL = 90% 
«3.4 x 1079, CL = 90% 
«1.0 x 1074, CL = 90% 
«1.0 x 1074, CL = 90% 
«6.4 x 1073, CL — 90% 
«6.4 x 1073, CL - 90% 
«6.4 x 1073, CL — 90% 
«6.4 x 1073, CL — 90% 
«6.4 x 1073, CL - 90% 
«6.4 x 1073, CL - 90% 
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г(в0 — ef uF)/Trotal | <5.9 х 1076, СІ = 90% 
г(в0 — е-ТУГ, а | «5.3 x 107^, CL = 90% 
г(в0 — p=rF)/Trotal [h] «8.3 x 107^, CL - 90% 
ГВ- еби) го <2.2 x 1075, CL = 90% 
Г(В0 — «Жұту, ок | «4.1x 1075, CL = 90% 


TOTAL LEPTON NUMBER 


Violation of total lepton number conservation also implies violation of lepton family 
number conservation. 


limit on мо = et conversion 


c(u- 325 — et32si*) / «9 x 10-10, CL — 90% 
о(и” 325 _, Ы ЭЭР") 
c(u- 1211 — «%1276,%) / «3 x 10710, сі = 90% 
(и 127, _, anything) 
c(u- Ti e* Ca) / «8.9 x 10-11, CL = 90% 
c(u Ті — capture) 
F(r- — п еу) Ге «2.8 x 1074, CL = 90% 
F(r- — п x9 )/r ol «3.7 x 107^, CL - 90% 
F(r- > ебл-лтУ/Г, аі «1.9 x 1076, CL - 90% 
F(r- — рът тт) Гы <3.4 х 1076, CL = 90% 
F(r- — etr KT)/Trotal «2.1 x 1076, CL = 90% 
Гт-- etK- к) уго <3.8 х 1076, СІ = 90% 
F(r- = utr К) Го «7.0 x 1076, CL = 90% 
F(r- — pt K~ К) ы «6.0 x 1076, CL — 90% 
(т > P^?)/ltotal «2.9 x 107^, CL = 90% 
Г(т— > Br)/Trotat «6.6 x 1074, CL = 90% 
Пт“ = Рт)/Гуора! <1.30 х 1073, СІ = 90% 
Ve — (Реј, 
о А (те) for sin2(20) = 1 «0.14 eV2, CL = 90% 
o2sin? (20) for "Large" А(т2) <0.032, CL = 90% 
vy > (V&)L 
oA(m?) for sin2(20) = 1 «0.16 еу2, CL — 90% 
o2sin? (20) for "Large" А(т2) <0.001, СІ - 90% 
M(t > utTe)/Trotal [] <1. x 1073, CL = 90% 
(Kt п pt et)/Tiotal <7 x 1079, CL = 90% 
(Kt — п ене) Го <1.0 х 1078, СІ = 90% 
(Kt > ди за о [|] «15x 1074, CL = 90% 
r(K* > ит.) Гош [|] «3.3 x 1073, CL = 90% 
r(K* — лбе?р,)/Г, uu «3 x 1073, CL - 90% 


(Dt — пл“ et et)/r «1.1 x 10-4, CL = 90% 
total 
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гр i utu i )/Ttotal 


=a А 

r(D* >r et nT) /Trotal 

(Dt — p u* шт) Гоа 

r(D* + K- et et)/Tiotal 

(0+ > K pt ит )/Ttotal 
r(D* ^ K- e*t р+) Гота 
r(D* — K*(892)- шт шт) Гоа 
ГР > «7 ut u*)/ otal 

r(D* — ко ићи Га 
r(D* — K*(892) pt ит) Гы 
(BF — «- етет) Г, 

r(B+ — m ut БОР) ваннд 

r(Bt = К-етеТу/, әгі 

ГВ" > K и“ ит) Гоа 
Г(= pw м” Mlietal 

ПА > хи и) а 


Пт“ =. P^y)/Vtotal 
[r — Вто) Гота! 
Пт“ E Pn)/[ total 
p mean life 


«8.7 x 1079, CL = 90% 
«1.1 x 10-4, CL = 90% 
«5.6 x 1074, CL = 90% 
«1.2 x 1074, CL = 90% 
«1.2 x 1074, CL = 90% 
«1.3 x 1074, CL = 90% 
«8.5 x 1074, CL = 90% 
«4.3 x 1074, CL = 90% 
«5.9 x 1074, CL = 90% 
<1.4 x 1073, CL = 90% 
<3.9 x 1073, CL = 90% 
<9.1 x 1073, CL = 90% 
<3.9 x 1073, CL = 90% 
<9.1 x 1073, CL = 90% 
<4 x 1074, CL = 90% 

<7.0 x 1074, CL = 90% 


BARYON NUMBER 


«2.9 x 1077, CL = 90% 
«6.6 x 1074, CL = 90% 
<1.30 x 1073, CL = 90% 
>1.6 x 1025 years 


A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels, 


see the Baryon Summary Table. 


т(М- етт) 
т(М- pT m) 


т(М- e* K) 


т(М- pw K) 


limit on n7 oscillations (bound n) 


limit on пп oscillations (free n) 


e mean life / branching fraction 


Г(п = PueVe)/[ total 


» 130 (n), » 550 (p) x 1090 years, CL — 
90% 
> 100 (n), > 270 (р) x 1030 years, СІ - 
90% 
> 13 (n), > 150 (p) x 1030 years, CL = 
90% 
> 11 (п), > 120 (p) х 1030 years, CL = 
90% 
[m] »12 x 108 s, CL = 90% 
>0.86 x 109 s, CL — 90% 


ELECTRIC CHARGE (Q) 


[n] 24.3 x 1023 yr, CL = 68% 
«8 x 10-27, CL = 68% 
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AS = AQ RULE 


Allowed in second-order weak interactions. 


(Kt път етт, )/Г ы <1.2х 10-9, СІ = 90% 
FCU ә а и са ЫЫ «3.0 x 10-6, CL = 95% 
х= А(КО — п tt v)JA(KO > «-t* v) = A(AS=—AQ)/A(AS=AQ) 
real part of x 0.006 = 0.018 (S = 1.3) 
imaginary part of x — 0.003 + 0.026 (S = 1.2) 
F(X*  n£tw)/TF(X- > n£?) «0.043 
(Zt > netve)/Ttotal «5 x 1076, CL = 90% 
Г(Е — пити) vokal «3.0 x 1079, CL = 90% 
r(z0 > о ећу Гоја «9 x 107^, CL = 90% 
{ Елы MPs «9 x 107^, CL = 90% 


AS = 2 FORBIDDEN 


Allowed in second-order weak interactions. 


r(z9 5 рт) Г, «4 x 107, CL = 90% 
Цаг — pe Ve)/[total <13 x 1075 

Г(20-» pu^ Ри) rot «13x 1073 

Г(=— > пл” )/Г, әгі <1.9 х 10-5, СІ - 90% 
[(Z- — ne 2.)/[total «3.2 x 1073, CL - 90% 
(= = nu V)/Ttotal «1.5 x 1072, CL - 90% 
Г(=— — рп п) Поа «4 x 10-4, CL = 90% 
Г(= > pr e Ре) ока <4 x 1077, CL = 90% 
T=" = P" и Рур Тота <4 x 1074, CL = 90% 
Г(О- Ат) Гы «1.9 x 107^, CL = 90% 


AS — 2 VIA MIXING 


Allowed in second-order weak interactions, e.g. mixing. 


тко — Myo (0.5301 + 0.0014) х 1010 5-1 
L 5 


m ко 


- тко (3.489 + 0.009) х 10-12 Меу 
L S 
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AC = 2 VIA MIXING 
Allowed in second-order weak interactions, e.g. mixing. 


[o] «24 x 1010 ñ 571, CL = 90% 


0 т po 
Di p?! 
Гро - Гра!/Гро mean life difference/average [o] «0.20, CL — 9096 
F(K* £7 тр (ма DO))/F(K— £T vj) «0.005, CL — 9096 
Г(К тт or Кт тъ тт (ма D9)) /F(K— «t or [p] < 0.0085 (or < 0.0037), CL — 90% 
К тъ ті п) 
г(00 — KT £ ту (міа Б0У)/Г, аі «1.7 x 107^, CL = 90% 
г(00 — К+л or Ktn т+ т (ма DO))/F o «1.0 x 1073, CL - 90% 
AB = 2 VIA MIXING 
Allowed in second-order weak interactions, e.g. mixing. 
Ха 0.172 + 0.010 
Ampo = тво, = "go (0.464 + 0.018) х 1012 ћ s- 1 
ха = Am go/T во 0.723 + 0.032 
Хд at high energy 0.118 + 0.006 
Ampo = тро -Mpo >9.1 x 1012 дз 1, CL = 95% 
s sH sL 
Х, — Ат о/Г 0 >14.0, СІ. = 95% 
5 В; В; 
X 20.4975, CL = 95% 


5 


AS = 1 WEAK NEUTRAL CURRENT FORBIDDEN 


Allowed by higher-order electroweak interactions. 


(KF — пете) Гы (2.74 + 0.23) x 1077 

(К+ > пъ шъ р) Гы (5.0 + 1.0) х 10-8 

F(K* — atvd)/Trotal мхи 

r(K9 = ии )/Trotal «32 x 10-7, СІ = 90% 

(KQ — етет Гога «14 x 1077, CL = 90% 

r(K9 — mete) Грека «14 x 1076, CL = 90% 

ГКО — ићи“ у Гога (7.2 + 0.5) x 1079 ($ = 14) 

ГКО = ии у) iaa (3.25 + 0.28) х 1077 

r(K9 — et e™)/Tiotal «4.1 x 10711, CL = 90% 
"ere el (9.1 + 0.5) x 1076 


= 

НӨ 
{ 
Ф 
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Г(КО — ete- ШШ [q] (6.5 + 1.2) x 1077 

ГКО — ntr- ete го [9] «4.6 x 1077, CL = 90% 
г(к%ф > ptp ете”) total (29:54) x 1079 

r(k9 — з Pu (4.1 + 0.8) x 10-8 (S = 1.2) 
r(K9 — би PA «5.1 х 1079, CL = 90% 
r(K? — ка не) гы «4.3 x 1079, CL = 90% 
r(k9 = 2 «5.8 x 107°, CL = 90% 
FX T. gate )/ Гоа! <7х10-6 


АС -- 1 WEAK NEUTRAL CURRENT FORBIDDEN 


Allowed by higher-order electroweak interactions. 


(DF > rt ete РА «6.6 x 1079, CL = 90% 
(DF — търъ ит) гы «1.8 х 1079, CL = 90% 
(Dt — „+ ЈЕ )/L total «5.6 x 1074, CL = 90% 
r(D9 — et e™)/Frotal «1.3 x 1079, CL = 90% 
г(00 — ити) Голы «4.1 x 1076, CL - 90% 
r(p® — „о et e—)/Trotal «4.5 x 1079, CL = 90% 
г(00 — 7° ЛІ «1.8 x 1074, CL = 90% 
г(00 — nete-)/Trotal «1.1 x 1074, CL = 90% 
г(00 > nut ш )/Г рој «5.3 x 1074, CL = 90% 
г(00 — $5 ete-yr,u «1.0 x 1074, CL = 90% 
ТҮРЛЕР Fu ор «2.3 x 107^, CL = 90% 
г(00 5 сеће“)/Г јој «1.8 x 1074, CL = 90% 
r(DO — оир) ы <8.3 x 1074, CL = 90% 
г(00 + gdete—)/lrotal «5.2 x 1079, CL = 90% 
г(00 > but шт) Гьы «4.1 x 10-4, CL = 90% 
F(DO — ata a ut url «8.1 x 1074, CL = 90% 
гр” > K*u* и“ Гота «5.9 x 1074, CL = 90% 
r(D* — K*(892)* и иг )/Ttotal «14 x 1073, CL - 90% 
ГЛЕ — putu” )/Trotal «34 x 1074, CL = 90% 
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АВ = 1 WEAK NEUTRAL CURRENT FORBIDDEN 


Allowed by higher-order electroweak interactions. 


(B+ — ntet e™)/Frotal <3.9 x 1073, CL = 90% 
(B+ — at yt ш) Гы <9.1 x 1073, CL = 90% 
r(B* > Ktete)/Trotal «6 x 1075, CL — 90% 

ГВ > Ktu и) Гы <1.0 x 1075, CL = 90% 
r(Bt — K*(892)t et e-)/T' isa «6.9 x 1074, CL = 90% 
r(Bt — K*(892)* wt и) Гы <1.2 x 1073, CL = 90% 
Г(В9-» yy)/[total <3.9 x 1075, CL = 90% 
Г(В2-» еҒе-У/Г, ы «5.9 x 10-6, СІ = 90% 
Г(В9- иш) real «6.8 x 107^, CL = 90% 
г(в0 ck ET a Шаа «3.0 x 107^, CL - 90% 
г(89 — к9,%,-у/Г, гі «3.6 x 107^, CL = 90% 
r(B° — K*(892)%et e-)/F sc «2.9 x 107^, CL = 90% 
г(в0 — К*(892)0 ut и“) /Г оста! «2.3 x 1079, CL = 90% 
г(в0 — к*(892)0 т) Гоа «1.0 x 1073, CL = 90% 
[(B — ее <5.7 x 1075, CL = 90% 
Г(В > utu s) Esel «5.8 x 1079, CL = 90% 
F(b — yt p anything)/Tyotal «3.2 x 107^, CL = 90% 
г(в0- ики )/Г otal <2.0 x 1076, CL = 90% 
(Bo — ete )/T otal <5.4 x 1075, CL = 90% 


г(в0 > фит)/Гуоца! «5.4 x 1073, CL = 90% 
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NOTES 


[a] C parity forbids this to occur as a single-photon process. 
[b] Time-reversal invariance requires this to be 0° ог 1809. 
[c] Allowed by higher-order electroweak interactions. 


[d] Violates CP in leading order. Test of direct CP violation since the in- 
direct CP-violating and CP-conserving contributions are expected to be 
suppressed. 


[e] е/еів derived from 7100/7. | measurements using theoretical input on 
phases. 


[f] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys. 
Rev. 012, 2744 (1975). 


[g] Derived from measured values of ¢4—, Фоо, КЛЕ тко - та | апа 
тко, as described in the introduction to "Tests of Conservation Laws." 

[h] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 

[i] А test of additive vs. multiplicative lepton family number conservation. 

[j] A(m?) = 100 eV?. 

[k] 190 eV? < A(n?) < 320 eV?. 

[/] Derived from an analysis of neutrino-oscillation experiments. 


[т] There is some controversy about whether nuclear physics and model 
dependence complicate the analysis for bound neutrons (from which the 
best limit comes). The second limit here is from reactor experiments 
with free neutrons. 


[n] This is the best "electron disappearance" limit. The best limit for the 
mode e^ — v is > 2.35 x 1025 yr (CL=68%). 

о е - imits are inferre rom the -09 mixing ratio 
The 09-09 limi inferred f ће 00-00 
F(K* £ те (ма 09)) / [(K £* и). 

[p] The larger limit (from E791) allows interference between the doubly 


Cabibbo-suppressed and mixing amplitudes; the smaller limit (from E691) 
doesn't. See the papers for details. 


[9] See the к? Particle Listings for the energy limits used in this measure- 
ment. 


TABLE OF THE ISOTOPES 


Norman E. Holden 


This table presents an evaluated set of values for the experimental quantities which characterize the decay of radioactive nuclides. A list of the 
major references used in this evaluation is given below. When uncertainties are not listed, they are assumed to be five or less in the last digit 
quoted. If they exceed five in the last digit, the value is prefaced by an approximate sign. The effective literature cutoff date for data in this edition 
of the Table is December, 2000. 


Table Layout 


Column 
No. Column Title Description 

1 Isotope or Element For elements, the atomic number and chemical symbol are listed. For nuclides, 
the mass number and chemical symbol are listed. Isomers are indicated by the 
addition of m, m1, ог m2. 

Isotopic Abundance in atom percent. 

Atomic Mass or Atomic Weight Atomic mass relative to ?C = 12. Atomic weight is given on the same scale. 

Half-life Half-life in decimal notation. us = microseconds; ms = milliseconds; 5 = sec- 
onds; m = minutes; h = hours; d = days; and у = years. 

5 Decay Mode/Energy Decay modes are & = alpha particle emission; В = negative beta emission; В* = 
positron emission; EC - orbital electron capture; IT — isomeric transition from 
upper to lower isomeric state; n — neutron emission; SF — spontaneous fission. 
Total disintegration energy in MeV units. 

6 Particle Energy/Intensity End point energies of beta transitions and discrete energies of alpha particles in 
MeV and their intensities in percent. 

7 Spin and Parity Nuclear spin or angular momentum of the nuclides in units of Һ/2л; parity is 
positive or negative. 

Magnetic Dipole Moment Magnetic dipole moments in nuclear magneton units. 
Electric Quadrupole Moment Electric quadrupole moments in barn units (10 24 cm?). 
10 Gamma Ray Energy/Intensity | Gamma ray energies in MeV and intensities in percent. Ann. rad. refers to the 


511.006 keV photons emitted in the annihilation of positrons in matter. 


General Nuclear Data References 


The following references represent the major sources of the nuclear data presented, along with subsequent published journals and reports: 


1. G. Audi, O. Bersillon, J. Blachot, A.H. Wapstra, The Nubase Evaluation of Nuclear and Decay Properties, Nuclear Physics A624, 1 (1997). 
2. International Commission on Atomic Weights, Atomic Weights of the Elements - 1999, Pure & Applied Chemistry 73, to be published (2000). 
3. J.R. Parrington, H.D. Knox, S. Breneman, E.M. Baum, F. Feiner, Chart of the Nuclides, 15th Edition, Knolls Atomic Power Lab. (1996). 

4. N.E. Holden, Total and Spontaneous Fission Half-lives for Uranium, Plutonium, Americium and Curium Nuclides, Pure & Applied Chemis- 
try 61, 1483 (1989). 

N.E. Holden, Half-lives of Selected Nuclides, Pure & Applied Chemistry 62, 941 (1990). 

. N.E. Holden, Review of Thermal Neutron Cross Sections and Isotopic Composition of the Elements, BNL-NCS-42224 (March 1989). 

. P. Raghavan, Table of Nuclear Moments, Atomic Data Nuclear Data Tables 42, 189 (1989). 

E. Brown, R. Firestone, Radioactivity Handbook, Wiley Interscience Press (1986). 

. J.K. Tuli, Nuclear Wallet Cards, Brookhaven National Laboratory (Jan. 2000). 

. М.Е. Holden, D.C. Hoffman, Spontaneous Fission Half-lives for Ground State Nuclides, Pure & Applied Chemistry 72, 1525 (2000). 

11. N. Stone, Table of New Nuclear Moments, private communication, www.nndc.bnl.gov/nndc/stone moments/moments.html (Dec. 2000). 


= 
© 


*This research was carried out under the auspices of the US Department of Energy Contract No. DE-AC02-98CH10886. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
oN 1.008664924 614. s В /0.78235 0.782/100. 1/2+ -1.913043 
ІН 1.00794(7) 
ІН 99.985(1) 1.007825032 1/2+ %2.79285 
?H 0.015(1) 2.014101778 1% +0.85744 +2.86 mb 
3H 3.016049268 12.33 у B /0.01859 0.01860/100. 1/2* +2.97896 
4H 4.0278 1.9х10-22 n/ /100 2- 
S 
5H 5.040 8.х10-23 $ п/ /100 
6H 6.0449 3.х10-2 s 
„Не 4.002602(2) 
ЗНе 1.37х10 3.016029309 1/2+ -2.12762 
“Не “100. 4.002603250 0+ 
5Не 5.01222 7.6х10-22 n, о 3/2- 
$ 
$He 6.018888 0.807 s В /3.508,d 3.510/100. 0+ 
THe 7.02803 3.х1021 $ n (3/2)- 
8Не 8.03392 0.119 8 В /10.65, t 13/88. 0+ 0.9807/84. 
n/ 112. 0.4776/5. 
эне 9.0438 7.x107' s n /100 (1/2-) 
"Не 10.0524 3.х1021 $ 2п /100 0+ 
ЕЕ 6.941(2) 
^Li 4.0272 9.х10-23 $ р/ /100 2- 
SLi 5.01254 =3.х10-22 р/ 3/2- 
5 
SLi 7.5(2) 6.0151223 1+ *0.82205 -0.8 mb 
Ти 92.5(2) 7.0160041 3/2- %3.25644 -0.041 
8Li 8.022486 0.84 s В-/16.004 12.5/100. 2% %1.6536 %0.032 
о/ о(1.6) 
SLi 9.026789 0.178 s В /13.606 13.5/75. 3/2- 3.439 -0.027 
В/ 11/25. 
Li 10.03590 4.х1022 s В /20.84 
“Li 11.04380 8.4 ms В /20.6 3/2(-) 3.668 -0.031 3.367/35. 
п,2п,3п,04 n//106. (0.22-2.81) 
"Li 12.054 «0.01 us 
„Ве 9.012182(3) 
5Ве 5.041 
8Ве 6.01973 5.0x107?! 2р,а 0+ 
5 
"Be 7.0169293 53.28 d EC/0.8618 3/2- 0.4776/10.4 
8Ве 8.00530509  -7.х10:7 20/0.046 0+ 
$ 
Be 100. 9.0121822 3/2- -1.1776 +0.0529 
10Be 10.0135338 1.52х106у B /0.5559 0.555/100. 0+ 
"Be 11.02166 13.8 8 В.В o/11.51 11.48/61. 1/2* 2.125/35.5 
(0.478-7.97) 
"Be 12.02692 24. ms В (011.71 n//0.5 0+ (0.95 - 4.4) 
Be 13.0361 = 3.х10-21 
$ 
“Be 14.0428 4.3 ms В ,(п)/16.2 n//100. 0+ 
„В 10.811(7) 
7В 7.0299 4.х1022 $ p 
8B 8.024607 0.770 s В”, 20/17.979 13.7(B*)/93. 2+ 1.0355 0.068 ann.rad. 
эв 9.013329 8х10-19 s р2о/ 3/2- 
10B 19.9(2) 10.0129371 3+ +1.8006 +0.085 
“B 80.1(2) 11.0093055 3/2- +2.6886 +0.0406 
12B 12.014352 0.0202 s В 713.369 1+ +1.0027 0.0132 4.438/1.3 
В o/1.6/ 3.215/0.00065 
13B 13.017780 0.0174 s В 713.437 13.4 3/2- +3.17778 0.037 3.68/7.6 
В п/0.25/ 2.43(п)/0.09 


3.55(n)/0.16 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
"B 14.02540 14. ms В /20.64 2- 1.185 0.0298 6.094/90. 
15B 15.03110 10.4 ms В .(п)/19.09 (3/2-) 2.66 0.038 
16B 16.0398  «1.9х10:0 
5 
"UB 17.0469 5.1 ms В ,(п)/22.7 2.54 
РВ 18.056 <0.026 ив 
1% 19.0637 3.3 тв В ,(п)/26.5 n//125. 
С 12.0107(8) 
5С 8.03768 2.0x107! p 0- 
5 
9C 9.031040 127. ms В*,р, 20/16.498 (3/2-) -1.391 ann.rad. 
Ше) 10.0168532 19.3 6 p*/3.648 1.865 0+ ann.rad. 
0.71829/100. 
"C 11.011433 20.3 m B*,EC/1.982 0.9608/99. 3/2- -0.964 0.0333 ann.rad. 
20 98.93(8) 12.00000000 0% 
0 
Ше) 1.07(8) 13.00335483 1/2- %0.70241 
8 
MC 14.00324199 5715. y В /0.15648 0.1565/100. 0+ 
1 
5С 15.010599 2455 В /9.772 4.51/68. 1/2* 1.32 5.298/68. 
9.82/32. (7.30-9.05) 
16C 16.014701 0.75 s В ,n/8.012 0+ 
"С 17.02258 0.195 В ,п/13.17 1.375 
1.849 
1.906 
18C 18.02676 0.09 s В ,1/11.81 0+ 
эс 19.0353 0.055 п 
2C 20.0403 0.01 s 0+ 
"Cc 21.0493 «0.03 us 
2С 22.056 9 ms В-л п//99. 0+ 
;N 14.0067(2) 
10N 10.0426 
“N 11.0268 5.х1022 $ 
12N 12.018613 11.00 ms В» В?0/17.338 16.38/95. 1% %0.457 *10. mb ann.rad. 
4.438/2. 
13N 13.0057386 9.97 m В*/2.2204 1.190/100. 1/2- 0.3222 
мм 99.632(7) 14.00307400 1% %0.40376 +0.0200 
7 
15N 0.368(7) 15.00010897 1/2- -0.28319 
16N 16.006100 7.13 s B 710.419 4.27/68. 2- 6.129/68.8 
10.44/26. 7.115/4.7 
Ва 1.85/.0012 (0.99-8.87) 
TN 17.00845 4.17 $ В.В п/8.68 3.7/100. 1/2- 0.352 0.871/3. 
0.4-1.7n/95. 2.1842/0.3 
В al 8.0, 8.2 
18N 18.01408 0.62 s В 713.90 9.4/100. 1- 0.328 0.012 0.822/61. 
1.65/60.5 
1.982/98. 
(0.535-7.13) 
19N 19.01703 0.32 s B /12.53 (0.096-3.14) 
20N 20.02337 0.14 s В 717.97 
“М 21.0271 0.08 6 
22N 22.0344 0.02 s 
гэм 23.0405 15 ms Bn n//80. 
24N 24.050 <0.052 us 
Ko) 15.9994(3) 
20 12.03440 =1.х10-21 2р 
$ 
ЗО 13.02481 8.9 ms B*,p/17.77 1.56 (p)/ (3/2-) 1.389 0.026 ann.rad. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
4.438/0.56 
мо 14.0085953 70.60 6 В*/5.1430 1.81/99. 0+ ann.rad. 
2.312/99.4 
50 15.0030655 122.26 В*/2.754 1.723/100. 1/2- 0.7195 ann.rad. 
160 99.757(16) 15.99491462 0+ 
2 
70 0.038(1) 16.9991315 5/2* -1.8938 -0.026 
180 0.205(14) 17.999160 0+ 
190 19.003579 26.9 8 В /4.820 3.25/60. 5/2+ 1.5320 3.7 тр 0.197/95.9 
4.60/40. 1.3569/50.4 
(0.11-4.18) 
20 20.004076 13.5 s В 73.814 0+ 1.057/100. 
210 21.00866 3.46 В /8.11 (0.28-4.6) 
20 22.00997 2.2 $ В /6.5 (0.64-1.86) 
230 23.0157 0.08 $ 
20 24.0204 265 ms Bn n//18. 1.83/28 
0.52/14. 
1.31/12. 
50 25.029 «0.05 us 
20 26.038 «0.04 us 
oF 18.9984032( 
5) 
MF 14.036 
E 15.0180 5.х1022 5 р (1/2+) 
16F 16.01147 =1.х10-20 р 0- 
$ 
ТЕ 17.0020952 64.5 $ p*/2.761 1.75/ 5/2+ +4.721 0.058 ann.rad. 
Эр 18.000938 1.830 h p^, EC/1.656 0.635/97. 1% ann.rad. 
төр 100. 18.9984032 1/2+ | *2.62887 0.072 
2op 19.9999813 11.00 s В /7.0245 5.398/100. 2* * 2.0934 0.042 1.634/100. 
3.33/0.009 
2р 20.999949 4.16 s В /5.684 3.7/8. 5/2+ 3.9 0.3507/90. 
5.0/63. 1.395/15. 
5.4/29. (1.746-4.684) 
Е 22.00300 4.23 $ В /10.82 3.48/15. 4+ 1.2746/100. 
4.67/7. 2.0826/82. 
5.50/62. (0.82-4.37) 
28 23.00357 2.2 $ В /8.5 5/2+ 1.701/48. 
2.129/34. 
(0.493-3.83) 
ир 24.0081 0.3 8 В /13.5 1.9816/ 
эр 25.0121 =50 тв В-, (п) n//14. 1.70/39. 
(0.57-2.19) 
ВР 26.0196 10 ms В-, (п) n//11. 2.02/67. 
1.67/19. 
тр 27.0269 5. ms Б-(п) п/790. 
гэр 29.043 3. тв Б-(п) n//100. 
зэр 
ме 20.1797(6) 
18Ме 16.02575 4.х10-21 $ 2р 0+ 
"Ме 17.01770 109. т5 B: .p/14.53 1.4-10.6/ 1/2- ann.rad./ 
0.495 
18Ме 18.005697 1.67 8 В:/4.446 3.416/92. 0+ ann.rad./ 
1.0413/7.8 
(0.658-1.70) 
Ме 19.001880 17.22 s p*/3.238 2.24199. 1/2+ -1.885 ann.rad./ 
(0.11-1.55) 
2М№е 90.48(3) 19.99244017 0+ 
6 
“Ме 0.27(1) 20.99384674 3/2* -0.66180 *0.103 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
22Ме 9.25(3) 21.9913855 0+ -0.19 
Ne 22.9944673 37.26 В /4.376 3.95/32. 5/2+ -1.08 0.440/33. 
4.39/67. (1.64-2.98) 
“Ме 23.99362 3.38 т В /2.47 1.10/8. 0+ 0.4723/100. 
1.98/92. 0.874/7.9 
25Ме 24.99779 0.61 $ В /7.30 6.3/ 1/2+ 0.0895/96. 
7.3/ (0.98-3.69) 
Ме 26.00046 197 тв В /7.3 0+ 0.233/ 
2 Ме 27.0076 32 гав В, п/12.7 (3/2+) 
Ме 28.0121 18. т5 В, п/12.3 n//11. 0+ 2.06/19. 
0.86/3. 
Ме 29.0194 15. ms В .(п)/15.4 n/I27. (3/24) 2.92/54. 
(0.22-1.18) 
30Ne 30.024 7. ms p^ (п) n//9. 0+ 
3'Ме 31.033 >0.26 us 
32Ме 32.040 >0.20 us 0+ 

а 989 

“за Baa 
19Na 19.01388 0.03 s B*,p/11.18 
Na 20.00735 0.446 s В*/13.89 2+ +0.3694 ann.rad./ 

а 2.15/ 1.634/79. 
“Ма 20.997655 22.48 6 p*/3.547 2.50/95. 3/2* %2.3863 %0.05 ann.rad./ 
0.351/5. 
22Ма 21.9944366 2.605 у В*/90/2.842 0.545/90. 3+ +1.746 ann.rad./ 
EC/10/ 1.2745/99.9 
zNa 100. 22.9897697 3/2+ +221752 +0.104 
гатМа 20.2 ms ІТ.,В 1+ 0.4723/100. 
“Ма 23.9909633 14.96 һ В /5.5158 1.389/>99. 4% %1.690 1.3686/100. 
2.754/100. 
(0.997-4.238) 
25Ма 24.989954 59.3 6 В /3.835 2.6/7. 5/2* *3.683 -0.10 0.3897/12.7 
3.15/25. 0.5850/13. 
4.0/65. 0.9747/14.9 
(0.836-2.80) 
28Ма 25.99259 1.07 s В /9.31 3% %2.851 -0.08 1.809/98.9 
Ма 26.99401 0.290 s В /9.01 7.95/ 5/2+ +3.90 0.24 0.9847/87.4 
po 1.698/11.9 
28Ма 27.9989 31. тв В /14.0 12.3/ 1% %2.43 -0.02 1.473/37. 
po 2.389/18.6 
29Ма 29.0028 44. ms В ,n/13.3 11.5/ 3/2* %2.45 -1.3 2.560/36. 
(1.04-3.99) 
зМа 30.0092 50. тв В /17.5 2 %2.08 1.483/46. 
31Na 31.0136 17.2 ms 115.9 (3/2-) %2.31 1.483/14. 
Вп (0.05-3.54) 
32Ма 32.0197 13.5 тв В /19.1 0.886/60. 
33Ма 33.027 8.1 тв В /20. 0.886/16. 
“Na 34.035 5. ms B /24. 0.886/60. 
35Na 35.044 1.5 ms B /24 
44 Mg 24.3050(6) 

— "Mg 2001886  96.ms Брбз О 
21Mg 21.01171 122. ms B*,p/13.10 5/2+ 0.332/51. 
22Мд 21.999574 3.86 5 В*/4.786 3.05/ 0+ 0.0729/60. 

0.5820/100. 
(1.28-1.93) 
23Мд 22.994125 11.32 8 В*/4.057 3.09/92. 3/2+ 0.536 1.25 0.440/8.2 
“Ма 78.99(4) 23.9850419 0+ 
25Мд 10.00(1) 24.9858370 5/2* -0.85545 *0.199 
28Мд 11.01(3) 25.9825930 0+ 
27Мд 26.9843407 9.45 т В /2.6103 1.59/41. 1/2% 0.17068/0.9 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.75/58. 0.84376/72. 
2.65/0.3 1.01443/28. 
28Мд 27.983877 20.9 h В /1.832 0.459/95. 0% 0.0306/95. 
0.4006/36. 
0.9418/36. 
1.342/54. 
Ма 28.98855 1.35 В /7.55 5.4/ 3/2% 0.960/15. 
1.398/16. 
2.224/36. 
зоМд 29.9905 0.32 8 В /7.0 0+ 0.224185. 
ШҮ 30.9966 0.24 s B 111.7 (3/2+) 1.61/26. 
Mg 31.9992 0.12 $ В /10.3 0+ 2.765/25. 
33Mg 33.0056 0.09 s В 13.7 1.848/ 
3 Mg 34.0091 0.02s В /11.3 0+ 
35Mg 35.0175 0.07 s (7/2-) 
38Mg 36.022 20.2 us 0+ 
3'Mg 37.031 20.26 us (7/2-) 
38Mg 0+ 
ЗА! 26.981538(2) 
ЖА 21.028 «0.035 ив 
22А| 22.0195 59. тв В*/18.6 4+ ann.rad./ 
В',р,2р,0/ 
23тА] =0.35 $ B*,p/0.17 0.554 
0.839 
23ДІ 23.00727 0.47 6 В*/12.24 апп.гаа./ 
B*.p/ 
гатА| 0.129 8 І.Т./0.4259 
p 13.3 1* 1.3686/5.3 
А 23.999941 2.07 5 B*/13.878,p 3.40/48. 4+ 1.078(2)/16. 
4.42/41. 1.368(2)/96. 
6.80/3. 2.753(2)/43. 
8.74/8. 4.315(3)/15. 
5.392(3)/20. 
7.0662(2)/41. 
БА 24.990429 7.175 84.277 3.27/ 5/2+ 3.646 ann.rad./ 
1.6115(2)/100. 
0.975(2)/5. 
26mA| 6.345 s В / 3.2/ 0+ ann.rad./ 
26Д| 25.9868917 7.1x10° y В*/82/4.0042 1.16/ 5+ +2.804 +0.17 ann.rad./ 
EC/18/ 1.8087/99.8 
IA 100. 26.9815384 5/2* %3.64151 %0.140 
ЗА 27.9819102 2.25 т В /4.6422 2.865/100. 3% 3.24 0.18 1.7778(6)/100. 
2А 28.980445 6.5 т В /3.680 1.4/30. 5/2+ 1.2732(8)/89. 
2.5/70. 2.0282(8)/4. 
2.4262(8)/7. 
Зод 29.98296 3.68 5 В /8.56 5.05/ 3+ 1.26313(3)/35. 
2.23525(5)/65. 
ЗА 30.98395 0.64 s В /8.00 6.25/ 0.75223(3)/18. 
1.69473(3)/59. 
2.31664(4)/73. 
32А 31.9881 33. тв В /13.0 1+ 
ЗЗА| 32.9909 41. тв 
Al 33.9969 =42. ms В 17.1 
А 34.9999 30 тв 
BAI 36.0064 0.09 s 
STAI 37.010 >1 us 
BAI 38.0169 >0.2 us 
ЗА! 39.022 >0.2 us 
40A| 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 

“Al 

148i 28.0855(3) 

2251 22.0345 29. ms рр 1.99/20 0+ 

235] 23.0255 40.7 тѕ В*,р/5.9 1.32,2.40,2.83 

2451 24.01155 0.14 $ B*,p/10.81 1.51,4.09,1.73 0+ ann.rad./ 

1.13-4.38 

255) 25.00411 221 тв В*,р/12.74 5/2+ ann.rad./ 

26Si 25.992330 2.235 В*/5.066 3.2821 0+ апп.гаа./ 
0.8294(8)/22. 

2751 26.9867048 4.14 8 В*/4.8118 3.85/100. 5/2+ -0.8554 ann.rad./ 
2.211(5)/0.2 

2851 92.22(2) 27.97692653 0+ 

295 4.69(1) 28.97649472 1/2+ -0.5553 

305] 3.09(1) 29.97377022 0+ 

3151 30.9753633 2.62 h В /1.4920 1.471/99.9 3/2+ 1.2662(5)/0.05 

3251 31.974148 1.6x10? y В /0.224 0.213/100. 0% 

3351 32.97800 6.18 В /5.85 3.92 (3/2%) 1.21 1.4313(5)/13. 
1.8477/100. 
2.538(2)/10. 

“Si 33.97858 2.86 В /4.60 3.09/ 0+ 0.42907(5)/60. 

1.17852(2)/64. 
1.60756(5)/36. 

355] 34.98458 0.95 В /10.50 

3651 35.9867 0.55 В /7.9 0% 

3751 36.9930 =0.09 $ 

3851 37.9960 >1 us 0* 

395] 39.0023 >1 us 

405) 40.0058 20.2 us 0* 

“Si 41.013 >0.2 us 

4251 42.016 >0.2 us 0: 

Р 30.973761(2) 

2р 24.0344 

5р 25.0203 «0.03 us 

ёр 26.0118 220. ms В*,р/18.1 3+ 

тр 26.99919 0.3 $ B*,p/11.63 1/2+ 

ЖР 27.992312 270. ms В*/14.332 3.94/13. 3% ann.rad./ 

5.25/13. 1.779(2)/98. 
6.96/16. 2.839(2)/2.8 
8.8/7. 3.040(2)/3.2 
11.49/52. 4.498(2)/12. 
7.537(2)9. 
гэр 28.981801 4.14 8 p*/4.9431 3.945/98. 1/2* 1.2349 ann.rad./ 
1.273/1.32 
2.426/0.39 
зор 29.9783138 2.50 т p*/4.2323 3.245/99.9 1% ann.rad./ 
2.230(3)/0.07 

ир 100. 30.9737615 1/2* 41.13160 

2р 31.9739071 14.28 а В /1.7106 1.710/100. 1+ -0.2524 

зр 32.971725 25.3 d В /0.249 0.249/100. 1/2* 

зр 33.973636 124 8 В /5.374 3.2/15. 1% 1.78-4.1/ 

5.1/85. 2.127(5)/15. 
2P 34.973314 47.6 В /3.989 2.34/100. 1/2% 1.572(1)/100. 

зєр 35.97826 5.78 В /10.41 0.902/77. 
3.291/100. 

ЭР 36.97961 23s В /7.90 0.6462/ 

1.5829/ 

=P 37.9845 0.6 8 В /12.4 1.2923/ 

2.224/ 
зр 38.9864 “0.16 s 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
«n 39.9911 “0.26 6 
“р 40.9948 0.125 
ер 42.0001 0.11 $ 
ар 43.0033 33. т В-(пу/ 
“Р 44.010 20.2 us 
4p 45.015 20.2 us 
ер 46.024 20.2 us 
«S 32.065(5) 
285 26.0278 = 10 тв 0* 
275 27.0188 21. тв В*, 2р/18.3 
285 0.13 $ 0% 
995 28.99661 0.188 8 В*/13.79 5/2+ ann.rad./ 
B*.p/ 
305 29.984903 1.18 $ p*/6.138 4.42/T8. 0+ ann.rad./ 
5.08/20. 0.678/79. 
315 30.979555 2.56 $ В*/5.396 4.39/99. 1/2+ 0.48793 ann.rad./ 
1.2662(5)/1.2 
%5 94.93(31) 31.9720707 0+ 
335 0.76(2) 32.9714585 3/2+ +0.64382 -0.68 
4S 4.29(28) 33.9678668 O+ 
355 34.9690321 8724 В /0.1672 0.1674/100. 3/2% %1.00 %0.047 
%5 0.02(1) 35.9670809 0+ 
375 36.9711257 5.05 т В /4.8653 1.64/94. 712- 0.9083(4)/0.06 
4.75/5.6 3.1033(2)/94.2 
385 37.97116 2.84 h В /2.94 1.00/ 0% 0.1962(4)/0.2 
1.9421(3)/84. 
95 38.97514 11.5 8 В /6.64 1.301/52. 
1.697/44. 
405 39.9755 9.5 В /4.7 0+ 
45 40.9800 =2.6 $ 
425 41.9815 =0.56 8 p.(nY 0+ 
435 42.987 0.22 $ 
45 43.9883 0.12 $ В, п/9. 0+ 
55 44.9948 0.08 6 В-л/ 
465 45.9996 >0.2 us 0+ 
475 47.008 >0.2 us 
485 48.013 >0.2 us 0+ 
ыг 49.022 «0.2 us 
We 35.453(2) 
28C| 28.0285 
за 29.0141 «0.02 us 
30C 30.0048 <0.03 us 
31C] 30.99242 0.15 8 В*,р/11.98 1.52 3/2+ ann.rad./ 
3201 31.98569 297. ms В*/12.69 4.75/25. 1* 1.11 ann.rad./ 
6.18/10. 1.548(2)/3.5 
7.48/14. 2.2305(1)/92. 
9.47/50. 2.4638(1)4. 
11.6/1. 2.885(1)/1. 
4.770(1)/20. 
83CI 32.977452 2.511 8 p*/5.583 4.51/98. 3/2* *0.752 ann.rad./ 
0.8409/0.52 
1.966/0.45 
2.866/0.44 
Зато] 32.2 т p^ 1.35/24. 3% ann.rad./ 
2.47/28. 
І.Т./ 0.1457(8)/42. 
2.1276(5)/42. 
“CI 33.9737620 1.528 s p*/5.4922 4.50/100. 0+ ann.rad./ 
СІ 75.78(4) 34.96885271 3/2* | «0.82187 -0.0825 
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Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
3861 35.9683069 3.01х105 В /0.7086 0.7093/98. 0+ +1.28547 -0.018 
y 
p^, EC/1.1421 0.115/0.002 ann.rad./ 
С 24.22(4) 36.96590260 3/2* %0.68412 -0.0649 
38mC| 0.715 $ І.Т/ 5- 0.6714/100 
381 37.9680106 37.2 т В /4.9168 1.11/31. 2- 2.05 1.64216(1)/31. 
2.77/11. 2.16760(2)/42. 
4.91/58. 
СІ 38.968008 55.6 т В /3.442 1.91/85. 3/2% 0.25026(1)/47. 
2.18/8. 1.26720(5)/54. 
3.45/7. 0.986-1.517 
“СІ 39.97042 1.38 т В /7.48 2- 0.6431(3)/6. 
1.4608(1)/77. 
2.8402(2)17. 
“СІ 40.9707 34. 5 В /5.7 3.8/ (0.167-1.359) 
2с] 41.9732 6.8 $ В /9.4 
ӨСІ 42.9742 3.3 $ В /8.0 
“СІ 43.9785 “0.43 6 В ,1/12.3 
4501 44.980 0.40 8 В, n/11. 
“СІ 45.984 0.22 8 В, п/14.9 
“СІ 46.988 20.2 us В, п/15. 
“СІ 47.995 20.2 us 
СІ 48.9999 >0.17 $ 
5001 50.008 
“СІ 51.014 20.2 us 
"m 39.948(1) 
Ar 30.0216 <0.02 us 0+ 
ЗАГ 31.0121 “14.1 тв В*/18.4 р/2.08/100. 5/2 
B*, 2р/<104 р/1.42/37 
В", 3р/<103 р/0.45-11.67 
32Аг 31.99766 98. ms B*,p/11.2 0% ann.rad./ 
ЗЗАГ 32.98993 174. ms В:/11.62 3.12/ 1/2* -0.72 ann.rad./ 
В*,р/ 0.810(2)/48. 
З4АГ 33.980270 0.844 8 p*/6.061 5.0/95. 0+ ann.rad./ 
0.6658(1)/2.5 
3.1290(1)/1.3 
ЗАг 34.975257 1.77 5 В*/5.965 4.94/93. 3/2+ +0.633 -0.08 ann.rad./ 
1.2185(5)/1.22 
1.763(1)/0.25 
2.964(1)/0.2 
38Аг 0.3365(30) 35.9675463 0+ 
Ar 36.9667759 35.0 d ЕС/.813 3/2* *1.15 *0.076 
38Ar 0.0632(5) 37.9627322 0+ 
ЗАг 38.964313 268. у В 10.565 0.565/100. 712- -1.59 -0.12 
“Ar 99.6003(30) 39.96238312 0+ 
3 
МАГ 40.964501 1.82 h В /2.492 1.198/ 712- 1.29364(5)/99. 
1.6770(3)/0.05 
42Аг 41.96305 33.у В /0.60 0.60/100. 0+ 
Ar 42.9657 5.4m В /4.6 0.4791(2)/10. 
0.7380(1)/43. 
0.9752(1)/100. 
1.4400(3)/39. 
“Ar 43.96537 11.87 m В /3.55 0+ 0.182-1.866 
АГ 44.96809 21.5 8 В /6.9 712- 0.0610/25. 
1.020/35. 
3.707/34. 
“5 Аг 45.96809 8.46 В /5.70 0+ 1.944/ 
47 Аг 46.9722 =0.7 $ В 
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Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
48Аг 47.9751 
49 Аг 48.9822 >0.17 из p 
50АГ 49.986 »0.17 ив p 
51Дг 50.993 »0.2 us p 
52Аг 51.998 10 ms p- 
S3Ar 52.994 p 
49K 39.0983(1) 
32K 32.0219 
3K 33.0073 <0.025 us 
“K 33.9984 <0.04 us 
35K 34.98801 0.19 s p*/11.88 3/2* ann.rad./ 
B*,p/ 1.751/14. 
2.5698/26. 
2.9827/51. 
зек 35.98129 0.342 8 В*/12.81 5.3/42. 2+ +0.548 апп.гаа./ 
9.9/44. 1.97044(5)/82. 
2.20783(5)/30. 
2.43343(2)/32. 
3K 36.9733769 1.23 s p*/6.149 5.13/ 3/2* * 0.2032 ann.rad./ 
2.7944(8)/2. 
3.602(2)/0.05 
К 0.924 $ В*/6.742 5.02/100. 0+ ann.rad./ 
ЭК 37.969080 7.63 т В*/5.913 2.60/99.8 3% %1.37 ann.rad./ 
2.1675(3)/99.8 
3.9356(5)/0.2 
39K 93.2581(44) 38.9637069 3/2% +0.39146 +0.049 
40K 0.0117(1) 39.9639987 1.26х109 В 71.311 1.312/89. 4- -1.29810 -0.061 ann.rad./ 
y 
B*,EC/1.505 1.50/10.7 1.4608/10.5 
“K 6.7302(44) 40.9618260 3/2% +0.21487 +0.060 
еқ 41.9624031 12.36 һ В /3.525 1.97/19. 2- -1.1425 0.31260(2)/0.3 
3.523/81. 1.5246(3)/18. 
ек 42.96072 22.3 h В /1.82 0.465/8. 3/2* *0.163 0.2211(2)/4. 
0.825/87. 0.3729(2)/88. 
1.24/3.5 0.3971(2)/11. 
1.814/1.3 0.6178(2)/81. 
^K 43.96156 22.1 т В /5.66 5.66/34. 2- -0.856 0.36821/2.2 
1.15700(1)/58. 
2.15079(2)/22. 
45K 44.96070 17.8 m В /4.20 1.1/23. 3/2* *0.173 0.1743(5)/80. 
2.1/69. 1.2607(8)/7. 
4.0/8. 1.7056(6)/69. 
2.3542(5)/14. 
“Қ 45.96198 1.8 m В /7.72 6.3/ 2- -1.05 1.347(1)/91. 
3.700(5)/28. 
“K 46.96168 17.56 В /6.64 4.1199. 1/2% *1.93 0.56474(3)/15. 
6.0/1. 0.58575(3)/85. 
2.0131/100 
“Қ 47.96551 6.8 $ В /12.09 5.0/ (2-) 0.67122(1)/4. 
0.6723(5)/20. 
0.78016(1)/32. 
3.83153(7)/80. 
49K 48.9675 1.26 6 В /11.0 2.025/ 
2.252/ 
50K 49.9728 0.472 s В 14.2 
УК 50.9764 0.365 8 В / 
52K 51.983 0.105 s В. 
SK 52.987 30. ms В. 3/2+ 
54K 53.994 10. ms Bo 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
Са 40.078(4) 
“Ca 34.0141 <0.035 us 
35Са 35.0048 25.7 ms B*,p/15.6 p/1.43/49 
1.9-8.8 
Ca 35.99309 0.10 8 B*,(p)/10.99 2.52 ann.rad./ 
В*,п/ 
Ca 36.98587 0.18 s В*/11.64 3.103 3/2+ ann.rad./ 
B*,n/ 1.369 
Ca 37.976319 0.44 s В*/6.74 0+ ann.rad./ 
1.5677(5)/25. 
3.210(2)1. 
Ca 38.970718 0.861 s p*/6.531 5.49/100. 3/2* 1.02168 ann.rad./ 
“Ca 96.941(156) 39.9625912 0+ 
“Ca 40.9622783 1.02х105 EC/0.4214 7/2- -1.5948 -0.08 
y 
“Са 0.647(23) 41.9586183 0+ 
“Са 0.135(10) 42.9587668 712- -1.3173 -0.05 
“Са 2.086(110) 43.955481 0+ 
“Са 44.956186 162.7 а В /0.257 0.257/100. 712- -1.327 +0.05 
“Са 0.004(3) 45.953693 — »0.4x10!6 В-В- 0+ 
Y 
“Са 46.954546 4.536 а В /1.992 0.684/84. 712- -1.38 +0.02 1.297/75 
1.98/16. (0.041-1.88) 
4 Ca 0.187(21) 47.952533 43x10? y pp? 0- 
Са 48.955673 872т В /5.262 0.89/7. 3/2- 3.0844(1)/92. 
1.95/92. 4.0719(1)/7. 
Ca 49.95752 14.6 В /4.97 3.12/ 0+ 0.2569/98. 
(0.0715 -1.59) 
51Ca 50.9615 10. 8 В 17.3 (3/2-) 
52Са 51.9651 4.6 $ В /8.0 
Ca 52.9701 0.09 s В /10.9 
“Ca 53.975 
55Са 54.981 
56Са 55.986 
2156 44.955910(8) 
%5с 36.0149 
3756 37.0030 
385с 37.9947 «0.3 us 
39Sc 38.98479 <0.3 us p 
Sc 39.977964 0.182 s В*/14.320 5.73/50. 4- ann.rad./ 
7.53/15. 0.752/41. 
8.76/15. 3.732/99.5 
9.58/20. (1.12-3.92) 
“Sc 40.9692513 0.596 s p*/6.4953 5.61/100. 712- +5.431 -0.156 ann.rad./ 
Фт5с 61.6 8 p? 2.82/ 7% ann.rad./ 
0.4375(5)/100. 
1.2270(5)/100. 
1.5245(5)/100. 
42Sc 41.9655168 0.682 s p*/6.4259 5.32/100. 0+ ann.rad./ 
5с 42.961151 3.89 h В*,ЕС/2.221 0.82/22. 712- +4.62 -0.26 ann.rad./ 
1.22/78. 0.3729(1)/22. 
44т5 с 58.2 h 1.Т./0.27 6+ +3.88 0.27124(1)/87. 
ЕС/3.926 (1.00-1.16) 
“Sc 43.959403 3.93 h В", EC/3.653 1.47/ 2+ %2.56 %0.10 ann.rad./ 
1.157/100 
во 100. 44.955910 7/2- *4.75649 -0.220 
46mSc 18.76 І.Т./0.14253 1- 0.14253(2)/62. 
“5с 45.955170 83.81 а В /2.367 0.357/100. 4- *3.03 +0.12 0.8893/100 
1.121/100 
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Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
"Sc 46.952408 3.349 d В /0.600 0.439/69. 712- +5.34 -0.22 0.15938(1)/68. 
0.601/31. 
485с 47.95224 43.7 h В /3.99 0.655/ 6+ 0.9835/100 
1.03750(1)/97. 
1.3121/100 
45с 48.950024 573т В /2.006 2.00/99.9. 712- 1.7619(3)/0.05 
5056 49.95219 1.71 m В /6.89 3.05/76. (5+) 0.5235(1)/88. 
3.60/24. 1.1210(1)/100. 
1.5537(2)/100. 
51Sc 50.95360 12.4 s В /6.51 4.41 712- 1.4373(4)/52. 
5.0/ 0.718-2.144 
%5с 51.9566 825 В /9.0 (3+) 
535с 52.9592 > 3. ms В /8.1 
зато с =7 ys (5+) 0.110ЛТ 
Sc 53.9630 0.23 6 В /11.6 0.100/50 
1.70/40 
0.50/40 
5556 54.967 0.12 $ В /13 
565 с 55.973 
seo 56.977 
585с 57.983 
"i 47.867(1) 
ак 38.0098 «0.12 us 
STi 39.0013 28. ms B:/15.4 
“011 39.9905 52. ms B:/11.7 p/2.17/28 
Вер 3.73/23 
1.7/22 
0.242-5.74 
“Ti 40.98313 80. ms B*,p/12.93 p/4.73/107 3/2+ ann.rad./ 
3.10/67 
3.75/39 
0.744-6.73 
еті 41.97303 0.20 8 p*/7.000 6.0/ ann.rad./ 
0.6107(5)/56. 
4311 42.96852 0.50 8 p*/6.87 5.80/ 712- 0.85 ann.rad./ 
^Ti 43.959690 60. y ЕС/0.268 0+ 0.06787/91 
0.07832/97 
STi 44.958124 3.078 h p*/86/2.062 1.04 712- 0.095 0.015 ann.rad./ 
EC/14/ (0.36-1.66) 
“Ті 8.25(3) 45.952630 0+ 
ыг! 7.44(2) 46.951764 5/2- -0.78848 +0.30 
т 73.72(3) 47.947947 0+ 
Ті 5.41(2) 48.947871 712- -1.10417 +0.24 
501) 5.18(2) 49.944792 0+ 
У 50.946616 5.76 т В /2.471 1.50/92. 3/2- 0.3197(2)/03. 
2.13/ 0.6094-0.9291 
gTi 51.94690 1.7m В /1.97 1.8/100. 0+ 0.0170(5)/100. 
0.1245/100 
5зТ| 52.9497 33. 5 В /5.0 (2.2-3)/ 3/2- 0.1008(1)/20. 
0.1276(1)/45. 
0.2284(1)/39. 
1.6755(5)/45. 
(1.72-2.8)/ 
STi 53.9509 1.58 В /4.3 
от 54.9551 0.32 5 В 74 
56 55.9580 0.195 В /7.0 
STi 56.963 0.06 s В 111. 
УН 57.966 «47 ms 
STi 58.972 0.06 s 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
вот 59.976 20.15 us 
еті 60.982 >0.15 us 
m 50.9415(1) 
SA 40.0111 
“y 40.9997 
42\/ 41.9912 <0.055 ив 
зу 42.9807 >0.8 $ В*/11.3 
зү 43.9744 0.09 8 В”,о/13.7 ann.rad./ 
у 44.96578 0.54 5 В*/7.13 712- 
яв 45.960200 0.4223 6 В*/7.051 6.03/100. 0+ ann.rad./ 
UN 46.954907 32.6m В>ЕС/2.928 1.90/99.+ 3/2- ann.rad./ 
1.7949(8)/0.19 
(0.2-2.16) 
48\/ 47.952254 15.98 а p*/4.012 0.698/50. 4% 2.01 ann.rad./ 
0.9835/100 
(1.3-2.4) 
у 48.948517 337. d ЕС/0.602 712- 4.47 
S 0.250(4) 49.947163 >1.4х107 ЕС, В. 6+ +3.34569 +0.21 
у 
УМ 99.750(4) 50.943964 7/2- +5.14870 -0.04 
6 
Sw 51.944780 3.76 m В /3.976 2.47/ 3% 1.4341(1)/100. 
Sy 52.944342 1.56 m В /3.436 2.52/ 712- 1.0060(5)/90. 
1.2891(3)/10. 
Samy 0.9 us (5*) 0.108/IT 
му 53.94644 49.8 $ В /7.04 1.00/5. 3% 0.8348/97. 
2.00/12. 0.9887/80. 
2.95/45. 2.259/46. 
5.20/11. (0.56-3.38) 
SV 54.9472 6.5 8 В /6.0 6.0/ (7/2-) 0.5177/73. 
(0.224-1.21) 
sey 55.9504 0.23 8 В /9.1 0.70/50. 
0.34/40. 
1.00/30. 
SN 56.9524 0.33 8 В /8.1 0.30/60. 
0.60/30. 
0.80/30. 
58\/ 57.9567 0.20 $ В /11.6 
Sy 58.9593 0.13 8 В /9.9 0.90/80. 
soy 59.965 0.20 s В /14. 0.102-0.208 
өту 60.967 0.04 s 0.646 
Say 61.973 = 65 ms 
63\/ 62.977 >0.15 us 
ба >0.15 us 
zh 51.9961(6) 
Сг 42.0064 >0.35 ив 
^or 42.9977 21. ms 
^ Cr 43.9855 53. ms B*,(p)/10.3 p/0.95-3.1 
45Сг 44.9792 0.05 $ В”,р/12.5 712- ann.rad./ 
“Сг 45.96836 0.3 $ В*/7.60 ann.rad./ 
“Cr 46.96291 0.518 В*/7.45 3/2- апп.гаа./ 
48Cr 47.95404 21.6h EC/1.66 ann.rad./ 
0.116(2)/95. 
0.305(10)/100. 
“Сг 48.951341 42.3 т В*,ЕС/2.631 1.39/ 5/2- 0.476 ann.rad./ 
1.45/ 0.09064(1)/51. 
1.54/ 0.15293(1)/27. 
(0.062-1.6) 
50Cr 4.345(13) 49.946050 0+ 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
шөл 50.944772 27.70 d ЕС/0.7527 712- -0.934 0.3201/10.2 
52Сг 83.789(18) 51.940512 0+ 
53Cr 9.501(17) 52.940653 3/2- -0.47454 -0.15 
5Cr 2.365(7) 53.938885 0+ 
55Cr 54.940844 3.497 m В /2.603 2.5/ 3/2- 1.5282(2)/0.04 
(0.13-2.37) 
560r 55.94065 5.9m В /1.62 1.50/100. 0% 0.026(2)/100. 
0.083(3)/100. 
еј 56.9438 21.5 В /5.1 3.3/ 3/2- 0.0834 0.850/8. 
3.5/ (0.083-2,62) 
58Cr 57.9443 7.06 В /4.0 (0.131-0.683) 
BEC 0.10 ms (9/2*) 0.208ЛТ 
0.193 
0.102 
59Cr 58.9487 1.0s В m. 1.236 
60Cr 59.9497 0.6s В /6.0 
в1Сг 60.9541 0.265 В /8.8 0.354-1.860 
Ст 61.9558 0.195 В /7.3 0.285 
63Cr 62.962 0.11 $ 
4Cr 63.964 0.04 8 
Ст 64.970 20.15 us 
6Ст >0.15 us 
67Cr 
Мп 54.938049(9) 
“Mn 44.0069 <0.105 us 
45Мп 44.9945 «0.07 us 
48Мпу 45.9867 =41. ms p^A7.1 
“Мп 46.9761 =0.1 $ В*/12.3 
48 Мп 47.9689 0.15 $ B:/13.5 5.79/58. 4+ 
4.43/10. 
49Мп 48.95962 0.38 $ В*/7.72 6.69/ 5/2- ann.rad./ 
5omMn 1.74 m B*/7.887 3.54/ 5+ ann.rad./ 
1.0980/94. 
0.783/91. 
(0.66-3.11) 
5°Мп 49.954244 0.2835 В*/7.6330 6.61/ 0+ ann.rad./ 
5'Mn 50.948215 46.2 т B*,EC/3.208 2.2/ 5/2- 3.568 0.4 ann.rad./ 
0.7491(1)/0.26 
(1.148-1.164) 
52mMn 21.1m p*/98/5.09 2.631/ 2* 0.0076 ann.rad./ 
1.T./2/0.378 0.3778 (І.Т.) 
1.43406(1)/98. 
(0.7-4.8) 
52Мп 51.945570 5.5914 В*/4.712 0.575/ 6+ +3.063 +0.5 ann.rad./ 
EC/ 0.74421(1)/90. 
1.4341/100 
53Мп 52.941294 3.7х106у ЕС/0.5970 712- 5.024 
54Мп 53.940363 312.14 ЕС/1.377 3% %3.282 %0.33 0.8340/100 
55Мп 100. 54.938049 5/2- %3.4687 %0.32 
56Мпу 55.938909 2.579 h В /3.6954 0.718/18. 3% %3.2266 0.84675/99 
1.028/34. 1.81072(4)/27. 
2.113/14.5 
57Мп 56.938287 1.45 т В /2.691 5/2- 
58Mn 57.93999 65s В /6.25 3.8/ 3+ 0.45916(2)/20. 
5.1/ 0.81076(1)/82. 
1.32309(5)/53. 
59Мп 58.94045 4.6 $ В /5.19 4.5/ 0.471/ 
0.531-0.726 
ботМпу 1.77 8 ВЛТ 5.7/ 3- 0.824/ 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
воМп 59.9433 50. 5 В /8.6 0+ 1.969/ 
9'Mn 60.9446 0.67 s В 17.4 (5/2)- 
62Мп 61.9480 0.67 6 В /10.4 (3+) 0.877/ 
0.942-1.299 
$3Mn 62.9498 0.28 6 В /8.8 0.356,0.450 
батМру > 0.1 ms 0.135/IT 
ши 63.9537 87 тв В /11.8 0.746 
65Мп 64.9561 0.09 8 В /10. 0.366 
66Мп 65.961 66 ms 0.471 
67Мп 66.964 42 ms 
68 Мп 28 ms 
69Мп 14 тв 
aFe 55.845(2) 
“Ғе 45.0146 >0.35 us 
“Ғе 46.0008 “0.02 6 p*/13.1 
“Ғе 46.9929 “0.03 6 В*/15.6 
“Ғе 47.9806 = 44. ms В*/11.2 
“Ғе 48.9763 70. ms В*/13.0 (7/2-) ann.rad./ 
8? Fe 49.9630 0.15 s В*/8.2 0.651 
51Fe 50.95683 0.31 s В*/8.02 (5/2-) ann.rad./ 
шин 46. $ В*/4.4 (12+) ann.rad./ 
(0.622-2.286)/ 
9?Fe 51.94812 8.28 h В*/57/2.37 0.804/ 0+ ann.rad./ 
EC/43/ 0.16868(1)/99. 
LTJ 0.377 (І.Т.)/ 
53mFe 2.6m І.Т./3.0407 19/2- 0.7011(1)/99. 
1.0115(1)/87. 
1.3281(1)/87. 
2.3396(1)/13. 
S Fe 52.945312 8.51 т p*/3.743 2.40/42. 712- ann.rad./ 
2.80/57. 0.3779(1)/42. 
(1.2 - 3.2) 
“Ғе 5.845(35) 53.939615 0+ 
55Ре 54.938298 2.73 у ЕС/0.2314 3/2- 
5Ғе 91.754(36) 55.934942 0+ 
Бе 2.119(10) 56.935398 1/2- +0.0906 0.16 
58Fe 0.282(4) 57.933280 0+ 
Ғе 58.934880 44.51а В /1.565 0.273/48. 3/2- -0.336 1.099/57 
0.475/51. 1.292/43. 
(0.14-1.48) 
шин 59.934077 1.5х10 y В /0.237 0.184/100. 0% 0.0586/100 
simFe 0.25 ив (9/2+) 0.654ЛТ 
0.207 
«Ғе 60.93675 6.0 т В /3.98 2.5/13. 1.205/44. 
2.63/54. 1.028/43. 
2.80/31. (0.12-3.37) 
Fe 61.93677 68.s В /2.53 2.5/100. 0+ 0.5061(1)/100. 
Fe 62.9404 6.s В /6.3 5/2- 0.995/ 
(1.365-1.427) 
“Ғе 63.9411 2.0 8 В /4.9 
65тре 0.4 из (5/2-) 0.364/1T 
S Fe 64.9449 13s В /7.9 
Ғе 65.9460 0.44 6 В /5.7 0.471-1.425 
67т-е =0.04 тв (5/2-) 0.367ЛТ 
“Ғе 66.9500 0.48 6 В /8.8 0.189 
«Ғе 67.953 0.15 8 В /=7.6 
Fe 68.958 0.17 8 
торе >0.15 из 
пре >0.15 из 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
Тре >0.15 us 
„Со 58.933200(9) 
48Со 48.0018 
“Со 48.990 <0.035 ив 
50Co 49.9812 44. ms В*/17.0 2.03-2.79 
51Co 50.9705 >0.2 us p*/12.8 
52Со 51.9632 0.12 $ В*/14.0 0.849-1.942 
53mCo 0.25 $ B*,p/ 19/2- ann.rad./ 
53Со 52.95423 0.26 $ p*/8.30 7/2- ann.rad./ 
мтСо 1.46 т p*/8.44 4.25/100. 7% ann.rad./ 
0.411(1)/99. 
1.130(1)/100. 
1.408(1)/100. 
Со 53.948464 0.1932 8 p*/8.2430 7.34/100. 0+ ann.rad./ 
55Co 54.942003 17.53 һ B*/3.4513 0.53/ 7/2- *4.822 ann.rad./ 
EC/ 1.03/ 0.9312/75. 
1.50/ 0.4772/20. 
(0.092-3.11) 
56Со 55.939844 77.3 d В:/4.566 1.459/18. 4% 3.85 %0.25 ann.rad./ 
EC/ 0.8468/99.9 
1.2383/68. 
(0.26-3.61) 
5Со 56.936296 27184 ЕС/0.8361 712- +4.72 +0.5 0.12206/86 
(0.014-0.706) 
58тСо 911 І.Т/ 5+ 0.02489/0.035 
58Со 57.935757 70.88 а В*/2.307 2+ +4.04 +0.22 ann.rad./ 
EC/ 0.81076/99 
Со 100. 58.933200 7/2- *4.63 +0.41 
ботСо 10.47 т 1.Т./99.8/0.059 2% %4.40 *0.3 0.0586/2.0 
В /0.2/1.56 
Со 59.933822 5.271у В /2.824 0.315/99.7 5+ +3.799 +0.44 1.1732/100 
1.3325/100 
Со 60.932479 1.650 h В /1.322 1.22/95. 712- 0.0674/86. 
0.842-0.909 
62mCo 13.9m В / 0.88/25. 5+ 1.1635(3)/70. 
2.88/75. 1.1730(3)/98. 
2.0039(3)/19. 
800 61.93405 1.50 m В /5.32 1.03/10. 2% 1.1292(3)/13. 
1.76/5. 1.1730(3)/83. 
2.9/20. 1.9851(1)/3. 
4.05/60. 2.3020(1)/19. 
Co 62.93362 27.5s B /3.67 3.6/ 7/2- 0.08713(1)/49. 
0.9817(3)/2.6 
0.156-2.17 
“Со 63.93581 0.30 8 В /7.31 7.0/ 1% 
65Со 64.93648 1.14 $ В /5.96 (7/2)- 
ббт2 Со >0.1 т5 (8-) 0.252ЛТ 
0.214 
0.175 
бөг! Со 12 ив (5+) 0.175/1Т 
66Со 65.9398 0.25 8 В /10.0 (1.245-1.425) 
8'Co 66.9406 0.43 $ В /8.4 0.694 
68Со 67.9444 0.19 $ В /11.7 
Со 68.9452 0.20 8 В /9.3 
"Со 69.950 0.09 5 В 13. 
"Со 70.952 0.215 В 
72Со 71.956 0.09 $ В 
Со >0.15 us 
"Co 20.15 us 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
%Со »0.15 us 
Мі 58.6934(2) 
*9Ni 20.35 us 
SONI 49.9959 >0.3 us 
ЯМ 50.9877 »0.2 us p*/16.0 
52М| 51.9757 38. ms B:/11.7 
SSNi 52.9685 0.05 s В”,р/13.3 712- ann.rad./ 
S4Ni 53.95791 0.14 8 p*/8.80 0.937 
55Ni 54.95134 0.20 8 В*/8.70 7.66/ 712- ann.rad./ 
56М1 55.94214 6.08 4 ЕС/2.14 0+ 0.15838/99 
p*« 105 0.81185(3)/87. 
0.2695-0.7500 
S"NÍ 56.939800 35.6 h B*/3.264 0.712/10. 3/2- - 0.798 ann.rad./ 
EC/ 0.849/76. 1.3776/78. 
(0.127-3.177) 
58Ni 68.0769(89) 57.93534 O+ 
8 
59М| 58.934351 =7.6x104 EC/ 3/2- 
y 
SONI 26.2231(77) 59.93079 0+ 
0 
өткі 1.1399(6) 60.931060 3/2- -0.75002 +0.16 
S2Ni 3.6345(17) 61.928348 0+ 
в3М| 62.929673 100. у В /0.066945 0.065/ 1/2- 
9Ni 0.9256(9) 63.927969 0+ 
SSNi 64.930088 2.517 h В /2.137 0.65/30. 5/2- 0.69 0.36627(3)/5. 
1.020/11. 1.11553(4)/16. 
2.140/58. 1.48184(5)/23. 
S6Ni 65.92912 54.6 h В 10.23 0+ 
втту 13.3 ив 9/2% 0.313ЛТ 
0.694 
STNI 66.93157 21.8 В /3.56 3.8/ 1/2- +0.601 1.0722/100. 
1.6539/100. 
(0.10-1.98) 
S8m2Ni 0.34 us 0+ 0.511 
S8m1Ni 0.86 ms (5-) 0.814ЛТ 
2.033 
в8М| 67.93185 29. s В /2.06 
ENT 0.44 us (17/2) 0.148/IT 
0.593 
1.959 
S9m1Ni 3.5 8 
в9М| 68.9352 11.8 В /54 0.6807(3)/100. 
(0.207-1.213) 
тоту 0.21 us (8+) 0.183/IT 
0.448 
0.970 
1.259 
ШИ 69.9361 6.0 $ В /3.5 
Ni 70.9400 2.56 6 В /6.9 
М 71.9413 1.6 $ В /5.2 
Ni 72.946 0.84 s В 79. 
Ши 73.948 118 В 77. 
лм 74.953 = 0.47 5 
Ши! 75.955 = 0.24 $ 
ПМ 76.961 >0.15 us 
Ши! 77.964 20.15 us 
a Cu 63.546(3) 
52Си 51.9972 
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Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
S3Cu 52.9856 <0.3 us 
Си 53.9767 <0.075 ив 
Си 54.9655 20.2 us p*13.2 
Си 55.9586 0.08 5 В*/15.3 0.511/233 
2.700/100 
1.23-2.78 
5'Cu 56.94922 196. ms p*/8.77 3/2- 0.77-3.01 
58Си 57.944541 3.21 $ В*/8.563 4.5/15. 1+ ann.rad./ 
EC/ 7.439/83. 0.0403(4)/5. 
1.4483(2)/11. 
1.4546(2)/16. 
59Cu 58.939504 1.36 m p*/4.800 1.9/ 3/2- ann.rad./ 
3.75/ 0.3393(1)/8. 
0.8780(1)/12. 
1.3015(1)/15. 
(0.4 - 2.6) 
Cu 59.937368 23.7 m p*/6.127 2.00/69. 2* *1.219 ann.rad./ 
EC/ 3.00/18. 1.3325/88. 
3.92/6. 1.7915/45. 
(0.12-5.048) 
Си 60.933462 3.35 h В*/2.237 0.56/3. 3/2- +2.14 ann.rad./ 
0.94/5. 0.2830/13. 
1.15/2. 0.6560/11. 
1.220/51. (0.067-2.123) 
Си 61.932587 9.67 т В*/98/3.948 2.93/98. 1+ -0.380 ann.rad./ 
EC/ 1.17302(1)/0.6 
(0.87-3.37) 
Cu 69.17(3) 62.929601 3/2- %2.2233 -0.211 
%Cu 63.929768 12.701 h В /39/0.579 0.578/ 1% -0.217 ann.rad./ 
В*/19/1.6751 0.65/ 1.3459(3)/0.6 
ЕС/41/ 
Си 30.83(3) 64.927794 3/2- +2.3817 -0.195 
Си 65.928873 5.09 т В /2.642 1.65/6. 1% -0.282 0.8330(1)/0.22 
2.7194. 1.0392(2)/9.2 
"Си 66.92775 2.580 а В /0.58 0.395/56. 3/2- 0.09125(1)/7. 
0.484/23. 0.09325(1)/17. 
0.577/20. 0.18453(1)/47. 
$8mCu 3.79 m І.Т./86/ 6- 0.0843(5)/70. 
В /14/1.8 0.1112(5)/18. 
0.5259(5)/74. 
(0.64-1.34) 
$8Cu 67.92964 31.5 В /4.46 3.5/40. 1% 1.0774(5)58. 
4.6/31. 1.2613(5)/17. 
(0.15-2.34) 
вөнС 0.36 us (13/ 0.075/IT 
2%) 
0.190ЛТ 
0.680 
1.871 
Си 68.92943 2.8 т В /2.68 2.48/80. 3/2- %2.84 0.5307(3)/3. 
0.8340(5)/6. 
1.0065(8)/10. 
romCu 47.5 p! 2.52/10. 5- 0.8848(2)/100. 
0.9017(2)/90. 
1.2517(5)/60. 
(0.39-3.06) 
Си 69.93241 5. $ В /6.60 5.42/54. 1+ 0.8848(2)/54. 
6.09/46. 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
TiCu 0.28 us (19/2) 0.133/IT 
0.494 
0.939 
1.189 
"Си 70.93262 20. $ В /4.56 3/2- 0.490/ 
72mCu 1.76 us (4-) 0.051/IT 
0.082 
0.138 
Cu 71.9357 6.6 s В /8.2 (1+) 0.652/ 
Си 72.9365 4.2 $ В /6.3 5.8/43 0.450/100 
6.25/42 0.307-1.559 
"Cu 73.9401 1.6s В /9.9 
Cu 74.9414 12 $ В /7.9 
"Си 75.9455 0.64 5 В /11. 
"Си 76.947 0.475 В /=10. 
Cu 77.952 0.34 s В /12. 
Си 78.954 0.19 $ В /11. 
Си 79.962 20.15 us 
оп 65.39(2) 
“Zn 53.9929 
55211 54.9840 
567г 55.9724 0.045 
577п 56.9649 0.04 8 B*,p/14.6 (7/2-) ann.rad./ 
5871 57.9546 0.09 6 p 
sn 58.94927 183. ms B*,p/9.09 8.1/ 3/2- ann.rad./ 
(0.491-0.914) 
6071 59.94183 2.40 т B*/97/4.16 0+ ann.rad./ 
EC/3/ 0.669/47. 
(0.062-0.947) 
612п 60.93951 1.485 т В*/5.64 4.38/68. 3/2- ann.rad./ 
0.474817. 
(0.15-3.52) 
6221 61.93433 9.22 h p*/3/1.63 0.66/7. 0+ ann.rad./ 
ЕС/93/ 0.0408/25 
0.5967/26. 
(0.20-1.526)/ 
6371 62.933215 38.5 т p*/93/3.367 1.02/ 3/2- -0.28164 %0.29 ann.rad./ 
ЕС/7/ 1.40/ 0.66962(5)/8.4 
1.71/ 0.96206(5)/6.6 
2.36/84. (0.24-3.1) 
1241) 48.63(60) 63.929146 0+ 
657 п 64.929245 243.8 а p*/98/1.3514 0.325/ 5/2- %0.7690 -0.023 ann.rad./ 
EC/1.5/ 1.116/50.8 
667г 27.90(27) 65.926036 0+ 
677п 4.10(13) 66.927131 5/2- %0.8755 *0.15 
6871 18.75(51) 67.924847 0+ 
69mZn 13.76 h 1.T./99+/0.439 9/2+ 0.4390(2)/95. 
6971 68.926553 56. т В /0.906 0.905/99.9 1/2- 0.318/ 
Zn 0.62(3) 69.925325 0+ 
ША, 3.97 h В / 1.45/ 9/2+ 0.3864/93. 
0.4874/62. 
0.6203/57. 
(0.099-2.489) 
"Zn 70.92773 24m В /2.81 1/2- 0.5116(1)/30. 
0.9103(1)/7.5 
(0.12-2.29) 
7221 71.92686 46.5 h В /0.46 0.25/14. 0% 0.0164(3)/8. 
0.30/86. 0.1447(1)/83. 


0.1915(2)9.4 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
теп 6. $ 1.Т./0.196 (7/2%) 0.042 
"Zn 72.92978 24.6 В /4.29 4.71 (1/2-) 0.216(1)/100. 
0.496-0.911 
"Zn 73.92946 1.60 m В /2.3 2.1/ 0.0565/ 
0.1401/ 
(0.05-0.35) 
"Zn 74.9329 10.2 $ В /6.0 0.229/ 
7621 75.9334 5.7 $ В /4.2 3.6/ 0.119/ 
ШУЛ 1.05 p (1/2-) 0.772 
"Zn 76.9371 2.1 8 В /7.3 4.8/ 0.189/ 
твт п >0.03 тѕ 1.070 
7821 77.9386 1.55 В /6.4 0.225/ 
Zn 78.9421 1.0s В /8.6 0.702/ 
8071 79.9444 0.54 6 В /7.3 0.713/ 
0.2248/ 
87 80.9505 0.29 6 В /11.9 
8271 81.9548 20.15 us 
8371 20.15 us 
аба 69.723(1) 
Ga 55.9949 
57ба 56.9829 
Ga 57.9742 
Ga 58.9634 
Ga 59.9571 
еба 60.9492 0.15 8 p*/9.0 3/2- 
82ба 61.94418 0.116 8 В*/9.17 8.3/ 0+ ann.rad./ 
EC/ 
Ga 62.9391 32. $ В*/5.5 4.5/ ann.rad./ 
EC/ 0.6271(2)/10. 
0.6370(2)/11. 
1.0652(4)/45. 
бтба 0.022 ms 0.0429 
$^ Ga 63.936838 2.63 т В*/7.165 2.79/ 0+ ann.rad./ 
6.05/ 0.80785(1)/14. 
0.99152(1)/43. 
1.38727(1)/12. 
3.3659(1)/13. 
ба 64.9394 15.2 т В*/86/3.255 0.82/10. 3/2- ann.rad./ 
EC/ 1.39/19. 0.1151(2)/55. 
2.113/56. 0.1530(2)/96. 
2.237/15. 0.2069(2)/39. 
(0.06-2.4) 
Ga 65.931592 95h В*/56/5.175 0.74/1. 0+ ann.rad./ 
EC/43/ 1.84/54. 1.03935(8)/38. 
4.153/51. 2.7523(1)/23. 
(0.28-5.01) 
"Ga 66.928205 3.260 d EC/1.001 3/2- %1.8507 0.20 0.09332/37. 
0.18459/20. 
0.30024/17. 
(0.091-0.89) 
68а 67.927983 1.130 h В*/90/2.921 1.83/ 1+ 0.01175 0.028 ann.rad./ 
EC/10/ 1.0774(1)/3. 
(0.57-2.33)/ 
Ga 60.108(9) 68.925581 3/2- %2.01659 +0.17 
"ба 69.926027 21.1 т ЕС/0.2/0.655 1% 0.1755(5)/0.15 
В /99.8/1.656 1.65/99. 1.042(5)/0.48 
"ба 39.892(9) 70.924707 3/2- +2.56227 *0.11 
72ба 71.926372 14.10 h В /4.001 0.64/40. 3- -0.13224 *0.5 0.62986(5)/24. 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.51/9. 2.2016(2)/26. 
2.5218. 2.5077(2)/12.8 
3.15/11. (0.11-3.3)/ 
зба 72.92517 74.87 h В /1.59 3/2- 0.05344(5)/10. 
0.29732(5)/47. 
(0.01-1.00)/ 
тат ба 10.5 І.Т/ 1% 0.0565(1)/75. 
"Ga 73.92694 8.1m В 54 2.6/ 3- 0.5959/92. 
2.354/45. 
(0.23-3.99) 
"ба 74.92650 210т В /3.39 3.3/ 3/2- 0.2529/ 
0.5746/ 
(0.12-2.10) 
"ба 75.9289 29.5 В /7.0 3- 0.5629/66. 
0.5455/26. 
(0.34-4.25) 
"Са 76.9293 13.0 $ В /5.3 5.2/ 0.469/ 
0.459/ 
"ба 77.9317 5.09 5 В /8.2 3+ 0.619/77. 
1.187/20. 
Ga 78.9329 2.85 6 В /7.0 4.6/ 0.465/ 
Ga 79.9366 1.68 6 В /10.4 10./ 0.659/ 
"ба 80.9377 1.22 $ В /8.3 5.1/ 0.217/ 
82ба 81.9432 0.599 s В 12.6 1.348/ 
83ба 82.9469 0.308 8 В /= 11.5 
“Ga 83.952 =0.085 s B /14 
Ga >0.15 us 
ба 20.15 us 
„бе 72.64(1) 
58Се 57.9910 
бе 58.9817 
Ge 59.9702 
61Ge 60.9638 0.04 s p*/13.6 
Ge 62.9496 0.10 8 В /9.8 
ебе 63.9416 1.06 т p4.4 3.0/ 0+ ann.rad./ 
EC/ 0.1282(2)/11. 
Вр 0.4270(3)/37. 
0.6671(3)/17. 
Ge 64.9394 31.6 В*/6.2 0.82/10. ann.rad./ 
EC/ 1.39/19. 0.0620/27. 
ЕС,р 2.113/56. 0.6497/33. 
2.237/15. 0.8091/21. 
(0.19-3.28) 
%Ge 65.93385 2.26 h В*/27/2.10 0+ ann.rad./ 
ЕС/73/ 0.0438/29. 
0.3819/28. 
(0.022-1.77) 
67бе 66.932738 19.0 т p*/96/4.225 1.6/ 1/2- ann.rad./ 
ЕС/4/ 2.3/ 0.1670/84. 
3.15/ (0.25-3.73) 
68Ge 67.92810 270.8 d EC/0.11 0+ Ga k x-ray/39. 
Се 68.927973 1.63 а В*/36/2.2273 0.70/ 5/2- 0.735 0.02 ann.rad./ 
EC/64/ 1.2/ 0.574/13. 
1.1068/36. 
(0.2-2.04) 
Ge 20.84(87) 69.924250 O+ 
"тбе 20.4 т5 1.T./0.0234 9/2+ 0.1749 
"бе 70.924954 1124 ЕС/0.229 1/2- %0.547 
72Се 27.54(34) 71.922076 0+ 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
"Ge 7.73(5) 72.923460 9/24 -0.879467 -0.17 
"Ge 36.28(73) 73.921178 0+ 
75тбе 48. $ І.Т/ 7/2% 0.13968(3)/39. 
бе 74.922860 1.380 ћ В 11.177 1.19/ 1/2- +0.510 0.26461(5)/11. 
0.41931(5)/0.2 
бе 7.61(38) 75.921403 =1х102у B-B- 0+ 
77mGe 53. $ 1.Т./20/ 1/2- 1.605/0.22 
В /80/2.861 2.9/ 1.676/0.16 
0.195-1.482 
"Се 76.923549 11.25 h В /2.702 0.71/23. 7/2% 0.2110/29. 
1.38/35. 0.2155/27. 
2.19/42. 0.2644/51. 
(0.15-2.35) 
Ge 77.922853 1.45 һ В /0.95 0.70/ 0+ 0.2773(5)/96. 
0.2939(5)/4. 
7этбе 39. $ p T 7/2+ 
Ge 78.9254 19.16 В /4.2 4.0/20. 1/2- 0.1096/21. 
4.3/80. (0.10-2.59) 
0.5427(4)/15. 
бе 79.92545 29.56 В /2.67 2.4/ 0+ 0.1104(4)/6. 
0.2656(4)/25. 
зтбе =7.65 В 3.75/ 1/2+ 0.3362(4)/ 
0.7935(4)/ 
“бе 80.9288 “7.66 В /6.2 3.44/ 9/2* 0.1976(4)/21. 
0.3362(4)/100. 
?Ge 81.9296 46s В 47 0+ 1.093/ 
83Се 82.9345 1.9 $ В /8.9 
“Ge 83.9373 0.98 s pm 
8бе 84.943 0.54 5 В 710. 
Ge 85.946 >0.15 us 
87бе »0.15 us 
Ge >0.15 us 
Се >0.15 из 
"m 74.92160(2) 
60А5 59.993 
STAS 60.981 
62А5 61.9732 
SAS 62.9637 
SAS 63.9576 >1.2 us 
65А5 64.9495 0.19 8 В*/9.4 
66т2Д5 1.9 us 
6бт1 Аб 0.018 ms 
$9As 65.94410 95.8 ms p*/9.55 
STAs 66.9392 42.6 p*/6.0 5.0/ 5/2- 0.121/ 
ЕС/ 0.123/ 
0.244/ 
SAS 67.9368 2.53 m p*/8.1 3% ann.rad./ 
0.652/32. 
0.762/33. 
1.016/77. 
(0.61-3.55) 
SAS 68.93228 15.2 т p*/98/4.01 2.95/ 5/2- 1.6 ann.rad./ 
EC/2/ 0.0868(5)/1.5 
0.1458(3)/2.4 
AS 69.93093 52.6 m В*/84/6.22 1.44/ 4+ +2.1061 +0.09 ann.rad./ 
EC/16/2.14 1.0395(7)/82. 
12.89 (0.17-4.4)/ 
"As 70.927114 2.72 4 p*/32/2.013 5/2- %1.6735 -0.02 ann.rad./ 
EC/68/ 0.1749(2)/84. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.0957(2)/4.2 
Аз 71.926753 26.0 h В*/77/4.356 0.669/5. 2- -2.1566 -0.08 ann.rad./ 
1.884/12. 0.83395(5)/80. 
2.498/62. 1.0507(1)/9.6 
3.339/19. (0.1-4.0) 
BAS 72.923825 80.34 ЕС/0.341 3/2- 0.0133/0.1 
0.0534/10.5 
бе К х-гау/90. 
"As 73.923829 17.78 d p*/31/2.562 0.94/26. 2- -1.597 ann.rad./ 
ЕС/37/ 1.53/3. 0.59588(1)/60. 
В /1.353 0.71/16. 0.6084(1)/0.6 
1.35/16. 0.6348(1)/15. 
75тД5 0.017 s 
75А5 100. 74.921597 3/2- %1.43947 +0.31 
76А5 75.922394 26.3 h В /2.962 0.54/3. 2- -0.903 0.5591(1)/45. 
1.785/8. 0.65703(5)/6.2 
2.410/36. 1.21602(1)/3.4 
2.97/51. (0.3-2.67) 
TAS 76.920648 38.8 h В /0.683 0.70/98. 3/2- +1.295 0.2391(2)/1.6 
0.2500(3)/0.4 
0.5208/0.43 
PAS 77.92183 1.512 h В /4.21 3.00/12. 2- 0.6136(3)/54. 
3.70/17. 0.6954(3)/18. 
4.42/37. 1.3088(3)/10. 
79"А5 1.21 us 9/2* 0.542ЛТ 
0.231 
79А5 78.92095 9.0 т В /2.28 1.80/95. 3/2- 0.0955(5)/16. 
0.3645(5)/1.9 
80А5 79.92258 16. $ В /5.64 3.38/ 1+ 0.6662(2)/42. 
(2.5-3.0) 
81As 80.92213 33. s B /3.856 3/2- 0.4676(2)/20. 
0.4911(2)/8. 
821А5 13.7 8 В / 3.6/ 5- 0.6544(1)/72. 
0.8186(4)/27. 
1.7313(2)/27. 
1.8954(2)/38. 
82А5 81.9246 19. $ В /7.4 7.2180. 1+ 0.6544(1)/15. 
83А5 82.9250 13.4 $ В /5.5 0.7345/100. 
1.1131/34. 
2.0767/28. 
84mAg 0.6 $ p 
9 As 83.9291 4.6 В, п/7.2 1- 0.6671(2)/21. 
1.4439(5)/49. 
(0.325-5.150) 
85А5 84.9318 2.03 $ В, п/8.9 3/2- 0.667(1)/42. 
1.4551(2)/100. 
SAs 85.9362 0.95 s В, п/11.4 0.704/ 
87Ав 86.9396 0.49 8 B n/10. 0.704/ 
88А5 87.945 20.15 us 
89А5 88.949 20.15 us 
SAS >0.15 us 
As >0.15 us 
92А5 >0.15 us 
„бе 78.96(3) 
555е 64.965 0.011 s p*/60/14. 
B*, р 3.55/ 
бебе 65.9552 
9'Se 66.9501 0.06 s p*/10.2 ann.rad./ 
B*,(p)/ 0.352 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
%5е 67.9419 36. 6 В*/4.7 ann.rad./ 
(0.050-0.426) 
8 Se 68.93956 2745 p*/6.78 5.006/ ann.rad./ 
EC/ 0.0664(4)/27. 
0.0982(4)/63. 
Se 69.9335 411т В*/2.4 0+ ann.rad 
0.04951(5)/35. 
0.4262(2)/29. 
"Se 70.9319 4.7 т В*/4.4 3.4/36. 5/2- апп.гаа 
ЕС/ 0.1472(3)/47. 
0.8309(3)/13. 
1.0960(3)/10. 
725е 71.92711 8.5 а ЕС/0.34 0+ 0.0460(2)/57. 
7зтбе 40. т І.Т./73/0.0257 0.85 3/2- ann.rad. 
p"27/2.77 1.45/ 0.0257(2)/27. 
1.70/ 0.2538(1)/2.5 
75е 72.92678 7.1h p"65/2.74 0.80/ 9/2* 0.86 ann.rad 
EC/35/ 1.32/95. 0.0670(1)/72. 
1.68/1. 0.3609(1)/97. 
(0.6-1.5) 
"Se 0.89(4) 73.922477 0+ 
7586 74.922524 11978 а ЕС/0.864 5/2+ 0.67 1.0 0.13600/55 
0.26465/58 
(0.024-0.821) 
Se 9.37(29) 75.919214 0+ 
тте 17.4 $ І.Т/ 7/2% 0.1619(2)/52. 
"Se 7.63(16) 76.919915 1/2- %0.53506 
7856 23.77(28) 77.917310 0+ 
7эт5е 3.92 т 1.Т/ 0.09573(3)/9.5 
795е 78.918500 1.1x108 у В /0.151 7/2% -1.018 %0.8 
Se 49.61(41) 79.916522 0+ 
81тбе 57.3 т І.Т./99/0.1031 7/2% 0.1031(3)/9.7 
0.2602(2)/0.06 
0.2760/0.06 
85е 80.917993 18.5 т В /1.585 1.6/98. 1/2- 0.2759/0.85 
0.2901/0.75 
0.8283/0.32 
8256 8.73(22) 81.916700 -1х10%у BB 0+ 
Втбө 1.17 m В /3.96 2.88/ 1/2- 0.35666(6)/17. 
3.92/ 0.9879(1)/15. 
1.0305(1)/21. 
2.0514(2)/11. 
(0.19-3.1) 
Se 82.919119 22.3 m В /3.668 0.93/ 9/2* 0.22516(6)/33. 
1.51/ 0.35666(6)/69. 
0.51004(8)/45. 
(0.21-2.42) 
“Se 83.91847 3.3 m B 71.83 1.41/100. 0% 0.4088(5)/100. 
Se 84.92225 32. s B /6.18 5.9/ 5/2+ 0.3450(1)/22. 
0.6094(1)/41. 
85е 85.92428 15. $ В /5.10 5/2+ 2.0124(1)/24. 
2.4433(8)/100. 
2.6619(1)/49. 
9'Se 86.92853 54s В /7.28 0.468(1)/100. 
nl 1.4979(1)/23. 
88Se 87.93143 1.58 В ,n/6.85 0.5346/ 
8956 88.9360 0.41s В ,n/9.0 
Se 89.9394 >0.15 us 
"Se 90.945 0.27 s В .n/8. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
9256 91.949 20.15 us 
8Se >0.15 us 
“Se >0.15 us 
ss Br 79.904(1) 
67Вг 66.9648 
68Вг 67.958 «1.2 us 
Вг 68.9502 <0.024 us B*/9.6 
Br 69.9446 79. ms p*/10.0 10.75 
“Br 70.9392 21.6 В “6.9 
172Вг 71.9365 1.31 m В*/8.7 3 20.55 0.4547-1.3167 
"Br 72.9318 3.4 т В*/4.7 3.7/ 3/2- ann.rad 
0.065-0.700 
74тВг 46. т В“ 4.5/ 4- 1.82 ann.rad 
0.6348 
0.7285 
(0.2 - 4.38) 
“Br 73.92989 25.4 т p*/6.91 ann.rad 
0.6341 
0.6348 
(0.2-4.7) 
75Вг 74.92578 1.62 h B*/76/3.03 3/2- +0.75 ann.rad 
0.28650 
(0.1-1.56) 
TémBr 14s 1.Т./5.05 4% 0.104548 
0.05711 
Bt 75.92454 16.0h B*/57/4.96 1.9/ 1- 0.54821 0.270 ann.rad 
3.68/ 0.55911 
1.85368 
(0.4-4.6) 
7™Br 4.3 т І.Т./0.1059 9/2% 0.1059 
“Br 76.921380 2.376 d EC/99/1.365 3/2- 0.973 +0.53 ann.rad. 
0.23898 
0.52069 
(0.08-1.2) 
78Вг 77.921146 6.45 т В*/92/3.574 1.2/ 1+ 0.13 ann.rad. 
EC/8/ 2.5/ 0.61363 
(0.7-3.0) 
79тВг 4.86 $ І.Т./0.207 9/2% 0.2072 
Br 50.69(7) 78.918338 3/2- +2.10640 +0.331 
0 
somBr 4.42 h І.Т./0.04885 5- %1.3177 *0.75 Br К x-ray 
0.03705/39.1 
0.04885/0.3 
8) Br 79.918530 17.66 m В /92/2.004 1.38 В /7.6 1* 0.5140 0.196 ann.rad. 
EC/5.7/1.8706 1.99 В /82 0.6169/6.7 
B*/2.6/ 0.85 p*/2.8 (0.64-1.45) 
81Вг 49.31(7) 80.916291 3/2- +2.27056 +0.276 
2 
82mBr 6.1m 1.T./98/0.046 2- 0.046/0.24 
В /2/3.139 (0.62-2.66) 
"Br 81.916805 1.471 d В /3.093 0.444/ 5- *1.6270 0.751 0.5544/71 
0.61905/43 
0.77649/84 
(0.013-1.96) 
83Br 82.915181 240h В /0.972 0.395/1 3/2- 0.52964 
0.925/99 (0.12-0.68) 
Бай 6.0 т В /4.97 2.2/100 (6-) 0.4240/100 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.8817/98 
1.4637/101 
“Br 83.91651 31.8 m B /4.65 2.70/11 2- 2. 0.8816/41 
3.81/20 1.8976/13 
4.63/34 (0.23-4.12) 
85Вг 84.91561 2.87 т В /2.87 2.57 3/2- 0.80241/2.56 
0.92463/1.6 
(0.09-2.4) 
86Вг 85.91880 55.5 $ В /7.63 3.3 (2-) 1.56460/64 
74 2.75106/21 
(0.5-6.8) 
87Вг 86.92072 55.6 $ В /6.85 6.1/ 3/2- 1.41983 
n/ 1.4762 
(0.2-6.1) 
88тВг 5.1 us 
88Вг 87.92407 16.3 $ В /8.96 1- 0.7649 
n/ 0.7753 
0.8021 
(0.1-6.99) 
"Br 88.92640 4.35 6 В /8.16 3/2- 0.7753 
n/ 1.0978 
Br 89.9306 1.91 s B 710.4 8.3/ 2- 0.6555 
n/ 9.8/ 0.7071 
1.3626 
Br 90.9339 0.54 s В /90/9.80 0.263 
В п/10/ 0.803 
92Вг 91.9392 0.31 $ В /12.20 0.740 
В м 
Br 92.9431 0.10 s В п/11.1 
“Br 93.9487 0.07 s В п/ 
95Вг >0.15 us 
%Вг »0.15 us 
Br >0.15 us 
s Kr 83.80(1) 
Кг 68.9653 0.03 s В" (р) 4.07/ 
Кг 69.9560 >1.2 us 
"Kr 70.9505 100. ms B*,EC/10.1 (0.198-0.207) 
Кг 71.9419 17. $ p*/5.0 0- апп.гаа 
ЕС/ 0.3100/29 
0.4150/36 
(0.12-0.58) 
Kr 72.9389 28. 5 p*/6.7 5/2- ann.rad. 
EC/ 0.1781/66 
B*,p/ 10.25 (0.06-0.86) 
14КГ 73.9333 11.5 m p*/3.1 0+ ann.rad. 
EC/ 0.08970/31 
0.2030/20 
(0.010-1.06) 
75Кг 74.93104 4.3 т p*/4.90 3.2/ 5/2+ - 0.531 + 1.1 ann.rad. 
EC/ 0.1325/68 
0.1547/21 
(0.02-1.7) 
Кг 75.92595 14.8 h ЕС/1.31 0+ Br К х-ау 
0.270/21 
0.3158/39 
(0.03-1.07) 
"Кг 76.92467 1.24 h B*/80/3.06 5/2+ - 0.583 + 0.9 ann.rad. 
EC/20/ 1.55/ 0.1297/80 
1.70/ 0.1465/38 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.87/ (0.02-2.3) 
78Kr 0.35(1) 77.92039 >0.9х10% ВВ 0+ 
у 
79тКг 53. $ І.Т./0.1299 712+ - 0.786 + 0.40 Кг х-гау 
79Kr 78.920083 1.455 d p/7/1.626 1/2- * 0.536 ann.rad. 
ЕС/93/ 0.2613/13 
0.39756/19 
0.6061/8 
(0.04-1.3) 
80Kr 2.28(6) 79.916379 0+ 
екг 13.16 І.Т./0.1904 1/2- * 0.586 0.1904 
Кг 80.916593  2.1x105y ЕС/0.2807 7/2+ - 0.908 + 0.63 Вг К х-гау 
0.2760 
82Кг 11.58(14) 81.913485 0+ 
83mKr 1.86 h 1.T./0.0416 1/2- + 0.591 Kr k x-ray 
0.00940 
0.03216 
83Kr 11.49(6) 82.914137 9/2+ -0.970699 +0.253 
КЕ 57.00(4) 83.911508 0+ 
s5mKr 4.48 h В /79/ 0.83/79 1/2- * 0.633 0.30487 
1.T./21/0.305 0.15118 
85Кг 84.912530 10.73 у В /0.687 0.15/0.4 9/2+ 1.005 +0.43 0.51399 
86Kr 17.30(22) 85.910615 0+ 
87Кг 86.913359 1.27 h В /3.887 1.33/8 5/2+ -1.023 - 0.30 0.40258/49.6 
3.49/43 2.5548/9.2 
3.89/30 (0.13-3.31) 
88Kr 87.91445 2.84 h В /2.91 0+ 0.19632/26. 
2.392/34.6 
(0.03-2.8) 
88Kr 88.91764 3.15 т B /4.99 3.8/ 5/2+ - 0.330 + 0.16 0.19746 
4.6/ 0.2209/19.9 
4.9/ 0.5858/16.4 
1.4728/6.8 
(0.2-4.7) 
Kr 89.91953 32.3 s В 74.39 2.6/77 0% 0.12182/32.9 
2.8/6 0.5395/28.6 
1.1187/36.2 
(0.1 - 4.2) 
“Kr 90.9234 8.6 s В /6.4 4.33/ 5/2+ - 0.583 + 0.30 0.10878/43.5 
4.59/ 0.50658/19. 
(0.2-4.4) 
92Кг 91.92611 1.84 $ В /5.99 0.1424/66. 
ni (0.14 - 3.7) 
Kr 92.9312 1.29 s B /8.6 7.1/ 1/2* - 0.413 0.1820 
n/ 0.2534/42. 
0.32309/24.6 
(0.057-4.03) 
“Kr 93.9343 0.21 s В /7.3 0.2196/67 
0.6293/100. 
- 0.410 (0.098-0.985) 
95Кг 94.9397 0.78 $ В /9.7 
%Kr 95.9431 > 50 ms 
%Kr 96.9486 < 0.1 $ В. 
98Кг >0.15 us 
Kr >0.15 us 
100Kr >0.15 us 
ВЫ 85.4678(3) 
"Rb 70.9653 
7Rb 71.9591 «1.2 us 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
Rb 72.9504 «0.03 us 
“Rb 73.9445 65. ms В*/10.4 
Ы) 74.93857 19. ѕ В*/7.02 2.31/ апп. гаа. 
0.179 
Шо) 75.93508 39. 5 p*/8.50 4.7/ 1- -0.372623 +0.4 ann.rad. 
0.4240/92. 
(0.064-1.68) 
"Rb 76.93041 3.8m p*/5.34 3.86/ 3/2- *0.65446 *0.70 ann.rad. 
8 
0.0665/59 
(0.04 - 2.82) 
"Вр 5.7 т І.Т./0.1034 4- %2.549 *0.81 ann.rad. 
p 3.4 0.4553/81. 
EC/ (0.103-4.01) 
78Rb 77.92814 17.7 m В*/7.22 0+ ann.rad. 
EC/ 0.4553/63. 
(0.42-5.57) 
окр 78.92400 23. т p*/84/3.65 5/2+ +0.3358 -0.10 ann.rad. 
EC/16/ 0.68812/23. 
(0.017-3.02) 
Қр 79.92252 34. 5 В*/5.72 4.1/22 1+ -0.0836 +0.35 ann.rad. 
4.7174 0.6167/25. 
твр 30.5 т 1.Т./0.85 1.4 9/2% %5.598 -0.74 ann.rad. 
p^ EC/ (0.085-1.9) 
8'Rb 80.91900 4.57 h В*/27/2.24 1.05/ 3/2- +2.060 +0.40 ann.rad./ 
EC/73 0.19030/64. 
(0.05 - 1.9) 
в2т р 6.47 h В*/26/ 0.80/ 5- +1.5100 +1.0 ann.rad./ 
ЕС/74/ 0.5544/63. 
0.7765/85. 
(0.092 - 2.3) 
s2Rb 81.91821 1.258 m B*/96/4.40 3.3/ 1+ 40555450 40.19 ann.rad./ 
8 
ЕС/4/ 0.7665/13. 
(0.47 - 3.96) 
8 Rb 82.91511 86.2d ЕС/0.91 5/2- 31,425 +0.20 Kr x-ray 
0.5205/46. 
(0.03-0.80) 
%mRb 20.3m І.Т./0.216 6- %0.2129 %0.6 0.2163/34. 
0.2482/63. 
0.4645/32. 
“Rb 83.914387 32.9 d В*/22/2.681 0.780/11 2- -1.32412 -0.015 ann.rad./ 
EC/75/ 1.658/11 0.8817/68. 
В /3/0.894 0.893/ (1.02-1.9) 
85Rb 72.17(2) 84.911792 5/2- *1.353 %0.23 
вт р 1.018 т І.Т./0.5560 6- %1.815 %0.37 0.556/98. 
Rb 85.911170 18.65 d B /1.775 1.774/8.8 2- -1.6920 +0.19 1.0768/8.8 
*'Rb 27.83(2) 86.909186 4.88х1079 В /0.283 0.273/100 3/2- %2.7512 *0.13 
y 
88Rb 87.911323 17.7m B /5.316 5.31 2- 0.508 0.8980/14. 
1.8360/21. 
(0.34-4.85) 
окр 88.91229 15.4 т В /4.50 1.26/38 3/2- +2.304 +0.14 1.032/58. 
1.9/5 1.248/42. 
2.2/34 2.1960/13 
4.49/18 (0.12-4.09) 
somRb 4.3 т В /4.50 1.7/ 4- +1.616 +0.20 0.1069(IT) 
6.5/ 0.8317/94 
(0.20-5.00) 


11-77 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
Rb 89.91481 2.6 m В /6.59 6.6 1- 0.8317/28. 
(0.31-5.60) 
эь 90.91649 58.05 В /5.861 5.9 3/2- %2.182 %0.15 0.0936/34. 
(0.35-4.70) 
Бр 91.91968 4.48 6 В /8.11 8.1/94 1- 0.814818. 
(0.1-6.1) 
Rb 92.92195 5.85 s В /7.46 7.4/ 5/2 *1.410 +0.18 0.2134/4.8 
п/1 0.4326/12.5 
0.9861/4.9 
(0.16-5.41) 
“Rb 93.92643 2.71s В /10.31 9.5/ 3 21,498 +0.16 0.8369/87. 
n/10 1.5775/32. 
(0.12-6.35) 
Rb 94.92929 0.377 s B /9.30 8.6/ 5/2 +1.334 +0.21 0.352/65. 
n/8 0.680/22. 
(0.20-2.27) 
%mRb 1.7 us 0.2999 
0.4612 
0.2400 
0.093-0.369 
%Rb 95.93427 0.199 s B /11.76 10.8/ 2+ +1.466 +0.25 0.815/76. 
BSS (020542) — 
Ур 96.937 33 0.169 5 В /10.42 10.0 3/2 +1.841 +0.58 0.167/100. 
п/27/ 0.585/79. 
0.599/56. 
1.258/52. 
(0.14-2.08) 
%Rb 97.94174 0.107 s В /12.34 0.144/ 
n/13 (0.07-3.68) 
“SRD — 98.9453 59ms BINS 
ҚЫ 99.9499 53. тв В /13.5 
Ш) 100.9532 0.03 8 В 711.8 
102Rb 101.9592 0.09 s Bo 
БЕСІ 87.62(1) 
735г 72.966 > 25 тѕ 
145г 73.9563 21.2 us 
755г 74.9499 = 0.07 $ 
,%5$ у в 89s у —] 
"Sr 76.9378 9.0 8 В*/6.9 5.6 -0.35 +1.4 0.147 
785г 77.93218 2.7 т В*/3.76 (0.047-0.793) 
795г 78.92971 2.1 т p5.32 4.1 3/2- -0.474 *0.74 ann.rad./ 
0.039/28. 
0.105/22. 
(0.135-0.612) 
805г 79.92453 1.77 h В*/1.87 0+ ann.rad./ 
0.174/10. 
0.589/39. 
(0.24-0.55) 
815г 80.92322 22.3 т B*/87/3.93 2.43/ 1/2- +0.544 ann.rad./ 
EC/13/ 2.68/ 0.148/31. 
0.1534/35 
(0.06-1.7) 
82Sr 81.91840 25.36 d EC/0.18 Rb x-ray 
83mSr 5.08 І.Т./0.2591 1/2- %0.582 0.2591/87.5 
835г 82.91756 1.350 4 В*/24/2.28 0.465/ 7/2% -0.898 %0.79 ann.rad./ 
EC/76/ 0.803/ 0.3816/12. 
1.227/ 0.3816 
0.7627/30. 
(0.094-2.15) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
8545г 0.56(1) 83.913426 0+ 
таг 1.127 h I.T/87/0.2387 1/2- *0.601 0.2318/84. 
ЕС/13 (0.15-0.24) 
855г 84.912936 64.85 а ЕС/1.065 9/2% -1.001 %0.30 0.51399/99.3 
865г 9.86(1) 85.909265 0+ 
s7mSr 2.81h І.Т./0.3884 1/2- %0.63 0.3884(ІТ) 
875г 7.00(1) 86.908882 9/2% -1.09360 +0.34 
885г 82.58(1) 87.905617 0+ 
895г 88.907455 50.52а В 1.497 1.492/100 5/2+ -1.149 -0.3 0.9092 
Sr 89.907738 29.1 у В /0.546 0.546/100 0+ 
9195г 90.91020 95h В /2.70 0.61/7 5/2+ -0.887 +0.044 0.5556/61. 
1.09/33 0.7498/24. 
1.36/29 1.0243/33. 
2.66/26 (0.12-2.4) 
925г 91.91098 2.71 h В 71.91 0.55/96 0+ 1.3831/90. 
1.5/3 (0.24-1.1) 
935г 92.91394 7.44 т В /4.08 2.2/10 5/2+ -0.794 +0.26 0.5903/ 
2.6/25 0.7104 
3.2/65 0.87573 
0.8883/ 
(0.17-3.97) 
“Sr 93.91537 1.25 т В /3.511 2.1/ 0+ 0.6219 
3.3/ 0.7043 
0.7241 
0.8064 
1.4283 
Sr 94.91931 25.16 В /6.08 1/2% -0.5379 0.6859 
6.1/50 0.8269 
2.7173 
2.9332 
%Sr 95.92165 1.06 6 В /5.37 4.2/ 0+ 0.1222 
0.5305 
0.8094 
0.9318 
975г 96.92615 0.42 8 В /7.47 5.3 (1/2%) -0.500 0.2164 
0.3071 
0.6522 
0.9538 
1.2580 
1.9050 
985г 97.92845 0.65 $ В /5.83 5.1 0.0365 
0.1190 
0.4286 
0.4447 
0.5636 
Sr 98.9333 0.27 s В /8.0 -0.26 0.8 
1005г 99.9354 0.201 s В /7.1 
1015г 100.9405 0.1156 В /9.5 
1025 г 101.9430 68. ms В /8.8 
1035 г 102.9490 20.15 us 
1045г 103.952 >0.15 us 
1955г >0.15 us 
zY 88.90585(2) 
тү 76.9496 > 0.5 us 
Тату 0.06 6 
тү 77.9435 5.86 В*/10.5 (5+) 0.279/100 
0.504/90 
0.713/40 
зү 78.9374 15.5 p7.1 (0.152-1.106) 


11-79 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
Som 4.76 0.2285 
soy 79.9320 30.s В*/7.0 5.5 (4) ann.rad./ 
5.0/ 0.3858/100 
0.5951/42 
0.756-1.396 
sty 80.9291 1.21 m B:/5.5 3.7/ ann.rad./ 
4.2/ 0.428 
0.469 
мү 81.9268 9.5 8 В*/7.8 6.3/ 1+ ann.rad./ 
0.5736 
0.6017 
0.7375 
взтү 2.85 т p*/95/4.6 2.9 1/2- ann.rad./ 
EC/5/ 0.2591 
0.4218 
0.4945 
ssy 82.92235 7.1m B:/4.47 3.3 9/2+ ann.rad./ 
ЕС/ 0.0355 
0.4899 
0.8821 
(0.03 - 3.4) 
этү; 4.66 В“ 1% ann.rad./ 
EC/ 0.7930 
гү 83.9203 40. т B:/6.4 1.64/47 5- ann.rad./ 
ЕС/ 2.24/25 0.4628 
2.64/21 0.6606 
3.15/7 0.7931 
0.9744 
1.0398 
(0.2 - 3.3) 
ший 4.9 п В”/70/ 9/2* 6.2 ann.rad./ 
EC/30/ 0.2317 
0.5356 
0.7673 
2.1238 
(0.1 - 3.1) 
у 84.91643 26h В*/55/3.26 1.54/ 1/2- ann.rad./ 
EC/45/ 0.2317 
0.5045 
0.9140 
(0.07 - 1.4) 
бетү. 48. т 1.Т./99/ 8% 4.8 ann.rad./ 
p 0.0102(1Т) 
ЕС/ 0.2080 
(0.09 - 1.1) 
у 85.91489 14.74 һ p*/5.24 4- «0.6 ann.rad./ 
EC/ 0.3070 
0.6277 
1.0766 
1.1531 
1.9207 
(0.1 - 3.8) 
Өтү 13.һ І.Т./98/ 9/2% 6.1 0.3807 
B*/0.7/ 1.15/0.7 
EC/ 
“Үү 86.910880 3.354 EC/99+/1.862 0.78/ 1/2- 0.3880 
0.4870 
ву 87.909506 106.6 а EC/99+/3.623 0.76/ 4- ann.rad./ 
p*/0.2/ 0.89802 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. 
Mass or Mode/Energy /Intensity Spin Mom. Quadr. 
Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) 


g-ray/Energy 
Intensity 
(MeV/%) 


1.83601 


2.73404 


3.2190 


samy 


15.7 8 1.Т./0.909 9/2+ 


0.9092(1Т) 


ву 


100. 


88.905849 1/2- -0.13742 


90mv. 


3.24 һ 1.T./99+/0.68204 7+ 5.1 


0.2025 


В /0.002/ 


0.4794 


0.6820 


90v 


89.907152 2.67 d В /2.282 2.28/ 2- -1.630 -0.155 


этү 


49.7 m І.Т./0.555 9/2* 5.96 


0.5556(IT) 


эү 


90.907301 58.54 В /1.544 1.545/ 1/2- 0.1641 


1.208 


92Y 


91.90893 3.54h В /3.63 3.64/ 2- 


0.4485 


0.5611 


0.9345 


1.4054 


(0.4 - 3.3) 


өзтү 


0.82 6 І.Т./0.759 9/2% 


0.1686(IT) 


0.5902 


өзү 


92.90956 10.2 h В /2.87 2.88/90 1/2- 


0.2669 


0.9471 


мтү 


1.4 us 


1.9178 
0.4322 


0.7699 


1.2024 


мү 


93.91160 18.7 т В /4.919 4.92/ 2- 


0.3816 


0.9188 


1.1389 


(0.3 - 4.1) 


95ү 


94.91279 10.3 m В /4.42 1/2- 


0.4324 
0.9542 


2.1760 


3.5770 


96mv. 


9.66 В / (3+) 


0.1467 


0.6174 


0.9150 


1.1071 


y 


95.91588 6.2 $ В /7.09 7.12/ 0- 


1.7507 
1.594 


97тү 


1.21 $ В /7.4 4.8/ 9/2% 


0.1614 


6.0/ 


0.9700 


1.1030 


этү 


96.91813 3.76 6 В /6.69 6.7 1/2- 


0.2969 


1.9960 


3.2876 


3.4013 


98mv. 


216 В 19.8 5.5/ (4) 


0.2415 


0.6205 


0.6473 


1.2228 


1.8016 


вү 


97.92224 0.59 8 В /8.83 8.7/ 1% 


0.2131 


1.2228 


1.5907 


2.9413 


4.4501 


99mv. 


0.011 ms 


зү 


98.92463 1.47 $ В /7.57 1/2- 


0.1218/43.8 


n 12.5/ 


0.5362 


0.7242 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.0130 
1ботү 0.94 8 pv 3+ 
шү 99.9278 0.735 В ,n/9.3 n/1.8/ 1* 
wy 100.9303 0.43 s В ,n/8.6 n/1.5/ (5/2) 
102ү: 101.9336 0.36 s В ,n/9.9 п/4.0/ 
төзү; 102.9369 0.235 B.n n/8.3/ 
wy 103.9414 0.18 s 
105ү; 104.9451 20.15 us 
1: 105.950 20.15 us 
тү >0.15 us 
108ү 20.15 us 
"a; 91.224(2) 
792г 78.949 0.06 6 
807r 79.9406 4.6 p*/8.0 0.290 
0.538 
812г 80.9368 5.5 В*/7.2 6.1 (3/2-) 
8227 81.9311 32. 5 B: /4.0 3. ann.rad./ 
Sem Zr. 7.5 Bt /7.0 (7/2+) апп.гаа./ 
537r 82.9287 44.6 B: /5.9 4.8 (1/2-) ann.rad./ 
EC 0.0556 
0.1050 
0.2560 
0.474 
1.525 
“Zr 83.9233 26. m Bt /2.7 0+ ann.rad./ 
EC/ 0.0449 
0.1125 
0.3729 
0.667 
85т/г 10.9 8 І.Т./0.2922 1/2- ann.rad./ 
B* ,EC/ 0.2922(IT) 
0.4165 
857r 84.9215 7.9 т B: АЛ 3.1 7/2+ ann.rad./ 
EC/ 0.2663 
0.4163 
0.4543 
867r 85.91647 16.5 h EC/1.47 0+ 0.0280 
0.243 
0.612 
87т/г 14.0 8 І.Т./0.3362 1/2- 0.1352(ІТ) 
0.2010 
877г 86.91482 1.73 h B: /3.67 2.26 9/2+ ann.rad./ 
ЕС/ 0.3811 
1.228 
587r 87.91023 83.4d ЕС/0.67 0+ 0.3929 
89т7г 4.18 т 1.1./94/0.5877 1/2- ann.rad./ 
p: /1.5/ 0.5877(IT) 
ЕС/4.7/ 1.507 
897r 88.908889 3.27 4 B: /23/2.832 0.9/ 9/2* -1.07 ann.rad./ 
EC/TTI 0.9092 
Som7r 0.809 s І.Т./ 5- 6.3 0.1326 
2.1862 
2.3189(IT) 
907r 51.45(40) 89.904702 0+ 
э17г 11.22(5) 90.905643 5/2+ -1.30362 -0.21 
927r 17.15(8) 91.905039 0+ 
Zr 92.906474 1.5х105у В 10.091 5/2+ 0.0304 
947r 17.38(28) 93.906314 >107у В-В- 0+ 
957r 94.908041 64.02 d В 1.125 0.366/55 5/2+ 1.13 +0.29 0.7242 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.400/44 0.7567 
967r 2.80(9) 95.908275 >2х109у В-8- 0+ 
977r 96.910950 16.8 h В /2.658 1.91/ 1/2- 0.7434 
Wer 97.91276 30.7 $ B /2.26 2.2/100 0+ 
99Zr 98.91651 2.28 В /4.56 3.9/ 1/2* 0.4692/55.2 
3.5/ 0.5459/48 
0.028-1.321 
1007г 99.91776 7.18 В 3.34 0+ 0.4006 
0.5043 
Wr 100.92114 2.1 8 В /5.49 6.2/ 3/2- 0.1194 
0.2057 
0.2089 
102г 101.92298 2.9 $ В /4.61 
1037г 102.9266 1.3 $ В /7.0 
1947г 103.9288 1.2 $ В /5.9 
1957г 104.9331 “1.6 В /85 
1067г 105.9359 >0.24 us 
1072r 106.941 >0.24 us 
1087г 107.944 >0.15 us 
1097г >0.15 us 
107г 20.15 us 
„№ 92.90638(2) 
8'Nb 80.949 < 0.08 us 
®2Nb 81.9431 50 ms p11. 
8Nb 82.9367 В*/7.5 
94Nb 83.9336 12.6 В" ,ЕС/9.6 (3+) 
85Nb 84.9279 2.3 m B: /6.0 
Зот 56. 8 p 
86Nb 85.9250 1.46 т B: /8.0 ann.rad./ 
I——XXÀÁ"-——— ——————————2992——c—0 0 0Ó 58---- 
1.003 
87mNb 3.7m В / 1/2- ann.rad./ 
EC/ 0.1352 
0.2010 
87МЬ 86.92036 2.6 т B: 5.2/ (9/2+) ann.rad./ 
EC/ 0.2010 
0.4706 
У 06165 
1.0665 
1.8842 
88mNb 7.7 т pl 4- ann.rad./ 
EC/ 0.2625 
0.3996 
1.0569 
1.0825 
в8Мр 87.9183 14.3 т B: /7.6 3.2/ 8% ann.rad./ 
EC/ 1.0570 
1.0828 
(0.07 - 2.5) 
89mNb 20h p 3.3/ 9/2* 0.5880/10(D) 
EC/ (0.17 - 4.0) 
вөмр 88.91349 1.10 h B: /74/4.29 2.8/ 1/2- %6.216 ann.rad./ 
EC/26/ 0.5074 
0.5880 
0.7696 
1.2775 
отур 18.85 І.Т./0.1246 4- 0.002 
0.1225 
Nb 89.911263 14.6 h B53/6.111 0.86/5 8+ 4.961 ann.rad./ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
ЕС/47/ 1.5/92 0.1412 
1.1292 
2.1862 
2.3189 
(0.1 - 3.3) 
91mNb 62.d І.Т./97/ 1/2- 0.1045(ІТ) 
EC/3/ 1.2050 
эр 90.906989 7х102у ЕС/1.253 9/2* Мо К x-ray 
Ут МЫ 10.13 а ЕС/99+/ 2+ 6.114 0.9126 
0.9345 
1.8475 
Мр 91.907192 3.7х107у ЕС/2.006 7% 0.5611 
0.9345 
88mNb 16.1 у І.Т./0.0304 1/2- Nb x-ray 
0.0304 
Nb 100. 92.906376 9/2+ +6.1705 -0.32 
элтр 6.26 т 1.7./99+/2.086 3+ Nb к x-ray 
В /0.5/ 0.0409 
0.87109 
%Nb 93.907282 2.4х105у В /2.045 0.47/ 6+ 0.70263 
0.87109 
95 МЫ 3.61 а 1.Т./97.5/ 0.2357 1/2- 0.2040 
В /2.5/ 0.2356 
Мр 94.906834 34.97 а В 10.926 0.160/ 9/2+ 6.141 0.76578 
%Nb 95.908099 23.4 h В /3.187 0.5/10 6+ 4.976 0.7782 
0.75/90 0.2191-1.498 
%mNb 58.1 $ І.Т./0.7434 0.734/98 1/2- 0.7434 
Nb 96.908096 1.23 h В /1.934 1.27/98 9/2* 6.15 0.4809 
0.6579 
s8mNb 51.m B /4.67 5+ 0.7874 
0.1726-1.89 
%Nb 97.91033 2.9 $ В /4.59 4.6/ 1+ 0.6451 
0.7874 
1.0243 
89mNb 2.6 т В / 3.2/ 1/2- 0.0978/100 
(0.138-3.010) 
Nb 98.91162 15.0 8 В 13.64 3.5/100 9/2* 0.0977 
0.1378/3.1 
100m2Nb 0.013 ms 
лботїїүр 3.0 8 В /6.74 5.8 Nb k x-ray 
0.159 
0.6364 
1.0637 
10м 99.91418 1.58 В /6.25 6.2/ 0.5354 
5.3/ 0.6001-1.566 
Ци! 100.91525 7.15 В /4,57 4.3/ 0.1105-0.810 
102mNb 438 p 
12 Nb 101.91804 1.36 В /7.21 7.2/ 0.2960-2.184 
103Nb 102.91914 1.58 В /5.53 5.3/ 5/2+ 
104" МБ 0.9 $ pom n/0.06 
104Nb 103.9225 4.8 s В ,п/8.1 n/0.05 
105Nb 104.9239 3.0 8 В ,п/6.5 n/1.7 
106Nb 105.9282 1.0 $ В ,n/9.3 n/4.5 
107Nb 106.9303 0.30 s В ,п/7.9 n/6.0 
108Nb 107.9350 0.19 s B.n/ n/6.2 (0.193-0.590) 
109Nb 108.9376 0.19 8 B,n/ n/31 
томы 109.943 0.17 8 B,n/ n/40 
™Nb >0.15 us 
"2Nb 20.15 us 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
"МЫ >0.15 из 
Мо 95.94(1) 
83Мо 82.949 
Мо 83.9401 >0.15 us В°/6. (1/2-) 
85Мо 84.9366 3.2 $ p*/8.1 
sMo 85.9302 20. s В*/4.8 
87Мо 86.9273 14. 5 ЕС, p*/6.5 (0.752-1.004) 
88Мо 87.92195 8.0 т Bt /3.4 0+ +0.5 ann.rad./ 
EC 0.0800 
0.1399 
0.1707 
вотМо 0.19 8 І.Т./0.118 1/2- 0.118(ІТ) 
0.268 
Мо 88.91948 22т B: /5.58 9/2+ ann.rad./ 
EC/ 0.659 
0.803 
1.155 
1.272 
Mo 89.91394 5.7 h B: /25/2.489 1.085/ 0+ ann.rad./ 
EC/75/ 0.04274 
0.12237 
0.25734 
мтМо 1.08 т І.Т./50/0.653 1/2- ann.rad./ 
B: ,ЕС/50/ 2.5/ 0.6529 
2.8/ 1.2081 
4.0/ 1.5080 
2.2407 
Мо 90.91175 15.5 т B: /94/4.43 3.44/94 9/2- ann.rad./ 
ЕС/6/ 1.6373 
2.6321 
3.0286 
(0.1 - 4.2) 
92Мо 14.84(35) 91.906810 0+ 
эзт Мо 6.9 h 1.7./99+/2.425 21/2+ +9.21 0.26306(IT) 
0.68461 
1.47711 
Mo 92.906811 3.5x10°y EC/0.405 5/2+ 0.0304 
“Мо 9.25(12) 93.905087 0+ 
Mo 15.92(13) 94.905841 5/2+ -0.9142 -0.02 
Mo 16.68(2) 95.904678 0+ 
97Мо 9.55(8) 96.906020 5/2+ -0.9335 +0.26 
88Мо 24.13(31) 97.905407 0+ 
Mo 98.907711 2.7476 d В /1.357 0.45/14 1/2+ 0.375 0.144048 
0.84/2 0.18109 
1.21/84 0.36644 
0.73947 
10Mo 9.63(23) 99.90748 -1х109у В-В- 0+ 
101Мо 100.91035 14.6 т В /2.82 2.23/ 1/2* 0.0063 
0.7/ 0.19193 
0.5909 
(0.0809-2.405) 
192Мо 101.91030 11.3 т В /1.01 1.2/ 0+ 0.1493/89. 
0.2116/100. 
0.2243/32. 
103Мо 102.91320 1.13 m p /3.8 3/2* 0.1028(2)/ 
0.1440(2) 
0.2511(2) 
104Мо 103.91376 1.00 т В /2.16 0+ 0.0686(1)/100. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.4239(4)/21. 
105Мо 104.9170 36. 6 В /4.95 3/2% 0.0642/ 
0.0856/ 
0.2495/ 
1%Мо 105.91814 845 В /3.52 0+ 0.1894(2)/22. 
0.3644(2)/6. 
0.3723(2)/12. 
17 Мо 106.9217 3.5 5 В /6.2 
108Мо 107.9236 118 В 51 (0.028-0.636) 
109Мо 108.9278 0.5 $ В /7.2 
10Мо 109.9297 0.30 8 В /5.7 Тс К x-ray 
0.142 
(0.039-0.599) 
"Мо 110.9345 20.15 us 
"2Mo 111.937 20.15 us 
"Mo 112.942 >0.15 us 
14Мо 20.15 us 
“Мо >0.15 us 
ивМо 20.15 us 
"Мо 20.15 us 
аз ГС 
85Тс 84.949 < 0.1 ms 
86Тс 85.9430 0.055 В*/11.9 
87 ТС 86.9365 >0.15 us В*/8.6 
88Тс 87.9328 5.8 $ p*/10.1 
те 13. 5 
89Тс 88.9275 13.8 В*/7.5 
som Тс 49.2 5 Bt 5.3/ 6+ ann.rad./ 
0.9479/ 
Уу ЕЁ 
OTe 89.9235 8.3 s p*/8.9 7.0/15 1* ann.rad./ 
7.9/95. 0.9479/ 
эте 3.3 т В+ 1/2+ ann.rad./170. 
EC 0.8110(5)/5. 
1.6052(1)/7.8 
1.6339(1)/9.1 
1.9023(1)/6. 
ТГГ  2450(0135 
"Те 90.9184 3.14 т В*/6.2 5.2 9/2+ ann.rad./200. 
92Тс 91.91526 4.4 т В*/7.87 4.1 8+ ann.rad./200. 
EC 0.0850/ 
0.1475 
0.3293 
0.7731 
1.5096 
83m Tc 43.m 1.T./13 1/2- 0.3924(IT) 
EC/20 0.9437 
2.6445 
93Тс 92.910248 2.73 h p*/13/3.201 0.81 9/2* 6.26 ann.rad./ 
EC/87/ 1.3629 
1.4771 
1.5203 
(0.1 - 3.0) 
94" Тс 52. т В*/72/4.33 2+ ann.rad./ 
EC/28/ 0.8710 
1.8686 
“Te 93.909655 4.88 h В*/11/4.256 7+ 5.08 ann.rad./ 
EC/89/ 0.4491 
0.7026 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. 
Mass or Mode/Energy /Intensity Spin Mom. Quadr. 
Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) 


g-ray/Energy 
Intensity 
(MeV/%) 


0.8496 


0.8710 


95тТс 


61. а І.Т./4/ 1/2- 


ann.rad./ 


В*/0.3 0.5/ 


0.0389(IT) 


EC/96 0.7/ 


0.2041 


0.5821 


0.5821 


0.8351 


Te 


94.90766 20.0 h EC/100/1.691 9/2+ 5.89 


0.7657 


1.0738 


ЭбтТс, 


52.т І.Т./90/ 4% 


0.0342(IT) 


В"ЕСІ2/ 


0.7782 


1.2002 


To 


95.90787 4.3 d EC/2.973 7+ +5.04 


Mo k x-ray 


0.7782 


0.8125 


0.8498 


1.12168 


97mTC 


91. d І.Т./0.0965 1/2- 


Tc К x-ray 


EC [3.9 


0.0965 


Tc 
%Tc 


96.906364 4.2х106у ЕС/100/0.320 9/2% 
97.907215 -б.бх106 В /1.80 0.40/100 6+ 
y 


Mo k x-ray 
0.65241 


0.74535 


99mTc 


6.01 h I.T./100/0.142 1/2- 


Tc k x-ray 


0.14049 


0.14261 


Tce 


98.906254 2.13x105 B /0.294 0.293/100 9/2+ +5.6847 -0.129 
y 


100Тс, 


99.907657 15.8 $ В /3.202 2.2/ 1% 


0.5396 


EC/1.8(10)3/0.17 2.9/ 


0.5908 


3.3 


1.5122 


(0.3 - 2.6) 


101Tc 


100.90731 14.2 m В /1.61 1.32/ 9/2+ 


0.1272 


0.1841 


0.3068 


0.5451 


(0.073-0.969) 


102mTcç 


4.4 m 1.Т./2/4.8 1.8/ 


0.4184 


В 798/ 


0.4752 


0.6281 


0.6302 


1.0464 


1.1033 


1.6163 


2.2447 


102Tc 


101.90921 5.3s B /4.53 3.4/ 1+ 


0.4686 


4.2 


0.4751 


2.2/ 


1.1055 


103Тс 


102.90918 54. 5 В /2.66 2.0/ 5/2+ 


0.1361 


2.2/ 


0.1743 


0.2104 


0.3464 


0.5629 


(0.13 - 1.0) 


104m Tc 


0.005 ms 


104Тс 


103.91144 182 т В 15.60 5.3/ (39) 


0.3483 


0.3580 


0.5305 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.5351 
0.8844 
0.8931 
1.6768 
(0.3 - 3.7) 
15Тс 104.91166 7.6 т В /3.6 3.4/ 5/2* 0.1079 
0.1432 
0.3215 
Teque 105.91436 36.s В /6.55 2% 0.2703 
0.5222 
1.9694 
2.2393 
2.7893 
107Тс 106.9151 2126 В /4.8 0.1027 
0.1063 
0.1770 
0.4587 
TTG 107.9185 5.1 $ В /7.72 (3) 0.2422 
0.4656 
0.7078 
0.7326 
1.5835 
мете 108.9200 148 В /6.3 р/0.08 
"отс 109.9234 0.83 6 В /8.8 р/0.04 0.2407 
"TC 110.9250 0.30 8 B .n/7.0 п/0.85 0.150/92.7 
0.063-1.435 
МТС. 111.9292 0.265 ,n n/2.6 
TES 112.931 0.15 s В-,п/8. 12.1 0.0985/100 
0.0658-1.520 
“Тс 113.936 0.15 8 B.n 1.3 
MS TG 114.938 >0.15 us 
"етс >0.15 us 
"Tc 20.15 us 
атс 20.15 us 
„Ви 101.07(2) 
"Би 86.949 21.5 us 
88Ru 87.9404 >0.15 us 0: 
БЕТ 88.936 12 $ p*.p/8. 
Ри 89.9298 11. $ В*/5.9 0: ann.rad./ 
0.155 - 1.551 
“Ru 90.9264 9. $ B*,EC/7.4 9/2% ann.rad./ 
9? Ru 91.9201 3.7 т p*/53/4.5 0+ ann.rad./ 
ЕС/47/ 0.1346 
0.2138 
0.2593 
эзи 10.8 6 І.Т./21/ 1/2- ann.rad./ 
B*,EC/79/ 5.3/ 0.7344 
1.1112 
1.3962 
2.0931 
Ru 92.9171 1.0 m B:/6.3 9/2+ ann.rad./ 
EC/ 0.6807 
1.4349 
(0.5- 4.2)weak 
9*Ru 93.91137 52.m EC/100/1.59 0* 0.3672 
0.5247 
0.8922 
Ки 94.91042 1.64 h ЕС/85/2.57 1.20/ 5/2* 0.86 ann.rad./ 
p15/ 0.91/ 0.2904 


11-88 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.3364 
0.6268 
%Ru 5.52(20) 95.90760 0+ 
9'Ru 96.90756 2.89 d EC/1.12 5/2+ -0.78 Тс К х-гау 
0.2157 
0.3245 
0.4606 
%Ru 1.88(9) 97.90529 0+ 
Ru 12.74(26) 98.905939 5/2+ -0.6413 +0.079 
10Ru 12.60(19) 99.904219 0+ 
ти Ки 17.05(7) 100.905582 5/2+ -0.7188 +0.46 
102Ru 31.57(31) 101.904349 0+ 
103Ru 102.906323 39.27 а В /0.763 0.223 3/2% 0.206 %0.62 0.05329 
0.29498 
0.4438 
0.49708 
0.55704 
0.61033 
(0.04 - 1.6) 
104Ruy 18.66(44) 103.905430 0+ 
105Ru 104.907750 4.44 h В /1.917 1.11/22 3/2% -0.3 0.12968 
1.134/13 0.1491 
1.187/49 0.2629 
0.31664 
0.46943 
0.67634 
0.72420 
(0.1 - 1.8) 
106Ru 105.90733 1.020 y B /0.0394 0.0394/100 0+ 
107Ви 106.9099 3.8 т В /2.9 2.1/ 0.1939 
3.2/ 0.3741 
0.4625 
0.8488 
108Ru 107.9102 4.5 т В /1.4 1.2/ 0* 0.0923 
0.1651 
0.4339 
0.4975 
0.6189 
109 Ви 108.91320 34.5 $ В /4.2 0.1164 
0.3584 
моћи 109.9140 15. $ В /2.81 0.1121 
0.3737 
0.4397 
0.7967 
™Ru 110.9176 1.58 В /5.5 
T2Ru 111.9188 45s В /4.5 
TRU 112.9225 2.7 8 В 77. 
T4^Ru 113.9239 0.57 $ В /6.1 0.127/24 
(0.053-0.180) 
И5Ви 114.928 =0.74 $ В 78. 
T6Ru 115.930 20.15 us 
“Ви 116.935 20.15 us 
"8Ru 117.937 20.15 us 
T9Ru 20.15 us 
?20Ru >0.15 us 
ЖЕУ 102.90550(2) 
8 Rh 88.9494 20.15 us 
шил 89.9429 20.15 us 
%Rh 90.9366 >0.15 us 
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Elem. 


or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Particle Nuclear 
Decay Energy Magnetic Elect. 
Mode/Energy /Intensity Spin Mom. Quadr. 
Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) 


g-ray/Energy 
Intensity 
(MeV/%) 


92 Rh 


91.9320 


>0.15 us pna 


93 Rh 


92.9257 


70.15 us 8981 


(0.138-1.493) 


94mRh 


25.85 B7 8* 


ann.rad./ 


0.1264 


0.3117 


0.7562 


1.0752 


1.4307 


94 Rh 


93.9217 


1.18 m В*/9.6 6.4/ 3+ 


ann.rad./ 


0.1461 


0.3117 


0.7562 


1.4307 


95mRh 


1.96 m І.Т./88/ 1/2% 


ann.rad./ 


В-ЕС/12/ 


0.5433(IT) 


0.7837 


95Rh 


94.9159 


5.0 т p*/5.1 3.2 9/2* 


ann.rad./ 


0.2293 


0.4103 


0.6610 


0.9416 
1.3520 


(02-38) 


96mRh 


1.51 m І.Т./60/0.052 2% 


ann.rad./ 


B*,EC/40/ 4.70/ 


Тс,Ки x-rays 


0.8326 


1.0985 


1.6921 


96Rh 


95.91452 


9.6m p*/6.45 3.3/ 5* 


(0.4 - 3.3) 
ann.rad./ 


EC/ 


0.4299 


0.6315 


0.6853 


0.7418 


0.8326 


(0.2 - 3.4) 


97mRh 


46.m ГТ75/ 2.6/ 1/2- 
8" ЕС/95/ 


апп.гад./ 
0.1886 


0.4215 


2.2452 


97 Rh 


96.91134 


31.0m p*/3.52 2.1/ 9/2* 


ann.rad./ 


0.1886 


0.3892 


0.4515 


0.8398 


0.8788 


(0.2 - 3.5) 


98mRh 


3.5 т pu 5+ 


ann.rad./ 


0.6154 


0.6524 


0.7452 


98 Rh 


97.91072 


8.7 т В*/90/5.06 3.4/ 2+ 


ann.rad./ 


0.6524 


0.7623 


99mRh 


47h p*/8/ .74/ 9/2* 5.67 


ann.rad./ 


EC/92/ 


0.2766/ 


0.3408 


0.6178 


1.2612 
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Elem. 


or Isot. 


Atomic 
Mass or 
Weight 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Magnetic 
Spin 
(h/2p) 


Nuclear 
Elect. 
Quadr. 
Mom. (b) 


Mom. 
(nm) 


g-ray/Energy 
Intensity 
(Ме\//%) 


99 Rh 


98.90820 


16. d 


В74/2.10 


0.54/ 1/2- 


ann.rad./ 


EC/97/ 


0.68/ 


0.0894/ 


0.3530 


0.5277 


(0.1 - 2.0) 


100mRh 


4.7 m 


1.Т./99/ 


ann.rad./ 


В /0.4/ 


0.0748/ 


0.2647(IT) 


100Rh 


99.90812 


20.8 h 


B* /3.63 


2.62/ 1- 


0.4462 


ЕС/ 


0.5396 


0.5882 


0.8225 


1.5534 


2.3761 


101mRh 


4.35 d 


EC/92/ 


9/2+ 


+5.51 


Rh k x-ray 


І.Т./8/0.1573 


0.1272/ 


0.3069 


0.5451 


101Rh 


100.90616 


3.3 у 


ЕС/0.54 


1/2- 


Ви К x-ray 


0.1272 


0.1980 
0.3252 


102mRh 


3.74 y 


EC/2.323 


6* 


4.04 


0.4751 


ІТ/0.0419 


0.6313 


0.6975 


0.7668 


1.0466 


1.1032 


102Rh 


101.906842 


207. а 


ЕС/62 
В /19/ 


0.5 


ann.rad./ 
0.4686 


В* /14/ 


0.4751 


0.5566 


0.6280 


1.1032 


(0.4 - 1.6) 


103mRh 


56.12 m 


IT 


712+ 


4.54 


103Rh 
104mRh 


100. 102.905504 


4.36 m 


1.T./99+/ 


1/2- 


-0.0884 


Rh k x-ray 


B 


1.3/ 


0.0514 


0.0971 


0.5558 


104Rh 


103.906655 


42.36 


В /994/2.441 


1.88/2 1% 


0.3581 


ЕС/0.4/1.141 


2.44/98 


0.5558 


1.2370 


(0.35 - 1.8) 


105mRh 


43. $ 


1.7./1.296 


1/2- 


Rh К x-ray 


0.1296 


105Rh 


104.905692 


35.4 h 


В 70.567 


0.247/30 7/2+ 


%4.45 


0.2801 


0.567/70 


0.3061 


0.3189 


106т ћу 


2.18 h 


В / 


0.92/ 6+ 


0.2217 


0.4510 


0.5119 


0.6162 


0.7173 


0.7484 


1.0458 


1.5277 


1068) 


105.90729 


29.9 8 


В /3.54 


2.4/2 1+ 


+2.58 


0.51186/ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
3.0/12 0.61612 
3.54/79 0.62187 
(0.05 - 3.04) 
107Rh 106.90675 21.7 m B /1.51 1.20/65 7/2% 0.2776 
1.5/17 0.3028 
0.3925 
1оётБ р 6.0 т В / 1.57/ 0.4339 
0.4973 
0.6189 
108Rh 107.9087 17.8 В /45 1% 0.4046 
0.4339 
0.4973 
0.5811 
0.6146 
0.9014 
0.9471 
109Rh 108.90874 1.34 m В /2.59 2.25/ 7/2% 0.1134 
0.1780 
0.2914 
0.3254 
0.3268 
0.4261 
(0.1 - 1.6) 
TomRh 29.5 В / 0.6/ 0.3737 
0.4397 
0.7967 
“NORA 109.9110 3.1 $ В /5.4 5.5/ 1+ 0.3737 
0.4400 
0.5463 
0.6877 
0.8381 
0.9045 
™Rh 110.9117 11.6 В /37 0.275 
отв 6.8 = В / 
T?RR 111.9140 3.5 8 В /62 1% 0.3489 
ИЗАН 112.9154 0.9 $ В 14.9 0.1285 
ши 1.86 В / 
АБН 113.9173 1.8 $ В /6.5 1+ 
“Rh 114.9201 0.99 s В /6.0 
вт 0.95 В / 0.3405 
“6Rh 115.9228 0.7 8 В /8.0 1% 
ИВА 116.925 0.44 $ В /7. 0.0346 
0.1317 
ИВАН 117.929 >0.15 us 
T9RR 118.931 20.15 us 
120Rh 119.936 >0.15 us 
121Rh 120.938 >0.15 us 
122Rh 
as Pd 106.42(1) 
яра 90.949 21.5 us 
Ра 91.9404 20.15 us 
Pd 92.9359 0.9 $ В*,р 0.240/81 
0.382-0.864 
яра 93.9288 9. $ ЕС,В* /= 6.6 0.5582 
(0.0546-0.798) 
95тра 94.92684 13.4 5 EC,p* /10.2 21/2* 
95Ра 
Ра 95.9182 2.03 т EC,p* /3.5 1.15/ 0.1248 
0.4995 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
%Pd 96.9165 3.1 т B: ,ЕС/4.8 3.5/ 5/2* ann.rad./ 
0.2653 
0.4752 
0.7927 
(0.2 - 3.4) 
%ра 97.91273 17.7 m B: /1.87 0+ ann.rad./ 
EC/ 0.0677 
0.1125 
0.6630 
0.8379 
эрда 98.91181 21.4 m B: /49/3.37 2.18/ 5/2+ ann.rad./ 
EC/51/ 0.1360 
0.2636 
0.6734 
(0.2 - 2.85) 
100Pq 99.90851 3.7 d EC/0.36 0+ 0.03271 
0.0748 
0.0840 
101Pd 100.90829 84h B: /5/1.980 0.776/ 5/2* -0.66 ann.rad./ 
EC/95/ 0.0244 
0.2963 
0.5904 
РЕД 1.02(1) 101.905607 0+ 
103Pq 102.906087 16.99 d EC/0.543 5/2+ Rh К x-ray 
0.03975 
0.3575 
0.4971 
Pd 11.14(8) 103.904034 0+ 
105Ра 22.33(8) 104.905083 5/2+ -0.642 +0.66 
1о6Ра 27.33(3) 105.903484 0+ 
тира 20.9 $ 1.T./0.2149 11/2- Pd k x-ray 
0.2149(IT) 
107ра 106.90513 6.5х106у В 10.033 0.03/ 5/2+ 
08Ра 26.46(9) 107.903895 0+ 
109тра 4.75 т І.Т./0.1889 11/2- Ра х-гау 
0.1889(IT) 
109Pq 108.905954 13.5 h В 71.116 1.028 5/2+ 0.0880 
(0.08 - 1.0) 
тора 11.72(9) 109.905153 0+ 
Timpg 55h І.Т./73/0.172 11/2- 0.0704 
В /27/ 0.35 0.1722 
0.77 0.3912 
(0.1 - 1.97) 
трд 110.90764 23.4 т В /2.19 2.2195 5/2* 0.0598 
0.2454 
0.5800 
0.6504 
1.3885 
1.4590 
wpd 111.90731 21.04 h В /0.29 0.28/ 0+ 0.018 
тзтРа 1.48 т В / 5/2+ 0.0959 
“spd 112.91015 1.64 m В 3.34 0.0958 
0.4824 
0.6436 
0.7394 
mPa 113.91037 2.48 m В /1.45 0+ 0.1266 
0.2320 
0.5582 
0.5760 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
“spd 114.9137 47.6 В /4.58 0.1255 
0.2554 
0.3428 
вра 115.9142 12.76 В /2.61 0.1015 
0.1147 
0.1778 
"Pd 116.9178 4.46 В /5.7 0.2473 
0.077-0.403 
"ера 117.9189 245 В /4.1 0.1254 
0.028-0.596 
төра 118.9227 0.9 8 В /6.5 0.2566 
0.070-0.326 
120Pd 119.9240 0.5 8 В /5.0 0.1581 
0.053-0.595 
тра 120.9282 >0.24 us 
122Pd 121.9298 >0.24 us 
123Ра 122.934 20.15 us 
124Ра 
4; Ag 107.8682(2) 
BAg 
“Ag 93.9428 0.42 s B+, p 
95Ag 94.9355 205 B*, р/ (0.539-2.025) 
да 95.9307 5.1 $ В*/11.6 апп.гаа./ 
ЕС/ 0.1248 
0.4995 
(0.1066-1.416) 
97Ад 96.9240 19. $ B: /7.0 ann.rad./ 
EC/ 0.6862 
1.2941 
(0.352-3.294) 
88Ag 97.9218 47.8 Bt /8.4 5* ann.rad./ 
EC/ 0.5711 
0.6786 
0.8631 
(0.153-1.185) 
$9mAg 11. $ 1.T./100/ 1/2- Ag k x-ray 
0.1636(IT) 
0.3426 
Ag 98.9176 2.07 m B: /87/5.4 9/2+ ann.rad./ 
ЕС/13/ 0.2199 
0.2645 
0.8056 
0.8323 
(0.2 - 3.5) 
100" АО 2.3 т В+ / 2+ ann.rad./ 
EC/ 0.6657 
1.6941 
10040 99.9161 2.0т В*/7.1 4.71 5+ ann.rad./ 
EC/ 0.2807 
0.4503 
0.6657 
0.7508 
0.7732 
101" Ад 3.1 $ 1.T./0.23 1/2- Ag k x-ray 
0.0981 
0.176(IT) 
101Ад 100.9128 11.1 m В”69/4.2 2.7/ 9/2% 5.7 ann.rad./ 
EC/31/ 0.2610 
2.18/ 0.2747 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
2.73/ 0.3269 
3.38/ 0.4392 
0.6673 
1.1739 
(0.2 - 3.1) 
102740 7.8 т p*/38/ 3.4 2% *4.14 ann.rad./ 
EC/13/ 0.5567 
1.T./49/ 0.9777 
1.8347 
2.0545 
2.1594 
3.2386 
10240 101.91197 13.0 m В*/78/5.92 2.26/ 5% 4.6 ann.rad./ 
EC/22/ 0.5567 
0.7194 
0.8354 
1.2571 
1.5816 
1.7446 
103140 5.78 І.Т./0.134 1/2- Ag k x-ray 
0.1344 
103Ag 102.90897 1.10 h В*/28/2.69 1.7 7/2+ +4.47 ann.rad./ 
EC/72/ 1.3 0.1187 
0.1482 
104mAg 33. m B:/64/ 2.71/ 2+ +3.7 ann.rad./ 
EC/36/ 0.5558 
І.Т./0.07/ 0.7657 
(0.5 - 3.4) 
тада 103.90863 69. т B*/16/4.28 0.99/ 5% 3.92 ann.rad./ 
EC/84/ 0.5558 
0.9259 
0.9416 
(0.18 - 2.27) 
105mAg 7.2 m 1.1./98/0.0255 7/2% +4.41 Ag x-ray 
EC/2/ 0.3063 
0.3192 
(0.1 - 1.0) 
105Ад 104.90653 4134 ЕС/1.35 1/2- 0.1014 0.0640 
0.2804 
0.3445 
0.4434 
106mAg 8.4 d EC/ 6+ 3.71 +1.1 Pd k х-гау 
0.4510 
0.5118 
0.7173 
1.0458 
108Ag 105.90667 24.0 m В*/59/2.965 /1.96 1* *2.85 ann.rad./ 
EC/41/ 0.5119 
10740 44.2 5 І.Т./0.093 712+ +4.40 1.0 Ад х-ау 
0.0931 
10740 51.839(8) 106.905093 1/2- -0.11357 
1081 ДО 418.у ЕС/92/ 6+ 3.580 +1.3 Ад К х-гау 
І.Т./8/0.079 Pd К x-ray 
0.43392 
0.61427 
0.72290 
108Ag 107.905954 2.39 т В /97/1.65 1.02/1.7 1% %2.6884 ann.rad./ 
EC/2/ 1.65/96 0.43392 
В /1/1.92 0.88/0.3 0.61885 
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Elem. 


or Isot. 


Atomic 
Mass or 
Weight 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Particle 
Energy 
/Intensity 
(Меу/%) 


Decay 
Mode/Energy 
(/MeV) 


Nuclear 

Magnetic 
Spin Mom. 
(/2p (пт) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.63298 


1091 Ад 


39.8 $ 


І.Т./0.088 


712+ +4.40 +1.0 


Ад k x-ray 


0.0880 


10940 


48.161(8) 108.904756 


1/2- -0.13069 


од 


249.8 d 


В /99/ 


0.087 


6+ +3.60 +1.4 


0.65774 


1.T./1/0.1164 0.530 


0.76393 


0.88467 


0.93748 


1.38427 


(0.447-1.56) 


пода 


109.906111 


24.66 


В 72.892 


2.2215 


1+ +2.7271 0.2 


0.65774 


2.89/95 


0.8154 


1.1257 


"mAg 


1.08 m 


11/99/0.0598 7/2% 


Ag k x-ray 


В 717 


0.0598 


0.2454 


Ag 


110.905295 


7.47 d 


В 71.037 


1.035/ 


1/2- -0.146 


0.2454 


0.3421 


12А0 


111.90701 


3.13 h 


В /3.96 3.94/ 


2- 0.0547 


0.6067 


3.4 


0.6174 


1.3877 
(0.4 - 2.9) 


T3mAg 


1.14 m 


І.Т./80/0.043 7/2% 


0.1422 


В 720/ 1.5 


0.2983 


0.3161 


0.3923 


изда 


112.90657 


531 


В /2.02 2.01/ 


0.2588 


0.2986 


изда 


113.90881 


4.6 $ 


В /5.08 4.9/ 


0.5582 
0.5760 


1.9946 


f5mAg 


18.7s 


87 


7/2+ 


0.1134 


0.1315 


0.2288 


0.3887 


мода 


114.90876 


В 73.10 


1/2- 


0.1316 


0.2128 
0.2291 


0.4727 


(0.13 - 2.49) 


11вт дс 


10.5 $ 


1.Т./2/ 3.2/ 


5+ 


0.1027 


В 198/ 29 


0.2549 


0.5134 


0.7055 


1.0289 


меда 


115.91137 


2.68 т 


В 16.16 5.3 


0.5134 


0.6993 


2.4779 


“mAg 


5.3 $ 


87 3.2/ 


7/2+ 


0.1354 


0.2981 


0.3868 


Ши, 


116.91171 


1.22 т 


В 74-18 23 


1/2- 


0.1354 


0.1571 


0.3377 


T8mAg 


28s 


В /59/ 


0.1277 


I.T/41/0.1277 


0.4878 


0.6771 


0.7709 


1.0586 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
18А9 117.9145 4.06 В /7.1 0.4878 
0.6771 
3.2259 
19А9 118.9157 2.1 8 В /5.35 7/2% 0.0674 
0.3662 
0.3991 
0.6264 
120140 0.32 6 В / 0.2030 
І.Т./ 0.5059 
0.6978 
0.8300 
0.9258 
12040 119.9188 1.23 в В /8.2 0.5059 
0.6978 
0.8171 
1.3231 
12140 120.9198 0.78 6 В /6.4 0.1150 
0.3148 
0.3537 
0.3696 
0.5007 
1.5105 
(0.11 - 2.5) 
122140) 1.8 В / 
122Ад 121.9233 0.44 8 В /9.2 
123Ад 122.9249 0.31 s В 74 
124Ад 123.9285 0.22 6 В /10.1 
125А 124.9305 0.17 8 p 
128Ад 125.9345 0.11 $ p- 
ШҮ; 126.9369 0.11 8 p 
128Ад 58 ms p- 
129Ад 0.05 8 В-п 
Са 112.411(8) 
са 95.9398 
Cd 96.9349 3.6 B*,(p) 
880g 97.9276 9.2 8 В*/5.4 
(р) 10.025 
оса 98.9250 16. 5 B*,EC/6.9 ann.rad./ 
100Cd 99.9203 1.1 т B*,EC/3.9 ann.rad./ 
(0.090-1.043) 
101Cd 100.9187 1.2m В*/83/5.5 4.5 5/2+ Іп К х-гау 
ЕС/17/ 0.0985 
1.7225 
0.31 - 2.84) 
10204 101.91474 5.8 т В*/27/2.59 0+ ann.rad./ 
EC/73 0.0974 
0.4810 
1.0366 
1.3598 
103Cd 102.91342 7.5 т B*/33/4.14 5/2+ -0.81 -0.8 ann.rad./ 
EC/67/ Ag k x-ray 
1.0799 
1.4487 
1.4618 
(0.1 - 2.8) 
“Са 103.90985 58. т ЕС/1.14 0+ Ад К х-гау 
0.0835 
0.7093 
105Cd 104.90947 55.5 т p*/26/2.739 1.69/ 5/2+ -0.7393 +0.43 Ад К х-гау 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
EC/74/ 0.3469 
0.6072 
0.9618 
1.3025 
(0.25 - 2.4) 
106Cd 1.25(6) 105.90646 >2.6х107 ВЕС 0+ 
y 
17са 106.90661 6.52 ћ EC/99+/1.417 5/2* -0.615055 +0.68 Ag k x-ray 
p 0.0931 
0.8289 
108Cd 0.89(3) 107.90418 0+ 
109Cd 108.904985 462.0 d ЕС/0.214 5/2% -0.827846 %0.69 Ag К x-ray 
0.08804 
тоса 12.49(18) 109.903006 0+ 
СЯ 48.5 т І.Т/ 11/2- Cd k x-ray 
0.1508(IT) 
0.2454 
Cd 12.80(12) 110.904182 1/2+ -0.594886 
"2Cd 24.13(21) 111.902758 0+ 
тзтСа 14Лу В /99.9/0.59 0.59/99.9 11/2- -1.087 -0.71 0.2637 
150g 12.22(12) 112.904401  7.7x10'5y В 1/2+ -0.622301 
"аса 28.73(42) 113.903359 0+ 
шше 44.6 d В 71.629 0.68/1.6 11/2- -1.042 -0.54 0.48450 
1.62/97 0.93381 
1.29064 
пса 114.905431 2.228 а В 71.446 0.593/42 1/2* -0.648426 0.23141 
1.11/58 0.26085 
0.33624 
0.49227 
0.52780 
"Cd 7.49(18) 115.904756 2.3х109у pp? 0- 
“са 3.4h В /2.66 0.72/ 11/2- 0.1586 
0.5529 
0.37 - 2.42 
"Cd 116.907219 2.49 h В /2.52 0.67/51 1/2* 0.2209 
2.2/10 0.2733 
0.3445 
1.3033 
"8Cd 117.90692 50.3 m В /0.52 0+ 
төтСа 2.20 т p 11/2- 0.1056 
0.7208 
1.0250 
2.0213 
"9Cd 118.90992 2.69 т В7/3.8 = 3.5/ 1/2+ 0.1340 
0.2929 
0.3429 
120Cd 119.90985 50.8 6 В /1.76 1.5/ 0+ 
121mCd 8.s В / 11/2- 0.1008 
0.9878 
1.0209 
1.1815 
2.0594 
са 120.9131 13.5 8 В /4.9 (3/2%) 0.2102 
0.3242 
0.3492 
1.0403 
12204 121.9135 53s p /3.0 0+ 
123mCd 1.9s В / 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
123С4 122.91770 2.09 8 В /6.12 3% 
Са 123.9177 1.245 В /4.17 0+ 0.0365 
0.0628 
0.1799 
125тСа 0.66 $ B 
128Cd 124.92129 0.68 s В /7.16 3/+ 
128С4 125.9224 0.52 8 В /5.49 0+ 0.2601 
127Cd 126.9264 04s B /8.5 3/% 
128Cd 127.9278 0.28 s В /7.1 0+ 0.247 
190g 128.9323 0.27 8 В /5.9 0.281 
тоса 129.9340 0.20 8 В / 0+ 
131Cd 68 ms p/ 13.5 
132Cd 0.10 ms р/ 160 
in 114.818(3) 
Bin 97.9422 >1.5 us 
89In 98.9346 20.15 us В*/8.9 
100|n 99.9316 6. $ В“(ру10.5 
оп 100.9266 15.5 В*/7.3 
102|n 101.9243 22. 5 ЕС/8.9 (5) 0.1566 
0.7767 
(0.397-0.923) 
103] 34. $ 
Waly 102.91991 1.1 т B*,EC/6.05 4.2 9/2% ann.rad./ 
EC /45 0.1879 
(0.157-3.98) 
T04m|n 16.s ІТ/0.0935 
104|n 103.9183 1.84 m B*,EC/7.9 4.8 5+ +4.44 +0.7 ann.rad./ 
0.6580 
0.8341 
0.8781 
105m|n 43.5 ІТ. 1/2- In k x-ray 
0.6740 
105|n 104.91467 5.1m В>ЕС/4.85 3.7 9/2% %5.675 %0.83 0.1310 
0.2600 
0.6038 
106m|n 5.3 т p*/85/ 4.90 3% ann.rad./ 
EC/15/ 0.6326 
0.8611 
1.7164 
106|n 105.91346 6.2m p*/65/6.52 2.6 7% *4.92 *0.97 ann.rad./ 
EC/35/ 0.2259 
0.6327 
0.8611 
0.9978 
1.0091 
107m|n 51.8 І.Т./0.6786 1/2- Іп К х-гау 
0.6785 
107In 106.91029 324m В*/35/3.43 2.20/ 9/2+ +5.59 +0.81 апп.гаа./ 
Е.С/65/ Са К x-ray 
0.2050 
0.3209 
0.5055 
(0.2 - 2.99) 
108m|n 57.m В*/53/ 1.3 6+ +4.94 +0.47 апп.гаа./ 
ЕС/47/ Cd Кх-гау 
0.6329 
1.9863 
3.4522 
108|n 107.90971 40. m p*/33/5.15 3.49/ 3% *4.56 *1.01 ann.rad./ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
EC/67/ Cd k x-ray 
0.2429 
0.6331 
0.8756 
109m|n 1.3m І.Т./0.650 1/2- In К x-ray 
0.6498 
109 п 108.90715 42h p*/8/2.02 0.79/ 9/2* *5.54 *0.84 ann.rad./ 
EC/92/ Cd k x-ray 
0.2035 
0.6235 
nomin 4.9 h EC/ 7+ +4.72 +1.00 Cd k x-ray 
0.6577 
0.8847 
0.9375 
(0.1 - 1.98) 
Ши 109.90717 1.15 h В*/62/3.88 2.221 2+ +4.37 +0.35 апп.гаа./ 
ЕС/38/ С4 Кх-гау 
0.6577 
(0.6 - 3.6) 
tmin 7.7 m І.Т./0.537 1/2- +5.53 In k x-ray 
0.537 
min 110.90511 2.8049 d EC/0.866 9/2+ +5.50 +0.80 Cd k x-ray 
0.1712 
0.2453 
“amin 20.8 m 1.T./0.155 4+ Іп К х-гау 
0.1555 
"2ln 111.90553 14.4 m В*/22/2.586 1+ %2.82 %0.09 ann.rad./ 
EC/34/ Cd k x-ray 
В /0.663 0.6171 
Ши 1.658 һ І.Т./0.3917 1/2- -0.210 Іп К х-гау 
0.3917 
nin 4.29(5) 112.904062 9/2+ +5.529 +0.80 
namin 49.51 d І.Т./97/0.190 5+ +4.65 +0.74 Іп К х-гау 
EC/3/ 0.19027 
máln 113.904918 1.198 m В /97/1.989 Cd К x-ray 
EC/3/1.453 1.984/ 1% %2.82 0.5584 
0.5727 
1.2998 
TSI py 4.486 h І.Т./95/0.336 1/2- -0.255 In К x-ray 
В /5/0.83 0.3362 
0.4974 
nsin 95.71(5) 114.903879 4.4х10%у В /0.495 9/2% %5.541 *0.81 
Nemin 2.16 s І.Т./0.162 8- %3.22 +0.31 In k x-ray 
EC 10.023 0.1624 
116т1]г 54.1 т B 1.0 5% +4.43 +0.80 0.13792 
0.41688/27 
1.09723/58.5 
1.29349/85 
6] п 115.905261 14.1 $ В /3.274 3.3199 1+ 2.788 0.11 0.46313 
1.2526 
1.29349 
“mjn 1.94 h В /53/1.769 1.77/ 1/2- -0.2517 Іп К х-гау 
І.Т./47/ 0.15855 
0.31531 
0.55294 
Ши 116.90452 44. т В /1.455 0.74/ 9/2+ +5.52 +0.83 0.15855 
0.3966 
0.55294 
Nemin 8.56 І.Т./98/ (8-) %3.32 %0.44 In К x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 


В /2/ 0.1382 


ШЕШ 4.40 т В / 13 5* *4.23 *0.80 0.2086 


2.0 0.6833 


1.2295 


“eln 117.90636 5.0 $ В /4.42 4.2/ 1% 0.5282 


1.1734 


1.2295 


2.0432 


Шил 17.9 т В /97/ 2.7/ 1/2- -0.32 0.3114 


І.Т./3/0.311 0.7631 


"Эп 118.90585 2.3 т В /2.36 1.6/ 9/2% *5.52 *0.85 0.0239 


0.6495 


0.7631 


1.2149 


120т2|рү 47 8 В-/6.1 8- +3.692 +0.53 1.171 


1.023 


шиш 46. 8 В /58 2.2/ 5* *4.30 *0.81 1.171 


1.023 


12011 119.90796 3.18 В /5.37 5.6/ (1%) 0.4146 


3.1/ 0.5924 


0.8637 
1.0232 


1.1714 


(04 - 2.7) 


шил 3.8 т В /99/ 3.7/ 1/2- -0.36 0.0601 


І.Т./1/0.313 0.3136 


0.9256 


1.0412 


1.1022 
1.1204 


Уа 120.90785 23. 5 В /3.36 2.5 9/2% %5.50 *0.81 0.2620 


0.6573 


0.9256 


тагт 10. $ В / 4.41 8- +3.78 +0.59 1.0014 


1.1403 


121 121.91028 1.58 В /6.37 5.3/ (1%) 0.2391 


1.0014 
1.1403 


1.164 


1.1903 


123m|n 47.s B7 4.6/ (1/2-) -0.40 0.1258 


1.170 


3.234 


ши! 122.91044 6.0 $ В /4.39 3.3/ (9/2+) +5.49 +0.76 0.6188 


1.0197 


1.1305 


124m|n 3.46 В 8- +3.89 +0.66 0.1029 


0.9699 


1.0729 


1.1316 


12411 123.91318 3.18 5 В /7.36 5/ 3+ +4.04 +0.61 0.7070 


0.9978 


1.1316 


3.2142 


(0.3 - 4.6) 


129m|n 12.2 $ В / 5.5/ 1/2- -0.43 0.1876 


ын! 124.91360 2.335 В /5.42 4.1/ 9/2* *5.50 *0.71 0.4260 


1.0318 


1.3350 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
шиш! 1.53 8 4.9/ 3- +4.03 +0.49 0.9086 
0.9696 
1.1411 
1261г 125.91646 1.635 В /8.21 4.2/ 8- +4.06 0.1118 
0.9086 
1.1411 
127m|n 3.73 8 В / 6.4/ (1/2-) 0.2523 
3.074 
Un 126.91734 1.14 $ В /6.51 4.9/ (9/2*) *5.52 *0.59 0.4680 
0.6461 
0.8051 
1.5977 
128m|n 0.7 8 В / 5.4/ (8-) 1.8670 
1.9739 
(0.1205-2.12) 
128In 127.92017 0.80 s В /8.98 5.0/ 3+ 0.9352 
1.1688 
3.5198 
4.2970 
ши! 1.23 $ В /98/ = 7.5/ 1/2- 0.3153 
п/2/ 0.9067 
1.2220 
1291n 128.9217 0.63 s В /7.66 5.5/ 9/2* 0.2853 
0.7693 
1.8650 
2.1180 
130т2|рү 0.53 8 В / 8.8/ 5+ 0.0892 
0.7744 
1.2212 
130т1 | 0.518 В / 6.1/ 10- 0.0892 
0.1298 
0.7744 
1.2212 
1.9052 
130In 129.92486 0.29 8 В /10.25 10.0/ 1- 
13tm2|n 0.3 8 В / (21/ 
2%) 
Ти п 0.35 $ В / (1/2-) 
1з1їр 130.9268 0.28 s В /9.18 6.4/ (9/2*) 0.3328 
2.433 
1321 131.9323 0.20 8 В /13.6 6.0/ (7-) 0.1320 
8.8/ 0.2992 
0.3747 
4.0406 
1331г 132.9383 0.185 В (п) 
Ја 133.9447 0.14 8 (0.354-2.005) 
135In 
Sn 118.710(7) 
109Sn 99.9394 = 0.9 $ В*/7.3 3.4/ 
1015 п 100.9361 3. $ po. 
102Sn 101.9243 -58 В*/5.8 
1035 п 102.9281 7.s В*/7.7 
1045) 103.9232 21.5 В“, ЕС/4.5 
1055) 104.9214 28. s В“/6.3 Іп-х-гау 
(0.2879-3.819) 
1065 105.91688 2.0 т p*/20/3.18 ann.rad./ 
EC/80/ In К x-ray 
0.3865 
0.4772 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1075 п 106.9157 2.92 т ЕС/5.0 1.2/ 0.4218 
p 0.6105 
0.6785 
1.0013 
1.1290 
1.542 
185, 107.91196 10.3 m В*/1/2.09 0.36/ 0+ Іп К х-гау 
ЕС/99/ 0.2724 
0.3965 
(0.105-1.68) 
1095 п 108.91129 18.0 т p*/9/3.85 1.52/ 712+ -1.08 +0.3 ann.rad./ 
ЕС/91/ In К x-ray 
0.6498 
1.0992 
мобп 109.90785 4.1h EC/0.64 0+ Іп К х-гау 
0.283 
115п 110.90774 35.т B*/31/2.45 1.5/ 712+ +0.61 +0.2 In k x-ray 
EC/69/ 0.7620 
1.1530 
1.9147 
"2Sn 0.97(1) 111.904822 O+ 
итп 21.4 т І.Т./92/0.077 7/2+ Зп К х-гау 
ЕС/8/ Іп х-гау 
0.0774 
"3Sn 112.905174 11514 ЕС/1.036 1/2% -0.879 Іп k x-ray 
0.25511 
0.39169 
™4Sn 0.65(1) 113.902783 0+ 
155л 0.34(1) 114.903347 1/2% -0.9188 
"6Sn 14.54(9) 115.901745 0+ 
п7т5п 13.604 І.Т./0.3146 11/2- -1.396 -0.4 Sn К x-ray 
0.15856 
"7Sn 7.68(7) 116.902955 1/2+ -1.0010 
"8Sn 24.22(9) 117.901608 O+ 
"19mSn 293. d І.Т./0.0896 11/2- -1.4 0.21 Sn К x-ray 
0.02387 
"9Sn 8.59(4) 118.903311 1/2+ -1.0473 
120Sn 32.59(9) 119.902199 0+ 
121т5п = 55. у І.Т./78/0.006 11/2- -1.388 -0.14 Sn К x-ray 
В /22/ 0.354/ 0.03715 
1215п 120.904239 1.128 d В /0.388 0.383/100 3/2% 0.698 -0.02 
1225 4.63(3) 121.903441 0+ 
1231 п 40.1 т В /1.428 1.26/99 3/2+ 0.1603 
0.3814 
1235 п 122.905723 129.2 а В /1.404 1.42/99.4 11/2- -1.370 %0.03 0.1603 
1.0302 
1.0886 
1245п 5.79(5) 123.905275 0+ 
12505 9.51 т В /2.387 2.03/98 3/2% 0.3321 
1.4040 
1255п 124.907785 9.63 4 В /2.364 2.35/82 11/2- -1.35 *0.1 1.0671 
(0.2-2.3) 
1285 п 125.90765  2.34х105у В /0.38 0.25/100 0+ 0.0643 
0.0876 
0.4148 
0.6663 
0.6950 
t27mSn 4.15 m В /3.21 2.72/ 3/2+ 0.4909 
1.3480 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.5640 
1275п 126.91035 2.12h В /3.20 2.42/ 11/2- 0.8231 
3.2/ 1.0956 
(0.120-2.84) 
12875 6.5 8 ІТ/0.091 (7-) 
1285п 127.91054 591т В /1.27 0.48/ 0+ 0.4823 
0.63/ 0.5573 
0.6805 
129mSn 6.9 т В / 11/2- 1.1611 
129 ЗП 128.9134 2.4 т В /4.0 3/2+ 0.6456 
[EX 17m p (7-) 0.1449 
0.8992 
130Sn 129.91386 3.7m В /2.15 1.10/ 0+ 0.0700 
0.1925 
0.7798 
131mSn 1.02m В / 3.4/ 11/2- 0.3043 
0.4500 
0.7985 
1.2260 
(0.08 - 3.21) 
131Sn 130.9169 39. s В 74.69 3.8/ 3/2+ see 131" Sn 
132Sn 131.91775 40. s B /3.12 1.8/ 0.0855 
0.2467 
0.3402 
0.8985 
133Sn 132.9236 1.44 s В /7.8 7.5/ 712- 
SA 133.9278 1.04 8 В /6.8 
1355) 134.9347 20.15 us 
1365) 135.9393 20.15 us 
1375) 136.946 20.15 us 
s Sb 121.760(1) 
103Sb 102.9401 >1.5 us 
1045р 103.9363 0.55 
105Sb 104.9315 118 
106Sp 105.9288 0.6s В*/10.5 
1756 106.9242 «4.66 p7.9 (0.253-2.154) 
108Sb 107.9222 7.06 В*/9.5 (0.151-1.280) 
10950 108.91814 17.8 p*/6.38 4.42/ 5/2+ 0.6645/63 
ЕС/ 4.671 0.9254/100 
4.33/ 1.0617/75 
0.247-1.495 
"Sb 109.9175 24.6 B:/9.0 6.8/ 3+ ann.rad./ 
EC/ 0.6365 
0.9847 
1.2117 
1.2433 
115р 110.91254 1.25 т В*/87/4.47 3.3/ 5/2+ ann.rad./ 
EC/13/ 0.1002 
0.1545 
0.4891 
1.0326 
"28b 111.91240 51.46 p*/90/7.06 4.75/ 3% ann.rad./ 
EC/10/ 0.6700 
0.9909 
1.2571 
(0.3 - 3.6) 
"38b 112.90937 6.7 m p*/65/3.91 2.42/ 5/2* ann.rad./ 
EC/35/ Sn К x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.3324 
0.4980 
"4Sb 113.9091 3.49 m B*/78/5.9 3.4/ 3% ТУ ann.rad./ 
EC/22/ Sn К x-ray 
0.8876 
1.2999 
1155р 114.90660 321т p*/67/3.03 1.51/ 5/2+ +3.46 -0.4 ann.rad./ 
EC/33/ Sn К x-ray 
0.4973 
Hemsp 1.00 h В*/78/ 1.16/ 8- 2.6 ann.rad./ 
EC/22/ Sn К x-ray 
0.4073 
0.5429 
0.9725 
1.2935 
(0.0998-1.501) 
"6Sb 115.90680 16.m B*/50/4.707 1.3/ 3+ 2.72 ann.rad./ 
EC/50/ 2.3/ Sn К x-ray 
0.93180 
1.29354 
(0.138-3.903) 
175р 116.90484 2.80 h В*/2/1.76 0.57/ 5/2+ +3.4 Зп К х-гау 
ЕС/98/ 0.1586 
тәр 5.00 ћ ЕС/99/ 8- 2.3 Sn К x-ray 
0.25368 
1.05069 
1.22964 
"Sb 117.905533 3.6m B*/74/3.657 2.65/ 1+ 2.5 ann.rad./ 
EC/26/ Sn К x-ray 
1.22964 
"Sb 118.90395 38.1h ЕС/0.59 5/2* *3.45 -0.4 Sn К x-ray 
0.0239 
120mSb 5.76 d EC/ 8- 2.34 Sn k x-ray 
0.0898 
0.19730 
1.02301 
1.17121 
120Sb 119.90508 15.89 m В*/41/2.68 1.72/ 1% +2.3 ann.rad./ 
EC/59/ Sn К x-ray 
0.7038 
1.17121 
1215р 57.21(5) 120.903822 5/2+ +3.363 -0.4 
12215 р 4.19 т І.Т./0.162 8- 50 х-гау 
0.0614 
0.0761 
122Sb 121.90518 2.72 d В /98/1.979 1.414/65 2- -1.90 30.9 0.56409 
В*/2/1.620 1.980/26 0.69277 
1.14050 
1.2569 
1235р 42.79(5) 122.904216 7/2+ +2.550 -0.5 
124т2 р 20.3 т І.Т./0.035 8- 
124т1 р 1.6 т 1.Т./80/ 1.2/ 5+ 0.4984 
В /20/ 1.7/ 0.6027 
0.6458 
1.1010 
1245р 123.905938 60.20 а В /2.905 0.61/52 3- 12 *1.9 0.60271/97.8 
2.301/23 0.64583/7.4 


0.72277/10.5 


1.69094/48.2 
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Elem. 
or Isot. 


Atomic 
Mass or 
Weight 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


Spin 
(h/2p) 


g-ray/Energy 
Intensity 
(Ме\//%) 


(0.0274-2.808) 


12550 


124.905247 


2.758 у 


В 10.767 


0.13/30 


7/2+ %2.63 


0.0355 


0.302/45 


0.17632 


0.62/13 


0.38044 


0.42786 


0.46336 


0.60060 


0.63595 


126т2 р, 


І.Т/ 


L x-ray 


0.0227 


126m1Sb 


В 786/ 


1.9 


0.4148 


1.7./14/ 


0.6663 


0.6950 


1265} 


125.90725 


1244 


В 13.67 


1.9 


0.2786 


0.4148/83.3 


0.6663/99.7 


0.6950/99 


0.7205 


127Sb 


126.906914 


3.84 d 


В 71.581 


0.89/ 


712+ 2.70 


0.2524 


1.10/ 


0.2908 


1.50/ 


0.4121 
0.4370 


0.6857 


0.7837 


128mSb 


10.1 m 


В 796/ 


2.6/ 


0.3140 


І.Т./4/ 


0.5941 


0.7432 


0.7539 


128Sb 


127.90917 


9.1h 


В 74.38 


2.3/ 


0.2148 
0.3141 


0.5265 


0.7433 


0.7540 


129т р 


17.7 т 


В / 


0.4338 


0.6578 


0.7598 


1295р 


128.90915 


4.40 h 


В 12.38 


0.65/ 


712- 2.82 


0.0278 
0.1808 


0.3594 


0.4596 


0.5447 


0.8128 


0.9146 


1.0301 


130mSb 


6.5m 


В 72.6 


2.12/ 


0.1023 


0.7934 


0.8394 


1305 


129.91155 


38.4 т 


В 14.96 


2.9/ 


0.1823 


0.3309 


0.4680 


0.7394 


0.8394 


1350 


130.9120 


23.0 т 


В /3.20 


1.31/ 


7/2+ 


0.6423 


3.0/ 


0.6579 


0.9331 


0.9434 


132т р 


2.8 т 


В / 


3.9/ 


0.1034 


0.3538 


0.6968 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.9739 
0.9896 
1325р 131.91420 4.2 т В /5.49 8- 0.1034 
0.1506 
0.6968 
0.9739 
1335р 132.9152 2.5 т В /4.00 1.20/ 7/2% 3.00 0.4235 
0.6318 
0.8165 
1.0764 
134mSb 10.46 В / 6.1 7- 
1345р 133.9206 0.8 8 В /8.4 8.4 0- 0.1152 
0.2970 
0.7063 
1.2791 
1355р 134.9252 1.71 $ В /8.12 7/2% 1.127 
1.279 
1365р 135.9301 0.82 6 В /9.3 
1375р 136.9353 20.15 us 
1385р 137.9410 >0.15 us 
1395р 138.946 20.15 us 
Te 127.60(3) 
1%Те 105.9377 0.06 ms 0/4.32 
T Te 106.9350 3.1 ms о/ 70/ 3.86(1)/ 
p^ EC/10.1 
108Te 107.9295 2.1 8 0/68/ 3.314(4)/ 0+ 
B*,EC/32/6.8 
109Тө 108.9275 4.6 $ В* ЕС/96/8.7 
о/4/ 3.107(4)/ 
шаг: 109.9224 19. $ В*,ЕС/4.5 0+ ann.rad./ 
0.2191 
0.6059 
"Te 110.9211 19.3 $ В*,ЕС/8.0 (7/2+) ann.rad./ 
0.267 
0.322 
0.341 
12Te 111.9171 2.0 m В>ЕС/4.3 0+ ann.rad./ 
0.2962 
0.3727 
0.4187 
"Те 112.9154 1.7 $ В*/85/5.7 4.5/ (7/2*) ann.rad./ 
EC/15/ Sb k x-ray 
0.8144 
1.0181 
1.1812 
Те 113.9125 15. т p*/40/3.2 0+ ann.rad./ 
EC/60/ Sb k x-ray 
0.0838 
0.0903 
име 6.7 т p*/45/ (1/2*) ann.rad./ 
EC/55/ Sb k x-ray 
0.7236 
0.7704 
"Те 114.9116 5.8 т В*/45/4.6 2.7! 7/2+ ann.rad./ 
EC/55/ Sb k x-ray 
0.7236 
1.3268 
1.3806 
(0.22 - 2.7) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
цаг 115.9084 2.49 h ЕС/1.5 0+ 50 К х-гау 
0.0937 
шаг: 116.90864 1.03 h ЕС/75/3.54 1.78/ 1/2* ann.rad./ 
В*/25/ 50 К х-гау 
0.9197 
1.7164 
2.3000 
шаг: 117.90583 6.00 4 ЕС/0.28 0+ 50 К х-гау 
"тте 4.69 а ЕС/ 11/2- 0.89 50 Кх-ау 
0.15360 
0.2705 
1.21271 
мете 118.90641 16.0h p*/2/2.293 0.627! 1/2+ 0.25 ann.rad. 
EC/98/ Sb k x-ray 
0.6440 
0.6998 
12018 0.09(1) 119.90403 0+ 
121" Те = 154. 4 1.T.(89%) 11/2- 0.90 Te k x-ray 
EC(11%) 0.2122 
121Te 120.90494 16.8 d ЕС/1.04 1/2* Sb К x-ray 
0.5076 
0.5731 
Te 2.55(12) 121.903056 0+ 
123т Те 119.7 d І.Т./0.247 11/2- -0.93 Те К x-ray 
0.1590/84.1 
123Те 0.89(3) 122.904271  2.4x10'? у EC/0.051 1/2* -0.73695 
124Те 4.74(14) 123.902819 0+ 
128” Те 58. а І.Т./0.145 11/2- -0.99 -0.06 Те К x-ray 
0.0355 
125Тө 7.07(15) 124.904424 1/2% -0.8885 
128Те 18.84(25) 125.903305 0+ 
127тТе 109. а 1.7./98/0.088 11/2- -1.04 Те К x-ray 
В /2/0.77 0.0883 
127Те 126.905217 94һ В /0.698 0.696/ 3/2% 0.64 0.3603 
128Те 31.74(8) 127.904462 >0.6х10% B-B- 0+ 
y 
129mTe 33.6 d 1.Т./63/0.105 11/2- -1.09 Те К х-гау 
В /37/ 1.60/ 0.45984 
0.6959 
129Тө 128.906596 1.16 h В 71.498 0.99/9 3/2* 0.70 0.06 0.0278 
1.45/89 0.45984 
0.48728 
130Te 34.08(62) 129.906223 -2х104 y ВВ- 0+ 
131mTe 1.35 d В /78/2.4 0.42/ 11/2- -1.04 0.0811 
1.T./22/0.18 0.1021 
0.14973 
0.77369 
0.79375 
0.85225 
131Te 130.908522 25.0 m В /2.233 1.35/12 3/2% 0.70 0.14973 
1.69/22 0.45327 
2.14/60 0.49269 
132Те 131.90852 3.26 а В /0.51 0.215 0+ 0.049725 
0.11198 
0.22830 
133m Те 55.4 т В /82/ 2.4/30 11/2- Те К х-гау 
І.Т./18/0.334 0.0949 
0.1689 
0.3121 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.3341 
133Те 132.9109 124 т В /2.94 2.25/25 3/2% 0.3121 
2.65 0.4079 
1.3334 
Te 133.9116 42.т В /1.51 0.6/ 0+ 0.7672/29 
0.7/ 0.0794-0.9255 
135Те 134.9165 19.0 8 В /6.0 5.4/ 0.267 
6.0 0.603 
0.870 
136Те 135.92010 17.58 В /5.1 2.5/ 0+ 2.0779/25 
0.0873-3.235 
137Те 136.9253 2.5 8 В /98/6.9 6.8 712- 0.2436 
п/2/ 
138Тө 137.9292 148 В /6.4 
19те 138.9347 20.15 us 
оте 139.9387 20.15 us 
“Тә 140.9444 20.15 us 
V?Te 141.949 20.15 us 
ъз! 126.90447(3) 
108| 107.9436 0.04 6 0/91/4. 3.95 
109| 108.9382 0.11 ms р 0.593/100 
0.717/63 
0.496-1.057 
110] 109.9346 0.65 $ B*,EC/83/11.4 ann.rad./ 
0/17/-3.6 3.457(10)/ 
р/11/ 
ni 110.9303 2.56 p^. E../8.5 ann.rad./ 
0.2665 
0.3215 
0.3412 
naj 111.9280 3.46 B*,EC/10.2 ann.rad./ 
0.6889 
0.7869 
113] 112.9237 5.96 В” ЕС/7.6 ann.rad./ 
0.4625/100 
0.6224/74 
0.0550-1.422 
VA] 113.9219 2.1 8 В” ЕС/8.7 ann.rad./ 
0.6826 
0.7088 
Ms] 114.9188 1.3m B*,EC/6.7 5/2* ann.rad./ 
0.275 
0.284 
0.460 
0.709 
116] 115.9167 2.96 B*/97/7.8 6.7/ 1+ ann.rad./ 
EC/3/ 0.5402 
0.6789 
171 116.9136 2.22 т В>ЕС/4.7 3.2/ (5/24) 31 ann.rad./ 
0.2744 
0.3259 
118m] 8.5m В*,ЕС/ 4.9/ 7- 4.2 ann.rad./ 
LT. 0.104 
0.5998 
0.6052 
0.6138 
nej 117.9134 14. m B*,EC/7.0 2- 2.0 ann.rad./ 
0.5448 
0.6052 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.3384 
naj 118.9102 19. m В*/54/3.5 2.41 (5/2+) +2.9 ann.rad./ 
EC/46/ Te k x-ray 
0.2575 
120m] 53. т В*/80/ 3.8 4.2 апп.гаа. 
ЕС/20/ Те К х-гау 
0.4257 
0.5604 
0.6147 
1.3459 
120| 119.91005 1.35 h В*/56/5.62 4.03 2- 1.23 ann.rad./ 
EC/ 4.60 Te k x-ray 
0.5604 
0.6411 
1.5230 
(0.43 - 3.1) 
121| 120.90737 2.12h B*/13/2.27 1.2/ 5/2+ 2.3 ann.rad./ 
EC/87/ Te k x-ray 
0.2122 
(0.14 - 1.1) 
1221 121.90760 3.6 т В:/4.234 3.1/ 1* *0.94 ann.rad./ 
EC/ Te k x-ray 
0.5641 
123| 122.905605 13.2 h ЕС/1.242 5/2+ 2.82 Те К х-гау 
0.1590 
| 123.906211 4184 В*/23/3.160 1.54/ 2- 1.44 ann.rad./ 
ЕС/77/ 2.14/ Те К х-гау 
0.75/ 0.6027/62.9 
0.7228/10.3 
1.6910/11.2 
(0.31-1.73) 
125| 124.904624 5944 ЕС/0.1861 5/2* 2.82 -0.89 Te К x-ray 
0.0355 
188) 125.905619 13.04 ЕС/ 2- 1.44 ann.rad./ 
В*/2.155 1.13/ Те К х-гау 
В /1.258/47 0.87/ 0.3887 
1.25/ 0.6622 
127] 100. 126.904468 5/2+ +2.8133 -0.79 
128] 127.905805 25.00 m В /2.118 2.13/ 1% Te k x-ray 
EC/1.251 0.44287 
0.52658 
129| 128.904988 1.7х107у В /0.194 0.15/ 7/2+ +2.621 -0.55 Хе К х-гау 
0.0396 
130r] 9.0 m 1.T./83/0.048 2+ | k x-ray 
В /17/ 0.5361 
130] 129.906674 12.36 h В /2.949 1.04/ 5+ 3.35 0.4180 
0.62 0.5361 
0.6685 
0.7395 
131] 130.906125 8.040 а В /0.971 0.606/ 7/2% %2.742 -0.40 0.08017 
0.28431 
0.36446 
0.63699 
13211 1.39 h ІТ 8- 
132] 131.90800 2.28 h В /14/3.58 0.80/ 4- 3.09 0.09 | К x-ray 
1.Т./86/ 1.03/ 0.0980 
1.2/ 0.5059 
1.6/ 0.52264 
2.16/ 0.63019 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Atomic 
Mass or 
Weight 


Decay 
Mode/Energy 


Half-Life (/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


Spin 
(h/2p) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.6506 


0.66768 


0.77260 


0.95457 


133m| 


9.s І.Т./1.63 


19/2- 


І Кх-гау 


0.0730 


0.6474 


0.9126 


133| 


132.90781 20.8 h В /1.77 


1.24/85 7/2% %2.86 -0.27 


0.51056 


0.52989 


0.87537 


134m| 


3.7 т 1.7./98/0.316 


ІК x-ray 


В 727 


0.0444 


0.2719 


134| 


133.9099 52.6 т В /4.05 


1.2/ 4% 


0.1354 


0.84702 


0.88409 


135| 


134.91005 6.57 ћ В /2.63 


0.9/ 7/2% 2.94 


0.2884 


1.3/ 


0.41768 


0.52658 


1.13156 
1.26046 


136m| 


47. 5 87 


4.7/ 6- 


0.1973 


5.2/ 


0.3468 


0.3701 


0.3814 


1.3130 


(0.16 - 2.36) 


136] 


135.91466 1.39 m В /6.93 


4.3/ 2- 
5.6/ 


0.3447 
1.3130 


1.3211 


2.2896 


(0.3 - 6.1) 


137| 


136.91787 24.56 В /5.88 


5.0/ (7/2+) 


0.6010 


1.2180 


1.2201 


1.3026 
1.5343 


(0.25 - 4.4) 


138| 


137.9224 6.5 8 p /7.8 


6.9/ 2- 


0.4836 


7.4/ 


0.5888 


0.8752 


(0.4 - 5.3) 


139| 


138.92609 2.30 8 В /6.81 


0.192 


п/ 


0.198 


0.273 


0.382 


0.386 


0.468 


0.683 


1.313 


140| 


139.9310 0.86 6 


(3) 


0.372 


0.377 


0.457 


141| 


140.9351 0.45 $ 


1421 


141.9402 = 0.2 $ В 


143| 


142.9441 20.15 us 


144| 


„Хе 


143.9496 
131.293(6) 


30.15 us 


11-111 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
"0Xe 109.9445 0.2 8 В*/9.2 
11тХе 0.96 ЕС,“ 
"Xe 110.9416 0.7 8 ЕС,В*/10.6 
о/ 3.58(1)/ 
12Xe 111.9357 3. $ ЕС,В*/7.2 а/0.8/ 
“Хө 112.9334 2.8 s ЕС,В*/9.1 
"Хе 113.9281 10.0 5 B*,EC/5.9 0+ ann.rad./ 
0.1031 
0.1616 
0.3085 
0.6826 
0.7088 
15Хе 114.9270 18.6 B*,EC/7.6 (5/2+) ann.rad./ 
"6Xe 115.9214 56. 6 B*,EC/4.3 3.3/ 0+ ann.rad./ 
0.1042 
0.1916 
0.2477 
0.3107 
0.4127 
"тхе 116.9206 1.02 т В*,ЕС/б.5 (5/2+) -0.594 +1.16 ann.rad./ 
0.2214 
0.5190 
0.6389 
0.6613 
“Хө 117.917 =4. т B*,EC/3. 2.7/ 0+ ann.rad./ 
0.0535 
0.0600 
0.1199 
"9Xe 118.9156 5.8m B*,EC/5.0 3.5/ 7/2% -0.654 +1.31 0.0873 
0.1000 
0.2318 
0.4615 
120Xe 119.91216 40. m B*,EC/97/1.96 0+ | К x-ray 
В*/3/ 0.0251 
0.0726 
0.1781 
(0.1 - 1.03) 
121Xe 120.91138 39.m В*/44/3.73 2.8/ 5/2+ -0.701 +1.33 ann.rad./ 
EC/56/ ІК x-ray 
0.1328 
0.2527 
0.4452 
(0.1 - 3.1) 
122Xe 121.9086 20.1 h EC/0.9 0+ | К x-ray 
0.3501 
123Хе 122.90848 2.00 h B*/23/2.68 1.51/ 1/2+ -0.150 ann.rad./ 
EC/77/ ІК x-ray 
0.1489 
0.1781 
(0.1 - 2.1) 
124Хе 0.09(1) 123.905895 >107у В-В- 
125тХе 57. $ І.Т./0.252 (9/2-) -0.745 %0.42 Xe k x-ray 
0.1111 
0.141 
125Хе 124.906398 17.1 В ЕС/1.653 0.47/ 1/2* -0.269 1 К x-ray 
0.1884 
0.2434 
128Хе 0.09(1) 125.90427 0+ 
тхе 1.15 m І.Т./0.297 (9/2-) -0.884 %0.69 Xe k x-ray 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. 
Mass or Mode/Energy /Intensity Spin Mom. Quadr. 
Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) 


g-ray/Energy 
Intensity 
(MeV/%) 


0.1246 


0.1725 


127Хе 


126.905179 3644 ЕС/0.662 1/2% -0.504 


ІК x-ray 


0.1721 


0.2029 


0.3750 


128Хе 


1.92(3) 


127.903531 0+ 


129mXe 


8.89 d І.Т./0.236 11/2- -0.891 %0.64 


Хе Кх-гау 


0.0396 


0.1966 


129Хе 


26.44(24) 


128.904780 1/2% -0.7780 


130Xe 


4.08(2) 


129.903509 0+ 


13їтХ е 


1194 І.Т./0.164 11/2- -0.9940 *0.73 


Xe k x-ray 


0.16398 


131Xe 


21.18(3) 


130.905083 3/2+ +0.69186 -0.12 


132Хе 


26.89(6) 


131.904155 0+ 


1331Х е 


2.19 d І.Т./0.233 11/2- -1.082 +0.77 


Xe k x-ray 


0.23325 


133Xe 


132.905906 5.243 d В /0.427 0.346/99 3/2* *0.813 *0.14 


Cs k x-ray 


0.080998 


134Хе 


10.44(10) 


133.905395 0+ 


0.1606 


135тХе 


15.3 т І.Т/ 11/2- 1.103 +0.62 


Xe k x-ray 


0.52658 


135Хе 


134.90721 9.10 h В /1.15 0.91/ 3/2+ 0.903 +0.21 


0.24975 


0.60807 


136Хе 


8.87(16) 


135.90722 >0.8х102 BE m 
y 


137Хе 


136.91156 3.82 т В /4.17 4.1/ 712- -0.970 -0.49 


0.45549 


3.6/ 


0.8489 


0.9822 


1.2732 


1.7834 


2.8498 


138Хе 


137.91399 14.1 m В /2.77 0.8/ 0+ 


0.1538 


2.41 


0.2426 


0.2583 


0.4345 


1.76826 


2.0158 


139Хе 


138.91879 39.7 6 В /5.06 4.5/ -0.304 +0.40 


0.1750 


5.0/ 


0.2186 


0.2965 


(0.1 - 3.37) 


140Хе 


139.9216 13.6 s В АЛ 2.6 0+ 


0.0801 


0.6220 


0.8055 


1.4137 


(0.04 - 2.3) 


141Хе 


140.9267 1.72 8 В /6.2 6.2/ 5/2+ +0.010 -0.58 


0.1187 


0.9095 


(0.05 - 2.55) 


142Хе 


141.9297 1.22 $ В /5.0 3.7/ 0+ 


0.0338 


4.2/ 


0.0729 


0.2038 


0.3091 


0.4145 


0.5382 


0.5718 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.6181 
0.6448 
143тХе 0.96 $ В. 
Xe 142.9352 0.30 6 В /7.3 -0.460 %0.93 
“Хе 143.9385 12 $ В /6.1 
145Хе 144.9437 0.9 s В (п) 
мехе 145.9473 >0.15 us 
WXe 146.9530 20.15 us 
Св 132.90545(2) 
"Cs 111.9503 0.5 ms p 0.81 
1365 112.9445 17. us р 0.96 
"405 113.9408 0.58 5 p^, EC/11.8 1* ann.rad./ 
0.6826 
0.7088 
"565 114.9359 = 145 В>ЕС/8.4 ann.rad./ 
116тС$ 0.7 $ В ,EC/ апп.гаа./ 
0.3935 
"6Cs 115.9330 3.86 B*,EC/10.8 ann.rad./ 
0.3935 
0.5243 
0.6151 
0.6223 
17тСө 6.5 8 B*,EC/ 
1765 116.9286 = 8.4 $ B*,EC/7.5 ann.rad./ 
18тС$ 17. $ B+, ЕС/ 5. 
"805 117.92654 14. 5 В»ЕС/9. 2 %3.88 314 ann.rad./ 
0.3372 
0.4727 
0.5865 
0.5906 
119тС$ 28. 5 3/2 +0.84 +0.9 
1965 118.92234 38. 5 p*,EC/6.3 9/2* 25.5 %2.8 ann.rad./ 
0.169 
0.176 
0.224 
0.257 
120mCs 60. 8 B*,EC/ 
120Cs 119.92066 64. 5 B*,EC/7.92 2+ +3.87 *1.45 ann.rad./ 
0.3224 
0.4735 
0.5534 
(0.3 - 3.28) 
121тС$ 2.0 т І.Т./60/ (9/2*) *5.41 *2.7 ann.rad./ 
B*/40/ 4.4 0.1794 
0.1961 
1165 120.91718 2.3 т B*,EC/5.40 4.38/ 3/2+ +0.77 +0.84 ann.rad./ 
0.1537 
(0.08 - 0.56) 
122m2Cg 44m ВЕС 8- +4.77 +3.3 апп.гаа./ 
12281 С5 0.36 6 ІТ 
0.3311 
0.4971 
0.6385 
(0.27 - 2.22) 
12205 121.91614 21.8 B*,EC/7.1 5.8/ (1+) -0.133 -0.19 ann.rad./ 
0.3311 
0.5120 
0.8179 
123тС5 1.6 $ І.Т/ 11/2- Cs k x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
0.0946 
2308 122.91299 5.87 т В*/75/4.20 3.0/ 1/2+ +1.38 ann.rad./ 
EC/25/ Xe k x-ray 
0.0974 
0.5964 
124mOs 6.3 $ ІТ 7% 
2408 123.91225 30. 5 В*/92/5.92 = 5. 1+ +0.673 -0.74 ann.rad./ 
EC/8/ Xe k x-ray 
0.3539 
0.4925 
0.9418 
12508 124.90972 45.m p*/40/3.09 2.06/ 1/2* *1.41 ann.rad./ 
EC/60/ Xe k x-ray 
0.112 
0.526 
12605 125.90945 1.64 т. В*/81/4.83 3.4 1+ +0.78 -0.68 ann.rad./ 
EC/19/ 3.7/ Хе К х-ау 
0.3886 
0.4912 
0.9252 
127С6 126.90741 6.2 h p*/96/2.08 0.65/ 1/2* *1.46 Xe k x-ray 
ЕС/4/ 1.06 0.1247 
0.4119 
1280s 127.90775 3.62m p*/68/3.930 2.44/ 1% %0.97 -0.57 ann.rad./ 
EC/32/ 2.88/ Xe k x-ray 
0.4429 
1290s 128.90606 1.336 d EC/1.195 1/2* *1.49 Xe k x-ray 
0.3719 
0.4115 
130" С5 3.5 т IT,B*,EC 5- +0.629 %1.45 
130Cs 129.90671 29.21 m В*/55/2.98 1.98/ 1+ +1.46 -0.06 ann.rad./ 
EC/43/ Xe k x-ray 
В /1.6/0.37 0.44/1.6 0.5361 
1810s 130.90546 9.69 d EC/0.352 5/2+ +3.54 -0.58 Хе К х-гау 
13205 131.906430 6.48а ЕС/98/ 2- %2.22 +0.51 Хе К х-гау 
p*/0.3/2.120 0.4646 
В //1.280 0.6302 
0.66769 
1830s 100. 132.905447 7/2+ +2.582 -0.0037 
134mCs 2.91 h І.Т./0.139 8- %1.098 %1.0 Cs К x-ray 
0.12749 
13405 133.906714 2.065 у В /2.059 0.089/27 4- %2.994 %0.39 0.56327 
0.658/70 0.56935 
ЕС/1.22 0.60473 
0.79584 
135" С5 53.т І.Т./1.627 19/2- *2.18 *0.9 0.7869 
0.8402 
13505 134.905972 2.3х106у В 10.269 0.205/100 7/2% %2.732 %0.05 
136mCs 19. $ І.Т/ 8 *1.32 +0.7 
1360s 135.907307 13.16 d В /2.548 0.341/ 5* *3.71 *0.2 0.06691 
0.34057 
0.81850 
1.04807 
1870s 136.907085 30.2 y В 1.176 0.514/95 7/2+ +2.84 +0.05 Ва К х-гау 
0.66164 
138mCs 2.9m І.Т./75/0.080 6- *1.71 -0.40 Cs К x-ray 
В /25/ 3.3 0.0799 
0.1917 
0.4628 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.43579 
138Cs 137.91101 32.2 т В /5.37 2.9/ 3- %0.700 *0.12 0.1381 
0.46269 
1.00969 
1.43579 
2.21788 
1890s 138.913359 9.3m В /4.213 4.21 7/2% %2.70 -0.07 0.6272 
1.2832 
(0.4 - 3.66) 
1065 139.91727 1.06 т В /6.22 5.7/ 1- *0.13390 -0.11 0.5283 
6.21/ 0.6023 
0.9084 
(0.41 - 3.94) 
1165 140.92005 24.96 В /5.26 5.20/ 712+ +2.44 -0.4 Ва К х-гау 
0.0485 
0.5616 
0.5887 
1.1940 
(0.05 - 3.33) 
1268 141.92430 1.86 В /7.31 6.9/ 0.3596 
7.28 0.9668 
1.1759 
1.3265 
14365 142.92732 1.78 6 В /6.24 6.1 (3/2+) +0.87 +0.47 0.1955 
0.2324 
0.3064 
(0.17 - 1.98) 
V Os 143.93203 1.01 $ В /8.47 8.46/ 1 -0.546 +0.30 0.1993 
7.9/ 0.5598 
0.6392 
0.7587 
14565 144.93541 0.59 6 В /7.89 7.4/ 3/2* *0.784 *0.6 0.1126 
7.9/ 0.1755 
0.1990 
14665 145.94024 0.322 6 В ,(п)/9.38 = 9.0 2- -0.515 +0.22 
14705 146.9439 0.227 5 В (n)/9.3 
14865 147.9490 0.15 8 В ,(п)/10.5 
“Cs 148.9527 > 50 ms 
18008 149.9580 > 50 ms 
1810s 150.9620 > 50 ms 
„Ва 137.327(7) 
"Ва 113.9509 0.43 5 P^. (b) р/20 
"Ва 114.948 0.45 8 B*,(p) р/<15 
"Ва 115.9417 1.3 $ B*,(p) p/3 
"тВа 116.9377 185 p*.(p),EC/8.4 p/13 (3/2-) (0.0457-0.364) 
"8Ba 117.9466 5.26 В», (0.040-0.156) 
"Ba 118.931 54s p^, EC/8. 
120Ba 119.9260 24. 5 B*,EC/5.0 0+ ann.rad./ 
0.140 
(0.075-0.146) 
121Ва 120.9245 30. $ В*,ЕС/б.8 5/2 +0.660 +1.8 ann.rad./ 
"Ва 121.9203 20т B*,EC/3.8 0+ ann.rad./ 
123Ва 122.9189 2.7 т В*,ЕС/5.5 -0.68 +1.5 ann.rad./ 
0.0306 
0.0927 
0.1161 
0.1235 
124Ва 123.91509 12. т B*,EC/2.65 ann.rad./ 
0.1695 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.1888 
1.2160 
125тВа 8. т B+, ЕС/ 4.5 0.174 
125Ва 124.9146 3.5 т В*,ЕС/4.6 3.4 1/2+ +0.18 ann.rad./ 
0.0550 
0.0776 
0.0854 
0.1409 
126Ва 125.91124 1.65 h В*/2/1.67 0+ Св К х-гау 
ЕС/98/ 0.2179 
0.2336 
0.2576 
12тВа 1.9 $ ІТ 712- -0.723 1.6 
127Ва 126.9111 12.9 т В*/54/3.5 1/2+ +0.083 ann.rad./ 
ЕС/46/ Cs К x-ray 
0.1148 
0.1808 
(0.07 - 2.5) 
128Ва 127.90831 2.43 а ЕС/0.52 0+ Св К х-гау 
0.27344 
129тВа 2.17 h ЕС/98/ 712+ +0.93 +1.6 Cs К x-ray 
В*/2/ 0.1769 
0.1823 
0.2023 
1.4593 
"Ва 128.90868 22h В*/20/2.43 1.42/ 1/2+ -0.40 ann.rad./ 
EC/80/ Cs К x-ray 
0.1291 
0.2143 
0.2208 
130Ba 0.106(1) 129.90631 >0.5х1015 В-8- 0+ 
у 
131mBa 14.6 т І.Т./0.187 9/2- -0.87 +1.5 Ва К х-гау 
0.1085 
131Ba 130.90693 11.7 d ЕС/1.37 1/2% 0.7081 Св Кх-ау 
0.12381/28.4 
0.21608/21.3 
0.49636/42.9 
(0.0549-1.171) 
132Ва 0.101(1) 131.905056 0+ 
133тВа 1.621 а 1.7./0.288 11/2- -0.91 +0.9 Ва К x-ray 
0.2761 
133Ва 132.906003 10.53 у ЕС/0.517 112% 0.7717 Cs К x-ray 
0.08099 
0.35600 
"Ва 2.417(18) 133.904504 0+ 
135mBa 1.20 d І.Т./0.2682 11/2- -1.00 31.0 Ва К х-ау 
0.2682 
135Ва 6.592(12) 134.905684 3/2* *0.838 +0.16 
1звтВа 0.308 $ 1.7./2.0305 7- Ва К x-ray 
0.8185 
1.0481 
136Ва 7.854(24) 135.904571 0+ 
тва 2.552 т І.Т./0.6617 11/2- -0.99 %0.8 Ва К x-ray 
0.66164 
137Ва 11.232(24) 136.905822 3/2* *0.9374 *0.245 
138Ba 71.698(42) 137.905242 0+ 
139Ва 138.908836 1.396 һ В /2.317 2.14/27 712- -0.97 -0.57 0.16585 
2.27/72 1.2544 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.42033 
чоВа 139.91060 12.75 d В /1.05 0.48 0% 0.16268 
1.0/ 0.30485 
1.02/ 0.53727 
Ва 140.91441 18.3 m В /3.22 2.59/ 3/2- -0.34 %0.45 0.1903 
2.73/ 0.2770 
0.3042 
(0.1 - 2.5) 
“Ba 141.91645 10.7m В /2.212 1.0/ 0+ 0.23152 
1.10/ 0.25512 
0.3090 
1.2040 
143Ba 142.92061 14.3 s В 14.24 4.2/ 5/2+ +0.44 -0.88 0.1786 
0.21148 
0.7988 
(0.17 - 2.4) 
чаВа 143.92294 1145 В /3.1 2.41 0+ Га К х-гау 
2.9/ 0.10386 
0.1566 
0.1728 
0.3882 
0.43048 
145Ва 144.9269 4.03 В /4.9 4.9/ (5/2-) -0.28 +1.22 Га К х-гау 
0.0918 
0.09709 
“Ba 145.9302 2.20 $ В /4.12 3.9/ 0+ 0.0644 
0.2513 
0.3270 
0.3329 
0.3622 
Ba 146.9340 0.892 s В /5.75 5.5/ 
чвВа 147.9377 0.64 5 В ,п/5.11 
“Ва 148.9421 0.36 6 В .(ny7.3 
150Ва 149.9456 0.3 $ 
151Ва 150.9507 >0.15 us 
152Ва 151.9542 
153Ва 151.9596 
„та 138.9055(2) 
“Та 116.950 
пера 117.946 
"La 118.941 
La 119.938 2.86 EC,p*/11. 
ШЕ 120.9330 53s 
1221 а 121.9307 9.s ЕС,В*/= 9.7 
1231 а 122.9262 17.8 EC/T. 
124 а 123.9245 30. $ EC/= 8.8 (7+) 
ШЕ: 0.39 s 
125 а 124.9207 12 т B*,EC/5.6 11/2- ann.rad./ 
0.0436 
0.0676 
126] а 125.9194 1.0 т B*,EC/7.6 ann.rad./ 
0.2561 
0.340 
0.4555 
0.6214 
27а 126.9162 3.8 т B*,EC/4.7 3/2+ ann.rad./ 
0.025 
0.0562 
la 127.9155 5.0 т p*/80/6.7 (5-) ann.rad./ 


11-118 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
EC/20/ Ba k x-ray 
0.2841/87 
0.4793/54 
(0.315-2.212) 
"тј а 0.56 $ ІТ (11/2-) 
1291 а 128.91267 11.6 т p*/58/3.72 2.42/ 3/2* ann.rad./ 
EC/42/ Ba k x-ray 
0.1105 
0.2786 
(0.1 - 1.8) 
130 а 129.9123 8.7 т p*/78/5.6 3- ann.rad./ 
EC/22/ Ba k x-ray 
0.3573/81 
0.5506/27 
(0.1965-1.989) 
siLa 130.9101 59. m p*/76/3.0 1.42/ 3/2* ann.rad./ 
EC/24/ 1.94/ Ва К x-ray 
0.1085 
0.3658 
0.5263 
1321 а 24. т І.Т./76/ 6- La k x-ray 
В*,ЕС/24/ 0.1352 
0.4645 
1321 а 131.91011 48h B*/40/4.71 2.6/ 2- ann.rad./ 
EC/60/ 3.2 Ba k x-ray 
3.7/ 0.4645 
0.5671 
133 а 132.9084 3.91 h В*/4/2.2 1.2/ 5/2+ Ва К х-гау 
ЕС/96/ 0.2788 
0.2901 
0.3024 
134 а 133.90849 6.5 т p*/63/3.71 2.67/ 1+ ann.rad./ 
EC/37/ Ва К x-ray 
0.6047 
(0.5 - 1.9) 
135 а 134.90697 19.5 h ЕС/1.20 5/2* Ва К x-ray 
0.4805 
136 а 135.9077 9.87 т В*/36/2.9 1.8/ 1+ ann.rad./ 
EC/64/ Ba k x-ray 
0.8185 
17а 136.90647 6х10* y ЕС/0.60 7/2% %2.70 *0.2 0.2836 
1381 а 0.090(1) 137.907107 1.06х10" 5+ +3.7136 +0.4 1.4358/65 
у 
0.7887/35 
13981 а 99.910(1) 138.906349 7/2% %2.7830 %0.20 
мора 139.909473 1.678 а В /3.762 1.35 3- %0.73 %0.09 
1.24/ 
1.67/ 
“La 140.910958 3.90 h В /2.502 2.43/ 7/2% 
“la 141.91408 1.54 h В /4.505 2.11/ 2- 
2.98/ 
4.52/ 
“La 142.91606 14.1m В /3.43 3.3/ 712- 
Уча 143.9196 40.7 $ В /5.5 4.1/ 
“La 144.9217 24. 5 B /4.1 4.1/ 3/2+ 
тата 10.0 8 В /6.7 5.5/ (6) 
“La 145.9258 6.3 $ В /6.6 6.2/ (2-) 
“La 146.9278 4.02 8 В /5.0 4.6/ 
мара 147.9322 1.1 $ В /7.26 2- 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
мэра 148.9342 1.10 $ В /5.5 
1501 а 149.9386 0.51 $ х-гау 
(0.097-0.209) 
а 150.9416 >0.15 us 
1521 а 151.946 20.15 us 
La 152.949 >0.15 us 
154] а 153.954 
La 154.958 
«Се 140.116(1) 
"Ce 118.953 
120Ce 119.947 
121Ce 120.944 118 рр 
17206 121.938 
17306 122.936 3.8s В*,ЕС/=8.6 ann.rad./ 
124Се 123.931 6. $ ЕС/=5.6 
125Се 124.929 9.6 $ p^. EC/T. (5/2*) ann.rad./ 
126Ce 125.9241 50. 8 ЕС/4. 
127Се 126.9228 32.5 B*,EC/6.1 ann.rad./ 
(0.058-1.148) 
128Ce 127.9189 4.1 т p*,EC/3.2 ann.rad./ 
(0.023-0.880) 
179068 128.9187 3.5m В*,ЕС/5.6 ann.rad./ 
(0.0675-1.015) 
130Ce 129.9147 26.m В>ЕС/2.2 0+ ann.rad./ 
La k x-ray 
(0.047-1.431) 
13їтСе 5. т B*,EC/ ann.rad./ 
0.2304 
0.3955 
0.4213 
31Ce 130.9144 10.m В*,ЕС/4.0 2.8/ ann.rad./ 
0.119 
0.169 
0.414 
13206 131.9115 3.5h ЕС/1.3 0+ Га К х-гау 
0.1554 
0.1821 
133" Се 1.6h p^. EC/ 1/2* ann.rad./ 
0.0769 
0.0973 
0.5577 
133Се 132.9116 54h p*/8/2.9 1.3/ 9/2- ann.rad./ 
EC/92/ La k x-ray 
0.0584 
0.1308 
0.4722 
0.5104 
134Се 133.9090 3.16 d ЕС/0.5 0+ Га К х-гау 
0.1304 
0.1623 
0.6047 
135тСе 20. $ І.Т./0.446 11/2- Ce К x-ray 
0.0826 
0.1497 
0.2134 
135Се 134.90915 17.7 h B*/1/2.026 0.8/ 1/2+ La k x-ray 
EC/99/ 0.0345 
0.2656 
0.3001 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.6068 
"Се 0.19(1) 135.90714 0+ 
137тСе 1.43 а 1.Т./99/0.254 11/2- 1.0 Ce k x-ray 
ЕС/0.8/ 0.1693 
0.2543 
'7Се 136.90778 9.0h В*/1.222 3/2+ 0.96 Га К х-гау 
0.4472 
138Се 0.25(1) 137.90599 0+ 
139тСө 56.4 8 І.Т./0.7542 11/2- Ce k x-ray 
0.7542 
139Се 138.90665 137.6 а ЕС/0.28 3/2* 1.06 La К x-ray 
0.16585 
140Ce 88.48(10) 139.905435 0+ 
Се 140.908272 32.50 а В /0.581 0.436/69 712- 1.1 Pr К x-ray 
0.581/31 0.14544/48.0 
“2Се 11.08(10) 141.909241 0+ 
мзСе 142.912382 1.38 а В /1.462 1.404/ 3/2- = 1. Рг К х-гау 
1.110/47 0.0574 
0.2933 
“Се 143.913643 284.6 а В /0.319 0.185/20 0+ Рг К х-гау 
0.318/ 0.0801 
0.1335 
5Се 144.91723 3.00 m В /2.54 1.7/24 3/2- Pr К x-ray 
1.3 0.0627 
0.7245 
“Се 145.9187 13.5 m В /1.04 0.7/90 0+ Рг К х-гау 
0.0986 
0.2182 
0.3167 
47Се 146.9225 56. $ В /3.29 3.3/ 0.0930 
0.2687 
48Ce 147.9244 56. 6 В /2.1 1.66/ 0+ 0.0904 
0.0985 
0.1212 
0.2918 
“Се 148.9283 5.26 В 14.2 0.0577 
0.0864 
0.3800 
Се 149.9302 445 В /3.0 0.1099 
151Ce 150.9340 1.0 $ В /5.3 0.0526 
1206 151.9366 14s В 44 Pr k x-ray 
0.098 
0.115 
153Се 152.9406 >0.15 us 
154Се 153.943 >0.15 us 
155Се 154.947 >0.15 us 
156Се 155.951 
157Се 156.956 
Pr 140.90765(2) 
121Pr 120.955 0.6 8 
122Pr 121.952 
123рү 122.946 
124Pr 123.943 1.2 $ В*,ЕС/12. ann.rad./ 
125Рг 124.9378 = 3.3 $ В+ ann.rad./ 
0.1358 
126Pr 125.9353 3.18 p^, EC/^10.4 ann.rad./ 
(0.170-0.985) 
127Рг 126.9308 4.2 $ В*/=7.5 ann.rad./ 


(0.028-0.8949) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 


128рү 127.9288 3.06 В*,ЕС/=9.3 ann.rad./ 


0.207/100 


0.400-1.373 


эре 128.9249 32s p*,EC/5.8 ann.rad./ 


(0.0395-1.865) 


торг 129.9234 40. $ p*,EC/8.1 ann.rad./ 


"трг 575 (0.06 - 0.16) 


РГ 130.9201 1.7 т p*,EC/5.3 25.5 ann.rad./ 


(0.059-0.980) 


132Рг 131.9191 1.6 т B*,EC/7.1 ann.rad./ 


0.325 


0.496 


0.533 


133Pr 132.9162 6.5m B*,EC/4.3 5/2+ ann.rad./ 


0.074 


0.1343 


0.2419 


0.3156 


0.3308 


0.4650 


134тРг = 11. т B*,EC/ ann.rad./ 
0.294 


0.460 


0.495 


0.632 


Pr 133.9157 17.т В>ЕС/6.2 2% ann.rad./ 


0.294 


0.495 


135Рг 134.9131 24. т B*,EC/3.7 2.5/ 3/2+ ann.rad./ 
0.0826 


0.2135 


0.2961 


0.5832 


"ерү 135.91265 13.1 т В*/57/5.13 2.98/ 2% ann.rad./ 


ЕС/43 Се К x-ray 


0.5398 


0.5522 
ЗУРГ 136.91068 1.28 h В*/26/2.70 1.68/ 5/2+ ann.rad./ 


ЕС/74/ Се К x-ray 


0.4339 


0.5140 


0.8367 


(0.16 - 1.8) 


138mPr 2.1h В*/24/ 1.65/ 7- ann.rad./ 


ЕС/76/ Се К x-ray 


0.3027 


0.7887 


1.0378 


(0.07 - 2.0) 


138Pr 137.91075 1.45 т B*/75/4.44 3.42/ 1+ ann.rad./ 


EC/25/ Ce k x-ray 


0.7887 


тэрг 138.90893 4.41 h p*/8/2.129 1.09/ 5/2+ ann.rad./ 


EC/92/ Се К x-ray 


0.2551 


1.3473 


1.6307 


Mopr 139.90907 3.39 m p*/51/3.39 2.37/ 1% ann.rad./ 


EC/49/ Се К x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.3069 
1.5965 
Pr. 100. 140.907648 5/2+ +4.275 -0.08 
за2тру 14.6 т І.Т./0.004 с.е./ 5- 2.2 
M2pr 141.910041 19.12 h В /2.162 0.58/4 2- %0.234 %0.030 0.5088 
ЕС/0.744 2.16/96 1.57580 
мзрг 142.910813 13.57 а В /0.934 0.933/ 7/2% %2.70 %0.8 0.7420 
MAmpr 7.2 m 17/99+/0.059 3- Pr К х-гау 
p 0.0590 
0.6965 
0.8142 
рг 143.913301 17.28 т В /2.998 0.807/1 0- 0.69649 
2.30/ 1.48912 
2.996/98 2.18562 
145Рг 144.91451 5.98 h В /1.81 1.80/97 7/2% 0.0725 
0.6758 
0.7483 
Mepr 145.9176 24.2 m В /4.2 2.2/30 2- 0.4539/48 
3.7/10 1.5247 
4.2/40 
147Рг 146.91898 13.4 т В /2.69 1.5/ 3/2+ 0.3146/24. 
2.1/ 0.5779/16 
0.6413/19. 
14втРг 20m В / 4.0/ (4) 0.3016 
3.8/ 0.4506 
0.6975 
148Pr 147.9222 2.27 m В 14.9 4.8/ Д? 0.3017 
4.5/ 
мору 148.92379 2.3 т В /3.40 3.0 (5/27) 0.1085 
0.1385 
0.1651 
БРЕ 149.9270 6.2 5 В /5.7 1 0.1302 
= 5.5 0.8044 
0.8527 
РЕ 150.9283 22.46 В /4.2 
152Рг 151.9319 3.2 $ В /6.7 4* 0.0726 
0.164 
0.285 
153Рг 152.9339 4.3 $ В /5.5 
МР 153.9381 2.36 В /7.9 
155Рг 154.9400 
156Рг 155.944 
157Pr 156.947 
158Рг 157.952 
159Рг 158.955 
«ма 144.24(3) 
125 0.6 s рр 
126Nd 125.943 
127Nd 126.941 1.86 В>ЕС/9. (5/2) ann.rad./ 
тма 127.935 4.6 В+, ЕС/б. ann.rad./ 
129Ма 128.933 49s p^. EC/8. 5/2(-) ann.rad./ 
(0.091-0.875) 
130Nd 129.929 28. s ВЕСЬ. ann.rad./ 
131Nd 130.9271 0.5 m p*,EC/6.6 ann.rad./ 
(0.09-0.36) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
132Nd 131.9231 1.5 m B*,EC/3.7 ann.rad./ 
(0.099-0.567) 
133Nd 132.9222 1.2 m В*,ЕС/5.6 ann.rad./ 
(0.06-0.37) 
134Nd 133.9187 = 8.5 т В*/17/2.8 0+ ann.rad./ 
EC/83/ Pr К x-ray 
0.1631/58 
(0.09-1.00) 
135" Ма 5.5 т p 
135Nd 134.9182 12. m p*/65/4.8 9/2- -0.78 *2.0 ann.rad./ 
EC/35/ Pr К x-ray 
0.0415/23. 
0.204/51. 
(0.11-1.8) 
136Nd 135.9150 50.6 m EC/94/2.21 1.04/ 0+ Pr kx-ray 
B*/6/ 0.0401/21. 
0.1091/35. 
(0.10-0.97) 
137mNd 1.6 $ 1.T./0.5196 11/2- Nd k x-ray 
0.1084 
0.1775 
0.2337 
137Nd 136.9146 38. m В*/40/3.69 1.7/20 1/2+ -0.63 ann.rad./ 
EC/60/ 2.40/20 Pr К х-гау 
0.0755 
0.5806 
тема 137.9119 5.1 В ЕС/1.1 0+ Рг К х-гау 
0.1995 
0.3258 
"зета 55h І.Т./12/0.231 1.17/ 11/2- Nd k x-ray 
p*/88/ Pr К x-ray 
0.1139/34. 
0.7382/30. 
139Nd 138.91192 30. m В*/25/2.79 1.77/ 3/2+ 0.91 +0.3 ann.rad./ 
ЕС/75/ Рг К х-гау 
0.4050 
мома 139.90931 3.37 d ЕС/0.22 0+ Рг К х-гау 
"отқа 1.04 т 11/99-/0.756 11/2- Nd k x-ray 
0.7565 
Nd 140.909605 249h EC/98/1.823 0.802/ 3/2* 1.01 *0.3 Pr К x-ray 
B*/2/ (0.15-1.7) 
142Nd 27.13(12) 141.907719 0+ 
143Nd 12.18(6) 142.909810 712- -1.07 -0.60 
“қа 23.80(12) 143.910083  2.1x10'5y 0+ 
145Nd 8.30(6) 144.912569 712- -0.66 -0.31 
146Nd 17.19(9) 145.913113 0+ 
Nd 146.916096 10.98 d В /0.896 0.805/ 5/2- 0.58 0.9 Pr К x-ray 
0.53102 
0.09111-0.686 
148Nd 5.76(3) 147.916889 0+ 
149Nd 148.920145 1.73 h В /1.691 1.03/25 5/2- 0.35 1.3 Pr К x-ray 
1.13/26 0.1143/19. 
1.42/ 0.2113/27. 
(0.06 - 1.6) 
150Nd 5.64(3) 149.920887  -1x10?? y p? 0- 
151Nd 150.923825 12.4 m В /2.442 1.2/ (3/2*) Pm k x-ray 
0.1168 
0.2557 
1.1806 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
(0.10 - 1.9)m 
152Ма 151.92468 11.4 т В /1.1 0+ 0.2785/29. 
0.2501/18. 
(0.016 - 0.66) 
153Nd 152.9280 28.9 s В /3.6 0.418 
154 Ма 153.9296 25.9 $ В /2.8 0.1519 
0.7998 
155Nd 154.9334 8.9 s В /5.0 0.1807 
156Nd 155.9355 5.5 $ В /4.1 0.0848 
157Nd 156.9393 
158Nd 157.942 
159Nd 158.946 
160Nd 159.949 
161Nd 160.954 
iPM 
рт 127.948 1.06 В*,р Ann.rad. 
129Pm 128.943 
МӨР 129.940 2.5 8 B*,EC/11. 0.1589 
0.326-1.062 
1 Р 130.936 = 6.3 $ p 0.185 
0.220 
0.146 
132Рт 131.934 6. $ p*,EC/10. ann.rad./ 
133Р ту 132.930 12.8 B*,EC/= 7.0 ann.rad./ 
1% т 133.9282 24.6 В»ЕС/- 8.9 (5+) ann.rad./ 
0.294 
0.495 
"Рт 134.9247 0.8 m p*,EC/6.0 11/2- (0.13-0.47) 
136Pm 135.9235 1.8 m p*/89/7.9 (3+) ann.rad./ 
EC/11/ Nd k x-ray 
0.3735 
0.6027 
137Рт 136.9206 2.4 т В*,ЕС/5.6 (11/2-) ann.rad./ 
0.1086 
0.1775 
138т Р 3.2 т В*/50/= 7.0 3.9/ 3+ 3. ann.rad./ 
EC/50/ Nd k x-ray 
0.5209 
0.7290 
138Р ту 137.9193 10. $ B:/6.9 6.1/ 1+ ann.rad./ 
Мөтрт 0.18 8 ІТ/ (11/2-) 0.1887 
139Pm 138.91678 4.14 m В*/68/4.52 3.52/ (5/2+) апп.гаа./ 
ЕС/32/ Nd К x-ray 
0.4028 
(0.27 - 2.4) 
MonmPm 5.87 т B*/70/ 3.2 712- ann.rad./ 
EC/30/ Nd k x-ray 
0.4199 
0.7738 
1.0283 
морт 139.91585 9.2 8 B*/89/6.09 5.07/74 1+ ann.rad./ 
EC/11/ Nd k x-ray 
0.7738 
1.4898 
"Рт 140.91359 20.9 т B*/52/3.72 2:11 5/2+ ann.rad./ 
ЕС/48/ М4 К х-ау 
0.8862 
1.2233 
142Pm 141.91295 40.5 s p*/86/4.87 3.8/ 1* ann.rad./ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
EC/20/ Nd k x-ray 
0.6414 
1.5758 
“Pm 142.910928 265. d EC/1.041 5/2+ 3.8 Nd k x-ray 
B*/«6 x 105/ 0.7420 
Pm 143.912586 360. d EC/2.332 5- 1.7 Nd К x-ray 
B*/7x10°/ 0.6180 
0.6965 
Рт 144.912745 17.7 y ЕС/0.163 5/2+ +3.8 +0.2 Nd К x-ray 
0.0723 
46Pm 145.914693 5.53 у ЕС/63/1.472 3- Ма К х-гау 
В /37/1.542 0.795/ 0.4538 
0.7362 
0.7474 
47Pm 146.915134 2.623 y B /0.224 0.224/ 7/2% %2.6 +0.7 0.1213 
0.1974 
M8mPm 41.3d В /95/2.6 0.4/60 6- 1.8 0.5503/94. 
І.Т./5/0.137 0.5/17 0.6300/89. 
0.7/21 0.7257/33 
март 147.91747 5.37 а В /2.47 1.02/ 1- +2.0 +0.2 0.5503 
2.471 0.9149 
1.4651 
меРт 148.918330 2.212 d В /1.071 0.78/9 7/2% 3.3 0.2859 
1.072/90 0.5909 
0.8594 
РА 149.92098 2.68 h В /3.45 1.6/ (1-) 0.3339/69. 
2.3/ 1.1658/16. 
1.8/ 1.3245/17. 
(0.25 -2.9) 
151Pm 150.92120 1.183 d В 71.187 0.84/ 5/2+ +1.8 1.9 0.1677/8 
0.2751/7 
0.3401/22 
152m2Pm 15. m B LT/ (>6) (0.14-1.4) 
152 Буд 7.5 т p (4-) 0.1218 
0.2447 
0.3404 
1.0971 
1.4375 
182Pm 151.9235 4.1 т В /3.5 3.5/20 1+ 0.1218 
3.50/60 (0.12 - 2.1) 
153Р 152.92414 5.4 т В /1.90 1.7/ (5/2-) 0.0910 
0.1198 
0.1273 
154mpm 2.7 т p 2.0/ 0.0820 
0.1848 
1.4403 
154Рт 153.9266 1.7 т В /4.1 1.9/ 0.0820 
0.8396 
1.3940 
2.0589 
(0.08 - 2.8) 
155Рт 154.9280 48. 5 В /3.2 (5/2-) (0.05-0.78) 
156Рт 155.93106 26.7 $ В /5.16 
157Рт 156.9332 10.9 $ В /4.6 
Рт 157.9367 5.5 В /6.3 
Рт 158.939 25 
‘Pm 159.943 
Рт 160.946 
162Рт 161.950 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
Рт 162.954 
«Sm 150.36(3) 
1295 т = 0.55 $ В*,р 
1305гп 129.949 
115т 130.946 1.2 $ B*,EC/ ann.rad./ 
1325 т 131.941 4.08 p 
13350 132.939 2.9 $ В*,ЕС/=8.4 5/2+ ann.rad./ 
1338 т 133.934 11.8 В>ЕС/5. 0+ ann.rad./ 
13555 134.932 10. $ B* ,EC/7. 7/2+ ann.rad./ 
1385 т) 135.9283 42.6 B* ,EC/4.5 0+ ann.rad./ 
175т 136.9271 45. $ B: ,EC/6.1 ann.rad./ 
1385 137.9235 3.0 т B: ,EC/3.9 0+ ann.rad./ 
0.0536 
0.0747 
t39mSm 10. $ І.Т./94/0.457 (11/2-) 14 Sm К x-ray 
B*/6/ 4.7 0.1118 
0.1553 
0.1901 
0.2673 
1395 138.9226 2.6 т В*/75/5.5 4.1/ 1/2* -0.53 Pm К x-ray 
EC/25/ 0.3678 
0.4028 
(0.27 - 2.4) 
мобт 139.9195 14.8 т B*,EC/3.4 1.9/ 0+ ann.rad./ 
Pm К x-ray 
0.1396 
0.2255 
(0.07 - 1.7) 
MimS5m 22.6m B*/32/ 1.6/ 11/2- -0.83 *1.6 ann.rad./ 
EC/68/ 2.19/ Pm k x-ray 
1.Т./0.3/0.1758 0.1966 
0.4318 
0.7774 
чт 140.91847 10.2 т В*/52/4.54 3.2/ 1/2+ -0.74 ann.rad./ 
ЕС/48/ Pm К x-ray 
0.4382 
“25т 141.91520 1.208 һ p*/6/2.10 1.0/ 0+ ann.rad./ 
EC/94/ Pm К x-ray 
143mSm 1.10 m 11/99/0.7540 11/2- Sm К x-ray 
0.7540 
“35m 142.914624 8.83 m B*/46/3.443 2.47/ 3/2+ +1.01 +0.4 ann.rad./ 
EC/54/ Pm k x-ray 
1.0565 
1М5т 3.1(1) 143.911996 0+ 
455m 144.913407 340. d EC/0.617 712- -1.12 -0.60 Рт К х-гау 
0.0613 
0.4924 
146Sm 145.913038  1.03х108 о/ 2.50/ 0+ 
y 
“75т 15.0(2) 146.914894 1.06х10" о/ 2.23/ 712- -0.815 -0.26 
y 
1485 11.3(1) 147.914818 7х105у о! 1.96/ 0+ 
мебт 13.8(1) 148.917180 1018 y al 712- -0.672 +0.075 
1505 т 1.41) 149.917272 0+ 
1515 т 150.919929 90. у В /0.0768 0.076/ 5/2- -0.363 +0.7 0.02154 
15250 26.7(2) 151.919729 0+ 
15385 т 152.922094 1.929 а В /0.808 0.64/ 3/2+ -0.0216 +1.3 Eu К x-ray 
0.69/ 0.0697/4.7 
0.10318/29 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
0.075-0.714 
1545 т 22.7(2) 153.922206 0+ 
15550 154.924636 22.2 т В /1.627 1.52 3/2- 1.1 Eu k x-ray 
0.1043/75. 
15650 155.92553 9.4 h В /0.72 0.43/ 0+ 0.0872 
0.71/ 0.1657 
0.2038 
15750 156.9283 8.0 т В /2.7 2.4/ 3/2- Eu k x-ray 
0.1964 
0.1978 
0.3942 
1585 т 157.9299 5.5 т В /2.0 0+ 0.1894/100. 
0.3636/82. 
15950 158.9332 11.36 В /3.8 0.1898 
160Sm 159.9353 9.6 $ В /3.6 0+ 0.110 
1615 т 160.9388 =4.8 $ 0.264 
1625 т 161.941 
1635 т 162.945 
1845 т 163.948 
165Sm 164.953 
БЕТ 151.964(1) 
ШАТ =26. ms В*,р р/0.95 
132ЕЦ 131.954 
кы 132.949 
134Е и 133.946 0.5 $ ЕС, В+ апп.гаа./ 
135ЕЦ 134.942 1.5 $ ЕС,В*/=8.7 ann.rad./ 
136mEu = 3.2 $ 7+ 0.255 
Eg 135.940 = 3.9 $ ЕС,В*/10. 1+ ann.rad./ 
137Ец 136.935 11. $ ЕС/=7.5 11/2- ann.rad./ 
138ЕЦ 137.9335 12. $ ЕС,В*/= 9.2 7+ 5 ann.rad./ 
189 Eu 138.9298 18.s EC,p*/6.7 6 ann.rad./ 
140тЕЦ 0.125 8 ЕС, ann.rad./ 
МОБИ 139.9285 1.515 EC,p*/8.4 1- ann.rad./ 
mme 3.0 s p*/58/ 11/2- ann.rad./ 
EC/9/ Eu К x-ray 
І.Т./33/0.0964 (0.09 - 1.6) 
“Ец 140.9244 40. $ В*/81/5.6 5/2+ +3.49 +0.85 ann.rad./ 
EC/15/ Sm К x-ray 
0.3845 
0.3940 
142mEu 1.22 т p*/83/ 4.8/ 8- *2.98 *1.4 ann.rad./ 
ЕС/17/ Sm К x-ray 
0.5566 
0.7680 
1.0233 
“Eu 141.9231 24s В /94/7.4 7.0/ 1% %1.54 %0.12 ann.rad./ 
EC/6/ 0.7680 
МЗЕЦ 142.92017 2.62 т B*/72/5.17 4.1/ 5/2* *3.67 +0.51 ann.rad./ 
EC/28/ 5.1/ Sm К x-ray 
0.1107/7 
1.5368/3. 
1.9127/2. 
"ЕЦ 143.91879 10.2 5 В*/86/6.33 5.31/ 1+ +1.89 +0.10 ann.rad./ 
EC/13/ Sm К x-ray 
1.6601 
145Eu 144.916263 5.93 d В*/2/2.660 0.79/ 5/2+ +4.00 +0.29 ann.rad./ 
EC/98/1.71 Sm k x-ray 
0.6535 
0.8937 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 


1.6587 


M6Eu 145.91720 4.57 d p*/5/3.88 1.47/ 4- +1.42 -0.18 ann.rad./ 


EC/95/ Sm К x-ray 


0.6336 


0.6341 


0.7470 


(0.27 - 2.64) 


WEu 146.916742 24.4 d EC/99./1.722 5/2+ +3.72 +0.53 Sm k x-ray 


p*/0.4/ 0.12113 


0.19725 


0.6776 


Eu 147.91815 54.5 d EC/3.11 0.92 5- +2.34 +0.35 Sm К x-ray 


0.5503/99. 


0.6299/71. 


(0.067-2.17) 


M9Eu 148.91792 93.1d EC/0.692 5/2* *3.57 *0.75 Sm k x-ray 


0.2770 


0.3275 


150ЕЦ 149.91970 36.у ЕС/2.26 5- *2.71 *1.13 Sm К x-ray 


0.3340 


0.4394 
0.5843 


(0.25 - 1.8) 


150" ЕЦ 12.8 h В /92/ 1.013/ 0- 5т К х-гау 


p*/0.4/ 1.24/ 0.3339 


EC/8/ 0.4065 


Ец 47.8(15) 150.919846 5/2+ +3.472 +0.90 


Tae 1.60 h І.Т./0.1478 8- Eu К x-ray 


0.0898 


152 ЕЦ 9.30 h В /72/ 1.85/ 0- 5т К х-гау 


ЕС/28/ 0.89/ 0.12178 


0.84153 


0.96334 


"Еи 151.921741 13.5 у ЕС/72/1.874 0.69/ 3- -1.941 +2.71 Sm К x-ray 


В /28/1.818 1.47/ Gd К x-ray 


0.12178 


0.34427 
1.40802 


(0.252-1.528) 


153ЕЦ 52.2(15) 152.921227 5/2+ +1.533 +2.41 


154 ЕЦ 46.1 т 1.Т/= 0.16 8- Eu К x-ray 


0.0682 


0.1009 


Eu 153.922976 8.59 y В /99.9/1.969 0.27/29 3- -2.01 %2.8 Gd К x-ray 


EC/0.02/0.717 0.58/38 0.12299/40. 


0.84/17 0.72331/20. 


0.98/4 1.2745/36 


1.87/11 (0.059-1.90) 


155ЕЦ 154.922890 4.76 у В /0.252 0.15/ 5/2+ +1.52 +24 Gd К x-ray 


0.0865/30 


0.1053/20 


Ец 155.92475 152 4 В /2.451 0.30/11 1% = 1.1 0.08899/9. 


0.49/30 0.64623/7. 


1.2/12 0.723441/6. 


2.45/31 0.8118/10. 


157ЕЦ 156.92542 15.13 h В /1.36 0.98/ (5/2+) +1.50 +2.6 Gd К x-ray 


1.30/41 0.0639/100. 


0.3705/48. 


0.4107/76. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
158ЕЦ 157.9278 45.9 т В /3.5 2.5/ (1-) +1.44 +0.7 0.0795 
0.8976 
0.9442 
0.9771 
159Eu 158.92909 18.1 m В /2.51 2.4/ (5/2*) *1.38 *2.7 0.0678 
2.57/ 0.0786 
0.0957 
1609 159.9315 38. 5 В /4.1 2.7/ (0-) 0.0753 
4.1/ 0.1735 
0.4131 
0.5155 
0.8217 
0.9110 
0.9246 
Ец 160.9337 27.6 В /3.7 0.0719 
162ЕЦ 161.9370 11.8 В /5.6 
16зЕц 162.9392 
164Ец 163.943 
165 Ц 164.946 
“Ец 165.950 
187ЕЦ 166.953 
«аба 157.25(3) 
135654 115 В (0.163-0.360) 
13654 135.947 
13754 136.945 7.6 ЕС,В*/=8.8 ann.rad./ 
13864 137.9400 “4.76 ЕС, 0.0647 
139mGd «4.86 0.1216 
13964 138.9381 5.8 ЕС,В*/=7.7 0.104-0.323 
оба 139.934 16. 5 ЕС/4.8 0+ 0.1748 
атса 25.5 EC,p*/ 11/2- ann.rad./ 
мба 140.9322 21. $ В*/7.3 0+ ann.rad./ 
14254 141.9276 1.17 m ЕС,В*/4.2 1/2+ ann.rad./ 
143mGd 1.84 т B*/67/ 11/2- ann.rad./ 
EC/33/ Eu k x-ray 
І.Т./ 0.1176 
0.2719 
0.5880 
0.6681 
0.7999 
864 142.9266 39. 8 p*/82/6.0 1/2* ann.rad./ 
EC/18/ Eu К x-ray 
0.2048 
0.2588 
ба 143.9234 4.5 т В*/45/4.3 3.3/ 0+ ann.rad./ 
EC/55/ Eu К x-ray 
0.3332 
M5mGg 1.44 m І.Т./95/0.749 11/2- 0.0273 
В*/4/5.7 0.3295 
0.3866 
0.7214 
14554 144.92169 23.4 т B*/33/5.05 2.5/ 1/2+ ann.rad./ 
EC/67/ Eu k x-ray 
1.7579 
1.8806 
(0.32 - 3.69) 
"ба 145.91831 48.3 d EC/99.9/1.03 0.35/ 0+ Eu К x-ray 
B*/0.2 0.1147 
0.1155 
0.1546 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
Са 146.919090 1.588 4 ЕС/99.8/2.188 0.93/ 7/2- 1.0 Eu k x-ray 
EC/0.2/ 0.2293 
0.3699 
0.3960 
0.9289 
(0.1 - 1.8) 
148Gd 147.918111 75. y 0/3.27 3.1828/ 0+ 
ба 148.919339 9.3 d EC/1.32 712- 0.9 Eu k x-ray 
0.1496 
0.2985 
0.3465 
15064 149.91866 1.8х106 y 0/2.80 2.73/ 0+ 
15164 150.920345 124. а ЕС/0.464 712- 0.8 Eu К x-ray 
0.1536 
0.2432 
15264 0.20(1) 151.919789 0+ 
15364 152.921747 241.64 ЕС/0.485 3/2- 0.4 Eu К x-ray 
0.09743 
0.10318 
154Gd 2.18(3) 153.920862 0+ 
155Gd 14.80(5) 154.922619 3/2- -2.59 +1.30 
“WGd 2047) — 155922120 — ж о ооо у 
тад 15.65(3) 156.923957 3/2- -3.40 +1.36 
15864 24.84(12) 157.924101 0+ 
15964 158.926385 18.6 h В 0.971 0.60/11 3/2- -0.44 Tb К x-ray 
0.89/26 0.36351 
0.96/63 0.058-0.855 
160Gq 21.86(4) 159.927051 0+ 
16154 160.929666 3.66 т В /1.956 1.56/85 5/2- ТЬ К х-гау 
Мино... 
0.3149 
0.3609 
16264 161.930981 8.4 т В /1.39 1.0/ 0+ 0.4030 
0.4421 
16354 162.9340 1.13 т В /3.1 0.2868 
0.214 
1.685 
“WGq 1639358 4.58 рез = 
16564 164.9394 10 8 В 
16664 165.942 
16764 166.946 
168Gd 167.948 
16954 168.953 
s Tb 158.92534(2) 
138Тр 
189Tb 138.948 1.66 0.109 
0.120 
“отр 139.946 24s B*,EC/11 0.329 
0.355-0.740 
Тр 140.941 3.5 5 В»ЕС/- 8.3 
M2mTpb 0.30 s B*,EC/ 4- 
Tb 141.939 0.60 6 ВЕСЛО. 0+ 
мзтр 142.9346 12. $ B*,EC/7.4 11/2- 
144m Тр 415 ІТ 5- 
WV Tb 143.9324 «15s B*,EC/8.4 1+ 
“ттр 30. 5 В»ЕС/- 6.6 11/2- апп.гаа./ 
0.2577 
0.5370 
0.9876 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
MSTb 144.9287 В*,ЕС/б.5 1/2+ 
146mTb 23.s В*/76/ (5-) ann.rad./ 
EC/24/ Gd k x-ray 
1.0789 
1.5795 
метр 145.9270 =8.5 p*/8.1 1* 
47TH 1.8m В*/35/ 11/2- ann.rad./ 
EC/65/ Gd k x-ray 
1.3977 
1.7978 
ть 146.92404 1.6h p*/42/4.61 5/2+ +1.70 ann.rad./ 
EC/58/ Gd k x-ray 
0.6944 
1.1522 
(0.120-3.318) 
148mTb 2.3 т p*/25/ 9% ann.rad./ 
ЕС/75/ Gd k x-ray 
0.3945 
0.6319 
0.7845 
0.8824 
“ETD 147.92422 1.00 h B*,EC/5.69 2- -1.75 -0.3 ann.rad./ 
Gd k x-ray 
0.4888 
0.7845 
(0.14 - 3.8) 
49m Тр 4.16 m EC/88/ 11/2- ann.rad./ 
В*/12/ Gd К x-ray 
0.1650 
0.7960 
метр 148.923243 4.13 h В*/4/3.636 1.8/ 1/2+ +1.35 Gd К x-ray 
0/16/ 3.97/ 0.1650 
0.3522 
0.3886 
(0.1 - 3.2) 
и) 6.0 т В*/17/ ann.rad./ 
EC/83/ Gd k x-ray 
0.4384 
0.6380 
0.6504 
0.8275 
150Тр 149.92366 3.31 B*,EC/4.66 2- -0.90 ann.rad./ 
0.4963 
0.6380 
(0.3 - 4.29) 
тр 25.5 1.Т./95/ 11/2- 0.0229 
B*,EC/7/ 0.0495 
0.3797 
0.8305 
Ци 150.923099 17.61 h B*/1/2.565 0.70/ 1/2+ +0.92 Gd k x-ray 
EC/99/ 0.1083 
0.2517 
0.2870 
(0.1 - 1.8) 
152mTþ 4.3 m І.Т./79/0.5018 (8+) ТЬ К х-гау 
ЕС/21/4.35 Gd К x-ray 
0.2833 
0.3443 
0.4111 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


Half-Life 


Decay 


Mode/Energy 


(мем) 


Particle 
Energy 


/Intensity 
(Меу/%) 


TABLE ОЕ ISOTOPES (CONTINUED) 


Spin 
(h/2p) 


Nuclear 
Magnetic 
Mom. 


(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


152Тр 


151.92407 


17.51 


В*/20/3.99 


2.5/ 


2- 


-0.58 


20.3 


ann.rad./ 


EC/80/ 


2.8/ 


Gd k x-ray 


0.3443 


(0.2 - 2.88) 


153Тр 


152.923433 


2.34 d 


ЕС/1.570 


5/2+ 


+3.44 


+1.1 


Gd К x-ray 


0.2119 


(0.05 - 1.1) 


154т2Тр 


23.1h 


EC/98/ 


0.9 


Gd k x-ray 


1.Т./2/ 


0.1231 


0.2479 


0.3467 


1.4199 


154 "Тр, 


В*/78/ 


+3. 


Gd К x-ray 


1.Т./22/ 


0.1231 


0.2479 


0.5401 


(0.12 - 2.57) 


154Tb 


153.92469 


21.5h 


EC/99/3.56 


1.86/ 


0- 


Gd k x-ray 


pun 


2.45 


0.1231 


1.2744 


2.1872 
(0.12 - 3.14) 


155Тр 


154.92350 


534 


ЕС/0.82 


3/2* 


*2.01 


+1.41 


Gd К x-ray 


0.08654 


0.10530 


156т2Тр 


1.02 d 


ET 


Tb k x-ray 


0.0496 


156M1T у 


53h 


І.Т./0.0884 


Tb k x-ray 


156Тр 


155.924744 


534 


ЕС/2.444 


“1.7 


%2. 


0.0884 
Gd k x-ray 


0.08896 


0.19921 


0.53435 


1.22245 


157Tb 


156.924021 


1.1x10? y 


EC/0.0601 


*2.01 


314 


Gd k x-ray 


0.0545 


158mTb 


10.5s 


І.Т./0.11 


Gd k x-ray 
0.0110 


158Тр 


157.925410 


1.8x10? y 


EC/80/1.220 


*1.76 


*2.7 


Gd k x-ray 


В /20/0.937 


0.0795 


0.9442 


0.9621 


159Тр 


100. 


158.925343 


%2.014 


*1.43 


160Тр 


159.927164 


72.3 4 


В 71.835 


0.57/47 


%1.79 


3.8 


Dy k x-ray 


0.86/27 


0.08678 


0.29857 


0.87936 


0.96615 


161Tþ 


160.927566 


6.91 d 


В 70.593 


0.46/23 


3/2+ 


2.2 


+1.2 


Dy k x-ray 


0.52/66 


0.02565 


0.6/10 


0.04892 


0.07458 


162Тр 


161.92948 


7.6 т 


В 12.51 


14 


(1/2-) 


Dy Кх-ау 


0.2600 


0.8075 


0.8882 


163Тр 


162.930644 


19.5 т 


В 71.785 


0.80/ 


3/2* 


Dy k x-ray 


0.3511 


0.3897 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.4945 
164Tb 163.9334 3.0 т В /3.9 1.7/ (5+) Dy К x-ray 
0.1689 
0.2157 
0.6110 
0.6885 
0.7548 
165Тр 164.9349 2.1 т В /3.0 3/2+ 0.5389 
1.1785 
1.2920 
1.6648 
кетр 165.9380 «216 p^ 
167Тр 166.9401 19 $ 0.057 
0.070 
168Тр 167.9436 8s 0.075-0.227 
169Тр 168.946 
‘Tb 169.950 
™Tb 170.953 
ру 162.50(3) 
зәру 0.66 В*,р 
мору 139.954 
“ру 140.951 0.9 $ EC,p*/9. 
мгру 141.946 23s EC,p*/7.1 
143Dy 142.9440 3.96 ЕС,В*/= 8.8 
ру 143.9391 9.1 $ ЕС,В*/= 6.2 
"ру 144.9365 14. 5 ЕС 11/2- 
“пру 0.15 8 ІЛ. 10% 
меру 145.9325 30. 5 ЕС,В*/5.2 
"тру 56. 8 1.Т/40/ (11/2-) -0.66 *0.7 Dy К x-ray 
B*,EC/60/ 0.072 
0.6787 
ру 146.9309 75.5 ЕС,В“/6.37 1/2* -0.92 ann.rad./ 
0.1007 
0.2534 
0.3653 
M8Dy 147.92710 3.1m В*/4/2.68 1.2/ 0+ ann.rad./ 
EC/96/ Tb k x-ray 
0.6202 
меру 148.92734 4.2 т B*,EC/3.81 (7/2-) -0.12 -0.62 ann.rad./ 
0.1008 
0.1063 
0.2534 
0.6536 
0.7894 
1.7765 
1.8062 
180Dy 149.92558 7.18m B*,EC/67/1.79 0+ Tb К x-ray 
0/33/ 4.233/ 0.3967 
151Dy 150.926181 17. m p*/5/2.871 712- -0.95 -0.30 Tb К x-ray 
EC/89/ 0.1764 
о/6/ 4.067/ 0.3030 
0.3861 
0.5463 
(0.16 - 2.09) 
152Dy 151.92472 2.37 h EC/0.60 0+ Tb К x-ray 
о/ 3.63/ 0.2569 
153Dy 152.925763 6.3 h p*/1/2.171 0.89/ (7/2-) -0.78 =-0.15 Tb К x-ray 
EC/99/ 0.0807 
0/0.01/ 3.46/ 0.0997 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.2137 
(0.08 - 1.66) 
154 y 153.92442 3.x108 y 0/2.95 2.87/ 0+ 
15ру 154.92575 9.9 h В*/2/2.095 0.845/ 3/2- -0.385 +1.04 ТЬ К х-гау 
ЕС/98/ 0.0655 
0.2269 
156Dy 0.06(1) 155.92428 0- 
157Dy 156.92546 8.1 h ЕС/1.34 3/2- -0.301 +1.30 Tb К x-ray 
(0.0609-1.319) 
"вру 0.10(1) 157.924405 0+ 
"ру 158.925736 144. а ЕС/0.366 3/2- -0.354 %1.37 Tb К x-ray 
0.3262 
звору 2.34(6) 159.925194 0+ 
161Dy 18.9(2) 160.926930 5/2+ -0.480 *2.51 
162)у 25.5(2) 161.926795 0+ 
163Dy 24.9(2) 162.928728 5/2- *0.673 *2.65 
164Dy 28.2(2) 163.929171 0+ 
"тру 1.26 т І.Т./98/0.108 1/2- Dy К x-ray 
В /2/ 0.1082 
0.5155 
165Dy 164.931700 2.33 h B /1.286 1.29/ 7/2% -0.52 -3.5 Но К х-гау 
0.09468 
“бу 165.932803 3.400 а В /0.486 0.40/ 0+ Но К х-гау 
0.0282 
0.0825 
"ру 166.9357 6.2 т В /= 2.35 1.78 (1/2-) Но k x-ray 
0.2593 
0.3103 
0.5697 
(0.06 - 1.4) 
168Dy 167.9372 8.5 т В 71.6 0+ Но К х-гау 
0.1925 
0.4867 
169Dy 168.9403 = 39. $ В /3.2 
тору 169.9427 
тру 170.9465 
1720у 171.949 
‘Dy 172.953 
Но 164.93032(2) 
оңо 6 ms р/ р/1.09 
зитНо 8 us р/ р/1.23 
Цин) 4.2 тв В*,р р/1.71 
142Ho 141.960 
“Но 142.955 
144Ho 143.952 0.7 8 В',ЕС/12 
Но 144.947 245 B: 
“Но 145.9440 3.3 $ B*,EC/10.7 (10+) ann.rad./ 
Ho 146.9396 5.8 $ p*,EC/8.2 11/2- ann.rad./ 
148mHo 9.s В',ЕС/ 4- апп.гаа./ 
148Ho 147.9372 2.5 В>ЕС/9.4 1% ann.rad./ 
0.6615 
1.6883 
149тНо 21.6 В',ЕС/ 11/2- апп.гаа./ 
1.0733 
1.0911 
49Ho 148.93379 > 30. $ B*,EC/6.01 1/2+ 
150mHo 25.s B*,EC/ (9+) ann.rad./ 
0.3939 
0.5511 
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Elem. 


or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Мот. 
(пт) 


ӛріп 
(Һ/2р) 


Nuclear 
Magnetic 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.6534 


0.8034 


150НО 


149.9326 


В”,ЕС/6.6 


ann.rad./ 


0.5913 


0.6534 


0.8034 


151mHo 


47. $ 


В*,ЕС/87/ 


ann.rad./ 


0/13 


4.605/ 


0.2102 


0.4889 


0.6948 


0.7762 


151Ho 


150.93169 


35.2 $ 


В*,ЕС/80/5.13 


апп.гаа./ 


о/20/ 


4.519/ 


0.3522 


0.5274 


0.9676 


1.0471 


152" Ңо 


50. 8 


B*,EC/90/ 


(9+) +5.9 


-1. 


ann.rad./ 


0/10/ 


4.453/ 


0.4929 


0.6138 


0.6474 


152Но 


151.93166 


2.4 т 


В*,ЕС/88/6.47 


(87) -1.02 


*0.1 


0.6835 
ann.rad./ 


0/12/ 


4.387/ 


0.6140 


0.6476 


153mHo 


9.3m 


B*,EC/99+/4.12 


5/2 +1.19 


ann.rad./ 


о/ 


4.01/ 


0.0905 


0.1089 


0.1618 


0.2302 
0.2707 


0.3659 


0.4565 


153Ho 


152.93020 


20m 


B*,EC/99+/4.13 


11/2- +6.8 


-1.1 


ann.rad./ 


о/ 


3.91/ 


0.2958 


0.3346 


0.4381 


154тНо 


3.3 т 


В*ЕС/ 


(87) 5.7 


-1.0 


0.6383 
ann.rad./ 


0.3346 


0.4124 


0.4771 


15440 


153.93060 


В" ЕС/5.75 


1- -0.64 


+0.2 


апп.гад./ 


Dy Кх-ау 


0.3346 


0.5700 


0.8734 


155Но 


154.92908 


48. т 


В76/3.10 


(512%) 4351 


315 


ann.rad./ 


EC/94/ 


Dy К x-ray 


0.0474 


0.1363 


0.3254 


(0.06 - 2.24) 


156mHo 


5.8m 


І.Т./0.0352 


%2.99 


+2.3 


ann.rad./ 


В*/25] 


1.8/ 


Dy К x-ray 


EC/75/ 


2.9/ 


0.1378 


0.2666 


(0.28 - 2.9) 


156Ho 


155.9290 


56. т 


В”ЕС/4.4 


ann.rad./ 


0.1378 
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Elem. 
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Mass or 
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Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 
(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.2665 


157Ho 


156.92819 


12.6 m 


В*/5/2.54 


1.18/ 


712- 


+4.35 +3.0 


апп.гад./ 


ЕС/95/ 


Dy k x-ray 


0.2800 


0.3411 


158т2Ң о 


28.m 


І.Т./44/ 


%2.44 *1.6 


ann.rad./ 


EC/56/ 


Dy k x-ray 


0.0989 


0.2182 


158m1 Ho 


p*.EC/ 


(9*) 


ann.rad./ 


0.0981 


0.1664 


0.2182 


0.3205 


0.4062 


0.9774 


1.0532 


0.4846 


158Ho 


157.92895 


11.3 m 


В*/8/4.24 


1.30/ 


5+ 


+3.77 +4.1 


ann.rad./ 


EC/92/ 


Dy k x-ray 


0.0989 
0.2182 


0.9488 


159mHo 


8.3 $ 


ІТ/0.206 


1/2% 


Но К x-ray 


0.1660 


0.2059 


159Но 


158.927708 


33.0 т 


ЕС/1.838 


712- 


+4.28 +3.2 


Dy Кх-ау 


0.1210 


0.1320 
0.2529 


0.3096 


(0.06 - 1.2) 


160т2Ң о 


3.6 


1% 


160т7Но 


50h 


1T/67/0.060 


*2.52 *1.8 


0.0868 


EC/33/3.35 


0.1970 


0.6464 


0.7281 
0.8791 


0.9619 


0.9658 


160Ho 


159.92873 


25.6 m 


p^. ЕС/З.29 


0.57/ 


5+ 


+3.71 +4.0 


See Ho[166m] 


0.7282 


0.8794 


161mHo 


6.8s 


ІТ/0.211 


Но К x-ray 


0.2112 


161Но 


160.927852 


2.48 h 


ЕС/0.859 


712- 


+4.25 +3.2 


Dy Кх-ау 


0.0256 


0.0592 


0.0774 


0.1031 


162mHo 


1.12 h 


ІТ/61/ 


%3.60 +4. 


Dy К x-ray 


EC/39/ 


Но К x-ray 


0.0807 


0.1850 


0.2828 


0.9372 


1.2200 


162Но 


161.929092 


ЕС/96/0.295 


Dy k x-ray 


[74] 


0.0807 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.3196 
1.3728 
163mHo 1.09 s І.Т./0.298 (1/24) Ho К x-ray 
0.2798 
163Но 162.928730 4.57х103 ЕС/0.00258 712- +4.23 +3.6 Dy М x-rays 
y 
164тНо 38. т 1.7.0.140 (6-) Но К х-гау 
0.0373 
0.0566 
0.0940 
164Но 163.930231 29. т ЕС/58/0.987 1+ Dy К x-ray 
В /42/0.963 0.0734 
0.0914 
165Но 100. 164.930319 712- %4.17 %3.49 
166mHo 1.2x10? y В / 7- 3.6 -3. Er К x-ray 
0.18407 
0.71169 
0.81031 
166Ho 165.932281 1.117 d В /1.855 1.776/48 0- Er К x-ray 
1.855/51 0.08057 
1.37943 
167Но 166.933127 3.1 В В /1.007 0.31/43 (7/2-) Er К x-ray 
0.61/21 0.0793 
0.96/15 0.0835 
0.97/15 0.2379 
0.3213 
0.3465 
168mHo 22m І.Т./ 
168HO 167.93550 3.0 т В /2.91 2.0/ 3% Er К x-ray 
0.7413 
0.8159 
0.8211 
(0.08 - 2.34) 
169Ho 168.93687 4./m В /2.12 1.2/ (7/2-) 
2.0/ 0.1496 
0.7610 
0.7784 
0.7884 
0.8529 
170"Ңо 43.6 В / 1% 0.0787 
0.8123 
1.8940 
1.9726 
179Но 169.93962 2.8 т В /3.87 6+ Er К x-ray 
0.1816 
0.2582 
0.8902 
0.9321 
0.9414 
1.1387 
НО 170.941 53 $ p^ 
172Ho 171.9448 25. $ В / Er К x-ray 
(0.077-1.186) 
Шин) 172.947 
11460 173.951 
"Но 174.954 
ӨЕГ 167.259(3) 
14Ег 143.961 
БЕГ 144.957 0.9 8 p 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
“Ег 145.952 “1.76 p 
WEE 146.9494 25s Е.С,В*/= 9.1 
148 Ер 147.9444 4.56 p*,EC/6.8 
ЕЕ 10. $ ІТ 11/2- 
Ег 148.9425 10.7 $ ECp*/8.1 1/2* 
150ЕГ 149.9370 18.6 В*/36/4.11 0+ ann.rad./ 
EC/64/ Но К x-ray 
0.4758 
ЕЕ 150.9373 23. s В*,ЕС/5.2 712- ann.rad./ 
TEE 151.93500 10.2 $ B*,EC/10/3.11 0+ ann.rad./ 
0/90/ 4.804/ 
‘Er 152.93509 37.1 s о/ 4.674 -0.934 -0.42 0.351 
В>ЕС/47/4.56 4.35/ (0.0945-1.700) 
TEE 153.93278 3.7 т B*,EC/99+/2.03 0+ ann.rad./ 
0/0.5/ 4.166/ 
155Ег 154.93321 5.3 т B*,EC/47/3.84 (7/2-) -0.669 -0.27 ann.rad./ 
EC/53/ Ho k x-ray 
0.1101 
0.2415 
156ЕГ 155.9308 20. т B*,EC/1.7 0+ ann.rad./ 
0.0298 
0.0352 
0.0522 
0.1336 
157Ер 156.9319 25.т B*,EC/3.5 3/2- -0.412 +0.92 ann.rad./ 
0.117 
0.385 
1.320 
1.660 
1.820 
2.000 
158 г 157.93087 22h EC/99.5/1.78 0.74/ 0+ Но К х-гау 
p*/0.5/ 0.0719 
0.2486 
0.3868 
ЕР 158.930681 36. т B*/7/2.769 3/2- -0.304 +1.17 ann.rad./ 
EC/93/ Но К x-ray 
0.6245 
0.6493 
(0.07 - 2.5) 
РОБЕ 159.92908 1.191 d ЕС/0.33 0+ Но К х-гау 
(0.05 - 0.96) 
161Er 160.93000 3.21 h EC/2.00 3/2- -0.37 +1.36 Ho k x-ray 
0.8265 
(0.07 - 1.74) 
162Ег 0.14(1) 161.928775 0+ 
ТРЕЕ 162.93003 1.25 h ЕС/1.210 5/2- %0.557 %2.55 Но К х-гау 
0.4361 
0.4399 
1.1135 
"МЕГ 1.61(2) 163.929197 0+ 
"Er 164.930723 10.36 h ЕС/0.376 5/2- %0.643 %2.71 Но К x-ray 
166Ег 33.6(2) 165.930290 0+ 
167тЕр 2.275 І.Т./0.208 1/2- Ег Кх-гау 
0.2078 
167Ег 22.95(15) 166.932046 7/2+ -0.5639 +3.57 
Ег 26.8(2) 167.932368 0+ 
169Ер 168.934588 940а В /0.351 0.35/- 100 1/2- %0.485 Tm К x-ray 
0.1098 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.1182 
ТӨГ 14.9(2) 169.935461 0+ 
"EE 170.938026 7.52h В /1.491 5/2- 0.66 2.9 Tm К x-ray 
0.11160 
0.29591 
0.30832 
(0.08 - 1.4) 
(Er 171.939352 2.05 d B /0.891 0.28/48 Tm k x-ray 
0.36/46 0.0597 
0.4073 
0.6101 
"ЗЕГ 172.9424 14 т В 12.6 (7/2-) Tm k x-ray 
0.1928 
0.1992 
0.8952 
IET: 173.9441 3.1m В /1.8 Tm К x-ray 
(0.100-0.152) 
"Ег 174.9479 1.2 т p- (0.0765-1.168) 
Weer 175.9503 
"Ег 176.954 
“Тт 168.93421(2) 
M5Tm =3.5 us 
MémTm 0.21 $ В*,р р/1.118 
M6Tm 145.967 0.06 s p^ 14. 
p 1.119/ 
1.189/ 
147mTm 0.4 ms В*,р р/1.115 
Тт 146.961 0.56 6 EC, В*/85/=10.7 
р/15/ 1.052/ 
M8mTm 147.9573 0.7 8 В>ЕС/12. ann.rad./ 
148Tm 
M9Tm 148.9524 0.9 8 В>ЕС/-9.2 11/2- 
150Т та 149.9494 23s В”,ЕС/-11.5 6- (0.1007-2.177) 
BTM 150.9454 4.8 B*,EC/7.5 ann.rad./ 
182mTm 8.s B+, EC/ 9% 
152Т та 151.9443 5.8 p*,EC/8.8 ann.rad./ 
153Tm 152.94203 1.66 B*,EC/10/6.46 ann.rad./ 
0/90/ 5.109/ 
154mTm 3.3 $ В*,ЕС/15/ 0/5.031/100 ann.rad./ 
al 4.84/0.24 0.4605-0.7960 
Tm 153.9407 8.15 В”,ЕС/56/7.4 0/4.956/100 ann.rad./ 
0/44/ 4.83/0.45 
165 тп 154.93919 30. 8 B*,EC/5.58 0.0315 
al 4.46/ 0.0638 
0.0881 
0.2268 
0.5320 
0.6067 
156тТ 19. $ al 4.46/ 
156Тт 155.9389 1.40 т В>ЕС/7.6 2- %0.40 -0.5 ann.rad./ 
о! 4.23/ 0.3446 
0.4529 
0.5860 
157 156.9367 3.6 т В>ЕС/4.5 2.6 1/2 %0.48 ann.rad./ 
о! 3.97/ 0.1104 
0.3484 
0.3855 
0.4550 
(0.1 - 1.58) 
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TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 


(Һ/2р) 


Nuclear 
Magnetic 


Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


158Tm 


157.9379 


4.0 m 


p^, EC/74/6.5 


(2-) 


%0.04 


20.7 


ann.rad./ 


EC/26/ 


Er К x-ray 


0.1921 


0.3351 


0.6280 


1.1498 


(0.18 - 2.81) 


159Tm 


158.9348 


9.1m 


В*/23/3.9 


5/2+ 


+3.42 


+1.9 


ann.rad./ 


EC/TTI 


Er К x-ray 


0.0591 


0.0848 


0.2713 


(0.05 - 127) 


160mTm 


1.24 т 


IT 


160Tm 


159.9354 


9.4 m 


В*/15/5.9 


1- 


+0.16 


+0.58 


ann.rad./ 


EC/85/ 


Er К x-ray 


0.1264 


0.2642 


0.7285 


0.8544 


0.8614 
1.3685 


161Tm 


160.9334 


В”ЕС/3.2 


712+ 


+2.40 


+2.9 


апп.гад./ 


Ег Кх-ау 


0.0595 


0.0844 


1.6481 


(0.04 -2.15) 


162011 гүү 


24.6 


Г.Т./90/ 
B*,EC/10/ 


5+ 


Tm k x-ray 
Er k x-ray 


0.0669 


0.8115 


0.9003 


162Tm 


161.93394 


21.7m 


B*/8/4.81 


+0.07 


+0.69 


ann.rad./ 


EC/92/ 


Er k x-ray 


0.1020 


0.7987 
(0.1 - 3.75)m 


163Tm 


162.93265 


1.81 h 


EC/98/2.439 


1/2* 


-0.082 


Er К x-ray 


pz 


0.0692 


0.1043 


0.2414 


164mTm 


5.1m 


1.Т./80/ 


0.0914 


B*,EC/20/ 


0.1394 


0.2081 


0.2405 


0.3149 


164Tm 


163.93345 


В*/36/3.96 


2.941 1+ 


+2.38 


+0.71 


апп.гаа./ 


ЕС/64/ 


Er К x-ray 


0.0914 


165Tm 


164.932433 


1.253 d 


EC/1.593 


1/2* 


-0.139 


Er К x-ray 


0.0472 


0.0544 


0.29728 


0.80636 


166 Тт 


165.93355 


7.70һ 


ЕС/98/3.04 


2- 


%0.092 


*2.14 


Er К x-ray 


p2/ 


0.0806 


0.1844 


0.7789 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.2734 
2.0524 
167Тт 166.932849 9.24 4 ЕС/0.748 112% -0.197 Er К x-ray 
0.0571 
0.20778 
168Т тп 167.934171 93.1 а ЕС/1.679 3+ +0.23 +3.2 Ег К х-гау 
0.19825 
0.4475 
0.81595 
169 Т т 100 168.934211 1/2+ -0.232 -1.2 
Tm 169.935798 128.6 а В /99.8/0.968 0.883/24 1- +0.247 +0.74 Yb k x-ray 
EC/0.2/0.314 0.968/76 0.08425 
Ши 170.936426 1.92 у В /0.096 0.03/2 1/2+ -0.230 0.06674 
0.096/98 
T7Tm 171.93840 2.65 d В /1.88 1.79/36 2- Yb k x-ray 
1.88/29 0.07879 
1.38722 
1.46601 
1.52982 
1.60861 
T3Tm 172.93960 82h В /1.298 0.80/21 1/2% Үр К х-ау 
0.86/71 0.3988 
0.4613 
14 тп 173.94216 5.4 т В /3.08 0.70/14 (4-) УЬ К х-гау 
1.20/83 0.07664 
0.17669 
0.27332 
0.3666 
0.99205 
(0.08 - 1.6) 
175Т үү 174.94383 152m В /2.39 0.9/36 (1/2+) Yb К x-ray 
1.9/23 0.36396 
0.51487 
0.94125 
0.98247 
Tm 175.9471 19m В 14.2 2.0/ (4*) Yb k x-ray 
1.2/ 0.1898 
0.3819 
1.0691 
Шат 176.9490 14 т В 
TET m 177.9526 
T9Tm 178.9553 
Үр 173.04(3) 
M8Yp 147.967 
мүр 148.963 
з5оүр 149.958 
түр 150.9545 1.66 В*/8.5 
152Үр 151.9502 3.2 8 B: ЕС/5.5 
153Ypb 152.9492 4.5 В* ЕС/6.7 
154Ур 153.9455 0.40 $ p* ЕС/7/4.49 ann.rad./ 
0/93/ 5.32/ 
155Yþ 154.9456 1.7 $ B*,EC/16/6.0 -0.8 -1 ann.rad./ 
0/84/ 5.19/ 
156Yp 155.94277 26. 6 B*,EC/21/3.57 0+ ann.rad./ 
0/79/ 4.69/ 
тур 156.9427 39. 5 B*,EC/99+/5.5 -0.64 ann.rad./ 
0/0.5/ 4.69/ 0.231 
(0.035-0.670) 
158Yp 157.93986 1.5m B*,EC/1.9 0+ ann.rad./ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 


0.0741 


0.2526 


у 158.9402 14 т ЕС, 5.1 -0.37 -.022 Tm К x-ray 


0.1661 


0.1772 


0.3297 


0.3903 


160үр 159.9376 4.8 т В*,ЕС/2.0 0+ ann.rad./ 


0.1404 


0.1737 


0.2158 


IND 160.9375 4.2m B*,EC/3.9 3/2- -0.33 *1.03 ann.rad./ 


Tm k x-ray 


0.0782 


0.5999 


0.6315 


162Ypb 161.9358 18.9 m B*,EC/1.7 0+ ann.rad./ 


Tm k x-ray 


0.1188 


0.1635 


16зҮр 162.9363 11.1 m p*/26/3.4 1.4/ 3/2- -0.37 %1.24 ann.rad./ 
Tm k x-ray 


0.0636 


0.8603 


(0.06 - 1.9) 


TY b 163.9345 1.26 h ЕС/1.0 0+ Tm К x-ray 


0.0914 


0.6752 


түр 164.93540 9.9 т B*/10/2.76 1.58/ (5/2-) %0.48 %2.48 ann.rad./ 
EC/90/ Tm К x-ray 


0.0801 


1.0903 


166үр 165.93388 2.363 а ЕС/0.30 0+ Tm К x-ray 


0.0828 


0.1844 


0.7789 


1.2734 
2.0524 


түр 166.934947 17.5 т p*/0.5/1.954 0.639/ 5/2- +0.62 +2.70 Tm k x-ray 


EC/99.5/ 0.06296 


0.10616 


0.11337 


0.17633 


"үр 0.13(1) 167.933895 0+ 


лвөтүр 46. $ І.Т./0.0242 1/2- Yb L x-ray 


0.0242 


РУБ 168.935187 32.03 а ЕС/0.909 7/2% -0.63 %3.5 Tm k x-ray 


0.1979/35.9 


0.0498-0.3078 


10Үр 3.05(6) 169.934759 0+ 


АУБ 14.3(2) 170.936323 1/2- +0.49367 
УБ 21.9(3) 171.936378 0+ 


зүр 16.12(21) 172.938207 5/2- -0.67989 +2.80 


түр 31.8(4) 173.938858 0+ 


"еур 174.941273 ал9а В /0.470 0.466/73 712- 0.77 Lu К x-ray 


0.071/21 0.3963/13 


0.353/6.2 (0.114 - 0.28) 


17втүр 114 8 1.7./1.051 (8-) Үр К х-ау 


0.0961 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.1901 
0.2929 
0.3897 
түр 12.7(2) 175.942569 102 у В-8- 0- 
їттүр 6.41 8 І.Т./0.3315 1/2- Үр К х-ау 
0.1131 
0.2084 
MED 176.945257 1.9h В /1.399 1.40 9/2+ Lu k x-ray 
0.1504 
178Yþ 177.94664 1.23 h В /0.65 0.25/ 0+ 0.1415 
0.3246 
0.3516 
0.3815 
0.6125 
түр 178.9499 8. т В /2.4 
180Yþ 179.9523 2. т Bo 0.1028-0.4423 
181Yb 180.9561 
тш 174.967(1) 
150т| ц “0.03 ms р/1.295 
1501 Цц 149.973 49. ms р 
15tmLu 16 us р/1.31 
Lu 150.967 0.08 s р/1.231 
Lu 151.963 0.7 8 
1531 џ 152.959 
1541 ц 153.9571 1.08 B*,EC/10.8 
Шы | 2.6 тв 0/7.41 
1551 ц 154.9542 0.07 8 ЕС/8.0 
al 5.66/90 
1567 ц 0.20 8 о/ 5.57/ 
Iselu 155.9529 ~ 0.5 $ В>ЕС/9.5 ann.rad./ 
о! 5.45/ 
ШЕТ =9.6 $ а 4.925/ 
ШИН 156.95010 4.86 В>ЕС/94/6.93 ann.rad./ 
о! 5.00/ 
158Lu 157.94984 10.4 s В” ЕС/99/8.0 ann.rad./ 
о/ 4.67/ 0.3682 
0.4770 
1591 ц 158.9467 12.3 8 B*,EC/6.0 ann.rad./ 
0.1505 
0.1875 
0.3693 
1601 1 159.94654 36.1 6 B*,EC/7.3 ann.rad./ 
0.2434 
0.3957 
0.5773 
ШЕКП 160.9432 1.2m В*,ЕС/5.3 ann.rad./ 
0.0437 
0.0671 
0.1003 
0.1108 
0.1562 
0.2562 
16201 ц = 1.5 т ЕС/ 4- 
162 161.9432 1.37 т B*,EC/6.9 1- ann.rad./ 
0.1666 
0.6314 
163 ц 162.9412 4.1 т B*,EC/4.6 ann.rad./ 
0.0539 
0.0581 
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Elem. 
or Isot. 


TABLE OF ISOTOPES (CONTINUED) 


Atomic 
Mass or 
Weight 


Natural 


Abundance (96) Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


Spin 
(h/2p) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.1504 


0.1631 


0.3717 


1641 u 


163.9412 3.14 т 


В”ЕС/6.3 


1.6/ 


0.1238 


3.8/ 


0.2621 


0.7404 


0.8639 


0.8804 


1651 у 


164.9396 10.7 т 


p^. EC/3.9 


2.06/ 1/2* 


ann.rad./ 


0.1206 


0.1324 


0.1742 


0.2036 


(0.04 - 2.0) 


166m2| UJ 


2.1 т 


В*/35/ 


ann.rad./ 


EC/65/ 


Yb k x-ray 


1.0673 


1.2566 


2.0986 


166m1 Lu 


В”,ЕС/58/ 


(3-) 


ann.rad./ 


1.T./42/0.0344 


0.1024 
0.2281 


0.2861 


0.8119 


0.8301 


166| (1 


165.9398 2.8 т 


В725/5.5 


(6-) 


ann.rad./ 


EC/75/ 


Yb k x-ray 


0.1024 


0.2281 
0.3375 


0.3679 


167| ц 


166.9383 52.т 


В*/2/3.1 


2.1! 7/2+ 


Yb К x-ray 


ЕС/98/ 


0.0297 


0.2392 


(0.03 - 2.0) 


168m| u 


6.7 m 


8'712/ 


3+ 


апп.гад./ 


ЕС/88/ 
ІТ/<0.8 


Үр К х-ау 
0.1988/190 


0.8960/100 


0.9792/128 


0.018-2.65 


1681 u 


167.9387 


В*/6/4.5 


1.2/ (6-) 


ann.rad./ 


ЕС/94/ 


Үр К х-ау 


0.1114 


0.1124 


0.2286 


0.3483 


1.4836 


169m| u 


2.7 т 


І.Т./0.0290 


Lu L x-ray 


0.0290 


169L u 


168.93765 1.419 d 


EC/2.293 


1.271/ 2.30 3.5 


Yb k x-ray 


0.19121 


0.9606 


(0.08 - 2.1) 


170т u 


0.7 $ 


І.Т./0.0929 


Lu L x-ray 


0.04449 


0.0484 


170Lu 


169.93847 2.01d 


EC/3.46 


2.44/ 0+ 


Yb К x-ray 


0.58711 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.5908 
1.28029 
(0.1 - 3.38) 
Ши 1.31 m І.Т./0.0711 1/2- Lu К x-ray 
0.07119 
ШЕП 170.937910 8.24 4 ЕС/1.479 0.362/ 7/2% 2.30 3.42 Үр К х-ау 
0.01939 
0.66744 
(0.02 - 1.3) 
172т| ц 3.7 т І.Т./0.0419 1- Lu L x-rays 
0.04186 
шин! 171.939082 6.704 ЕС/2.519 4- 2.90 3.80 Үр К х-ау 
0.18156 
1.09367 
(0.07 -2.2) 
ШЕТ 172.938927 1.37у ЕС/0.671 7/2% 2.28 3.63 Үр К х-ау 
0.07860 
0.27198 
Шин 142. d IT/99.3/ 0.17086 6- 1.50 Lu k x-ray 
EC/0.7/ 0.067055 
ШЕТ 173.940334 3.3 у EC/1.374 1- 1.9 Үр К х-ау 
0.07664 
1.2419 
ШЕТ 97.41(2) 174.940768 7/2% %2.2327 %3.49 
17671 ц 3.66 ћ В /1.315 1.229/ 1- +0.318 -1.47 НЕК х-гау 
1.317/ 0.088372 
ШЕТ 2.59(2) 175.942683 3.8x10! y B /1.192 7- +3.169 +4.92 Hf k x-ray 
0.20187 
0.30691 
ШАЛЕ 160.7 а 11/22/0.9702 23/2- 2.33 54 Lu К x-ray 
В /78 НЕК х-гау 
0.11295 
0.20836 
0.37850 
0.41853 
ШЕП 176.943755 6.75 d B /0.498 0.497/ 7/2+ %2.239 %3.39 0.11295 
0.20836 
178т ц 231 т В / (9-) 0.2166 
0.3317 
Lu 177.945952 28.5 т В /2.099 2.03/ 1% Hf k x-ray 
0.0932 
1.3099 
1.3408 
(0.09 - 1.7) 
тру 178.94732 4.6 h В /1.405 1.35/ 7/2% 0.2143 
0.3377 
1801 179.9499 5.7 т В /3.1 1.49/ 0.40795/50. 
(0.07-1.9) 
ШЕКП 180.9518 3.5 т В /2.5 (712+) 0.0458 
0.2059 
0.5749 
ыг Цц 181.9552 2.0 т В /= 4.1 0.0978 
0.7208 
0.8182 
2910) 182.9576 58. $ В / 7/2+ 
tu 183.9612 20s p- 
7; Hf 178.49(2) 
154Hf 153.964 2.5 ЕС,В*/= 6.7 
155 Hf 154.963 0.9 8 ЕС, 98. 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
156Hf 155.9593 25. ms о/ 
157Hf 156.9581 0.11 $ о/ 
158Hf 157.9539 2.96 ЕС/54/5.1 0+ 
0/46/ 5.27/ 
159Hf 158.9538 5.66 B*,EC/88/6.9 ann.rad./ 
0/12/ 5.09/ 
160Hf 159.95063 = 12.8 В” ЕС/97/4.9 0+ ann.rad./ 
0/4.78 
161Hf 160.9503 17.6 о/ 4.60/ 
162Hf 161.94720 38. 5 B*,EC/3.7 0+ ann.rad./ 
0.1739 
0.1963 
0.4101 
Hf 162.9471 40. s В>ЕС/5.5 ann.rad./ 
0.0454 
0.0621 
0.0710 
0.6882 
164Hf 163.9536 2.8 m EC,p*/3.0 
ЗӨН 164.9445 1.32 т ЕС/4.6 11/2- 
166Hf 165.9423 6.8m EC/93/2.3 ann.rad./ 
pri Lu k x-ray 
0.0788 
167Hf 166.9426 2.0 т p*/40/4.0 (5/2-) ann.rad./ 
EC/60/ Lu k x-ray 
0.1754 
0.3152 
ЗӨН 167.9406 25.9 т B*,EC/1.8 0+ ann.rad./ 
(0.0144-1.311) 
169Hf 168.9412 3.25 m EC/85/3.3 (5/2-) ann.rad./ 
В*/15/ Lu К x-ray 
0.3695 
0.4929 
Topf 169.9397 16.0 h ЕС/1.1 0+ Lu К x-ray 
0.0985 
0.1202 
0.1647 
0.5729 
0.6207 
ттн 30.5 (1/2-) +0.53 
тн 170.9405 12.2h ЕС,В*/2.4 712+ -0.67 +3.46 ann.rad./ 
Lu К x-ray 
0.1221 
0.6620 
1.0714 
12 Hf 171.93946 1.87 y EC/0.35 0+ Lu К x-ray 
0.02399 
0.12582 
(0.0818-0.123) 
Шин 172.9407 23.6 h ЕС/1.6 1/2- Lu К x-ray 
0.12367 
0.13963 
0.29697 
0.31124 
(0.1 - 2.1) 
1⁄4Hf 0.162(3) 173.940042 2.0х10'5 у 0+ 
Шин! 174.941504 70.4 ЕС/0.686 5/2- -0.60 32.7 Lu К x-ray 
0.08936 
0.34340 
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Elem. 


or Isot. 


TABLE OF ISOTOPES (CONTINUED) 


Atomic 
Mass or 
Weight 


Natural 


Abundance (96) Half-Life 


Decay 


Mode/Energy 


(мем) 


Рагісіе 
Energy 
/Intensity 
(Меу/%) 


(Һ/2р) 


Nuclear 

Magnetic 
Spin Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


176 НЕ 


5.206(5) 175.941403 


0+ 


177m2Hf 


51.4m 


1.1./2.740 


37/2- 


НЕК x-ray 


0.2140 


0.2951 


0.3115 


0.3267 


177m1Hf 


1.18 


І.Т./ 


23/2* 


НЕК x-ray 


0.20836 


0.22847 


0.37851 


THE 


18.606(4) 176.943220 


712- +0.7935 +0.337 


178m2Hf 


І.Т./ 


16% %8.2 +6.0 


НЕК х-гау 


0.32555 


0.42635 


(0.0889-0.5742) 


178m1Hf 


4.0 $ 


І.Т./ 


НЕК x-ray 


0.21342 


0.32555 


0.42635 


178НЇ 


27.297(4) 177.943698 


179021 


25.1 d 


І.Т./1.1057 


25/2- 7.4 


НЕК x-ray 
0.1227 


0.1461 


0.3626 


0.4537 


17901 


18.7 8 


І.Т./0.375 


1/2- 


НЕК x-ray 


0.1607 


0.2141 


179Hf 
180mHf 


13.629(6) 178.945815 


5.52һ 


1.7./1.1416 


9/2+ -0.641 +3.79 
8- +9. +4.6 


Hf К x-ray 


0.2152 


0.3323 


0.4432 


180НЇ 


35.100(7) 179.946549 


181Hf 


180.949099 42.4 d 


В /1.027 


0.408/ 


1/2- 


Та k x-ray 


0.13294 


182m Hf 


62.m 


В /54/1.60 


0.49/43 


0.48200 
НЕК x-ray 


11/46/1.173 


0.95/10 


0.0509 


0.2244 


0.3441 


0.4558 


0.5066 


0.9428 


182Hf 


181.95055 9.x108 y 


В 10.37 


0+ 


Та К х-гау 


0.2704 


183Hf 


182.95353 1.07 h 


В /2.01 


1.18/68 


3/2- 


Та К х-гау 


1.54/25 


0.0732 


0.4591 


0.7837 


ШЕП 


183.95545 4.1h 


В 71.34 


0.74/38 


0- 


Та k x-ray 


0.85/16 


0.0414 


1.10/46 


0.1391 


0.3449 


185НЇ 


184.9588 =3.5т 


87 


0.165 


186Hf 
nTa 
155Та 


185.9609 
180.9479(1) 


=2.1 т 


12 us 


р/1.77 


0.738 


156Та 


155.972 0.11 $ 


В”7-11.6 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
p/ 1.02/-100 
157Та 156.968 10 ms al 6.117 
p/ 0.927/3.4 
158Та 157.9664 37. ms al 6.05/100 
5.97/100 
159Та 158.9629 0.6 $ B*,EC/20/8.5 0/5.52/34 ann.rad./ 
0/80/ 5.60/55 
160Та 159.9615 148 B*,EC/10.1 ann.rad./ 
а, 5.41/ 
161Та 160.9584 2.96 B*,EC/7.5 ann.rad./ 
al 5.15 
162Та 161.9564 4.6 ЕС/8.6 
163Та 162.9544 10.6 8 ЕС/6.8 
164Та 163.9536 14.2 8 p*/8.5 3% ann.rad./ 
о/ 4.62/ 0.2110 
0.3768 
165Та 164.9508 31. s ECB*/5.9 
166Та 165.9505 34. 5 В*/82/7.7 апп.гаа./ 
ЕС/18/ Hf k x-ray 
0.1587 
0.3117 
0.8101 
167Ta 166.9486 1.4 m B*,EC/5.6 ann.rad./ 
168Та 167.9478 24m B*/77/6.7 3+ ann.rad./ 
EC/23/ Hf k x-ray 
0.1239 
0.2615 
0.7502 
169Та 168.9459 4.9 т В>ЕС/4.4 ann.rad./ 
0.0288 
0.1535 
0.1924 
Ta 169.9461 6.8m p*/70/6.0 (3+) ann.rad./ 
EC/35/ Hf k x-ray 
0.1008 
0.2212 
Ta 170.9445 23.3 m B*,EC/3.7 (5/2-) 0.0496 
0.5018 
0.5064 
(0.05 - 1.02) 
Ta 171.9447 36.8 m В*/25/4.9 (3-) ann.rad./ 
EC/75/ НЕК x-ray 
0.21396 
1.10923 
(0.09 - 3.8) 
173Та 172.9446 3.6 h В:/24/3.7 (5/2-) 1.70 -1.9 ann.rad./ 
ЕС/76/ НЕК x-ray 
0.06972 
0.17219 
(0.06 - 2.7) 
174Ta 173.9442 1.12 h B+/27/3.8 (3+) ann.rad./ 
EC/73/ Hf k x-ray 
0.09089 
0.20638 
(0.09 - 3.64) 
175Та 174.9437 10.5 h EC/2.0 7/2+ 2.27 +3.7 НЕК х-гау 
0.2077 
0.2671 
0.3487 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1%Та 175.9447 811 EC/3.1 1- НЕК x-ray 
0.08837 
1.15735 
7Ta 176.944472 2.356 d EC/1.166 7/2% 2.25 НЕК x-ray 
0.11295 
(0.07 - 1.06) 
178mTa 241 ЕС/ (7-) Hf k x-ray 
0.08886 
0.21342 
0.32555 
0.42635 
178Та 177.9458 9.29 т ЕС/99/1.9 1% %2.74 *0.65 ann.rad./ 
В*/1/ НЕК х-гау 
0.09316 
179Ta 178.94593 1.8 y EC/0.110 7/2+ 2.29 3.37 Hf k x-ray 
180mTa 0.012(2) 212x105 (9-) 4.82 
y 
180Та 179.947466 8.15 h ЕС/87/0.854 1+ НЕК х-гау 
В /13/0.708 0.61/3 W К x-ray 
0.71/10 0.09333 
0.10340 
181Та 99.988(2) 180.947996 7/2+ +2.370 +3.3 
182mTa 15.8 m І.Т./0.5198 10- Та К x-ray 
0.14678 
0.17157 
182Та 181.950152 114.43 а В /1.814 0.25/30 3- *3.02 *2.6 W К x-ray 
0.44/20 1.12127/100 
0.52/40 1.22138/79 
0.085-1.289 
188Та 182.951373 514 В /1.070 0.45/5 7/2% %2.36 W К x-ray 
0.62/91 0.0847 
0.0991 
0.1079 
0.2461 
0.3540 
Ta 183.95401 87h В /2.87 1.11/15 (5-) УУ К x-ray 
1.17/81 0.2528/44. 
0.4140/74. 
(0.09-1.4) 
185Та 184.95556 49.т В 71.99 1.21/5 (7/2+) W К x-ray 
1.77/81 0.0697 
0.1739 
0.1776 
186Та 185.9586 10.5 m В 13.9 2.2/ (3-) W k x-ray 
0.1979 
0.2149 
0.5106 
(0.09 - 1.5) 
187Та 186.9604 
188Та 187.9637 
ZW 183.84(1) 
156mW 0.14 ms а 8.28(3)/ 
158V 157.974 1.3 ms о! 6.433/96 
1594y 158.972 7. ms о/ 
лвоүү 159.9684 0.08 8 о/ 5.92/ 0+ 
161W 160.9671 0.41 s B+,EC/18/8.1 
0/82/ 5.78/ 
162W 161.9626 1.39 6 B*,EC/54/5.8 0+ 
0/46/ 5.54/ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
163\уү 162.9624 2.86 В” EC/59/7.5 
0/41/ 5.38/ 
164\// 163.95890 6. $ B*,EC/97/5.0 0+ ann.rad./ 
о/3/ 5.15/ 
165W 164.9583 5.1 $ B*,EC/99/7.0 ann.rad./ 
о/1/ 4.91/ 
166yy 165.95502 16.s В” ЕС/99/4.2 0+ ann.rad./ 
о/1/ 4.74/ 
167 Wy 166.9547 20.s EC/5.6 
168 167.9519 53. s EC/3.8 ann.rad./ 
a/10 5/ 4.40(1) Та К х-гау 
0.1755 
(0.037-0.573) 
169үү 168.9518 1.3 т ЕС/5.4 апп.гаа./ 
Та К х-гау 
0.123 
(0.097-0.699) 
ШІ) 169.9485 24т ЕС/2.2 ann.rad./ 
Та К x-ray 
0.3162 
(0.060-0.144) 
ттүү 170.9494 24m ЕС/4.6 ann.rad./ 
Та К x-ray 
0.1842 
(0.052-0.479) 
TA 171.9474 6.6m В*,ЕС/2.5 ann.rad./ 
Та К x-ray 
0.0389 
(0.034-0.674) 
173W 172.9489 6.3 m EC/4.0 ann.rad./ 
Ta k x-ray 
0.4576 
(0.035-0.623) 
түү 173.9462 35.т ЕС/1.9 0+ ann.rad./ 
Та К x-ray 
0.3287 
0.4288 
(0.056-0.429) 
175W 174.9468 35. m EC/2.9 1/2- (0.015-0.27) 
ттүү 175.9456 25h p*,EC/O.8 0+ 0.03358 
0.06129 
0.09487 
0.10020 
ШІ) 176.9466 2.21 h EC/2.0 (1/2-) Ta k x-ray 
0.15505 
0.18569 
0.42694 
178V 177.9459 21.6 d EC/0.091 0+ Та К х-гау 
179түу 6.4 т 1T/99.7/0.222 (1/2-) W К x-ray 
ЕС/0.3/ 0.2220 
түү 178.94707 38. т ЕС/1.06 (7/2-) Та К x-ray 
0.0307 
лвсүү 0.120(1) 179.946706  7.4x10'6 y о/ 0+ 
181W 180.94820 121.2 d EC/0.188 9/2+ Ta k x-ray 
0.13617 
0.15221 
182\/\/ 26.498(29) 181.948205 8.3х10%у о/ 0+ 
183m 5.15 8 LTJ (11/24) W К x-ray 
0.0465 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.0526 
0.0991 
0.1605 
1взуу 14.314(4) 182.950224 1.9х10'8 у о/ 1/2- +0.117784 
8 
184W 30.642(8) 183.950932 4.0х10'8 y о/ 0+ 
1859 W 1.6 m І.Т./0.1974 11/2% W К x-ray 
0.0659 
0.1315 
0.1737 
185 184.953420 74.8 d B /0.433 0.433/99.9 3/2- 0.12536 
186 28.426(37) 185.954362  6.5x108 y о/ 0+ 
187W 186.957158 23.9 h В 71.311 0.624/66 3/2- 0.62 Re k x-ray 
1.315/16 0.68572/33 
0.081-1.18 0.134-0.773 
188 187.958487 69.4 d B /0.349 0.349/99 0% 0.0636 
0.2271 
0.2907 
189 188.9619 11.5 m В /2.5 1.4/ (3/2-) (0.1262-1.466) 
2.5/ 
190түү 0.3 тв 
190 189.9632 30. m В /1.3 0.95/ 0+ Ве К х-гау 
0.1576 
0.1621 
„Ве 186.207(1) 
воће 159.981 0.7 тв р/ 1.261(6)/91 
al 6.54/ 
ши 160.978 14 ms о! 6.24 
р 1.35 
тебе 161.9757 0.105 о! 6.12/94 
6.09/94 
163Ве 162.9721 0.26 $ В*,ЕС/9.0 0/5.87/32 
о! 5.92/66 
164Re 163.9704 0.9 8 B*,EC/10.7 
о! 5.78/ 
тебе 164.9671 2.5 В”,ЕС/87/8.1 
о/ 5.51/ 
166Re 165.9651 2.5 8 B*,EC/9.4 
о! 5.50/ 
167" Қе 6.2 $ о, ЕС/ 
Ке 166.9626 34 5 B*,EC/7.4 
al 5.015/ 
168Re 167.9616 44s B*,EC/9.1 
о! 4.833/ 0.1117 
169mRe 8.1s ао 4.70/ 
4.87/ 
169Вө 168.9588 16. $ 
те 169.9582 9.2 $ В*, ЕС/9.0 0.1560 
0.3055 
0.4125 
"Ве 170.9555 15.2 $ EC/= 5.7 
172mRe 55.8 В”,ЕС/ (2) ann.rad./ 
0.1234 
0.2537 
0.3504 
172Ве 171.9553 15. $ B*,EC/7.3 ann.rad./ 
0.1234 
0.2537 
7зВе 172.9531 2.0 т ЕС/=3.9 ann.rad./ 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 
(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


174Re 


173.9521 


24m 


В”ЕС/5.6 


ann.rad./ 


0.1119 


0.2430 


175Ве 


174.9514 


В”ЕС/4.3 


ann.rad./ 


176Re 


175.9516 


В”,ЕС/5.6 


(3+) 


ann.rad./ 


0.1089 


0.2406 


177Ве 


176.9503 


ЕС/78/3.4 


(5/2-) 


ann.rad./ 


8'722] 


Wk x-ray 


0.0797 


0.0843 


0.1968 


178Re 


177.9509 


13.2m 


В*/11/4.7 


3.3/ 


(3) 


ann.rad./ 


EC/89/ 


W К x-ray 


0.1059 


0.2373 


0.9391 


179Re 


178.9500 


19.7m 


EC/99/2.71 


0.95/ 


(5/2+) 


2.8 


W К x-ray 


pu 


0.1199 


0.2900 


0.4154 
0.4302 


1.6803 


180Re 


179.95079 


2.45 т 


EC/92/3.80 


1.76/ 


ann.rad./ 


р/8/ 


W К x-ray 


0.1036 


0.9028 


(0.07 - 2.2) 


181Re 


180.95006 


EC/1.74 


5/2* 


3.19 


W k x-ray 
0.3607 


0.3655 


0.6390 


182 бе 


12.7h 


EC/ 


0.55/ 


2+ 


3.3 


+1.8 


W k x-ray 


1.74/ 


0.0677 


1.1214 


1.2215 


182Re 


181.9512 


2.67 d 


EC/2.8 


(7*) 


2.8 


(0.06 - 2.2) 
W k x-ray 


0.0678 


0.2293 


1.1213 


1.2214 


183Re 


182.95082 


70. d 


EC/0.56 


(5/2+) 


*3.17 


W К x-ray 


0.16232 


184тВе 


165. d 


І.Т./75/0.188 


%2.9 


Re k x-ray 


EC/25/ 


0.1047 


0.2165 


0.92093 


(0.10 - 1.1) 


лаве 


183.95252 


ЕС/1.48 


%2.53 


W К x-ray 


0.79207 


0.90328 


(0.1 - 14) 


185Ве 


37.40(2) 


184.952955 


%3.1871 


+2.18 


186m; Re 


2.0х105 y 


І.Т./0.150 


Re k x-ray 


0.0590 


186Re 


185.954986 


3.718 d 


В /92/1.070 


0.973/21 


%1.739 


%0.62 


W К x-ray 


EC/8/0.582 


1.07/71 


0.1227/0.6 


0.1372/9.5 


11-153 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
(0.63-0.77) 
187Re 62.60(2) 186.955751 4.4х109у B /0.00266 0.0025/ 5/2+ +3.2197 +2.07 
188mRe 18.6 m І.Т./0.172 (6-) Re К x-ray 
0.0925 
0.1059 
188Re 187.958112 16.94 h B /2.120 1.962/20 1- +1.788 +0.57 Os k x-ray 
2.118/79 0.15502 
0.309-2.022 
тебе 188.959228 24. h В /1.01 1.01/ (5/2%) 0.1471 
0.2167 
0.2194 
0.2451 
190 е 30h В /51/ (6-) Ве К x-ray 
1.Т./49/ 0.1191 
0.2238 
0.6731 
(0.1 - 1.79) 
190Re 189.9618 3.0 т В /3.2 1.8/ (2-) Os К x-ray 
0.1867 
0.5580 
0.6051 
19'Ве 190.96312 9.7 т В /2.05 1.8/ 
192Re 191.9660 16.s В /4.2 = 2.5/ (0.2-0.75) 
7605 190.23(3) 
16205 161.984 1.8 т5 al 6.60 
16305 162.982 5.5 ms о! 6.51 
16405 163.9779 0.04 5 а 
16506 164.9765 0.07 6 о 
1660s 165.9718 0.18 s В*,ЕС/28/6.3 6.27/ 0+ апп. rad./ 
0/72] 5.98/ 
16705 166.9714 0.7 8 В*,ЕС/76/8.2 ann.rad./ 
0/24/ 5.84/ 
16805 167.96775 2.25 B*,EC/51/5.7 0% ann. rad./ 
0/49/ 
16905 168.9671 3.3 $ B*,EC/89/7.7 5.57/80 ann.rad./ 
0/13/ 5.51/12 
5.54/8 
Os 169.96357 7.15 В*,ЕС/5.0 0+ ann.rad./ 
al 5.40/ (0.162-0.216) 
108 170.9630 8.46 B*,EC/98/7.1 0/5.24/93.5 ann.rad./ 
0/19/ 5.17/6.5 0.190-0.705 
17208 171.9601 19. $ B*,EC/99/4.5 0+ ann.rad./ 
0/1.1/ 5.10/ (0.063-1.120) 
17308 172.9598 16.5 p*,EC/6.3 ann.rad./ 
0/0.4/ 4.94/ 0.142-0.299 
17408 173.9563 44.8 B*,EC/3.9 0+ 0.118 
0/0.02/ 4.76/ 0.138/ 0.001 
0.158 
0.325 
17505 174.9570 1.4 т B*,EC/5.3 0.125 
0.181 
0.248 
17605 175.9550 3.6 т B*,EC/3.2 O+ 0.8155 
0.7758 
0.8573 
1.2093 
1.2909 
70s 176.9551 2.8m В>ЕС/4.5 (1/2-) 0.0848 
0.1958 


11-154 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.3002 
1.2686 
17805 177.9534 5.0 т В*,ЕС/2.3 0+ ann.rad./ 
0.5946 
0.6850 
0.9687 
1.3311 
17905 178.9539 7. т B*,EC/3.7 ann.rad./ 
0.0654 
0.2186 
0.5938 
1890s 179.9524 21.5m В',ЕС/1.5 0+ Ке k x-ray 
0.0202-0.7174 
181mOg 1.75 h ЕС/ (1/2-) ann.rad./ 
0.0489 
1810s 180.9532 2.7 т ЕС/2.9 (7/2-) ann.rad./ 
0.11794 
0.23868 
0.8267 
(0.07 - 2.64) 
18208 181.95219 21.5 h EC/0.9 0+ Re k x-ray 
0.1802 
0.5100 
1831 О5 9.9 h EC/84/ 1/2- Os k x-ray 
1.T./16/ Re k x-ray 
1.1020 
1.1080 
18305 182.9531 13. h ЕС/2.1 9/2+ -0.79 +3.1 Ве К х-гау 
0.1144 
0.3818 
1408 0.020(3) 183.952491 0+ 
18505 184.954043 93.6 а ЕС/1.013 1/2- Ве К х-гау 
0.6461 
0.8748 
0.8805 
18605 1.58(10) 185.953838 2.х105у о/ = 2.75/ 0+ 
18705 1.6(1) 186.955748 1/2- +0.06465 
19 
18805 13.3(2) 187.955836 0+ 
189" О5 5.8 h 1.T./0.0308 9/2- Os L x-ray 
0.0308 
1890s 16.1(3) 188.958145 3/2* | «0.65993 %0.86 
190" О5 9.9 m І.Т./1.705 10- -0.6 Ов К х-ау 
0.1867 
0.3611 
0.5026 
0.6161 
1990s 26.4(4) 189.958445 0+ 
191тО$ 13.1 h І.Т./0.0744 3/2- Os К x-ray 
0.0744 
19105 190.960928 15.4 d В /0.314 0.140/100 9/2- %2.5 їг Кх-гау 
0.1294 
1921 О5 6.0 $ 1.7./2.0154 (10-) Оѕ К х-гау 
0.2058/65.9 
0.5692/70 
(0.201-1.000) 
19208 41.0(3) 191.961479 0+ 
19305 192.964148 30.5 h В /1.141 1.04/20 3/2- +0.730 +0.47 їг К x-ray 
0.1389 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.4605 
1940s 193.965179 6.0 y В /0.097 0.054/33 0+ Ir L x-ray 
0.096/67 0.0429 
1950s 194.9681 6.5m В /2.0 2.0/ 
19605 195.96962 34.9 т В /1.16 0.84/ 0+ 0.1262/5 
0.4079/5.9 
тиг 192.217(3) 
164 [г 
t65[r 164.9876 0.3 ms p/87 1.71 
0/13 6.72 
а 15 тв 0/98.2 6.56 
p/1.8 1.32 
166]г 165.9855 = 11 ms 0/93 6.56 
р/6.9 1.15 
өр 30 тв 0/48,В* 6.41/80 
p/32 1.24/0.4 
167|r 166.9817 35. ms 0/80,В* 6.35/48 
р/0.4 1.04/32 
168|r 167.9799 0.16 s 0/82 
169m|r 03s о/ 6.11/84 
169|r 168.9764 0.6s о! 6.00/50 
поје 169.9743 1.05 o 6.03/ 
Ши 170.9718 1.58 о! 5.91/ 
пг 171.9706 2.15 о/ 5.811/ 0.228 
(0.379-0.475) 
ШШ; 172.9677 3.0 8 о! 5.665/ 0.0493 
(0.092-0.296) 
тер 173.9668 4.6 al 5.478/ 0.1587 
(0.276-1.33) 
ДЫП 174.9641 =4.55 о! 5.393/ 0.1056 
176]г 175.9635 8.5 EC, В*/80 0.260 
0/3.2/ 5.118/ (0.135-0.415) 
р 176.9612 30. $ ЕС, В*/5.7 0.184 
0/0.06/ 5.011/ (0.062-0.194) 
178|р 177.9601 12.6 B*,EC/6.3 
0.1320 
0.2667 
0.3633 
179|р 178.9592 4. т ЕС/4.9 0.0975 
(0.045-0.220) 
р 179.9593 1.5 т ЕС/6.4 0.2765 
((0.132-1.106) 
10110 180.9576 4.9 т В*,ЕС/4.1 (7/2+) ann.rad./ 
0.1076 
(0.0196-1.715) 
182|r 181.9582 15. m В:/44/5.6 ann.rad./ 
EC/56/ Os К x-ray 
0.1273 
0.2370 
183г 182.9568 57. т B*,EC/3.5 ann.rad./ 
0.0877 
0.2285 
0.2824 
184|r 183.9574 3.0h В*/12/4.6 2.3/ 5- 0.70 +2.41 ann.rad./ 
EC/88/ 2.9/ Os К x-ray 
0.11968 
0.2640 
0.3904 
185 г 184.9566 14. ћ p*/3/2.4 (5/2-) 2.60 -2.1 ann.rad./ 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Mode/Energy 


Particle 
Energy 
/Intensity 
(Меу/%) 


Ресау 


(мем) 


ӛріп 
(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 


Intensity 
(Ме\//%) 


ЕС/97/ 


Os k x-ray 


0.2543 


1.8288 


186m|r 


1.7h 


EC/ 


0.64 


*1.46 


Os К x-ray 


0.1371 


0.7675 


186|r 


185.95795 


15.7 h 


ЕС/98/3.83 


3.9 


-2.55 


Os К x-ray 


р/2/ 


0.1372 


0.2968 


0.4348 


(0.13 - 3.0) 


187|r 


186.95736 


10.5 h 


EC/1.50 


3/2* 


*0.94 


Os k x-ray 


0.0743 


0.4009 


0.4271 


0.6109 


0.9128 


188|r 


187.95885 


1.72 d 


В*/2.81 1.13/ 


0.30 


+0.48 


Os К x-ray 


EC/99+/ 1.64/ 


0.1550 


0.4780 


0.6330 
2.2146 


189|r 


188.95872 


13.2d 


EC/0.53 


0.13 


*0.88 


Os К x-ray 


0.2449 


190m2|r 


3.09 h 


p^. ЕС/95/ 


0.376 


І.Т./Б/ 


190mi|r 


1.12 h 


І.Т./0.0263 


Ir L x-ray 


190|r 


189.9606 


11.8 d 


EC/2.0 


0.04 


*2.8 


Os К x-ray 


0.1867 
0.4072 


0.5186 


0.5580 


0.6051 


(0.2 -14) 


191m|r 


4.93 s 


І.Т./0.1714 


%0.603 


Ir k x-ray 


0.1294 


191 


192т2| 


37.3(5) 


190.960591 


241. y 


І.Т./0.161 


+0.151 


+0.82 


Ir К x-ray 


192 үү 


1.44 т 


І.Т./0.0580 


Ir L x-ray 


0.0580 


0.3165 


192|r 


191.962602 


73.83 d 


В 71.460 


*1.92 


*2.15 


Pt k x-ray 


0.31649/83. 


0.46806/48. 


193m|r 


10.53 d 


І.Т./0.0802 


Ir L x-ray 


0.0803 


193|r 


62.7(5) 


192.962923 


3/2* 


*0.164 


*0.75 


194m|r 


170. d 


87 


11 


Pt k x-ray 


0.3284 


0.4829 


0.5624 


194|r 


193.965075 


19.3 h 


В /2.247 1.92/9 


+0.39 


+0.34 


0.2935 


2.25/86 


0.3284 


0.6451 


(0.1 - 2.2) 


195m|r 


3.9h 


p 0.417 


(11/2-) 


Pt k x-ray 


0.97/ 


0.3199/9.6 


0.3649/9.5 


0.4329/9.6 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.6849/9.6 
195 г 194.965976 281 В /1.120 1.0/80 (3/2+) РЕК х-гау 
1.11/13 0.0989/9.7 
196т |р 1.40 h В / 1.16/ Pt k x-ray 
0.3557 
0.3935 
0.4471 
0.5214 
0.6473 
Weir 195.96838 52.5 В /3.21 2.1/15 0- 0.3329 
3.2/80 0.3557 
0.7796 
197m|r 8.9 т В / (11/2-) 0.3465 
LTJ Зее Ir[197] 
197|r 196.96964 5.8m В /2.16 1.5/ (3/2+) 0.0531 
2.0/ 0.1351 
0.4306 
0.4697 
198г 197.9723 8. $ В /4.1 0.4074 
0.5070 
199 г 198.97378 
таРЕ 195.078(2) 
166Pt 0.3 ms о/ 7.11/ 
167Р{ 0.7 ms о/ 6.99/ 
168Pt 167.9880 2.0 ms а 6.83 0.582/69 
0.594/69 
0.725/62 
Кері 168.9864 3. ms а 
Шин! 169.9816 14 ms а 6.55 0.509/100 
ТГГ oa 
0.214-0.726 
Шин! 170.9811 0.03 8 а, 
Шин! 171.97730 0.10 8 о/ 6.31/94 0+ 
ТЕРІ 172.9765 0.34 8 B*,EC/8.2 
al 6.20/ 
тир; 173.97281 0.89 8 В”,ЕС/17/5.6 0+ 
0/83/ 6.040/ 
“pr o 1749728 255 ВЕСб5Т6 00774 = 
0/35/ 5.831/5 0.1354 
5.96/54 0.2128 
6.038/ 
Шин! 175.9690 6.3 $ B*,EC/60/5.1 0+ ann.rad./ 
0/40/ 5.528/0.6 0.2277 
5.750/41 
ттрұ 176.9685 11.6 ЕС/91/6.8 5.53/ 0.0908 
о/9/ 5.485/3 
5.525/6 
Шин! 177.9649 21. $ ЕС/93/4.5 0+ 
0471 5.286/0.2 
5.442/7 
Шин! 178.9653 33.5 B*,EC/5.7 
al 5.16/ 
180Pt 179.9632 52. $ В>ЕС/99.7/3.7 0+ 
0/0.3/ 5.140/ 
181Pt 180.9632 51.8 В*,ЕС/5.2 
182Pt 181.9613 2.7m B*,EC/2.9 0+ ann.rad./ 
0.1360 
0.1460 
0.2100 
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Elem. 


or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Decay 


Mode/Energy 


Half-Life (/MeV) 


Particle 
Energy 


/Intensity 


(Меу/%) 


Spin 
(h/2p) 


Nuclear 

Magnetic Elect. 
Mom. Quadr. 
(nm) Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


183mpt 


43. s p*.EC/ 


(7/2-) 


1.0 


ann.rad./ 


І.Т./ 


0.3132/26 


0.3164/59 


0.6296/100 


0.058-1.75 


183Pt 


182.9617 


7.m p^. EC/A.6 


*0.51 


ann.rad./ 


0.119/100 


0.307/93 


0.260/90 


0.058-1.377 


184pt 


183.9599 


17.3 m В*,ЕС/2.3 


апп.гаа./ 


0.1549 


0.1919 


0.5484 


185mpt 


33.m В*,ЕС/ 


1/2- 


+0.54 


185Pt 


184.9607 


1.18 h B*,EC/3.8 


(9/2+) 


-0.80 +4.5 


ann.rad./ 


0.1353 


0.1974 


0.2296 


0.2551 


20h B*,EC/1.38 


186Pt 


185.95943 


0- 


ann.rad./ 
0.6115 


0.6892 


187Pt 


186.9607 


2.35 h B*,EC/3.1 


3/2 


-0.41 -1.2 


ann.rad./ 


Ir k x-ray 


0.1064 


0.1100 


0.2015 


0.7092 


0.2849 


188pt 


187.95940 


10.2 d EC/0.51 


0+ 


їг К х-гау 


0.1876 


0.1951 


189pt 


188.96083 


10.9 h B*,EC/1.97 


3/2- 


0.43 -1.1 


Ir k x-ray 


0.0943 


0.6076 


(0.09 - 1.47) 


0.7214 


190pt 


0.01(1) 


189.95993 


4.5x10" y 


0- 


191Pt 


190.961684 


2.96 d EC/1.02 


(3/2-) 


0.50 -0.9 


Ir k x-ray 


0.3599 


0.4094 


0.5389 


192pt 


0.79(6) 


191.961035 


193mpt 


4.33 d І.Т./0.1498 


-0.75 


Pt k х-ау 


0.1355 


193pt 


192.962984 


60. y EC/0.0566 


*0.60 


Ir К x-rays 


194Pt 


32.9(6) 


193.962663 


195mpt 


4.02 d І.Т./0.2952 


-0.61 +1.4 


Pt k х-гау 


0.0989 


195Pt 


33.8(6) 


194.964774 


+0.6095 


196pt 


25.3(6) 


195.964934 


197mpt 


1.590 h 1.Т./97/ 


Pt k x-ray 


В 737 


0.0530 


0.3465 


197Pt 


196.967323 


18.3 h В /0.719 


1/2- 


0.51 


Au К x-ray 


0.1914 


0.2688 


198Pt 


7.2(2) 


197.967875 


0- 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
odis! 13.6 s І.Т./0.424 13/2* Pt k x-ray 
0.3919 
199Pt 198.970576 30.8 m В /1.70 0.90/18 (5/2-) 0.3170/4.9 
1.14/14 0.49375/5.7 
0.5430/14.8 
(0.055-1.293) 
ЗУР: 199.97142 12.5 h В /=0.66 0+ Au К x-ray 
0.13590 
0.22747 
0.24371 
201 Pt 200.9745 2.5 т В /2.66 (5/2-) 0.070 
0.152 
0.222 
1.760 
202Pt 201.9757 1.8d 0.440 
79 AU 196.96655(2) 
T Au 170.9918 1.0 ms p/46 1.44/100 
0/54 7.00 
172АЦ 171.9901 4 тв 0/7.02 6.86 
173m Ay 12 ms 0/92 6.732 
173Au 172.9864 0.020 s 0/94 6.672 
114АЦ 173.9842 0.12 s о 
Au 174.9817 0.20 6 а 
T6Au 175.9803 1.2 $ B*,EC/10.5 
al 6.260/80 
6.290/20 
"Ац 176.9772 1.25 о/ 6.115/ 
6.150/ 
178АЦ 177.9760 2.6 $ о/ 5.920/ 
179Au 178.9732 7.56 о/ 5.85/ 
180дц 179.9724 815 ЕС/8.6 5.65 0.1522 
о/ 5.61 0.2564 
5.50 0.5242 
0.6765 
0.8084 
0.8597 
181Au 180.9700 11.4 s ЕС/97.5/6.3 5.482/ 
0/2.7/ 
182Au 181.9686 21.6 B*,EC/6.9 ann.rad./ 
0/0.13/ 0.1549 
0.2649 
(0.13 - 1.4) 
183Au 182.9676 42.6 ЕС/5.5 %1.97 0.1630 
0/0.8/ 0.2730 
0.3625 
184т Аи 485 (2%) *144 +1.9 0.069(IT) 
184Au 183.9675 21.8 ЕС, 77.1 (5%) %2.07 34.7 
0/0.013/ 
185т Ди 6.8 т B*,EC/ 
І.Т./0.145 
185АЦ 184.9657 4.3 т B*,EC/4.71 (5/2-) +2.17 -1.1 ann.rad./ 
0/0.26/ 
186mAu <2.m B*,EC/ 0.1915 
186Au 185.9659 10.7 m p*,EC/6.0 3- -1.26 +3.1 ann.rad./ 
o/8(10)4/ 0.1915 
0.2988 
187" А 2.3 5 ІТ 9/2- 
187АЦ 186.9646 8.3 т p*,EC/3.60 1/2* *0.54 ann.rad./ 
0.9152 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.2668 
1.3321 
1.4081 
188Ац 187.9651 8.8 т В*,ЕС/5.3 (1-) -0.07 ann.rad./ 
0.2660 
0.3404 
0.6061 
189mAu 4.6m B*,EC/ 11/2- +6.19 0.1667 
189 Au 188.9642 28.7 т ЕС/96/3.2 1/2* *0.49 ann.rad./ 
pal Pt k x-ray 
0.4478 
0.7133 
0.8128 
190Ац 189.96470 43. т p*/2/4.44 1- -0.07 ann.rad./ 
EC/98/ Pt k x-ray 
0.2958 
0.3018 
0.5977 
1їтАЦ 0.9 8 І.Т./0.2663 11/2- 6.6 Au k x-ray 
0.2414 
0.2526 
!9Au 190.96365 3.2 h EC/1.83 3/2+ +0.137 +0.72 Pt k x-ray 
0.5864/16 
(0.088-1.30) 
192АЦ 191.96481 49h p*/5/3.52 2.19/ 1- -0.011 -0.23 ann.rad./ 
EC/95/ 2.49/ Pt k x-ray 
0.2959 
0.3165 
193тАц 3.9 8 1.T./0.2901 11/2- 6.2 +1.98 Au k x-ray 
0.2580 
ШУТ 192.96413 17.6 h EC/1.07 3/2* *0.140 *0.66 Pt k x-ray 
0.1862 
0.2556 
194Ац 193.96534 1.64а p*/3/2.49 1.49/ 1- *0.076 -0.24 ann.rad./ 
EC/97/ Pt k x-ray 
0.2935 
0.3284/61 
195m Диц 30.56 1.7./0.3186 11/2- 6.2 +1.9 Au К x-ray 
0.2617 
195Au 194.965017 186.124 ЕС/0.227 3/2* *0.149 *0.61 Pt k x-ray 
196m2 AU 9.7h І.Т./0.5954 12- 5.7 Au k x-ray 
0.1478 
0.1883 
1961 Au 8.1s І.Т./0.0846 8% 0.0847 
196Ац 195.966551 6.18 а ЕС/92/1.506 2- +0.591 0.81 РЕК х-гау 
197тАц 7.8 $ І.Т./0.4094 11/2- %6.0 %1.7 Au k x-ray 
В /8/0.686 0.1302 
0.2790 
197АЦ 100. 196.966551 3/2% +0.14575 %0.55 
198тАЦ 2.30 d І.Т./0.812 (12-) Au k x-ray 
0.0972 
0.1803 
0.2419 
198АЦ 197.968225 2.694 d В /1.372 0.290/1 2- +0.5934 +0.64 Hg К x-ray 
0.961/99 0.411794 
199Au 198.968748 3.14 d В /0.453 0.25/22 3/2* *0.2715 *0.51 Hg К x-ray 
0.292/72 0.15837 
0.462/6 0.20820 
200mAu 18.7 h В /84/1.0 0.56/ 12- 5.9 Au k x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
І.Т./16/ 0.2559/71 
0.3680/77 
0.4978/73 
0.5793/72 
0.084-0.904) 
2004у 199.97072 48.4 m В /2.24 0.7/15 1- 0.3679/19 
2.2/77 1.2254/10.6 
(0.077-1.570) 
25АЦ 200.97165 26. т В /1.28 1.27/82 3/2% (0.027-0.732) 
202А( 201.9738 29. s В /3.0 (1-) 0.4396 
203Ац 202.97515 1.0 т В /2.14 = 1.9/ 3/2+ (0.04-0.37) 
24Ац 203.9783 40.6 В /4.5 (2-) 0.4366 
1.5113 
205 Аи 204.9796 31. $ В / (0.38 - 1.33) 
«Hg 200.59(2) 
172Hg =0.25 ms о 7.35 
Шин! 0.9 тв а 7.21 
тано 1.9 тѕ о 7.07 
175Ң9 174.9912 0.02 $ ао 
тено 175.98733 21 тв a 6.74/94 
"На 176.9863 0.135 а. 
“ТН... 17798248 0265 — ЕС/5061 у 
0/50/ 6.43/ 
Шин! 178.9818 1.09 6 ЕС/8.0 
о! 6.29/ 
180Hg 179.9783 2.66 ЕС/5.5 0+ 0.1250 
al 6.12/33 0.3005 
5.69/.03 0.3812 
181Hg 180.9778 3.66 B: ЕС/74/-7.3 (1/2-) *0.507 0.0663 
Ру} LN 
0.0924 
0.1474 
0.1587 
0.2142 
0.2398 
182Hg 181.9739 10.8 6 B*,EC/85/5.0 0+ 0.1289 
0/15/ 5.87/8.6 0.2168 
ТТГ 0 Б4ОО . тв 
183Hg 182.9744 9.s B*,EC/77/6.3 1/2- %0.524 0.0714 
о/ 5.83/ 0.0874 
5.91/ 0.1538 
184Hg 183.9719 30.9 s В” ЕС/99/4.1 0+ 0.0915 
0/1 / 5.54/1.3 0.1265 
5.07/2 х 103 0.1560 
0.2362 
185mHg 21.8 В',ЕС,Т,0/ 5.37/ 13/2* -1.02 *0.2 0.211 
0.292 
185Hg 184.9720 51.s B*,EC/95/5.8 1/2- +0.509 (0.02 - 0.55) 
186Hg 185.9695 1.4m B*,EC/3.3 0+ 0.1119 
а 5.09/0.02 0.2518 
187mHg 17m В',ЕС/ 13/2+ -1.04 %0.5 See Но(187| 
187Hg 186.9698 24m B*,EC/4.9 3/2- -0.594 -0.8 0.1034/32. 
0.2334/100. 
0.2403/33. 
0.27151/31. 
0.3763/38. 
0.5254/30. 
(0.10-2.18) 
188Hg 187.9676 3.2m В*,ЕС/2.3 0+ 0.0988 
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Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 
(Һ/2р) 


Мисеаг 


Magnetic 


Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


а 


4.61 


0.1148 


0.1424 


0.1900 


189mHg 


8.6 m 


EC/ 


13/2* 


-1.06 


0.0780 


0.3210 


0.4345 


0.5655 


(0.08 - 2.170) 


189Hg 


188.9687 


7.6m 


ЕС/4.2 


3/2- 


-0.6086 


0.2005 


0.2038 


0.2386 


0.2485 


190Hg 


189.9663 


EC/1.5 


0.1296 


0.1426 


191mHg 


8'76/ 


13/2+ 


-1.07 


апп.гад./ 


ЕС/94/ 


Au k x-ray 


0.2741 


0.4203 


0.5787 


(0.07 - 1.9) 


191Hg 


190.9671 


p^ EC/3.2 


(3/2-) 


-0.62 


-0.8 


0.1963 
0.2247 


0.2524 


192Ң9 


191.9653 


5.0 h 


EC/=0.5 


0+ 


Au k x-ray 


0.1572 


0.2748 


0.3065 


193mHg 


11.8 h 


В”ЕС/91/ 


13/2* 


-1.05843 


*0.92 


Hg К x-ray 


І.Т./9/0.2901 


0.1866 
0.2580 


0.4076 


0.5733 


0.9324 


(0.1 - 1.96) 


193Hg 


192.96664 


3.8h 


EC,B*/2.34 


3/2- 


-0.6276 


0.1866 


0.2580 


194Hg 


193.96538 


520. y 


ЕС/0.04 


0.8611 
Au L x-rays 


195mHg 


1.67 d 


1.7./(54)/0.3186 


-1.04465 


+1.1 


Hg К x-ray 


ЕС/(46)/ 


Au К x-ray 


0.2617 


0.5603 


0.7798 


195Hg 


194.96664 


9.5h 


EC/1.51 


1/2- 


*0.54147 
5 


Au k x-ray 


0.0614 


0.7798 


196Hg 


0.15(1) 


195.965814 


0+ 


197mHg 


23.8h 


І.Т.(93)/0.2989 


13/2* 


-1.02768 


312 


Над К х-ау 


Au k x-ray 


0.13398 


197Hg 


196.967195 


2.672 d 


ЕС/0.600 


1/2- 


%0.52737 
4 


Au k x-ray 


0.07735 


198Hg 


9.97(8) 


197.966752 


0- 


199mHg 


42.6 m 


І.Т./0.532 


13/2* 


-1.014703 


+1.2 


Над К х-гау 


0.15841 


199Hg 


16.87(10) 


198.968262 


1/2- 


+0.50588 
5 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
200Hg 23.10(16) 199.968309 0- 
201Hg 13.18(8) 200.970285 3/2- -0.560226 +0.39 
202Hg 29.86(20) 201.970625 O+ 
203Hg 202.972857 46.61 d B /0.492 0.213/100 5/2- +0.8489 +0.34 TI k x-ray 
0.279188 
204Hg 6.87 (4) 203.973475 0+ 
205Hg 204.976056 5.2 m В 1.531 1.33/4 1/2- +0.6010 0.20378 
(0.2 - 1.4) 
206Hg 205.97750 8.2m В /1.31 0.935/34 0% ТІК х-гау 
1.3/63 0.3052 
0.6502 
207Hg 206.9825 29m В 14.8 (912+) 
208Hg 207.9859 0.7 h Bo 0.474 
ТІ 204.3833(2) 
Mem] 0.23 ms p/51 
0/49 
UTT] 176,9969 0.017 s 0/73 
Р/27 
178ТІ 177.9952 =0.2 $ 
“ТӨРТ 1.7 тв а [7.21180 
а 17.10/20 
MST] 178.9917 0.2s о 
180Т| 179.9912 1.58 а 6.28/30 
6.36/30 
6.21/18 
6.56/15 
6.47/7 
ТӨВТ 1.4 тв а 6.58/100 
тетт 180.9869 3.2 тѕ ао 6.19/100 
182T| 181.9856 3.5 B+, ЕС/10.9 0.351 
(0.26 - 0.41) 
183тТ| 0.06 6 а 9/2- 
183ТІ 182.9826 5.8 p*, ЕС/7.7 1/2* 0.208 
18811 183.9818 11.8 В”, EC/(98)/9.2 0.2868 
0/(2)/ 6.16/ 0.3399 
0.3667 
185mT] 1.8s І.Т./0.453 (9/2-) 0.1688 
0/5.97 6.01 0.2840 
18571 184.9791 20. s EC/B*/6.6 
186mT] 4.5 І.Т./0.374 0.3738 
78811 185.9776 28. 5 B*,EC/7.5 0.3567 
0.4026 
0.4053 
шин! 15.66 1.Т/= 0.33 (9/2+) +3.8 -2.4 0.2995 
187ТІ 186.9762 50. 8 p*,EC/6.0 1/2* 1.6 
188mT] 1.18 m В',ЕС/ (7+) Но К х-гау 
0.4129 
0.5043 
0.5921 
188T] 187.9759 1.2m B*,EC/7.8 (2-) +0.48 +0.13 See TI[188m] 
0.4129 
нд! 14 т В”,ЕС/ (9/2-) %3.878 -2.29 0.2156 
0.2284 
0.3175 
0.4452 
189T] 188.9743 23m В>ЕС/5.2 (1/2*) 0.3337 
0.4510 
0.5223 
0.9422 


11-164 


Elem. 


or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 
(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


190mT| 


3.7m 


В“ЕС/ 


4.2/ 


(7%) 


%0.495 


*0.29 


0.1968 


0.4164 


0.7311 


190T| 


189.9738 


2.6m 


B*,EC/7.0 


5.7/ 


(2-) 


%0.25 


-0.33 


0.4164 


0.6254 


0.6838 


1.0999 


191mT| 


5.2m 


В*,ЕС/(98)/ 


(9/2+) 


+3.903 


0.2157 


0.2647 


0.3256 


0.3359 


191T| 


190.9723 


(1/2) 


1.59 


192mT| 


10.8 т 


В-ЕС/ 


(7%) 


%0.518 


0.46 


0.1740 


0.4228 


0.6348 


0.7863 


0.7455 


192T| 


191.972 


9.6 m 


В”ЕС/6.4 


+0.20 


-0.33 


0.3975 


0.4228 


0.6908 


193mT| 
193T| 


192.9706 


2.1m 
22.m 


1.Т./(75)/ 
В*,ЕС/З.6 


(9/2-) 
(1/2+) 


%3.948 
%1.591 


0.3650 
0.2077 


0.3244 


0.3440 


0.6761 


1.0447 


1.5793 


194mT| 


32.8m 


p*/(20)/-0.30 


(7*) 


*0.540 


*0.61 


ann.rad./ 


EC/(80y 


Hg К x-ray 
0.4282 


0.6363 


0.7490 


194T| 


193.9711 


34.т 


В*,ЕС/5.3 


2- 


0.140 


-0.28 


0.3955 


0.4282 


0.6363 


195mT| 


3.6 $ 


І.Т./0.483 


9/2- 


TI К x-ray 


0.0990 
0.3836 


195T| 


194.9697 


1.16 h 


EC/97/2.8 


1/2* 


*1.58 


ann.rad./ 


ШӨЛ 


На К х-ау 


0.2422 


0.5635 


0.8845 


1.3639 


(0.13 - 2.5) 


196m T| 


141ћ 


B*,EC/95/4.9 


(7+) 


0.55 


+0.76 


0.0840 


0.4261 


0.6353 


0.6954 


(0.08 - 1.0) 


196T| 


195.9705 


1.84 h 


В*/(15)/4.4 


+0.072 


-0.18 


ann.rad./ 


EC/(85y 


Hg К x-ray 


0.4257 


0.6105 


(0.03 - 2.4) 


197mT| 


0.54 6 


ІТ/53/0.608 


9/2- 


TI k x-ray 


В”ЕС/47/ 


0.2262 


0.4118 


0.5872 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 


0.6367 


1977] 196.96954 2.83 h В°/(1)/2.18 1/2+ +1.58 На К х-гау 


ЕС/(99)/ 0.1522/8.2 


0.4258 


198mT| 1.87 h В*,ЕС/(53)/ 7+ +0.64 На К х-гау 


11/47/0.5347 TI k х-гау 


0.4118 


0.5872 


0.6367 


158Т| 197.9405 53h EC,B*/(1)/3.5 14] 2- На К х-гау 


2.1/ 0.4118 


2.4/ 0.6367 


0.6759 


(0.23 - 2.8) 


199ТІ 198.9698 ТАТ ЕС/1.4 1/2- *1.60 Hg К x-ray 


0.2082 


0.2473 


0.4555 


200Т| 199.97095 1.087 4 ЕС/2.46 1.07/ 2- 0.04 Hg К x-ray 


1.44/ 0.36799 


1.2057 
(0.11 - 2.3) 


2011) 200.97080 3.040 4 ЕС/0.48 1/2% %1.605 Hg К x-ray 


0.13528 


0.16740/10.0 


ын! 201.97209 12.23 а ЕС/1.36 2- 0.06 Hg К x-ray 


0.43957 


203 29.524(14) 202.972329 1/2+ +1.62225 
8 


т 203.973848 3.78 y В /97/0.7637 0.763/97 2- 0.09 Hg К x-ray 


EC/(3)0.347 


2057) 70.476(14) 204.974412 1/2+ 41.63821 
5 


206mT] 3.76 m 1.7./2.644 12- TI К x-ray 


0.2166 


0.2661 


0.4534 


0.6866 


1.0219 


206Т| 205.976095 4.20 т В /1.533 1.53/99.9 0- Pb К x-ray 


0.80313 


207mT| 1.36 І.Т./1.350 11/2- TI k х-гау 


0.3501 


1.0000 


29711 206.97741 4.77 m В /1.423 1.43/99.8 1/2% *1.88 0.89723 


208T| 207.982004 3.053т В /5.001 1.28/23 (5+) +0.29 Pb k x-ray 


1.52/22 0.27728 


1.796/51 0.51061 


0.58302 


2.61448 


209T| 208.98535 2.16 m В /3.98 1.8 /100 (1/2+) Pb k x-ray 


1.5670/100 


0.4651/95 


(0.12 - 1.33) 


zo 209.99006 1.30 т В 15.48 1.3/25 (5+) Pb К х-гау 


1.9/56 0.081 


0.2981 


0.79788 
РБ 207.2(1) 
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Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
178Pþ =0.2 ms 
Tp 5 ms о/ 7.25 
181Pþ 180.9967 0.05 s о/ 7.07 
"РБ 181.99268 55 ms а 6.90 
1зрь 182.9919 0.3 8 о/ 1/2% 
184Pb 183.9882 0.48 6 о/ 6.63/ 0+ 
"БРЕ 184.9876 415 о! 6.34/ 
6.40/ 
6.48/ 
РБ 185.9835 5.8 В”,ЕС/95/5.5 0+ 
a/(5y 6.32/ 
6.34/<100 
6.01/<0.2 
187mPb 15.2 $ B+, ЕС/ 5.99/ (1/2-) 0.0674 
0/12 6.19/ 0.2080 
0.2755 
0.2995 
0.4487 
0.7477 
187Pb 186.9839 18.3 $ ЕС/7.2 13/2+ 0.1930 
0/7 6.08/ 0.3314 
0.3435 
0.3934 
188Pb 187.9811 23. s EC/(78)/4.8 0+ 0.1850 
0/(22)/ 5.98/<10 0.7582 
5.61/<0.1 
189Pb 188.9809 51.8 ЕС/6.1 
о/ 5.58/ 
190Pb 189.9782 1.2m B: (13)/4.1 0+ ann.rad./ 
EC/(86)/ ТІ К x-ray 
о/(0.9)/ 5.58/ 0.1415 
0.1512 
0.9422 
РВ 2.2 т В”,ЕС/ 13/2* -1.17 *0.085 ann.rad./ 
0.3871 
0.6135 
0.7122 
РБ 190.9782 1.3 т В*,ЕС/5.5 ann.rad./ 
0.9368 
192Pb 191.9758 3.5m p^, EC/^3.4 0+ ann.rad./ 
0/.006/ 5.11 0.1675 
0.6082 
1.1954 
193mpb 5.8 m В”,ЕС/ 13/2* -1.15 *0.19 ann.rad./ 
0.3650 
0.3922 
193рр 192.9761 = 2. т ЕС/5.2 3/2 
194Pb 193.9740 11.т В*,ЕС/2.7 0+ ann.rad./ 
а 4.64 0.2036 
195mPb 15.m В*/(8)/ 13/2+ -1.132 +0.30 апп.гаа./ 
ЕС/(92)/ ТІ К x-ray 
0.3836 
0.3942 
0.8784 
195pp 194.976 = 15. т В*,ЕС/5.8 ann.rad./ 
0.3836 
0.3937 
0.7776 
196Pb 195.9727 37. т B*,EC/2.1 0+ ТІК х-гау 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0.2531 
0.5021 
197mPb 43.m EC/79/ 13/2+ -1.104 +0.38 ТІК x-ray 
В*/2/ 0.3079 
11/19/0.3193 0.3877 
0.7743 
(0.2 - 2.2) 
197Pb 196.9734 = 8. т ЕС/97/3.6 (3/2-) -1.075 -0.08 ТІК х-гау 
В*/3/ 0.3755 
0.3858 
0.7611 
198Pb 197.9720 24h EC/1.4 0+ ТІК х-гау 
0.1734 
0.2903 
0.3654 
199mPb 12.2m 11/93/0.4248 13/2* Pb К x-ray 
B*,EC/(7)/ 0.4255 
199pp 198.9729 1.5h EC/(99)/2.9 5/2- -1.074 +0.08 TI k x-ray 
pay 0.3534 
0.7202 
1.1350 
(0.22 - 2.4) 
"РБ 199.97182 21.5h EC/0.81 O+ ТІК x-ray 
0.14763 
2отРр 1.02 т І.Т./0.6291 13/2* Pb k x-ray 
0.6288 
201Pb 200.97285 9.33 h EC/1.90 5/2- %0.675 -0.009 ТІК х-гау 
0.33120 
0.36131 
(0.11 - 1.8) 
202mpb 3.53 h IT/90/2.170 9- -0.228 +0.58 Pb k x-ray 
p*/10/ TI k x-ray 
0.42219 
0.78700 
0.96271 
тер 201.97214 5.3х10* y ЕС/0.05 0+ TI L x-ray 
205mpp 6.2 $ І.Т./0.8252 13/2* Pb К x-ray 
0.8203 
0.8252 
203Pb 202.97338 2.1615 d EC/0.98 5/2- %0.686 %0.10 ТІК х-гау 
0.279188 
204mpp 1.12 h 1.1/2.185 9- Pb К x-ray 
0.37481 
0.89922 
0.91175 
204Pb 1.4(1) 203.973028 O+ 
"spp 204.974467  1.51х107 EC/0.0512 5/2- *0.712 *0.23 TI L x-ray 
M 
206Pþ 24.1(1) 205.974449 0+ 
тру 0.805 І.Т./1.632 13/2* Pb k x-ray 
0.56915 
1.06310 
207Pb 22.1(1) 206.975880 1/2- +0.59258 
"pb 52.4(1) 207.976636 >2х10%у SF 0+ 
209Pb 208.981075 3.25 h B /0.644 0.645/100 9/2% -1.474 -0.3 
210Pb 209.984174 22.6 y В /0.0635 0.017/81 0+ 
0.061/19 
а 3.72 
2npp 210.988732 36.1m В /1.37 0.57/5 (9/2%) -1.404 %0.09 0.40486 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
1.36/92 0.42700 
0.83186 
(0.09 - 1.27) 
гї2рр 211.991887 10.64 h В /0.574 0.28/83 0+ ВЕК х-гау 
0.57/12 0.23858 
213Pb 212.9966 10.2m В /2.1 
214Pþ 213.999797 26.9 m В /1.0 0.67/48 0+ Bi k x-ray 
0.73/42 0.24192 
0.29509 
0.35187 
215Pb 36 5 
PAGI 208.98038(2) 
185Bj 184.9977 0.04 ms p/86 1.59 
0/14 
186Bj 185.9965 10 ms ао 7.16 
7.26 
187mBj = 8. т5 0/12 
187Bi 186.9935 32. ms 0/7 7.00/88.3 
7.61/8.0 
7.37/3.7 
188Bj 187.9922 ао 
189mBj 7.0 ms а 7.30 
189Bj 188.9895 0.68 s а 
19081 189.9875 5.8 B*,EC/(10)/8.7 
о/(90у 6.45/ 
191mBj 0.12 ms а 6.87 
191Ві 190.9861 12.6 В» ЕС/(60)/7.3 
а(40У 6.32/ 
192Bj 191.9854 40.s B*,EC/(80)/9.0 
а(20У 6.06/ 
193mBi 3.26 В”,ЕС/ 1/2% 
о/ 6.48/ 
193Bj 192.9837 1.11 m B*,EC/40/7.1 9/2* 
0/(60)/ 5.91/ 
194Bj 193.9828 1.8m B*,EC/99.9/8.2 (10-) 0.1661 
0/0.1/ 0.1740 
0.2802 
0.421 
0.5754 
0.9650 
195mBi 1.45 т В',ЕС/(94)/ 
а(6У 6.11/ 
195Bj 194.9811 2.9m B*,EC/99.8/5.8 3/2- 
о(0.2) 5.45/ 
196Bj 195.9806 5.m ЕС/-7.4 0.1376 
0.3720 
0.6880 
1.0486 
197Ві 196.9789 5. т B*,EC/5.2 1/2+ 
198mBj 7.78 І.Т./0.2485 (10-) 0.2485 
198Bj 197.9790 11.8m p*,EC/6.6 (7*) 0.0900 
0.1976 
0.5624 
1.0635 
199mpj 24.7 m p^. EC/ ann.rad./ 
199Bj 198.9776 27.m B*,EC/4.3 9/2- 4.6 0.7203 
0.8374 
0.8417 
0.9460 
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Elem. 


or Isot. 


Natural 
Abundance (%) 


Atomic 
Mass or 
Weight 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 


(Һ/2р) 


Nuclear 
Magnetic 


Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


1.0528 


1.3056 


(0.12 - 3.2) 


200т | 


В*ЕС/ 


(2+) 


0.2453 


0.4198 


0.4624 


1.0265 


20081 


199.9781 


36. т 


EC/(90)/5.9 


7+ 


ann.rad./ 


B*/(10)/ 


Pb k x-ray 


0.4198 


0.4623 


1.0265 


201mBj 


59.1 т 


1.7./0.846 


(172+) 


Bi К x-ray 


В*,ЕС/ 


0.8464 


201В| 


200.97697 


1.8 h 


EC/3.84 


9/2- 


4.8 


Pb k x-ray 


0.6288 


0.9357 


1.0138 


(0.13 - 2.4) 


20281 


201.97768 


1.72 h 


В“(3)5.16 


5+ 


+4.26 


-0.72 


ann.rad./ 


ЕС/(97)/ 


Pb К x-ray 
0.57860 


0.92734 


(0.08 - 3.5) 


203В| 


202.97687 


11.8 h 


EC/99.8/3.25 


9/2- 


*4.02 


-0.69 


Pb k x-ray 


B*/(0.2)/ 


1.35/ 


0.1865 


0.8203 


0.8969 


1.8475 
(0.1 - 2:9) 


20451 


203.97779 


11.2h 


ЕС/4.44 


6- 


*4.32 


-0.43 


Pb k x-ray 


0.37481 


0.89922 


0.98409 


205Bi 


204.97737 


15.31 d 


EC/2.71 


9/2- 


*4.07 


-0.59 


Pb К x-ray 


0.70347 


206Bj 


205.97848 


6.243 d 


EC/3.76 


+4.36 


-0.39 


1.76435 
Pb k x-ray 


0.51619 


0.80313 


0.88100 


207В| 


206.978456 


35.у 


ЕС/2.399 


9/2- 


4.08 


Pb k x-ray 


0.56915 


1.06310 


208В| 


207.979727 


3.68x105 
y 


EC/2.880 


4.63 


-0.64 


Pb k x-ray 


2.61435 


209Bj 


100. 


208.980384 


9/2- 


*4.111 


-0.37 


210mBi 


3.0x108 у 


4.420(3)029 9- 


*2.73 


-0.47 


TI k x-ray 


4.569(3)/3.9 


0.2661 


4.584(3)/1.4 


0.3052 


4.908(4)/39 


0.6502 


4.946(3)/55 


2108] 


209.984105 


5.01 а 


В 71.163 


1.16/99 1- 


-0.0445 


+0.136 


0.2661 


0.3.52 


211Bi 


210.98726 


2.14 m 


о/(99.7)/ 


6.279/16 9/2- 


TI k x-ray 


В /(0.3)/0.58 


6.623/84 


0.3501 


212m2Bj 


7.m 


87 


(15) 


21201 В| 


25.0 т 


o/(93)/ 


6.300/40 (9-) 


0.120 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
В (Ту 6.340/53 0.233 
0.275 
0.404 
0.727 
212В) 211.991271  1.0091 В /(64)/2.254 (1-) +0.32 +0.1 ТИК х-гау 
о/(36)/ 6.051/25 Ро К х-гау 
6.090/9.6 0.2881 
0.72725 
0.78551 
1.62066 
213Ві 212.99437 45.6 т В /(98)/1.43 1.02/31 9/2- +3.72 -0.60 Ро К x-ray 
0/(2)/ 1.42/66 0.4404 
5.549/0.16 (0.15 - 1.328) 
5.869/2.0 
1.10006 
214Bi 213.99870 19.7 m B /3.27 0.60931 
1.12027 
1.76449 
(0.19 - 3.2) 
215Bi 215.0018 7.7 m В /2.3 0.2937 
(0.27 - 0.835) 
2681 216.0062 2.3 т В /4.0 0.5498 
0.4192 
217Bi 97s В/ 
«РО 
188Po 0.4 ms о 7.92 
7.35 
189Ро 5 ms о 7.54 
7.25 
7.32 
Ро 189.9951 2.4 тв о/ 7.53 
191тро 0.10 $ а 7.38 
ти Ро 190.9947 22 ms о/ 7.33 
192po 191.9915 34. ms 0/8.5 7.17 
193тро 0.24 $ о/ 7.00 
193Ро 192.9911 0.45 8 о/ 6.95 
194Ро 193.9883 0.39 6 о/ 6.84/93 0+ 
6.19/0.22 
"зара 1.9 $ о/ 6.70/ 
195Ро 194.9881 4.6 $ о/ 6.61/ 
195p 195.9855 5.86 0/(95)/ 6.52/94 0+ 
B*,EC/(5)/=4.6 5.77/0.02 
197тро 25.8 8 al(84)/ 6.385(3)/55 13/2* 
p^EC/(16y 
197Po 196.9856 53. 8 о(44У 6.282(4)/76 (3/2-) 
B*,EC/(56)/6.2 
Ро 197.9834 1.76 т 0/(70)/ 6.18/57 0+ 
B*,EC/(30)/4.0 5.27/7.6x104 
ЗӨӨРРӨ 4.2 т B*,EC/(51)/ 13/2+ 0.99 ann.rad./ 
о/(39)/ 6.059/24 0.2745 
0.4998 
1.0020 
199Po 198.985 52m B*,EC/(88)/7. (3/2-) Bi k x-ray 
216931 5.952/7.5 0.1877 
0.3616 
1.0214 
1.0344 
200Ро 199.9817 11.5 т B*,EC/85/3.4 0+ 0.14748 
0/(15)/ 5.863/11.1 0.32792 
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Elem. 


or Isot. 


Natural 
Abundance (96) 


Atomic 
Mass or 
Weight 


Half-Life 


Decay 


Mode/Energy 


(мем) 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 


(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


0.6176 


0.6709 


201mpo 


8.9 m 


В*,ЕС/(57)/ 


13/2+ 


1.00 


Bi k x-ray 


1T/40/0.418 


Ро К x-ray 


о/ (3) 


5.786/=3. 


0.2726 


0.4123 


0.4179 


0.9670 


201РО 


200.9822 


15.3 m 


В”,ЕС/98/4.9 


3/2- 


0.94 


Bi k x-ray 


оД2У 


5.683(3/1.1 


0.2056 


0.2250 


0.8483 


0.9048 


202Ро 


201.9807 


45. т 


В*,ЕС/98/2.8 


0.0410 


о (2) 


5.588/1.9 


0.1656 


0.3158 


0.6884 


203m Po 


11/96/0.6414 


13/2* 


Bi k x-ray 


В ЕС/(4)/ 


Ро К x-ray 


0.6414 


203Ро 


202.9814 


35. m 


В”ЕС/4.2 


5/2- 


+0.74 


0.17516 
0.21477 


0.89350 


0.90863 


1.09095 


204pg 


203.98031 


3.53h 


EC/2.34 


0- 


ВЕК x-ray 


а 


5.377/0.66 


0.2702 


0.8844 


1.0162 
(0.11 - 1.9) 


20556 


204.98117 


1.7h 


B*,EC/3.53 


5/2- 


+0.76 +0.17 


Bi k x-ray 


0.83681 


0.84983 


0.87241 


1.00124 


(0.12 - 2.7) 


206Ро 


205.98047 


8.8 а 


ЕС/(95)/1.85 
lS) 


O+ 
5.223/5.5 


ВЕК x-ray 
0.28644 


0.31156 


0.51134 


0.80737 


1.03228 


(0.11 - 1.5) 


207m Po 


28s 


1.7./1.383 


19/2- 


Ро К x-ray 


0.2682 


0.30074 


0.81448 


207Ро 


206.98158 


5.80 ћ 


EC,B*/2.91 


5/2- 


+0.79 +0.28 


Bi k x-ray 


0.74263 


0.91176 


0.99225 


208ро 


207.981231 


2.898 у 


4.233/0.0002 0- 


5.1158/100 


209Ро 


208.982415 


102. y 


4.624/0.56 1/2- 


=+0.77 


0.26049 


4.879/99.2 


0.8964 


210РО 


209.982857 


138.4 d 


4.516/0.001 0- 


0.80313 


5.304/100 


211тРо 


25.2 $ 


7.273191 25/2+ 


Pb k x-ray 


7.994/1.7 


0.32808 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
8.316/0.25 0.56915 
8.875/7.0 0.89723 
1.06310 
РО 210.986637 0.516 $ 0/7.594 6.570/0.54 9/2+ 0.56915 
6.892/0.55 0.89723 
7.450/98.9 
“Ра 45.5 о/ 8.514/2.0 16+ 
9.086/1.0 
11.650/97 
22ро 211.988852 0.298 us 0/8.953 8.784/100 0+ 
213ЗРо 212.992843 3.7 us 0/8.537 7.614/0.003 9/2* 
8.375/100 
214Ро 213.995186 163.7 us 0/7.833 6.904/0.01 0+ 0.7995 
7.686/99.99 0.298 
215Ро 214.999415 1.780 ms 0/7.526 6.950/0.02 (9/2+) 
6.957/0.03 
7.386/100 
216Ро 216.001905 0.145 $ 0/6.906 5.895/0.002 0% 
6.778/99.99 
217Po 217.0064 < 10. 5 0/6.662 6.539/ 
218Ро 218.008965 3.04 т 0/6.114 5.181/1.00 0+ 
asAt 
19At 192.9998 40 ms о/ 
194A 193.9990 40 ms о/ 
195тА{ 0.39 $ а 6.96 
195 АЕ 194.9965 140 тв о/ 7.11 
196mAt 8 us 0.158 
196 ДЕ 195.9957 0.39 $ о/ 7.05/ 
197" АЕ 4.6 а (1/2+) 
19At 196.9939 0.35 s B*,EC/7.8 (9/2-) 
al 6.96/ 
198т At 1.58 p^ EC/(75y 
0/(25)/ 6.85/86 
198д{ 197.9928 5.5 о/ 6.75/94 
19At 198.9910 7.16 p*,EC/8/5.6 9/2- 
o/(92)/ 6.64/ 
200mAt 435 B*,EC/(80) 10- 
0/(20)/ 6.536/12 
200At 199.990 43.6 В*,ЕС/65/=8.0 5+ 
0/(35)/ 6.412/44 
6.465/57 
20 At 200.9885 1.48 $ B*,EC/29/5.9 9/2- 
0/(71)/6.474 6.344/ 
202mAt 81.56 І.Т./0.391 
202А4 201.9885 3.02 т B*,EC/88/7.2 5+ ann.rad./ 
0/(12)/ 6.135/7.7 0.4413 
6.225/4.3 0.5697 
0.6753 
203 202.9868 7.4 т B*,EC/69/5.1 9/2- 0.1458 
0/(31)/6.210 6.088/ 0.2459 
0.6414 
1.0020 
1.0340 
204 203.9873 9.1 т B*,EC/95/6.5 (5+) Po k x-ray 
0/(5)/ 5.951/ 0.3271 
0.4254 
0.5156 
0.6837 
205А1 204.98604 26. т В>ЕС/90/4.54 (9/2-) Ро К х-ау 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0/(10)/6.020 5.902/ 0.1543 
0.6696 
0.7194 
206 At 205.98660 29.4m В”,ЕС/99/5.72 5% Ро К x-ray 
0/(1)/5.881 5.703/ 0.20186 
0.39561 
0.47716 
0.70071 
207 At 206.98578 1.81 h В*,ЕС/90/3.91 9/2- Ро К х-гау 
0/(10)/5.873 5.758/ 0.16801 
0.58842 
0.81448 
208At 207.98657 1.63 h В>ЕС/99/4.97 (6+) Ро К х-гау 
0/(1)/5.752 5.626/0.01 0.1770 
5.641/0.53 0.2060 
0.6601 
0.6852 
0.8450 
1.0281 
209At 208.98616 54h B*,EC/96/3.49 (6+) Po k x-ray 
0/(4)/5.757 5.647/4.1 0.10422 
0.54503 
0.78189 
0.79020 
(0.1 - 2.6) 
шил! 209.98713 811 ЕС/99.8/3.98 5% Ро К х-ау 
0/(0.2)/5.632 5.361/0.05 0.24535 
5.442/0.05 0.52758 
1.18143 
1.43678 
1.48335 
(0.04 - 2.4) 
2At 210.987481 7.21 h EC/(58)/0.787 9/2- Po k x-ray 
0/(42)/5.980 5.211/0.004 0.66956 
5.868/42 0.6870 
0.74263 
212т At 0.119 s о! 7.837/65 (9-) 
7.897/33 
шил! 211.990735 0.314 8 0/7.828 7.058/0.4 (1-) 
7.088/0.6 
7.618/15 
7.681184 
213At 212.992922 0.11 us 0/9.254 9.080/ 9/2- 
214mAt 0.76 us o/8.762 (9-) 
2МАГ 213.996357 0.56 us 0/8.987 8.819/100 (1) 
215 214.99864 0.10 тв 0/8.178 7.626/0.045 (9/2-) 0.40486 
8.023/99.9 
216 216.002408 0.30 ms 0/7.947 7.595/0.2 (1-) 
7.697/2.1 
7.800/97 
217 АЕ 217.00471 32. тв 0/7.202 6.812/0.06 (9/2-) 0.2595 
7.067/99.9 0.3345 
0.5940 
218 218.00868 1.6 $ 0/6.883 6.654/6 
6.695/90 
6.748/4 
шил! 219.0113 50. 8 0/6.390 6.275/ 
220 220.0153 3.71 т В /3.7 (0.24-0.70) 
221 А 221.0181 2.3 т В 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
222At 222.0223 0.9 m В 
223Д4 223.0253 50. 8 В 
зв АП 
1% Вп 195.9977 = 3 ms al 7.49 
197mRn 0.02 $ о 7.36 
197Вп 196.9983 0.07 8 о! 7.26 
198Rn 197.9988 0.05 s о 
199mRn 0.3 $ о (13/ 
2%) 
199Rn 198.9983 0.62 8 о! 3/2- 
200Rn 199.9957 1.06 6 0/(98)/ 6.901/ 0+ 0.4329 
EC/(2)/5. 0.5043 
201mRn 3.8 5 ЕС/(10)/ 13/2* 
aJ (90)/ 6.773/ 
?" Rn 200.9955 7.06 0/(80)/ 6.725/ (3/2-) 
EC/(20)/ 0/6.778 
PRI 201.9932 9.9s 0/(12)/ 6.641/ 0+ 0.5695 
ЕС/(88)/ 0.2876-0.6255 
2030 Бу 28. 5 о/ 6.551 13/2* -0.96 +1.3 
2038 202.9948 45. $ 0/(66)/6.629 6.499/ 0 
EC/(34)/=7.4 
204 Ай 203.9914 1.24 т о/(68)/ 6.420/ 0+ 
EC/(32)/3.8 
2058) 204.9917 2.8 т 0/(23)/6.390 6.123(3)/0.02  (5/2-) %0.80 %0.06 0.2652 
EC/(77)/5.2 6.262(3)/23 0.3553 
0.4648 
0.6205 
0.6753 
0.7300 
206Rn 205.9902 5.7m 0/(68)/6.384 6.258(3)/ 0+ 0.06170 
EC/(32)/3.3 0.0968 
0.3245 
0.3862 
0.4822 
0.4973 
0.7728 
207Rn 206.9907 9.3 т B*,EC/77/4.6 5/2- +0.82 +0.22 At k x-ray 
0/(23)/6.252 5.995(4)/0.02 0.32947 
6.068(3)/0.15 0.34455 
6.126(3)/22.8 0.36767 
0.40267 
0.74723 
(0.18 - 1.4) 
206Rn 207.98963 24.3 m 0/(60)/6.260 5.469(2)/ 0+ 
0.003 
EC/(40)/2.85 6.140(2)/60 
208Rn 208.99038 29.m В*/(83)/3.93 2.16/2.3 5/2- +0.8388 +0.31 At k x-ray 
о(17У 5.887(3)/0.04 0.27933 
5.898(3)/0.02 0.33753 
6.039(2)/16.9 0.40841 
0.68942 
0.74594 
(0.18 - 3.2) 
210Rn 209.98968 24h 0/(96)/6.157 5.351(2)/ 0+ At k x-ray 
0.005 
EC/(4)2.37 6.039(2)/96 0.19625 
0.45824 
0.57104 
0.64868 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
(0.14 - 1.7) 
?"Rn 210.99059 14.6 h В*,ЕС/74/2.89 1/2- +0.60 At k x-ray 
0/(26)/5.964 5.619(1)/0.7 0.16877 
5.784(1)/16.4 0.25022 
5.851(1)/8.8 0.37049 
0.67412 
0.67839 
1.36298 
(0.11 - 2.7) 
?'?Rn 211.990689 24.m 0/6.385 5.587(4)/0.05 0+ 
6.260(4)/ 
99.95 
213Вп 212.99387 20 ms 0/8.243 7.552(8)/2 9/2* 0.540 
8.087(8)/98 
?^Rn 213.99535 0.27 us 0/9.209 9.037(9)/ 0+ 
215 п 214.99873 2.3 из 0/8.840 8.674(8)/ (9/2+) 
216Rn 216.00026 45. us а 
27 Қп 217.003915 0.6 тв 0/7.885 7.500/0.1 9/2+ 
7.742(4)/100 
218Вп 218.005586 35. тв 0/7.267 6.534(1)/0.16 0+ 0.6093 
7.133(1)/99.8 0.6653 
219Rn 219.009475 3.96 = о/6.946(1) 6.3130(5) (5/2+) -0.44 %0.93 Рок х-гау 
0.05 
6.425(3)/7.5 0.13057 
6.5309(4)/ 0.27113 
0.12 
6.5531(3)/ 0.40170 
12.2 
6.8193(3)/81 (0.1 - 1.05) 
220Rn 220.011384 55.6 $ 0/6.404 5.7486(5)/ 0+ 
0.07 
6.2883(1)/ 
99.9 
221 Еп 221.0156 25. т 0/(22)/6.148 5.778(3)/1.8 7/2% -0.020 -0.38 Fr L x-ray 
В /78)1.2 5.788(3)/2.2 0.07384 
6.037(3)/18 0.08323 
0.0610 
0.18639 
222 Ап 222.017570 3.823 а 0/5.590 4.987(1)/0.08 0+ 0.510 
5.4897(3)/ 
99.9 
223Rn 223.0218 23.m В / -0.78 +0.80 
224Rn 224.0241 1.8h В / 0+ 0.1085 
0.2601 
0.2655 
228Rn 225.0284 4.5 т В / 7/2 -0.70 *0.84 
226Rn 226.0309 74m В / 
27Rn 227.0354 2.5 В / 
228Rn 228.0381 65. 6 В / 
was 
199F r 12s а, 7.66 
"EF 200.0065 = 20 ms а 7.47 
201Fr 201.0046 0.05 s о/ 7.36/ (9/2-) 
202Fr 202.0033 0.34 8 0/7.590 7.237(8)/100 
203Ег 203.0014 0.55 6 0/7.280 7.132(5)/ (9/2-) 
2054г 204.001 2.1 8 о/ 7.03/96 
6.97/90 
7.01/74 
2065г 204.9987 3.9 8 0/7.050 6.914(5)/ (9/2-) 
тер 0.7 8 о! 6.93 0.531(IT) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
шил: 205.9985 16.0 8 0/7.416 6.792(5)/84 
Wer 206.9969 14.8s 0/6.900 6.766(5)/ 9/2- %3.9 -0.16 
208F r 207.99713 59.1 $ o/(77)/6.770 6.636(5)/ 7+ 48 +0.004 
ЕС/(23)6.99 
209F r 208.99592 50.06 0/(89)/5.1 6.646(3)/ 9/2- %3.9 -0.24 0.7978 
ЕС/(11)/5.16 (0.1103-1.384) 
ОЕР 209.99640 3.2 т 0/6.670 6.543(5)/ 6+ +4.4 +0.19 0.2030 
ЕС/6.26 0.6438 
0.8175 
0.9008 
21 г 210.99553 3.10 m 0/6.660 6.534(5)/ 9/2- 34.0 -0.19 0.220 
ЕС/4.61 0.2799 
0.5389 
0.9169 
212Fr 211.99618 20.m EC/(57)/5.12 6.261(1)/16 (5+) +4.6 -0.10 Кл х-гау 
0/(43)/6.529 6.335(1)/4 0.08107 
6.335 (1/4 0.08378 
6.343(1)/1.3 0.2277 
6.383(1)/10 1.1856 
6.406(1)/9.5 1.2748 
6.08-6.18 0.014-1.178 
ӨӨРТ 212.99617 34.6 s 0/6.905 8.476(4)/51 9/2- +4.0 -0.14 
ЕЕ 3.4 ms о! 8.547 (4)/46 9- 
6.775-8.046 
шин! 213.99895 5.1 тв 0/8.587 7.409(3)/0.3 (1) 
7.605(8)/1.0 
7.940(3)/1.0 
8.355(3)/4.7 
8.427(3)/93 
256г 215.00033 0.12 ив 0/9.537 9.360(8)/ (9/2-) 
Pert 216.00319 0.70 us 0/9.175 9.005(10)/95 (0.045-0.160) 
ТР. 217.00462 0.016 тв 0/8.471 8.315(8)/ (9/2-) 
218тЕг 22. тѕ а 
ЭРТ 218.00756 1. ms 0/8.014 7.384(10)/0.5 (1) 
7.542(15)/1.0 
7.572(10)/5 
7.732(10)/0.5 
7.867(2)/93 
219Fr 219.00924 21. ms 0/8.132 6.802(2)/0.25 (9/2-) 
6.967(2)/0.6 
7.146(2)/0.25 
7.313(2)/99 
шин 220.012313 2745 96.800 6.582(1)/10 1% -0.67 %0.47 0.0450 
6.630(2)/6 0.061 
6.641(1)/12 0.1060 
6.686(1)/61 0.1539 
6.39-6.58 0.1617 
216г 221.01425 4.8 т 0/6.457 5.9393(7)/ (5/2-) +1.58 -1.0 At К x-ray 
0.17 
5.9797(7)/ 0.0995 
0.49 
6.0751(7)/ 0.21798 
0.15 
6.1270(7)/ 0.4091 
6.2433(3)/1.3 
6.3410(7)/ 
83.4 
226г 222.01754 14.3 т В /2.03 1.78/ 2- +0.63 +0.51 
0/5.850 
223Fr 223.019731 22.0 т В 1.149 1.17/65 (3/2+) +1.17 +1.17 0.05014 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
0.07972 
(0.13 - 0.9) 
224 т 224.02323 3.0 т В /2.82 1- +0.40 +0.517 0.13150 
0.21575 
0.8367 
(0.1 - 2.21) 
шил) 225.02561 3.9 т В /1.87 3/2 +1.07 +1.3 
шин 226.0293 49. 8 В /3.6 1 *0.071 -1.35 0.18606 
0.25373 
SEE 227.0318 2.48 т В /2.5 1/2 *1.50 
228Fr 228.0357 39. 8 В /=3.5 2- -0.76 +2.4 
PAPE 229.0384 50. $ В / 
230Fr 230.0425 19.6 В / (3) 
шин 231.0454 17.8 В / 
226ү 232.0500 5.5 p! 
«Ка 
??Ra = 3 ms а 7.86 
На 0.03 5 а 7.62 
203Ва 203.0092 = 4 ms а 7.58 
Ка 204.0065 0.06 6 а 7.48 
2057Ва = 0.17 $ 
205Ва 205.0062 0.22 $ о 7.34 
2%Қа 206.0038 0.4 $ 0/7.416 7.272(5)/ 0+ 
207Ва 207.0037 138 0/7.270 7.133(5)/ 
208Ra 208.0018 148 0/7.273 7.133(5)/ 0+ 
209Ра 209.0019 4.6 $ 0/7.150 7.008(5)/ 5/2 +0.87 +0.40 
210Ва 210.0005 3.7 8 0/7.610 7.020(5)/ 0+ 
?'"Ra 211.0009 13.6 0/7.046 6.912(5)/ (5/2-) +0.878 +0.48 
ЕС/5.0 
??Ra 211.99978 13.0s 0/7.033 6.901(2)/ 0+ 
2t3mRa 2.1 ms IT 
233Ва 213.00034 2.7 т ЕС/(20)/3.88 (1/2-) +0.613 0.1024 
0/(80)/6.860 6.521(3)/4.8 0.11010 
6.622(3)/39 0.2125 
6.730(3)/36 
24Ва 214.00009 2.46 6 0/7.272 7.14/99.8/ 0+ 0.642 
6.51/0.2 
215Ра 215.00270 1.7 ms 0/8.864 7.883(6)/2.8 (9/2+) 0.773/100 
8.171(3)/1.4 0.852/74 
8.700(3)/95.9 0.055-1.048 
216Ра 216.00352 0.18 из 0/9.526 9.349(8)/ 0+ 
217Ва 217.00631 1.6 us 0/9.161 8.992(8)/ 9/2- 
218Ва 218.00712 26. us 0/8.547 8.390(8)/ 0+ 
219Ра 219.01006 0.010 $ 0/8.132 7.680(10)/65 
7.982(9)/35 
220 Ва 220.01101 18. ms 0/7.593 7.39/5 0+ 0.465 
7.45/95 
“Ба 221.01391 29.5 0/6.879 6.254(10)/0.7 5/2 -0.180 *1.9 
6.578(5)/3 
6.585(3)/8 
6.608(3)/35 
6.669(3)/21 
6.758(3)/31 
22Қа 222.015361 36.2 6 0/5.590 6.237(2)/3.0 0+ 0.324 
6.556(2)/97 0.1448-0.8402 
223Ва 223.018497 11.43 а 0/5.979 5.287(1)/0.15 (3/2+) +0.271 +1.25 Кп К х-гау 
5.338(1)/0.13 0.12231 
5.365(1)/0.13 0.14418 
5.433(5)/2.3 0.15418 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
5.502(1)/1.0 0.15859 
5.540(1)/9.2 0.26939 
5.607(3)/24 0.32388 
5.716(3)/52 0.33328 
5.747(1)/9 0.44494 
5.857(1)/0.32 (0.10 - 0.7) 
5.872(1)/0.85 
224Ва 224.020202 3.66 4 0/5.789 5.034(10)/ 0% Rn К x-ray 
0.003 
5.047(1)/ 0.2407 
0.007 
5.164(5)/ 0.4093 
0.007 
5.449(2)/4.9 0.6501 
5.685(2)/95 
225Ва 225.023603 14.9 d В /0.36 0.32/100 (3/2+) -0.734 Ас К х-гау 
а 5.01/2х105 0.0434 
4.98х10% 
226Ra 226.025402 1599. y 0/4.870 4.194(1)/ 0+ Rn К x-ray 
0.001 
>4х1018 y Sfl4x107^ 4.343(1)/ 0.1861 
0.006 
4.601(1)/5.5 0.2624 
4.784(1)/94 
227Ва 227.029170 42. т В /1.325 1.03/ (3/2+) -0.404 +1.5 Ас L x-ray 
1.30/ Ac k x-ray 
0.02739 
228Ra 228.031063 5.76 y В /0.046 0.039/50 0+ 0.0135 
0.014/30 (0.006-0.0306) 
0.026/20 
229Ра 229.0348 4.0 т В /1.76 1.76/ (3/2+) +0.503 +3.1 0.0145-0.1715 
гзоћа 230.03708 151 В 71.0 0.7/ 0+ 0.0631 
0.0720 
0.2028 
0.4698 
0.4787 
23'Ра 231.0412 1.7 т Bo 
??Ra 232.0437 4.m Bo 
233Ва 233.0480 30. 8 В. 
234Ра 234.051 = 30. $ В / 
«Ас 
206mAc 0.04 s о 7.79 
206Ас = 26 ms а 7.75 
207Ас 207.0121 27 тв al 7.69 
merc 225. ms о/ 7.72 
208Ас 208.0115 =0.1 $ о/ 7.62 
209Ас 209.0096 20.10 s о/ 7.58 
20Ас 210.0093 0.34 8 0/7.610 7.462(8)/ 
21Ас 211.0076 0.20 8 0/7.620 7.480(8)/ 
22Ас 212.0078 0.9 $ 0/7.520 7.379(8)/ 
213Ac 213.0066 0.73 s 0/7.500 7.364(8)/ (9/2-) 
24Ас 214.0069 8.28 0/(86)/7.350 7.007(8)/3 (5+) 
EC/(14)/6.34 7.082(5)/38 
7.214(5)/45 
25Ас 215.0065 0.17 8 0/7.750 7.60/99.2 (9/2-) 0.399 
7.21/0.46 0.582 
7.03/0.20 0.654 
6.96/0.14 
216тАс 0.44 ms о/ 8.198(8/17 (9-) 


8.283(8)/2.5 
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Elem. 


or Isot. 


TABLE OF ISOTOPES (CONTINUED) 


Atomic 
Mass or 
Weight 


Natural 


Abundance (96) Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


ӛріп 


(Һ/2р) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


g-ray/Energy 
Intensity 
(Ме\//%) 


9.028(5)/49 


9.106(5)/46 


216 АС 


216.00871 = 0.3 ms 


8.990(2)10 


(1) 


9.070(8)/90 


217" Ас 


0.7 us 


10.540/100 


217 АС 


217.00933 0.07 ив 


9.650(10)/100 


9/2- 


218 ДС 


218.01162 1.1 us 


9.205(15)/ 


219 Ас 


219.01241 0.012 ms 


8.664(10)/ 


(9/2-) 


220Ас 


220.0148 26. ms 


7.610(20)/23 


4.680(20)/21 


7.790(10)/13 


7.850(10)/24 


7.985(10)/4 


8.005(10)/5 


8.060(10)/6 


8.195(10)/3 


221 АС 


221.01558 52. ms 


0/7.790 


1 
(10 
(10 
(10 
7.170(10)2 


7.375(10)/10 


10) 
7.440(15)/20 
7.645(10)/70 


2220Дс, 


63. $ 


o/(»89)/ 
ЕС/(1)/ 


6.710(20)/7 
6.750(20)/13 


L.TJ(«10) 


6.810(20)/24 


6.840(20)/9 


6.890(20)/13 


6.970(20)/7 


7.000(20)13 


222Ас 


222.01782 5.8 


0/7.141 


6.967(10)/6 


223Ас 


223.01913 2.1 т 


0/(99)6.783 


7.013(2)/94 
6.131(2)0.12 


(5/2-) 


0.0725 


EC/(1)/0.59 


6.177(2)/0.94 


0.0839 


6.293(1)/0.47 


0.0927 


6.326(1)/0.3 


0.0990 


6.332(2)/0.14 


0.1917 


6.360(1)/0.22 


0.2158 


6.397(1)/0.13 


0.3588 


6.448(1)/0.2 
6.473(1)/3.1 


0.4768 


6.523(2)/0.6 


6.528(1/3.1 


6.563(1)/13.6 


6.582(3)/0.3 


6.646(1)/44 


6.661(1)/31 


224Ас 


224.021708 27h 


ЕС/(90)/1.403 


5.841(1/0.5 


Ка L kx-ray 


o/(10)/6.323 


5.860(1)/0.75 


Ва k x-ray 


5.875(1/1.7 


0.08426 


5.941(1)/4.4 


0.13150 


0.1571 


( 
6.000(1)/6.7 
6.013(1/1.4 


0.21575 


0.2619 


6.056(1)/22 
6.138(1)/26 


(0.03 - 0.3) 


6.154(1)1.0 


6.204(1)12 
6.210(1)/20 


225Ас 


225.02322 10.0 d 


0/5.935 


5.286(1)/0.2 


3/2 


Fr К x-ray 


0.9958 


5.554(1)/0.1 


0.9982 


( 
5.444(3)/0.1 
( 

( 


5.608(1)/1.1 


0.1084 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
5.636(1)/4.5 0.1116 
5.681(1)/1.4 0.1451 
5.722(1)/2.9 0.1539 
5.731(1)/10 0.15724 
5.791(1)/9 0.18799 
5.793(1)/18 0.19575 
0.2162 
0.21686 
(0.025 - 0.52) 
228Ас, 226.026089 1.224 4 ЕС/(17)/0.640 (1-) Ва К x-ray 
В /(83)1.116 Th К х-гау 
о/(0.006)/5.51 5.399(5)/ 0.07218 
0.006 
0.15816 
0.23034 
ТАС 227.027747 21.77 у В /98.6/0.045 0.045/54 (3/2-) +1.1 +1.7 0.0838/23. 
0/(1.4)/5.043 4.869(1)/0.09 0.0811/14. 
4.938(1)/0.52 0.2696/13. 
4.951(1)/0.65 (0.044 - 1.27) 
228Ас 228.031014 6.15 h В /2.127 1.11/32 (3+) Th L x-ray 
1.85/12 Th k x-ray 
2.18/11 0.12903 
0.33842 
0.91116 
0.96897 
(0.2 - 1.96) 
229Ac 229.03293 1.04 h В /1.10 1.1/ (3/2+) 0.07450 
0.16451 
0.26188 
0.5085 
0.56916 
230Ас 230.0360 2.03 т В /2.7 1.4/ 1+ Th К x-ray 
0.45497 
0.50820 
(0.12 - 2.5) 
23!АС 231.0386 7.5 т В /2.1 2.11100 (1/2+) 0.14379 
0.18574 
0.22140 
0.28250 
0.3070 
232Ас 232.0420 2.0 т В /3.7 (2-) 
233Ас 233.0446 24 т В / (1/2+) 
234 АС 234.0484 40. 8 В / (1+) 
goth 232.0381(1) 
20TH = 0.01 $ ао 8.08 
210TH 210.0150 = 12 ms а 7.90 
2"Th 211.0149 0.04 6 ао 7.79 
УУ ТН 212.0129 = 30. ms о/ 7.80/ 0+ 
213TH 213.0130 0.14 8 0/7.840 7.692(10)/ 
24TH 214.0115 0.09 6 0/7.825 7.677(10)/ 0+ 
218TH 215.0117 1.2 $ 0/7.660 7.33(10)/8 (1/2-) 0.134 
7.395(8)/52 0.192 
7.524(8)/40 
216mTh 0.14 ms а 9.93 
ши 216.01105 28. тв 0/8.071 7.92/99.46 0+ 0.628 
7.30/0.54 
ши 217.01306 0.25 тв 0/9.424 9.27/94.6 
8.46/3.8 
8.73/1.6 
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Elem. 
or Isot. 


Atomic 
Mass or 
Weight 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Half-Life 


Decay 
Mode/Energy 
(/MeV) 


Particle 
Energy 
/Intensity 
(Меу/%) 


Мисеаг 
Magnetic 
Mom. 
(nm) 


Elect. 
Quadr. 
Mom. (b) 


Spin 
(h/2p) 


g-ray/Energy 
Intensity 
(Ме\//%) 


218Th 


218.01327 


0.11 us 


0/9.847 


9.665(10)/ 


0+ 


219Th 


219.01552 


1.05 us 


0/9.510 


9.340(20)/ 


220Th 


220.01573 


10. us 


0/8.953 


8.790(20)/ 


0+ 


221Th 


221.01817 


1.7 ms 


0/8.628 


7.743(8)/6 


8.146(5)/56 


8.4272(5)/39 


222Th 


222.01845 


2.8 ms 


0/8.129 


7.982(8)/9.7 


0+ 


7.600(15)/3 


223Th 


223.02079 


0.65s 


0/7.454 


7.29(1/41(5) 


7.32(1)/29(5) 


7.350(15)/ 
20(5) 


7.390(15)/ 
10(4) 


224Th 


224.02146 


1.05 6 


0/7.305 


6.768(5)/1.2 


6.997(5)19 
7.170(5)/79 


225Th 


225.02394 


872т 


EC/(10)/0.68 


(3/2+) 


0/(90)6.920 


6.441(2)15 


6.479(2)/43 


6.501(3)/14 


6.796(2)/9 


226TH 


226.024891 


30.83 m 


0/6.454 


6.026(1)/0.2 


0- 


Ва К x-ray 


6.041(1)/0.19 


0.1112 


6.098(1)/1.3 


0.2421 


6.2283(4)23 


0.1310 


6.3375(4)75 


0.1733-0.9295 


227Th 


227.027699 


18.72 d 


0/6.146 


(3/24) 


Ra L x-ray 


Ва К x-ray 


0.05014 


0.23597 


0.25624 


(0.02 - 1.0) 


228Th 


228.028731 


1.913 y 


0/5.520 


5.1770(2)/ 
0.18 


0- 


5.2114(1)/0.4 


5.3405(1)/ 
26.7 


5.4233(1/73 


229Th 


229.031754 


7.9x10? y 


0/5.168 


4.814/9.3 


5/2+ +0.46 +4. 


4.845(5)/56 


4.9008(5)/ 
10.2 


4.689-5.077 


230Th 


230.033126 


7.54x104 
y 


0/4.771 


4.4383(6)/ 
0.03 


0- 


0.0677/0.46 


4.4798(6)/ 
0.12 


0.1439/0.078 


>2.х1018 у 


SF/«4x1077 


4.6211(6)/ 
234 


4.6876(6)/ 
76.3 


231Th 


231.036296 


1.063 d 


В 10.390 


0.138/22 


5/2+ 


Pa L x-ray 


0.218/20 


Pa k x-ray 


0.305/52 


0.02564 


0.084203/ 


(0.02 - 0.3) 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
232Th 100. 232.038050 1.40х1079 0/4.081 3.830(10)/0.2 0% 0.0590 
Y 
1.2x10?! y SF/1.1x10° 3.952(5)/23 0.124 
4.010(5)/77 
Th 233.041576 22.3 т В /1.245 1.245/ 1/2% Ра L x-ray 
Ра К х-гау 
0.02938 
0.08653 
0.45930 
(0.02 - 1.2) 
234TH 234.043596 24.10 d В /0.273 0.102/20 0% Ра L x-ray 
0.198/72 0.06329/4.1 
0.09235/2.4 
0.09278/2.4 
239Th 235.04751 7.2 т В /1.9 0.4162 
0.6594 
0.7272 
0.747 
0.9318 
236Th 236.0497 37.5 т В /= 1.0 Ра К х-гау 
0.1107 
237Th 237.0539 5.0 m Bo 
Ра 231.03588(2) 
212Ра = 5 ms ао 8.27 
23ра 213.0212 7 ms ао 8.24 
214Ра 214.0207 17 ms ао 8.12 
215Ра 215.0190 15. ms ао 8.08/100 
216Ра 216.0190 0.195 о/ 7.95/51 0.134 
7.82/45 
7.79/4 
тра 1.5 ms о/ 10.16/80 
9.55/17 
9.69/3 
217Ра 217.0183 3.4 тв 0/8.490 8.340(10)/100 
зра 218.0200 0.12 тв о/ 9.54/31 0.092 
9.61/69 
219Ра 219.0199 0.05 ив а 
220Pa 220.0219 0.8 us а 
2лра 221.0219 6. us а 9.08(3) 
222Ра 222.0237 = 4.3 ms 0/8.700 8.180/50 
8.330/20 
8.540/30 
Ра 223.0240 = 6.5 т5 0/8.340 8.006(10)/55 
8.196(10)/45 
224Ра 224.0256 0.84 $ 0/7.630 7.555(10)/ 0.1945 
75(3) 
7.46(1)/25(3) (0.028-0.412) 
Ра 225.0261 1.86 0/7.380 7.195(10)/30 
7.245(10)/70 
226Pa 226.02792 1.8m 0/(74)/6.987 6.728(10)/0.7 
EC/(26)/2.83 6.823(10)/35 
6.863(10)/39 
227Ра 227.02879 38.3 т 0/(85)/6.582 6.357(4)/7 (5/2-) 0.0649 
EC/(15)/1.02 6.376(10)/2.2 0.0669 
6.401(4)/8 0.1100 
6.416(4)/13 
6.423(10)/10 
6.465(4)/43 
28ра 228.03100 22.11 EC/(98)/2.111 (3+) +3.5 ТН К х-гау 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic ^ Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0/(2) 5.779/0.23 0.409/100 
5.805/0.15 0.4631/222 
6.078/0.4 0.91116/242 
6.105/0.25 0.96464/120 
6.118/0.22 0.96897/149 
0.058-1.96 
229Ра 229.03209 1.5 а ЕС/(99.8)/0.32 (5/2) 0.04244 
а/(0.2/5.836 5.536(2)/0.02 (0.024 - 0.18) 
5.579(2)/0.09 
5.668(2)/0.05 
?30Pa 230.034532 17.4 d EC/(90)/1.310 0.51/ (2-) 2.0 Th L x-ray 
В /(10)/0.563 Th k х-гау 
0.4437 
0.45477 
0.89876 
0.91856 
0.95199 
(0.053-1.07) 
г“ Ра 231.035878 3.25х10* 95.148 4.6781(5)/1.5 3/2- 2.01 -1.7 Ас L x-ray 
y 
4.7102(5)/1.0 Ас К х-гау 
22x10" у 5Е/«1.6х10:5 4.7343(5)/8.4 0.01899 
4.8513(5)/1.4 0.027396 
4.9339(5)/3 0.03823 
4.9505(5)/ 0.04639 
22.8 
4.9858(5)/1.4 0.25586 
5.0131(5)/ 0.26029 
25.4 
5.0292(5)/20 0.28367 
5.0318(5)/2.5 0.30007 
5.0587(5)/11 0.30264 
0.33007 
(0.02 - 0.61) 
232Ра 232.03858 1.31 d В /1.34 (2-) ОК x-ray 
0.10900 
0.15009 
0.89439 
0.96934 
(0.10 - 1.17) 
"epa 233.040239 27.0 d В /0.571 0.15/40 3/2- %4.0 -3.0 U L x-ray 
0.256/60 U k x-ray 
0.30017 
0.31201 
0.34059 
2:4mpg 1.17 m В /99.9/2.29 (0-) U k x-ray 
ІТ/0.13/ 0.25818/0.07 
0.76641/0.32 
1.0009/0.85 
(0.06 - 1.96) 
234Ра 234.043303 6.69 h В /2.197 0.51/ (4+) U L x-ray 
U k x-ray 
0.1312/0.03 
0.5695/0.02 
0.9256/0.02 
(0.02 - 1.99) 
235Ра 235.04544 24.4 т В /1.41 1.4/97 (3/2-) 0.0308-0.65893 
236Ра 236.0487 9.1 т В /2.9 1.1/40 (1-) U k x-ray 
2.0/50 0.64235 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
3.1/10 0.68759 
1.7630 
(0.04 - 2.18) 
"Pa 237.0511 8.7 m В /2.3 1.1160 (1/2%) 0.4986 
1.6/30 0.5293 
2.3/10 0.5407 
0.8536 
0.8650 
(0.04 - 1.4) 
238Ра 238.0545 2.3 т В /3.5 1.2/ (3-) 0.10350 
1.7/ 0.1785 
0.4484 
0.6350 
0.6800 
1.01446 
(0.04 - 2.5) 
эра 239.0571 1.8h 
20 238.02891(3) 
270 “16 тѕ а 8.005 
2180 218.0235 =0.002 s а 8.63(3)/ 
290 219.0249 0.04 тѕ ао 9.68(4)/ 
2220 222.0261 = 1.us а 
2230 223.0277 0.02 s о/ 8.78(4)/ 
224) 224.02759 = 1. т5 о/ 8.46/100 
2251) 225.02938 0.09 8 о/ 7.89/58 
7.83/37 
7.62/5 
225) 226.02933 0.5 8 0/7.560 7.55/82 0+ 
7.37/15 
7.32/3 
"en 227.03113 1.1 m 0/7.200 6.870/ 
228() 228.03137 9.1 т 0/6.803 6.404(6)/0.6 0+ 0.095 
6.440(5)/0.7 0.152 
6.589(5)/29 0.187 
6.681(6)/70 0.246 
“ЗИ 229.03350 58.т EC/(80)/1.31 6.223/3 (3/2*) 
0/(20)6.473 6.297(3)/11 
6.332(3)/20 
6.360(3)/64 
2300 230.033927 20.8 d 0/5.992 5.5866(3)/ 0+ Th L х-гау 
0.01 
24x10? y 5Е/«10:0 5.6624(3)/ 0.07218 
0.26 
5.6663(3)/ 0.15421 
0.38 
5.8178(3)/32 0.23034 
5.8887(3)/67 (0.081-0.8565) 
гэ) 231.03626 4.2 d ЕС/0.36 (5/2-) Ра L x-ray 
0/(10 3) 5.46/1.6 х Ра К х-гау 
10 3 
54714 x 0.02564 
10 3 
5.401. х 10 3 0.08420 
232U 232.037146 70.y 0/5.414 4.9979(1)/ 0+ 
0.003 
2.6х10% y 5Е/2.7х10:2 5.1367(1)/0.3 
5.2635(1)/31 
5.3203(1)/69 
2330 233.039627 1.592х105 0/4.909 4.7830(8)/ 5/2+ +0.59 3.66 Th L x-ray 
y 13.2 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
>2.7Х107 $Е/6х10-" 4.8247(8)/ 0.04244 
y 84.4 
4.510-4.804 0.09714 
(0.0252-1.119) 
2340 0.0055(5) 234.040945 2.455х105 0/4.856 4.604(1)/0.24 0+ 0.05323/0.156 
y 
1.5x106 у SF/1.6x10? 4.7231(1)/ 0.12091 
27.5 
4.776(1)/72.5 
zsm 26. m IT/0.0007 1/2+ 
2350 0.720(1) 235.043922 17.04х10% 0/4.6793 4.1525(9)/0.9 712- -0.38 4.9 ТА L x-ray 
Y 
1.0x10?? y SF/7x10? 4.2157(9)/5.7 Th К x-ray 
4.3237(9)/4.6 0.10917 
4.3641(9)/11 0.14378 
4.370(4)/6 0.16338 
4.3952(9)/55 0.18574 
4.4144(9)/2.1 0.20213 
4.5025(9)/1.7 0.20533 
4.5558(9)/4.2 0.22140 
4.5970(9)/5.0 (0.03 - 0.79) 
236U 236.045561 2.342х107 0/4.569 4.332(8)/0.26 0+ Th L x-ray 
y 
2.5х10° y 5Ғ/9х10% 4.445(5)/26 0.04937 
4.494(3)/74 0.11275 
237] 237.048723 6.75 d В /0.519 0.24/ 1/2+ Np L x-ray 
0.25/ Np k x-ray 
0.05953 
0.20801 
238() 99.2745(15) 238.050784 4.47х109 а 4.0395/0.23 0+ Th L x-ray 
y 
8.2x10'5y SF/5x105 4.147(5)/23 0.04955/.06 
4.196(5)/77 0.1135/.01 
2390 239.054289 23.5 m B /1.265 1.2/ 5/2+ (0.522-0.681) 
1.3/ 
эю 240.056585 14.1h В /0.39 0.36/ 0+ Мр L x-ray 
0.04410 
0.05558 
0.06760 
2420) 242.0629 16.8 т В = 1.2 
озМр 
225Np 225.0339 »2 из 
226Np 226.0351 0.03 8 al 8.04(2)/ 
227Мр 227.0350 0.51 $ al 7.65(2)/ 
7.68(1)/ 
228Мр 228.0362 61. 5 ЕС/60(7)/ 
0/40(7),5Е 
229Мр 229.0363 4.0 т 0/7.010 6.890(20) 
230Np 230.0378 4.6 m EC/97/3.6 
al3 6.660(20) 
231Np 231.03823 48.8 m EC/98 /1.8 5/2 0.2629 
0/2 /6.368 6.280/2 0.3475 
0.3703 
232Np 232.0400 14.7 m EC/99/2.7 (4-) U L x-ray 
U k x-ray 
0.3268 
0.81925 
0.86683 
233Np 233.0410 36.2 m EC/1.2 (5/2+) U L x-ray 
U k x-ray 
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Elem. 
or Isot. 


Natural 
Abundance (96) 


TABLE OF ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. 
Mass or Mode/Energy /Intensity Spin Mom. Quadr. 
Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) 


g-ray/Energy 
Intensity 
(MeV/%) 


0.29887 


0.31201 


234Мр 


234.04289 444 p*,EC/1.81 0.79/ (0+) 


UL x-ray 


U k x-ray 


1.5272 


1.5587 


1.6022 


235Мр 


235.044055 1.085 y EC/99.9/0.124 5/2+ 


U k x-ray 


0/0.001/5.191 


236mN p 


225h EC/52/ (1) 


UL x-ray 


В 748/ 


Pu L x-ray 


U k x-ray 


0.64235 


0.68759 


236Мр 


236.04657 1.55х105 ЕС/91/0.94 (6-) 
y 


U L x-ray 


В 19/0.49 


U k x-ray 


0.10423 


0.16031 


237Np 


237.048166 2.14х106 0/4.957 4.6395(5у6.5  5/2* *3.14 *3.89 
y 


Pa L x-ray 


1х1018 y 5Е/2.1х10:0 4.766(5)/9.7 


Ра К х-гау 


4.7715(5)/ 
227 


0.029378/15 


4.7884(5)/ 
47.8 


0.08653/12 


4.558-4.873 


(0.03-0.28) 


238Мр 


238.050940 2.117 d В /1.292 1.2/ 2+ 


Pu L x-ray 


Pu К x-ray 


0.98447/25.2 


1.02855/18.3 


(.044-1.026) 


239Мр 


239.052931 2.355 а В /0.722 0.341/30 5/2+ 


Pu L x-ray 


0.438/48 


Pu К x-ray 


0.10613 


0.228186/11 


0.27760/15 


(0.04-0.50) 


240mN p 


722m В 199.9/ 2.18/ (1+) 


0.25143 


ІТ/0.1/ 


0.26333 


0.55454 


0.59735 


гаоцр 


240.05617 1.032 h В /2.20 0.89/ 5+ 


0.1471/ 


0.5664 


0.6008 


241Мр 


241.0583 13.9 т В /1.3 1.3/ 5/2+ 


0.1330/ 


0.1740 


0.280 


242mN p 


22m В / (1+) 


0.15910 


0.2651/ 


0.78570 


0.9448/ 


242Мр 


242.0616 5.5 т В /2.7 2.71 6+ 


0.6209 


0.73620 


0.78074 


1.47340 


(0.04-2.37) 


243Мр 


243.0643 1.9 т 


244Мр 
«АРИ 


244.0678 2.3 т 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
228ру 228.0387 о/ 7.81(2)/ 
229pu 229.0362 4.0m о/ 7.46(3)/ 
230Pu 230.03964 4.6 т о/ 7.05/ 
81pu 231.04126 8.6m EC/90 
0/10 6.72 
232Ри 232.04118 34. т ЕС/>80/1.1 0+ 
0/<20/6.716 6.542(10)/38 
6.600(10)/62 
SP 233.04299 20.9 m EC(99.9)/1.9 0.1503 
0/0.1/6.416 6.300(20)/0.1 0.1804 
0.2353 
0.5002 
0.5346/ 
1.0352/ 
234Ри 234.04331 8.8 h ЕС/94/0.39 0+ 
0/6/6.310 6.035(3)/ 
0.024 
6.149(3)/1.9 
6.200(3)/4.0 
235Ри 235.0453 25.3 т EC/99+/1.2 (5/2+) 
0/0.003/5.957 5.850(20)/ 
0.003 
236pu 236.046048 2.87 у 0/5.867 5.611/0.21 0+ 0.0476/0.07 
1.5х10 у SF/1.9x107 5.7210/30.5 0.109/0.02 
5.7677(1)/ (0.17 - 0.97) 
69.3 
237Ри 237.048403 45.7 d ЕС/99.9/0.220 712- Мр L x-ray 
о/0.003/5.747 5.334(4)/ Np К x-ray 
0.0015 
5.356(4)/ 0.026344 
0.0006 
5.650(4)/ 0.03319 
0.0007 
0.05954 
(0.03-0.5) 
238pu 238.049553 87.7 y 0/5.593 5.3583(1)/ 0+ U k x-ray 
0.10 
4.75х1019 SF/1.8x107 5.465(1)/28.3 0.04347 
y 
5.4992(1)/ (0.04-1.1) 
71.6 
239Pu 239.052156 2.410х10* 0/5.244 5.055/0.047 1/2+ +0.203 U Кх-гау 
y 
8.х1015 y SF/3x10-1° 5.076/0.078 0.05162 
5.106/11.9 0.05682 
5.144/17.1 0.12928 
5.157/70.8 0.37502 
(4.74 -5.03) 0.41369 
epu 240.053807 6.56х103 0/5.255 5.0212(1)/ 0+ U L x-ray 
y 0.07 
1.14x10" SF/5.7x10% 5.1237(1)/ 0.04524 
y 26.4 
5.1681(1)/ 0.10423 
73.5 
(0.04-0.97) 
241Ри 241.056844 14.4 у В /99+/0.0208 4.853(7)/ 5/2+ -0.683 +6. 0.14854 
3x10 ^ 
0/0.002/5.139 4.8966(7)/ 0.1600 
0.002 
<6.х10% y 5Е/»2.4х10:4 
242pu 242.058736 3.75х105 0/4.983 4.7546(7)/ 0+ U L x-ray 
y 0.098 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
6.77x10'0 SF/5.5x10^ 4.8564(7)/ 0.04491 
у 22.4 
4.9006(7)/78 0.10350 
SI pu 243.061996 4.956 h В /0.582 0.49/21 7/2% Am L x-ray 
0.58/60 0.0417 
0.0839 
гарц 244.064197  8.00х107 0/99.9/4.665 4.546(1)/19.4 0% U L x-ray 
M 
6.6х10% y SF/0.12 4.589(1)/80.5 0.0439 
245Ри 245.06774 10.5 h В /1.21 0.93/57 (9/2-) Am L x-ray 
1.21/11 Am k x-ray 
0.2804/ 
0.30832 
0.32752 
0.56014 
(0.03-1.2) 
246Ри 246.07020 10.85 а В /0.40 0.150/85 0+ Am L x-ray 
0.35/10 Am k x-ray 
0.04379 
0.22371 
pu 247.0741 2.3d 
Ат 
232Am 232.0466 0.9 m EC/= 5.0 
234 Ат 234.0478 2.3 m EC/4.2 
235Ат 235.0480 = 15 т ЕС Ри К х-гау 
236 Ат 236.0456 =4.4 т 
237Ат 237.0503 1.22 h ЕС/99.98/1.7 (5/2-) Pu К x-ray 
0/0.02/6.20 6.042(5)/0.02 0.14559 
0.28026 
0.43845 
238Ат 238.05198 1.63 h EC/2.26 1* Pu L x-ray 
0/0.0001/6.04 5.940/0.0001 Ри К х-гау 
0.91870 
0.96278 
239 Ат 239.053018 11.9 h EC/99.99/0.803 5/2- Pu L x-ray 
0/0.01/5.924 5.734(2)/ Ри К х-гау 
0.001 
5.776(2)/ 0.18172 
0.008 
0.22818 
0.27760 
240 Ат 240.05529 2.12 d ЕС/1.38 (3-) Pu L x-ray 
0/5.592 5.378(1)/ Ри К х-гау 
16x10 ^ 
0.88878 
0.98764 
(0.1-1.3) 
Ат 241.056822 432.7 y 0/5.637 5.2443(1)/ 5/2- +1.58 +3.1 Мр L x-ray 
0.002 
1.2x10'^ у 5Е/3.6х10:0 5.3221(1)/ 0.02634 
0.015 
5.3884(1)/1.4 0.033192 
5.4431(1)/ 0.059536 
12.8 
5.4857(1)/ (0.03-1.128) 
85.2 
5.5116(1)/ 
0.20 
5.5442(1)/ 
0.34 
2420) 141.у 17/99.5/0.048 5- +1.0 +6.5 Ат L x-ray 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
0/0.5/5.62 5.141(4)/ 0.04863 
0.026 
>3.х1012 у SF/«4.7x10? 5.2070(2)/0.4 0.08648 
0.10944 
0.16304 
242 Am 242.059542 16.02 h В /83/0.665 0.63/46 1- %0.388 -2.4 Pu L x-ray 
EC/17/0.750 0.67/37 Ст L x-ray 
Pu К x-ray 
0.0422 
ns en C A 
?3Am 243.061372 17.37х103 0/5.438 5.1798(5)/1.1 5/2- 31.5 22.9 0.04354 
у 
2.x10 у SF/3.7x10? 5.2343(5)/11 0.07467 
5.2766(5)/88 0.08657 
5.394(5)/0.12 0.11770 
5.3500(5)/ 0.14197 
0.16 
244mAm = 26. т В /1.498 (1-) 0.0429 
244 Ат 244.064279 10.1 h В /1.428 Am L x-ray 
Cm k x-ray 
0.7460 
ee oo 
Ат 245.066444 2.05ћ В /0.894 0.65/19 (5/24) Ст L x-ray 
0.90/77 Ст К х-тау 
0.25299 
246mnAm 25.0 т В / 1.3/79. 2- Ст L x-ray 
1.60/14 Ст К х-тау 
2.1/7 0.27002 
0.79881 
100-200 
1.07885 
(0.04-2.29) 
2 Ат 246.06977 39.т В /2.38 1.2/ (7-) Ст L x-ray 
Ст К х-тау 
0.1529 
0.2046 
0.6786 
ШЕТ 2470722. тЫ 2 
Cm k x-ray 
0.2267/ 
0.2853/ 
«Ст 
235Ст 235.0516 
ст 236.0514 ЕС/1.7 
27 Ст 237.0529 ЕС/2.5 
238Cm 238.05302 24h ЕС/>90/0.97 0+ 
0/«10/6.632 6.520(50)/«10 
239Ст 239.0548 = 3. ћ ЕС/1.7 
0.0407 
0.1466 
0.1874 
200m 240.055519 27.а 0/6.397 5.989/0.014 0% 
6.147/0.05 
1.9x108 у SF/3.9x10% 6.2478(6)/ 
28.8 
6.2906(6)/ 
70.6 
241Cm 241.057646 32.8 d ЕС/99/0.768 1/2+ Am К x-ray 
0/1/6.184 5.8842(4)/ 0.13241 
0.12 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
5.9291(4)/ 0.16505 
0.18 
5.9389(4)/ 0.18028 
0.69 
0.43063 
0.47181 
220m 242.058828 162.8 d 0/6.216 5.9694(1)/ 0% Pu L x-ray 
0.035 
6.069(1)/25 0.04408 
7.0x108 y 5Ғ/6.4х10% 6.1129(1)/74 0.10189 
(0.04-1.2) 
2 ЗСт 243.061381 29.1 у 0/6.167 5.6815(5)0.2 5/2+ 0.41 Pu L x-ray 
5.6856(5)/1.6 Pu k x-ray 
5.5x10" y SF/5.3x10? 5.7420(5)/ 0.10612 
10.6 
5.7859(5)/ 0.20975 
73.3 
5.9922(5)/6.5 0.22819 
6.0103(5)/1.0 0.27760 
6.0589(5)/5 0.28546 
6.0666(5)/1.5 0.33431 
(0.04-0.7) 
244Ст 244.062745 18.1 y 0/5.902 5.6656/0.02 0+ Pu L x-ray 
5.7528/23 0.04282 
1.32x107 SF/1.4x10^ 5.8050/77 0.09885 
y 
5.515/0.004 0.15262 
245Ст 245.065485 8.48х103 0/5.623 5.235(10/0.3 7/2+ 0.5 Ри L x-ray 
y 
5.3038(10)/ Pu К x-ray 
5.0 
1.4х1012 y SF/6.1x107 5.3620(7)/93 0.04195 
5.4927(11)/ 0.13299 
0.8 
5.5331(11)/ 0.13606 
0.6 
0.17494 
246Cm 246.067217 4.76х103 0/5.476 5.343(3)/21 0+ Pu L x-ray 
M 
1.8х107 y SF/0.026 5.386(3)/79 0.04453 
Ст 247.070346  1.56х107 95.352 4.818(4)/4.7 9/2- 0.37 Ри К x-ray 
y 
4.8690(20)/71 9/2- 0.2792 
4.941(4)/1.6 0.2886 
4.9820(20)/ 0.3471 
2.0 
5.1436(20)/ 0.4035 
1.2 
5.2104(20)/ 
5.7 
5.2659(20)/ 
13.8 
248 Ст 248.072341 3.48х105 0/99.92/5.162 4.931(5)/0.07 0+ 
y 
5.0349(2)/ 
16.5 
4.15х106у SF/8.38 5.0784(2)/ 
(75)/1 
249Ст 249.075946 64.15 т В /0.900 0.9/ 1/2* ВК К x-ray 
0.56039 
0.63431 
250Cm 250.07835 ~9.7x10° SF/85.8 0% 
y 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
0/5.27 
Ст 251.08228 16.8 т В /1.42 0.90/16 (1/2%) 0.3896/ 
0.5299 
0.5425 
22 Ст 252.0849 <2а 
элгэн 
“ЕҢ... 238088 24m БОБО о ооо С 
239Bk 239.0584 
240Bk 240.0598 = 4.8 т 
242ВК 242.0621 7.0 т ЕС/3.0 
243Bk 243.063001 45h EC/99.8/1.508 6.542(4у0.03  (3/2-) 0.1466 
0/0.15/6.871 6.5738(2)/ 0.1874 
0.04 
6.7180(22)/ 0.755 
0.02 
6.7581(20)/ 0.840 
0.02 
0.946 
244ВК 244.0652 44h EC/99.99/2.26 (4-) 0.1445 
0/0.01/6.778 6.625(4)/ 0.1876 
0.003 
6.667(4)/ 0.2176 
0.003 
0.9815 
0.9215/ 
245Bk 245.066355 4.94 d EC/99.9/0.810 3/2- Cm L x-ray 
0/0.1/6.453 5.8851(5)/ Cm k x-ray 
0.03 
6.1176(9)/ 0.25299 
0.01 
6.1467(5)/ 0.3809 
0.02 
6.3087(5)/ 0.3851 
0.014 
6.3492(5)/ 
0.018 
246ВК 246.0687 1.80 d EC/1.35 (2-) Ст L x-ray 
Ст К х-тау 
0.79881 
1.08142 
247ВК 247.07030 1.4x10? y 0/5.889 5.465(5)/1.5 (3/2-) 0.04175 
5.501(5)/7 0.0839 
5.532(5)/45 0.268 
5.6535(20)/ 
5.5 
5.678(2/13 
5.712(2)/17 
5.753(2)/4.3 
5.794(2)/5.5 
248ВК 248.07311 23.7 h В /70/0.87 0.86/ (1-) Ст L x-ray 
ЕС/30/0.72 Cf L x-ray 
Cm k x-ray 
Cf k x-ray 
0.5507 
29Вк 249.074980 320. 4 В /0.125 0.125/100 7/2% 2.0 0.327/10 5 
0/0.001/5.525 5.390(1)/ 0.308/10 6 
0.0002 
1.8х10 у 5Ғ/4.9х10% 5.4174(6)/ 
0.001 
250Bk 250.078309 3.217 h В 71.780 0.74/ 2- Cf L x-ray 
Cf k x-ray 
0.98912 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
1.03184 
(0.04-1.6) 
251ВК 251.08075 56. т В /1.09 (3/2-) 0.02481 
0.1528 
0.1776 
252ВК 252.0843 1.8 т 
c -————— -—————————————— ]——ÜÓ 
ПЕЧ  —— 27001 24s GS 00 
288Gf 238.0614 21 ms 5Е/ 
239Cf 239.0626 =0.7m а 
240CF 240.0623 1.1 m 0/7.719 7.590(10)/ 0+ 
SF/ =2.1 
СЕ 241.0637 4. т EC/3.3 
017.60 7.335(5)/ 
2420 242.06369 3.5 т 0/7.509 7.351(6)/20 0+ 
SF/oe0.014 7.385(4)/80 
243Cf 243.0654 11. m EC/86/2.2 7.060(6)/20 (1/2+) 
0/14/7.40 7.170/4 
244Cf 244.065990 20. т 0/7.328 7.168(5)/25 0+ 
7.210(5)/75 
245Cf 245.068038 44. т 0/36/7.255 7.15/91.7 Ст К x-ray 
ЕС/64/1.569 6.983/0.31 0.5709 
7.09/7 0.6014 
7.065/0.68 0.6163 
246 СТ 246.068798 1.49 а 0/6.869 6.6156(10)/ 0+ Ст L x-ray 
0.18 
6.7086(7)/ 0.04221 
21.8 
1.8x10? y SF/2.3x10^ 6.7501(7)/ 0.0945 
78.0 
0.147 
247Cf 247.07099 3.11 h EC/99.96/0.65 7/2% ВК К x-ray 
0/0.04/6.55 6.301(5)/ 0.2941 
0.4778 
248Cf 248.07218 334. d 0/6.369 6.220(5)/17 0+ 
3.2x10* у SF/0.0029 6.262(5)/83 
249 Cf 249.074846 351. y 0/6.295 5.7582(2)/3.7 9/2- Ст L x-ray 
5.8119(2)/84 Ст К х-гау 
8.х101° у SF/4.4x107 5.8488(2)/1.0 0.25299 
5.9029(2)/2.8 0.33351 
5.9451(2)/4.0 0.38832 
6.1401(2)/1.1 (0.0376-1.103) 
6.1940(2)/2.2 
20 250.076399 13.1 у 0/6.129 5.8913(4)/0.3 0% Ст L x-ray 
1.7x10^ у SF/0.077 5.9889(4)/15 0.04285 
6.0310(4)/ 
84.5 
251Cf 251.079579 9.0x102 y 0/6.172 5.56448(7)/ 1/2* 
1.5 
5.632(1)/4.5 
5.648(1)/3.5 


5.6773(6)/35 


5.762(3)/3.8 


5.7937(7)/2.0 


5.8124(8)/4.2 


5.8514(6)/27 


6.0140(7)/ 
11.6 


6.0744(7)/2.7 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
ог Isot. Abundance (96) Weight Half-Life (/MeV) (Меу/%) (h/2p) (nm) Mom. (b) (Ме\//%) 
252Cf 252.081619 2.65 у 0/96.9/6.217 5.7977 (1) 0% Ст L x-ray 
0.23 
86. У SF/3.1/ 6.0756(4)/ 0.04339 
15.2 
6.1184(4)/ 0.1002 
81.6 
2531 253.08512 17.8 d В /99.7/0.29 0.27/100 (7/2*) 
0/0.3/6.126 5.921(5)/0.02 
254Cf 254.08732 60.54 SF/99.7/ 0+ 
0/0.3/5.930 5.792(5)/0.05 
5.834(5)/0.26 
255Cf 255.0910 1.4 h В /0.7 
2601 256.0934 12. т SF 
ES 
MES 241.0687 =85 а. 8.11 
AES 242.0697 16s а 7.92 
243Е $ 243.0696 21.6 о/»30/ 7.89/>30 
ЕС/<70/4.0 
MES 244.0709 37. s EC/76/4.6 
о/4/ 7.5714 
245ES 245.0713 1.3 т 0/40/7.858 7.74 
EC/60/3.1 
246Es 246.0730 7.7 m ЕС/90/3.9 
0/10/ 7.35 
MES 247.07365 4.8 m ЕС/93/2.48 
0471 7.32 
“Es 248.0755 26.m ЕС/99.7/3.1 
0/0.3/ 6.87 
29Е5 249.07640 1.70 h EC/99.4/1.45 (7/2*) 0.3795 
0/0.6/ 6.77 0.8132 
250тЕ 221 ЕС/ (1-) Cf L x-ray 
В+ СЕК х-гау 
0.9891 
1.0319 
250Es 250.0787 8.6 h EC/2.1 (6+) Cf L x-ray 
Cf k x-ray 
0.30339 
0.34948 
0.82883 
251Ев 251.07998 1.38 а ЕС/99.5/0.38 (3/2-) 
0/0.5/ 6.462/0.05 
6.492/0.4 
252Ев 252.08297 1.29 у 0/76/ 6.632/61.0 (5-) 
EC/24/1.26 6.562/10.3 
?53Eg 253.084818 20.47 d o 6.633/89.8 7/2+ +4.10 T. 0.04180 
6.3x105 y SF/8.9x10% 6.5916/6.6 0.3892 
шанг 1.64 d В /99.6/ 0.475 2* 2.9 3.7 Fm L x-ray 
0/0.3/6.67 6.382 2* Fm К x-ray 
>10. У SF/0.045 0.6488 
0.6938 
ES 254.088017 276. d о! 6.429 (7%) 0.064 
>2.5х10” SF/«3x105 
y 
255Ев 255.09027 40.4 В /92/0.29 (7/2%) 
0/8/ 6.26 
2.6x10? y SF/0.0042 6.300 
256тЕ 76h В / (8+) 0.218 
0.232 
0.862 
25625 256.0936 25. т В 717 (1%) 


11-194 


TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
ES 257.0960 7.7 d В 
tooFm 
??Fm 242.0734 0.8 ms SF/»96 
?8Fm 243.0745 0.2s о/ 8.55 
«SF/0.4 
2“ т 244.0741 3.3 тв 5Е/»97 0+ 
245 т 245.0754 4.6 о/ 8.15/ 
5Е/<0.1 
246Fm 246.07528 1.2 $ 0/85/ 8.24/ 0+ 
SF/15/ 
2470 үү 9. $ о! 8.18/ 
Ет 247.0768 35. $ 0/8.20 7.87/70 
ЕС/2.9 7.93/30 
2% ту 248.07718 36. 6 0/99.9/8.001 7.83/20 0+ 
SF/0.1/ 7.87/80 
29 ту 249.0790 3.m EC/2.4 (7/2*) 
al 7.53 
250mEm 1.86 ІТ/ 
SF/«8x10* 
250Fm 250.07951 30. m о/ 7.43/ 0+ 
ЕС/0.8 
SF/0.007 
25iFm 251.08157 53h EC/98/1.47 (9/2-) 
0421 6.833 
292 ту 252.08246 1.058 а 0/7.154 6.998/15 0+ 
SF/0.0023 7.039/85 
?53Fm 253.085175 3.0 d ЕС(88%)/0.333 6.676/ 1/2* Es К x-ray 
0/12/ 6.943/ 0.2719 
254Fm 254.086847 3.240 h о/ 7.150 0+ 
SF/0.059 7.192 
255Fm 255.089955 20.1 h о/ 6.9635(5)5.0 7/2+ 
1.0x10* y 5Ғ/2.3х105 7.0225(5)/ 
93.4 
256Fm 256.09177 2.63 h SF/91 0+ 
0/19 6.92/ 
Рт 257.09510 100.5 а 0/99.79 6.519 (9/2*) 0.1794 
SF/0.21 0.2410 
258Fm 258.0971 0.37 ms SF/ 
259Fm 259.1006 1.58 5Е/ 
260Fm =4 ms SF/ 
19: Md 
245mMd = 0.4 $ а 8.64,8.68 
>эма 245.0810 0.9 тв SF 
>вма 246.0819 1.08 о 8.74 
8.50-8.56 
ттмд =0.25 5Е/ 
ма 247.0818 3.5 ао 8.43 
248Mq 248.0828 7.5 ЕС/80/5.3 8.32/15 
0/20/ 8.36/5 
SF/«0.05 
249Md 249.0830 24. 5 ЕС>/<80/3.7 
а/>20/8.46 8.030(20)/ 
255 Ма 250.0845 50. $ ЕС/94/4.6 7.75/4 
0/6/8.25 7.83/2 
гэ Ма 251.0849 4.0 т ЕС/>94/3.1 
0/<6/ 7.55/ 
252Md 252.0866 2. т ЕС/>50/3.9 
о/<50/ 7.73/ 
253Ма 253.0873 =6 т ЕС/2.0 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
254mMd 30.m ЕС/ 
254 Ма 254.0897 10. т ЕС/2.7 
255Md 255.09108 27.m EC/92/1.04 0/7.33/93 (7/2-) 0.121/100 
о/8/ 7.2715 0.115/65 
SF/60.15 7.151 0.136/35 
7111 0.141-0.453 
266d 256.0941 1.30 h EC/89/2.13 7.21/71 Fm k x-ray 
0/11/ 7.14/22 0.121/409 
SF/<2.6 7.68/2.5 0.115/266 
7.25/2.5 0.136/143 
7.64/2.1 0.634/119 
0.141-1.374 
27ма 257.095535 55h EC/85/0.41 7.074 (7/2-) Fm К x-ray 
0/15,5Ғ/01 7.014 (0.181-0.389) 
258mMdq 57.m EC/ (1-) Fm k x-ray 
SF/630 
258Md 258.098427 51.5 а 0/7.40 6.718(2)/ (8-) 0.3678 
SF/oe0.003 6.763(4)/ 0.057 - 0.448 
259Md 259.1005 1.64 h SF/>98.7 7/2% 
0/<1.3 
260Md 260.104 = 27.8 d 5Е/73-100 
102NO. 
250Мо 250.0875 0.25 тв 5Е/ 0+ 
?91No 251.0889 0.76 s al 8.62/96 
SF/0.26 8.58/4 
?92No 252.08897 23s 0/74/8.551 8.42 0+ 
SF/26/ 8.37 
253 о 253.0907 17m aj 8.010(20) (9/2-) 
EC/3.2 
25mNo 0.28 s І.Т./ 
SF/6.2 
254Мо 254.09095 49. $ о! 8.09 0+ 
ЕС/1.1 
SF/0.17 
?55No 255.09323 3.1m 0/62/ 8.12/ 1/2* 0.187 
EC/38/2.01 7.93 
8.08 
256Мо 256.09428 2.9 8 о! 8.43 0+ 
SF/0.5 
257МО 257.09685 25. 8 al 8.22 (7/2+) 
SF/<1.5 8.27 
8.32 
258No 258.0983 = 1.2 ms 5Е/ 0+ 
259Мо 259.1011 58. т 0/78/7.794 7.52 (9/2*) 
EC/22/0.5 7.55 
SF/«9.7 
?60No 260.103 0.11 $ 5Е/ 
?62No 262.108 = 8. ms 5Е/ 
чөзГ 
251г 251.0944 39 т SF 
252| г 252.0953 “0.36 6 а 9.02/73 
SF/«1 8.97/27 
2857 “0.57 8 а 8.79 
SF/1 
253] r 253.0953 1.58 о/ 8.72 
SF/=5 
254Lr 254.0965 13.s о/ 8.45 
ЕС/5.2 
5Е/<0.1 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
255 г 255.0967 22. 5 о/ 8.37/60 
ЕС/3.2 8.43/40 
5Е/<0.1 
256] r 256.0988 28. 5 0/99.7/8.554 8.43/ 
ЕС/4.2 8.39 
5Е/<0.03 
297 г 257.0996 0.65 6 о/ 8.80 7/2+ 
ЕС/2.5 8.80 
SF/«0.03 
258] r 258.1019 3.96 о/ 8.60/46 
EC/3.4 8.62/25 
SF/«5 8.56/20 
8.65/9 
259p г 259.1030 6.1s 0/80 8.44(1) 
SF/20 
260| г 260.1056 3.m о/ 8.03 
261г 261.1069 40. т SF 
ЯГ 262.1097 3.6 h ЕС/2. 
SF/«10 
104 Rf 
?53Rf 253.1007 = 48. us SF 
0/<10 
?94Rf 254.1002 23. us 5Е/»98.5 
0/<1.5 
?55Rf 255.1015 1.6 $ а, 8.72/55 
SF/45 8.77/25 
8.80/7 
8.69/3.5 
8.83/3.5 
8.89/2.5 
8.92/2.5 
256Rf 256.10118 6.2 ms SF/99.68 
0/0.32 8.81 
257 257.1031 47s 0/9.22 8.77 0.117 
EC/11 9.01 
SF/«1.4 8.95 
8.62 
258 258.1036 12. ms SF/87 
0/13 
259Rf 259.1056 3.4 s. o/9.09/93 8.77(2)/ 
SF/7 8.86/ 
200RF 260.1064 20. ms SF/ 
261Rf 261.1088 1.1 т 0/8.78,SF/«10 8.28/ 
262 Rf 262.1099 2.1 8 SF/>99.2 
263RF 263.1125 10.m SF,a 
10506 
г55рр 255.1074 = 1.5 $ а, 
SF/=20 
г56рр 256.1081 1.9 $ 0/64 9.02/=64 
ЕС/35 8.89/=12 
SF/0.05 9.08/=12 
9.12/=12 
25706 257.1079 1.5 $ al 8.97/33 
SF/<6 9.07/38 
9.12/5.5 
8.94/9 
9.02/9 
8.89/5.5 
258Db 258.1094 4.26 al 9.20/ 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
E.C/5.3 9.16/ 
5Е/<33 
259Db 259.1097 «1.26 5Е/ 
гворр 260.1114 1.58 al 9.05/ 
SF/<9.6 9.08/ 
9.13/ 
гєрр 261.1121 188 о! 8.93/ 
5Е/<18 
рр 262.1141 34. 5 SF/«33 
о! 8.45/ 
8.53/ 
8.67! 
263Db 263.1151 20.45 m SF/57/, о/43/ 8.35/43 
108909 
25850 258.1132 = 2.9 ms SF 
0/<20 
25950 259.1147 0.5 8 о/ 9.62 
5Е/<20 9.35 
9.03 
28050 260.11444 4. ms 0/50 9.76 
SF/50 9.72 
9.81 
28150 261.1162 0.3 8 o, SF/«10 9.56 
28350 263.1183 0.8 8 ао 9.06 
5Е/<30 9.25 
26550 265.1211 “7.46 о/>65 8.84/46 
5Е/<35 8.76/23 
8.94/23 
8.69/8 
26650 266.1219 “21.6 о/ 8.77/66 
SF/«82 8.52/33 
2698g 
1o7Bh 
260Bh 260.122 а 
?6'Bh 261.1218 12. ms oJ, SF«10 10.40 
10.10 
10.03 
262mBh 8. ms о/ 10.37 
SF/«12 10.24 
2e2Bh 262.1230 0.10 8 о/ 10.06 
5Е/<12 9.91 
9.74 
?6^Bh 264.1247 0.44 8 о/ 9.48 
5Е/ 9.62 
26688 266.1270 =1 $ 9.29 
ЭВ 267.1277 =17 5 8.83 
108HS 
263Hs 263.1287 о/ 
?6^Hs 264.1284 = 0.08 ms oJ, SF/=50 11.0 
265mHs =0.75 ms а 10.57/63 
10.73 
10.52 
10.34 
265Hs 265.1300 2.0 ms о/ 10.30/90 
5Ғ/<1 10.43 
10.37 
10.25 
?67Hs 267.1371 33 ms 0/288 9.88 
9.83 
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TABLE ОЕ ISOTOPES (CONTINUED) 


Particle Nuclear 
Atomic Decay Energy Magnetic Elect. g-ray/Energy 
Elem. Natural Mass or Mode/Energy /Intensity Spin Mom. Quadr. Intensity 
or Isot. Abundance (%) Weight Half-Life (/MeV) (MeV/%) (h/2p) (nm) Mom. (b) (MeV/%) 
9.75 
269Ң6 269.1341 9.3 $ ао 9.23 
9.17 
273Ң6 “126 а 9.78 
9.47 
2745 “11т SF 
109Mt 
266mMEt “1.2 ms ао 10.46-10.81 
266 М 266.1379 =0.7 тв о 10.48-11.31 
267 МЕ 267.138 19 ms а 
268 М 268.1388 0.07 $ о/>68 10.10,10.24 
10110 
267110 267.1440 = 3 us 0/>32 11.6 
269110 269.1451 0.17 тв о/>75 11.11 
21т110 “1.1 ms ао 10.68 
10.74 
271110 271.1461 = 56 ms а 10.71 
273m110 0.076 ms а 11.8 
273110 273.1492 118 тв о/ 9.73 
277110 23.0 ms о 10.2 
280110 “7.56 5Е/ 
291110 21m о 8.83 
111111 
272111 272.1535 = 1.5 ms о/>68 10.82 
12112 
277412 = 0.24 ms ао 11.45 
11.65 
281112 = 0.89 ms ао 10.7 
283112 “1.т sf/>0.7 
a/<0.3 
284412 =9.8 s а 9.17 
285112 “11.т а 8.67 
114114 
285114 = 0.58 ms о 11.3 
287114 = 5.5 $ о 10.3 
288114 “1.96 а 9.84 
289114 = 20. $ о 9.71 
46116 
289116 = 0.60 ms о 11.6 
18118 
293118 = 0.12 ms ао 12.4 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES 


(Revised 2003) 


Norman E. Holden 


This table presents an evaluated set of values for experimental quantities that characterize the properties for scattering and absorption of neutrons. 
The neutron cross section is given for room temperature neutrons, 20.43?C, corresponding to a thermal neutron energy of 0.0253 electron volts 
(eV) or a neutron velocity of 2200 meters/second. The neutron resonance integral is defined over the energy range from 0.5 eV to 0.1x10^eV, or 0.1 
MeV. Bound neutron scattering lengths and neutron cross sections averaged over а Maxwellian spectrum at 30 keV for astrophysical applications 
are also presented. A list of the major references used is given below. The literature cutoff date is January 2003. Uncertainties are given in paren- 
theses. Parentheses with two or more numbers indicate values to the excited state(s) and to the ground state of the product nucleus. 


Table Layout 


Column 
Number Column Title Description 
1 Isotope/Element For elements, atomic number and chemical symbol are listed. For nuclides, mass number and chemical 
symbol аге listed. Isomers are indicated by the addition of m, m1, or m2. 
2 Isotopic Abundance in atom percent 
3 Half-life Half-life in decimal notation. us = microsecond; ms = millisecond; s = second; m = minute; h = hour; d = 
day; y = year. 
4 Thermal Neutron Cross Sections Cross sections for neutron capture reactions in units of barns (10-24 cm?) or millibarns (mb). Proton, alpha 


production and fission reactions are designated by о’, с, бу, respectively. Separate values are listed for 
isomeric production. 


5 ешгоп Resonance Integrals Resonance integrals for neutron capture reactions in barns (10-4 cm?) ог millibarns (mb). Proton, alpha 
production and fission reactions are designated by R.I.,, R.l.,, R.ly, respectively. Separate values are listed 
for isomeric production. 


6 leutron Scattering Lengths Bound coherent scattering lengths for neutron scattering reactions in units of femtometers (fm), which is 
equal to fermis (1073 cm). 
7 Maxwellian Averaged Cross Section Astrophysical Cross Sections, averaged over a stellar neutron maxwellian spectrum characterized by a thermal 


energy of 30 keV, expressed in barns (104 ст), millibarns (mb) or microbarns (ub). 


General Nuclear Data References 


The following references represent the major sources of the nuclear data presented: 


солы WwW 


. Mughabghab, S.F., Divadeenam, M., Holden, N.E.; Neutron Cross Sections, Vol. 1 Neutron Resonance Parameters and Thermal Cross Sec- 


tions, Part A, Z = 1-60. Academic Press Inc., New York, New York (1981); Mughabghab, S.F.; Part B, Z = 61-100. Academic Press Inc., 
Orlando, Florida (1984). 


. Holden, N.E.; Fifty Years with Nuclear Fission Conference, Wash., D.C., Gaithersburg, Md. April 26-29, 1989, p. 946. American Nuclear 


Society, LaGrange Park, Illinois (1989). 


. Tuli, J.K.; Nuclear Wallet Cards, Brookhaven National Laboratory (Jan. 2000). 

. Holden, N.E.; Half-lives of Selected Nuclides, Pure & Applied Chemistry 62, 941 (1990). 

. Holden, N.E., Hoffman, D.C.; Spontaneous Fission Half-lives for Ground State Nuclides, Pure & Applied Chemistry 72, 1525 (2000). 

. Koester, L., Rauch, H., Seymann, E.; Neutron Scattering Lengths: A Survey of Experimental Data and Methods, Atomic Data Nuclear Data 


Tables 49, 65 (1991). 


. Sears, У.Е; Neutron Scattering Lengths and Cross Sections, Neutron News 3, (3), 26 (1992). 
. Bao, Z.Y., Beer, H., Карреег, E, Voss, E, Wisshak, K., Raucher, T.; Neutron Cross Sections for Nucleo-synthesis Studies, Atomic Data 


Nuclear Data Tables 76, 70 (2000). 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral Coh. Scat. Length с (30 keV) Maxw. 
Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
ІН 0,3320) 0.149(1) -3.739(1) 
ІҢ 99.9885(70) 52.8x102 y 0.332(2) 0.149(1) -3741(1) 0.25(2) mb” 
2H 0.0115(70) 0.51(1)mb 0.23(2) mb 6.671(4) 2104) ub 
3H 12.33 y <6. ub 479(3) 
Не < 0.05 3.26(3) 
3He 0.000134(3) б, = 5.33(1)х10° RI, = 2.39(1)x10° 574(7) 
0.05(1) mb 8.1) ub 
^He 99.999867(3) 3.26(3) 
Li 71,0 32.1) -190(2) 
Li 7.59(4) а, = 9.4(1)х102 RI, = 422.(4) 2.00) o=]. 
39.5) mb 17.(2) mb 0.06(1) mb* 
"Li 92.41(4) 45.(5) mb 20.0) mb = 2.22(2) 42.(3) ub 
вц 0.84 8 <= 55 ub 
Ве 8.8(4) mb 3.9(2) mb 7790) 
"е 53.28 0 б, = 3.9(1)x101 RI, = 1.75(5)х10" б, = 164) 
o, = 0.1 
Be 100. 8.8(4) mb 3.9(2) mb 7790) 
"Be 1.52x106 y «1. mb 
B 7.6(1)х102 3.4(1)x102 5.30(4) 
“В 19.9(7) а, = 38.4(1)x102 RI, = 17.3(1)x102 - 011) 
0.3(1) 0.13(4) 
o, = 7.1) mb 
6, = 8.2) mb 
"B 80.1(7) 5(3) mb 2.1) mb 6.65(4 
б 35(1) mb 1.6(1) mb 6.646(1) 
°С 98.93(8) 3.5(1) mb 6(1) mb 6.651(2) 16.1) ub" 
"C 1.07(8) 14(1) mb 7(2) mb 6.19(9) 0.021(4) mb 
"uc 5715. y 414 ub 3.1) шу 
N 2.00(6) 0.90(3 9.36(2) 
uN 99.636(20) б, = 1.93(5) RI, = 0.87(3) 9.37(2) б, = 1.8(2) то" 
0.080(1) 0.034(1) 0.04(1) mb 
N 0.364(20) 0.04(1) mb 0.11(3) mb 6.44(3) 6.1) ШУ 
40 0.29(1) mb 0.40(4) mb 5.805(4) 
10 99.757(16) 0.19(1) mb 0.36(4) mb 5.805(5) 34.4) ub 
70 0.038(1) а, = 0257 (10) 011(1 5.8(2) а, = 3.9(5) mb 
0.54(7) mb 0.39(5) mb 
80 0.205(14) 0.16(1) mb 0.81(4) mb 5.84(7) 9,1) ub 
F 95(1) mb 21.(3) mb 5.65(1) 6.(1) mb 
Е 100. 9501) mb 21.8) mb 5.651) 6.1) mb 
NI 42.5) mb 19.(3) mb 4566(6) 
"Ne 90483) 39.(5) mb 18.3) mb 4.631(6) 0.12(1) mb 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral Coh. Scat. Length с (30 keV) Maxw. 
Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
№ 0.27(1) 0.7(1) 0316) 570) = 15 тр 

а, = 0.18(9) mb 
ZNe 925(3) 51.5) mb 23.(3) mb 387(1) 58.(4) ub* 
Ма 0.53(2) 0.32(2) 3.63(2) 2.1(2) mb 
22Ма 2.605 у 6, = 2.8(3)х10* RI,« 2.x10° 
о, = 2.6(4)x102 RI, = 1.2(2) х 102 
“Ма 100. 6, = 0.43(3) RI, = 0.30(6) 3.63(2) 2410) mb 
„Мо 66.(6) mb 38.(5) mb 5.375(4) 
“М0. 7809(4) 0.053(6 32.(4) mb 572) 3.3(4) mb 
Mg | 10.000) 0.200) 98.(15) mb 3.6(2) 6.4(4) mb 
"Mg 11.01(3) 0.038(1 25.2) mb 4.92) 0.13(1) тр“ 
Мо 9.45 т 0.07(2) 0.03(1) 
m 0.230(2 0170) 3.451) 
Ел 74x10 y б, = 197(10) 0.14(2) 
6, = 034(1) 
7ДІ 100. 0.230(2 0.1701) 345(1) 2.9(3) mb 
«Si 0.166(9 0.12(2) 4151) 
386i 92.223(19) 0.17(1) 0.11(2) 441(1) 2.9(3) mb 
ES 4.685(8) 0.12(1) 0.08(2) 47(1) 7.9(9) mb 
E 3.092(11) 0.107(3 0.62(6) 4611) 3.2(3) mb* 
ШЕ 2.62 736) mb 33.(3) mb 
2: 1.6x10? y «0.5 
P 0.1701) 0.08(1 5.13(1) 
тр 100. 0.17(1) 0.08(1 513(1) 1.(1) mb 
(5 0.54(2) 0.24(2 28471) 
325 94.93(31) 05565) 0.25(2 2.804(2) 41(2) mb 
о, < 0.5 mb 
ES 0.76(2) 0.46(3) 0.212 4702) 74(15) mb 
6, = 0.12(1) RI, = 0.05(1) с, = 0.18(1) 
o, = 2. mb 
ЦЭ 4.29(28) 0.25(1) 0.13 3.48(3) 0.231) mb 
E 0.02(1) 0.24(2) 0.26(3) 0.17(1) тр“ 
aC 33.6(3) 15.0) 9.58) 
80 75.78(4) 43.7(4) 20,0) 170) 9.4(3) mb 
б, = 044(1) RI, - 02 6, = 1.7(2) ті” 
o = 0.08 mb 
%C 3.01х10° y o; = 46.(2) mb RI, = 0.02 о, = 91.(8) mb 
<10. 
а, = 0.59(7) mb а, = 0.9(2) mb 
ШУ 24.22(4) (0.05 + 0.38) (0.04+0.26) 311) 2.0(2) mb 
uA 0.66(3) 0.42(5) 1910) 
Аг 0.3365(30) 5(1) 201) 2421) 
а, = 54(3) mb 
o, < 1.5 mb 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral — Coh. Scat. Length с (30 keV) Maxw. 
Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
SAT 35.0 d o, = 1.08(8)х10° RI, = 900. 0,213 
o, = 37.4) RI, = 31. 0, 0.04 
æAr | 0.0632(5) 0.8(2) 0.4(1) 3.5(35) 
SAT 268. y 6.(2)x102 
o, <0.29 
“Ar 99.6003(30) 0.64(3) 0.41(5) 183(1) 2.5(3) mb 
МАГ 182h 050 020) 
К 21(1 1.01) 3.67(2) 
3K 93.2581 (44) 21(0 0.9(1) 3.740) 11.8(4) mb 
о, = 43(5) mb 
o, « 0.05 mb 
40K 0.0117(1) 1.26x10° y 308 134) б, = 7,0) mb 
o, = 4.44) 2.02) а, = 40.6) mb 
о, = 042(8) 
“К 6.7302(44) 1.46(3) 14(2) 2.69(8) 22.(1) mb 
„Са 0.43(2) 0.23(2) 4700) 
оба 96.941(156) 0.418) 02204) 4.80(2) 6.7(7) mb 
с, = 0.13(4) mb 
“Ca 1.02x105 y = 4. 
6, = 0.18(3) 
о, = 7.2) mb 
оба 064723) 0.65(10) 0.39(4) 3.4(1) 16.(2) mb 
ба 0.135(10) 6.(1) 3.9(2) -1.56(9) 51.6) mb 
"Ca | 2086(110) 0.8(2) 0.56(1) 142(6) 9/4) mb 
“ба 162.74 = 15. 
"ca 0003) >4Х105у 0.70(3) 9(1) 3.6(2) 5.3(5) mb* 
Са 048701) 4.3х10% у 100) 5(1) 0.39(9) 0.8(1) mb* 
9с 2720) 121) 1230) 
56 100. (10417) (56:64) 1230) 69,5) mb 
®5с 83.81 d 8.1) 3.6(5) 
“Ті 6101 2.8(2) - 3.438(2) 
Ti 60 y 110 
6,<0.2 
Dn 8.25(3) 0.62 04(1) 4,93(6) 27,8) mb 
ШП 7.44(2) 1.62 1.6(2) 36301) 64.8) mb 
Dn 73.72(3) 7.99 3.6(2) = 6.092) 32.5) mb 
Dn 5.41(2) 1.965 120) 1.046) 22.2) mb 
E 5.18(2) 0.179(3) 0.12(2) 6.18(8) 3.6(4) mb 
ЕГІ 5.0(2 280) = 0.382 (1) 
ШЇЇ 0.250(4) 14x10" у 21(4 50.(20) 7.66) 
о, = 0.74) mb 
зү 99.750(4) 491 2702) = 0.402(2) 38.(4) ті) 
ЕГІ 3.02 170) 3.635(7) 
Cr 4345(13) 518x107 y 15.1 8.1) -45(1) 0.05(1) 
“(г 27.70 d <10. 
SCr 83.7898) 0801 0.60) 4912) 8.8(4) mb 
5Cr 9501(17) 18.0 9,1) -42(1) 0.06(1) 
"Cr 23657) 0.36(4) 0.25(5) 4.6(1) 7.2) ті) 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- Resonance Integral 


Coh. Scat. Length 


o (30 keV) Maxw. 


Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
Мп 13.3) 40(3) -3.750) 
ЕТІ 3.7х107 y 70.(10) 32.(5) 
“Мп 312.1 d « 10. 
Mn 100. 13.3) 4.0(3) - 3.75(2) 40.(3) mb 
ware 270 20) 9.4502) 
ЯВ 584505) 232 3(2) 4201) 29.2) mb 
а, = 10. ub RI, = 1.1(1) mb 
SFe 2.73 y 13.2 6.1) 
о, = 0.01 
SFe 9175406) 288 140) 9.93(3) 11.7(5) mb 
SFe 211900 1.10 0.8(4) 23(1) 40.(4) mb 
зе | 0282(4) 130 130) 15.(7) 121) mb 
е 44514 13.3 6.1) 
2100 37.19(8) 74(2) 2.49(2) 
ТИ 91h 1.4(1)х105 2.5(10)х10° 
580 70.88 0 1.9(2)x108 7.1)х10% 
бо 100. (20.7+16.5) (39.35) 2.49(2) 38.(4) mb 
бао 10.47 т 58.3 230.(50) 
“бо 5271у 2.02 43(10) 
ai 4.52 23(2) 10.3(1) 
SENI 68.0769(89) 54x109 y 4.6(4 23(2) 144(1) 41.2) mb 
o, < 0.03 mb 
SNi = 1630 у буу, = 92.4) RI, = 1.4(1)x102 
о, = 14.2) 
6, = 2.(1) 
ШҮ 26.2231(77) 298 15(2) 280) 25.(1) mb 
ШҮ 1.1399(6) 2565 15(4) 7.60(6) 82.8) mb 
а, = 0.03 mb 
&NÍ 3.6345(17) 15.1 6.8(3) = 8.7(2) 13.(4) mb 
© 100. y 20.5 9.2) 
ЕШ 0.9256(9) 160 120) -037(7) 9 (1) mb 
© 2517h 22.(2 10.(1) 
„ĈU 380 414) 7.718(4) 
би 69.1515) 4.52 5.01) 6.43(15) 0.090) 
ШЕТ 12.701 h = 270. 
Cu 30.85(15) 2173) 22(1) 10.61(19) 41.5) mb 
Çu 5.09 m 1.4(1)x102 60.(20) 
an 112 2.8(4) 5.680(5) 
“т 48.27(32) >2.3x10'8 y 0.74(5) 14(3) 5.23(4) 59.(5) mb 
6, < 12. ub 
с, = 11.(3) ub 
274] 243.8 d 66.8 30,1) 
о,-200) 
Zn 27917(77) 0.9(3 18(2) 5.98(5) 35.3) mb 
o, < 0.02 mb 
т 410221) 6.9(1.4) 25.5) 7.58(8) 0.15(2) 
с, = 04 mb 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral — Coh. Scat. Length с (30 keV) Maxw. 
Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
97n 19.02(12) (0.072 + 0.8) (0.2 + 2.9) 6.04(3) 19.(2) mb 

с, «0.02 mb о, = 3(1) mb 
"7n 06319 (8.1+83.) mb 0.9(2) 0.02(1) 
аба 23(1 22.3) 7.2882) 
“ба 6010809) 1.68(7) 16.(2) 7.88(4) 0.14(1) 
"Ga 398920) 52.410 y 472 31.(3) 6.40(3) 0.12(1) 

бү = 0.15(5) 
Ne 2211 6.2) 8.19(2) 
Ge 270.8 d 1.0(5 
"бе — 2037089) (0.3 +27) 23(1) 10.0(1) 88.(5) mb 
?Ge — 2738060) 0.92 0.8(3) 85( 0.07(2) 
бе  7.59(78) >1.8х102 y 15.1 6600) 5.02(4) 030) 
"Ge _ 36.656(80) (014 + 0.28) (04405) 76 53.(7) mb 
"Ge — 7835(8) 1.6х1027 y (0.09 + 0.06) (13-0) 8.2(15) 0.03(2) 
AS 4.0(4 61,5) 6.58(1) 
As 100. 404 61,5) 6.58(1) 0.57(4) 
бе 121 143) 7.97009) 
"Se 0894 50.2 520(50) 0.8(3) 020) 
598 119.78 d 3.3(10)x102 
бе —— 937(29) (22. + 63.) (9431) 1220) 0.16(1) 
"Se 7.63(16) 42.(4 30,5) 8.25(8) 030) 

с, = 0.97(3) ub 
"Se 23.7728) а, = 0.38(2) RI, = 4.3(4) 8.24(9) 01 
me 49.61(41) (0.05+0.54) (0.15+0.85) 7.48(3) 42.8) mb 
Se 8.73(22) = X107 y (89. 5.2) mb 39.(4) mb 6.34(8) 0.04(2) 
Вг 6.8(2) 92.(8) 6.79(2) 
Вг 16.0 ћ 224 (42) 
"Br 50.69(7) (2.58.3) (36.+96.) 6.79(7) 0.63(4) 

а, = 0.08(1) 

"Br 49317) (243024) 51.5) 6.78(7) 0.31(2) 
ЖҚТ 24401) 39.(6) 781(2) 
Кг 0353(3) 52.3x10? y (0.1746.) 20.1) (0.11+0.19) 
К 2286(10) (4647) 57,6) (0.09+0.18) 
КК — 11593(3) (1447) 130.(13) 90.(6) mb 
К 1150009) 183.(30) 183.(20) 0.24(2) 
"Kr  56.987(15) (6+0) = 0.11 23) (16.+33.) mb 

On = 0.09 
&Kr 10.73 y 170) 1.800) 0.07(2) 
&Kr — 17279(41) 3.2) mb = 1. mb 8.1(3) 32(4) mb 
Rb 0.39(4) ЗЕ 7.08(2) 
ШУ 32.9 d o, = 12.0) 
Rb 72112) (0.06+0.38) (0.747) 700) 0241) 
Rb 18.65 d <20. 
VRb 27832) 48810 y 0100) 34) 730) 16.(1) mb 
ШУ 177 т 12(3) 5(1) 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral — Coh. Scat. Length с (30 keV) Maxw. 
Isot. (00) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
Ж. 201) 1011) 7.02(2) 
“Sr (0.56(1) 0.6+0.2) (941) 0.401) 
8Sr 9,860) а, = 0.81(4) RI, = 441) 5.68(5) (48.+22.) mb 
aSr — T700(1) 6.3) 118.(30) 741) 97.(5) тр 
Sr 82581) 5.8(4) mb 0.07(3) 7.16(6) 6.0(2) mb 
885r 50.52 d 0.42(4) 0.2 
ШУ 291у 0.1) mb 0.10(2) 
a 25(5) 100) 7750) 
ву 100. 0.001+1.25) (0.006+1.0) 7.75(2) 19.(1) mb 
жү 2674 465 
зү 5854 A(3) 0.6(1) 
"m 0.19(1) 0.95(9) 7.16(3) 
с, «0.1 mb 
47 — 5145(40) = 0.014 0.2(1) 6.4(1) 21,0) mb 
917ү 11.22(5) 12(3) 5.2 8.8(1) 60.(8) mb 
907ү 17.15(8) 020) 0.6(2) 750) 33.(4) ті) 
87 1.5х107 y <4. 16.5) 0100) 
Zr 17.38(28) 5107 y 0.049(6) 0.25(3) 830) 26.(1) mb 
*7r 2800) >1.7х10% y 0.020(3) 5.05) 55(1) 11.1) mb 
„Nb 1410) 8.5(6) 71143) 
с, «0.1 mb 
Nb 100. 11 (6.3+2.2) 71143) 2665) mb 
о, = 0.86 
Nb 2.4х107 y (6, бү) = 15.1) 126.13) 
о, = 0.60) 
Nb 34.97 d <T. <200. 
„Мо 25(1) 26.5) 6.72(2) 
с, «0.1 mb 
Мо 147701 58x10" y 0.06 = 08 6.93(8) 0.07(1) 
о, = 02 ub 
“Мо. 9.226(99) 0.02 -08 6.82(7) 0.10(2) 
Mo 15.900(85) 13.4(3) 109.(5) 6.936) 0.291) 
c, = 30.4) ub 
Мо 16.674(12) 05 17.3) 6.22(6) 0110) 
"Мо 9.560(50) 252) 14.(3) 7.26(8) 0.34(1) 
с, = 0.4(2) ub 
Мо 2420025) 0.14(1) 72(7) 6.60(7) 0100) 
"Mo 96700 = 1х10% y 0190) 3.6(3) 6.75(7) 0110) 
gle 
EJ = 6.6x108 у Om = 0.92) 
EJ 243x105 y 23.2) 4.0(4)x102 6.8(3) 0.93(5) 
„Ви 26 (1) 48.5) 7.03(3) 
Ви 554(14) >31х10% y 0.23(4) 7.0) 0210) 
Ви 1878) <8. 0.301) 
Ви 12.76(14) 411) 95.(20) 12(3) 
"Ry 12.60(7) 5.8(6) 1.0) 0210) 


* Extrapolated value. 


11-204 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral Coh. Scat. Length с (30 keV) Maxw. 
Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
Ry 17.0602) 5(1) 118x102 1.00(4) 

с, «0.15 ub 
"Ry — 315514) 12(1) 43(5) 0.15(1) 
ШП 39.27 d «20. = 30. 
"Ry 18.62(27) 0.49(2) 642) 0150) 
ШЕТ 44411 0.29(3) 0130) 
TERY 1.020 y 0.15(4) 2.0(6) 
Rh 145 (2) 12(1)х108 5.88(4) 
wRh 100. (11+ 134.) (0:08-1.1)х108 5.88(4) 0.8101) 
ШЕ 436m 800.(100) 
ши 42.3 $ 40.80) 
TRA 354h 1.1(3)x104 1(4)x104 
«Ра 7.1) 828) 5.916) 
Ра — 1020) 32(10) 0.2) 0.301) 
“Ра 114408) 6.(2) 0.29(3) 
тері — 2233(8) 22.2 60.(20) 5.53) 120(6) 
о, = 05(2) ub 
"Pd | 2733(3) (0.013+0.28) (0.2+5.5) 6.4(4) 0.25(3) 
Wpd 6.5x105 y 18(2 08.(4) 134(6) 
ҮВРф | 26.46(9) (0.1948.5) (2.4240.) 418) 0.2002) 
"pd — 1172(9) (0.03340.7) (0.748.) 0.15(2) 
Ag 62.(1) 767 (60) 5.922(7) 
‘Ag 51.839(8) (1.25) (3.+105.) 7.56(1) 0.80(3) 
Ад 4846109) (41 +87.) (0.7+14.1)х10° 447(1) 0.79(3) 
ШҮ] 249.8 d 82.11) 20,1) 
1149 7474 3.2) 105.(20) 
as Cd 2.52(5)Х108 73.8) 4.87(5) 
"cd 1256 »2.6х107 y 0.20(3) 4(1) 0.302) 
"cd 089(3 541x107 y г 1443) 54 0.2001) 
1900 462.0 0 = 180. 6.7(12)x108 
o, «0.05 
"Od 124908) 0.06+11.) (6.434) 5% 0.01+0.22) 
"Cd 128002) 3.520) 51.(6) 6.5( 0.75(1) 
1204 2413(21) 0.012+2.2) 15. 6.4( 0190) 
184 1222(12) 7.7x10% у 2.06(4)х10* 390,40) = 8.02) 0.67(1) 
с, <1. ub 
1464 — 28.73(42) 0.04+0.29) 16.7) 0.01+0.12) 
"Sd 74908 3.8х10' y 26.152.) mb 12 12.447.) mb 
in 97.4) 3.3(2)х10° 4.070) 
mn 4290) 3.145.043.9) (220.+90.) 5.39(6) 0.48+0.31) 
п 95.715) 44x10" y 88.173.444.) (1.5+1.2+0.7)х10% 4012) 0.69+0.02) 
soon 0.61(3) 8.2) 6.225(2) 
12, 0970) 0.15+0.40) (8.419) 0210) 
"п 11514 = 9. 210.(50) 
""Sp 0.56(1) = 0.12 5(1) 62(3) 13413) mb 
"Sen 0.340) а, = 0.06 mb 29.6) 0.341) 
"SSn — 1454(9) (0.006+0.14) (0.5+11.) 5.93(5) 91.2) mb 
176, 7.68(7) 14(1) 16.(5) 6.48(5) 319.(7) mb 


* Extrapolated value. 


11-205 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- Resonance Integral 


Coh. Scat. Length 


o (30 keV) Maxw. 


Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
тїр 242209) 6, = 4. mb 4.75) 6.0705) 62.1) mb 
nS  8.59(4) 20) 2.965) 6.126) 0180) 
1251 32.58(9) (0.001+0.13) 12(3) 6.49(5) (0.5+36.) mb 
251 463(3) (0.15+0.001) 0.81(4) 5.74(5) (18.+4.) mb 
Sn 5.7965) >2.2х10% y (0.13+0.004) (8.040.08) 5.97(5) 120) mb 
«Sb 522) 169.(20) 5.57(3) 
116) 57216) (0.4+5.8) (13+192.) 5.716) 0.53(2) 
146) 42.7905) (0.02+0.04+4.0) (14119) 5.38(7) 0.300) 
Sb 60.20 d 17.(3) = 8. 

wle 42(1) 47.(3) 5.80(3) 

"Te 009(1) 145) = 1, 5.35) 0.4(1) 

Uie 255(12) 0.4+3.) (66.475) 3.8(2) 295.(3) mb 
Te 089(3) 35.3x10" y 370.(40) 4.5(3)x108 - 0.05 0.83(1) 

o, = 0.05 mb 

Ue — 474(14) 146) (1444) 8.01) 155,2) mb 
№ 707(15) 1(2) 21.(4) 5.02(8) 431.(4) mb 
№ | 18.84(25) 0.1240.8) (0.6+7.4) 5 56(7) (28.+53.) mb 
Te — 3174(8) 22x10? y 0.03+0.2) (0.2+1.6) 5.89(7) (3+41) mb 
zofe 340862) 8,102 y 0.01+0.19) (0.03+0.3) 6.02(7) (4411) mb 

Е 6.2(1 1.50? 5.28(2) 

15 59.4 d 900.(100) 14(2)х109 

127 100. 6.2(1 1.5(1)x102 5.28(2) 0.64(3) 

128 25.00 m 22.(4 = 10. 

19 17107 y (20.7+10.3) 36.(4) 0.44(2) 

380 1236h 18.3 z B. 

191 8.021 d = 0.7 8.(4) 

„Хе 25.1 263.(50) 4.92(3) 
Xe 0.0953(27) 510" y (28.137) (0.6+3.0)х103 013-051) 
125X@ 1711 С, < 0.03 
Xe —— 0.0890(14) (0.4543.) (8.552.) 0.04+0.32) 
Хе 36.34 0 o, < 0.01 
Xe 191002) 6, = 0.48 RI, = 38,10) 0.260) 
Xe 26.40(18) 22.5) 250.(50) 0.62(2) 
"Xe 4071053) а, = 0.45 RI, = 16.(4) 0.132(3) 
Xe —— 21233(62) 90.(10) 9.(1)x102 0.45(8) 
"Xe 26.9087(680) (0.0540.4) (0.9+3.7) 5.660.) mb 
133Хе 5.243 0 190.(90) 
"Xe — 10.436(29) 511x107 y (0.003 + 0.26) 0.40(4) 20.0) mb 
тув 9100 2.65(11)х10% 7.6(5)х10° 
Xe  8.858(33) 58x102 y 0.26(2) 072) 0.9(1) mb 
Ne 30.4(8) 422 (50) 5.42(2) 
1925 6484 С, < 0.15 
1305 100. 2.7+27.3) (32.+360.) 5.42(2) (0.04+0.47) 
1325 2.065 y 40.10) 54 (9) 
1805 2316 у 8.3(3) 38,2) 
1375 302у 0.20+0.07) 0.36(7) 

„Ва 302) 1012) 5.07(3) 
Ва 0.10601) 22x10? у 148) (25.+200.) - 3.6(6) 0.76(11) 


* Extrapolated value. 


11-206 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral — Coh. Scat. Length с (30 keV) Maxw. 
Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
"Ba 0.101(1) 1.3х107 y 0.84+9.7) (4.7+24.) 7.8(3) 0.6(1) 
"ава 10.53 у 4.) 85.(30) 

"Ва 241708) 0.141.3) (5.6+18.) 571) 0180) 

Ва  6.592(12) 0.014+5.8) (0.47+131.) 47(1) 0.46(2) 

Ва _ 7.854(24) 0.010+0.44) (0:141.5) 491(8) 61.2) mb 

Ва — 11232024) 511) 401 6.8(1) 76.(3) mb 

Ва — 71.698(42) 041(2) 04(1) 4.84(8) 4.0(2) mb 

Ba 1.396 h 511) 225) 

ШЕР 12.75 d 6(3) 4(1) 

ЯГ 92(2) 2(1) 824(4) 

за 0.09001) 106x10" y 57.6) 41(9)x102 

"a 99.9100) 9.22) 2/1) 824(4) 38.(3) mb 

ШЕ 1.678 d 2.7(3) 69,1) 

NV 0.64(4) 0.71(6) 4.84(2) 

тесе 0.1850) (1.046.5) 58.12) 5.80(9) (0.028+0.3) 

Се 02510) (0.025+1.0) (1.545.2) 6.70(9) 179.(5) mb 

Се 88.450(51) 0.58(4) 0.50(5) 4.84(9) 11.0(4) mb 

"Се 32.50 0 29.(3) 130) 

Се 1141401) 516x107 y 0.97(3) 13(3) 475(9) 28.(1) mb 

тсе 1.38 0 6.107) 2.7(3) 

ie 284.6 d 10(1) 2.6(3) 

gr 11.5(4) 413) 4.58(5) 

™Pr 10. (447.5) 418) 4.58(5) 111.2) mb 

D 19121 20.3 9/1) 

тарг 13.57 d 90.(10) 90.(25) 

«Nd 51.2 49.5) 7.696) 

"Nd 27.25) 19.(1 34.11) 718 35.(1) mb 

"Nd 1220) 330.(10) 28.(30) 0241) 
а, = 17. mb 

"Nd 2380) 21105 у 3.6(3 3.9(5) 2.8(3 81.2) mb 

ТМ 830) 47.6 260.40) 0420) 
с, = 12. ub 

"Nd 1728) 15(2 3.0(4) 8.72 91.(1) mb 

ШИЛ 10.98 0 440.(150) 200. 

ШҮ 10) 24(1 13.0) 5.13 147 (2) mb 

ШҮ .6(2) = 15105 у 1.0(1 1410) 32 0160) 

и РТ 

ШЕ 553у 8.11.7402 

трт 2.623 y (84496) (1000.+1280.) 12.6(4) 2(1) 

48тРт 41.3 4 10600.(800) 

март 5.37 d = 108 2.6(2.4)x108 

мөрт 2.212 d 1400.(200) 

151Pm 1.183 d = 150. 

Sm 5.6(1)x105 1.4(2)х105 

"Sm 3.07(7) 16 24(3) 92.(6) mb 

Sm 340. d 280.(20) 600.(90) 

WSm 149908 1.06х107 y 56.(4), o,, = 0.6 mb 710.50) 1418) 0.9741) 

"Sm 11.24(10) 7х10 y 24(6 27.14) 241.(2) mb 


* Extrapolated value. 


11-207 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance Thermal Neut. Cross- Resonance Integral Coh. Scat. Length с (30 keV) Maxw. 
Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
т 13.8207) 107 y 4.01(6)Х10), o, = 31. mb 3.1(5)х10° 1.8200) 
Sm 7380) 1025) 290.30) 14.8) 422.(4) mb 
Sm 90. y 1.52(3)х10% 3520.(60) 2/1) 

125 26.75(16) 206.(15) 3.0(3)х10° - 50(6) 4734) mb 
1535 1.929 d 420.(180) 

"Sm 22.75(29) 75(3) 32.(6) 911) 0210) 
ЕШ 4570.(100) 3.8(5)х10° 5.3(3) 

Eu 47.81(6) (4.+3150.+6000.) (2.+4.)х10% (1.6:2.2) 

с, = 8.7(3) ub 

Зи 9.30 h 6.8(15)х10* < 105 

TREY 135у 1.10)х104 1.6(0)102 5.2) 

"SEU — 52196) 300.(20), а, «1. ub 1.8(4)х10° 820) 2.8(1) 

T EU 859 у 1.5(3)х108 1.6(2)х108 44(7) 
ШЕТ 476 y 3.9(2)x105 1.6(2)k10* 13(1) 

wad 48.8(6)х102 400.10) 9.5(2) 

Mid 75.y 1.40(14)х10* 

64 0200 1.1х10" у 700.(200), о,, <7. mb 700.(200) 1.05(2) 
15369 240. d 2.(1)x104, а, = 0.03 

"Gd 218(2 (0.035+60.) 230.(50) 1.030) 
Gd 148012) 61.(1)x108, 6, = 08 mb 1540(100) 2.65(3) 
Gd 20.47(9) -20 104.(15) 6.3(4) 6155) mb 
"Gd 15650) 2.54(3) 10), в, «0.05 800.(100) 1370) 
'"Gd 2484(7) 23(3) 73.7) 9.2) 324.(3) mb 
‘Gd 21.86(19) 519x107? у 15(7) 6.1 9.15(5) 0.15(2) 
ШЕ 3.66 т 2.0(6)х10* 

«Ib 232(5) 420.(50) 7.340) 

Th 100. 23.2(5) 42050) 7.340) 1.60) 
19Тр 72.3 d 570110) 

«Dy 9.5(2)х102 5(2)x102 16.9(3) 

Dy — 0.056(3) 33.(3), с, < 9. mb 000.(100) 1.60) 
еру _ 0.095(3) 4346), o, < 6. mb 20.10) 6.1(5) 0.8(2) 
EY 144. d 8.(2)х10° 

"Dy — 239(18) 60.(10), o, < 0.3 mb 100.(200) 6.7(4) 0.89(1) 
"Пу 18.889(42) 600.50), o, < 1. ub 100.(100) 10.34) 1.962) 
тру — 25.475(36) 170.(20) 2155.(300) -14(5) 446.(4) mb 
Dy 24896(42) 120.(10), а, « 20. ub 600.(400) 5.0(4) 1110) 
“ру 28.260(54) (1.7-4.0)х10% (422102 4940) 212.3) mb 
166mDy 126m 2.0(6)х10% 

теру 23311 3.5(3)х103 2.2(3)х10* 

NIS 61.0) 670.40) 8.01(8) 

ШИ 457x105 y (0.41.7) 
Ho 100. 31-58), o, < 20. ub (2+670.) 8.01(8) (0.8-0.5) 
Té6mHo 1.2х103 y 3.1(8)x10? 10.(3)x108 

ан 52x102 730.10) 7790) 

Er 0.139(5) 9.3), o, < 1. mb 480.(50) 8.8(2) 16(1) 
“Е 16010) 342), с, < 12 mb 105.(10) 82(2) 1.08(5) 
WE, — 33.503(36) 3.14), с, < 70. ub 96.(12) 10.6(2) 0.56(6) 
"г 228690) 6.5(8)х102, с, = 3. ub 2970.(70) 3.0(3) 140) 


* Extrapolated value. 


11-208 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- 


Resonance Integral 


Coh. Scat. Length 


o (30 keV) Maxw. 


Isot. (%) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
“Е 26.978(18) 2.3(3), o, = 0.09 mb 37.(5) 744) 0.34(4) 
EF 14.910(36) 8.(2) 26.(4) 9.65) 0.1701) 
Ef 75211 37040) 70.(20) 

«ТП 108.) 5(2)х108 7.07(3) 

Tm 100 (8.+100.) 5(2)х108 7.07(3) 1.13(6) 
Тт 128.60 100.(20) 460.(50) 

"Тт 192 у = 160. 18.(6) 

„YD 52.10) 1(0)х102 12.43(3) 

түр 0130) 24(2X105 o «0.1 mb 2.0(5)х10* -4.07(2) 074) 
түр 32.02 0 3.6(3)х10° 5200.(500) 

түр. 304(15) 12.2), с, < 10. ub 320.(30) 680) 0770) 
TYb 142807) 53.65), o, < 15 ub 315.(30) 9.701) 1210) 
түр 2183(67) -13, 6, < 1. ub 25,8) 941) 0.341) 
TiYb 16.41307) 16.02), а, < 1. ub 380.(30) 9.56(7) 0750) 
Yh 3183(92) (46.417), о, «0.02 mb — (13416) 193(1) 151.2) mb 
теүр 1276(41) 310), o, < 1. ub 8.2) 8.1) 116.(2) mb 
alu 78.(7 8.3(7)x102 7.21(3) 

теру 97412) (1648) (550.+270.) 724(3) (1.04+0.11) 
Vu 2592) 3.73x10" y (242100) (3-4930.) 6.10) 1530) 
ШТ 160.7 d 32(3) 14(2) 

ШЕП 6.65 d 1000.(300) 

zH 106,3) 19.7(5)х102 7.80 

aH 0.1601) 2.0х10% y 600.50) 400.50) 11.1 0.8(2) 

"eH 5.26(7) 23.(4) 700.(100) 6.6(2 0.4602) 
ШИ 18.60(9) (1.4375), o, < 20. ub 7170.(200) 150) 
ШП 31.y бо = 45.5) АІ, = 8(1)x102 

ШТ 27.28(7) (54432) (0.9+1.0)х103 5.90 0.3101) 
"SH 13.62(2) (0.43+46.) (6.8+620.) 75(2 (0.01+0.95) 
ШТ 35.08(16) 13.05), o, < 13. ub 321) 13.2(3) 179.5) mb 
ШИ 4240 30.(25) 

m 204 650(20.) 6.91(7) 

тета 18у 93(6)x102 1.22(7)х10° 

"Та 00120) > 1.2х10% y = 560. 1350.(100) 

“Та 99.9880) (0012420), o, «1.ub (0.4+650,) 6.91(7) 0.77(2) 
Цар 11443 d 8200.(600) 900.(90) 

„W 18.(1 3.6(3)x102 4.86(2) 

01201) 7.4х10° y = 4, 21030) 0.54(6) 
ү 2650(16) 83108 y 204 600.(90) 6.97(4) 2148) mb 
үү 14.3104) 139x108 y 0.5(3) 34050) 6.53(4) 0.52(2) 
үү 30.6402) 40x10 у 0.002 « 2.0) 15.0) 7.48(6) 0220) 
185W 74.8 d = 3.3 300.(50) 

W 28.43(19) 6.5х10' y 37.2) 510.(50) - 0.72(4) 176.(5) mb 
үү 239h 70.(10) 2760.(550) 

ШЕЛ 69.78 h 2(1) 

„Ре 90.(4) 8.4(2)х10° 92(3) 

Re — 3740(2) 0.33110.) 1700.(50) 9.0(3) 1.54(6) 


* Extrapolated value. 


11-209 


Elem. or Natural Abundance 


Thermal Neut. Cross- Resonance Integral 


Coh. Scat. Length 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


o (30 keV) Maxw. 


Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
"Re 62600) 42x10" y (2472) (9+310.) 9.3(3) 1.16(6) 
%05 171) 5(1)x102 10.7(2) 

1405. 0.021) >5.6х10 у 3.3(3)х10° o, <10. mb 4(1)х105 0.40) 
1506 1.59(3) 2Х105у = 80. o, < 0.1 mb 3.8(9)х102 120 042(2) 
1705 1.96(2) 2.(1)x102, а, < 0.1 mb 5.0(7)x102 0.90(3) 
1805 13.24(8) =5., G, < 30. ub 5(2)x102 7.6(3) 0.4002) 
1105 16.15(5) (0.00026+40.),с,<10. ub (00134670) 10.7(3) 1.175) 
"s 2626(2) (944), с, < 20. ub (2248) 11.03) 0.30(5) 
1810s 154 d 3.8(6)x10? A (310? 

1205 407809) 3.01), о, < 10. ub 71) 11.5(4) 0.31(5) 
19305 30.5 h 2.5(5)x102 1(2)х102 

ит 42(1)х102 2.8(4)х108 10.6(3) 

їр 373(2) 0.14+660.+260.) (1.0+4.2)х103 1.35(4) 
192|r 73.83 d .4(8)x105 4.8(7)х103 

г 6270) 0.04+6.+109.) “4(2)х108 0.99(7) 
Bar 193h .6(3)x108 7.(2)х10° 

ИЛ 001 3(1)10? 9.60(1) 

"pp 00140) 45x10" y 5(1)X107, o, < 8. mb 70110) 9(1) 070) 
"РЕ 07827) 2.046), с, < 0.2 mb 15.(20) 9.9(5 0.6(1) 
“РЕ  32.967(99) 0.1+1.1), o, < 5. ub (442) 10.55(8) (0.03+0.34) 
“РЕ 33.832(10) 28.(1), б< 5. ub 365.(50) 8.8( 0.9(2) 
терр — 25242(41) 0.045+0.55) 72 9.89(8) (0.01+0.19) 
Pt 7.163(55) 03+31) (5.153) 7.8( (3.479.) mb 
ТЕРІ 30.8 т z 15. = 7. 

„AU 98.7(1) 1.55(3)Х103 7.636) 

WAuy 100. бт = 98.701) В = 155010 7.63(6) 582 (9) mb 

а, 8.(2) mb А, = 0.06(2) 

ТАЏ 2.695 d 26.5(15)х10° = 4.10% 

1994) 3.14 d z 30. 

«Hg S (1102 87,5) 12.69(2) 

Hg — 0.15(1) »2.55107 y (105.+3000.) (53.+410.) 30,1) 0.4(2) 
"Hg | 997(8) (0.017+2.) (17+70.) 017) 
“Но | 16.87(10) 2.1(2)х103 435(20) 16.9(4) 0.37(2) 
Hg 23.10(16) = 1. 2.1(5) 0.12(1) 
"Нд | 13.188) = 8. 30,2) 026(1) 
294 | 2986(20) 4.9(5 45(2) 11.0) 746) mb 
МН | 687(4) 0401 0.8(2) 42.(4) mb 
alll 3.3(1 2.5(8) 8.776(5) 

23 | 29524(14) 111), o, < 0.3 mb 41.0) 7.00) 124 (8) mb 
Enn 3.78 у 22.2 90.(20) 0.14(5) 
281| | 70.476(14) 0.11(2) 0.6(2) 9.52(7) 54.(4) mb 
«Pb 0,1722) 0.14(4) 9.402(2) 
Ph 140) 0.68(7) 2.0(2) 10.9(1) 90.(6) mb 
тер 1.515107 y =5. =2. 0.060) 
бр) 2411) 0.027) 0104) 9.236) 16.(1) mb 
"pb 221(1) 0.61(3) 0.38(1) 9.282) 10.(1) mb 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- 


Resonance Integral 


Coh. Scat. Length 


o (30 keV) Maxw. 


Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
Pp 524) 52x10 y 0230) mb, o, «8.ub 2.02) mb 9.50(3) 0.36(4) mb 
ру 22.6 у «05 
ав! 0.034(1) 0.19(2) 8.532(2) 
Bi 100. (11423) mb,o,<0.3 ub — 0.19(2) 8.532(2) 2.75) mb 
zioni 3.0108 у 54.(4) mb 0.20(3) 
Ро 
0Р0 1384 d 0,,0.5 mb, с, < 2. mb 
6,<30. mb, ок 0.1 
esl 
ШІ 
20 п 55.65 <02 
??Rn 3.823 d 0.74(5) 
ва 
223Ва 11434 1.3(2)x10?, ок 0.7 
Ra 3.66 d 12.0(5) 
КЕР 1599. y ~ 13, 0< 7. ub 280.(50) 10.1) 
228Ва 5.76 y 36.6), ок 2. 
АС 
БИТ: 21.77 y 8.8(7)x102, o< 0.35 mb — 15(4)k10? 
"i 74 85,2) 10.31(3) 
БАГ 18.72 d 6; 20210? 
287 1913 у 1.2(2)x102, 6 <0.3 1014.(400) 
БОГ 79x10 y = 60. 1.0(2)x102 
6; 3043) RI, = 466.(75) 
ШИГ 7 54x10 y 23.4(5) 1.0(1)х102 
о,505 mb 
"Ih 100. 140x109 y 7.37(4) 85,2) 10.31(3) 
6,.3.(1) ub 
o, «1. ub 
БАГ 223m 15(1)x105 417102 
6,152) 
{ТП 24104 1.8(6) 
б< 0.01 
“Ра 
230Pa 1744 1.5(3)x108 
EI 325x10* y 2.0(1)x102 750.(80) 9.1(3) 
6,.20.(1) mb RI, = 0.05(1) 
БОЛ 1310 4.6(10)х102 300.(70) 
о 1.5(5)х10° RI, = 1.0(1)х10° 
БОЛ 2700 39.2) (460.+440.) 
а, 20.4) 
6, 193) 
o,« 0.1 
40 3.48) o, = 4.2(1) 28020) | = 2.0 8417(5) 


* Extrapolated value. 
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NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- Resonance Integral 


Coh. Scat. Length с (30 keV) Maxw. 


Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
20) 20.8 d O, 25. 
2310 424 o, = 250. 
232 70.у 73.0 280.15) 
о. 74.8) RI, = 350.(30) 
234) 1592x105 у 47.2 1376) 10.10) 
6,.53(1)k10? Ri, = 760.17) 
о, «02 mb 
241) 0.0054(5) 2455x105 y 96.2 660.(70) 12.4) 
6,.0.07(2) RI, = 6.5 
235 0.7204(6) 7.04x108 y 95.(5 144 (6) 10.47(4) 
6,.586.(2) RI, = 275(5) 
с, « 0.1 mb 
238) 2.342х107 y 54(3 360.(15) 
о < 13 mb RI, = 4.38(50) 
2370 6.75 d = 10? 1200.(200) 
б< 0.35 
28] 99.2742(10) 4.47103 y 270) 277 (8) 8.402(5) 
а = 3. ub 1.54(15) mb 
с, = 14(5) ub 
28] 235 т 22.2) 
6, 15.3) 
«р 
гэр 448 о. 9.(8)x10? 
ES 1.085 y 1.6(1)х102 
236mNp 225h а. 2.7(2)x102 7 (4)x10? 
гэр 1.55105 y о. 3.0(2)х10° 1.35(30)х10° 
ГТ 214105 у 1.7(1)х102 6.5(3)x102 10.6(1) 
6,.20.(1) mb RI, = 47 
ойр 2117 а, .2.6(3)х109 1.4(3)х103 
289 2.355 d (32.+19.) 
o;« 1. 
Ри 
сэр 287 y а 1.6(3)х10 1000.(60) 
ШЕТ 45.7 d o, _2.3(3)x10° 
Em 87.7 y 5.12)x102 1.6(0)х102 1416) 
а 170) RI, = 26.02) 
ЕТ 2410 x 10 y 23 (110? 2.0(2)x102 7111) 
©; = 7523) 3.0(1)x102 
с, € 0.3 mb 
ШЕТ 6.56х108 у 2.9(1)x102 8.4(3)x108 35(1) 
а! = 59. mb RI = 3.2 
ШЕ 144у 3.7(1)x102, о, 402 mb 1.6(1)х10° 
o, = 1.01(1)x105 5.7(4)Х10? 
зору 3.75 х 105 y 19. 11(1)х108 8.1(1) 
002 RI, = 0.23 
цан! 4.956 h «100 
©; = 2.0(2)x102 
ШЕТ 8.00х107 у 170) 418) 
теру 10511 1.5(3)x102 220.(40) 
АП 
ШҮП 432.7 y (0.6+6.4)x102 (1.414 )x102 
а, = 3.15(10) 1411) 
AMAM 141. у 1.7(4)х103 = 200. 


* Extrapolated value. 


G = 5.9310? 
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RI, = 1.8(1)x10 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES (continued) 


Elem. or Natural Abundance 


Thermal Neut. Cross- Resonance Integral Coh. Scat. Length с (30 keV) Maxw. 


Isot. (06) Half-Life Section (barns) (barns) (fm) Avg. (barns) 
22AM 16.02 h o, = 2.1(2)x108 RI, = < 300. 
3.3(5)x102 = 15x10? 
28Am 73710 y (75.+5.) (17.141.0)x102 830) 
а! - 790) mb RI, = 0.056 
2UmAm =26. m 6, = 1.6(3)х10° 
ШҮ 1011 6, = 2.2(3)x10° 
«om 
гт 162.8 d = 20. 120.(50) 
[UE 5 
280m 29.1 у 1.3(1)х102 214100) 
6, = 6.2(2)x102 RI, = 1.6(1)x10° 
Cm 181 у 15.1 64050) 9.58) 
o, = 1.1(2) RI, = 10.8(8) 
260m 8.48x108 y 3.5(2)x102 10.(10) 
6, = 24(1)k10? RI, = 8.(1)x102 
260m 4.76х108 y 1.22 20.10) 9.3(2) 
©; = 0.16(7) 3.0) 
Сп 1.56х107 у 60.(30) 5.1510? 
6, = 82.6) 7.3(7)x102 
280) 348x105 y 2.6(3 270.30) 770) 
о, = 0.36(7) 3.2) 
Ст 64.15 т = 1.6 
2000 т = 9.7x108 у = 80. 
ЕЕ: 320. 1 7.(1)х102 9.(1)x102 
oí = 0.1 
250Bk 3.217 h o, = 1.0(2)x108 
Сі 
290 351. y 5.0(3)x102 7.7(4)x102 
бу = 1.7(1)х10° RI, = 2.1(3)х10° 
200 131у 2.0(2)х103 12(0)х102 
а! = 110.(90) RI, = 160.(40) 
жб 9.0x10? y 2.9(2)x10? 1.6(1)x108 
а = 45(5)k10? RI, = 5.5(3)х10° 
252 2.65 y 20.2 43.3) 
а, = 32.(4) RI, = 1.1(3)x102 
530 1784 18.2 8.1) 
o, = 1.3(2)х10° 
гм 60.5 d 4.5(10) 2. 
oS 
253Es 20.47 d (180.+5.8) (37.5+1.1)х10° 
?54mEg 1.64 d o, = 1.8(1)х10° 
"ES 276. d 28.(3) 18.(2) 
6, = 1.8(2)х10° RI, = 1.2(3)х10° 
?55Eg 40. d z 55. 
 Ш 
255 үү 2011 26.(3) 14.0) 
о = 3.3(2)х10° 
2% т 100.5 d а! = 3.0(2)x108 


* Extrapolated value. 
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COSMIC RADIATION 
A.G. Gregory and R.W. Clay 


The Nature of Cosmic Rays 

Primary cosmic radiation, in the form of high energy nuclear particles, electrons and photons from outside the solar system and from the Sun, 
continually bombards our atmosphere. Secondary radiation, resulting from the interaction of the primary cosmic rays with atmospheric gas, is present 
at sea-level and throughout the atmosphere. 

The secondary radiation is collimated by absorption and scattering in the atmosphere and consists of a number of components associated with 
different particle species. High energy primary particles can produce large numbers of secondary particles forming an extensive air shower. Thus, a 
number of particles may then be detected simultaneously at sea-level. 

Primary particle energies accessible in the vicinity of the earth range from ~108 eV to ~ 1020 eV. At the lower energies, the limit is determined by 
the inability of charged particles to traverse the heliosphere to us through the outward-moving solar wind. The upper energy limit is set by the 
practicality of building detectors to record particles with the extremely low fluxes found at those energies (J.G. Wilson, 1976; O.C. Allkofer, 1975a). 


Primary Cosmic Rays 
Primary Particle Energy Spectrum 

Figure 1 showsthe spectrum of primary particle energies. This includes all particle species. In differential form itis roughly a power law of intensity 
versus energy with an index of ~ —3. There appears to be a knee (a steepening) at a little above 1085 eV and an ankle (a flattening) above ~10!8 eV. 
Figure 2 emphasizes the features in the spectrum at the highest energies through multiplying the flux with a strongly rising power law of energy. This 
figure should be used with caution as errors for the two axes are not now independent. 

Data on the high energy cosmic ray spectrum are uncertain largely because of limited event statistics due to the very low flux which might best 
be measured in particles per square kilometer per century. The highest energy event recorded to 1995 had an energy of 3 x 10% eV (D.J. Bird et al., 
1993). 

It is expected that the highest energy cosmic rays will interact with the 2.7 K cosmic microwave background through photoproduction or 
photodisintegration. These interactions will appreciably reduce the observed flux of cosmic rays with energies above 5 x 1019 eV if they travel further 
than -150 million light years. This process is known as the Greisen-Zatsepin-Kuz' min (GZK) cut off (P. Sokolsky, 1989). 

At energies below ~10!3 eV, solar system magnetic fields and plasma can modulate the primary component and Figure 3 shows the extent of this 
modulation between solar maximum and minimum (E. Juliusson, 1975; J. Linsley, 1981). 


Primary Particle Energy Density 

If the above spectrum is corrected for solar effects, the energy density above a particle energy of 10? eV outside the solar system is found to be 
-5 х 107 eV m”. As the threshold energy is increased, the energy density decreases rapidly, being 2 x 10^ eV m? above 102 eV and 10? eV m? above 
1015 eV. The energy density at lower energies outside the heliosphere is unknown but may be substantially greater if the particle rest mass energy is 
included together with the kinetic energy (A. W. Wolfendale, 1979). 


Primary Particle Isotropy 

This is measured as an anisotropy (Imax — Ђуру ах + ыа) X 100%, where 1, the intensity (m~?s~'sr-'), is usually measured with an angular resolution 
of a few degrees. 

The measured anisotropy is small and energy dependent. It is roughly constant in amplitude at between 0.05 and 0.1% (with a phase of 0 to 6 hours 
in right ascension) for energies between 10!! eV and 10 eV and appears to increase at higher energies roughly as 0.4 x (Епегеу(еУ)/1016)0-5% up to 
~10!8 eV. The latter rise may well be an artifact of the progressively more limited statistics as the flux drops rapidly with energy. It appears possible 
that a real anisotropy has been observed at the highest energies (above a few times 10!? eV) with a directional preference for the supergalactic plane 
(this plane reflects the directions of galaxies within about 100 million light years) (A.W. Wolfendale, 1979; R.W. Clay, 1987; T. Stanev et al., 1995). 


Primary Particle Composition 
The composition of low energy cosmic rays is close to universal nuclear abundances except where propagation effects are present. For example, 
Li, Be, and B which are spallation products, are over-abundant by about six orders of magnitude. 


Composition at 10!! eV per nucleus 


Charge 1 2 (3-5) (6-8) (10-14) (16-24) (26-28) >30 
% Composition 50 25 1 12 7 4 4 0.1 
(1096 uncertainty) 


Measurements at higher energies indicate that there is an increase in the relative abundances of nuclei with charge greater than 6 at energies above 
50 TeV/nucleus (К. Asakimori et al., 1993) (1 TeV = 102 eV). 

Cosmic ray composition at low energies is often quoted at a fixed energy per nucleon. When presented in this way, protons constitute roughly 9096 
of the flux, helium nuclei about 10% and the remainder sum to a total of about 1%. 

Certain radioactive isotopic ratios show lifetime effects. The ratio of Be!0/B? abundances is used to measure an “age” of cosmic rays since Ве!0 
is unstable with a half life of about 1.6 x 106 years. A ratio of 0.6 is expected in the absence of Be! decay and a ratio of about 0.2 is found experimentally 
(E. Juliusson, 1975; P. Meyer, 1981). 
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FIGURE 1. The energy spectrum of cosmic ray particles. This 
spectrum is of a differential form and can be converted to an 
integral spectrum by integration over all energies above a required 
threshold (E). Insofar as the spectrum approximates a power law of 
index -3, a simple conversion to the integral at an energy Е/1.8 is 
obtained by multiplying the differential flux by the energy and 
dividing by 0.62. 


FIGURE 2. Energy spectrum at the highest energies. This 
spectrum (after Yoshida et al., 1995) has the differential spectrum 
multiplied by energy cubed. It is from a compilation of a number 
of measurements and indicates the good general agreement at the 
lower energies and a spread due to inadequate statistics at the 
highest energies. 


FIGURE 3. Energy spectrum of particles at lower energies. (a) Solar minimum 
proton energy spectrum. (b) Solar maximum proton energy spectrum. (c) Gamma-ray 
energy spectrum. (d) Local interstellar electron spectrum. 
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At higher energies, composition determinations are indirect and аге rather contradictory and controversial. Experiments aim to differentiate 
between broad composition models. The measurement technique is based on studies of cosmic ray shower development. A rather direct technique for 
such studies is to use fluorescence observations of the shower development to determine the atmospheric depth of maximum development of the 
shower. Such observations suggest a heavy composition (large atomic number) at energies ~10!7 eV which changes with increasing energy to a light 
composition (perhaps protonic) above ~10!9 eV (T. К. Gaisser et al., 1993). 


Primary Electrons 
Primary electrons constitute about 1% of the cosmic ray beam. The positron to negative electron ratio is about 10% (7. M. Clem et al., 1995). 


Antimatter in the Primary eam 
The ratio of antiprotons to protons in the primary cosmic ray beam (at about 400 MeV) is about 10-5. At about 10 GeV the ratio is about 107. At 
the highest measured energies (10 TeV), the upper limit to the ratio is about 20% (S. Orito et al., 1995; M. Amenomori et al., 1995). 


Primary Gamma-Rays 

The flux of primary gamma-rays is low at high energies. At 1 GeV the ratio of gamma-rays to protons is about 10-9. The arrival directions of these 
gamma-rays are strongly concentrated in the plane of the Milky Way although there is a diffuse, near isotropic background flux and some point sources 
have been detected. 

Since the absorption cross section for gamma-rays above 100 MeV is approximately 20 mbarn/electron, less than 1096 of gamma-rays reach 
mountain altitudes (A. W. Wolfendale, 1979; P. F. Michelson, 1994). 


Sea Level Cosmic Radiation 

The sea level cosmic ray dose is 300 millirad-yr-! and the sea level ionization is 2.2 x 106 ion pairs m 3s-!. The sea level flux has a soft component, 
which can be absorbed in about 100 mm of lead (about 100 g-cm 2 of absorber) and a more penetrating (largely muon) hard component. The sea level 
radiation is largely produced in the atmosphere and is a secondary component from interactions of the primary particles. The steep primary energy 
spectrum means that most secondaries at sea level are from rather low energy primaries. Thus the secondary flux is dependent on the solar cycle and 
the geomagnetic latitude of the observer. 


Absolute Flux of the Hard Component 
Vertical Integral Intensity КО) ~100 m 28:18"! 
Angular dependence I(0) ~ I(0) соѕ2(0) 
Integrated Intensity -200 m 2s-1 

(O.C. Allkofer, 1975b). 


Flux of the Soft Component 
In free air, the soft component comprises about one third of the total cosmic ray flux. 


Latitude Effect 
The geomagnetic field influences the trajectories of lower energy cosmic rays approaching the Earth. As a result, the background flux is reduced 
by about 7% at the geomagnetic equator. The effect decreases towards the poles and is negligible at latitudes above about 409. 


Flux of Protons 
The proton component is strongly attenuated by the atmosphere with an attenuation length (reduction by a factor of e) of about 120 g-cm 2. It 
constitutes about 1% of the total vertical sea level flux. 


Absorption 
The soft component is absorbed in about 100 g-cm 2 of matter. The hard component is absorbed much more slowly: 
Absorption in lead, 6% per 100 g-cm 2 
Absorption in rock, 8.5% рег 100 g-cm 2 
Absorption in water, 10% per 100 g-cm? 
(Absorption for depths less than 100 g:pd cm 2 is given by К. Greisen, 1943.) 


Altitude Dependence 

The cosmic ray background in the atmosphere has a maximum intensity of about 15 times that at sea level at а depth of about 150 g-cm? (15 km 
altitude). At maximum intensity, the soft and hard components contribute roughly equally but the hard component is then attenuated more slowly (S. 
Hayakawa, 1969). 


Cosmic Ray Showers 

High energy cosmic rays produce particle cascades in the atmosphere which can be detected at sea level provided that their energy exceeds about 
100 GeV (such low energy cascades may be detected by using the most sensitive atmospheric Cerenkov detectors). The primary particle progressively 
loses energy which is transferred through the production of successive generations of secondary particles to a cascade of hadrons, an electromagnetic 
shower component (both positively and negatively charged electrons and gamma-rays) and muons. The secondary particles are relativistic and all travel 
effectively at the speed of light. As a result, they reach sea level at approximately the same time but, due to Coulomb scattering (for the electrons) and 
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production angles (for the pions producing the muons), are spread laterally into a disk-like shower front with a characteristic lateral width of several 
tens of meters and thickness (near the central shower core) of 2 to 3 m. The number of particles at sea level is roughly proportional to the primary particle 
energy: 


Number of particles at sea level ~10-!° x energy (eV). 
At altitudes below a few kilometers, the number of particles in a shower attenuates with an attenuation length of about 200 g-cm-. 
i.e., particle number - original number x exp(-(depth increase)/200) 


The above applies to an individual shower. The rate of observation of showers of a given size (particle number at the detector) at different depths 
of absorber attenuates with an absorption length of about 100 g-cm 2 (J.G. Wilson, 1976). 


Atmospheric Background Light from Cosmic Rays 


Cosmic ray particles produce Cerenkov light in the atmosphere and produce fluorescent light through the excitation of atmospheric molecules. 


Cerenkov Light 

High energy charged particles will cause the emission of Cerenkov light in air if their energies are above about 30 MeV (electrons). This threshold 
is pressure (and hence altitude) dependent. A typical Cerenkov light pulse (at sea level, 100 m from the central shower core) has a time spread of a 
few nanoseconds. Over this time, the photon flux between 430 and 530 nm would be ~10!4 m 2s-! for a primary particle energy of 1016 eV. For 
comparison, the night sky background flux is ~6 х 10!! photons m 2s-!sr-! in the same wavelength band (J.V. Jelley, 1967). 


Fluorescence Light 

Cosmic ray particles in the atmosphere excite atmospheric molecules which then emit fluorescence light. This is weak compared to the highly 
collimated Cerenkov component when viewed in the direction of the incident cosmic ray particle but is emitted isotropically. Typical pulse widths 
are longer than 50 ns and may be up to several microseconds for the total pulse from distant large showers (R.M. Baltrusaitis et al., 1985). 


Effects of Cosmic Rays 
Cerenkov Effects in Transparent Media 
Background cosmic ray particles will produce Cerenkov light in transparent material with a photon yield between wavelengths À, and À; 


22 
-(2л/137) sin?(0,) | 43,132 photons (unit length) 
х 


where 0, (the Cerenkov angle) = сов”! (1/refractive index). 
This background light is known to affect light detectors, e.g., photomultipliers, and can be a major source of background noise (R.W. Clay and 
A.G. Gregory, 1977). 


Effects on Electronic Components 

If background cosmic ray particles pass through electronic components, they may deposit sufficient energy to affect the state of, e.g., a transistor 
flip-flop. This effect may be significant where reliability is of great importance or the background flux is high. For instance, it has been estimated that, 
in communication satellite operation, an error rate of about 2 x 10-3 per transistor per year may be found. Permanent damage may also result. A 
significant error rate may be found even at sea level in large electronic memories. This error rate is dependent on the sensitivity ofthe component devices 
to the deposition of electrons in their sensitive volumes (J.F. Ziegler, 1981). 


Biophysical Significance 

When cosmic rays interact with living tissue, they produce radiation damage. The amount of the damage depends on the total dose of radiation. 
At sea level, this dose is small compared with doses from other sources but both the quantity and quality of the radiation change rapidly with altitude. 
Approximate dose rates under various conditions are: 


Dose rates (mrem-yr~!) 

Sea level cosmic rays, 30 

Cosmic rays at 10 km (subsonic jets), 2000 

Cosmic rays at 18 km (supersonic transports), 10,000 
(c.f., mean total sea level dose, 300) 


Astronauts would be subject to radiation from galactic (0.05 rads per day) and solar (a few hundred rads per solar flare) cosmic rays as well as large 
fluxes of low energy radiation when passing through the Van Allen belts (about 0.3 rads per traverse). 
Both astronauts and SST travellers would be subject to a small flux of low energy heavy nuclei stopping in the body. Such particles are capable of 
destroying cell nuclei and could be particularly harmful in the early stages of the development of an embryo. The rates of heavy nuclei stopping in 
tissue in supersonic transports and spacecraft are approximately as follows: 
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Stopping nuclei ((cm? tissue)! hr!) 

Supersonic transport (16 km), 0.0005 

Supersonic transport (20 km), 0.005 

Spacecraft, 0.15 

(O. C. Allkofer, 1975a; O. C. Allkofer et al., 1974). 


Carbon Dating 

Radiocarbon is produced in the atmosphere due to the action of cosmic ray slow neutrons. Solar cycle modulation of the very low energy cosmic 
rays causes an anticorrelation of the atmospheric МС activity with sunspot number with a mean amplitude of about 0.596. In the long term, modulation 
of cosmic rays by a varying magnetic field may be important (A.A. Burchuladze et al., 1979). 


Practical Uses of Cosmic Rays 
There are few direct practical uses of cosmic rays. Their attenuation in water and snow have, however, enabled automatic monitors of water and 
snow depth to be constructed. A search for hidden cavities in pyramids has been carried out using a muon “telescope”. 


Other Effects 


Stellar X-rays have been observed to affect the transmission times of radio signals between distant stations by altering the depth of the ionospheric 
reflecting layer. It has also been suggested that variations in ionization of the atmosphere due to solar modulation may have observable effects on 
climatic conditions. 
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is а very important tool in the search for new physical and chemical phenomena. It plays ап essential role in new applications of solids and liquids in industry, communications, and medicine. Many of its 


TECHNIQUES FOR MATERIALS CHARACTERIZATION 


EXPERIMENTAL TECHNIQUES USED TO DETERMINE THE COMPOSITION, STRUCTURE, AND ENERGY STATES OF SOLIDS AND LIQUIDS 


H.P.R.Frederikse 


techniques are used in quality control, in safety regulations, and in the fight against pollution. 


techniques usually require a high vacuum. As a result of interactions between the solid (or liquid) and the incoming radiation a beam of a similar (or a different) nature will emerge from the sample. Measurement 


The many experimental methods, originally designed to study the chemical and physical behavior of solids and liquids, have grown into a new field known as Materials Characterization (or Materials 
Analysis). During the past 30 years a host of techniques aimed at the study of surfaces and thin films has been added to the many tools for the analysis of bulk samples. The field has benefitted particularly 
from the development of computers and microprocessors, which have vastly increased the speed and accuracy of the measuring devices and the recording of their output. Materials characterization was and 


In most Materials Characterization experiments the sample is subjected to some kind of radiation: electromagnetic, acoustic, thermal, or particles (electrons, ions, neutrons, etc.). The surface analysis 


of the physical and/or chemical attributes of this emerging radiation will yield qualitative, and often quantitative, information about the composition and the properties of the material being probed. 


the lateral spatial resolution that can be probed, and the information obtained from the experiment. The last column lists one or two major references to the technique described. 


10. 


Technique 


AAS 

Atomic Absorption Spectroscopy 

ICP-AES 

Induct. Coupled Plasma — Atomic 

Emission Spectroscopy 

Dynamic SIMS 

Dynamic Secondary lon Mass 
Spectroscopy 

Static SIMS 

Static Secondary lon Mass 
Spectroscopy 

SNMS 

Sputtered Neutral Mass 
Spectroscopy 


SALI 

Surface Analysis by Laser 
lonization 

LIMS 

Laser lonization Mass 
Spectroscopy 

SSMS 

Spark Source Mass Spectroscopy 

GDMS 

Glow Discharge Mass Spectroscopy 

ICPMS 

Induct. Coupled Plasma Mass 

Spectroscopy 


Sample 


Atomize (flame, electro, 
thermal, etc.) 

Atomize (flame, electro, 
thermal, ICP, etc.) 


Surface 


Surface 


Surface, bulk 


Surface 


Surface, bulk 


Sample in the form of two 
electrodes 

Sample forms the cathode 
for a D.C. glow discharge 

Liquid-dissolved sample 
carried by gas stream into 
R.F. induction coil 


In 


OPTICAL AND MASS SPECTROSCOPIES FOR CHEMICAL ANALYSIS 


Light 
e.g., glow discharge 


lon beam 
(1-20 keV) 


lon beam 
(0.5-20 keV) 


Plasma discharge; 
noble gases: 
0.5-20 keV 


е-беат, ion-beam, 
or laser for 
sputtering 

u.v. laser 
(ns pulses) 


High voltage R.F. 
spark produces ions 

Sputtered atoms 
ionized in plasma 

lons produced in 
argon plasma 


Out 


Absorption spectrum 


Emission spectrum 


Secondary ions; 
analysis with mass 
spectrometer 

Secondary ions, 
analysis with 
mass spectrometer 

Sputtered atoms 
ionized by atoms 
or electrons; then 
mass analyzed 

Sputtered atoms 
ionized by laser; 
then mass analyzed 

lonized species; 
analyzed with mass 
spectrometer 

lons — analyzed in 
mass spectrometer 

lons — analyzed in 
mass spectrometer 

lons — analyzed in 
quadrupole mass 
spectrometer 


Depth 


2 nm-1 um 
(or deeper: 
ion milling) 

0.1-0.5 nm 


0.1-0.5 nm 
(or deeper: 
ion milling) 


0.1-0.5 nm 
up to 3 um in 
milling mode 
50-150 nm 
1-5 um 


0.1—100 um 


Lateral 
resolution 


0.50 nm 


10 um 


1 ст 


60 nm 


Information 
obtained 


Concentration of atomic species 
(quantitative, using standards) 
Concentration of atomic species 
(quantitative, using standards) 


Elemental and isotopic analysis; 
depth profile (all elements); 
detection limits: ppb-ppm 

Elemental analysis of surface layers; 
molecular analysis; 
detection limits: ppb-ppm 

Elemental analysis Z2 3; 
depth profile; detection limit: ppm 


Surface analysis; depth profiling 


Elemental (micro)analysis; 
detection limits: 1-100 ppm 


Survey of trace elements; 
detection limit: 0.01—0.05 ppm 

(Bulk) trace element analysis; 
detection limit: sub-ppb 

High sensitivity analysis of trace 
elements 


The modern tendency of describing practically everything in this world by a combination of a few letters (acronyms) has also penetrated the field of Materials Characterization. The table below gives the 
meaning of the acronym for every technique listed, the form and size of the required sample (bulk, surface, film, liquid, powder, etc.), the nature of the incoming and of the emerging radiation, the depth and 


Ref. 


4,6 


9,10 


са 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Technique 


IRS 
Infrared Spectroscopy 


FTIR 

Fourier Transform І.А. 
Spectroscopy 

ATR 

Attenuated Total Reflection 

(u)-RS 

(Micro-) Raman Spectroscopy 


CARS 

Coherent Anti-Stokes Raman 
Spectroscopy 

Ellipsometry 


UPS 

Ultraviolet Photo-electron 
Spectroscopy 

PSD 

Photon Stimulated Desorption 


XRD 
X-Ray Diffraction 


XRF/EDS 

X-Ray Fluorescence/Energy 

Dispersive Spectroscopy 

EXAFS 

Extended X-Ray Absorption Fine 

Structure 

XPS/ESCA 

X-Ray Photo-electron 
Spectroscopy/Electron Spect. 
for Chemical Analysis 


CL 

Cathode Luminescence 

APS 

Appearance Potential 
Spectroscopy 


TECHNIQUES FOR MATERIALS CHARACTERIZATION (continued) 


Sample 


Thin crystal, glass, liquid 


Solid, liquid; transmission 
or reflection 


Surface or thin crystal 


Solid, liquid 
(1 um-1 ст) 


Solid, liquid 
(50 ит-3 cm) 


Transparent films, 
crystals, adsorbed layers 


Surfaces, adsorbed layers 


Surfaces with adsorbed 
Species 


Single crystals, powders 
films 


Thin films, single layer 


Films, foils 


Surfaces, thin films 
(«20 atomic layers) 


Insulators, semiconductors 


Surface (-20 atomic layers) 


In 


PHOTONS — ABSORPTION, REFLECTION AND ELECTRON EMISSION 


LR. light 
(W-filament, 
globar, Hg-arc) 


White light 
(all frequencies) 


Laser beam, 
e.g., Ar-line, 
YAG-line 

Pump beam (%)-- 
probe beam (ws) 


Polarized light 


им. light, 10-100 еу; 
200 eV (synchrotron) 


Far u.v. light 
Е>10еу 


Х-гаув: 
À = 0.05-0.2 nm 
(6-17 keV) 

Prim. X-ray beam 

À = 0.02—0.1 nm 
12-80 кеу 

High intensity 

X-rays (synchrotron) 


Soft X-rays 
(1-20 кеу) 


Electrons 
5-50 keV 

Electrons 
(energy scan) 
50-2000 еу 


Out 


I.R. spectrum 


Fourier Transform 
of spectrum 
(interferometer) 


Raman spectra 
Anti-Stokes 
spectrum 


Change in 
polarization 


Electrons 
lons — analyzed with 
mass spectrometer 
X-RAYS 


Diffracted X-ray 
beam 


Fluorescent X-rays 


Spectrum near 
absorption edge 


Core electrons; 
valence electrons 


ELECTRONS 


Photons 
0.1-5 eV 
X-rays to pinpoint 
electron energy 
threshold 


Depth 


0.05 nm-5 um 


0.2710 nm 


0.1-2 nm 


1-1000 um 


1-100 um 


nm-um 


0.5-10 nm 


1 пт-2 un 


Lateral 
resolution 


0.5 um 


25 um 
(or sample 
thickness) 
0.1-10 nm 


0.1-10 mm 


10 mm 


5 nm-50 um 


1 ог2 рт 


Information 
obtained 


Electronic transitions (mainly in 
semiconductors and superconductors); 
vibrational modes (in crystals and 
molecules) 

Spectra obtained at higher speed 
and resolution 


Atomic or molecular spectra of 
surfaces and films 
Molecular and crystal vibrations 


High resolution Raman spectra 


Refractive index and absorption 


Energies of electronic states of 
surfaces and free molecules 


Structure and desorption kinetics 
of adsorbed atoms and molecules 


Identification of crystallographic 
structures; all elements (low Z 
difficult) 

Elemental analysis; all elements 
except H, He, Li — (EDS also used 
in XRD, SEM, TEM and EPMA) 

Local atomic structure: order/disorder 
in vicinity of absorbing atom 


(Quantitative) identification of all 
elements in surface layer or film 


Energy levels of impurities and 
point defects 
Identification of surface species 


Ref. 


12,13, 


14 


15 


16 


12,14, 


17 


14 


18,19 


20,21 


22 


23,24 


25,26 


27 


28,29 


30 


21, see 
also C 


са 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


Technique 


AES 
Auger Electron Spectroscopy 


EELS 

Electron Energy Loss 
Spectroscopy 

EXELFS 

Extended Electron Energy 
Loss Fine Structure 


ectron Stimulated Desorption 


EPMA 

Electron Probe (X-Ray) Micro 
Analysis 

LEED 

Low Energy Electron Diffraction 


RHEED 

Reflection High Energy Electron 
Diffraction 

SEM 

Scanning Electron Microscopy 


(S)TEM 


(Scanning) Transmission Electron 


Microscopy 
FEM 


Field Emission Microscopy 


STM 

Scanning Tunneling Microscopy 
SPM 

Scanned Probe Microscopy 
AFM 

Atomic Force Microscopy 


ISS (or LEIS) 

lon Scattering Spectroscopy 
(Low Energy lon Scattering) 

FIM 

Field lon Microscopy 


RBS 
Rutherford Back Scattering 


TECHNIQUES FOR MATERIALS CHARACTERIZATION (continued) 


Sample 


Thin films, surfaces 
Very thin samples 
(«200 nm) 


Thin films 


Adsorbed species 

(See ESD) 

Solid conductors and 
insulators «1 cm thick 

Surface 

Surface 

Bulk, films 
(conducting) 

Thin specimen — «200 nm 

Metals, alloys 
(sharp point) 

Polished or cleaved 
surface (conducting) 

Very flat surface 


Very flat surface 


Surface 


Surface: metals, alloys; 
very sharp tip 


Solids, thin films 


Elec 


In 


rons 


3-10 keV 


Elec 
(10 


Elec 
(10 


Elec 


rons 
0—400 keV) 


rons 
0—400 keV) 


rons 


E» 10eV 
(See ESD) 


Electrons 
5-30 keV 


Mon 


o-energetic 


electron beam 
10-1000 eV 


Electron beam at 


gra 


zing angle 


5-50 keV 


High 


energy 


electrons 


usually ~30 keV 


High 


energy 


electrons 


typically 300 keV 


Out 


Auger electrons 
20-2000 eV 


(Retarded) electrons; 
minus 1-1000 еу 


Electrons 
energies 0-30 eV 
above edge 

lons — analyzed with 
mass spectrometer 

Directional 
dependence of 
emitted ions 

Characteristic X-ray 
0.1—15 keV 


Diffracted electrons 


Reflected electrons 


Secondary and 
backscattered 
electrons 

Transmitted and 
diffracted electrons 


Electron emission 
(with appl. electric 
field — 50 kV) 


Tunneling current controls distance between sample and 


ven 


y sharp tip 


Any field: e.g. mechan. vibration recorded with laser probe; 
same with magnetic, electric or thermal field 
Similar to STM; force measured with cantilever spring 


lon beam 
He* or Ne* 
<3 кеу 
(He gas above 
sample) 


Mon 


ions (H* or He**) 


o-energetic 


0.5-3 MeV 


IONS AND NEUTRONS 


Sputtered ions 
(energy analysis) 


He ions + high 
electric field 
produce image 

Backscattered ions 


Depth 


0.3-3 nm 


«200 nm 


«200 nm 


100 nm-5 um 


0.4-2 nm 


0.2-10 nm 


1 nm-5 um 


(Sample 


thickness) 


20.5 nm 


1-5 nm 
1-100 nm 


0.5-5 nm 


0.1-0.5 nm 


20.1 пт 


10 nm-1 um 


Lateral 
resolution 


=30 nm 


1-100 nm 


1-100 nm 


«5 um 


«5 um 


1-20 nm 


2-20 nm 


10-100 nm 


2-10 пт 
1-100 nm 


0.2-130 nm 


1-100 um 


0.1-2 nm 


1mm 


Information 
obtained 


Elemental composition of surface 
(except H, He); detection limit 
0.1-1% 

Local elemental concentration; 
electronic structure, chem. bonding; 
interatomic distances 

Density of states of valence electrons 
(above Fermi level) 


Structure and desorption properties 
of adsorbed atoms and molecules 

Geometries of adsorbed species 
(atoms or molecules) 


Elemental analysis, Z x 4, 
major, minor and trace amounts 


Crystallographic structure of surface; 
resolution: 0.01 nm 


Surface symmetry 


Surface image, defect structure; 
resolution 5-15 nm; 
magnification 300,000x 

(Defect) structure of cryst. solids; 
microchemistry; high resol.: 0.2 nm 


Surface image, crystallographic 
structure 


Atomic-scale relief map of surface; 
resolution: vert. 0.002 nm, hor. 0.2 nm 

Surface-magnetic field, surface- 
thermal conductivity, etc. 

Surface topography with atomic 
resolution; interatomic force 


Elemental analysis (better for low Z) 
detection limits: 0.01—196 


Atomic structure of surface 


Element identification (Li to U) 
detection limit: 0.01-1% 


Ref. 


28,29 


31 


27,32 


22 


22 


33,34 


35 


36,37 


33,34 


33 


34 


39 


39a 


40 


41 


34,42 


46 


ға 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


Technique 


NRA 
Nuclear Reaction Analysis 


PIXE 
Particle Induced X-ray Emission 


INS 

lon Neutralization Spectroscopy 
NAA 

Neutron Activation Analysis 


N(P)D 
Neutron (Powder) Diffraction 
SANS 

Small Angle Neutron Scattering 


SLAM 
Scanning Laser Acoustic 
Microscopy 


DTA 

Differential Thermal Analysis 
DSC 

Differential Scanning Calorimetry 


TGA 
Thermo Gravimetric Analysis 


EPR (ESR) 

Electron Paramagnetic (Spin) 
Resonance 

ECR 

Electron Cyclotron Resonance 


Móssbauer Effect 


NMR (MRI) 
Nuclear Magnetic Resonance 
(Magnetic Resonance Imaging) 


ENDOR 
Electron Nuclear Double 
Resonance 


TECHNIQUES FOR MATERIALS CHARACTERIZATION (continued) 


Sample 


Solids, thin films 


Thin films, surface layers 


Surface 


Bulk, 20.5 g 


Crystalline solids 


Inhomogeneous solids; 
powders; porous samples 


Bulk, film 


Specimen and reference 
sample 
Specimen and ref. sample 


Bulk, 1-100 g 


Paramagnetic solids or 
liquids 

Semiconductors, metals; 
free electrons 


(low temperature) 
Source and absorber 


Solids, liquids 


Solids, liquids 


In 


Mono-energetic 
ions (Li, Be, B, etc.) 
200 keV-6 MeV 
High energy ions 
(H+ or He**) 


He-ions (=5 eV) 


Thermal neutrons 


Thermal neutrons 
E «0.0025 еу 

Thermal neutrons 
20-10-2-10-4 


Acoustic wave 
produced by laser 
1 MHz-1 GHz 


Uniform heating 


Controlled heating 


Controlled heating 


Microwave radiation 
in magnetic field 
3-300 GHz; 1-100 kG 
Microwave radiation 
in magnetic field 
10-30 GHz; 5-10 kG 
Mono-energetic 
y-rays: 5-100 keV 


R.F. radiation + 
magnetic field; e.g. 
for protons: 

60 MHz, 14 ка 

R.F. + microwave 
radiation in magn. 
field. 


Out 


Protons, deuterons 
3He, o-particles, 
ү-гауѕ 

Characteristic 
X-rays 


Electrons 


Characteristic 
y-rays, («1 MeV) 


Diffracted neutrons 


Scattered neutrons 


ACOUSTIC 


Reflected acoustic 
wave 


THERMAL 


Temperature 
difference 

Measure heat 
required for equal 
temperature 

Weight as function 
of temperature 
(and time) 


RESONANCE 


Microwave 
absorption 
(at resonance) 
Microwave 
absorption 
(at resonance) 
Móssbauer spectrum 
(Doppler shifted 
(lines) 
R.F. absorption 


Microwave 
absorption 


Bulk 


1-25 mm 


um-cm 


Bulk 


Bulk 


Bulk 


Bulk 


Bulk 


50m 


«1 ст 


Lateral 
resolution 


10 um- 
10 mm 


1 um-2 mm 


0.1-20 mm 


1 ст 


1 ст 


Information 
obtained 


Element identification (all) 
detection limit: 10-12—10-2 


Trace impurities: 2 >3 
detection limit: 0.1—100 ppm 
(depending on sample thickness) 
Energies of valence electrons 


Trace concentrations (of isotopes) of 
elements: trans. metals, Pt-group; 
detection limit: 108—101 atoms/cm’ 

Crystallographic structure; 
porosity, particle size 

Average size of inhomogeneities; 
range: 1 nm-1 mm 


Defect structure; 
thickness measurement 


Phase transitions, crystallization 


Phase transitions, crystallization; 
activation energies 


Decomposition, non-stoichiometry, 
kinetics of reaction 


Local environment of paramagnetic 
ion; concentration of paramagnetic, 


species; detection limit: 10!! spins/cm? 


Electronic energy bands, effective 
masses 


Interaction between nucleus and its 
environment (local electric, magnetic 
fields; bonds; valency; diffusion, etc.) 

Quant. analysis; local magnetic 
environment; diffusion; imaging 


Hyperfine interaction — local 
atomic structure 


Ref. 


47 


48 


49 


43 


44 


45 


50 


51 


51 


52 


53,54 


55 


56 


58 


54 
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TECHNIQUES FOR MATERIALS CHARACTERIZATION (continued) 


Lateral Information 
Technique Sample In Out Depth resolution obtained 

57. МОН Solids R.F. radiation R.F. absorption — — Asymmetry of the charge distribution 

Nuclear Quadrupole Resonance 0.5-1000 MHz at the nucleus 

OTHER 

58. BET (Large) surface area Adsorbed gas (e.g., N, at low temp.) as function of = - Surface area measurement 

Brunauer-Emmett-Teller 1-20 m?/g pressure (monolayer coverage) 
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SYMMETRY OF CRYSTALS 


L. I. Berger 


The ability of a body to coincide with itself in its different positions regarding a coordinate system is called its symmetry. This property reveals 
itself in iteration of the parts of the body in space. The iteration may be done by reflection in mirror planes, rotation about certain axes, inversions and 
translations. These actions are called the symmetry operations. The planes, axes, points, etc., are known as symmetry elements. Essentially, mirror 
reflection 18 the only truly primitive symmetry operation. АП other operations may be done by a sequence of reflections in certain mirror planes. Hence, 
the mirror plane is the only true basic symmetry element. But for clarity, it is convenient to use the other symmetry operations, and accordingly, the 
other aforementioned symmetry elements. The symmetry elements and operations are presented in Table 1. 

The entire set of symmetry elements of a body is called its symmetry class. There are thirty-two symmetry classes that describe all crystals which 
have ever been noted in mineralogy or been synthesized (more than 150,000). The denominations and symbols of the symmetry classes are presented 
in Table 2. 

There are several known approaches to classification of individual crystals in accordance with their symmetry and crystallochemistry. The particles 
which form a crystal are distributed in certain points in space. These points are separated by certain distances (translations) equal to each other in any 
chosen direction in the crystal. Crystal lattice is a diagram that describes the location of particles (individual or groups) in a crystal. The lattice 
parameters are three non-coplanar translations that form the crystal lattice. Three basic translations form the unit cell of a crystal. August Bravais (1848) 
has shown that all possible crystal lattice structures belong to one or another of fourteen lattice types (Bravais lattices). The Bravais lattices, both 
primitive and non-primitive, are the contents of Table 3. 

Among the three-dimensional figures, there is a group of polyhedrons that are called regular, which have all faces of the same shape and all edges 
of the same size (regular polygons). It has been shown that there are only five regular polyhedrons. Because of their importance in crystallography 
and solid state physics, a brief description of these polyhedrons is included in Table 4. 

The systematic description of crystal structures is presented primarily in the well known Structurbericht. The classification of crystals by the 
Structurbericht does not reflect their crystal class, the Bravais lattice, but is based on the crystallochemical type. This makes it inconvenient to use the 
Structurbericht categories for comparison of some individual crystals. Thus, there have been several attempts to provide a more convenient 
classification of crystals. Table 5 presents a compilation of different classifications which allows the reader to correlate the Structurbericht type with 
the international and Schoenflies point and space groups and with Pearson's symbols, based on the Bravais lattice and chemical composition of the 
class prototype. The information included in Table 5 has been chosen as an introduction to a more detailed crystallophysical and crystallochemical 
description of solids. 


TABLE 1 
Symmetry Operations and Elements 


Symmetry element Presentation 
Symbol on the stereo- 
International graphic projection 
Symmetry operation Name (Hermann-Mauguin) Schoenflies Parallel Perpendicular 
Reflection in a plane Plane m C; O | / = 
Rotation by angle Axis n-1,2,3,40r6 Са 
а, = 360°/n about 
ап ахіѕ 
Е : I— 1 
n-3 ME A A A 
1-4 с, ишп ш 
п=6 Се 9-4 e 
Rotation about an Inversion n 23, 4, 6 Cii 
axis and inversion (improper) 
in a symmetry center axis 2 
lying on the axis п=3 С; А-А А 
1-4 Cs ФФ Ф 
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SYMMETRY ОЕ CRYSTALS (continued) 


TABLE 1 
Symmetry Operations and Elements (continued) 


Symmetry element Presentation 
Symbol on the stereo- 
International graphic projection 
Symmetry operation Name (Hermann-Mauguin) Schoenflies Parallel Perpendicular 


NT с. 4-4 


Inversion in a point Center 1 Ci o О > 
Parallel translation Translation 
yegtor 
a, b,c 
Reflection in a Glide- a, b, c, n, d 
plane and transla- plane 
tion parallel to 
the plane 
Rotation about an Screw Пт 
axis апа transla- axis (m21,2,., n- 1) 
tion parallel to 
the axis 
Rotation about an Rotatory- fü 5, 
axis and reflection reflection й-1,2,3,4,6 
іп а рїапе регреп- ах18 


dicular to the axis 


TABLE 2 
The Thirty-Two Symmetry Classes 


Class name? 


А 


Primitive Central Planal Axial Plane- Inversion Inversion- 
axial primitive planal 

Crystal and its symbol — International (Int) and Schoenflies (Sch) 
symbol Int Sch Int Sch Int Sch Int Sch Int Sch Int Sch Int Sch 
Triclinic 1 Ci 1 С; 
Monoclinic m С: 2 с, 2/m Con 
Ortho- mm2 Су 222 р, mmm D>, 
rhombic 
Trigonal 3 с; 3 Са Зт с, 32 р, 3m Са 
Tetragonal 4 С, 4/т Can 4mm C 422 р, 4/mmm Па 4 54 42m Ра 
Нехавопа! 6 Се 6m Ca 6mm Cy, 622 р, 6/mmm Da, 6 Ca 612 Dy 
Cubic 23 T m3 Т, 43m Та 432 О m3m О, 


а Per Fedorov Institute of Crystallography, USSR Academy of Sciences, nomenclature. 
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Metric 
Crystal category of 
system the system 
Triclinic Trimetric 
Monoclinic Trimetric 
Orthorhombic Trimetric 
Trigonal Dimetric 
(rhombohedral) 
Tetragonal Dimetric 
Hexagonal Dimetric 
Isometric Monometric 
(cubic) 


No. of 
different 
lattices 
in the 
system 


eH ARNE 


We N 


SYMMETRY OF CRYSTALS (continued) 


Lattice type? 
(marked by +) 
P C I F R 

+ 

+ + 

+ + + + 
+ 

+ + 

+ 

+ + + 


No. of 
identi- 
points 
per unit 

cell 


TABLE 3 
The Fourteen Possible Space Lattices (Bravais Lattices) 


к 


Characteristic 
parameters 
(marked by +) 
bc a Ву 
+ + + + + 
+ + + 
+ + 
+ 
+ 
+ 


Description of 
characteristic 
parameters 
acX, bcY, ccZ 
a=(b,c), B=(a,c), y=(a,b) 


a#b#ca#p ty 
a#b#c,a=y=90° = В 
ағҺғсо-фр-Үү-90% 

а =b = c, 1209 >a = B = y = 90° 


a=b + с, а = B = y= 90° 
a=b # с, а. = В = 90°, у = 120° 
а=ђ=е, а = B = у = 90° 


а Designations of the space-lattice types: P — primitive, С — side-centered (base-centered), I — body-centered, Е — face-centered, R — rhombohedral. 
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Symmetry of 
the lattice 
Int Sch 

1 C 
2/m С 
mmm Do 
3m Da, 
4/mmm Dan 
6/mmm Dg, 
m3m О, 


SYMMETRY OF CRYSTALS (continued) 


TABLE 4 
The Five Possible Regular Polyhedrons 


Number оЁ 
Symmetry (Schoenflies) Faces Edges Vertices 
Polyhedron Class Elements Form of faces (F) (E) (V) 
Tetrahedron T 4С.3С, Equilateral 4 6 4 
triangle 
Cube (hexahedron) [9] 3C44C4,6C, Square 6 12 8 
Octahedron о 3С,4С:6С, Equilateral 8 12 6 
triangle 
Pentagonal J 6C;10C315C, Regular 12 30 20 
dodecahedron pentagon 
Icosahedron J 6C510C315C, Equilateral 20 30 12 
triangle 
а Per formula by Leonhard Euler: F + У -E=2 
TABLE 5 
Classification of Crystals 
Standard 
ASTM 
Strukturbericht Structure Symmetry group Pearson Е157-82а 
symbol name International Schoenflies symbol? symbol^ 
1 2 3 4 5 6 
А1 Са Fm3m O^, cF4 F 
A2 w Im3m О cp B 
A3 Mg P64/mmc Юе hP2 H 
А4 С Fd3m O7, сЕ8 Е 
А5 Sn If,/amd DP, 04 U 
A6 In I4/mmm DU, 02 U 
А7 Ав R3m DŠ; hR2 R 
A8 Se P3 21 огРЗ,21 D^, (D®3) hP3 H 
A10 Не R3m D554 hR1 R 
All Ga Cmca 218, оС8 Q 
A12 o-Mn 143m ТЗа с158 В 
А13 p-Mn P432 о” сР20 C 
А15 OW; Pm3n ОЗ, cP8 C 
A20 a-U Стст D oC4 Q 
ВІ CINa Fm3m Or cF8 F 
B2 CICs Pm3m Ol, cP2 С 
B3 SZn F43m 2i cF8 F 
B4 SZn P64mc ere hP4 H 
B8, AsNi P6;,/mmc рс, hP4 H 
B8, Іі, P6;/mme Оһ hP6 H 
B9 HgS P3,21 or P3521 D^, ог D6, hP6 H 
B10 OPb P4/nmm D7 4, tP4 T 
Bll y-CuTi P4/nmm D^, tP4 T 
ВІЗ NiS R3m D^ hR6 R 
В16 GeS Pnma D'S, oP8 О 
В17 PtS P4,/mmc D? 1Р4 Т 
В18 CuS P64/mmc Юе hP12 H 
B19 AuCd Pmma р», oP4 О 
В20 FeSi Р213 T^ cP8 C 
B27 BFe Pnma 216, oP8 О 
B31 МиР Рита П16,, oP8 О 
B32 Мат! Fd3m O7, cF16 F 
B34 Pds Р4-/т Cn tP16 T 
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SYMMETRY OF CRYSTALS (continued) 


TABLE 5 
Classification of Crystals (continued) 
Standard 
ASTM 
Strukturbericht Structure Symmetry group Pearson E157-82a 
symbol name International Schoenflies symbol? symbol^ 

1 2 3 4 5 6 
В35 CoSn P6/mmm Dis hP6 H 
B37 Зет! I4/mcm Dy, 116 U 
В. CdSb Pbca Du oP16 О 
B, (B33) Е-ВСг Cmcm D^ oC8 Q 
B, BMo 14 /ата Du 44 U 
B, cw Pom2 Dia. hP2 H 
В; Ү-СМо P6;/mme е hP8 H 

(AsTi) 

СІ CaF, Fm3m O5, сЕ12 Е 
сі, AgAsMg F43m Т2, сЕ12 Е 
C2 FeS, Pa3 T$, cP12 С 
C3 CuO Pn3m O^, cP6 C 
C4 оћ P4)/mnm DH, tP6 T 
C6 са, P3ml D344 hP3 H 
C7 MoS; P6;/mme D^a, hP6 H 
CIl C,Ca I4/mmm D, 46 U 
Cll, MoSi, 14/mmm DU, 46 U 
С12 CaSi; ЕЗт D554 hR6 R 
C14 MgZn, P6;/mme Dish hP12 H 
C15 Си Ме Fd3m О? cF24 F 
C15, AuBe; F43m or F23 T?, or T? cF24 F 
C16 Al,Cu I4/mcm ПІ, 912 U 
C18 FeS, Pnnm D, oP6 О 
С19 сасі, R3m D554 hR3 R 
C22 Fe;P P26m Da, hP9 H 
C23 СЬРЬ Рпта D!6, oP12 О 
C32 AIB; P6/mmm Da, hP3 H 
C33 Bi,STe, R3m D544 hR5 R 
C34 AuTe; C2/m (P2/m) СЗ (Cl4) mC6 N 
C36 MgNi; P64/mmc рс, hP24 H 
C38 Cu,Sb P4/nmm D^, tP6 T 
C40 CrSi, Рб,22 р“, hP9 H 
C42 SiS; Ibam D6, оП2 Р 
C44 GeS, Fdd2 C^. oF72 5 
С46 AuTe; Pma2 C^, oP24 О 
С49 817г Cmcm D оС12 Q 
C54 Sbi Fddd рм, oF24 5 
с, SijTh 14,/amd D, di2 U 
C, Собе; Aba2 СИ», оС23 Q 
DO; А8:Со Im3 T cI32 B 
DO; BiF; Fm3m O5, cF16 F 
DO, O3Re Pm3m Ol, cP4 © 
DO; СЕе; Pnma D's, oP 16 О 
роз АзКаз P64/mmc D^a, hP8 H 
ПО, NisSn P6;/mme D^a, hP8 H 
ПО» ALNi Pnma D!$, оР16 (0) 
DO», Cu,P P3cl Dia hP24 H 
рО» Cu3P 14/mmm D 48 U 
ро»; Al,Zr I4/mmm D, 116 U 
РО», Ni;Ti P6,/mmc Da, hP16 H 
DO, 5107, I4/mcm р, 116 U 
DO, МЕР 4 52, 132 U 
DI; АЦВа I4/mmm D, 410 U 
Dl, Мом 14/m p шо U 
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SYMMETRY ОЕ CRYSTALS (continued) 


TABLE 5 
Classification of Crystals (continued) 
Standard 
ASTM 
Strukturbericht Structure Symmetry group Pearson E157-82a 

symbol name International Schoenflies symbol? symbol^ 

1 2 3 4 5 6 
Dl, ALU Imma D?5. о120 Р 
Dl, PtSn, Aba2 СИ», оС20 Q 
рі, B,Th P4/mbm р, ІР20 T 
Dl; BMn, Fddd Dah oF40 S 
D2, ВеСа Pm3m Ol, cP7 С 
D2, NaZn,5 Fm3m 05, сЕ112 Е 
D2, Mn;;Th I4/mmm D, 426 U 
D2; Мп I4/mcm р, 428 U 
D2, СаСи; P6/mmm D!a, hP6 H 
D2, вй Fm3m 05, cF52 F 
D2, Al;Mn Cmcm D oC28 Q 
D5, о-А1,О; R3c рб, hR10 R 
D5, Г а›О» P3ml D?a hP5 H 
р5; Mn,O; аз T^, cI80 B 
D5; $3565 Рита D!5,. oP20 О 
059 Р,7п P4;/mmc D4, tP40 T 
П510 СС; Рпта 216, оР20 О 
05: ALNi, Рӛті р, hP5 H 
р5, $50 P4/mbm РЕН ІРІ0 T 
DS, C;Pu; 1434 Тб с140 В 
D7, АЦС, R3m D5,, hR7 R 
р7; P4Th; 1434 T$, cI28 B 
D7, BuTa; Immm D? 0114 Р 
D8, FejZnjo Im3m O, cI52 B 
D8, CusZng 143m ТЗ. с152 В 
08; Al,Cuy P43m T! cP52 С 
D8, СеСт23 Fm3m 05, сЕ116 Е 
D8; Fe;Wç R3m D534 hR13 R 
D86 Cu;sSi, 143m 13, с176 В 
D8, MnsSi, P6,/mcm D?a, hP16 H 
D89 Со5; Fm3m O5, cF68 F 
D819 АЈС R3m C53, hR26 R 
281 Al;Co, P6,/mcm Dš. hP28 H 
D8, Mn»;;Thg Fm3m Or, сЕ116 Е 
D8, o-phase of p4,/mnm D tP30 T 

Cr-Fe 

D8, (ALZn)jgMga» Im3 Тэ, с1162 B 
D8; без Im3m 0% с140 B 
D8, B.W, P6,/mmc Dia hP14 H 
D8; В;Мо, ВЗт Р, hR7 R 
D8, B3Crs I4/mcm 218, 132 U 
D8, SiW; I4/mcm Р! 432 U 
D10, C;Cr; P3lc C^, hP80 H 
D10, Fe;Th; P64mc C^. hP20 H 
EO, CIFPb P4/nmm р? 1Р6 T 
El, CuFeS, 142d DD, 116 U 
E2, CaO3Ti Pm3m Ol, cP5 C 
E24 $3512 Рита р, оР20 О 
ЕЗ AL,CdS, 14 24 014 U 
E9, SiFesWs Fd3m O7, cF112 F 
E9, Al,Cu,Fe P4/mnc рб, tP40 T 
E9, АШАДЫМ» аз т, с196 В 
FO, NiSSb P2,3 T4 cP12 C 
F5, CrNaS, R3m or R32 D5, or D7; hR4 R 
F56 CuS,Sb Pnma D'S, oP16 О 
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SYMMETRY ОЕ CRYSTALS (continued) 


TABLE 5 
Classification of Crystals (continued) 
Standard 
ASTM 
Strukturbericht Structure Symmetry group Pearson E157-82a 
symbol name International Schoenflies symbol? symbol^ 
1 2 3 4 5 6 
Hl, ALMgO, Fd3m O7, cF56 F 
H2, Сиз54У P43m T cP8 € 
H2; AsCusS, Pmn2, СҚ оР16 О 
Llo AuCu P4/mmm Пі, ЇРА Т 
Ll, AlCu; Pm3m Ola cP4 C 
12, AlCu;Mn Fm3m O5, сЕ16 Е 
12, Sb,Tl, Im3m O с154 В 
1,2, H;Th I4/mmm D, 46 U 
L'3 Fe,N P64/mmc Юе hP3 H 
1.6, Сить P4/mmm Пі, (РА Т 


a Тһе first letter denotes the crystal system: triclinic (a), monoclinic (m), orthorhombic (о), tetragonal (t), hexagonal (h) and cubic (c). Trigonal 
(rhombohedral) system is presented by combination hR. The second letter of Pearson's symbol denotes lattice type: primitive (P), edge- 
(base-) centered (C), body-centered (I) or face-centered (F). The following number denotes amount of atoms in the crystal unit cell. 

b Standard ASTM Е157-82а has the Bravais lattices designations as following: C — primitive cubic; B — body-centered cubic; Е — face-centered 
cubic; T — primitive tetragonal; U — body-centered tetragonal; R — rhombohedral; H — hexagonal; O — primitive orthorhombic; P — body- 
centered orthorhombic; Q — base-centered orthorhombic; S — face-centered orthorhombic; M — primitive monoclinic; N — centered 
monoclinic; A — triclinic. 
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IONIC RADII IN CRYSTALS 


Ionic radii are a useful tool for predicting and visualizing crystal structures. This table lists a set of ionic radii R; in À units for the most common 
coordination numbers CN of positive and negative ions. The values are based on experimental crystal structure determinations, supplemented by 
empirical relationships, and theoretical calculations. The notation sq after the coordination number indicates a square configuration, while py indicates 
pyramidal. 

The advice of Howard T. Evans and Marvin J. Weber in preparing this table is appreciated. 
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Ion CN RJA Ion CN RJA Ion CN RJA 
Anions с“ 4 0.15 Er? 6 0.89 
Е! 6 1.33 6 0.16 8 1.00 
СГ! 6 1.81 Ca? 6 1.00 Eu? 6 1.17 
Br! 6 1.96 8 1.12 8 1.25 
r! 6 2.20 10 1.23 10 1.35 
OH"! 4 1.35 12 1.34 Ей” 6 0.95 
6 1.37 са? 4 0.78 8 1.07 
02 2 1.21 6 0.95 ЕН 6 0.08 
6 1.40 8 1.10 Fe*? 4 0.63 
8 1.42 12 1.31 6 0.61 
S2 6 1.84 Сез 6 1.01 8 0.92 
5е? 6 1.98 8 1.14 Fe*? 4 0.49 
Te? 6 2.21 10 1.25 6 0.55 
12 1.34 8 0.78 
Cations Се“ 6 0.87 Frt! 6 1.80 
Ac? 6 1.12 8 0.97 баз 4 0.47 
Agt! 4 1.00 10 1.07 6 0.62 
6 1.15 12 1.14 саз 6 0.94 
8 1.28 Cf? 6 0.95 8 1.05 
Ағ” 484 0.79 СЕ 6 0.82 Ge? 6 0.73 
6 0.94 8 0.92 бе“ 4 0.39 
АІ 4 0.39 crs 3py 0.12 6 0.53 
5 0.48 СІЗ? 4 0.08 Hf 4 0.58 
6 0.54 Ст” 6 0.97 6 0.71 
Ат 6 0.98 Ст 6 0.85 8 0.83 
8 1.09 8 0.95 Но" 6 1.19 
Ат" 6 0.85 Co? 4 0.56 Hg? 2 0.69 
8 0.95 6 0.65 4 0.96 
As*3 6 0.58 8 0.90 6 1.02 
Ав5 4 0.34 соз 6 0.55 8 1.14 
6 0.46 Cr? 6 0.73 I 3py 0.44 
Aut! 6 1.37 Cr? 6 0.62 6 0.95 
Au? 4sq 0.64 Cr 4 0.41 І 4 0.42 
6 0.85 6 0.55 6 0.53 
Ba? 6 1.35 Сг 4 0.26 In*? 4 0.62 
8 1.42 6 0.44 6 0.80 
12 1.61 Са" 6 1.67 Ir? 6 0.68 
Be? 4 0.27 8 1.74 + 6 0.63 
6 0.45 10 1.81 Irs 6 0.57 
Bi? 5 0.96 12 1.88 К+! 4 1.37 
6 1.03 Cut! 2 0.46 6 1.38 
8 1.17 4 0.60 8 1.51 
Віз 6 0.76 6 0.77 12 1.64 
Bk? 6 0.96 Cu? 4sq 0.57 Га? 6 1.03 
Вк“ 6 0.83 6 0.73 8 1.16 
8 0.93 Dy? 6 1.07 10 1.27 
Br? 3py 0.31 8 1.19 12 1.36 
Вг”? 4 0.25 Dy? 6 0.91 Li*! 4 0.59 
6 0.39 8 1.03 6 0.76 
12-14 


IONIC RADII IN CRYSTALS (continued) 


Ion CN RJA Ion CN RJA Ion CN RJA 
8 0.92 6 0.78 Sr? 6 1.18 

Lu 6 0.86 8 0.94 8 1.26 
8 0.97 Pd? 4sq 0.64 10 1.36 

Mg? 4 0.57 6 0.86 12 1.44 
6 0.72 Pd*? 6 0.76 Ta*? 6 0.72 

8 0.89 рач 6 0.62 Та" 6 0.68 

Mn? 4 0.66 Ри 6 0.97 Ta*5 6 0.64 
6 0.83 8 1.09 Tb 6 0.92 

8 0.96 Рон 6 0.97 8 1.04 

Mn*? 6 0.58 рг 6 0.99 ть 6 0.76 
Ма 4 0.39 8 1.13 8 0.88 
6 0.53 рг 6 0.85 Тен 6 0.65 

Мп 4 0.33 8 0.96 Тем 4 0.66 
Mn*6 4 0.26 Р? 454 0.60 6 0.97 
Mn” 4 0.25 6 0.80 Те 4 0.43 
Мо” 6 0.69 Реч 6 0.63 6 0.56 
Мо“ 6 0.65 Ри 6 1.00 Th*4 6 0.94 
Мо” 4 0.46 Ра" 6 0.86 8 1.05 
6 0.61 Puts 6 0.74 10 1.13 

Мо% 4 0.41 Ра 6 0.71 12 121 
6 0.59 Rat? 8 1.48 Ti? 6 0.86 

7 0.73 12 1.70 Ti 6 0.67 

ме 6 0.16 Rb?! 6 1.52 те 4 0.42 
№ 6 0.13 8 1.61 6 0.61 
Nat! 4 0.99 10 1.66 8 0.74 
6 1.02 12 1.72 TH! 6 1.50 

8 1.18 Вен 6 0.63 8 1.59 

9 1.24 Кез 6 0.58 12 1.70 

12 1.39 Кеб 6 0.55 тз 4 0.75 

Nb? 6 0.72 Ret? 4 0.38 6 0.89 
8 0.79 6 0.53 8 0.98 

Nb 6 0.68 Rh*? 6 0.67 Tm”? 6 1.01 
№5 4 0.48 Rh” 6 0.60 7 1.09 
6 0.64 Rh*5 6 0.55 Tm” 6 0.88 

8 0.74 Ru 6 0.68 8 0.99 

ма? 6 0.98 Ru*4 6 0.62 Ue 6 1.03 
8 1.12 Ru 6 0.57 ич 6 0.89 

9 146 Ви”? 4 0.38 8 1.00 

12 1.27 Rut 4 0.36 12 1.17 

Nit? 4sq 0.49 s^ 6 0.37 0+5 6 0.76 
6 0.69 5% 4 0.12 0+6 2 0.45 

Ni*? 6 0.56 6 0.29 4 0.52 
Np? 6 1.01 Sb*? 4ру 0.76 6 0.73 
Np* 6 0.87 6 0.76 8 0.86 
Np*5 6 0.75 $65 6 0.60 үз 6 0.79 
Мр 6 0.72 Sc? 6 0.75 үз 6 0.64 
ов“ 6 0.63 8 0.87 уч 5 0.53 
Ost5 6 0.58 бе 6 0.50 6 0.58 
Ов% 6 0.55 $е+6 4 0.28 8 0.72 
058 4 0.39 6 0.42 үн 4 0.36 
pts 4 0.17 si" 4 0.26 5 0.46 
6 0.38 6 0.40 6 0.54 

Ра? 6 1.04 Sm? 6 1.19 уун 6 0.66 
Ран: 6 0.90 8 1.27 wis 6 0.62 
Ра? 6 0.78 Sm? 6 0.96 wo 4 0.42 
Pb? 6 1.19 8 1.08 5 0.51 
8 1.29 12 1.24 6 0.60 

10 1.40 Sn*4 4 0.55 үз 6 0.90 

12 1.49 6 0.69 8 1.02 

РЬЧ 4 0.65 8 0.81 9 1.08 
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Ion 


Ybt2 


Үр 


ооо о 


RJA 


1.02 
1.14 
0.99 
1.04 


IONIC RADII IN CRYSTALS (continued) 


Ion 


Zn? 


Zrt4 


CN 


+ со с + 
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RJA 


0.60 
0.74 
0.90 
0.59 


Ion 


N © м 


R/Á 


0.72 
0.84 
0.89 


POLARIZABILITIES OF ATOMS AND IONS IN SOLIDS 
H. P. R. Frederikse 


The polarization of a solid dielectric medium, P, is defined as the dipole moment per unit volume averaged over the volume of a crystal cell. A 
component of P can be expanded as a function of the electric field E: 


P =2ajE;+EbpE;E, 


For relatively small electric fields in isotropic substances P = ХЕ, where X, is the electric susceptibility. If the medium is made up of N atoms (or ions) 
per unit volume, the polarization is P = Мр, where pm is the average dipole moment per atom. The polarizability © can be defined as p m = QEọ , where 
E, is the local field at the position of the atom. Using the Lorentz method to calculate the local field one finds: 


P = No(E + AnP) - X,E 


Together with the definition of the dielectric constant (relative permittivity) , € = 1+ 47x,, this leads to: 


3 = 
ф=== === 
4nNN £2 
This expression is known as the Clausius-Mossotti equation. 
The total polarization associated with atoms, ions, or molecules is due to three different sources: 


1. Electronic polarization arises because the center of the local electronic charge cloud around the nucleus is displaced under the action of the field: 
P, = No,E, where a, is the electronic polarizability. 

2. Ionic polarization occurs in ionic materials because the electric field displaces cations and anions in opposite directions: P; = Мо, Ёо, where 04 is 
the ionic polarizability. 

3. Orientational polarization can occur in substances composed of molecules that have permanent electric dipoles. The alignment of these dipoles 
depends on temperature and leads to an orientational polarizability per molecule: О = p?/3kT, where p is the permanent dipole moment рег 
molecule, k is the Boltzmann constant, and Т is the temperature. 


Because of the different nature of these three polarization processes the response of a dielectric solid to an applied electric field will strongly depend 
on the frequency of the field. The resonance of the electronic excitation in insulators (dielectrics) takes place in the ultraviolet part of the spectrum; 
the characteristic frequency of the lattice vibrations is located іп the infrared, while the orientation of dipoles requires fields of much lower frequencies 
(below 1010 Hz). This response to electric fields of different frequencies is shown in Figure 1. Values of the electronic polarizabilities for selected atoms 
and ions are given in Table 1. 


REFERENCES 
1. Kittel, C., Introduction to Solid State Physics, Fourth Edition, John Wiley & Sons, New York, 1971. 


2. Lerner, R.G., and Trigg, G.L., Editors, Encyclopedia of Physics, Second Edition, VCH Publishers, New York, 1990. 
3. Ralls, K.M., Courtney, T.H., and Wulff, Ј., An Introduction to Materials Science and Engineering, John Wiley & Sons, New York, 1976. 
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POLARIZABILITIES OF ATOMS AND IONS IN SOLIDS (continued) 


Real part of 
polarizability 


Orientation 


Electronic 


Frequency 


Figure 1. Schematic graph of the frequency dependence of the different contributions to 
polarizability. 


TABLE 1 
Electronic Polarizabilities in Units of 10-24 cm? 
He 
0.201 
Li* Ве» B? cH о” Е- Ме 
0.029 0.008 0.003 0.0013 3.88 1.04 0.39 
Ма" Mg?* A+ Si^* 52- Cr Ar 
0.179 0.094 0.052 0.0165 10.2 3.66 1.62 
K* Ca?* Sc* Ti+ Se Br- Kr 
0.83 0.47 0.286 0.185 10.5 4.77 2.46 
Rb* Sr үз» Zr^* Te% г Хе 
1.40 0.86 0.55 0.37 14.0 741 3.99 
Cs* Ba?* La% Cet 
2.42 1.55 1.04 0.73 


Data from Pauling, L., Proc. R. Soc. London, A114, 181, 1927. See also Jaswal, S.S. and 
Sharma, T.P., J. Phys. Chem. Solids, 34, 509, 1973. 
Values are appropriate for cgs units. To convert to SI, use the relation 

a(SI)/C m?V! = 1.11265:10-!6 a(cgs)/cm? 
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CRYSTAL STRUCTURES AND LATTICE PARAMETERS OF ALLOTROPES ОЕ THE ELEMENTS 


The crystal structures of the allotropic forms of the elements are presented in terms of the Pearson symbol, the Strukturbericht designation, and 
the prototype of the structure. The temperatures of the phase transformations are listed in degrees Celsius and the pressures are in GPa. A consistent 
nomenclature is used, whereby all allotropes are labeled by Greek letters. The lattice parameters of the unit cells are given in nanometers (nm) and 


are considered to be accurate to +2 in the last reported digit. 


This compilation is restricted to changes in crystal structure that occur as a result of a change in temperature or pressure. Low-temperature structures 
are included forthe diatomic andrare gases, which show many similarities with respectto the metallic elements. The elements identified with an asterisk 
(5) have polymorphic structures based on different molecular configurations. The crystal data given for these elements refer to the most stable structure 


at room temperature. 


Reprinted with the permission of ASM International from T. B. Massalski, Ed., Binary Alloy Phase Diagrams, ASM International, Metals Park, 


H. W. King 


Ohio, 1986; certain data on rare earth elements were provided by K. A. Gschneidner. 


Comment, 


Temper- Struktur- 
ature, Pressure, Pearson Space bericht Proto- 

Element °С СРа symbol group designation type a b 
y IE 25 atm cF4 Ет3т А1 Cu 0.5311 

Ags sss tes 25 atm cF4 Ет3т А1 Cu 0.40857 

@А зал 25 atm cF4 Fm3m Al Cu 0.40496 

ВА! ........... 20 »20.5 hP2 Рбҙ/ттс АЗ Mg 0.2693 

OAM иные 25 atm АРА P63/mmc АЗ” aLa 0.34681 

«Ат .......... >769 айт сЕ4 Ет3т А1 Cu 0.4894 

BAM 22222252 21074 atm с12 10 3т А2 W ? Ut 
yAm .......... 25 >15 oC4 Cmcm A20 aU 0.3063 0.5968 
DAL рак <-189.35 atm cF4 Fm3m Al Cu 0.5316 ө 
(BÀD ......... « -189.40 atm АР2 P6,/mmc A3 Mg 0.3760 

САВЕ и аи 25 айт AR2 R3m А7 «Аз 0.41319 РУ 
«Ав ........... >448 atm oC8 Cmca am P (black) 0.362 1.085 
Ай охь 25 atm сЕ4 Ет3т А1 Cu 0.40782 Ut 
ВВ: $us аж: 25 atm AR105 R3m a BB 1.017 

aBa .......... 25 atm с12 Im3m A2 W 0.50227 

ВВа os 25 25.33 АР2 Рбҙ/ттс АЗ Ме 0.3901 

„Ва ........... 25 >23 ? ? e m e 

aBe ........... 25 atm АР2 Рбз/ттс АЗ Mg 0.22859 

BBe лиса 21270 atm с12 Im3m A2 W 0.25515 

yBe ........... 25 29.3 ? v ө Ut ө 

ОВ ЖОКГО 25 айп AR2 R3m AT «Аз 0.47460 Ut 
ВВ 25 >2.6 тС4 С2/т tes BBi 0.6674 0.6117 
NB ремија: 25 23.0 mP3 ? a 0.605 0.42 
GBI PE 25 >4.3 ? ? «ge We а et 
ЕВЕ x qayaq pawa 25 >6.5 ? ? ө ө ses 

«Бір а у 25 >9.0 «12 Im3m A2 W 0.3800 

GBR Er 25 atm АРА P63/mmc АЗ! «Га 0.3416 

BRK} E 2971 atm cF4 Fm3m Al Cu 0.4997 ser 
Вг қырғ <7.25 айт oC8 Cmca P СІ 0.668 0.449 
С (graphite) .... 25 atm АРА P63/mmc А9 C (graphite) 0.24612 Ө 
C (diamond) .... 25 >60 cF8 Fdàm A4 C (diamond) 0.35669 
Се... 25 НР АРА Рбҙ/ттс ө C (hd) 0.2522 

оба сокака“ 25 atm сЕ4 Ет3т А1 Cu 0.55884 

ВСа ааа >443 айп с12 Im3m A2 w 0.4480 

Ұба сазына қоз. 25 >1.5 ? et ө d ө 

DI қарасына 25 айт АР2 Рбҙ/ттс АЗ Mg 0.29793 

обе oet aeu <-177 айт сЕ4 Fm3m A1 Cu 0.485 

BCe ll eel 25 atm АРА Рбҙ/ттс АЗ! aLa 0.36810 

SUB қаза зала 25 айт сЕ4 Fm3m Al Cu 0.51610 
Ge eter see 2726 atm cI2 Im3m A2 w 0.412 e 
a'Ce .......... 25 >54 oC4 Cmcm A20 aU 0.3049 0.5998 
«© M 25 atm АРА Рб,/ттс АЗ! aLa 0.339 ө 
ВСЁ ТЕРЕГІ >590 айт сЕ4 Ет3т Al Cu 3, 28 
Cl КЕТЕ 25 айт оС8 Стса e СІ 0.624 0.448 
BORE 242222425, 25 айт АРА Рб,/ттс АЗ! aLa 0.3496 

BCm .......... 21277 atm cF4 Fm3m Al Cu 0.4382 
«Со........... 25 айт ЛР2 Рб,/ттс АЗ Ме 0.25071 
аСо........... >422 atm cF4 Fm3m Al Cu 0.35447 

ACE S ЕЕЕ 25 atm «12 Im3m A2 w 0.28848 
ЖТТ 25 НР “2 14/mmm Ut a'Cr 0.2882 

psc exea rp 25 atm 412 Im3m A2 м 0.6141 

BCS nixus 25 22.37 cF4 Fm3m Al Cu 0.6465 

BCR s 25 >4.22 сЕ4 Ет3т А1 Cu 0.5800 

ЗОВ маза ра 25 >4.27 ? ө Ut Ut Ut 
ТИГЕН 25 айт сЕ4 Fm3m A1 Cu 0.36146 ө 
уу уулдай <-187 айт oC4 Стст es a'Dy 0.3595 0.6184 
ару .......... 25 atm ЛР2 P63/mmc A3 Mg 0.35915 ө 
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г---Һашсе parameters, nm —— 


c 


0.4398 
1.1241 
0.5169 
0.6141 
0.448 


0.6154 
0.35845 
0.3304 
0.465 
1.1069 
0.874 . 


0.6709 
0.4119 


0.56196 
1.1857 
0.5215 
1.1015 
0.826 
1.1331 
0.40686 


0.2887 


0.5678 
0.56501 


c/a or 
а ог В 


1.6331 
2*1.621 


1.633 
а = 54.12? 
а = 65.12° 
1.5775 
1.5681 
57.23° 


110.33° 
85.33° 


тоо 
H H H 


2*1.620 
2.7258 
1.633 
1.8862 
2*1.611 
2*1.625 
2*1.621 
1.6228 


1.002 


1.5732 


LATTICE ENERGIES 


H. D. B. Jenkins and H. K. Roobottom 


THERMOCHEMICAL CYCLE AND CALCULATED VALUES 


Table 1 contains calculated values of the lattice energies (total lattice potential energies), Upor, of crystalline salts, М„Хь,. Upor is expressed in 
units of kilojoules per mole, kJ mol!. M and X can be either simple or complex ions. Substances are arranged by chemical class. 

Also listed in the table is the lattice energy, ИротВЕНС, obtained from the application of the Born - Fajans - Haber cycle (ВНЕС) described below, 
using the “Standard Thermochemical Properties of Chemical Substances" table in Section 5 of this Handbook, References 1 through 4, and certain 
other data which are given in Table 3 below. 

The lattice enthalpy, АН, , is given by the cycle: 


АН, 
17910) > аМР (в) + Ха) 
1 А 
Ag? (M,Xp. c) aA gh MDH, g) + 
bAgHO(X@-, а) 
aM(ss) + bX(ss) 


where (ss) is the standard state of the element concerned. 
The lattice enthalpy, АН! , is obtained using the equation: 


АН, = aAgT(MP*, g) + bDAgH°(X, g) - AsH°(M,X;, с) 


and is futher related to the total lattice potential energy, Upor, by the relationship: 


AH, =U por 4 ЇЕ J | ( A J 


where пу and nx equal 3 for monatomic ions, 5 for linear polyatomic ions and 6 for polyatomic non-linear ions. 


METHOD OF ESTIMATION OF VALUES NOT TABULATED 


In cases where the lattice energy is not tabulated and we want to furnish an estimate, then the Kapustinskii equation? can be used to obtain a value 
(in kJ mol): 


POT 


121.42 У |, 0.0345 
(+n) \ (nen) 


where z, and z, are the moduli of the charges on the v ions in hte lattice and r, and ғ, (in nm) are the thermochemical radii given in Table 2. The r, 
for metal ions is taken to be the Goldschmidt$ radius. 

To cite an example, if we wish to estimate the lattice energy of the salt [NH4*][HF;'] using the above procedure, we see that Table 2 gives the 
thermochemical radius (г, ) for NH,* to be 0.136 nm and that for HF, (г) to be 0.172 nm. The lattice potential energy is then estimated to be 700 
kJ mol! compared with the calculated value of 705 kJ mol'!and the Born - Fajans - Haber cycle value of 658 kJ mol". 


REFERENCES 


1. Wagman, D. D., Evans, W. H., Parker, V. B., Schumm, R. H., Halow, I., Bailey, S. M., Churney, K. L., and Nuttall, R. L., The NBS 
Tables of Chemical Thermodynamic Properties, J. Phys. Chem. Ref. Data, Vol. 11, Suppl. 2, 1982. 

2. Chase, M. W., Davies, C. A., Downey, J. R., Frurip, D. J., McDonald, R. A., and Syverud, A. N., JANAF Thermochemical Tables, Third 
Edition, J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985. 

3. Lias, S. G., Bartmess, J. E., Liebman, J. F., Holmes, J. L., Levin, R. D., and Mallard, W. G., Gas-Phase Ion and Neutral Thermochemis- 
try, J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988. 

4. Jenkins, Н. D. B., and Pratt, К. F., Adv. Inorg. Chem. Radiochem., 22, 1, 1978. 

5. Kapustinskii, A. F., Quart. Rev., 10, 283-294., 1956. 

6. Goldschmidt, V. M., Skrifter Norske Videnskaps-Akad. Oslo, I, Mat.-Naturn. КІ, 1926. See also Dasent, УУ. E., Inorganic Energetics, 2nd 
ed., Cambridge University Press, 1982. 

7. Jenkins, H. D. B., Roobottom, H. K., Passmore, J., and Glasser, L., J. Chem. Education, in press. 
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Substance 


Acetates 
Li(CH4COO) 
Na(CH4COO) 
K(CH4COO) 
Rb(CH4COO) 
Cs(CH4COO) 
Acetylides 
СаС, 

5:С, 

ВаС, 

Azides 


Bihalide Salts 
LiHF, 
NaHF, 
KHF, 
RbHF, 
CsHF, 
NH,HF, 
CsHCl, 
Me4NHCL 
ЕЦМНСЉ 
Ви. МНСЬ 
Bicarbonates 
NaHCO, 
КНСО; 
RbHCO; 
СѕНСО; 
МН,НСО, 
Borides 
CaBg 

5:В, 

BaBg 

YBg 

LaBg 

CeBg 

PrBg 

Мав» 
PmBg 
SmBg 
EuBg 
Сав, 


Calc. Upor 


828 
749 
715 
682 


2911 
2788 
2647 


861 
770 
697 
674 
665 
854 
689 
2186 
2056 
2021 


LATTICE ENERGIES (continued) 


LATTICE ENERGIES (kJ mol!) 


BHFC 
Upor 


Table 1 


Substance 


TbB, 
DyBg 
HoBg 
ErBg 
TmBg 
YbBg 
LuBg 
ТИВ, 
Borohydrides 
LiBH, 
NaBH, 
KBH, 
RbBH, 
CsBH, 
Borohalides 
LiBF, 
NaBF, 
KBF, 
RbBF, 
CsBF, 
МН,ВЕ, 
КВСІ, 
RbBCI, 
CsBCl, 
Carbonates 
Li,CO; 
NaCO; 
К,СО, 
Rb,CO; 
Сѕ,СО; 
MgCO; 
CaCO; 
SrCO; 
ВаСО; 
МаСО; 
ЕеСО, 
СоСО, 
СаСО; 
?лСО; 
сасо; 
SnCO, 
PbCO; 
Cyanates 
LiNCO 
NaNCO 
KNCO 
RbNCO 
CsNCO 
NH,NCO 
Cyanides 
LiCN 
NaCN 
KCN 
RbCN 
CsCN 
Ca(CN) 
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Calc. Upor 


7489 
7489 
7489 
7489 
7489 
5146 
7489 
10167 


778 
703 
655 
648 
628 


699 
657 
611 
577 
556 
582 
506 
489 
473 


2523 
2301 
2084 
2000 
1920 
3138 
2804 
2720 
2615 
3046 
3121 
3443 
3494 
3121 
2929 
2904 
2728 


849 
807 
726 
692 
661 
724 


874 
766 
692 
638 
601 
2268 


Substance 


Sr(CN)> 
Ba(CN), 
NH4CN 
AgCN 
Zn(CN) 
Cd(CN); 
Formates 
Li(HCO;) 
Ма(НСО:) 
K(HCO;) 
ВЫНСО)) 
Cs(HCO;) 
NH,(HCO,) 
Germanates 
Mg,GeO, 
Ca GeO, 
Sr,GeO, 
Ba,GeO, 
Halates 
LiBrO; 
NaBrO, 
KBrO, 
RbBrO; 
CsBrO, 
NaClO; 
KCIO; 
RbCIO; 
CsClO; 
11105 
Мао» 
KIO; 
кыо; 
CsIO; 
Halides 
LiF 

LiCl 

LiBr 

Lil 

NaF 

NaCl 
NaBr 

Маг 

КЕ 

КСІ 

КВт 

КІ 

RbF 

RbCI 
RbBr 

RbI 

CsF 

CsCl 
CsBr 

CsI 

FrF 

FrCI 


LATTICE ENERGIES (continued) 


LATTICE ENERGIES (kJ mol) (continued) 


Calc. Upor Upor? ЕС 
2138 - 
2001 2009 

617 691 
(741) 935 
2809 2817 
2583 2591 

865 - 

791 804 

713 722 

685 - 

651 - 

715 - 
7991 - 
7301 7306 
6987 - 
6653 6643 

883 880 

803 791 

740 722 

720 705 

694 681 

770 785 

711 721 

690 703 

- 679 

975 974 

883 876 

820 780 

791 - 

761 - 
1030 1049 

834 864 

788 820 

730 764 

910 930 

769 790 

732 754 

682 705 

808 829 

701 720 

671 691 

632 650 

774 795 

680 695 

651 668 

617 632 

744 759 

657 670 

632 647 

600 613 

715 E 

632 - 


Table 1 


Substance 


FrBr 
Fri 
CuCl 
CuBr 
Cul 
AgF 
AgCl 
AgBr 
AgI 
AuCl 
AuBr 
Aul 
ІПСІ 
InBr 
InI 
TIF 
ТІСІ 
ТІВг 
ТІ 
Me4NCI 
Me,NBr 
Me,NI 
PH,Br 
РНД 
ВеЕ, 
Весь 
BeBr, 
Bel, 
MgF, 
MgCl, 
MgBr; 
Mel, 
CaF, 
CaCl, 
CaBr, 
Cal, 
SrE; 
SrCl, 
511; 
ВаЕ, 
BaCl, 
BaBr, 
Bal, 
RaF, 
RaCl, 
RaBr, 
Ral, 
ScCl, 
5еВтг; 
ScL 
TiF; 
ТІСІ, 
TiBr; 
Til, 
ҮСІ, 
УВг» 
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Calc. Upor 


611 
582 
992 
969 
948 
953 
910 
897 
881 


Substance 


УІ, 
СТЕ, 
CrCl, 
CrBr; 
Cri, 
MoCl, 
MoBr; 
Mol, 
MnF, 
MnCl, 
MnBr, 
Mnl, 
FeF, 
FeCl, 
FeBr, 
Fel, 
CoF, 
CoCl, 
СоВт; 
CoL 
МЕ» 
КІСІ, 
NiBr; 
Nil, 
PdCl, 
PdBr, 
Раї, 
Си 
CuCl, 
CuBr, 
Cul, 
AgF, 
?лЕ, 
ZnCl, 
ZnBr, 
ZnL 
САЕ, 
CdCl, 
СаВт; 
Сат, 
HgF, 
Несі, 
HgBr; 
12149 
SnF, 
SnCl, 
SnBr; 
SnL 
PbF, 
PbCl, 
РЬВг, 
РЫ, 
ScF; 
ScCl, 
5<Віз 
Scl, 


Calc. Upor 


2778 
2540 
2377 
2269 
2737 
2742 
2630 
2644 
2510 
2448 
2212 
2849 
2569 
2515 
2439 
3004 
2707 
2640 
2569 
3098 
2753 
2729 
2607 
2778 
2741 
2748 
3046 
2774 
2715 
2640 
2942 
3021 
2703 
2648 
2581 
2809 
2552 
2507 
2441 
2757 
2657 
2628 
2628 
2551 
2297 
2251 
2193 
2535 
2270 
2219 
2163 
5492 
4874 
4729 
4640 


LATTICE ENERGIES (continued) 


LATTICE ENERGIES (kJ mol) (continued) 


BHFC 
Upor 


2470 
2939 
2601 
2536 
2440 
2746 
2753 


Table 1 


Substance 


ҮЕ, 
ҮСІ; 
ҮІ; 
ТІР; 
ТІСІ; 
TiBr; 
Til; 
ZrCl, 
ZrBr3 
711, 
ҮЕ, 
УСЬ 
VBr3 
VI, 
МЫС 
NbBr, 
мы; 
СТЕ; 
CrCl, 
CrBr3 
Cri, 
МОРЕ» 
MoCl, 
MoBr; 
Моћ 
MnF; 
MnCl, 
MnBr; 
Mnl, 
TcCl, 
TcBr3 
Tcl; 
FeF; 
FeCl, 
ЕеВг, 
Fels 
RuCl, 
RuBr; 
Rul, 
Сов; 
КІСІ; 
ПЕ; 
IrBr; 
МЕ» 
АчЕ; 
AuCl, 
ZnCl, 
ZnBr3 
7л 
AIF; 
ДІСІ; 
AIBr; 
All, 
СаЕ; 
GaCl, 
GaBr; 
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Calc. Upor 


4983 
4506 
4240 
5644 
5134 
5012 
4845 


5895 
5322 
5214 
5121 
5062 
4980 
4860 
6033 
5518 
5355 
5275 
6459 
5246 
5156 
5073 
6017 
5544 
5448 
5330 
5270 
5215 
5188 
5870 
5364 
5333 
5117 
5245 
5223 
5222 
5991 
5641 
(6112) 
(4794) 
(6111) 
(5777) 
(4605) 
5832 
5732 
5636 
5924 
5376 
5247 
5070 
5829 
5217 
4966 


Substance 


Gal, 
ІПСІ; 
InBr; 
Ші; 
TIF, 
ТІСІ; 
ТІВг; 
TIL 
AsBr; 
Asl, 
SbF, 
SbCl, 
SbBr3 
551, 
ВІСІ; 
Bil, 
LaF; 
LaCl, 
LaBr3 
Lal, 
CeCl, 
Cel, 
РІСІ; 
Pri; 
NdCl, 
SmCl, 
EuCl, 
GdCl, 
DyCl, 
HoCl, 
ErCl, 
ТіпСі; 
Ти 
УБСЬ 
AcCl, 
ОСЬ 
NpCl, 
PuCl, 
PuBr3 
AmCl, 
Е, 
ТІСІ, 
TiBr, 
Til, 
ХЕ, 
ZrCly 
ZrBr4 
711, 
МоЁ, 
MoCl, 
MoBry 
Mol, 
SnCl, 
SnBr, 
РЬЕ, 
CrE;CI 


Calc. Upor 


4611 
4736 
4535 
4234 
5493 
5258 
5171 
5088 
5497 
4824 
5295 
5032 
4954 
4867 
4689 
3774 
4682 
4263 
4209 
3916 
4394 


4322 
4343 
4376 
4393 
4406 
4481 
4501 
4527 
4548 


4096 
4243 
4268 
4239 
(3959) 
4293 
10012 
9431 
9288 
9108 
8853 
8021 
7661 
7155 
8795 
8556 
8510 
8427 
8355 
7970 
9519 
5795 


LATTICE ENERGIES (continued) 


LATTICE ENERGIES (kJ mol) (continued) 


BHFC 
Upor 


5496 
5183 
5117 
5001 


5278 


Table 1 


Substance 


CrF,Br 
CrF,I 
CrCl,Br 
CrCLI 
CrBr,I 
СаЕСІ 
CuFBr 
CuFI 
CuCIBr 
CuCII 
CuBrI 
FeF,Cl 
FeF,Br 
FeF;I 
FeCLBr 
FeCLI 
FeBr;I 
LilO,F, 
NalO,F, 
КОЊ 
RbIO,F, 
CsIO,F, 
NHJ4IO;F; 
АМО 
Hydrides 
LiH 
NaH 
KH 
RbH 
CsH 
VH 
NbH 
PdH 
CuH 
TiH 
ZH 
HfH 
LaH 
TaH 
CrH 
NiH 
PtH 
AgH 
AuH 
TIH 
GeH 
PbH 
Вен, 
Мен, 
Сању 
SrH, 
BaH, 
ScH, 
YH, 
LaH, 
Сен, 
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Calc. Upor 


5753 
5669 
5448 
5381 
5330 
2891 
2853 
2803 
2753 
2694 
2669 
5711 
5653 
5569 
5339 
5272 
5209 

845 

766 

699 

674 

636 

678 

736 


916 
807 
711 
686 
648 
1184 
1163 
979 
828 
996 
916 
904 
828 
1021 
1050 
929 
937 
941 
1033 
745 
950 
778 
3205 
2791 
2410 
2250 
2121 
2711 
(2598) 
2380 
2414 


918 
807 
713 
684 
653 
(1344) 
(1633) 
1368 
1254 
1407 
1590 


Substance 


PrH, 
NdH, 
PmH, 
SmH, 
GdH, 
AcH, 
Тан, 
Ран, 
АтН, 
ТІН, 
ТІН, 
Сан, 
ZnH5 
Нен, 
АІН; 
Ген; 
ScH; 
ҮН; 
Тана 
Ген; 
дану 
hH, 
ТІН; 
Hydroselenides 
NaHSe 
КН5е 
RbHSe 
CsHse 
Hydrosulphides 
LiHS 
NaHS 
RbHS 
CsHS 
NH,HS 
Са(Н5), 
5:(Н8), 
Ва(Н5), 
Hydroxides 
LiOH 
NaOH 
KOH 
RbOH 
CsOH 
Be(OH); 
Mg(OH); 
Са(ОН), 
Sr(OH) 
Ba(OH); 
Ti(OH); 
Mn(OH), 
Fe(OH), 
Со(ОН), 
Ni(OH); 
РА(ОН), 
Си(ОН), 
CuOH 


Calc. Upor 


2448 
2464 
2519 
2510 
2494 
2372 
2711 
2519 
2544 
2866 
2711 
2941 
2870 
2707 
5924 
5724 
5439 
5063 
4895 
5724 
5690 
5092 
5092 


703 
644 
623 
598 


768 
723 
655 
628 
661 
2184 
2063 
1979 


1021 
887 
789 
766 
721 

3477 

2870 

2506 

2330 

2142 


2909 
2653 
2786 
2832 


2870 
1006 


LATTICE ENERGIES (continued) 


Table 1 


LATTICE ENERGIES (kJ mol) (continued) 


BHFC 
Upor 


2405 
2394 


2389 
2651 


27738 


862 
771 
682 
657 
718 
(2171) 


(1956) 


1028 
892 
796 
765 
732 

3620 

2998 

2637 

2474 

2330 

2953 

3008 

3044 

3109 

3186 

3189 

3229 


Substance 


AgOH 
AuOH 
TIOH 
Zn(OH)» 
Ca(OH), 
Hg(OH); 
Sn(OH), 
РЬ(ОН), 
Sc(OH)3 
Y(OH)3 
La(OH); 
Cr(OH); 
Mn(OH); 
Al(OH); 
Са(ОН); 
(ОН), 
Т(ОН); 
Ti(OH), 
7 (ОН), 
Mn(OH), 
Sn(OH), 
Imides 
CaNH 
SrNH 
BaNH 
Metavanadates 
144УО, 
Na; VO, 
K,VO, 
ВЬ,УО, 
Свя,УО, 
Nitrates 
LiNO; 
NaNO; 
KNO; 
ВЬМО, 
CsNO3 
AgNO; 
TINO, 
Ме(МОз) 
Ca(NO3) 
Sr(NO3); 
Ва(МО); 
Mn(NO3) 
Fe(NO3); 
Co(NO3); 
Ni(NO3); 
Cu(NO3) 
Zn(NO3) 
САМО) 
Sn(NO3)9 
РЫ(МОз); 
Nitrides 
ScN 

LaN 

TiN 
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Calc. Upor 


918 
1033 
705 
2795 
2607 
2669 
2489 
2376 
5063 
4707 
4443 
5556 
6213 
5627 
5732 
5280 
5314 
9456 
8619 
10933 
9188 


3293 
3146 
2975 


3945 
3766 
3376 
3243 
3137 


848 
755 
685 
662 
648 
820 
690 
2481 
2268 
2176 
2062 
2318 


854 
763 
694 
671 
650 
832 
707 

2521 
2247 
2151 
2035 
2478 
(2580) 
2647 
2729 
2739 
2649 
2462 
2254 
2208 


7506 
6793 
8033 


LATTICE ENERGIES (continued) 


Table 1 
LATTICE ENERGIES (kJ mol!) (continued) 


Substance Calc. Upor Upo BBFC Substance Cale. Upor 
ZrN 7633 7723 М4:0, 12736 
УМ 8283 8233 Рт,О; 12811 
NbN 7939 8022 Sm;0, 12878 
CrN 8269 8358 Eu;0, 12945 
Nitrites Gd,O; 12996 
NaNO, 774 772 Ть,О; 13071 
КМО, 699 687 Dy,0; 13138 
RbNO, 724 765 Ho,0, 13180 
CsNO, 690 - Ег,О, 13263 
Oxides Tm,0; 13322 
Li,O 2799 2814 Yb,0, 13380 
Na,O 2481 2478 Lu,O; 13665 
К,О 2238 2232 Ас,О; 12573 
Rb,O 2163 2161 Ті;Оз - 
СО 2131 2063 У,О, 15096 
Cu,O 3273 3189 Cr,O; 15276 
Ag,O 3002 2910 Мп:О, 15146 
TLO 2659 2575 Fe,0, 14309 
110, (878) (872) ALO, 15916 
NaO, 799 821 СаО; 15590 
КО, 741 751 1,0; 13928 
RbO, 706 721 РЬ,О, (14841) 
СвО, 679 696 СеО, 9627 
11,0, 2592 2557 ThO, 10397 
Na,O, 2309 22717 PaO, 10573 
од 2114 2064 VO»(g) 10644 
ВЬ,О, 2025 1994 NpO; 10707 
Cs,0, 1948 1512 РаО, 10786 
MgO, 3356 3526 AmO, 10799 
Сао; 3144 3132 Сто, 10832 
SrO, 3037 2977 TiO; 12150 
KO; 697 707 ZrO, 11188 
BeO 4514 4443 MoO, 11648 
MgO 3795 3791 MnO, 12970 
CaO 3414 3401 SiO, 13125 
SrO 3217 3223 GeO, 12828 
BaO 3029 3054 SnO, 11807 
TiO 3832 3811 PbO, 11217 
УО 3932 3863 Perchlorates 

MnO 3724 3745 LiclO, 709 
FeO 3795 3865 NaClO, 643 
CoO 3837 3910 као, 599 
NiO 3908 4010 RbCIO,; 564 
PdO 3736 - CsClO, 636 
CuO 4135 4050 NH4CIO, 583 
ZnO 4142 3971 Са(С1О,)» 1958 
сао 3806 - Sr(CIO4); 1862 
HgO 3907 - Ва(СІО,)» 1795 
GeO 3919 - Permanganates 

SnO 3652 - NaMnO, 661 
PbO 3520 - КМпО, 607 
50704 13557 13708 RbMnO, 586 
Ү,О, 12705 - CsMnO, 565 
Га,О; 12452 - Ca(MnO,)> 1937 
Ce)0, 12661 - Sr(MnO4); 1845 
PrjO, 12703 - Ba(MnO,) 1778 
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Substance Calc. Upor 
Phosphates 

Mg;(PO4), 11632 
Ca4(PO4) 10602 
Sr4(PO4); 10125 
Ba4(PO4); 9652 
MnPO, 7397 
FePO, 7251 
BPO, 8201 
АІРО, 7427 
СаРО, 7381 
Selenides 

Li,Se 2364 
Na5Se 2130 
K5Se 1933 
Rb,Se 1837 
Cs,Se 1745 
Ав;бе 2686 
TLSe 2209 
BeSe 3431 
MgSe 3071 
CaSe 2858 
SrSe 2736 
BaSe 2611 
MnSe 3176 
Selenites 

Li,SeO; 2171 
Na,SeO; 1950 
K,SeO3 1774 
Rb,SeO; 1715 
Сө;5еО; 1640 
ТІ,беО; 1879 
Ag,SeO3 2113 
BeSeO; 3322 
MgSeO; 3012 
Са5еО; 2732 
SrSeO, 2586 
BaSeO; 2460 
Selenates 

Li,SeO, 2054 
Na5SeO, 1879 
K5SeO, 1732 
Rb;SeO, 1686 
Cs5SeO, 1615 
Cu,SeO, 2201 
Ag5SeO, 2033 
Т!,5еО, 1766 
Но;беО, 2163 
BeSeO, 3448 
MgSeO, 2895 
CaSeO, 2632 
SrSeO, 2489 
Sulphides 

11,8 2464 
Ма;5 2192 
К,5 1979 


LATTICE ENERGIES (continued) 


LATTICE ENERGIES (kJ mol) (continued) 


Upor 


2472 
2203 
(2052) 


BHFC 


Table 1 


Substance 


Rb,S 
Св,5 
(ЧН,)58 
CuS 
AgS 
А5 

Т!,5 
Sulphates 
11,804 
NaSO, 
К,50, 
Rb,SO, 
Cs5SO, 
(МН,) 5580, 
Си,504 
A850, 
ТІ,5О, 
Не;50, 
CaSO, 
57504 
Ва50, 
MnSO, 
Ternary Salts 
Cs ,CuCl, 
Rb;ZnCl, 
Cs;ZnCl, 
Rb;ZnBr, 
Cs;ZnBr, 
Спа 
CsGaCl, 
NaAICI, 
СѕАІСІ; 
NaFeCl, 
Rb;CoCl, 
Cs;CoCl, 
К-РІС, 
Cs;GeFg 
(NH4);GeF, 
Cs GeCl, 
K,HfCl¢ 
КС, 
Na,MoCl, 
K5MoCI; 
Rb;MoCl; 
Cs;MoClg 
K5NbCI; 
Rb,NbCl, 
Cs МЕС 
K,OsCle 
Cs OsCl 
K,OsBr¢ 
K,PdCl, 
Rb PdCl, 
Cs;PdCl; 
Rb;PbCl; 
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Calc. Upor 


1929 
1892 
2008 
2786 
2606 
2908 
2298 


2229 
1827 
1700 
1636 
1596 
1766 
2276 
2104 
1828 


2489 
2577 
2469 
2920 


1393 
1529 
1492 
1498 
1454 
1386 

494 

556 

486 

492 
1447 
1391 
1574 
1573 
1657 
1404 
1345 
1442 
1526 
1418 
1399 
1347 
1375 
1371 
1381 
1447 
1409 
1396 
1481 
1449 
1426 
1343 


ВНЕС 
Upor 


1949 
1850 

(2026) 
2865 
2677 


2258 


2142 
1938 
1796 
1748 
1658 
1777 
2166 
1989 
1722 
2127 
2480 
2484 
2374 
2825 


LATTICE ENERGIES (continued) 


Table 1 
LATTICE ENERGIES (kJ mol!) (continued) 


Substance Calc. Upor Upo BBFC Substance 
Cs;PbCl; 1344 - Rb;TiCl; 
(NH4);PbCI, 1355 - Cs;TiCl; 
K,PtCl¢ 1468 1471 TLTiCl, 
Rb;PtCl; 1464 - К,ТїВг, 
СӘ РІСІ; 1444 - Rb;TiBrg; 
(NH4)2PtCl 1468 - Cs;TiBrg 
TLPtCl, 1546 - Na UBre 
Ag.PtCIç 1773 1881 К,ОВг, 
BaPtCl, 2047 2070 Rb;UBr; 
K,PtBre 1423 1392 Cs,UBr¢ 
AgPtBre 1791 2276 K,WCl, 
К,Р 1421 - Rb WCl6e 
К-Кесі6 1416 1442 Cs2WCl6 
Rb,ReCle 1414 - K WBre 
Сѕ,КеСі 1398 - Rb;WBrg 
K,ReBr¢ 1375 1375 Cs, WBrg 
K,SiF¢ 1670 1765 K,ZrCl¢ 
Rb;SiF; 1639 1673 Rb;ZrClg 
С5,81Е, 1604 1498 Cs;ZrCls 
TLSiFç 1675 - Tellurides 
K5SnClg 1363 1390 Li,Te 
Rb,SnCl, 1361 1363 Na,Te 

Cs ,SnCl¢ 1358 - K,Te 
TLSnCl, 1437 - Rb;Te 
(NH4);SnClg 1370 1344 Cs;Te 
Rb;SnBrg 1309 - Cu;Te 
Свя,5аВг, 1306 - Ag»;Te 
Rb;Snl; 1226 - Tb Te 
Cs,SnBr¢ 1243 - BeTe 
K,TeCl, 1318 1320 MgTe 

Rb TeCl, 1321 - CaTe 

Cs TeCl, 1323 - Thiocyanates 
TLTeCl, 1392 - LiCNS 
(NH4);TeClg 1318 - NaCNS 
K,RuCl, 1451 - KCNS 
КЪ,СоЕ; 1688 - RbCNS 
Сѕ,СоЕ; 1632 - ССМ 
KNiF6 1721 - NH4CNS 
КОМЕ 1688 - Ca(CNS); 
Rb;SbCl; 1357 - Sr(CNS); 
Rb;SeClg 1409 - Ва(СМ5), 
Свест 1397 - Mn(CNS); 
(МН,)»5еСІ6 1420 - 7л(СМ5), 
(NH4);PoClg 1338 - Са(СМ5), 
Cs;PoBrg 1286 - Hg(CNS); 
Cs2CrF6 1603 - Sn(CNS); 
Rb;MnFg 1688 - РЬ(СМ5), 
Cs;MnFg 1620 - Vanadates 
K,MnCl, 1462 - LiVO; 
Rb;MnCl; 1451 - МаУО, 
(NH4);MnClg 1464 - КУО, 
Св,ТеВг, 1306 - RbVO; 

С Теје 1246 - СѕУО; 
КПС 1412 1447 
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Calc. Upor 


1415 
1402 
1560 
1379 
1341 
1339 
1504 
1484 
1473 
1459 
1398 
1397 
1392 
1408 
1361 
1362 
1339 
1341 
1339 


2212 
1997 
1830 
1837 
1745 
2706 
2607 
2084 
3319 
2878 
2721 


764 
682 
623 
623 
623 
605 
2184 
2063 
1979 
2280 
2335 
2201 
2146 
2117 
2058 


810 
761 
686 
657 
628 


Іоп 


Singly Charged Anions 
AgFy 
AIBry 
AICLy 
AIF. 
АН 
AIL; 
AsFg 
AsO, 
Au(CN); 
AuCly 
AuF, 
AuFg 
B(OH), 
BF, 


LATTICE ENERGIES (continued) 


Radius 
0.231 +0.019 
0.321 +0.023 
0.317 +0.019 
0.214 +0.023 
0.226 +0.019 
0.374 +0.019 
0.243 +0.019 
0.211 +0.019 
0.266 +0.019 
0.288 +0.019 
0.240 +0.019 
0.235 +0.038 
0.229 +0.019 
0.205 +0.019 
0.205 +0.019 
0.190 +0.019 
0.231 +0.019 
0.214 +0.019 
0.230 +0.049 
0.194 +0.019 
0.168 +0.019 
0.195 +0.019 
0.208 +0.019 
0.225 +0.019 
0.260 +0.049 
0.187 +0.023 
0.276 +0.019 
0.315 +0.019 
0.126 +0.019 
0.317 +0.019 
0.328 +0.019 
0.148 +0.019 
0.227 +0.019 
0.213 +0.019 
0.200 +0.019 
0.207 +0.019 
0.172 +0.019 
0.221 +0.019 
0.211 0.019 
0.261 +0.019 
0.272 +0.019 
0.300 +0.019 
0.251 +0.019 
0.235 +0.019 
0.307 +0.019 
0.233 +0.019 
0.218 +0.019 
0.231 +0.019 
0.242 +0.019 
0.220 +0.019 
0.241 +0.019 
0.241 +0.019 
0.180 +0.019 
0.193 +0.019 
0.338 +0.049 


Table 2 
THERMOCHEMICAL RADII (nm) 


Ion 


NbF& 

МЕ! 

МО; 

NH; 
МН,СН,СОО: 


WOF; 
Doubly Charged Anions 
Ат > 
Bi Brg” 
ВЕСЫ 
сас” 
CeCl,?- 
Сек” 
СО»? 
CoCL 
CoF,7 
Соб > 
Cr,05* 
CrEZ- 
CrO,7 
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Radius 
0.254 +0.019 
0.311 0.038 
0.194 +0.019 
0.168 +0.019 
0.252 +0.019 
0.187 0.019 
0.200 50.019 
0.165 +0.019 
0.199 +0.034 
0.152 +0.019 
0.252 +0.020 
0.249 +0.019 
0.252 +0.019 
0.242 +0.019 
0.204 +0.019 
0.247 +0.019 
0.239 +0.019 
0.240 +0.019 
0.227 +0.019 
0.242 +0.019 
0.305 +0.019 
0.209 +0.019 
0.320 +0.019 
0.252 +0.019 
0.312 +0.038 
0.374 +0.038 
0.258 +0.038 
0.230 +0.019 
0.195 +0.019 
0.191 +0.019 
0.214 +0.019 
0.231 +0.038 
0.252 +0.038 
0.352 +0.019 
0.250 +0.019 
0.192 +0.019 
0.301 +0.019 
0.235 +0.019 
0.201 +0.019 
0.337 +0.019 
0.246 +0.019 
0.241 +0.019 
0.255 +0.019 
0.392 +0.055 
0.501 +0.073 
0.307 +0.019 
0.352 +0.019 
0.249 +0.019 
0.189 +0.019 
0.306 +0.019 
0.209 +0.019 
0.256 +0.019 
0.292 +0.019 
0.253 +0.019 
0.229 +0.019 


Ion 


Сис? 
СиЕ. 
GeCl 
GeF 
Неве 
HgL? 
ІСІ, 
Мас? 
MnF,2- 
MnF,2- 
MoBr;* 
Мос” 
Мор 
MoO," 
NbCI 
NH2 
Ni(CN),2- 
МЕД 
NIF 
O> 

o> 
OsBr¢2 
О8С167 
OsF,~ 
РЫСИ, 
PbCI,2 
Pb. 
PdBr 
РАС” 
РАС” 
РАБ 
PoBrç> 
Pol,” 
Pt(NO,);Cl;- 
РМО») СІ 
РЦОН),”- 
P(SCN)Z- 
PtBr,2 
РїВг,? 
РІСІ, 
РІСІ 2 
РЕ,” 
PuCl,2 
ReBr¢= 
ReCl 
ReF,2 
КеБұ> 
Кену 
ке” 
RhEZ- 
RuCl 
ки? 
52- 
5,042 
$2012 
5,052 


LATTICE ENERGIES (continued) 


Table 2 


THERMOCHEMICAL RADII (nm) (continued) 


Radius 
0.304 =0.019 
0.213 +0.019 
0.335 0.019 
0.244 +0.019 
0.248 +0.019 
0.377 0.019 
0.332 +0.019 
0.314 +0.031 
0.219 0.019 
0.241 +0.019 
0.364 +0.019 
0.338 +0.019 
0.274 %0.019 
0.231 0.019 
0.343 +0.019 
0.128 +0.019 
0.322 +0.019 
0.211 0.019 
0.249 +0.019 
0.141 0.019 
0.167 0.019 
0.365 +0.019 
0.336 0.019 
0.276 0.019 
0.279 +0.019 
0.347 +0.019 
0.268 +0.019 
0.354 +0.019 
0.313 0.019 
0.333 +0.019 
0.252 +0.019 
0.380 50.019 
0.428 +0.019 
0.364 +0.019 
0.383 +0.019 
0.333 +0.019 
0.451 0.019 
0.324 +0.019 
0.363 +0.019 
0.307 0.019 
0.333 +0.019 
0.245 +0.019 
0.349 +0.019 
0.371 +0.019 
0.337 0.019 
0.256 +0.019 
0.276 +0.019 
0.257 +0.019 
0.421 +0.026 
0.240 50.019 
0.336 0.019 
0.248 +0.019 
0.189 +0.019 
0.251 +0.019 
0.262 +0.019 
0.270 0.019 


Топ 


5,02 
5,07 
$2052 
5:06 
54062 
$6067 
ScF,> 
Se? 
SeBr¢~ 
бесі 
SeO,2 
51Е,2- 
51032 
SmF,2 
Sn(OH) 
SnBrj 
SnClg- 
SnF,~ 
SnI > 
5047 
so 
TcBr- 
Тес 
ТсЕ;2- 
TcH$* 
Тс” 
Те” 
TeBr- 
TeCl,2 
Те” 
TeO4* 
Th(NOj)- 
ThCI ` 
ThEZ- 
TiBr > 
та 
ТІЕ,2- 
UCI% 
UR 
VO; 
WBrg- 
wel 
WO, 
МОСІ;2- 
ZnBr4 
ZnCl 
ZnF 42 
Znl 2 
ZrBr 
ZrCl 
ZrCl 
ZrF 62 
Multi-Charged Anions 
AIH 
AsO,* 
СаВг* 


12-32 


Radius 
0.283 +0.019 
0.275 +0.019 
0.291 0.019 
0.302 =0.019 
0.325 +0.019 
0.382 +0.019 
0.276 0.019 
0.181 0.019 
0.363 =0.019 
0.336 0.019 
0.229 +0.019 
0.248 +0.019 
0.195 +0.019 
0.218 +0.019 
0.279 +0.020 
0.374 +0.019 
0.345 +0.019 
0.265 +0.019 
0427 +0.019 
0.204 +0.019 
0.218 +0.019 
0.363 +0.019 
0.337 +0.019 
0.244 +0.019 
0.260 +0.019 
0419 +0.019 
0.220 +0.019 
0.383 +0.019 
0.353 +0.019 
0.430 +0.019 
0.238 +0.019 
0.424 +0.019 
0.360 +0.019 
0.263 +0.019 
0.356 +0.019 
0.335 +0.019 
0.252 +0.019 
0.354 +0.019 
0.256 +0.019 
0.204 +0.019 
0.363 +0.019 
0.339 +0.019 
0.237 +0.019 
0.334 +0.019 
0.335 +0.019 
0.306 +0.019 
0.219 +0.019 
0.384 +0.019 
0.334 +0.019 
0.306 +0.019 
0.348 +0.019 
0.258 +0.019 
0.256 +0.042 
0.237 +0.042 
0.374 +0.038 


Ion 


CaCl 
CeF,> 
CeF,* 
Со(С№) 3 
Co(NOj)s* 
Сос1 > 
Соқ; 
Cr(CN) > 
CrF,* 
Cu(CN)4* 
Fe(CN) 
FeF,* 
Нев 
Е; 
(СМ) 
КО) 
Mn(CN)g- 
Mn(CN) ` 
Мас“ 


Singly Charged Cations 
N(CH34* 
М,Н 

М,Н, + 
NH(C?H5);* 
NH3C3H;* 
NH4C4H;* 
NH4CH;* 
NH4OH* 
NH,* 
МН,С,Н,ОН" 
А$354* 
AssSe4* 
AsCl4* 


LATTICE ENERGIES (continued) 


THERMOCHEMICAL RADII (nm) (continued) 


Radius 
0.352 +0.038 
0.278 +0.038 
0.282 +0.038 
0.349 +0.038 
0.343 +0.038 
0.320 +0.038 
0.258 +0.042 
0.351 0.038 
0.254 +0.042 
0.312 +0.038 
0.347 +0.038 
0.298 +0.042 
0.277 +0.042 
0.268 +0.038 
0.347 +0.038 
0.338 +0.038 
0.350 +0.038 
0.401 +0.042 
0.349 +0.038 
0.180 +0.042 
0.342 +0.038 
0.383 +0.038 
0.250 +0.042 
0.288 +0.038 
0.224 +0.042 
0.299 +0.042 
0.230 +0.042 
0.281 +0.038 
0.345 +0.038 
0.428 +0.042 
0.284 +0.042 
0.290 +0.038 
0.410 +0.042 
0.282 +0.042 
0.315 + 0.038 
0.271 0.038 
0.285 + 0.042 
0.275 0.038 
0.273 +0.038 
0.234 +0.019 
0.158 0.019 
0.158 +0.029 
0.274 %0.019 
0.193 +0.019 
0.225 +0.019 
0.177 +0.019 
0.147 +0.019 
0.136 0.019 
0.203 +0.019 
0.244 +0.027 
0.253 +0.027 
0.221 +0.027 
0.155 +0.027 
0.204 +0.027 
0.238 +0.027 


Table 2 


Ton 


Br;* 
BrCICNH,* 
BrF,* 

BrE;* 
Срби" 

све 
CKSNSCN);* 
CL C-NH,* 
CLF* 

с“ 

CIF; 

Со," 
GaBry 

L* 

L* 

L* 

IBrj* 

ІСІ; 

IE; 
N(S3N5)5* 
N(SCD,* 
N(SeCD,* 
МЕ)" 
ме 

NO* 

о» 
OXSCCF;CD,* 
ONCH;CF,* 
О5ОЕ; 
Р(СН/),СЇ" 
P(CH3)3D* 
PCL* 
ВеОЕ; 
З(СН/),СЇ" 
S(N(C2H5)3)3* 
S2(CH3)2CI* 
So(CH3)9CN* 
S2(CH3)3* 
5,Вг;+ 

өм 
S,.N,C;H;* 
S,NC.(PhCH;)* 
МОНА 
S,NC,H,* 
S3(CH3)3* 
S3Br3* 
S,C3H;* 
SGF 
8,СЕ,СМ" 
S.C 
S3N;* 
S;N,CI* 
S4N;* 
S4N3(Ph).* 
5,М,Н" 
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Radius 
0.229 +0.027 
0.175 0.027 
0.183 € 0.027 
0.172 +0.027 
0.265 +0.027 
0.228 +0.027 
0347 +0.027 
0.173 +0.027 
0.165 +0.027 
0.182 +0.027 
0.147 +0.027 
0.118 +0.027 
0.317 +0.038 
0.185 +0.027 
0.225 +0.027 
0.263 +0.027 
0.196 +0.027 
0.175 +0.036 
0.209 +0.027 
0.258 +0.027 
0.186 +0.027 
0.246 +0.027 
0.214 +0.027 
0.156 +0.027 
0.145 +0.027 
0.153 +0.027 
0.140 +0.027 
0.275 +0.027 
0.200 +0.027 
0.246 +0.038 
0.197 +0.027 
0.196 +0.027 
0.235 +0.027 
0.245 +0.038 
0.207 +0.027 
0.439 +0.027 
0.265 +0.027 
0.223 +0.027 
0.233 +0.027 
0.267 +0.027 
0.159 +0.034 
0.211 +0.027 
0.310 +0.027 
0.218 +0.027 
0.225 +0.027 
0.239 +0.027 
0.245 +0.027 
0.199 +0.027 
0.261 +0.027 
0.263 +0.027 
0.233 +0.027 
0.201 +0.027 
0.232 +0.027 
0.231 +0.027 
0.316 +0.027 
0.178 +0.027 


LATTICE ENERGIES (continued) 


Table 2 
THERMOCHEMICAL RADII (nm) (continued) 


Ion Radius Ion 

S5N5* 0257 +0.027 XeF* 

571+ 0.262 +0.027 Херу 
Sb(NPPh3),* 0.518 +0.027 XeF;* 

SBr,* 0.220 +0.027 XeOF;* 
SCH,0,* 0.183 +0.027 Doubly Charged Cations 
SCH3P(CH3)3* 0248 +0.027 Со5 (СО) 
SCH4PCH;CL* 0.205 +0.027 FeW(Se),(CO)?* 
SCI(C;H5)5* 0.207 +0.027 142+ 

SCLCF;* 0.207 +0.027 Mo(Te3)(CO)2* 
SCLCH;* 0204 +0.027 $ 02+ 

ЅС1;+ 0.185 +0.027 SXS(CH4)))?* 
Se3Br3* 0253 + 0.027 5,1,2+ 

Зе С" 0.245 +0.027 5 

Se3N,* 0.288 +0.042 S;NCCNS;?+ 

Зе МС“ 0.163 + 0.027 S3 Se% 

бесі" 0.260 +0.027 SINA? 

ЗеВгз“ 0.182 + 0.027 SN,” 

SeCl,* 0.192 +0.027 S 

SeF;* 0.179 +0.027 Зе102* 

SeL* 0238 +0.027 Зе) + 

5еМ,СЇ" 0.196 +0.027 Ѕеџ,2+ 

SeNCL* 0.157 +0.027 Зе + 
(SeNMe3)3* 0.406 +0.027 Ѕез№2+ 
5е5,М," 0.282 +0.042 Se,?* 
SF(C¢F5)o* 0.294 +0.027 Se,SjNA* 
SF,CF;* 0.198 + 0.027 Зе 
SE;N(CH3);* 0.210 0.027 5беМ,5,2% 

SE; 0.172 +0.027 (SNP(C>Hs)3)92* 
SFS(C(CF3)»)9* 0275 +0.027 TaBrg 
SH;C4H;* 0.210 +0.027 Te(trtu)4?* 

SN* 0.158 + 0.027 Te(tu)42* 
SNC1;(CH3CN)- 0.290 +0.038 Те,(еѕи),Вг›2+ 
(SNPMe3)4* 0.308 +0.027 Te5(esu),CL?* 
SNSC(CH4)N* 0225 +0.027 Tes(esu)4L?* 
SNSC(CN)CH* 0.209 +0.027 Те;5е,2% 
SNSC(Ph)N* 0251 0.027 Te;Se2* 
SNSC(Ph)NS;N5* 0.327 +0.027 Тебе + 
SNSC(PhCH3)N* 0.264 +0.027 Te4S4?* 
(Te(N(SiMe4),)* 0.371 +0.027 ТезЅе2+ 
Te(N3)4* 0.226 +0.027 Te4?* 
Te4Nb4OTe;I;* 0.407 + 0.027 Тев2+ 

TeBr,* 0.235 +0.027 W(CO)4(h3-Te)?* 
Тест 0.216 0.027 W»(CO);9Se4?* 
TeCl;(15-crown-5)* 0.282 +0.027 Multi-Charged Cations 
Tel,* 0243 +0.027 18" 

Хе це 0.266 +0.027 Te5(su)g^* 
Xe,F3+ 0221 +0.027 


Ligand abbreviations: su = selenourea; esu = ethyleneselenourea; tu = thiourea; ph = phenyl. 
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Radius 
0.174 +0.027 
0.183 +0.027 
0.186 +0.027 
0.186 +0.027 
0.263 +0.035 
0.260 +0.035 
0.207 +0.035 
0.234 +0.035 
0.292 +0.035 
0.230 +0.035 
0.231 +0.035 
0.184 +0.035 
0.220 +0.035 
0.326 +0.035 
0.186 +0.035 
0.232 +0.035 
0.182 +0.035 
0.253 +0.035 
0.236 +0.035 
0.296 +0.035 
0.218 +0.035 
0.182 +0.035 
0.152 +0.035 
0.224 +0.035 
0.186 +0.035 
0.182 +0.035 
0.312 +0.035 
0.351 +0.049 
0.328 +0.035 
0.296 +0.035 
0.356 +0.035 
0.361 +0.035 
0.342 +0.035 
0.192 +0.035 
0.222 +0.035 
0.252 +0.035 
0.217 +0.035 
0.193 +0.035 
0.169 +0.035 
0.187 +0.035 
0.234 +0.035 
0.290 +0.035 
0.442 +0.051 
0.453 +0.034 


LATTICE ENERGIES (continued) 


Table 3 
ANCILLARY THERMOCHEMICAL DATA (kJ mol) 


Species State AH? 
AsO4* g (289) 
ВтОу g -145 
clo, g -344 
CN- g 66 
CO,” g -321 
Fe(NO4); c (-448) 
HE; g -774 
НЕ g -1640 
IO;F; g -693 
IO; g -208 
С?” g -785 
LiCH,O, с (745) 
МЫС? g -1224 
NH,CH,CO,- g -564 
0,2 g 553 
PdCl,? g -749 
PO, g 291 
РС? g -114 
ReBr,? g -689 
Вес? 8 -919 
Ti(OH); c -778 


12-35 


THE MADELUNG CONSTANT AND CRYSTAL LATTICE ENERGY 


If U is the crystal lattice energy and M is the Madelung constant, then? 


Substance 


Sodium chloride, NaCl 

Cesium chloride, CsCl 

Calcium chloride, CaCl, 
Calcium fluoride (fluorite), CaF, 
Cadmium chloride, CdCl, 
Cadmium iodide (о), Cdl, 
Magnesium fluoride, МеЕ, 
Cuprous oxide (cuprite), Си›О 
Zinc oxide, ZnO 

Sphalerite (zinc blende), ZnS 
Wurtzite, ZnS 

Titanium dioxide (anatase), TiO, 
Titanium dioxide (rutile), TiO, 
B-Quartz, SiO; 

Corundum, А1,О; 


Ü ММ, е? 


r 


Ion type 


M+, X- 
M*, X- 
M**, 2X- 
M**, 2X- 
M**, 2X- 
M**, 2X- 
M**, 2X- 
2M*, X-- 
мн, X 
M*, Х-- 
М++, Х-- 
М“, 2X-- 
М“, 2X-- 
М“, 2X-- 
2MP*, 3Х-- 


(1-1/n) 


Crystal form^ 


FCC 

BCC 
Cubic 
Cubic 
Hexagonal 
Hexagonal 
Tetragonal 
Cubic 
Hexagonal 
FCC 
Hexagonal 
Tetragonal 
Tetragonal 
Hexagonal 
Rhombohedral 


M 


1.74756 
1.76267 
2.365 
2.51939 
2.244* 
2.355* 
2.381* 
2.22124 
1.4985* 
1.63806 
1.64132* 
2.400 
2.408 
2.2197 
4.1719 


а Nis Avogadro's number, 2; and 2) are the integral charges оп the ions(in units of e), and eis the charge 
on the electron in electrostatic units (e = 4.803 х 10-10 esu). r is the shortest distance between cation- 


anion pairs in centimeters. Then U is in ergs (1 erg = 107 J). 
b ЕСС = face centered cubic; ВСС = body centered cubic. 


* Fortetragonal and hexagonal crystals the value of M depends on the details of the lattice parameters. 


The Born Exponent, n is: 
Ion type 


He, Li* 

Ме, Nat, Е 

Ar, K+, Cut, СГ 
Kr, Rb*, Ag*, Br- 
Xe, Cs*, Au*, Г 


For a crystal with a mixed-ion type, an average of the values of n in this table is to be used (6 for LiF, for 


example). 
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ELASTIC CONSTANTS OF SINGLE CRYSTALS 
H. P. R. Frederikse 


This table gives selected values of elastic constants for single crystals. The values believed most reliable were selected from the original literature. 
The substances are arranged by crystal system and, within each system, alphabetically by name. A reference to the original literature is given for each 
value; a useful compilation of published values from many sources may be found in Reference 1 below. 

Data are given for the single-crystal density and for the elastic constants су, in units of 10!! N/m?, which is equivalent to 10? dyn/cm?. 
GENERAL REFERENCES 


1. Simmons, G., and Wang, H., Single Crystal Elastic Constants and Calculated Aggregate Properties: A Handbook, Second Edition, The MIT 
Press, Cambridge, MA, 1971. 
2. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw-Hill, New York, 1972. 


CUBIC CRYSTALS 


Name Formula p/g cm? T/K Ref. Си Ср Са 
Aluminum Al 2.6970 298 1 1.0675 0.6041 0.2834 
Aluminum antimonide AISb 4.3600 300 2 0.8939 0.4427 0.4155 
Ammonium bromide NH,Br 2.4314 300 3 0.3414 0.0782 0.0722 
Ammonium chloride NH,Cl 1.5279 290 4 0.3814 0.0866 0.0903 
Argon Ar 1.7710 4.2 5 0.0529 0.0135 0.0159 
Barium fluoride BaF, 4.8860 298 6 0.9199 0.4157 0.2568 
Barium nitrate Ва(ХО;), 3.2560 293 7 0.2925 0.2065 0.1277 
Calcium fluoride СаЕ, 3.810 298 8 1.6420 0.4398 0.8406 
Calcium telluride CaTe 5.8544 298 9 0.5351 0.3681 0.1994 
Cesium Cs 1.9800 78 10 0.0247 0.0206 0.0148 
Cesium bromide CsBr 4.4560 298 11 0.3063 0.0807 0.0750 
Cesium chloride CsCl 3.9880 298 11 0.3644 0.0882 0.0804 
Cesium iodide CsI 4.5250 298 11 0.2446 0.0661 0.0629 
Chromite ГеСі;О, 4.4500 ЕТ 12 3.2250 1.4370 1.1670 
Chromium Cr 7.20 298 13 3.398 0.586 0.990 
Cobalt oxide CoO 6.44 298 14 2.6123 1.4699 0.8300 
Cobalt zinc ferrite CoZnFeO; 5.43 303 12 2.660 1.530 0.780 
Copper Cu 8.932 298 15 1.683 1.221 0.757 
Gallium antimonide GaSb 5.6137 298 16 0.8839 0.4033 0.4316 
Gallium arsenide GaAs 5.3169 298 17 1.1877 0.5372 0.5944 
Gallium phosphide GaP 4.1297 300 18 1.4120 0.6253 0.7047 
Garnet (yttrium-iron) Y;Fej(FeO4); 5.17 298 19 2.680 1.106 0.766 
Germanium Ge 5.313 298 20 1.2835 0.4823 0.6666 
Gold Au 19.283 296.5 21 1.9244 1.6298 0.4200 
Indium antimonide InSb 5.7890 298 22 0.6720 0.3670 0.3020 
Indium arsenide InAs 5.6720 293 23 0.8329 0.4526 0.3959 
Indium phosphide InP 4.78 RT 24 1.0220 0.5760 0.4600 
Iridium Ir 22.52 300 25 5.80 2.42 2.56 
Iron Fe 7.8672 298 26 2.26 1.40 1.16 
Lead Pb 11.34 296 27 0.4966 0.4231 0.1498 
Lead fluoride РЬЕ, 7.79 300 28 0.8880 0.4720 0.2454 
Lead nitrate Pb(NO3); 4.547 293 29 0.3729 0.2765 0.1347 
Lead telluride PbTe 8.2379 303.2 30 1.0795 0.0764 0.1343 
Lithium Li 0.5326 298 31 0.1350 0.1144 0.0878 
Lithium bromide LiBr 3.47 RT 32 0.3940 0.1880 0.1910 
Lithium chloride LiCl 2.068 295 33 0.4927 0.2310 0.2495 
Lithium fluoride LiF 2.638 RT 34 1.1397 0.4767 0.6364 
Lithium iodide Lil 4.061 RT 32 0.2850 0.1400 0.1350 
Magnesium oxide MgO 3.579 298 20 2.9708 0.9536 1.5613 
Magnetite Ее,Оц 5.18 КТ 32 2.730 1.060 0.971 
Manganese oxide MnO 5,39 298 35 2:23 1.20 0.79 
Mercury telluride HgTe 8.079 290 36 0.548 0.381 0.204 
Molybdenum Mo 10.2284 273 37 4.637 1.578 1.092 
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Мате 


Nickel 

Niobium 
Palladium 
Platinum 
Potassium 
Potassium bromide 
Potassium chloride 
Potassium cyanide 
Potassium fluoride 
Potassium iodide 
Pyrite 

Rubidium 
Rubidium bromide 
Rubidium chloride 
Rubidium iodide 
Silicon 

Silver 

Silver bromide 
Sodium 

Sodium bromate 
Sodium bromide 
Sodium chlorate 
Sodium chloride 
Sodium fluoride 
Sodium iodide 
Spinel 

Strontium fluoride 
Strontium nitrate 
Strontium oxide 
Strontium titanate 
Tantalum 
Tantalum carbide 
Thallium bromide 
Thorium 

Thorium oxide 
Tin telluride 
Titanium carbide 
Tungsten 
Uranium carbide 
Uranium dioxide 
Vanadium 

Zinc selenide 
Zinc sulfide 

Zinc telluride 
Zirconium carbide 


ELASTIC CONSTANTS OF SINGLE CRYSTALS (continued) 
CUBIC CRYSTALS (continued) 


Formula 


Nal 
MALO, 
StF, 
Sr(NO3); 
SrO 
SrTiO; 


р/в cm? 


8.91 
8.578 
12.038 
21.50 
0.851 
2.740 
1.984 
1.553 
2.480 
3.128 
5.016 
1.58 
3.350 
2.797 
3.551 
2.331 
10.50 
5.585 
0.971 
3.339 
3.202 
2.485 
2.163 
2.804 
3.6689 
3.6193 
4.277 
2.989 
4.99 
5.123 
16.626 
14.65 
7.4529 
11.694 
9.991 
6.445 
4.940 
19.257 
13.63 
10.97 
6.022 
5.262 
4.088 
5.636 
6.606 


Т/К 


298 
300 
300 
300 
295 
298 
298 
RT 
295 
300 
RT 
170 
300 
300 
300 
298 
300 
300 
299 
RT 
300 
RT 
298 
300 
300 
298 
300 
293 
300 
RT 
298 
RT 
298 
300 
298 
300 
RT 
297 
300 
298 
300 
298 
298 
298 
298 
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Ref. 


15 
38 
39 
40 
41 
11 
11 
32 
33 
42 
43 
44 
45 
45 
45 
46 
47 
48 
49 
32 
33 
50 
11 
51 
52 
53 
54 
29 
55 
56 
57 
58 
59 
60 
61 
62 

107 
64 
65 
66 
67 
68 
68 
68 
63 


LE-TI 


Name 


Ammonium dihydrogen 
arsenate (ADA) 

Ammonium dihydrogen 
phosphate (ADP) 

Barium titanate 

Calcium molybdate 

Indium 

Magnesium fluoride 

Nickel sulfate hexahydrate 

Potassium dihydrogen 
arsenate (KDA) 

Potassium dihydrogen 
phosphate (KDP) 

Rubidium dihydrogen 
phosphate (RDP) 

Rutile 

Tellurium oxide 

Tin (white) 

Zircon 


Formula 


МН,Н,А5О, 


NH4H;PO, 
BaTiO; 
СаМоО, 

Іп 

MeF, 
NiSO,-6H,O 


КН,А5О, 
КЊРО, 


RbH;PO, 
TiO, 
Тео; 

5п 
71510, 


р/в cm 


2.3110 


1.8030 
5.9988 
4.255 
7.300 
3.177 
2.070 


2.867 
2.388 


2.800 
4.260 
5.99 
7.29 
4.70 


Т/К 


298 


293 
298 
298 
RT 
RT 
RT 


RT 


RT 


298 
298 
RT 
288 
RT 


TETRAGONAL CRYSTALS 


Ref. 


69 


69 
70 
79 
71 
72 
73 


12 


71 


74 
75 
76 
77 
78 


0.1652 


0.1400 
1.5156 
0.466 
0.4050 
0.536 
0.0209 


-0.020 


0.1290 


0.0279 
1.4957 
0.2120 
0.4400 
1.542 


0.134 


(penuguoo) S'TV.LSA?IO 3T TIONIS AO SINV.LSNOO OLLSV'TÀ 


веа 


Маше 


Acenaphthene 

Ammonium sulfate 

Aragonite 

Barite 

Benzene 

Benzophenone 

Bronzite 

Calcium sulfate 

Celestite 

Cesium sulfate 

Fosterite 

Todic acid 

Lithium ammonium 
tartrate 

Magnesium sulfate 
heptahydrate 

Natrolite 

Nickel sulfate 
heptahydrate 

Olivine 

Potassium 
pentaborate 

Potassium sulfate 

Rochelle salt 

Rubidium sulfate 

Sodium ammonium 
tartrate 

Sodium tartrate 

Strontium formate 
dihydrate 

Sulfur 

Thallium sulfate 

Topaz 

Uranium (alpha) 

Zinc sulfate 
heptahydrate 


Formula 


СН 
(NHy)2SO4 
CaCO, 
Ва5О, 
Сұң; 
(%Н;)»СО 
(MgFe)SiO, 
Са50, 
5180; 
Cs,SO, 
Mg,SiO, 
но; 


LiNH,C,H,0¢4H,0 


Ме50,:7Н,0 
(Ма,А1)810; 


NiSO,:7H,O 
(MgFe)SiO, 


КВ.О,4Н,О 
K,SO, 
NaK(C4H409)4H50 
Rb,SO, 


NaNH,C,H,0,¢4H,0 
Ма,С,Н,О,2Н,О 


Sr(CHO2,-2H,O 
8 

TISO, 
АЂЧОХОНЕ), 
U 


?л50,:7Н,0 


1.68 
2.25 


1.948 
3.324 


1.74 
2.665 
1.79 
3.621 


1.587 
1.794 


2.25 
2.07 
6.776 
3.52 


19.0453 


1.970 


Т/К 


293 
293 
RT 
RT 
250 
RT 
RT 
RT 
RT 
293 
298 
RT 


RT 


RT 
RT 


RT 
RT 


RT 
293 
RT 
293 


RT 
RT 


RT 
RT 
293 
RT 
293 


RT 


ORTHORHOMBIC CRYSTALS 


Ref. 


80 
81 
82 
82 
83 
32 
78 
84 
12 
81 
85 
73 


12 


86 
78 


86 
87 


71 
81 
71 
81 


12 
12 


12 
12 
81 
82 
88 


86 


Cu 


0.0210 
0.1651 
0.3663 
0.4614 
0.0352 
0.0550 
0.686 

0.1650 
0.773 

0.1958 
0.6390 
0.1194 


0.1655 


0.174 
0.261 


0.198 
0.590 


0.229 
0.1999 
0.141 
0.1965 


0.2725 
0.286 


0.1037 
0.133 

0.2573 
1.2582 
0.4622 


0.1720 


0.1262 
0.2981 
0.8697 
0.7842 
0.0656 
0.1000 
1.578 

1.845 

1.061 

0.4283 
1.9980 
0.5448 


0.5393 


0.288 
0.632 


0.311 
1.980 


0.359 
0.5653 
0.381 
0.5098 


0.5092 
0.547 


0.3484 
0.205 

0.3885 
3.8495 
1.9983 


0.2930 


(penuguoo) S'TV.LSA?IO ATONIS AO SINV.LSNOO OLLSV'TÀ 


Маше 


Aegirine 
Anthracene 
Cobalt sulfate 
heptahydrate 
Diopside 
Dipotassium 
tartrate 
Feldspar 
(microceine) 
Ferrous sulfate 
heptahydrate 
Lithium sulfate 
monohydrate 
Naphthalene 
Potassium 
tartrate 
Sodium 
thiosulfate 
Stilbene 
Triglycine 
sulfate (TGS) 


Name 


Aegirine 
Anthracene 
Cobalt sulfate 
heptahydrate 
Diopside 
Dipotassium 
tartrate 
Feldspar 
(microceine) 
Ferrous sulfate 
heptahydrate 
Lithium sulfate 
monohydrate 
Naphthalene 
Potassium 
tartrate 
Sodium 
thiosulfate 
Stilbene 
Triglycine 
sulfate (TGS) 


ELASTIC CONSTANTS OF SINGLE CRYSTALS (continued) 


Formula р/в cm? 
(NaFe)Si,0¢ 3.50 
Син, 1.258 
СовО,/7Н,О 1.948 
(CaMg)Si,0¢ 3.31 
KHC,H,0, 1.97 
KAISi40, 2.56 
Ее50,7Н,0 1.898 
14,80,-Н,О 2221 
Ci Hg 1.127 
K;C4H40, 1.987 
№5503 1.7499 
(С.Н.СН), 1.60 
(МН,СН,СООН),- 

H,SO, 1.68 

Сз С 

0.626 0.094 
0.0375 -0.0170 
0.158 -0.018 
0.482 -0.196 
0.1173 0.0176 
0.192 -0.148 
0.172 -0.019 
0.0368 0.0571 
0.0230 -0.0270 
0.1330 0.0182 
0.1713 0.0983 
0.0485 -0.005 
0.2080 -0.0036 


MONOCLINIC CRYSTALS 

T/K Ref. Си 

БТ 89 1.858 

КТ 90 0.0852 

RT 86 0.335 

RT 91 2.040 

RT 12 0.4294 

RT 92 0.664 

RT 86 0.349 

RT 32 0.5250 

RT 93 0.0780 

RT 32 0.3110 

RT 12 0.3323 

RT 94 0.0930 

RT 32 0.4550 

Css Css Cu 

2.344 0.214 0.692 
0.1522 -0.0187 0.0272 
0.371 -0.047 0.060 
2.380 -0.336 0.675 
0.6816 0.0294 0.0961 
1.215 -0.131 0.143 
0.360 -0.014 0.064 
0.5400 -0.0254 0.1400 
0.1190 0.0290 0.0330 
0.5540 0.0710 0.0870 
0.4590 -0.0678 0.0569 
0.0790 -0.005 0.0325 
0.2630 -0.0500 0.0950 
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Сіз 


0.707 
0.0590 


0.158 
0.0883 


0.3129 
0.259 
0.174 


0.1730 
0.0340 


0.1690 


0.1875 
0.0670 


0.1980 


Cis 


0.098 
-0.0192 


0.016 
-0.193 


-0.0105 
-0.033 
-0.020 


-0.0196 
-0.006 


0.0287 


0.0225 
-0.003 


-0.030 


C5 


1.813 
0.1170 


0.378 
1.750 


0.3460 
1.710 
0.376 


0.5060 
0.0990 


0.3900 


0.2953 
0.0920 


0.3210 


Мате 


Араше 
Вегуі 
Beryllium 
Beryllium 
oxide 
Cadmium 
Cadmium 
selenide 
Cadmium 
sulfide 
Cobalt 
Dysprosium 
Erbium 
Gadolinium 
Hafnium 
Ice 
Indium 
Magnesium 
Rhenium 
Ruthenium 
Thallium 
Titanium 
Titanium 
diboride 
Yttrium 
Zinc 
Zinc oxide 
Zinc sulfide 


Zirconium 


Name 


Aluminum oxide 
Aluminum 
phosphate 
Antimony 
Bismuth 
Calcite 
Hematite 
Lithium niobate 
Lithium 
tantalate 
Quartz 
Selenium 
Sodium nitrate 
Tourmaline 


Bopp 


ELASTIC CONSTANTS OF SINGLE CRYSTALS (continued) 


Formula 


Cas(PO4).(OH,F,CI) 


Ве А1,516Оі 
Ве 


ВеО 
са 


CdSe 


CdS 

Co 

Dy 

Er 

Gd 

Hf 
H,O(solid) 
In 

Mg 


Formula 
AlO; 


AIPO, 


Sb 6.70 
Bi 9.80 


СаСО, 
Ее,О; 
LiNbO; 


LiTaO; 
SiO, 


Se 4.838 


NaNO; 


р/в cm? 


3.218 
2.68 
1.8477 


3.01 
8.652 


5.655 


4.824 
8.836 
8.560 
9.064 
7.888 
12.727 
0.920 
7.27788 
1.7364 
21.024 
12.3615 
11.560 
4.5063 


4.95 
4.472 
7.134 
5.6760 
4.089 
6.505 


Thomas, J. F., Phys. Rev., 175, 955-962, 1968. 
Bolef, D. I. and M. Menes, J. Appl. Phys., 31, 1426-1427, 1960. 
Garland, C. W. and C. F. Yarnell, J. Chem. Phys., 44, 1112-1120, 1966. 
Garland, C. W. and R. Renard, J. Chem. Phys., 44, 1130-1139, 1966. 


HEXAGONAL CRYSTALS 
T/K Ref. Си 
ЕТ 12 1.667 
ЕТ 12 2.800 
300 95 2.923 
ЕТ 96 4.70 
300 97 1.1450 
298 68 0.7046 
298 98 0.8431 
298 99 3.071 
298 100 0.7466 
298 100 0.8634 
298 101 0.6667 
298 102 1.881 
250 103 0.1410 
300 104 0.4535 
298 105 0.5950 
298 100 6.1820 
298 100 5.6260 
300 106 0.4080 
298 102 1.6240 
RT 107 6.90 
300 108 0.7790 
295 109 1.6368 
298 110 2.0970 
298 96 1.2420 
298 102 1.434 
TRIGONAL CRYSTALS 
Ref. Си Сь 
111 4.9735 1.6397 
73 1.0503 0.2934 
112 1.0130 0.3450 
112 0.6370 0.2490 
113 1.4806 0.5578 
82 2.4243 0.5464 
114 2.030 0.530 
114 2.330 0.470 
115 0.8680 0.0704 
116 0.1870 0.0710 
12 0.8670 0.1630 
82 2.7066 0.6927 
REFERENCES 
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Ca 
1.4739 


0.2314 
0.3930 
0.1123 
0.3269 
0.8569 
0.600 


0.940 

0.5820 
0.1490 
0.2130 
0.6682 
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ELECTRICAL RESISTIVITY OF РОКЕ METALS 


The first part of this table gives the electrical resistivity, іп units of 10-8 Q m, for 28 common metallic elements as a function of temperature. The 
data refer to polycrystalline samples. The number of significant figures indicates the accuracy of the values. However, at low temperatures (especially 


below 50 K) the electrical resistivity is extremely sensitive to sample purity. Thus the low-temperature values refer to samples of specified purity and 


treatment. The references should be consulted for further information on this point, as well as for values at additional temperatures. 


The second part of the table gives resistivity values in the neighborhood of room temperature for other metallic elements that have not been studied 
over an extended temperature range. 


100 
150 
200 
273 
293 
298 
300 
400 
500 
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Aluminum 


0.000100 
0.000193 
0.000755 
0.0181 
0.0959 
0.245 
0.442 
1.006 
1.587 
2.417 
2.650 
2.709 
2.733 
3.87 
4.99 
6.13 
7.35 
8.70 
10.18 


Gold 


0.0220 
0.0226 
0.035 
0.141 
0.308 
0.481 
0.650 
1.061 
1.462 
2.051 
2.214 
2.255 
2.271 
3.107 
3.97 
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Barium 


1 


0.081 
0.189 
0.94 
2.91 
4.86 
6.83 
8.85 
43 


20.2 


3 
3 
3 
3 


0.2 
3.2 
4.0 
4.3 


51.4 

72.4 

98.2 
130 
168 


21 


1.00 
1.00 
1.11 
2.52 
4.53 
6.75 
9.12 
15.0 
21.0 
30.4 
33.1 
33.7 
34.0 
48.1 
63.1 


6 


Hafnium 


Beryllium 


0.0332 
0.0332 
0.0336 
0.0367 
0.067 
0.075 
0.133 
0.510 
1.29 
3.02 
3.56 
3.70 
3.76 
6.76 
9.9 


13.2 
16.5 
20.0 
23.7 


Їгоп 


0.0225 


0.02 
0.02 


38 
87 


0.0758 


0.27 
0.69 
1.28 
3.15 
5.20 
8.57 
9.61 
9.87 
9.98 
16.1 
23.7 


1 
3 


Calcium 


0.045 
0.047 
0.060 
0.175 
0.40 
0.65 
0.91 
1.56 
2.19 
3.11 
3.36 
3.42 
3.45 
4.7 
6.0 
7.3 
8.7 


10.0 
11.4 


Lead 


4.9 

6.4 

9.9 
13.6 
192 
20.8 
21.1 
21.3 
29.6 
38.3 


ELECTRICAL RESISTIVITY IN 103 О m 


Cesium 


0.0026 
0.243 
0.86 
1.99 
3.07 
4.16 
5.28 
8.43 
122 
18.7 
20.5 
20.8 
21.0 


Lithium 


0.007 
0.008 
0.012 
0.074 
0.345 


1.00 
1.73 
3.72 
5.71 
8.53 
9.28 
9.47 
9.55 
13.4 


Chromium 


1.6 

4.5 

7.7 
11.8 
12.5 
12.6 
12.7 
15.8 
20.1 
24.7 
29.5 
34.6 
39.9 


Magnesium 


0.0062 
0.0069 
0.0123 
0.074 
0.261 
0.557 
0.91 
1.84 
2.75 
4.05 
4.39 
4.48 
4.51 
6.19 
7.86 


Соррег 


0.00200 
0.00202 
0.00280 
0.0239 
0.0971 
0.215 
0.348 
0.699 
1.046 
1.543 
1.678 
1712 
1.725 
2.402 
3.090 
3.792 
4.514 
5.262 
6.041 


Manganese 


7.02 
18.9 
54 

116 
131 
132 
132 
136 
139 
143 
144 
144 
144 
147 
149 


ELECTRICAL RESISTIVITY OF РОКЕ METALS (continued) 


T/K Gold Hafnium Iron Lead Lithium Magnesium Manganese 
600 4.87 78.5 32.9 9.52 151 
700 5.82 44.0 11.2 152 
800 6.81 57.1 12.8 
900 7.86 14.4 
T/K Molybdenum Nickel Palladium Platinum Potassium Rubidium Silver 
1 0.00070 0.0032 0.0200 0.002 0.0008 0.0131 0.00100 
10 0.00089 0.0057 0.0242 0.0154 0.0160 0.109 0.00115 
20 0.00261 0.0140 0.0563 0.0484 0.117 0.444 0.0042 
40 0.0457 0.068 0.334 0.409 0.480 121 0.0539 
60 0.206 0.242 0.938 1.107 0.90 1.94 0.162 
80 0.482 0.545 1.75 1.922 1.34 2.65 0.289 
100 0.858 0.96 2.62 2.755 1.79 3.36 0.418 
150 1.99 2:21 4.80 4.76 2.99 5.27 0.726 
200 3.13 3.67 6.88 6.77 4.26 7.49 1.029 
273 4.85 6.16 9.78 9.6 6.49 11.5 1.467 
293 5.34 6.93 10.54 10.5 7.20 12.8 1.587 
298 5.47 7.12 10.73 10.7 7.39 13.1 1.617 
300 5.52 7.20 10.80 10.8 7.41 13.3 1.629 
400 8.02 11.8 14.48 14.6 2.241 
500 10.6 17.7 17.94 18.3 2.87 
600 13.1 25.5 21.2 21.9 3.53 
700 15.8 32.1 24.2 25.4 4.21 
800 18.4 35.5 27.1 28.7 4.91 
900 21.2 38.6 29.4 32.0 5.64 
Т/К Sodium Strontium Tantalum Tungsten Vanadium Zinc Zirconium 
1 0.0009 0.80 0.10 0.000016 0.0100 0.250 
10 0.0015 0.80 0.102 0.000137 0.0145 0.0112 0.253 
20 0.016 0.92 0.146 0.00196 0.039 0.0387 0.357 
40 0.172 1.70 0.751 0.0544 0.304 0.306 1.44 
60 0.447 2.68 1.65 0.266 1.11 0.715 3.75 
80 0.80 3.64 2.62 0.606 2.41 1.15 6.64 
100 1.16 4.58 3.64 1.02 4.01 1.60 9.79 
150 2.03 6.84 6.19 2.09 8.2 271 17.8 
200 2.89 9.04 8.66 3.18 12.4 3.83 26.3 
273 4.33 12.3 12.2 4.82 18.1 5.46 38.8 
293 4.77 132 13.1 5.28 19.7 5.90 42.1 
298 4.88 13.4 13.4 5.39 20.1 6.01 42.9 
300 4.93 13.5 13.5 5.44 20.2 6.06 43.3 
400 17.8 182 7.83 28.0 8.37 60.3 
500 222 22.9 10.3 34.8 10.82 76.5 
600 26.7 27.4 13.0 41.1 13.49 91.5 
700 312 31.8 15.7 472 104.2 
800 35.6 35.9 18.6 53.1 114.9 
900 40.1 21.5 58.7 123.1 
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ELECTRICAL RESISTIVITY OF РОКЕ METALS (continued) 


Electrical 
resistivity 
Element Т/К 103 О т 

Antimony 273 39 
Bismuth 273 107 
Cadmium 273 6.8 
Cerium (f, hex) 290—300 82.8 
Cerium (y, cub) 298 74.4 
Cobalt 273 5.6 
Dysprosium 290—300 92.6 
Erbium 290—300 86.0 
Europium 290—300 90.0 
Gadolinium 290—300 131 
Gallium 273 13.6 
Holmium 290—300 81.4 
Indium 273 8.0 
Iridium 273 4.7 
Lanthanum 290—300 61.5 
Lutetium 290—300 582 
Mercury 298 96.1 
Neodymium 290—300 64.3 
Niobium 273 15.2 
Osmium 273 8.1 
Polonium 273 40 
Praseodymium 290—300 70.0 
Promethium 290—300 75 est. 
Protactinium 273 ЇЇЛ 
Rhenium 273 17.2 
Rhodium 273 4.3 
Ruthenium 273 7.1 
Samarium 290—300 94.0 
Scandium 290—300 56.2 
Terbium 290—300 115 
Thallium 273 15 
Thorium 273 14.7 
Thulium 290—300 67.6 
Tin 273 11.5 
Titanium 273 39 
Uranium 273 28 
Ytterbium 290—300 25.0 
Yttrium 290—300 59.6 
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ELECTRICAL RESISTIVITY OF SELECTED ALLOYS 


These values were obtained by fitting all available measurements to a theoretical formulation describing the temperature 
and composition dependence of the electrical resistivity of metals. Some of the values listed here fall in regions of 
temperature and composition where no actual measurements exist. Details of the procedure may be found in the reference. 

Values of the resistivity are given in units of 10-8 О m. General comments in the preceding table for pure metals also 
apply here. 


REFERENCE 


C.Y. Ho, et al., J. Phys. Chem. Ref. Data, 12, 183-322, 1983. 


Aluminum-Copper 


100K 273K 293K 300K 350K 400 K 
Wt 96 Al 
992 0.531 2.51 2.74 2.82 3.38 3.95 
95^ 0.895 2.88 3.10 3.18 3775 4.33 
90^ 1.38 3.36 3.59 3.67 4.25 4.86 
85^ 1.88 3.87 4.10 4.19 4.79 5.42 
80» 2.34 4.33 4.58 4.67 5.31 5.99 
709 3.02 5.03 531 5.41 6.16 6.94 
609 3.49 5.56 5.88 5.99 6.77 7.63 
509 4.00 6.22 6.55 6.67 7.55 8.52 
40° 7.57 7.96 8.10 9.12 10.2 
30° 11.2 11.8 12.0 13.5 15.2 
25! 16.3 17.2 17.6 19.8 222 
15h 12.3 
108 8.71 10.8 11.0 11:1 11.7 12.3 
98 7.92 9.43 9.61 9.68 10.2 10.7 
1» 3.22 4.46 4.60 4.65 5.00 5.37 

Aluminum-Magnesium 

100K 273K 293K 300K 350K 400 K 
Wt 96 Al 
99° 0.958 2.96 3.18 3.26 3.82 4.39 
95° 3.01 5.05 5.28 5.36 5.93 6.51 
90° 5.42 7.52 7.76 7.85 8.43 9.02 
109 14.0 17.1 17.4 17.6 18.4 19.2 
Э? 9.93 13.1 13.4 13.5 14.3 15.2 
Jë 2.78 5.92 6.25 6.37 7.20 8.03 

Copper-Gold 

100 K 273 K 293 K 300 K 350 K 400 K 
Wt % Cu 
99° 0.520 1.73 1.86 1.91 2.24 2.58 
95° 1.21 2.41 2.54 2.59 2.92 3.26 
90° 2.11 3.29 4.42 3.46 3.79 4.12 
85¢ 3.01 4.20 4.33 4.38 4.71 5.05 
80° 3.95 5.15 5.28 5.32 5.65 5.99 
70° 5.91 7.12 2,25 7.30 7.64 7.99 
60° 8.04 9.18 9.13 9.36 9.70 10.05 
50° 9.88 11.07 11.20 11.25 11.60 11.94 
40° 11.44 12.70 12.85 12.90 13.27 13.65 
30° 12.43 13.77 13.93 13.99 14.38 14.78 
25° 12.59 13.93 14.09 14.14 14.54 14.94 
15° 11.38 12.75 12.91 12.96 13.36 13.77 
10° 9.33 10.70 10.86 10.91 11.31 11.72 
5° 5.91 7.25 7.41 7.46 7.87 8.28 
19 2.00 3.40 3.57 3.62 4.03 4.45 
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ELECTRICAL RESISTIVITY ОЕ SELECTED ALLOYS (continued) 


Copper-Nickel 


100K 273K 293K 300K 350K 400 K 
Wt 96 Cu 
99с 1.45 2.71 2.85 2.91 3.27 3.62 
95* 6.19 7.60 771 7.82 8.22 8.62 
90° 12.08 13.69 13.89 13.96 14.40 14.81 
85° 18.01 19.63 19.83 19.90 20.32 20.70 
80° 23.89 25.46 25.66 25.72 26.12 26.44 
70: 35:73 36.67 36.72 36.76 36.85 36.89 
60! 45.76 45.43 45.38 43.35 45.20 45.01 
50! 50.22 50.19 50.05 50.01 49.73 49.50 
40° 36.77 47.42 47.73 47.82 48.28 48.49 
30! 26.73 40.19 41.79 42.34 44.51 45.40 
25° 22.22 33.46 35.11 35.69 39.67 42.81 
15° 13.49 22.00 23.35 23.85 27.60 31.38 
10° 9.28 16.65 17.82 18.26 21.51 25.19 
5° 5.20 11.49 12.50 12.90 15.69 18.78 
16 1.81 7.23 8.08 8.37 10.63 13.18 

Copper-Palladium 

100K 273K 293 K 300 К 350 K 400К 
Wt 96 Cu 
99с 0.91 2.10 2:23 2.27 2.59 2.92 
95° 2.99 4.21 4.35 4.40 4.74 5.08 
90° 5.69 6.89 7.03 7.08 7.41 7.74 
85* 8.30 9.48 9.61 9.66 10.01 10.36 
80* 10.74 11.99 12.12 12.16 12.51 12.87 
70° 15.67 16.87 17.01 17.06 17.41 17.78 
60* 20.45 21.73 21.87 21.92 22.30 22.69 
50° 26.07 27.62 27.79 27.86 28.25 28.64 
40° 33.53 35.31 35.51 35.57 36.03 36.47 
30° 45.03 46.50 46.66 46.71 47.11 47.47 
258 44.12 46.25 46.45 46.52 46.99 47.43 
15° 31.79 36.52 36.99 37.16 38.28 39.35 
10° 23.00 28.90 29.51 29.73 31.19 32.56 
5c 13.09 20.00 20.75 21.02 22.84 24.54 
1° 8.97 11.90 12.67 12.93 14.82 16.68 

Copper-Zinc 

100K 273K 293 K 300 K 350 K 400 K 
Wt 96 Cu 
996 0.671 1.84 1.97 2.02 2.36 2.71 
959 1.54 2.78 2.92 2.97 3.33 3.69 
909 283 3.66 3.81 3.86 4.25 4.63 
85 2.93 4.37 4.54 4.60 5.02 5.44 
80^ 3.44 5.01 5.19 5.26 5.71 6.17 
70^ 4.08 5.87 6.08 6.15 6.67 7.19 

Gold-Palladium 

100K 273K 293 K 300 К 350 К 400К 
Wt 96 Au 
99с 1.31 2.69 2.86 2.91 3.32 3:73 
95° 3.88 5.21 5.35 5.41 5.79 6.17 
90! 6.70 8.01 8.17 8.22 8.56 8.93 
85> 9.14 10.50 10.66 10.72 11.10 11.48 
80^ 11.23 12.75 12.93 12.99 13.45 13.93 
70° 16.44 18.23 18.46 18.54 19.10 19.67 
609 24.64 26.70 26.94 27.02 27.63 28.23 
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Wt % Au 
50? 

40? 

30^ 

255 

158 

104 

5а 

18 


Wt % Au 
995 
954 
90) 
85i 
80! 
70i 
60i 
50) 
40! 
308 
25° 
15% 
104 
5i 
19 


Wt 96 Fe 
992 
95° 
90° 
85° 
80° 
70» 
60% 
504 
404 
30° 
25b 
15° 
10° 
56 
19 


Wt % Ag 
99b 
95 
909 
85k 
80k 


ELECTRICAL RESISTIVITY OF SELECTED ALLOYS (continued) 


100 K 


23.09 
19.40 
14.94 
12.72 
8.54 
6.54 
4.58 
3.01 


100 К 


1.20 
3.16 
5.16 
6.75 
7.96 
9.36 
9.61 
8.96 
7.69 
6.15 
5.29 
3.42 
2.44 
1.44 
0.627 


100 К 


3.32 
10.0 
14.5 
17.5 
19.3 
20.9 
28.6 
12.3 
7.73 
5.97 
5.62 
4.97 
4.20 
3.34 
1.66 


100 К 


0.839 
2.528 
4.72 
6.82 
8.91 
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273К 


27.23 
24.65 
20.82 
18.86 
15.08 
13.25 
11.49 
10.07 


273K 


2.58 
4.58 
6.57 
8.14 
9.34 
10.70 
10.92 
10.23 
8.92 
7.34 
6.46 
4.55 
3.54 
2.52 
1.69 


273K 


10.9 
18.7 
24.2 
27.8 
30.1 
32.3 
53.8 
28.4 
19.6 
15.3 
14.3 
12.6 
11.4 
9.66 
7.17 


273 К 


1.891 
3.58 
5.82 
7.92 
10.01 


293 К 


27.63 
25.23 
21.49 
19.53 
15.77 
13.95 
12.21 
10.85 


Gold-Silver 


293 К 


2.75 
4.74 
6.73 
8.30 
9.50 
10.86 
11.07 
10.37 
9.06 
7.47 
6.59 
4.67 
3.66 
2.64 
1.80 


Iron-Nickel 


293К 


12.0 
19.9 
25.5 
29.2 
31.6 
33.9 
57.1 
30.6 
21.6 
17.1 
15:9 
13.8 
12:5 
10.6 
7.94 


Gold-Palladium (continued) 


300 K 


21.16 
25.42 
21.72 
19.77 
16.01 
14.20 
12.46 
11.12 


300 K 


2.80 
4.79 
6.78 
8.36 
9.55 
10.91 
11.12 
10.42 
9.11 
7.52 
6.63 
4.72 
3.71 
2.68 
1.84 


Silver-Palladium 


293 К 


2.007 
3.70 
5.94 
8.04 
10.13 


300 K 


2.049 
3.74 
5.98 
8.08 
10.17 


300 K 


12.4 
20.2 
25.9 
29.7 
32.2 
34.4 
58.2 
31.4 
22.5 
17.7 
16.4 
14.2 
12.9 
10.9 
8.12 


350 K 


28.64 
26.74 
23,35 
21.51 
17.80 
16.00 
14.26 
12.99 


350К 


3.22 
5.19 
7.19 
8.75 
9.94 
11.29 
11.50 
10.78 
9.46 
7.85 
6.96 
5.03 
4.00 
2.96 
2.12 


350К 


2.35 
4.04 
6.28 
8.38 
10.47 


400К 


29.42 
27.95 
24.92 
23.19 
19.61 
17.81 
16.07 
14.80 


400К 


3.63 
5.59 
7.58 
9.15 
10.33 
11.68 
11.87 
11.14 
9.81 
8.19 
7.30 
5.34 
4.31 
3:25 
2.42 


400 К 


18.7 
26.8 
332 
37.3 
40.0 
42.4 
73.9 
43.7 
34.0 
27.4 
25.1 
21.1 
18.9 
16.1 
12.8 


400 K 


2.66 
4.34 
6.59 
8.68 
10.78 


ELECTRICAL RESISTIVITY ОЕ SELECTED ALLOYS (continued) 


Silver-Palladium (continued) 


100K 273K 293K 300 K 350K 400 K 

Wt % Ag 

70k 13.43 14.53 14.65 14.69 14.99 15.30 
60: 19.4 20.9 21.1 21.2 21.6 22.0 
50k 29.3 31.2 31.4 31.5 32.0 32.4 
40m 40.8 42.2 42.2 42.2 42.3 42.3 
30» 3741 40.4 40.6 407 413 41Л 
25k 324 36.67 37.06 37.19 38.1 38.8 
151 21.0 27.08 26.68 27.89 29.3 30.6 
10: 14.95 21.69 22.39 22.63 24.3 25.9 
5b 8.91 15.98 16.72 16.98 18.8 20.5 
[А 3.97 11.06 11.82 12.08 13.92 15.70 


а Uncertainty in resistivity is + 2%. 

^ Uncertainty in resistivity is = 3%. 

° Uncertainty in resistivity is + 5%. 

4 Uncertainty in resistivity is + 7% below 300 K and + 5% at 300 and 400 К. 
* Uncertainty in resistivity 18 + 7%. 

f Uncertainty in resistivity is + 8%. 

8 Uncertainty in resistivity is + 10%. 

Uncertainty in resistivity is + 12%. 

i Uncertainty in resistivity is + 4%. 

1 Uncertainty in resistivity is + 1%. 

* Uncertainty in resistivity is + 3% up to 300 K and + 4% above 300 K. 
? Uncertainty in resistivity is + 2% up to 300 К and + 4% above 300 К. 
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РЕКМІТТІУІТҮ (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS 


H. P. R. Frederikse 


This table lists the permittivity e, frequently called the dielectric constant, of a number of inorganic solids. When the material is not isotropic, 
the individual components of the permittivity are given. A superscript S indicates a measurement made under constant strain (‘‘clamped’’ 
dielectric constant). If the constraint is removed, the measurement yields «Т, the ‘‘unclamped’’ or free dielectric constant. 

The temperature of the measurement is given when available; the symbol r.t. indicates a value at nominal room temperature. The frequency 
of the measurement is given in the last column (1.г. indicates a measurement in the infrared). 

Substances are listed in alphabetical order by chemical formula. 


REFERENCE 


Young, К. F. and Frederikse, H. P. R., J. Phys. Chem. Ref. Data, 2, 313, 1973. 


Formula Name ik ТК v/Hz 
Ас,А55; Silver thioarsenate (Proustite) el = 16.5, «5, = 14.5 r.t. 2 x 10 
є; = 20.0, e$, = 18.0 tt. 2 x 10’ 
AgBr Silver bromide 12.50 r.t. 
AgCN Silver cyanide 5.6 r.t. 10$ 
AgCl Silver chloride 11.15 r.t. 
AgNO, Silver nitrate 9.0 293 5 x 10° 
AgNa(NO,), Silver sodium nitrite 4.5 + 0.5 rt. 9.4 x 10° 
Ag,O Silver oxide 8.8 r.t. 
(АІЕ),510, Aluminum fluosilicate (topaz) € = 6.62 297 7 x 10 
еу = 6.58 297 7х 10 
єз = 6.95 297 7 x 10 
ALO, Aluminum oxide (alumina) Є €> = 9.34 298 102—8 x 10% 
€, = 11.54 298 102—8 х 10° 
AIPO, Aluminum phosphate ej = 6.05 r.t. 10° 
AISb Aluminum antimonide 1121 300 ir. 
ASF, Arsenic trifluoride 5.7 r.t. 
BN Boron nitride 7.1 r.t. ir. 
ВаСО; Barium carbonate 8.53 291 2x10 
Ва(СООН), Barium formate €, = 7.9 r.t. 10° 
су = 5.9 rt. 10: 
ез = 7.5 r.t. 10: 
ВаСІ, Barium chloride 9.81 r.t. 
Васі, · 2H,O Barium chloride dihydrate 9.00 r.t. 10° 
ВаҒ, Barium fluoride 7.32 292 5 x 10-10" 
Ba(NO,); Barium nitrate 4.95 292 2 x 105 
Ba;NaNb,O,, Barium sodium niobate (‘‘Bananas’’) єў, = 222, єї, = 235 296 10* 
65, = 227, єї, = 247 296 
є5, = 32, ef, = 51 296 
ВаО Barium oxide (baria) 34 + 1 248, 333 60 х 10' 
BaO, Barium peroxide 10.7 r.t. 2 x 10% 
BaS Barium sulfide 19.23 r.t. 7.25 x 106 
BaSO, Barium sulfate 11.4 288 10% 
BaSnO, Barium stannate 18 298 25 x 105 
BaTiO, Barium titanate «Т, = 3600 298 105 
єў, = 2300 298 2.5 х 10% 
ef, = 150 298 10° 
в = 80 298 2.5 x 10% 
Ват МБ О Barium titanium niobate Е = є; = 190 298 
єз = 220 298 
BaWO, Barium tungstate бүү = є, = 35.5 + 0.2 297.5 1.6 x 10? 
єз = 37.2 + 02 297.5 1.6 x 10? 
BaZrO, Barium zirconate 43 r.t. 
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PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


Be,Al,SiO.s 


BeCO, 
BeO 
BiFeO, 
BijGeO;; 
Bi(GeO4), 
ВО, 
Bi,Ti,0,, 
C 


C,H,0, 


СНО, 


C4H,,0,NaBr 
(CH,NH,)AI(SO,), > 2H;0 
Са,В,О,, · 59,0 


СаСО; 


СаСеО; 
CaF, 
CaMoO, 


Ca(NO,), 
CaNb;O, 
Са,Мо,О, 
СаО 

Са5 

CaSO, · 2H,O 


CaTiO, 
CaWO, 
Са,АЗ, 
CdBr, 


CdF, 
CdS 


CdSe 
CdTe 


Cd,Nb,O, 
CeO, 


Name 


Beryllium aluminum silicate (Beryl) 


Beryllium carbonate 
Beryllium oxide (beryilia) 
Bismuth iron oxide 
Bismuth germanite 
Bismuth germanate 
Bismuth sesquioxide 
Bismuth titanate 
Diamond 

Туре 1 

Type Па 

Tartaric acid 


Ethylene diamine tartrate (EDT) 


Dextrose sodium bromide 


Methyl ammonium alum (MASD) 


Colemanite 


Calcium carbonate 


Calcium cerate 
Calcium fluoride 
Calcium molybdate 


Calcium nitrate 

Calcium niobate 

Calcium pyroniobate 
Calcium oxide 

Calcium sulfide 

Calcium sulfate dihydrate 


Calcium titanate 

Calcium tungstate 
Cadmium arsenide 
Cadmium bromide 


Cadmium fluoride 
Cadmium sulfide 


Cadmium selenide 
Cadmium telluride 


Cadmium pyroniobate 
Cerium oxide 
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€x 
є; = 5.95 
€, = €> = 6.86 
9.7 
7.35 = 0.2 
40 + 3 
єў, = 38 
16 
18.2 
112 
5.87 + 0.19 
5.66 + 0.04 
€ = €, = 4.3 
е, = 4.5 
вз = 0.55 
ЕТ, = 5.0 
ef, = 83 
є = 6.0 
ер = 0.7 
ef, = 40 
19 
€, = 20 
є = 25 
€, = 8.67 
е; = 8.69 
€y = 8.31 
21 
6.81 
єн = €> 24.0 + 02 
ву = 20.0 0.2 
6.54 
є = 22.8 + 1.9 
—45 
11.8 = 0.3 
6.699 
є = 5.10 
€> = 5.24 
буу = 10.30 
165 
є = €> = 11.7 + 0.1 
6; = 9.5 + 02 
Єз = 18.5 
8.6 
8.33 = 0.08 
се, = є, = 8.7 
бу? 9.25 
є = €> = 8.37 
еу = 9.00 
єз = 8.48 
ef, = 9.48 
ef, = 9.02, ef, = 9.35 
є, = 9.53, ef, = 10.33 
ei = 9.53, ef, = 9.70 


єз, = 10.2, ef, = 10.65 
е, = 10.60 + 0.15 
7.05 = 0.05 


500—580 
7.0 


T/K 


v/Hz 


7x10 
7 x 10 
2 x 10 
2 x 105 
9.4 x 10? 


2 x 106 
10 


10° 
10° 


10° 


10° 
10° 
9.4 х 109 
9.4 х 10” 
9.4 х 109 


5 х 10—10" 
<10 

<10 

2 x 10° 
(5—500) x 10? 
5 x 107 

2 x 106 

7.25 x 106 


1.59 x 10: 
1.59 x 10? 


5х 105 
100—107 
ir. 
ir. 
i.r. 
Lr. 
10° 
10° 
10* 
10 
10“ 
10% 
ir. 
ir. 
10? 
2 x 106 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


CoNb,O, 


CoO 
Cr,0, 


CsAl(SO,), - 12Н,0 
CsBr 

Cs;CO, 

CsCl 

Cs,H,AsO, 
Cs,H,PO, 
CsH,(SeO,), 


CsI 
CsNO, 


CsPbCl, 
CuBr 

CuCl 

CuO 

Cu,0 
CuSO, · 5H,O 
EuF, 
Eu,(Mo0,), 
EuS 

FeO 

Ғе,О; 
Fe,0,-a 
Ре,О, 

GaAs 


GaP 

GaSb 
Gd;(MoO,), 
Ge 

GeO, 


HIO, 


HNH,(CICH,COO), 
H;O 


HgCl 
НЕСІ, 
HgS 


HgSe 
L 


Name 


Cobalt niobate 


Cobalt oxide 
Chromic sesquioxide 


Cesium alum 

Cesium bromide 

Cesium carbonate 

Cesium chloride 

Cesium dihydrogen arsenate (CDA) 
Cesium dihydrogen phosphate (CDP) 
Cesium trihydrogen selenite 


Cesium iodide 
Cesium nitrate 


Cesium lead chloride 
Cuprous bromide 

Cuprous chloride 

Cupric oxide 

Cuprous oxide (Cuprite) 
Cupric sulfate pentahydrate 
Europium fluoride 
Europium molybdate 
Europium sulfide 

Ferrous oxide 

Ferric sesquioxide 

Ferric sesquioxide (hematite) 
Ferrosoferric oxide (magnetite) 
Gallium arsenide 


Gallium phosphide 
Gallium antimonide 
Gadolinium molybdate 
Germanium 


Germanium dioxide 
lodic acid 


Hydrogen ammonium dichloroacetate 
Ice I (P = 0 kbar) 

Ice Ш (Р - 3 kbar) 

Ice У(Р = 5 kbar) 

Ice VI (Р - 8 kbar) 

Mercurous chloride (Calumel) 
Mercuric chloride 

Mercurous sulfide (Cinnabar) 


Mercurous selenide 
Iodine 
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10.75 + 0.1 


€, = én = 14.0 


Ей = € = 18.0 
€, = 32.5 

25.6 

є 6 

€x = 3 

су = 40 


Т/К 


r.t. 
r.t. 
r.t. 
298 
298.5 
298.5 
315 (Ty) 
r.t. 
298 
291 
298 
213 
285 
273 
273 
273 
298 
rt. 
r.t. 
300 
293 
r.t. 
r.t. 
r.t. 
r.t. 
298 
298 
80 
r.t. 
r.t. 


r.t. 
300 


243 
243 
243 
243 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 


v/iz 


(5—500) x 10? 
(5--500) x 10? 
(5—500) x 10? 
102—100 

10° 

10° 

6 х 10% 
20—20 х 10? 
1.6 x 10: 

2 x 105 


9.5 x 10? 
9.5 x 10% 
105 

10° 

10° 

1.6 x 10 
5 x 10 

5 x 105 

105-106 

5 x 10 

10? 

2 x 106 

19 


(1—300) x 10° 


5 x 102—105 
2 x 105 
105-107 
6 x 10° 
105—107 


іт. 
ir. 
іт. 


10° 

9.2 x 10° 
500--3 x 109 
ir. 

10° 

10° 

10° 

105 


102 

1012 

i.r. 

i.r. 

104-109 

5 x 10-10 
5 х 10-10” 
5 x 10-10” 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


InAs 


InP 

InSb 

KAI(SO,), • 12H,O 
KBr 


KBO, 
KCN 

K,CO, 

K,C,H,0, : Ч, H,O 


ка 


као, 

као, 

K,CrO, 

KCr(SO,), · 129,0 
KD, AsO, 


KD,PO, 


KF 
KH;AsO, 


КН,РО, 


K,HPO, 


KI 
KIO, 


(K,H)AL(SIO,), 
КМ АКО) 


KNO, 
KNO, 
KNbO, 
K,PO, 

KSCN 

К,50, 
к,5,0, 
К,5,0, 
K,S,0, · ЊО 
K;S,0, 
K;SeO, 


KSr,Nb,O,, 
KTaNbO, 
KTaO, 
LaScO, 


LiBr 
Li,CO, 


Name 


Indium arsenide 


Indium phosphide 
Indium antimonide 
Potassium alum 
Potassium bromide 


Potassium bromate 
Potassium cyanide 
Potassium carbonate 
Dipotassium tartrate (DKT) 


Potassium chloride 


Potassium chlorate 

Potassium perchlorate 

Potassium chromate 

Potassium chrome alum 

Potassium dideuterium arsenate (KDDA) 


Potassium dideuterium phosphate 
(KDDP) 

Potassium fluoride 

Potassium dihydrogen arsenate (KDA) 


Potassium dihydrogen phosphate (KDP) 


Dipotassium monohydrogen orthophos- 
phate 

Potassium iodide 

Potassium iodate 


Mica (muscovite) 
Mica (Canadian) 


Potassium nitrite 
Potassium nitrate 
Potassium niobate 
Potassium orthophosphate 
Potassium thiocyanate 
Potassium sulfate 
Potassium trithionate 
Potassium tetrathionate 
Potassium pentathionate 
Potassium hexathionate 
Potassium selenate 


Potassium strontium niobate 
Potassium tantalate niobate (KTN) 
Potassium tantalate 

Lanthanum scandate 


Lithium bromide 
Lithium carbonate 
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6.44 
5.80 
еҙ = 6.49 
ез = 0.005 
4.86 + 0.02 
4.50 
5.1 
5.9 
13 
6.5 
€n 
€ 


50 = 2 


| 
> 
£ 


бу? 
46 
є, = 42 
в; = 21 
9.05 


5.00 

170 

10 

єпөп = 40,70 
16.85 

5.4 

єп = €x = 6.9 
€y = 7.3 

25 

4.37 

700 

7.75 

7.9 

6.4 

5.7 

5.5 

7.8 

7.8 


291 


298 


297 


298 
298 
298 
r.t. 
r.t. 
r.t. 


r.t. 
255 
293 
r.t. 
r.t. 
299 
298 
298 
305 
293 
r.t. 
r.t 
r.t. 
rt. 
293 
293 
293 
293 
rt 
r.t. 
298 
298 
273 
293 
298 
r.t. 
r.t. 
291 


T/K 


—240 


v/Hz 


ir. 
іл. 
ir. 
i.r. 
20—20 х 10? 


~ 
х 


106 
106 
2х 10° 


> 
х 


10? 


2 x 106 


9.4 х 109 
105 

105 

10° 

2 х 10 
102—3 х 10° 
102—10* 

10* 


2 x 10 


2 x 105 
2 x 105 
2 x 106 
1.8 x 106 
1.8 x 106 
1.8 x 106 
1.8 x 105 
10: 

10 


10* 
10“ 
2 x 105 


2 x 105 
2 x 10 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 
LiCl 
LiD 
LiF 


LiGaO, 


Li*H 
Li'H 
LiH,(SeO,), 


Lil 
шо, 


LiNH,C,H,0, · H,O 


LiNa,CrO, - 6Н,О 
LiNa,MoO, · 6Н,О 


LiNbO, 


Li,SO, · НО 


LiTaO, 


LiTIC,H,O, · H,O 
Mg;B;O,CI 


MgCO, 
МЕМЬ.О, 


MgO 
(МгО),А1,О, 
MgSO, 
MgSO, · 7Н.О 
MgTiO, 
MgWO, 


MnNb;O, 
MnO 
Мпо, 


Mn;O, 
MnWO, 


N(CH;),HgBr, 


Name 


Lithium chloride 
Lithium deuteride 
Lithium fluoride 


Lithium metagallate 


Lithium-6 hydride 
Lithium-7 hydride 
Lithium trihydrogen selenite 


Lithium iodide 
Lithium iodate 


Lithium ammonium tartrate (LAT) 


Lithium trisodium chromate 
Lithium trisodium molybdate 


Lithium niobate 


Lithium sulfate monohydrate 


Lithium tantalate 


Lithium thallium tartrate (LTT) 

Magnesium borate monochloride 
(boracite) 

Magnesium carbonate 

Magnesium niobate 


Magnesium oxide (Periclase) 
Spinel 

Magnesium sulfate 

Magnesium sulfate septa hydrate 
Magnesium titanate 

Magnesium tungstate 


Manganese niobate 
Manganese oxide (Pyrolusite) 
Manganese dioxide 


Manganese sesquioxide 
Manganese tungstate 


Tetramethylammonium tribromo mercur- 


ate (TTM) 
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“ж 
11.05 
14.0 = 0.5 
9.00 
9.11 


el, = 7.0, єї, = 6.0 
Е = 9.5 
Е} = 6.8, & = 5.8 


13.2 = 0.5 

12.9 + 0.5 

29 

€, = 13.0 

€> = 12.9 

е; = 46 

11.03 

є = є, = 65 
є; = 554 

єї = 7.2 

e = 8.0 

ef, = 6.9 

8.0 

є = 6.7 

єз = 5.3 

єн = €p = 82 
€ = 30 

єн = 5.6 

€> = 10.3 

6; = 6.5 

ез = 0.07 

єн = €> = 53 
ез = 46 

eĵ = & = 41 
є, = 43 

єһ = ef, = 51 
ef, = 45 

€, = 20 

€, = 14.1 

8.1 

єн = 16.4 + 0.5 
€> = 20.9 + 0.5 
€, = 32.4 + 0.5 
9.65 

8.6 

8.2 

5.46 

13.5 

є = 18.0 + 1 
е; = 18.0 + 1 
€, = 17.4 + 2 
€> = 16.1 + 0.5 
е, = 30.7 + 1 
12.8 

—10* 

8 

€, = 19.3 + 1.3 
е; = 14.3 + 0.5 
є; = 16.5 + 1.1 
~10 


Т/К 


ин 
r.t. 
298 
353 
r.t. 
r.t. 
r.t. 


r.t. 
r.t. 
298 
r.t. 
r.t. 
r.t. 
r.t. 
294.5 
298 
298 
298 
298 
r.t. 
r.t. 
r.t. 
298 
298 
298 
298 
298 
298 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
80 
r.t. 


291 
r.t. 
r.t. 
r.t. 
298 
r.t. 
rt. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
298 
rt. 
r.t. 
r.t. 
r.t. 
233—373 


v/Hz 
2 x 106 


ir. 
102—107 
102—107 


10* 


2 x 106 
10? 


10? 
10° 
10° 
10° 
10° 


10° 
10: 


5 х 10 


2х 10 
(5—500) х 
(5—500) х 
(5--500) х 
102—10* 


(5--500) х 
(5—500) х 
(5—500) х 
(5--500) х 
(5--500) х 
6 х 109 
10* 

6 x 109 
(5--500) x 
(5--500) x 
(5—500) х 


10° 
10° 
Р 


10: 
10: 
10? 
10° 
10° 


10° 
10° 
10° 


PERMITTIVITY (DIELECTRIC CONSTANT) ОЕ INORGANIC SOLIDS (continued) 


Formula 


N(CH,),Hgl, 


МСН), 
(ND,),BeF, 


(ND,),SO, 


(NH, · СН,СООН), · H,SO, 


(NH, · CH,COOH), · H,SeO, 
(NH, - CH, COOH), - H,BeF, 
NH,AKSO,), · 12,0 
(NH,),BeF, 


NH,Br 
МН, 
(NHjC;H40, 


(NH,),Cd,(SO,); 
NH,Cl 
NH,(CICH,COO) 
NH,Cr(SO,), · 12H,O 
NH4HSO, 
МН,Н,А5О, 


NH,H;PO, 
ND,D;PO, 


NH,NO, 
(МН.),50, 


(NH,),U0,(C,0,), 
(NH,),U0,(C,0,), ` 3Н,О 
NaBr 

NaBrO, 

NaCN 

NaCO, 

NaCO, · 10H,O 

NaCl 


NaClO, 


МаСЮ, 

МаЕ 

МаН,беО,), 
Мар,(5еО;), 

Ма! 

NaK(C,H,D,0,) · 4D,0 


Name 


Tetramethylammonium triiodo mercurate 
(TTM) 

Hexamethylene tetramine (HMTA) 

Deuteroammonium fluoberyllate 


Deuteroammonium sulfate 


Triglycine sulfate (TGS) 


Triglycine selenate (TGSe) 
Triglycine fluorberyllate (TGFB) 
Ammonium alum 

Ammonium fluorberyllate 


Ammonium bromide 
Ammonium iodide 
Ammonium tartrate 


Ammonium cadmium sulfate 
Ammonium chloride 

Ammonium monochloroacetate 
Ammonium chrome alum 

Ammonium bisulfate 

Ammonium dihydrogen arsenate (ADA) 


Ammonium dihydrogen phosphate (ADP) 


Ammonium dideuterium phosphate 
(ADDP) 

Ammonium nitrate 

Ammonium sulfate 


Ammonium uranyl oxalate 
Ammonium uranyl! oxalate trihydrate 
Sodium bromide 

Sodium bromate 

Sodium cyanide 

Sodium carbonate 

Sodium carbonate decahydrate 
Sodium chloride 


Sodium chlorate 


Sodium perchlorate 

Sodium fluoride 

Sodium trihydrogen selenite 

Sodium trideuterium selenite 

Sodium iodide 

Sodium potassium tartrate tetradeutrate 
(double deuterated Rochelle salt) 
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би 
—10 
2.6 = 0.2 
є = 10 
€> = 9 
€ = 9 
є = 9 
€> = 10 
є = 9 
є = 9 
є = 30 
е; = 6.5 
200 
€ = 12 
6 
єн = €> = 7.8 
€, = 7.1 
є = €» = 8.8 
€, = 9.2 
74 
9,8 
€, = 6.45 
€> = 6.8 
е; = 6.0 
10.0 
6.9 
5 
6.5 
165 
БЯ! 
є = €> 85 
е; = 22 
€; = є = 57. 
еҙ = 14.0 + 0.3 
є = €> = 74 
10.7 
€ = €; = 8.0 
єз = 6.3 
€, = €> = 10.0 
еу = 9,3 
8.03 
6.06 
6.44 
ef, = 5.70 
7.55 
8.75 
5.3 
5.9 
5.45 
ЕП = 5.76 
5.28 
5.76 
5.08 + 0.02 
єн = 75 
е, = 220 
7.28 + 0.03 
ва = 70 
€> = 8.9 


T/K 
233—373 


r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
273 


v/Hz 


109-1019 


10 

10“ 

109 

1.6 x 10 
10* 

1012 

10% 

10° 

105 

105 

7 x 105 


10? 

10 

10: 

109 

7 x 10 
2 x 10° 
175 x 10? 
5 x 10* 
9.5 x 10? 
10? 


10—35 x 10° 
105—36 х 10? 


(5—50) x 10? 
105 

10: 

105 

105 

10#—3.3 x 10? 
10*—-3.3 х 10? 
1.6 x 10 

10° 

10° 

2 x 105 

6 x 10 
102—107 


10° 
10° 
10° 
5х 10° 
2 x 10° 
2 x 10 


10° 
10: 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


NaK(C,H,0,) · 4H;O 


NaNH,(C,H,0,) · 49,0 


NaNbO, 


NaNO, 


NaNO, 

NaSO, 

NaSO, - 10Н,О 
Na,S,0, 5Н;О 
Na,U0,(C,0,), 
NdAIO, 
NdScO, 
Ni,B;O,I 
NiNb,O, 


NiO 
NiSO, · 6H,O 


NiWO, 


P 
{P(CH,),]HgBr, 


PbBr, 
PbCO, 
РЫС.Н.О,), 
РЫСЬ, 
Pb,CoWO, 
PbF, 
РЬНЮ, 


РЫ, 
Pb,MgNb,O, 
PbMoO, 


Pb(NO;), 
РЬМЬ,О, 
РЬО 
РЬ5 


РЬ50, 
PbSe 
PbTa,0, 
PbTe 
PbTiO, 
PbWO, 


РЫ?л, МЫ, 2О; 
PbZrO, 


Name 


Sodium potassium tartrate tetrahydrate 


(Rochelle salt) 
Sodium ammonium tartrate 
(Ammonium Rochelle salt) 


Sodium niobate 


Sodium nitrite 


Sodium nitrate 

Sodium sulfate 

Sodium sulfate decahydrate 
Sodium sulfate pentahydrate 
Sodium uranyl oxalate 
Neodymium aluminate 
Neodymium scandate 
Nickel iodine boracite 
Nickel niobate 


Nickel oxide 
Nickel sulfate hexahydrate 


Nickel tungstate 


Phosphorous (red) 

Phosphorous (yellow) 

Tetramethylphosphonium tribromo 
mercurate (TTM) 

Lead bromide 

Lead carbonate 

Lead acetate 

Lead chloride 

Lead cobalt tungstate 

Lead fluoride 

Lead hafnate 


Lead iodide 
Lead magnesium niobate 
Lead molybdate 


Lead nitrate 
Lead niobate 


Lead oxide 
Lead sulfide (Galena) 


Lead sulfate 
Lead selenide 
Lead metatantalate 


Lead telluride 
Lead titanate 
Lead tungstate 


Lead zinc niobate 
Lead zirconate 
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«қ 


ец = 170 
€> = 9.1 
є = 8.4 
в; - 9.2 
€y = 9.5 
єз = 670 + 13 


€n = €> = 76 + 2 


єп = 7.4 
€> = 5.5 
е; = 5.0 
6.85 
7.90 
5.0 


€, = 14 

16.0 = 0.5 
23.8 + 1.8 
31.3 € 2.5 


2 
І 


6.2 
6.8 
17.4 = 2.4 
13.6 = 1.0 
19.7 % 0.6 


- 
"How Зна 


2 
HM I 


>30 

18.6 

2.6 

33.5 

-250 

26.3 

390 

185 

20.8 

10,000 

€, = 34.0 + 04 
€, = 40.6 0.2 
16.8 

ef, = 180 

25.9 

190 

200 = 35 

14.3 

280 

€, = €n = 300 
ез = 150 

450 

40 

430 

—200 


2 
| 


31.0 + 0.4 


= €> = 23.6 + 03 


T/K 


273 
273 
298 
298 
298 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
292 
rt. 
r.t. 
250—290 
r.t. 
r.t. 
r.t. 
260 
r.t. 
r.t. 
r.t. 
298 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
r.t. 
233—373 


v/Hz 


10: 
10? 


(5--500) x 10° 
(5—500) x 10? 
(5—500) x 10? 
10: 


(5—500) x 10? 
(5--500) x 10? 
(5—500) x 10: 
10* 
10* 


(0.5—3) x 105 
10.8 
105 
(0.5—3) x 10$ 


10° 
(0.5—3) x 10% 


1.6 x 10 
1.6 x 10: 
(0.5—3) x 106 


2 x 105 

ir. 

ir. 

10° 

ir. 

10% 

10“ 

ir. 

10—15 x 10 
10—15 x 10 
10: 

1.59 x 10? 
1.59 x 10? 
10°, 300 x 10? 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


RbA\(SO,), · 129,0 
RbBr 

Rb,CO, 

RbCl 

RbCI(SO,), - 129,0 
RbF 

RbHSO, 


RbH,AsO, 
RbH,PO, 
ВЫ 
RbInSO, 
RbNO, 


S 


SC(NH;); 


55,0, 
55,5, 


Sb,Se, 


SbSI 


Se 


Si 
SiC 


Si,N, 
SiO 
SiO, 


Sm,(MoO.); 
SnO, 


SnSb 

SnTe 

Sr(COOH), · 2H,O 
SrCO, 

SrCl, 

Sr,Cl, · 6Н,О 

SIE; 

SrMoO, 


Sr(NO;), 
Sr,Nb,0, 


Name 


Rubidium alum 
Rubidium bromide 
Rubidium carbonate 
Rubidium chloride 
Rubidium chrome alum 
Rubidium fluoride 
Rubidium bisulfate 


Rubidium dihydrogen arsenate (RDA) 
Rubidium dihydrogen phosphate (RDP) 


Rubidium iodide 
Rubidium indium sulfate 
Rubidium nitrate 


Sulfur 


sublimed 
Thiourea 


Antimonous sesquioxide 
Antimonous sulfide (stibnite) 


Antimonous selenide 


Antimonous sulfide iodide 


Selenium 
(monocrystal) 


(amorphous) 
Silicon 
Silicon carbide 
cubic 
6H 


Silicon nitride 
Silicon monoxide 
Silicon dioxide 


Samarium molybdate 
Stannic dioxide 


Tin antimonide 

Tin telluride 

Strontium formate dihydrate 
Strontium carbonate 

Strontium chloride 

Strontium chloride hexahydrate 
Strontium fluoride 

Strontium molybdate 


Strontium nitrate 
Strontium niobate 
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“ж 
54 

4.83 

4.87 = 0.02 
4.91 + 0.02 
5.0 

5.91 

e€ = 7 

є = 8 

ез = 10 

3.90 

6.15 

4.94 x 0.02 
6.85 

20--380 

30 

€, = 3.75 

€> = 3.95 

в; = 4.44 
3.69 

En = €x = 3 
є, = 35 

12.8 

єн = €» = 15 
су = 180 
~110 

2000 

си = €> 25 
су = 5 x 10 
єп = €; = 11 
єз, = 21 

6.0 

12.1 

9.72 

є = €; 9.66 
ез = 10.03 
9.7 + 0.1 

4.2 (film) 

5.8 

є = 4.42 

€> = 4.41 

€, = 4.60 

12 

є, = €x = 14 + 2 
€, = 9.0 = 0.5 
147 

1770 = 300 
6.1 

8.85 

9.19 

8.52 

6.50 


ец = є = 31.7 + 02 
су = 41.7 + 02 


5.33 

€, = 75 
€> = 46 
еу = 43 


Т/К 


rt. 

300 

t.t. 

r.t. 

rt. 

rt. 

r.t. 

r.t. 

r.t. 

273 

285 

ГА. 

r.t. 
433—488 
488—538 
298 

298 

298 

298 
77—300 
300 

r.t. 

r.t. 

r.t. 

r.t. 


v/Hz 

102 
5х 10 
5х 10 
1072 
2 x 106 
10° 

10° 

105 
9.5 х 10? 
9.5 x 10? 
5 x 10 
10% 

105 
1—10 
102—10° 
102-—-10° 
102—10° 
10° 

10° 
а.5--2) x 10° 
10° 

10° 
(10—16.5) x 
10° 

10° 
10—10 
102—105 
24 х 10° 
24 х 10° 
102—10'° 
10-10% 
i.r. 

ir. 

i.r. 

i.r. 

10? 

10? 
9.4 x 109 
9.4 x 109 
9.4 x 109 
10—10" 
10%--10% 
10-106 
ir. 

10: 

2 x 10 

5 x 10-10" 
1.59 x 10 
1.59 x 10? 
2 x 10° 
10? 

10? 

10? 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS (continued) 


Formula 


SrO 
8:5 
SrSO, 
SrTiO, 


SrWO, 


Ta;O, 


Tb(MoO,), 


Te 


ThO, 
TiO, 


ТО, 
ТІВг 
TICI 
TII 


TINO, 
TISO, 
UO, 
YMnO, 
Ү,О, 
YbMnO, 
Yb,0, 
ZnO 


ZnS 


Name 


Strontium oxide 

Strontium sulfide 
Strontium sulfate 
Strontium titanate 


Strontium tungstate 


Tantalum pentoxide (tantala) 
а phase 


B phase 
Terbium molybdate 


Tellurium 


polycrystalline 

monocrystalline 
Thorium dioxide 
Titanium dioxide (rutile) 


Titanium sesquioxide 
Thallium bromide 

Thalious chloride 

Thallous iodide (orthorhombic) 


Thallous nitrate 
Thallous sulfate 
Uranium dioxide 
Tungsten trioxide 
Yttrium manganate 
Yttrium sesquioxide 
Ytterbium manganate 
Ytterbium sesquioxide 
Zinc monoxide 


Zinc sulfide 


Zinc selenide 
Zinc telluride 


Zinc tungstate 
Zirconium dioxide (zirconia) 


“ж 
13.3 = 0.3 
11.3 
11.5 
332 
2080 
єп = є = 25.7 + 0.2 
еу = 34.1 = 0.2 
€ = €x = 30 
е; = 65 
24 
П 
є = €x = 33 
єз = 53 
€n = €x = 33 
€4, = 54 
27.5 
28.0 
18.9 = 0.4 
€ = €x = 86 
єз = 170 
30 
30 
322 502 
20.7 + 0.2 
37.3 
16.5 
25.5 
24 
300 
20 
10 
20 
5.0 (film) 
є = 8.33 
є5, = 8.84 
ef, = 9.26 
ef, = 11.0 
€, = 9.26 
е; = 82 
8.15 
«$ = 8.08 + 2% 
ef, = 8.32 + 2% 
ef, = 8.14 + 2% 
el, = 8.37 + 2% 
Ей = €, = 9.12 + 2% 
ef, = e$, = 10.10 + 2% 
є = 16.1 + 0.5 
12.5 


ТІК 


273 
r.t. 
ТА. 
298 
78 
297.5 
297.5 


77 
77 
292 
298 
100—200 
100—200 
rt 
r.t. 
r.t. 
r.t. 
r.t. 
300 
300 
т 
293 
293 
293 
193 
293 
293 
r.t. 


r.t. 
r.t. 
r.t. 
rt. 
rt. 
r.t. 
r.t. 
ГА. 
r.t. 
r.t. 
r.t. 
77 
298 
77 
29% 
298 
r.t. 
r.t. 
I.t. 


v/Hz 
2 x 106 
7.25 x 105 
10? 
10° 
1.6 x 10? 
1.6 x 103 
10 
10° 
10° 
9.4 x 10° 
9.4 x 10° 
ir. 
ir. 
3 x 10° 
10*— 105 
10*!— 105 
6 x 10% 
10—10 
1—10 
10% 
107 
5 x 10 
5 x 10° 
3 x 105 
2х 10? 
106 
2 x 10? 
10? 
ir. 
10% 
10° 
10% 
104 
10 
(5--500) x 10: 
2 x 105 


CURIE TEMPERATURE OF SELECTED FERROELECTRIC CRYSTALS 


H. P. R. Frederikse 


The following table lists the major ferroelectric crystals and their Curie temperatures, Tc. 


REFERENCE 


Young, К. Е. and Frederikse, Н.Р. R., J. Phys. Chem. Ref. Data, 2, 313, 1973. 


Name or acronym Formula ток 


Potassium dihydrogen phosphate group 


KDP КЊРО, 123 
КРА КН,А5О, 97 
КОР KD, PO, 213 
KDDA КБ, А5О, 162 
КОР RbH;PO, 146 
RDA RbH,AsO, 111 
RDDP RbD;PO, 218 
RDDA RbD,AsO, 178 
CDP CsH;PO, 159 
CDA CsH5AsO,; 143 
CDDA CsD5AsO,; 212 
Rochelle salt group 

Rochelle salt Макс О 49,0 255-297 
Deuterated Rochelle salt NakKC,H,D,0¢-4H,O 251-308 
Ammonium Rochelle salt NaNH,C,H,0,¢-4H,O 109 
LAT LiNH4C4H40&H;O 106 


Triglycine sulfate group 


TGS (МН,СН,СООН),Н:80, 322 
TGSe (МН,СН,СООН),Н:860, 295 
TGFB (МН,СН,СООН), Н,ВеЕц 346 
АЕВ (NH4))BeF4 176 
HADA HNH,(CICH,COO), 128 


Perovskites and related compounds 


Barium titanate BaTiO; 406, 278, 193 
Lead titanate PbTiO; 765 
Potassium niobate КМО; 712 
Potassium tantalate niobate KTa54Nb;O; 241, 220, 170 
Lithium niobate LINBO; 1483 

Lithium tantalate LiTaO; 891 

Barium titanium niobate Ва4Ті-МЫОз0 521 

Ba-Na niobate (“Вапапав”) Ba;NaNb;O;s 833 
Potassium iodate KIO; 485, 343, 257-263, 83 
Lithium iodate LilO; 529 
Potassium nitrate КМО, 397 

Sodium nitrate NaNO; 548 
Rubidium nitrate RbNO; 437-487 
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CURIE TEMPERATURE OF SELECTED FERROELECTRIC CRYSTALS (continued) 


Name or acronym 


Miscellaneous compounds 


Cesium trihydrogen selenite 
Lithium trihydrogen selenite 
Potassium selenate 
Methyl ammonium 

alum (MASD) 
Ammonium cadmium sulfate 
Ammonium bisulfate 
Ammonium sulfate 
Ammonium nitrate 
Colemanite 
Cadmium pyroniobite 
Gadolinium molybdate 
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Formula 


СѕНз(ЅеОз)2 
LiH3(SeO3)2 
K2SeO4 


CH3NH3A1(SO4)2:12H20 
(МНА):С42(5О4)3 
(NH4)HSO4 

(NH4)2SO4 

NH4NO3 
CaB304(OH)3-H20 
Cd2Nb207 

Gd»(MoO4) 


Ток 


143 
Тс > Тор 
93 


177 

95 

271 

224 

398, 357, 305, 255 
266 

185 

432 


PROPERTIES ОЕ ANTIFERROELECTRIC CRYSTALS 


H. P. R. Frederikse 


Some important antiferroelectric crystals are listed here with their Curie Temperatures Тс. The last column gives the constant То which 
appears in the Curie-Weiss law describing the dielectric constant of these materials above the Curie Temperature: 


£ = const./(T - То) 


Name or acronym Formula Ток тук 
ADP NH4H;PO, 148 

ADA NH4H,AsO, 216 

ADDP NH4D;PO, 242, 245 

ADDA NH4D5,AsO,; 299 

A DDP ND,D,PO, 243 

AgDDA ND,D,AsO, 304 

Sodium niobate NaNbO; 911, 793 

Lead hafnate РЫНО, 476 378 
Lead zirconate PbZrO; 503 475 
Lead metaniobate РЬМЬ,О, 843 530 
Lead metatantalate РЬТа:О, 543 533 
Tungsten trioxide WO; 1010 

Potassium strontium niobate KSr,Nb;0)5 427 413 
Sodium nitrite NaNO, 437 437 
Sodium trihydrogen selenite МаН,(5еО;)» 193 192 
Sodium trideuterium selenite NaD4(SeO4); 271 245 
Ammonium trihydrogen periodate (МН,)-Н.10, 245 
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DIELECTRIC CONSTANTS OF GLASSES 


Dielectric constant 


at 100 MHz Volume resistivity 

Type (20°С) (350°С megohm-cm) Loss factor? 
Corning 0010 6.32 10 0.015 
Corning 0080 6.75 0.13 0.058 
Corning 0120 6.65 100 0.012 
Pyrex 1710 6.00 2,500 0.025 
Pyrex 3320 4.71 — 0.019 
Pyrex 7040 4.65 80 0.013 
Pyrex 7050 4.77 16 0.017 
Ругех 7052 5.07 25 0.019 
Ругех 7060 4.70 13 0.018 
Ругех 7070 4.00 1,300 0.0048 
Уусог 7230 3.83 - 0.0061 
Ругех 7720 4.50 16 0.014 
Ругех 7740 5.00 4 0.040 
Ругех 7750 4.28 50 0.011 
Ругех 7760 4.50 50 0.0081 
Уусог 7900 3.9 130 0.0023 
Уусог 7910 3.8 1,600 0.00091 
Уусог 7911 3.8 4,000 0.00072 
Corning 8870 9.5 5,000 0.0085 
G. E. Clear (silica glass) 3.81 4,000—30,000 0.00038 
Quartz (fused) 3.75 4.1 (1 MHz) 0.0002 (1 MHz) 


a Power factor x dielectric constant equals loss factor. 
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PROPERTIES OF SUPERCONDUCTORS 


L. I. Berger and B. W. Roberts 


The following tables include superconductive properties of selected elements, compounds, and alloys. Individual tables are given for thin films, 
elements at high pressures, superconductors with high critical magnetic fields, and high critical temperature superconductors. 

The historically first observed and most distinctive property of a superconductive body is the near total loss of resistance at a critical temperature 
(To that is characteristic of each material. Figure 1 (а) below illustrates schematically two types of possible transitions. The sharp vertical discontinuity 
inresistance is indicative of that found for a single crystal of a very pure element or one of a few well annealed alloy compositions. The broad transition, 
illustrated by broken lines, suggests the transition shape seen for materials that are not homogeneous and contain unusual strain distributions. Careful 
testing of the resistivity limit for superconductors shows that it is less than 4 x 10-23 ohm cm, while the lowest resistivity observed in metals is of the 
order of 10-13 ohm cm. If one compares the resistivity of a superconductive body to that of copper at room temperature, the superconductive body is 
at least 1017 times less resistive. 


Normal -4лМ 


Superconducting 


) ic eme P 
c 0 H, H H H 


cl c с2 c3 


(b) |< Mixed state >| 

(c) 
FIGURE 1. Physical properties of superconductors. (a) Resistivity vs. temperature for a pure and perfect lattice (solid line); impure and/or imperfect 
lattice (broken line). (b) Magnetic-field temperature dependence for Type-I or “soft” superconductors. (c) Schematic magnetization curve for “hard” 
or Type-II superconductors. 


The temperature interval АТ, over which the transition between the normal and superconductive states takes place, may be of the order of as little 
as 2 x 102 К or several К in width, depending on the material state. The narrow transition width was attained in 99.999946 pure gallium single crystals. 

A Type-I superconductor below T,, as exemplified by a pure metal, exhibits perfect diamagnetism and excludes a magnetic field up to some critical 
field H, whereupon it reverts to the normal state as shown іп the Н-Т diagram of Figure 1(b). 

The magnetization of a typical high-field superconductor is shown in Figure 1(c). The discovery of the large current-carrying capability of Nb3Sn 
and other similar alloys has led to an extensive study of the physical properties of these alloys. In brief, a high-field superconductor, or Туре-П 
superconductor, passes from the perfect diamagnetic state at low magnetic fields to a mixed state and finally to a sheathed state before attaining the 
normal resistive state of the metal. The magnetic field values separating the four stages are given as Н, H2, and H,;. The superconductive state below 
H, is perfectly diamagnetic, identical to the state of most pure metals of the "soft" or Type-I superconductor. Between Н and Но a “mixed 
superconductive state” is found in which fluxons (a minimal unit of magnetic flux) create lines of normal flux in a superconductive matrix. The volume 
of the normal state is proportional to 47M in the “mixed state” region. Thus at H „ the fluxon density has become so great as to drive the interior volume 
of the superconductive body completely normal. Between H,, and H,; the superconductor has a sheath of current-carrying superconductive material 
at the body surface, and above H,4 the normal state exists. With several types of careful measurement, it is possible to determine Нал, Но, and На. 
Table 6 contains some of the available data on high-field superconductive materials. 

High-field superconductive phenomena are also related to specimen dimension and configuration. For example, the Type-I superconductor, Hg, 
has entirely different magnetization behavior in high magnetic fields when contained in the very fine sets of filamentary tunnels found in an unprocessed 
Vycor glass. The great majority of superconductive materials are Type-II. The elements in very pure form and a very few precisely stoichiometric and 
well annealed compounds are Type I with the possible exceptions of vanadium and niobium. 


Metallurgical Aspects. The sensitivity of superconductive properties to the material state is most pronounced and has been used in a reverse sense 
to study and specify the detailed state of alloys. The mechanical state, the homogeneity, and the presence of impurity atoms and other electron-scattering 
centers are all capable of controlling the critical temperature and the current-carrying capabilities in high-magnetic fields. Well annealed specimens 
tend to show sharper transitions than those that are strained or inhomogeneous. This sensitivity to mechanical state underlines a general problem in 
the tabulation of properties for superconductive materials. The occasional divergent values of the critical temperature and of the critical fields quoted 
for a Type-II superconductor may lie in the variation in sample preparation. Critical temperatures of materials studied early in the history of 
superconductivity must be evaluated in light of the probable metallurgical state of the material, as well as the availability of less pure starting elements. 
It has been noted that recent work has given extended consideration to the metallurgical aspects of sample preparation. 


Symbols in tables: Т: Critical temperature; H,: Critical magnetic field in the T = 0 limit; Өр: Debye temperature; and y: Electronic specific heat. 
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Element 
AI 


Am: (0,2) 
Am* (В,?) 


Zr (0) 


PROPERTIES OF SUPERCONDUCTORS (continued) 


950 


420 


209 
325 


87, 71.9 
93 

109 
425 

151 

139 


460 
276 
500 


96 
4.5 
580 
195 
258 
411 
165 
415 
78.5 


383 
383 
310 
290 


yanJ шоГ!К-!) 


1.35 


0.21 
0.69 
0.60 


2.21 
1.81 
1.37 
1.672 
3.19 
9.8 
113 


1.83 
7.80 
2.35 


3.1 
2.35 
2.8 
1.78 
6.15 
6.28 
4.32 
3.3 
1.47 


9.82 
0.90 
0.66 
2.77 


ТАВГЕ 1 
Selective Properties of Superconductive Elements 
Т.(К) Н „(оегѕќеа) 

1.175 + 0.002 104.9 + 0.3 
0.6 
1.0 
0.026 
0.517 0.002 28-1 
1.083 + 0.001 58.3 + 0.2 
5.9, 6.2 560 
7 950, НЕ" 
7.85 815,НЕ 
0.128 12.7 
4.154 + 0.001 411 £2 
3.949 339 
3.408 + 0.001 281.5 £2 
0.1125 + 0.001 16+0.05 
4.88 + 0.02 800 + 10 
6.00 + 0.1 1096, 1600 
0.1+0.03 350 + 50 
0.915 + 0.005 96 t3 
9.25 + 0.02 2060 + 50, HF 
0.66 + 0.03 70 
14 
7.196 + 0.006 803 +1 
1.697 + 0.006 200+5 
0.49 + 0.015 69 +2 
3.722 + 0.001 305 52 
4.47 + 0.04 829 +6 
78%01 1410, НЕ 
1.38 + 0.02 1.60 + 3 
0.40 + 0.04 56 
2.38 + 0.02 178 +2 
0.2 
5.40 + 0.05 1408 
0.0154 + 0.0005 1.15 + 0.03 
0.85 + 0.01 54 + 0.3 
0.61 +0.15 47 
0.65, 0.95 

TABLE 2 


Range of Critical Temperatures Observed for Superconductive Elements іп Thin Films Condensed Usually at 
Low Temperatures 


a 


(Disordered) 
(Ordered) 
Ga 


T, Range (K) 


1.15—5.7 НЕ 
5—9.75 НЕ 
6.17—6.6 


0.79—0.91 

0.53—0.59 

2.5--8.5 НЕ 
3.87--4.5 

2.2—5.6 HF 
3.55—6.74 

3.3—8.0 


HF denotes high magnetic field superconductive properties. 
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Comments 


Element 


T, Range (K) Comments 
2.0—10.1 

1.8--7.5 

1.7—7 

3.5—6 

«1.7—4.51 НЕ" 
4.6—7.7 

1.3 Мах 

2.33--2.96 

1.8—6.02 

<1.0—4.1 

0.77—1.9 


Elements Exhibiting Superconductivity Under or After Application of High Pressure 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 3 


T, Range Pressure 
Element (K) (kbar) 
Al 1.98—0.075 0-62 
As 0.31—0.5 220—140 
0.2—0.25 140—100 
ВаП 1—1.8 55—85 
Ш 1,8-5 85--144 
ТУ 4.5—5.4 144—190 
Bill 3.9 25--27 
Ш 6.55—7.25 28—38 
ТУ 7.0, 8.7—6.0 43, 43—62 
У 6.7, 8.3 48—80 
УТ 8.55 90, 92—101 
VII(?) 82 30 
Ce (о) 0.020--0.045 20-35 
Ce (а) 1.9—1.3 45—125 
CsV 1.5 >125 
Ga II 6.38 235 
Ir 7.5 235 then P 
removed 
Ge 5.35 115 
La 5.5—12.9 0—210 
Lu 0.022—1.0 45—190 
P 5.8 170 
TABLE 4 


Element 


РЫП 
КеП 


Sb (prepared 120 
kbar, held below 
77К) 

Sb II 

Se II 

Si 

SnII 

HI 

Te II 


IV 

() 

ТІ (cubic form) 

(hexagonal form) 

U 

Y 

Zr (omega form, 
metastable) 


Superconductive Compounds and Alloys 


T, Range 
(K) 


3.55 
2.3 Max. 


2.6-2Л 


3.55--3.40 
6.75, 6.95 
67-74 
5.2—4.85 
5.30 
2.4—5.1 
4.1—4.2 
4.72—4 
3.3—2.8 
1.45 

1.95 
2.4—0.4 
17--2.5 
1—1.7 


Pressure 
(kbar) 


160 
“Plastic” 
compression 


85—150 
130 
120—130 
125—160 
113 
38—55 
53—62 
63—80 
100—260 
35 

35 
10—85 
110—160 
60—130 


АП compositions are denoted on ап atomic basis, i.e., AB, АВ», ог АВ; for compounds, unless noted. Solid solutions ог odd compositions may 


be denoted as A.B, „ог А.В. A series of three or more alloys is indicated as А,В) , or by actual indication of the atomic fraction range, such as Аб _ 


o.cB 1. o4. The critical temperature of such a series of alloys is denoted by a range of values or possibly the maximum value. 


The selection of the critical temperature from a transition in the effective permeability, or the change in resistance, or possibly the incremental 


changes in frequency observed by certain techniques is not often obvious from the literature. Most authors choose the mid-point of such curves as the 
probable critical temperature of the idealized material, while others will choose the highest temperature at which a deviation from the normal state 


property is observed. In view of the previous discussion concerning the variability of the superconductive properties as a function of purity and other 
metallurgical aspects, it is recommended that appropriate literature be checked to determine the most probable critical temperature or critical field of 
a given alloy. 

A very limited amount of data on critical fields, H,, is available for these compounds and alloys; these values are given at the end of the table. 


Substance 


Ag33Al 

АБА у 
А5Ві, 
Ag;Fo5sNo 7501055 
АЕ 

Ag;FOg 

A808. озСбао2 ол 
Ag4Ge 


A80.438H 0.562 
AgIn, 
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A. SUPERCONDUCTORS WITH 7,< 10 K 


т.к 


0.34 

0.15 
2.87—3.0 
0.85--0.90 
0.0.066 

0.3 

6.5—8 
0.85 

0.64 

-2.4 


Crystal structure type 


А12-с158 (Mn) 


Cubic 


Cubic 


Hex., c.p. 
D8, 
C16 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. K Crystal structure type 
Аво ПпоэТе (n = 1.4 x 1022)* 1.2—1.89 B1 
Ago21Ino.gTe (n = 1.07 х 1022) 0.77—1.00 Bl 
AgLa 0.94 B2-cP2 (СвС1) 
AgLa (9.5 kbar) 12 B2 
AgLu 0.33 B2-cP2 
АвМо,5, 9.1 15:15 (Мо,РЬ5,) 
Ав|>Мо65еҙ 59 Заше 
Ag7NO;; 1.04 Cubic 
Ag,Pbi-x 7.2 max. 
Ag4Sn 0.1 h** 
Ag,Sn, у 1.5—3.7 
Ag;Sn, , (film) 2.0—3.8 
AgTe; 2.6 Cubic 
AgTh 22 С16-412 (АЂСи) 
AgTh; 2.26 C16 
AgoosTloo; 2.67 
Ago.o4 То 2.32 
AgY 0.33 B2-cP2 (CsCl) 
Ag,Zny_x 0.5—0.845 
АІАщ 0.4—0.7 Like A13 
Al,Au 0.1 CI-cF12 (CaF) 
Al,CMo; 9.8—10.2 А13-нгасе 2nd. phase) 
Al,CaSi 5.8 
Alo.131Cto,038Vo.781 1.46 Cubic 
AlGe, 1.75 
Al,Ge,U 1.6 LL-cP4 (Cu3Au) 
AlLa; 5.57 Од 
Al,La 3.23 С15 
Al,Lu 1.02 C15-cF24 (Са-Ме) 
AlMg, 0.84 F.C.C. 
AIMo; 0.58 А15 
А1Мо,Р4 2.1 
AIN 1.55 B4 
ALNNb; 1.3 A13 
АЗМЫ 0.64 48 (АІ5ТІ) 
AlOs 0.39 B2 
А1,05 5.90 
AIPb (film) 1.2—7 
АЂРЕ 0.48—0.55 СІ 
АҚ Ке, 3.35 А12 
AISb 2.8 В4-04 (Sn) 
AbSc 1.02 С15-сЕ24 (Cu)Mg) 
ALSLU 1.34 LL-cP4 (Cu4Au) 
АІТ, 0.1 С16-412 (АЂСи) 
AlTh 0.75 ПО) 
АТ, Vi, 2.05--3.62 Cubic 
Alo 108V 0.892 1.82 Cubic 
АБУ 0.35 С15-сЕ24 (Си›Мз) 
АЂУЂ 0.94 LL-cP4 (Cu4Au) 
Al,Zny-x 0.5—0.845 
Айлд 0.73 LL 
AsBiPb 9.0 
AsBiPbSb 9.0 
AsHfOs 3.2 C22-hP9 (Fe;P) 
AsHfRu 4.9 same 
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PROPERTIES ОЕ SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T.K Crystal structure type 
АзоззшТе 7 (n = 1.24 х1022) 0.85—1.15 ВІ 
Aso Тер (п = 0.97 х 1022) 0.44—0.62 ВІ 
AsaLas 0.6 с128 (ТЕРА) 
AsNb; 0.3 L1,-tP32 
Asp soNio ogPdo 44 1.39 C2 
АвК 25Рӣ075 1.6 B8;-hP4 (NiAs) 
AsOsZr 8.0 C22-hP9 (Fe;P) 
AsPb 8.4 
AsPd; (low-temp. phase) 0.60 Hexagonal 
AsPd; (high-temp. phase) 1.70 C22 
AsPds 0.46 Complex 
As3Pds5 1.9 
AsRh 0.58 B31 
А8К 4 16 < 0.03--0.56 Hexagonal 
AsSn 4.10 
AsSn (n 22.14 x 1022) 3.41—3.65 Bl 
As. Sn. 3.5—3.6; 1.21—1.17 
AssSn, (n = 0.56 x 1022) 1.16—1.19 Rhombohedral 
AsV3 0.20 A15-cP8 (Cr3Si) 
AusBa 0.4—0.7 D2, 
AuBe 2.64 B20 
Au,Bi 1.80 С15 
AusCa 0.34--0.38 СІ5, 
AuGa, 1.6 СІ-сЕ12 (CaF) 
AuGa 1.2 B31 
Aug 40—0.92G€0.60—0.08 <0.32—1.63 Complex 
Auln, 0.2 С1-сЕ12 
Аш 0.4—0.6 Complex 
AuLu «0.35 B2 
AuNb; 1:2 A2 
AuPb, 3.15 
AuPb, (film) 4.3 
AuPb3 4.40 
AuPb; (film) 4.25 
Au Pb 1.18; 6—7 С15 
AuSb, 0.58 C2 
AuSn 1.25 B8, 
Au,Sn, , (film) 2.0—3.8 
AusSn 0.7—1.1 АЗ 
AuTa, 3 0.55 А15-сР8 (Cr3Si) 
AusTes 1.62 Cubic 
AuTh, 3.08 C16 
AuTl 1.92 
AuV; 0.74 А15 
Au,Zni., 0.50—0.845 
AuZn; 1.21 Cubic 
Au,Zry 1.7—2.8 A3 
AuZrs 0.92 А15 
В.Ва Р 5.60 hP12 (B,BaPt;) 
ВСМо, 5.4 Orthorhombic 
BCMo, 5.3—7.0 Same 
B Cao Рб 1.57 hP12 
B,ErIr, 24 tP18 (ByCeCo,) 
B4ErRh, 4.3 oC108 (B4LuRh,) 
B,4ErRh, 8.7 tP18 (В,СеСо,) 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance Тук Crystal structure type 
BHf 3.1 Cubic 
B,Holr, 2.0 tP18 
B4HoRh, 1.4 оС108 
Bə.Ir;La 1.65 hP6 (CaCus) 
Bjlr;Th 2.09 Same 
BylryTm 1.6 tP18 
BeLa 5.7 
BjLaRh; 2.82 hP6 
Вл 0.48 
B,LuOs 2.66 oP 16 (B;LuRu) 
B,LuOs; 4.62 hP6 
B,LuRhy 6.2 оС108 
B,LuRu 9.86 oP 16 
B,LuRu, 2.0 1172 (ByLuRuy) 
BMo 0.5 (extrapol.) 
BMo, 4.74 C16 
BNb 8.25 В; 
B4NdRh, 5.3 ІРІ 
В,ОѕЅс 1.34 oP16 
B,OsY 2.22 oP16 
BjPt5Sro 67 2.78 hP12 (B,BaPt;) 
BRe, 2.80; 4.6 
B4Rh;4Rugg 8.38 472 
BjRh;Sm 2.7 tP18 
B,Rh,Th 4.3 Same 
B Rh.Tm 9.8 Same 
B,RhyTm 5.4 оС108 
Bo3Ruo; 2.58 D10, 
B4Ru4Sc 7.2 172 
B,Ru3Th 1.79 hP6 
B,Ru3Y 2.85 Same 
B,Ru Y 7.80 oP 16 
В,Ки,Ү 14 472 
В!25с 0.39 
ВТа 4.0 В; 
ВТа, 3.12 С16-412 (Al,Cu) 
BTh 0.74 
BW, 3.1 C16 
В,Ү 6.5—7.1 
B.Y 4.7 
BZr 3.4 Cubic 
Вуд 5.82 
ВаВі; 5.69 Tetragonal 
Ва;Мо|55е19 2/75 hP15 (MogPbS;) 
Ba,O,Sr, „ТЕ (п = 4.2 х1019) <0.1—0.55 
Bag ;303;W 1.9 Tetragonal 
Bag 440,W «1.25—22 Hexagonal 
BaRh; 6.0 СІ5 
Be,,Mo 2.51 Cubic (Be,,Re) 
BegNb;Zr; 5.2 
Beo os 092Ке0.02--0008 
(quenched) 9.5—9.75 Cubic 
Вер о57В ед. 04з 9.62 Cubic (Ве>›Ве) 
ВеТс 5.21 Cubic 
Ве, Үү 4.12 Cubic (Ве,,Ке) 
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PROPERTIES ОЕ SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. K Crystal structure type 
Be, W 4.1 Tetragonal 
Bi;Ca 2.0 
Bio.sCdo.iaPbo2sSno.12 
(weight fractions) 8.2 
BiCo 0.42—0.49 
Bi;Cs 4.75 С15 
Bi,Cu, , (electrodeposited) 22 
BiCu 1.33—1.40 
Bi3Fe 1.0 m** 
Bip ото до os; 3.86 
Big 05110,95 4.65 о-рһазе 
Big 10100,90 5.05 Same 
Bios o3olnoss 070 5.3—5.4 о- and B-phases 
Bio34. o 4gIno 660.52 4.0—4.1 
BisIns 4.1 
Вип» 5.65 B-phase 
Ві г 17--2.3 
Bi,Ir (quenched) 3.0—3.96 
Bik 3.6 
ВК 3.58 С15 
BiLi 2.47 Шо, &-phase 
Bi, «Ме 0.7—-1.0 
Ві;Мо 3—3.7 
BiNa 2.25 L1, 
BiNb3 4.5 A15-cP8 (Cr3Si) 
BiNb; (high pressure and 
temperature) 3.05 А15 
BiNi 4.25 B8, 
BisNi 4.06 Orthorhombic 
BiNiosRhos 3.0 B8,-hP4 (AsNi) 
Big sNiSbo 5 2.0 Зате 
Bi, 9Pbo., 7.26—9.14 
Bii.oPbo.i (film) 7.25--8.67 
Bioos. o40Pbos. 0.60 7.35—8.4 H.C.P. to £-phase 
Bi;Pb 4.25 pe 
BiPbSb 8.9 
Bio ;Pbo зи поло (weight 
fractions) 8.5 
Big 5РБо 255025 8.5 
BiPd, 4.0 
Big 4Pdo 6 3.7—4 Hexagonal, ordered 
BiPd 3.7 Orthorhombic 
Bi,Pd 1.70 Monoclinic, o-phase 
Bi,Pd 4.25 Tetragonal, B-phase 
BiPd, 45 Р6 ss 37 B8,-hP4 (NiAs) 
BiPdSe 1.0 C2 
BiPdTe 1.2 C2 
BiPt 1.21 B8, 
Bio. PtSbo o 2.05; 1.5 B8,-hP4 (NiAs) 
BiPtSe 1.45 C2 
BiPtTe 1.15 C2 
Bi,Pt 0.155 Hexagonal 
Bi;Rb 4.25 C15 
BiRe; 1.9—22 
BiRh 2.06 B8, 
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Substance 


Bi;Rh 

Bi,Rh 

BiRu 

Ві;5п 

BiSn 

Bi,Sn, 

Ві;5г 

Bi4Te 

Bi;Tl 

Big 26Tlo.74 
Bio.26Tl0.74 
Bi Y, 

Ві;7п 

Ві0 3207 
BiZr, 
ВгМо65е; 
Br4MogSe; 
CCs, 

CFe3 
CGaMo, 

СНЕ Мо 5 
СН sMoo; 
СНЕ. Мор 5 
CHfo.7Nbo.3 
СН |Nbo4 
CHfosNbos 
СН Мо, 
CHfo55Nbo 75 
СН 2Nbo. 
CHfp 9. 011201 09 
CK (excess K) 
СК 

Са 

Спа 

Co .40—0.44M 09,600.56 
C;MoRe 

Соб Мол gSiz 
Мо Тао 
Моо 5Таџ 5 
Moo 75 Тао 25 
Мо, „Тар 
Moo а5Та0, 15 
Мо,У 1-х 
Mo,Zr,., 
0.9g4Nb 


2 
S 


Nb, Ti,_, 

Nbo 1. o.9Zt99. 01 
CRb, (Au) 
СВе од ҮҮ 

CRu 

Сооз7Та 

C0.848 0.987 

CTa (film) 

СТа, 


асааасааааааа 


€ 2000 by СЕС PRESS LLC 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


To K 


3.2 

2.7 

5.7 
3.6—3.8 
3.8 
3.85—4.18 
5.62 
0.75—1.0 
6.4 

4.4 

4.15 

2.25 
0.8—0.9 
1.51 
2.4—2.8 
7.1 

7.1 
0.020--0.135 
1.30 
3.7—4.1 
3.4 

5.5 

6.6 

6.1 

4.5 

4.8 

5.6 

7.0 

7.8 
5.0—9.0 
0.55 

0.39 

1.66 

3.33 
9—13 

3.8 

7.6 

7.5 

TU 

8.5 

8.7 

8.9 
2.9—9.3 
9.8 

9.8 

9.1 
«4.2—8.8 
4.2—8.4 
0.023--0.151 
5.0 

2.00 

9.7 
2.04—9.7 
5.09 

3.26 


Crystal structure type 


Orthorhombic (NiB3) 
Hexagonal 
m** 


11, 


Cubic, disordered 
11, ordered (2) 


hP15 (MogPbS;) 
Same 
Hexagonal 
DO;-oP16 (Fe;C) 
Hexagonal 
Bl 
Bl 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
Hexagonal 
Hexagonal 
tI6 (СаС,) 
Same 


B1-cF8 
D8; 
ВІ 

ВІ 

ВІ 

ВІ 

ВІ 

ВІ 

ВІ 

ВІ 


ВІ 
ВІ 


Нехавопа! 


hP2 (СУ) 


ВІ 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance To K Crystal structure type 
CTaoa4Tios 4.8 ВІ 
Са! 04УУ0-06 8.5—10.5 ВІ 
СТао2- 092108-01 4.6-8.3 ВІ 
СТс (ехсев8 С) 3.85 Cubic 
CTios o7 Wo 03 6.7—2.1 ВІ 
CW 1.0 
СУУ, 2.74 13 
СУУ, 52 Е.С.С. 
СҮ 3.88 16 (СаС;) 
СазСол$п|з 5.9 cP40 (Рг;Еһ-5п13) 
Ca3Ge,3Rhy 2.1 Same 
CaHg 1.6 B2-cP2 (CsCl) 
CaHg; 1.6 hP8 (Ni3Sn) 
Са» 6.15 С15 
Са, 5113 7.1 cP40 
Ca,O,Sr, «ТЕ (n = 3.7—11 x 1019) «0.1—0.55 
Cap ОУ 1.4—3.4 Hexagonal 
CaPb 7.0 
CaRh; 6.40 C15 
CaRh, »Sny5 8.7 cP40 
саті; 2.0 В2-сР2 
Cdos о05Нғол-05 1.70—1.92 
CdHg 1.77; 2.15 Tetragonal 
Са0,0075--0.05100.9925--0.95 3.24--3.36 Tetragonal 
Сао y; Pbo оз 42 
CdSn 3.65 
Сао вз 23 
Сао Т1 во 2.54 
СеСо; 0.84 СІ5 
СеСо (751033 0.46 СІ5 
СеСо 67Rho 33 0.47 C15 
Се,С4, Ки» 3.2—52 C15 
Celr; 3.34 
Сеј 1.82 
Сео,0051-а0,995 4.6 
Ce,La,_, 1.3—6.3 
Ce,Pr, Ви» 1.4--5.3 С15 
Ce,Pt, у 0.7—1.55 
CeRu, 6.0 СІ5 
Се;Мо65е 5.7 hR15 (MogPbS;) 
Ce;MogTeg 1.7 Same 
Co,Fe,., Si 1.4 (max.) СІ 
CoHf, 0.56 E9, 
CoLa; 4.28 
Co4LasSn;s 2.8 cP40 
Сол» -0.35 
Co,LuSny 1.5 cP40 
Coo ooiMoosReo 2-10 
Сорор-олоМӨ Ёо ов 9.90 2.28—1.90 А15 
Co,Ni, ,Si; 1.4 (max.) СІ 
Сор, Ко 5912 2.5 
Co,Rh, „55 3.65 (max.) 
Со.0350.07 -0.35 
Сод9с 81 0 5.0 tP38 (Со,5с, 9160) 
CoSi, 1.40; 1.22 СІ 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. К Crystal structure type 
Co,Sn,Yb 2.5 cP40 
Co;Th; 1.83 D10, 
Со,Ті.х 2.8 (тах.) Co in a-Ti 
Co, Ti, у 3.8 (max.) Co in B-Ti 
CoTi; 3.44 Е9; 

CoTi 0.71 A2 

CoU 1.7 B2, distorted 
CoUg 2.29 D2, 

Сора У 0.72 0.34 

CoY3 <0.34 

CoZr 6.3 С16 

Coo 12410,9 3.9 A3 

Сто од 0.4 Н.С.Р. 
Crosslro as 0.59 H.C.P. 
Crozlros 0.76 H.C.P. 
Сгол2Го,28 0.83 

Cr3Ir 0.45 А15 

Cro. 01551-00 4.6—9.2 A2 

Cro 89080520 2:5 Cubic 

СтаОв 4.68 А15-сР8 (Cr3Si) 
CrRe, y 1.2—52 

Cro 4Reo 2.15 D8, 

Cros osRho2 04 0.5—1.10 A3 

Cr3Rh 0.3 А15-сР8 
Cr3Ru (annealed) 3.3 А15 

Cr;Ru 2.02 08, 

Cr,Ru; 2.10 D8,-tP30 (CrFe) 
Cro 4. o5sRuoo. 95 0.34—1.65 A3 

Cr, Ti, 3.6 (max.) Cr in о-Ті 
СТ 4.2 (тах.) Cr in B-Ti 
Сто Tio Vo. 5.6 

Сго.0175 0.9825 0.75 B-phase 
Со ОУ 1.12 Hexagonal 
Cup ;sIno gs (film) 3.75 

Cuo o4. o osTno 940.92 44 

CuLa 5.85 

Си,Мо,О:5, 9 hR15 (MogPbS;) 
Са;Мо65еҙ 5.9 Same 
Cu,Pb, Х 5Л--1Л 

CuS 1.62 B18 

CuS, 1.48—1.53 C18 

CuSSe 1.5—2.0 C18 

CuSe, 2.3—2.43 C18 

CuSeTe 1.6—2.0 C18 

Си,59п) « 3.2—3.7 

Cu,Sn, , (film, made at 10K) 3.6-7 

Cu,Sn, , (film, made at 300K) 2.8—3.7 

CuTe; «1.25—1.3 C18 

CuTh, 3.49 С16 
Cup_0.027V 3.9—5.3 А2 

CuY 0.33 B2-cP2 (CsCl) 
Cu,Zn,_, 0.5—0.845 

уМо,5, 2.1 hR15 
Ега) « 14--6.3 

ЕгМо,5, 2:2 hR15 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. K Crystal structure type 
ErMogSeg 6.2 1815 
Fe3Lu,Sis 6.1 tP40 (Еез$с>515) 
Feo. 004М003Еео2 1-10 
Еео.о5№0 05270,90 3.9 
Fe3Re, 6.55 D8,-tP30 (FeCr) 
FesSc,Sis 4.52 tP40 
Fe4SiSTm 1.3 Same 
Fe4Si; Y, 24 Same 
Fe4Th; 1.86 D10 
Бе Ти у 3.2 (тах.) Fe in о-Ті 
Fe,Ti, у 3.7 (max.) Fe in B-Ti 
Fe,TiosV 1-х 6.8 (max.) 
FeUg 3.86 D2, 
Feo. iZroo 1.0 A3 
GaosGeosNbs 7.3 А15 
Ga,Ge,U 0.87 B2-cP2 
GaHf, 0.21 С16-112 (Al,Cu) 
СаГа» 5.84 
Сача 2.3 В2-сР2 
Ga,Mo 9.5 
GaMo; 0.76 А15 
GaN (black) 5.85 B4 
Сабоа 2.9 СІ 
GaPt 1.74 B20 
GaSb (120kbar, 77K, annealed) 4.24 AS 
GaSb (unannealed) -5.9 
Gao. ;Sn,. 0 (quenched) 3.47—4.18 
Сар, 150) , (annealed) 2.6—3.85 
GaTe 0.17 mC24 (GaTe) 
GasV> 3.55 Tetragonal (Mn;Hg;) 
GaV,5 9.15 
Са 1.38 
GasZrs 3.8 D8,-hP16 (MnsSi;) 
Gd,La,., < 1.0—5.5 
GdMo,S¢ 3.5 1815 
GdMo¢Seg 5.6 1815 
Gd,Os; Y, 1.4—4.7 
Gd,Ru,Th,., 3.6 (max.) СІ5 
СеюАз4У5 9.06 tP38 (С045с55 10) 
Gelr 4.7 B31 
GelrLa 1.64 1112 (LaPtSi) 
Сеј Гл 2.60 tP38 
Се У 2.62 tP38 
Ge;La 1.49; 2.2 Orthorhombic, distorted 
(Mn;Hg;) 
GeLaPt 3.53 412 
Фе л 5Овд 3.6 cP40 (РВ 9п 3) 
Gej;oLusRh4 2.79 tP38 
Ge;3Lu;Ru4 2.3 сР40 
СеМо; 1.43 А15 
Семь, 1.9 
Сео 29Nbo 71 6 А15 
GePt 0.40 B31 
GesRhs 2.12 Orthorhombic, related 
to ШМЬ 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance Ток Crystal structure type 
GeRh 0.96 B31-oP8 (MnP) 
Ge;4Rh4Sc; 1.9 c P40 
Ge;oRh4Ys 1.35 tP38 
Ge,3Ru,Y3 1.7 cP40 
Ge,So L3 
СеТа; 8.0 A15-cP8 (CrsSi) 
СезТе; (n = 1.06 х 1022) 1.55—1.80 Rhombohedral 
Се,Те|, (n = 8.5—64 x 1020) 0.07—0.41 RI 
GeV; 6.01 А15 
Ge;Y 3.80 C 
Себу 2.4 
Ge Zr 0.30 oC12 (2785) 
GeZr; 0.4 L1,-tP32 (ТЬР) 
Но зз№о 7.28 В.С.С. 

Но № оо 7.38 Заше 

Ho о5 бо 95 7.83 Заше 

Ho io Tao вв 2.81 B.C.C. 

Hog 0,92 3.26 Same 
Но0418096 3.62 Same 

HflrSi 3.50 C37-cP12 (Со-51) 
НЇМо, 0.05 hP24 (Мї,Мп) 
НЕМ) ово 6.6 В1 

НЮ o5Nb, o5 8.3—9.5 A2 

НЕ 75Nbo >s 242 

HfOs; 2.69 C14 

HfOsP 6.1 C22-hP9 (Fe;P) 
HfPRu 9.9 Same 

HfRe; 4.80 С14 
Hfo.14R€0.86 5.86 A12 

Afo.o0 0. 96R No 010.04 0.85—1.51 

Hf oss Ta) 945 4.4--6.5 А2 

НУ, 8.9--9.6 С15 

Но у 3.14—4.55 

HgIn 3.81 

Hg;K 1.20 Orthorhombic 
Нек 3.18 

На, К 3:27 

Нек 3.42 

Hg3Li 1.7 Hexagonal 
HgMg; 0.17 hP8 (Na3As) 
Hg;Mg 4.0 16 (MoSi;) 
Hg3Mg; 0.48 D8,-hP16 (Mn;Si3) 
Hg,Na 1.62 Hexagonal 
Hg,Na 3.05 

Hg,Pb,., 4.14—7.26 

HgSn 4.2 

Hg,Tl,., 2.30—4.19 

Hg;Tl, 3.86 

Ho,La,_, 1.3—6.3 

Ho; 2Мо65еҙ 6.1 D10,-hR12 (Ве;МЬ) 
Inj_o.g6Mgo_o.14 3.395—3.363 

Шш,МосТе, 2.6 11815 (MogPbS,) 
InNb; (high pressure and temp.) 4—8; 9.2 А15 

Ing sNbsZro.s 6.4 

По ОМ < 1.25—2.8 Hexagonal 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance To K Crystal structure type 

ІПо95--085Рбо05--015 3.6—5.05 

Ino,9s—0.91Pbo,02—0.09 3.45—4.2 

InPb 6.65 

InPd 0.7 B2 

InSb (quenched from 170 kbar 

into liquid N5) 4.8 Like A5 

InSb 2.1 B4 
(115Ъ)0.95—0.105100.05—0.90 

(various heat treatments) 3.8—5.1 

(InSb)o_oo7Sni o93 3.67--3.74 

In3Sn ~5.5 

In,Sn,, 3.4—7.3 

Тр Те (n = 0.83—1.71 x 1022) 1.02--3.45 B1 
In; 0001е1.002 3.5—3.7 B1 
In4Te, (n = 4.7 x 1021) 1.15—1.25 Rhombohedral 
In, Tl; 2.7--3.374 
Ino.sTlo.2 3.223 
Ino ТІ зв 2.760 
Шол78--06911022-031 3.18—3.32 Tetragonal 
Шо69--0.62 Т10,31--0.38 2.98—3.3 F.C.C. 
Га 0.48 С15 
Ir;La 2.32 D10, 
Ir4La; 2.24 D10, 
Ir;La 2.13 
IrLaSi, 2.03 оС16 (CeNiSi,) 
IrLaSi; 2.7 010 (BaNiSn3) 
IrLu 2.47 C15 
Ir3Lu 2.89 C15 
IryLusSijo 3.9 tP38 (Со,5с 510) 
IrMo «1.0 A3 
IrMo; 9.6 А15 
IrMo; 6.8 D8, 
IrNb; 1.9 A15 
Iro 4Nbog 9.8 D8, 
со 4;Nbo 63 2.32 D8, 
IrNb 7.9 D8, 
Ir; 15 Хо 85 4.6 ОР12 (IrTa) 
Iro o9 Nb4Rhy ов 2.43 А15 
По g5Nb4Rho 95 2.38 А15 
По28700.14 10,573 5.5 E9; 
Iro.26500.035Tio.65 2.30 ЕЭ, 
Ir,Os,., 0.3--0.98 
Ir; 50505 2.4 С14 
IrOsY 2.6 C15 
IrSiY 2.70 СЗ7-оР12 (Co,Si) 
IrSiZr 2.04 Same 
Ir Sc 2.07 C15 
Ir; 5Sc 2.46 C15 
1456550 8.46 tP38 
Ir,SiTh 2.14 110 
IrSisTh 1.75 шо 
IrSiTh 6.50 tI12 (LaPtSi) 
10,51Ү 2.60 110 (АМВа) 
Ir,Si,o Ys 3.10 tP38 
Ir3SisY> 2.83 0140 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. K Crystal structure type 
IrSn; 0.65—0.78 СІ 
Ir,Sr 5.70 C15 
Ir;Taí; 1.2 D8,-tP30 (FeCr) 
Iro 5Teo.s 53 
ПТе; 1.18 C2 
ЕТҺ «0.37 В, 
Ir Th 6.50 C15 
IrTh 4.71 
IrTh; 1.52 D10 
Ir;Th 3.93 D2, 
Тїз 5.40 А15 
ГУ; 1.39 А15 
Irw; 3.82 
Iro.28W0.72 4.49 
Ir,Y 2.18; 1.38 С15 
По69Үо31 1.98; 1.44 С15 
ВолоУозо 2.16 С15 
Ir Y, 1.61 
Ir Y 3.50 D10;-hR13 (Be;Nb) 
In Yi, 0.3—3.7 
Ir;Zr 4.10 C15 
Iro iZroo 5.5 A3 
К,Мо58 3.32 11:45) 
Ko.27—0.3103W 0.50 Hexagonal 
Ko.40—0.5703W 1.5 Tetragonal 
Lao.s5Luo45 22 Hexagonal, La type 
Lag gLug > 3.4 Same 
LaMg; 1.05 C15 
ГаМо,8, 74 hR15 
LaN 1.35 
LaOs, 6.5 СІ5 
LaPt; 0.46 СІ5 
Гао 28Р 72 0.54 С15 
LaPtSi 3.48 112 
LaRh; 2.60 
LaRh; 1.62 
LajRh; 2.58 р10, 
LaRhSi; 3.42 oC16 (СеМі5і,) 
LajRhsSis 4.45 0140 (Co4Si;U;) 
LaRhSi, 2.7. 010 (BaNiSn;) 
LaRh,Si, 3.90 110 (АЦВа) 
LaRu; 1.63 C15 
LaS, 6.5 D7, 
ГазЅед 8.6 D7; 
LaSi, 2.3 C, 
La Y ix 1.7—5.4 
LaZn 1.04 B2 
14,Мо,5, 42 11:45) 
LiPb 7.2 
LuOs, 3.49 C14 
Lug ;;;Rho 795 1.27 C15 
LuRh; 0.49 
Іл Вћ 8 3.95 tP38 (Co4S05Si10) 
LuRu, 0.86 С14 
Мг114М0665% 3.5 hR15 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance To K Crystal structure type 
Mg2Nb 5.6 
Марат 1.053 2.75 B2 
MgZn 0.9 A3-oP4 (AuCd) 
Мати у 2.3 (тах.) Мпіп-Ті 
Мати у 11—3.0 Мпіп-Ті 
MnUg 2.32 D2. 
MoN 5.0 F.C.C. 
МовМа>5$ 8.6 ВВ 15 
Mo,Nb;.x 0.016—9.2 
Мо; 25Nbo.75Seg 6.2 hR15 
MogNdSag 8.2 1815 
МозОв 7-2. А15 
Мог в2Сѕоз8 5.65 D8, 
МОЗР 5.31 DO, 
МосРЬ, 2Seg 6.75 hR15 
Moo sPdo s 3.52 A3 
Мо4Рі5е; 9.2 hR15 
MoRe 7.8 D8,-tP30 
MoRe3 9.25; 9.89 А12 
Мо,Ве), 12-122 
Mop 42Reo.s8 6.35 D8, 
MoRh 1.97 A3 
Mo,Rh,.x 1.5—8.2 В.С.С. 
MoRu 9.5—10.5 A3 
Moo siRuoao 7.18 D8, 
Моо2Еч0% 1.66 АЗ 
Моз Ки; 7.0 D8,-tP30 
Mo,Ru Teg 1.7 hR15 
Мо,5, 1.85 hR15 
Мо,5,5с 3.6 1815 
Мос; 2 2.9 1815 
Мо,5,ТЬ 2.0 1815 
MogSgTI 8.7 1815 
Mo¢SgTm 2 2.1 hR15 
Мов9 У 12 3.0 hR15 
Mo,SgYb 9.2 1815 
Мос 69341} 3.6 11:35) 
MosSb, 24 
Мосе; 6.3 1815 
Mo,SegSm, 2 6.8 1815 
Мовзез$ п! > 6.8 1815 
Mo,SegTb 5.7 1815 
MojSe4TI 4.0 ЋР14 
MogSegTm, 2 6.3 1815 
MogSeg Yb 6.2 1815 
Мо, 51 1.30 А15 
MoSio; 1.34 
Мо,51У;, 4.54--16.0 А15 
Мо; sTao zs Тез 1.7 hR15 
MogTeg 1.7 1815 
Мо, isTio вд 4.18; 4.25 
Mop 913T ip 087 2.95 
Mop oaTio.96 2.0 Cubic 
Мор 025 10.975 18 
Mo,U,, 0.7—2.1 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. К Crystal structure type 
Мо,У|, 0---5.3 
Mo,Zr 4.25—4.75 С15 
NNb (film) 6—9 ВІ 
МОЋ, 2.9—5.6 Cubic 
МОМ, 5.8—8.2 Cubic 
No44Re 4-5 Е.С.С. 
NTa (film) 4.84 ВІ 
Nos дов «1.17—5.8 Bl 
№ во 0.99 V 2.9—7.9 ВІ 
NZr 9.8 ВІ 
Ко,906--0.98421 3.0—9.5 B1 
Nao»g. 03503W 0.56 Tetragonal 
Nao 2gPbo 72 72 
NbO 1.25 
NbOs; 2:52: А12 
Nb,Os 1.05 А15 
Nbo 6080.4 1.89; 1.78 D8, 
Nb3Os0.02—0.10Rho.98—0.90 2.42—2.30 A15 
Nb;P 1.8 L1,tP32 (Ті?) 
NbPRh 4.08 C37-oP 12 (Co,Si) 
NbosPdo 4 1.60 D8; plus cubic 
МО РФоо-олоЁЛооо--090 2.49--2.55 А15 
Nb, cPto зв 4.21 D8, 
Nb;Pt; 3.73 D8, 
NbsPto 02-0. osRho 9s. 002 2.52—9.6 А15 
NbRe; 5.27 D8,-tP30 (FeCr) 
Nbo.38—0.18R€0.62—0.82 2.43—9.70 A15 
NbRe 3.8 D8,-tP30 
NbReSi 5.1 0136 (FeTiSi) 
Nb3Rh 2.64 А15 
Nbo 6Rho 40 4.21 D8, plus other 
МЫ ВВ, | 3.07 АЗ-оР4 (AuCd) 
Nb3Rho 98 —0.90 80.02—0.10 2.42—2.44 А15 
Nb,Ru,., 1.2—4.8 
NbRuSi 2.65 0136 
NbS, 6.1—6.3 Hexagonal, NbSe, type 
NbS, 5.0—5.5 Hexagonal, three-layer type 
NbsSb 0.2 L1,-tP32 (ТЫР) 
NbsSbo. 95Sn, 93 6.8—18 А15 
NbSe, 5.15—5.62 Hexagonal 
Nb, 105962 2.2—7.0 Заше 
Nb3Se4 2.0 hP14 
№51 1.5 Ll, 
№3515 Уз 4.0 
NbSn, 2.60 Orthorhombic 
Nb;Sn; 2.8 0144 ($п;Ті,) 
NbSnTaV 6.2 А15 
NbSnV, 5.5 А15 
Nb,SnV 9.8 А15 
Nb,Ta, у 4.4—9.2 A2 
Nb;Te, 1.8 hP14 
Nb,Ti, Хх 0.6—9.8 
NbosTio4 9.8 
КБАЈ x 1.95 (тах.) 
NbosgVo.12 5.7 A2 
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PROPERTIES ОЕ SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance T. K Crystal structure type 
NbosV 5Zr 4.3 C15-hP12 (MgZn;) 
Nig 3Tho7 1.98 D10, 

NiZr? 1.52 

№1109 1.5 АЗ 

O4Rbo»; 029W 1.98 Hexagonal 
OSn 3.81 tP4 (PbO) 
OsSrTi (n = 1.7—12.0 x 1019) 0.12—0.37 

O;SrTi (n = 1018—1021) 0.05—0.47 

OsSrTi (n = 1020) 0.47 

OsSroos W 2-4 Нехавопа! 
OTi 0.58 

O3Tlo.30W 2.0—2.14 Hexagonal 
OV,Zrs 7.5 Е9; 

OW, (film) 3.35; 1.1 А15 

OsPti 12 C22-hP9 (Fe;P) 
OsPZr 7.4 Same 

OsReY 2.0 С14 

О%8с 4.6 С14 

OsTa 1.95 А12 

OssTh; 1.51 D10, 

Os, W x 0.9—4.1 

OsW; -3 

Os Y 4.7 СІ4 

Os,Zr 3.0 С14 

Os, Zr} Х 1.5—5.6 

PPb 7.8 

OsW; 3.81 D8,-tP30 (FeCr) 
PPdso 35 <0.35--0.7 DO; 

P3Pd, (high temperature) 1.0 Rhombohedral 
Р;Ра; (low temperature) 0.70 Complex 

PRh 1.22 

PRh, 1.3 Cl 

Р,КЬ, 1.22 oP28 (СаЕе:О,) 
PRhTa 4.41 СЗ7-оР12 (Co,Si) 
PRhZr 1.55 Same 

PRuTi 1.3 C22-hP9 (Fe;P) 
PRuZr 3.46 C37-oP12 
РУУ, 2.26 ро, 

Pb,Pd 2.95 C16 

РЬР 2.80 Related to C16 
Pb;Rh 2.66 C16 

PbSb 6.6 

PbTe (plus 0.1 w/o Pb) 5.19 

PbTe (plus 0.1 w/o Te) 5.24--5.27 

РЫТІ, 27 6.43 

РЫТІ, 17 6.73 

РЫТІ, 12 6.88 

PbTlo 075 6.98 

РЬТЇ 04 7.06 

Pb, —o.26Tlo—0.74 7.20—3.68 

РЬТЬ 3.75—4.1 

РЫ;21; 4.60 D8; 

PbZr; 0.76 А15 

PdooPto Те 1.65 Сб 
PdoosRuoosZroo 59 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance TK Crystal structure type 
Ра, 2S (quenched) 1.63 Cubic 
PdSb, 1.25 C2 
PdSb 1.5 B8, 
PdSbSe 1.0 C2 
PdSbTe 1:2 C2 
РЧ,5е 0.42 Теїгавопа! 
Рав ;Se 0.66 Like Pd4Te 
Pd, з5е 2.3 
Ра,5е|, 2.5 (тах.) 
PdSi 0.93 B31 
PdSn 0.41 B31 
PdSn, 3.34 
Pd,Sn 0.41 C37 
Pd3Sn 0.47—0.64 B8, 
Pd,SnTm 1:17 DO;-cF16 (BiF3) 
Pd,SnY 4.92 Same 
Pd,SnYb 1.79 Same 
PdTe 2.3; 3.85 B8, 
РАТе! 921.08 2.56—1.88 B8, 
PdTe, 1.69 C6 
PdTe, | 1.89 C6 
РаТе;; 1.85 С6 
Ра, „Те 4.07 B8, 
Ра;Те 0.76 с12 (W) 
ратһ, 0.85 С16 
Pdo 2109 7.5 АЗ 
PtSb 24 B8, 
PtSi 0.88 B31 
PtSn 0.37 B8, 
PtSn, 2.38 C16-0C20 (PdSn,) 
Pt;Ta; 1.5 D8,-tP30 
PtTa; 0.4 А15-сР8 (Cr3Si) 
PtTe 0.59 Orthorhombic 
PtTh 0.44 В; 
Pt Th; 0.98 D10, 
Pt;Th 3.13 
PtTis 0.58 А15 
Рю02 098 0.87 B-phase 
РГУ, 5 1.36 А15 
РУ; 2.87--3.20 А15 
РГУ; 5 1.26 А15 
Pto.s о 5 1.45 А1 
РЕМ 0.4—2.7 
РҮ; 0.90 
Pt Y 1.57; 1.70 С15 
Pt; Y; 0.82 D10, 
PtZr 3.0 A3 
Ке;5с 42 C15-hP12 (MgZn;) 
Ке;|5с5 2.2 А12-с158 (Mg) 
ReSiTa 4.4 0136 (FeTiSi) 
Кез5 Y; 1.76 tP40 (Ғе;5с-51;) 
Ке;Та, 1.4 D8,-tP30 (FeCr) 
Reo 641 a9 36 1.46 Al2 
Ке;Та 6.78 А12-с158 (Мп) 
RejTis 6.60 A12 
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Substance 


Ке,Ті,, 
Reo;;Vo»4 
Re3V 

Reo 92Vo.0s 
ReosWo4 
ReosWos 
Rei Wi» 
Ком 
Коу 
Re;Zr 
Re,Zr 
Re¿Zr 
Rhy$;5 
Rh.o248€.076 
RhyScsSijg 
Rh,Sc3Snj,3 
Еһ,5е), 
RhSi;Th 
RhossSc; o,Th 
Кһ,55Ү 
Rh;Si;Y, 
Rh,Sn,3Sr3 
Rh,SnyTh 
Rh,SnyTm 
Rh4Sn;; Уз 
Rh5Sr 
Rho4Tao 6 
RhTe; 

Rho 67Teo.33 
Ећ,Те) « 
RhTh 
Rh;Th; 
ВЫТЬ 
Rh,Ti;, 
Rho o;Uo 9g 
RhV; 

RhW 

RhY; 

Rh Y; 
RhiY 
Rh;Y 
ВВ. У. 
RhooosZr (annealed) 
Rho_o4sZri_oss 
Rho 12109 
Ru,Sc 
RuSiTa 
Ru;Si,Th 
Ru3Si,Y 
Ru, 15п;1Ү 
Ru,Th 
RuTi 

Rug 0,95 
Rug, Tis 
Ru,Tio Vy 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 


Superconductive Compounds and Alloys (continued) 


T,K 


6.6 (max.) 
4.52 

6.26 

6.8 

6.0 

5.12 

5.2 

9.0 

1.83 

5.9 

7.40 

7.40 

5.8 

0.88; 0.92 
8.54 

4.5 

6.0 (max.) 
1.76 

6.45 

3.11 

2.70 

4.3 

1.9 

2.3 

32 

6.2 

2.35 

1.51 

0.49 

1.51 (тах.) 
0.36 

2.15 

1.07 
2.25--3.95 
0.96 

0.38 

-3.4 

0.65 

1.48 

1.07 

0.56 

0.32 

5.8 
2.1—10.8 
9.0 

1.67 

3.15 

3.98 

3.51 

1.3 

3.56 

1.07 

2.5 

3.5 

6.6 (max.) 


Crystal structue type 


D8, 
D8,-tP30 
A3 


D8, 
D8,-tP30 
А12-с158 
С14 

С14 
А12-с158 
Same 
Cubic 


tP38 
cP40 


шо 
112 
110 
oI40 
cP40 
cI2 (W) 
cP40 
cP40 
С15 
D8, 
C2 


A3 


C15 


hP20 (Fe;Th,) 


H.C.P. 
C14 
0136 
hP12 
hP12 
cP40 
С15 
B2 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 

Substance Т,К Crystal structue type 
Ru,U 0.15 L1,-cP4 
Ruo.45Vo.55 4.0 B2 
RuW 7.5 A3 
КҮ 1.52 С14 
Ru;Zr 1.84 С14 
Rug 12109 5.7 АЗ 
STh 0.5 BI-cF8 (NaCl) 
SbSn 1.30—1.42 ВІ or distorted 
SbTa; 0.72 A15-cP8 (Cr3Si) 
SbTi, 5.8 Same 
Sb;Ti; 5.2 
$60.01—0.03У0.99—0.97 3.76—2.63 А2 
55У, 0.80 А15 
SeTh 1.7 В1-сЕ8 
SiMo3 1.4 А15-сР8 
Si,Th 3.2 C,, а-рһаве 
Si;Th 24 C32, B-phase 
SiV>7Rug 3 2.9 А15 
Si,W; 2.8; 2.84 
SiZr, 0.5 L1,-tP32 (ТАР) 
Sno.174—0.104T80.826—0.896 6.5—< 4.2 А15 
SnTa; 8.35 A15, highly ordered 
ЗпТаз 6.2 А15, partially ordered 
SnTaV, 2.8 A15 
SnTa,V 3.7 А15 
Зп,Те) , (n = 10.5—20 x 1020) 0.07--0.22 ВІ 
Sn3Th 3.33 L1,-cP4 
SnTi, 5.80 А15-сР8 
Sn,Tl,, 2.37--5.2 
SnV3 3.8 А15 
по оз 0.057 V 0.98—0.943 2.87—-1.6 А2 
SnZr, 0.92 А15-сР8 
Тао025 10,075 1.3 Hexagonal 
Tag osTio 9s 2.9 Hexagonal 
Тао,05--075У095--0.25 4.30--2.65 А2 
Тара 1УУо2-0 1.2—4.4 A2 
Tco.1—0.4W0.9—0.6 1.25—7.18 Cubic 
Tco.soWo.so 7.52 a plus 
Тсо,воУУоло 7.88 plus a 
Tc ¿Zr 9.7 А12 
ТеҮ 1.02 В1-сЕ8 
ThTl, 0.87 1.1,-сРА 
Tho 055 Y 045 12-18 
Тіо70У030 6.14 Cubic 
Ti, Vi, 0.2—7.5 
Tig sZro s (annealed) 1.23 
Tig sZros (quenched) 2.0 
TY 1.52 L1,-cP4 
У,2г 8.80 С15 
Уо 2627074 5.9 
WoZr 2.16 С15 
YZn 0.33 B2-cP2 (CsCl) 


* n denotes current carriers concentration in cm. 
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PROPERTIES ОЕ SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


B. SUPERCONDUCTORS WITH T, > 10K 


Substance тк Crystal structure type 

AL,CMo, 10.0 Al3 
Al, Фе, Nb 12.6 А15 

057 95 
AL, Ge „М, 20.7 А15 
AINb 18.0 A15 (Cr Si) 

| 3 
АШЫ, 12.0 (FeCr) 
А1ХЬ,, <4.2—13.5 D8, 
АТ Nb , 12—17.5 A15 
Ато N шаналан 14.5—17.5 A15 
Al Nb, V 4.4—13.5 
xv Lx 

Al, Sip. V, 14.05 | 
AIV, 11.8 А15 (Сг,51) 
AuNb, 11.5 А15 
Au, ,,Nb, „, 1.1—11.0 
Аш o Nb,Rho, ооо 2.53—10.9 А15 
АМЫ, „УУ, 1.5—11.0 А15 
B,,,C,,,Mo,;; 12.5 
B,LuRh, 11.7 (B,CeCo,) 
B,LuRu 10 
ВЕЋУ 11.3 (B,CeCo,) 
В,15і,,У; 15.8 А15 
ВаВі,,О,Р5,, 13.2 
Ba,CaCu,O,T1, 120 
Ba,Cu,LaO, 80 
Ва Са ОЛт 101 
Ва,Си,О,Ү 90 
(Ba,La),CuO, 36 А15 (K NiF) 
Bi,CaCu,O,Sr, 110 
Вг,Мо,5 13.8 (Мо PbS.) 

27996 PbS, 
С.Га 11.0 (C,Pu,) 
CMo 14.3 Bl (NaCl) 
CMo, 12.2 оёж 
С Мо, , 10.8—12.5 В! 
CMo.Ti, . 10.2(max) ВІ 
СМо а 11, 17 10.2 ВІ 
Со ом ¿ela 10.0—11.3 
СКР (whiskers) 7.5--10.5 
CNb 11.5 ВІ 
Соло фо 6-1 В! 
CNb.Ta, . 82—13.9 
СМЬ, ,,W,, ол 12.5—11.6 Bl 
C, Si, V, 16.4 A15 
CTa 10.3 ВІ 
СТа, 44W, o 8.5--10.5 ВІ 
Cy Th, з ог 17 (C,Pu,) 

зҮ, 11.5 (C,Pu,) 
CW 10 Bl 
(Ca,La),CuO, 18 (K,NiF,) 
Cu(La,Sr),O, 39 
Cu, „Мо S 10.8 (Mo PbS.) 

181969, PbS, 

Cr, У, 11.3 А15 
GaNb, 14.5 А15 (Сг,51) 
Ga.Nb,Sn, , 14--18.37 А15 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 4 
Superconductive Compounds and Alloys (continued) 


Substance тык Crystal structure type 

GaV, 16.8 А15 
GaV,, 3, 6.3—14.45 А15 
GeNb, 232 А15 
GeNb, (quenched) 6—17 А15 
Ge,Nb,Sn, , 17.6—18.0 А15 
Се,;МЬ,5п,, 11.3 
Ge, Si, V, 14.0 А15 
GeV, 1 А15 
InLa, 9.83; 10.4 LL, (AuCu,) 
InLa, (0—35 kbar) 9.75—10.55 
In,_3Nb,Sn,_,, 18.0—18.19 А15 
IV, 13.9 А15 
Ir, ,Nb,, 10 (FeCr) 
LaMo,Se, 11.4 (Мо,РЬ5,) 
LiO,Ti, 13.7 (A1,MgO,) 
MoN 12; 14.8 h* 
Mo,Os 12.7 А15 
Mo,Pb,, S, . 15.2 (Mo,PbS,) 
Mo,Re 10.0; 15 Al5 
Мо,Ке,, 1.2—12.2 
Mo, Ке, 11.1 
Mo, Ќе, 43 14.0 
Mo REo 395 10.6 
MoRu 9.5—10.5 A3 
Mo,Ru 10.6 А15 
Mo,Se,TI 12.2 (Mo,PbS,) 
Мо, SiV,, 11.7 А15 
Mn,Si 12.5 А15 
Мо,Тс 15 А15 
Mo,,Tc,, 12.0 А15 
Мо,Те, „ 10.8—15.8 
MoTc, 15.8 
NNb (whiskers) 10—14.5 
NNb (diffusion wires) 16.10 
№№ 14.9; 17.3 ВІ 

овоа 098 ND 14.4—15.3 ВІ 
Nos oos 11.3—12.9 
NNb,O, 13.5—17.0 Bl 
NNb,O, 6.0—11 

10922545 Da Ti 1 5-4 6 . 8 

100 то У Воз 2t 12.5--16.35 
NNb Zr, , 9.8—13.8 ВІ 
Крон ов Zr, 13.8 В 1 
NTa 12—14 ВІ 
NZr 10.7 ВІ 
Nb,Pt 10.9 А15 
Nb, 1 Res 10 (Mn) 
Nb,Si 19 А15 
Nb, ,51У,, 12.8 А15 
Nb,Sn 18.05 А15 
Nb, Sno 18.18; 18.5 А15 
Nb Sn, . (film) 2.6—18.5 оз 
Nb,Sn, 16.6 ен 
NbSnTa, 10.8 А15 
Nb,SnTa 16.4 А15 
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PROPERTIES ОЕ SUPERCONDUCTORS (continued) 


TABLE 4 


Superconductive Compounds and Alloys (continued) 


T.K 
17.6 
17.8 
6.0—18.0 
12.2 
10.5 
10.8 
10.8 
17 
10 
10.8; 11.3 
2.1—10.8 
10.9 
17.1 
13.2 
TABLE 5 
Critical Field Data 
oersteds 
25 
57 
1700 
740 
10 
530 
>400 
>266 
105 
1360 
272.4—259.2 
TABLE 6 


Crystal structure type 

А15 

А15 

А15 

А12 

А15 

А15 

C16 (АІ,Си) 

А15 

А15 

А15 

Н, 
Substance oersteds 

InSb 1100 
In ТІ, 252—284 
«Т1, 252 
Ме, 1154 220 
Мо, «Том <985 
NbSn, 620 
РБТ 7 756 
PbTI, | 796 
РБТ ,, 849 
РБТ 05 880 
PbTI, 864 


0.04 


High Critical Magnetic-Field Superconductive Compounds and Alloys 


Substance 
Nb, SnTa, , 
Nb, ,,SnTa, „, 
Nb, SnTa,, , 
Nb,SnTa,,V,. 
NbTc, 
Nb, Zr, 
Nb, «Zr, зз 
bTa, 
RhTa, 
RhZr, 
Rh, 04521 055 
SiTi, ,V,, 
SiV, 
SiV, Zr, 
Substance 
Ag,F 
Ag,NO,, 
ALCMo, 
BaBi, 
Bi,Pt 
Bi,Sr 
Ват, 
CdSn 
CoSi, 
Cr, Ti, Ус, 
Їл, оа Мо ола 
Substance Т,К 
А,СМо, 9.8—10.2 
AINb, 
Ва О,5г, Ti <0.1—0.55 
Bi, Са, Pb, Sn) |, 
Bi Pb, 7.35—8.4 
Ві, Pb, Б 8.8 
Bi swo 92.5w/o 
Ві, РБ 
Ві, Pb,,, 
Ві, РБ, Sn, 
Bi "E 
Bi, TL 6.4 
С.К (excess К) 0.55 
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Н.,КОе 


cl? 


0.091 
0.375 
0.0039 max. 


0.122 max. 


0.29 
0.46 


Н. kOe Н,, kOe 


156 


»24 

30 шах. 

15 

2.32 

2.8 

0.73 

»25 
0--0.032 
»5.6 

0.160 (ніс) 
0.730 (Н llo) 


3.06 
3.7 

3.35 
0.32 
0.32 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 6 


High Critical Magnetic-Field Superconductive Compounds and Alloys (continued) 


Substance 


C.K 


8 


C; Mo, 
CNb 

CNb, „Та, , 
СТа 

Ca О,5г, Ті 
Са, Heos 

(by weight) 
СА, Hg, 
Cr, i озо Уссо 
GaN 

Ga Nb, 
GaSb (annealed) 


y 
Hg, Pb 


0.95 


80101 0.899 


In, „РЬ, 


0.98 0.02 


In, РЫ 


Іп 
Іп 


oos б 


оөз  Әоовт 


In, P 0.684 


In, 1 бө 
In 1 Те 1.002 


Ingos 0.05 


In ТІ, 10 


0.90 
Ш.Т, 17 


0.75 1, 


Mo, „Ке 


0.52 0.48 


Mo, Re 


0.395 


Mo, Tios 
Mo, Ті 


0.16 0.84 
Мо Tio; 
Мо, ,4U,,,; 
Mo, , Zr, 


0.17 0.83 


(12.8 w/o) 


NNb (wires) 


ММ, О, 
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0.39 


12.5—13.5 
8-10 
10—13.6 
9—11.4 
«0.1--0.55 


5.6 
5.85 


4.24 
5.3 
6.3--14.45 


6.75 
3.45 
3.68 
3.90 
42 


3.5—3.7 


1.35 
6.5 
8.6 
11.1 


10.6 


4.18 


2.95 
1.85—2.06 


152 
16.1 


13.5—17.0 


H, kOe 


ci? 


0.087 

0.12 

0.19 

0.22 

0.002— 0.004 
0.23 


0.28 
0.071 
0.725 


0.4 


0.235 
0.23 


0.1 
0.1 
0.095 
-10.17 
0.155 


0.263 
0.257 
0.242 
0.216 
0.45 

“0.15 
“0.2 


0.028 


0.060 


Н,, kOe Н,, kOe 


0.025 (H.Lc) 
0.250 (Н | lc) 
98.5 

16.9 

14.1 

4.6 


0.34 


0.31 
84.4 


>28 
2.64 
73° 
230—300? 
350* 
5004 
1219 
>52—>102 
>28—>86 
2.3 
4.3 
>13 
0.12 
0.12 0.25 
0.18 0.35 
0.55 2.65 
3.7 
2.8 5.5 
1.2* 
0.263 
0.257 
0.39 
0.50 


>25 
>25 
14—21 22—33 
18—28 37—43 
14—20 20—37 
19—26 26—37 
75° 


98.7° 
36—38 
15 
>25 
30 
>9.5 
153° 
132 
95 
53 
38 


obs? 


0.32 
0.32 


High Critical Magnetic-Field Superconductive Compounds and Alloys (continued) 


Substance 


NNbJZr, . 
М Nb, Zr, 


Na, 


ТАЛТ 


Ма, Pb, s, 


Nb 


Nb 

Nb (unstrained) 

Nb (strained) 

Nb (cold-drawn wire) 
Nb (film) 

NbSc 

Nb,Sn 


Nb, Та Zr 


0.65-0.73 0.02-0.10 ^ 0.25 


Nb Ti 


x "Lx 


Nb, ,,,U 


0.222 7 0.778 


Nb Zr, . 


O,SrTi 

O,SrTi 

PbSb, .. (quenched) 
PbSb, (annealed) 
PbSb, ,  (quenched) 
PbSb (annealed) 


2.8 w/o 


РБ, Sn 


0.871 0.129 


Pb, „Sn, 


0.965 0.035 


b 1 юзе ола 


PbTI, 17 
Re, 


026 ола 


Sb, 935M 07 


SiV 


3 


Sn Te, . 
Ta (99.95%) 


Ta, МБ, ; 


а, ss ol loas , 


Ta, ,Ti,; 
Te 
Те W 

x 1-х 
Ті 
Ti, Vo, 
Ti, 0.225 


ЦЭЛ” 


Ті, 16 У ова 


Tig as Vo.ses 
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PROPERTIES OF SUPERCONDUCTORS (continued) 


T,K 


9.8—13.8 
13.8 


9.15 


0.43 
0.33 


7.20--3.68 
6.73 


17.0 


4.4—7.8 


3.3 
5.75--7.88 


5.3 
4.7 
7.07 
7.20 
7.49 


TABLE 6 


H ,kOe 


cl? 


0.19 
0.28 


0.4—1.1 
1.1—1.8 
1.25—1.92 
2.48 


0.170 


0.084 


1.98 


0.0049* 
0.00195* 


0.45 
0.53 


0.55 
0.00043--0.00236 
0.425 

0.325 

0.275 

0.090 


0.25< 


H» kOe 


4-»130 
>130 
6.0 

2.05 
2.020 
1710 
3--5.5 
3.40 
3.44 
410 

>25 

>30 

221 

70 

54 

34 

17 

0.154 

10 
270—290 
148 max. 
120 max. 
23 

127 max. 
94 max. 
0.504* 
0.420* 
21.5 
20.7 
22. 
20.7 

1.1 

0.56 
2—6.9* 
4.5* 

>30 

0.12 
156° 
0.005—0.0775 
1.850 
1.425 
1.175 
0.375 
3.55 
>14—138 
138 


8-44 


199° 
172° 
34 
28 
25 


Н,, kOe 


6-91 
6.0--8.7 
“10 


2.7 


Т К 


obs? 


4.2 


14.15 


4.195 


0 


3.7 


0.012--0.079 
1.3 
2.27 
2.66 
3.72 
42 
12 
12 
0 
42 
42 


PROPERTIES OF SUPERCONDUCTORS (continued) 


TABLE 6 
High Critical Magnetic-Field Superconductive Compounds and Alloys (continued) 


Substance Т.К Н,,КОе Н,, kOe Н,, kOe Т,Ю 

Ti, Voss 17.3 28.1 4.2 

Ті, Уә 14.3 16.4 4.2 

Ti, Vosa 8.2 12.7 4.2 

Ti, х Vos; 3.8 6.8 42 

Ti V,. 108 max. 1.2 

V 5.31 0.8 34 1.79 
0.75 3.15 2 
0.45 22 3 
0.30 12 4 

У ов ла =5.9 0.238 1.05 
0.227 1.78 
0.185 3.04 
0.165 3.5 

W (film) 1.7—4.1 >34 1 

a Temperature of critical field measurement. 

> м/о denotes weight percent. 

*  Extrapolated. 

4 Linear extrapolation. 

*  Parabolic extrapolation. 

REFERENCES 


1. B. W. Roberts, in Superconductive Materials and Some of Their Properties. Progress in Cryogenics, Vol. IV, 1964, pp. 160—231. 
2. B.W. Roberts, Superconductive Materials and Some of Their Properties, NBS Technical Notes 408 and 482, U.S. Government Printing Office, 
1966 and 1969; B. W. Roberts, J. Phys. Chem. Ref. Data, 5, 581, 1976. 
3. B. W. Roberts, Properties of Selected Superconductive Materials, 1978 Supplement, NBS Technical Note 983, 1978. 
4. T. Claeson, Phys. Rev., 147, 340, 1966. 
5. C.J. Raub, W. H. Zachariasen, T. H. Geballe, and B. T. Matthias, J. Phys. Chem. Solids, 24, 1093, 1963. 
6. Т. Н. Geballe, B. T. Matthias, У. B. Compton, E. Corenzwit, G. W. Hull, Jr., and L. D. Longinotti, Phys. Rev., ТА, 119, 1965. 
7. C.J. Raub, V. B. Compton, T. H. Geballe, B. T. Matthias, J. P. Мана, and G. W. Hull, Jr., Л. Phys. Chem. Solids, 26, 2051, 1965. 
8. R. D. Blaugher, J. K. Hulm, and P. N. Yocom, J. Phys. Chem. Solids, 26, 2037, 1965. 
9. T. Claeson and H. L. Luo, J. Phys. Chem. Solids, 27, 1081, 1966. 
10. S. C. Ng and B. N. Brockhouse, Solid State Comm., 5, 79, 1967. 
11. О.Т. Shulishova and I. A. Shcherbak, Izv. AN SSSR, Neorg. Materials, 3, 1495, 1967. 
12. T. F. Smith and H. L. Luo, J. Phys. Chem. Solids, 28, 569, 1967. 
13. A. C. Lawson, J. Less-Common Metals, 23, 103, 1971. 
14. R. Chevrel, M. Sergent, and J. Prigent, J. Solid State Chem., 3, 515, 1971. 
15. M. Marezio, P. D. Dernier, J. P. Remeika, and B. T. Matthias, Mat. Res. Bull., 8, 657, 1973. 
16. J. K. Hulm and В. D., Blaugher in Superconductivity in d- and f-Band Metals, D. H. Douglass,Ed., American Institute of Physics, 4, 1, 1972. 
17. R. N. Shelton, A. C. Lawson, and D. C. Johnston, Mat. Res. Bull., 10, 297, 1975. 
18. H. D. Wiesinger, Phys. Status Sol., 41A, 465, 1977. 
19. O. Fisher, Applied Phys., 16, 1, 1978. 
20. D.C. Johnston, Solid State Comm., 24, 699, 1977. 
21. H. C. Ku and R. H. Shelton, Mat. Res. Bull., 15, 1441, 1980. 
22. H. Barz, Mat. Res. Bull., 15, 1489, 1980. 
23. G. P. Espinosa, A. S. Cooper, H. Barz, and J. P. Remeika, Mat. Res. Bull., 15, 1635, 1980. 
24. E. M. Savitskii, V. V. Baron, Yu. V. Efimov, M. I. Bychkova, and L. F. Myzenkova, in Superconducting Materials, Plenum Press, 1981, p. 
107. 
25. R. Fluckiger and R. Baillif, in Topics in Current Physics, О. Fischer and M. B. Maple, Eds., Springer Verlag, 34, 113, 1982. 
26. К. М. Shelton, іп Superconductivity іп d- and f-Band Metals, W. Buckel and УУ. Weber, Eds., Kernforschungszentrum, Karlsruhe, 1982, p. 
123. 
27. D.C. Johnston and H. Е. Braun, Topics in Current Phys., 32, 11, 1982. 
28. R. Chevrel and M. Sergent, Topics in Current Phys., 32, 25, 1982. 


€ 2000 by CRC PRESS LLC 


29. 
30. 
31. 
32. 
33. 
34. 
35; 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 


56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 


66. 
67. 
68. 
69. 


70. 
71. 
72. 
73. 


PROPERTIES OF SUPERCONDUCTORS (continued) 


G. P. Espinosa, A. S. Cooper, and H. Barz, Mat. Res. Bull., 17, 963, 1982. 

R. Muller, R. N. Shelton, J. W. Richardson, Jr., and R. A. Jacobson, J. Less-Comm. Met., 92, 177, 1983. 

You-Xian Zhao and Shou-An He, in High Pressure in Science and Technology, North Holland, 22, 51, 1983. 

You-Xian Zhao and Shou-An He, Solid State Comm., 24, 699, 1983. 

G. P. Meisner and H. C. Ku, Appl. Phys., A31, 201, 1983. 

R. J. Cava, D. W. Murphy, and S. M. Zahurak, J. Electrochem. Soc., 130, 2345, 1983. 

R. N. Shelton, J. Less-Comm. Met., 94, 69, 1983. 

B. Chevalier, P. Lejay, B. Lloret, Wang Xian—Zhong, J. Etourneau, and P. Hagenmuller, Annales de Chemie, 9, 191, 1984. 

G. Venturini, M. Meot-Meyer, E. McRae, J. F. Mareche, and B. Rogues, Mat. Res. Bull., 19, 1647, 1984. 

J. M. Tarascon, Е. С. DiSalvo, D. W. Murphy, G. Hull, and J. V. Waszczak, Phys. Rev., 29B, 172, 1984. 

G. V. Subba and G. Balakrishnan, Bull. Mat. Sci., 6, 283, 1984. 

B. Batlog, Physica, 126B, 275, 1984. 

M. J. Johnson, Ames Lab (USA) Report IS-T-1140, 1984. 

I. M. Chapnik, J. Mat. Sci. Lett., 4, 370, 1985. 

W. Rong-Yao, L. Qi-Guang, and Z. Xiao, Phys. Status Sol., 90A, 763, 1985. 

W. Xian-Zhong, B. Chevalier, J. Etourneau, and P. Hagenmuller, Mat. Res. Bull., 20, 517, 1985. 

H. R. Ott, F. Hulliger, H. Rudigier, and Z. Fisk, PAys. Rev., 31B, 1329, 1985. 

P. Villars and L. D. Calver, Pearson's Handbook of Crystallographic Data for Intermetallic Phases, Vol. 1—3, ASM, 1985. 

G. V. Subba Rao, K. Wagner, G. Balakhrishnan, J. Jakani, W. Paulus, and R. Scollhorn, Bull. Mat. Sci., 7, 215, 1985. 

J. G. Bednorz and K. A. Muller, Zs. Physik, B64, 189, 1986. 

W. Rong-Yao, Phys. Status Sol., 94A, 445, 1986. 

H. D. Yang, В. М. Shelton, and H. Е. Braun, Phys. Кеу., 33B, 5062, 1986. 

G. Venturini, M. Kanta, E. McRae, J. F. Mareche, B. Malaman, and B. Roques, Mat. Res. Bull., 21, 1203, 1986. 

W. Rong-Yao, J. Mat. Sci. Lett., 5, 87, 1986. 

М. К. Wu, J. R. Ashburn, С. J. Torng, P. H. Hor, R. L. Meng, L. Gao, Z. J. Huang, Y. О. Wang, and C. W. Chu, Phys. Rev. Lett., 58, 908, 1987. 
R.J. Сама, В. B. Van Dover, B. Batlog, and E. A. Rietman, Phys. Rev. Геп., 58, 408, 1987. 

L. C. Porter, T. J. Thorn, U. Geiser, A. Umezawa, H. H. Wang, УУ. К. Kwok, Н-С. I. Kao, М.Е. Monaghan, С. W. Crabtree, К. D. Carlson, 
and J. M. Williams, /norg. Chem., 26, 1645, 1987. 

А. M. Kini, U. Geiser, Н-С. I. Kao, К. D. Carlson, Н. H. Wang, M. R. Monaghan, and К. M. Williams, Inorg. Chem., 26, 1834, 1987. 

T. Penney, S. von Molnar, D. Kaiser, Е. Holtzberg, and A. УУ. Kleinsasser, Рћуз. Кеу., B38, 2918, 1988. 

Y. K. Tao, J. S. Swinnea, A. Manthiram, J. S. Kim, J. B. Goodenoug, and H. Steinfink, J. Mat. Res., 3, 248, 1988. 

G. G. Peterson, B. R. Weinberger, L. Lynds, and H. A. Krasinski, J. Mat. Res., 3, 605, 1988. 

J. B. Torrance, Y. Tokura, A. Nazzai, and S. S. P. Parkin, Phys. Rev. Lett., 60, 542, 1988. 

K. Kourtakis, M. Robbins, P. K. Gallagher, and T. Teifel, J. Mat. Res., 4, 1289, 1989. 

J. C. Phillips, Physics of High-T, Superconductors, Academic Press, 1989, р. 336. 

Shui Wai Lin and L. I. Berger, Rev. Sci. Instrum., 60, 507, 1989. 

M. Tinkham, Introduction to Superconductivity, McGraw-Hill, New York, 1975. 

О. Fischer and М.В. Maple, Eds., Topics in Current Physics, Volume 32: Superconductivity in Ternary Compounds Г; Volume 34: 
Superconductivity in Ternary Compounds II, Springer-Verlag, Berlin, 1982. 

К. J. Dunn and Е.Р. Bundy, Phys. Кеу., B25, 194, 1982. 

A. Barone and G. Paterno, Physics and Applications of the Josephson Effect, Wiley, New York, 1982. 

D. H. Douglass, Ed., Superconductivity in d- and f-band Metals, Plenum Press, New York, 1976. 

D. M. Ginsberg, Ed., Physical Properties of High Temperature Superconductors, (Volume П, 1990; Volume Ш, 1992; Volume V, 1996), World 
Scientific, Singapore. 

T. Ishiguro and K. Yamji, Organic Superconductors, Springer Verlag, Berlin, 1990. 

Sh. Okada, K. Shimizu, T. C. Kobayashi, K. Amaya, and Sh. Endo., J. Phys. Soc. Jpn., 65, 1924, 1996. 

A. Bourdillon and N. X. Tan Bourdillon, High Temperature Superconductors: Processing and Science, Academic Press, 1994. 

J. M. Williams, J. R. Ferraro, R. J. Thorn, K. Carlson, U. Geiser, H. H. Wang, A. M. Kini, and M.-H. Whangbo, Organic Superconductors 
(Including Fullerenes): Synthesis, structure, Properties, and Theory, Prentice-Hall, 1992. 


€ 2000 by CRC PRESS LLC 


HIGH TEMPERATURE SUPERCONDUCTORS 
C. N. R. Rao and A. K. Raychaudhuri 


The following tables give properties of a number of high temperature superconductors. Table 1 lists the crystal structure (space group and lattice 
constants) and the critical transition temperature T, for the more important high temperature superconductors so far studied. Table 2 gives energy gap, 
critical current density, and penetration depth in the superconducting state. Table 3 gives electrical and thermal properties of some of these materials 
in the normal state. The tables were prepared in November 1992 and updated in November 1994. 
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Table 1 


Structural Parameters and Approximate T, Values of High-Temperature Superconductors 


Material Structure TJK (maximum value) 
ГаСпО, 5 Bmab; а = 5.355, b = 5.401, c = 1315 А 39 
Га, „Ут (Ва Си, 14/mmm; а = 3.779, с = 13.23 А 35 
La;Ca, ,Sr,Cu)Og I4/mmm; a = 3.825, с = 19.42 А 60 
ҮВа;Са;О; Pmmm; а = 3.821, b = 3.885, с = 11.676 А 93 
ҮВа,Си,О, Ammm; а = 3.84, b = 3.87, с = 27.24 А 80 
YjBa4Cu;O,5 Ammm; а = 3.851, b = 3.869, с = 50.29 А 93 
Bi,Sr,CuO¢ Amaa; a = 5.362, b = 5.374, c = 24.622 A 10 
Bi,CaSr,Cu,Og Азаа; а = 5.409, b = 5.420, с = 30.93 A 92 
Bi,Ca,Sr,Cu30 |) Араа; а = 5.39, b = 5.40, с= 37 А 110 
Вудро (Сп (Се )>Си› Оо P4/mmm; а = 3.888, с = 17.28 А 25 
TI,Ba,CuO, Адаа: а = 5.468, b = 5.472, c = 23.238 A; 

I4/mmm; a = 3.866, c = 23.239 A 92 
Tl,CaBa,Cu,Og 14/mmm; a = 3.855, с = 29.318 А 119 
T1,Ca,Ba,Cu;0 19 I4/mmm; а = 3.85, с = 35.9 А 128 
Tl(BaLa)CuO, P4/mmm; а = 3.83, c = 9.55 А 40 
Tl(SrLa)CuO; P4/mmm; a = 3.7, c = 9 À 40 
(Tl, ;Pb, ;)Sr,;CuO; P4/mmm; а = 3.738, с = 9.01 А 40 
TlCaBa,Cu,0, P4/mmm; a = 3.856, c = 12.754 A 103 
(То. Pb, ;)CaSr;Cu;O; P4/mmm; а = 3.80, с = 12.05 А 90 
TISr, Y, Сар Си,О, P4/mmm; а = 3.80, с = 12.10 А 90 
ТІСа;Ва;СизОұ P4/mmm; а = 3.853, с = 15.913 А 110 
(Тіо5Р55)5г:Са;СаҙОу P4/mmm; а = 3.81, c = 15.23 А 120 
TIBa;(La, ,Се,) СаО; I4/mmm; а = 3.8, c = 29.5 А 40 
РЬ,5г:1Г.ар Са) Си Од Cmmm; а = 5.435, b = 5.463, с = 15.817 А 70 
РЬ,(5г,Г.а):Си:О, P22,2; а = 5.333, b = 5.421, с = 12.609 А 32 
(Pb,Cu)Sr,(La,Ca)Cu,0, P4/mmm; a = 3.820, c = 11.826 A 50 
(Pb,Cu)(Sr,Eu)(Eu,Ce)Cu,0, I4/mmm; a = 3.837, c = 29.01 A 25 
Nd; ,Ce,CuO, I4/mmm; а = 3.95, c = 12.07 А 30 
Ca, ,Sr,CuO; P4/mmm; а = 3.902, с = 3.35 А 110 
Sr; ,Nd,CuO; P4/mmm; а = 3.942, c = 3.393 А 40 
Bay Ko 4BiO, Pm3m; a = 4.287 А 31 
Rb,CsCço a= 14.493 À 31 
NdBa;Cu50; Pmmm;a = 3.878, b = 3.913, с = 11.753 58 
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HIGH TEMPERATURE SUPERCONDUCTORS (continued) 


Table 1 


Structural Parameters and Approximate Т, Values of High-Temperature Superconductors 


Material 


SmBaSrCu,0, 
EuBaSrCu40; 
GdBaSrCu30, 
DyBaSrCu,0, 
HoBaSrCu307 
ЕгВа5:Си,О» (multiphase) 
TmBaSrCu,0, (multiphase) 
YBaSrCu;0, 

HgBa;CuO, 
HgBa;CaCu;O, (annealed іп O;) 
HgBa,Ca,Cu;0¢ 
НоВа Са СиО 


(continued) 


Structure 


Алати; а = 3.854, c = 11.62 
I4/mmm; а = 3.845, с = 11.59 
Алати; а = 3.849, с = 11.53 


Pmmm;a 
Pmmm;a 
Pmmm;a 
Pmmm;a 
Pmmm;a 


3.802, b 2 3.850, c 


11.56 


3.794, b = 3.849, c 


11.55 


11.54 


3.787, b = 3.846, c 


3.784, b = 3.849, c 


11.55 


3.803, b = 3.842, с 


11.54 


14/mmm; а = 3.878, c = 9.507 
14/mmm; а = 3.862, с = 12.705 
Pmmmn; а = 3.85, с = 15.85 
Pmmm; а = 3.854, с = 19.008 


Тађје 2 


Superconducting Properties 


J, (0): Critical current density extrapolated to 0 K 
Aap: Penetration depth in a-b plane 


kg: Boltzmann constant 


Material 


Y Ba;Cu40; 
Bi,Sr,CaCu,Og 
ТЬВазСаСи>Оз 

Га, ,Sr,CuO,, x = 0.15 
Nd, ,Ce,CuO, 


* 


Form 


Single Crystal 
Single Crystal 
Ceramic 
Ceramic 
Ceramic 


Obtained from peak to peak value. 


+ Obtained from fit to BCS-type relation. 


Energy gap (A) 
2^ ET, АЛИТ 
5-6 4-5 
8-9 5.5-6.5 
6-7 4-6 
7-9 4-6 
8 4-5 
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ТК (maximum value) 


84 
88 
86 
90 
87 
82 
88 
84 
94 
127 
133 
126 


10-6 x J, (OVA cm? 
30 (film) 
2 
10 (film, 80 К) 


0.2 (film) 


ММА 


1400 
2700 
2000 


68:01 


Ра»: Resistivity іп the a-b plane 

рс Resistivity along the c axis 

+уе: р, has positive temperature coefficient of resistivity 
—ve: Pe has negative temperature coefficient of resistivity 
пн: Hall density 

k: Thermal conductivity 

in plane: Along a-b plane 


out of plane: Perpendicular to a-b plane 


Ра О ста 
Material Form 300 К 100К 
YBa;Cu40; Single Crystal 110 35 
film 200—300 60-100 
YBa;Cu4Og Single Crystal 75 20 
film 100—200 20-50 
В!ї,5г:СиО, Single Crystal 300 150 
В!ї,5г:СаСи,О,д Single Crystal 150 50 
ТІ.Ва-СиО6 Single Crystal 300—400 50-75 
T1,Ba,Ca,Cu30 |) Сегатіс жә жж 
Га; 9г,СиО,, x = 0.12 Single Crysta 900 350 
La ,Sr,CuOu, x = 0.20 Single Crystal 400 200 
film 400 160 
Ма: ,Ce,CuO,, x = 0.17 Single Crystal 500 275 
х= 0.15 film 140-180 35 


* At200K 
** р ~0.4mQ cm at 120K 
*** р -1.5 то cm at 300 К 


Table 3 


Normal State Properties 


5000 
>1000 
200-300 


200 
80 


ар/ат 


+ve for T >225 K 
+ve for T >150 K 


10?! x ny/cm? 


k/(mW/cm К) at 300 К 


300K 


11-16 
5-9 
14 

22 


с 


100К 


іп рїапе 


3 


50 (for x = 0.04) 20 


250 (for x 2 0.15) 


out of plane 


Although the vast majority of organic compounds are insulators, a small number of organic solids show considerable electrical conductivity. Some 
of these materials appear to be superconductors. The superconducting organics fall primarily into two groups: those containing fulvalenes (pentagonal 
rings containing sulfur or selenium) and those based on fullerenes, involving the nearly spherical cluster Ceo. 

The transition temperatures Т, of the fulvalene derivatives are shown in Table 1. The abbreviations of the various molecular groups are listed in 
Table 2 and their chemical structures are depicted in Figure 1. Most of the Т, 8 are between 1 and 12 K. Several of the compounds only show 


ORGANIC SUPERCONDUCTORS 
H.P.R. Frederikse 


superconductivity under pressure. 


a 


b 


From Ishigura, T. and Yamaji, K., Organic Superconductors, Springer- Verlag, Berlin, 1990. With permission. 


The fullerenes аге АС, compounds, where A represents a single or a combination of alkali atoms. The Се cluster is shown in Figure 2a, while 
Figure 2b illustrates how the alkali atoms fit into the AsCço molecule to form the A15 crystallographic structure. Their superconducting transition 
temperatures range from 8 to 31.3 K (see Table 3). 
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Critical Pressure and Maximum Critical Temperature of Organic Superconductors 


Material 


(ТМТЅР),РЕ, 
(ТМТ5Б),АХЕ, 
(ТМТ5Б),85Е, 
(TMTSF),TaF, 
(TMTSF),C1O, 
(TMTSF)ReO, 
(TMTSF),FSO, 
(ET),(ReO,)> 
BETIS 

Ви (ЕТ 
7-(ЕТ)з№5 5 
=-(ЕТ)13(з)0.5 
a -(ET);L L;-doped 
а (ЕТ) 
£p-(ET);L? 
Ө-(ЕТ) 1, 
«-(ET) 13 


P Jkbar 


6.5 

9 
11 
12 


ооо 


т/к 


12 
1.3 
0.4 
1.4 
1.4 
1.3 


Converted form s-type to B-type by thermal treatment. 
For 7 kbar. 
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Material 


В-(ЕТ),1Вгэ 
В-(ЕТ),Аш, 
(ЕТ) Нр» о С 
(ET)4Hg» goBrg 
(ЕТ»СЬН,О), 
KXET),Cu(NCS); 
K-(d-ET),Cu(NCS), 
(DMET),Au(CN), 
(DMET),Aul, 
(DMET),AuBr, 
(DMET),AuCl, 
(ОМЕТ), 
(ОМЕТ) Вг, 
(MDT-TTF),Aul, 
TTF[Ni(dmit);]; 
TTF[Pd(dmit),] 
(CH,),N[Ni(dmit)>]5 


List of Symbols and Abbreviations 


TTF 

TMTSF 

BEDT-TTF or “ЕТ” 
MDT-TTF 

DMET 

dmit 

1, 


с 


Р 


с 


tetrathiafulvalene 


tetramethyltetraselenafulvalene 
bis(ethylenedithio)tetrathiafulvalene 
methylenedithiotetrathiafulvalene 


[dimethyl(ethylenedithio)diselenadithiafulvalene] 


4,5-dimercapto- | ,3-dithiole-2-thione 
transition temperature to superconducting state 
minimum pressure required for superconducting transition 


Рукђаг 


кі = 


ооеоооосо>»ол—о-д>=охл~>оо» о 


ы 
ud © 


wn 


TJK 


ORGANIC SUPERCONDUCTORS (continued) 


3 Se~- CH, S S 
Н.С Se Se CH, S S 


TMTSF TTF 
Tetramethyltetraselenafulvalene Tetrathiafulvalene 
p а 6 s. №: Me, Se. S28 
H H 
A Cox CL TER | >< 11 
H“ S `5 S“ 5S7 `н Ме“ ~ Se ss 
BEDT - TTF or ET DMET 


Bis(ethylenedithio)tetrathiafulvalene 
Dimethyl(ethylenedithio)diselenadithiafulvalene 


S S S n- 
Snc- S Prec, 
= 5= с || м || 0-8 
5 5 5 


М-М, Ра, Рі 
mos 
МПТ-ТТЕ мат); 
Methylenedithiotetrathiafulvalene Ligand is 4,5-dimercapto-1.3-dithiole-2-thione 


FIGURE 1. Structures of various donor molecules and acceptor species. 


(001) 


» (010) 


(100) 


b 


FIGURE 2. (a) Сер cluster placed in a fcc lattice. Each crystal axis crosses a double bond shared by two hexagons. (b) A hypothetical A3C¢9 with the 
A15 structure. The structure can be seen to be an ordered defect structure of AgCgo. 
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ORGANIC SUPERCONDUCTORS (continued) 


Table 3 
Unit Cell and T, for ЕСС-А; Су 


Lattice 
parameter(s) (À) T/K 
Na, ВБ) Св) «Се 14.148(3) 8.0 
Ма; СС No. 14 14.132(2) 10.5 
Na;CsCq, No. 22 14.176(9) 14.0 
К.С, 14.253(3) 19.3 
К.ВЬС,, 14.299(2) 218 
ЕКС No. 1è 14.336(1) 244 
ВЬ,КС,, No. 24 14.364(5) 26.4 
ЕС 14.436(2) 29.4 
ете 14.493(2) 31.3 


а . Samples labeled No. 1 and No. 2 have the same 
nominal composition. 


From Schluter, M et. al., The Fullerenes, Ed.: Krato, H.W., 


Fisher, J.E., and Cox, D.E., Pergamon Press, Oxford, 1993. 
With permission. 
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PROPERTIES ОЕ SEMICONDUCTORS 


L. I. Berger and B. R. Pamplin 


The term “зеписопдисїог” is applied to a material in which electric current is carried by electrons or holes and whose electrical conductivity, when extremely pure, rises 


exponentially with temperature and may be increased from its low “‘intrinsic’’ value by many orders of magnitude by “дортв” with electrically active impurities. 


Semiconductors are characterized by an energy gap in the allowed energies of electrons in the material which separates the normally filled energy levels of the valence band 
(where **missing"' electrons behave like positively charged current carriers ‘*holes’’) and the conduction band (where electrons behave rather like a gas of free negatively charged 
carriers with an effective mass dependent on the material and the direction of the electrons’ motion). This energy gap depends on the nature of the material and varies with 
direction in anisáiropic crystals. It is slightly dependent on temperature and pressure, and this dependence is usually almost linear at normal temperatures and pressures. 

Data are presented in three tables. Table I “Сепега! Properties of Semiconductors" lists the main crystallographic and semiconducting properties of a large number of 
semiconducting materials in three main categories: ‘‘Tetrahedral Semiconductors’’ in which every atom is tetrahedrally co-ordinated to four nearest neighbor atoms (or atomic 
sites) as for example in the diamond structure; *'Octahedral Semiconductors" in which every atom is octahedrally co-ordinated to six nearest neighbor atoms — as for examples 


the halite structure; and ‘‘Other Semiconductors." 


Table П gives more detailed information about some better known semiconductors, while Table Ш gives some information about the electronic energy band structure parameters 
of the best known materials. 


Substance 


PART A. ADAMANTINE SEMICONDUCTORS 


$A2. Sphalerite (Zinc Blende) Structure Compounds (Strukturbericht symbol B3 Space Group F 4 3m-T2) 


I VII Compounds 
CuF 
СиСІ 
CuBr 
Cul 
AgBr 


Agl 
II VI Compounds 
BeS 
BeSe 
BeTe 
BePo 
ZnO 
ZnS 


ZnSe 
ZnTe 
ZnPo 
CdS 
CdSe 
CdTe 
CdPo 
HgS 
HgSe 
HgTe 

ШУ V Compounds 
BN 
BP(L.T.) 
BAs 


Molecular 


Average 


atomic 
mass 


Lattice 


parameters (À, 
room temp.) 


Density 
(g/cm) 


Table I 
PHYSICO-CHEMICAL PROPERTIES OF SEMICONDUCTORS 
(LISTED BY CRYSTAL STRUCTURE) 


Microhardness, 
Melting point N/mm? (M- 
(K) Mohs Scale) 


Specific heat, 
J/kgK (300 К) 


Debye 
temp. 


(K) 


Coefficient 
of thermal 


linear 


expansion 
[1076 K^! 
(300K)] 


$А1. Diamond Structure Elements (Strukturbericht symbol A4, Space Group Ед3т-О2) 


82.54 
98.99 
143.36 
190.46 
187.78 


234.77 


41.08 
87.97 
136.61 
(218) 
81.37 
97.43 


144.34 
192.99 
(274) 
144.46 
191.36 
240.00 
(321) 
232.65 
279.55 
328.19 


24.82 
41.78 
85.73 
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12.01 


28.09 
72.59 
118.69 


41.27 
49.49 
71.73 
95.23 
93.89 


117.39 


20.54 
43.99 
68.31 
(109) 
40.69 
48.72 


72.17 
96.5 
(137) 
72.23 
95.68 
120.00 
(161) 
116.33 
139.78 
164.10 


12.41 
20.87 
42.87 


3.56683 


5.43072 
5.65754 
6.4912 


4.255 
5.4057 
5.6905 
6.60427 


6.502 


4.865 
5.139 
5.626 
5.838 
4.63 
5.4093 


5.6676 
6.101 
6.309 
5.832 
6.05 
6.471 
6.665 
5.8517 
6.084 
6.4623 


3.615 
4.538 
4.777 


3.51 


2.3283 
5.3234 
5.765 

(281 К) 


3.53 
4.98 
5.63 
6.473 


5.67 


2.36 
4.315 
5.090 
7.3 
5.675 
4.079 


5.42 
6.34 


4.826 
5.674 


5.86 


7.73 
8.25 
8.17 


3.49 
2.9 


=3850 10(М) 
Transition to 
graphite 
> 980 
1685 + 2 11270 
1231 7644 
505.2 (Тг. 
286.4) 


1181 
695 2.3 (M) 
770 2.5(М) 
878 192 
>1570 (Тг. 2.5(М) 
410) 
831 2.5(М) 
2248 5.0 (M) 
2100 (Тг. 1780 
1295) 
1790 1350 
1568 900 
1750 1250 
1512 1300 
1365 600 
1820 3(M) 
1070 2.5(M) 
943 300 
73300 10(M) 
72800 37000 
=2300 19000 


471.5 


702 
321.9 
213 


490 
381 


276 
270 


232 


494 
472 


339 
264 


330 
255 
205 


210 
178 
164 


793 


2340 


645 
374 
230 


240 
207 
181 


134 


416 
530 


400 
223 


219 
181 
200 


151 
242 


71900 
7:980 
2625 


1.18 


2.49 
6.1 
5.4 (220 K) 


12.1 
15.4 
19.2 


=-2:5 


2.9 
6.36 


72 
8.19 


47 
3.8 
4.9 


5.46 
4.6 


Thermal 
conductivity 
(mW/em-K 
(300K)] 


9900(1) 
23200(ПА) 
13600(1IB) 


1240 
640 


8.4 
12.5 
16.8 


42 


234 
251 


140 
108 


200 
90 
58.5 


10 
20 


200 


Molecular 
Substance mass 
АР 57.95 
AlAs 101.90 
AISb 148.73 
GaP 100.69 
GaAs 144.64 
GaSb 191.47 
InP 145.79 
InAs 189.74 
InSb 236.57 
Other sphalerite structure compounds 

MnS 87.0 
MnSe 133.9 
B-SiC 40.1 
GaSe; 376.32 
Са;Теҙ 522.24 
Іп;Тез(Н.Т.) 608.44 
МрбеР; 158.84 
ZnSnP; 246.00 
ZnSnAsxX(H.T.) 333.90 
2151562 427.56 


$A3. Wurtzite (Zincite) Structure Compounds (Strukturbericht symbol B4, Space Group Р 6,mc-C$,) 


I VII Compounds 


PHYSICO-CHEMICAL PROPERTIES OF SEMICONDUCTORS 
(LISTED BY CRYSTAL STRUCTURE) (continued) 


CuCl 99.0 
CuBr 143.46 
Cul 190.46 
Agl 234.80 
II VI Compounds 
BeO 25.01 
MgTe 151.9 
ZnO 81.37 
ZnS 97.43 
ZnTe 192.99 
CdS 144.46 
CdSe 191.36 
CdTe 240.00 
Ш У Compounds 
ВР(Н.Т.) 41.79 
AIN 40.99 
GaN 83.73 
InN 128.83 
Other wurtzite structure compounds 
MnS 87.0 
MnSe 133.9 
SiC 40.1 
MnTe 182.54 
А83 150.14 
AbSe; 290.84 


Average 
atomic 
mass 


28.98 
50.95 
74.37 
50.35 
72.32 
95.74 
72.90 
94.87 
118.29 


43.5 
66.95 
20.1 
75.26 


104.45 
121.7 
39.71 
61.5 
82.38 
106.89 


49.5 
71.73 
95.23 
117.40 


12.51 
76.0 
40.69 
48.72 
46.50 
72.23 
95.68 
120.00 


20.90 
20.50 
41.87 
64.42 


43.5 
66.95 
20.1 
91.27 
30.03 
58.17 


Lattice 
parameters (А, 
room temp.) 


3.91 
4.06 
4.31 
4.580 


2.698 
4.54 


5.451 
5.6622 
6.1355 
5.4505 
5.65315 
6.0954 
5.86875 
6.05838 
6.47877 


5.011 
5.82 

4.348 
5.429 


5.899 
6.150 
5.652 
5.65 

5.851 
6.281 


6.42 
6.66 
7.09 
7.494 


4.380 
7.39 


3.24950 5.2069 


3.8140 6.2576 
4.27 6.99 
4.1348 6.7490 
4.299 7.010 
4.57 7.47 
3.562 5.900 
3.111 4.978 
3.190 5.189 
3.533 5.693 
3.985 6.45 
4.12 6.72 
3.076 5.048 
4.078 6.701 
3.579 5.829 
3.890 6.30 


Density Melting point 


(g/cm) 
2.42 
3.81 
4.218 
4.13 
5.316 
5.619 
4.787 
5.66 
5.775 


3.21 
492 


5.75 
5.8 


5.53 
5.67 


3.85 
5.66 
4.1 


4.82 
5.66 


3.26 
6.10 
6.88 


3.248 


2.55 
3.91 


ТаМе 1 


(K) 


72100 
2013 
1330 
1750 
1510 
980 
1330 
1215 
798 


3070 
1020 


1063 
940 


1200 
1050 
870 


Т.680К 
Т.658К 


2800 
72800 
2250 
2100 
1568 
1748 
1512 


72500 
1500 
1200 


1400 
1250 


Microhardness, 
N/mm? (M- 
Mohs Scale) 


5.5(M) 
5000 
4000 
9450 
7500 
4480 
4100 
3300 
2200 


3160 
2370 
1660 


2500 


Specific heat, 
J/kg:K (300 К) 


320 


268 
144 


Debye 
temp. 
(K) 


588 
417 
292 
446 
344 
265 
321 
249 
202 


Coefficient 
of thermal 
linear 
expansion 
[10-6 K^! 
(300К)) 


3.5 
42 
8:3 
5.4 
6.1 
4.6 
4.7 
4.7 


8.9 


$A4. Chalcopyrite Structure Compounds (Strukturbericht symbol E1,, Space Group I 4 24-012 


ІШ УІ; Compounds 
CuAIS; 
CuAISe; 
CuAITe; 
CuGaS2 
Сиба5е; 
CuGaTe; 
CuInS; 
CuinSe; 
CulnTe; 
CuTIS; 
CuTISexL.T.) 
CuFeS; 
CuFeSe2 


154.65 
248.45 
345.73 
197.39 
291.19 
388.47 
242.49 
336.29 
433.57 
332.05 
425.85 
183.51 
277.31 
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38.66 
62.11 
86.43 
49.35 
72.80 
97.12 
60.62 
84.07 
108.39 
83.01 
106.46 
45.88 
69.33 


5.323 
5.617 
5.976 
5.360 
5.618 
6.013 
5.528 
5.785 
6.179 
5.580 
5.844 
5.25 


10.44 
10.92 
11.80 
10.49 
11.01 
11.93 
11.08 
11.56 
12.365 
11.17 
11.65 
10.32 


3.47 
4.70 
5.50 
4.35 
5.56 
5.99 
4.75 
5.77 
6.10 
6.32 
7.1 
4.088 


2500 
2260 
2550 
2300 
1970 
2400 
1400 


4200 
3500 
2550 


2050 
400 


275 


195 


5.4 
6.9 


6.6 
7.1 


Тһегта! 
conductivity 
[(nW/cm. K 

(300K)] 


50 


47 
69 


76 
76 


600 
460 


401 
316 


823 
656 
556 


42 
27 


37 
49 


PHYSICO-CHEMICAL PROPERTIES ОЕ SEMICONDUCTORS 


Molecular 
Substance mass 
CuLaS; 266.58 
AgAIS? 198.97 
AgAISe; 292.77 
AgAITe; 390.05 
АвСа5, 241.71 
AgGaSe; 335.51 
АрбаТе; 432.79 
AgInSx(L.T.) 286.87 
AginSe? 380.61 
АвШТеэ 477.89 
AgFeS? 227.83 
ILIV V? Compounds 

ZnSiP; 155.40 
?лСеР; 199.90 
ZnSnP; 246.00 
CdSiP2 202.43 
CdGeP 246.94 
CdSnP 243.03 
ZnSiAs? 242.20 
ZnGeAs? 287.80 
ZnSnAs; 333.90 
CdSiAs; 290.34 
CdGeAs? 334.83 
CdSnAs; 380.93 


1, IV VI; Compounds 


CuySiS3(H.T.) 251.36 
CupSiS3(L.T.) 
CujSiTe; 537.98 
Cu;GeSs(H.T.) 295.88 
CuzGeS3(L.T.) 
Cu;GeSe; 436.56 
СиҙСеТеҙ 582.51 
Си25п53 341.98 
CuSnSe3 482.66 
CujSnTe; 628.61 
Ag2GeSe3 525.21 
Ag2SnSe3 571.31 
Ag2GeTes 671.13 
Ag2SnTe3 717.23 
I; V VI, Compounds 
CusPS4 349.85 
Cu3AsS4 393.79 
Cu3AsSe4 581.37 
CusSbS4 440.64 
Cu3SbSe4 628.22 
11У; Уз Compounds 
CuSi2P3 212.64 
CuGeP3 301.65 
AgGe2P3 345.97 
§A6. **Defect 
?лА1;5е4 435.18 
ZnALTe4(?) 629.74 
ZnGa7S4(?) 333.06 
ZnGa?Se4(?) 520.66 
ZnGazTe,(?) 715.22 
?ліп;5ед 610.86 
?ліп2Те4 805.42 
СаА1;54 294.61 
СаА1;5е4 482.21 
СААЬТе4(?) 676.77 


© 2000 СЕС Press LLC 


Table I 


(LISTED BY CRYSTAL STRUCTURE) (continued) 


8.21 


Coefficient 
of thermal 
linear 
expansion 
[1076 K^! 
(300K)j 


9.49, 0.69 


7.2 
8.4 


7.8 
8.9 


3.2 
9.5 


12.4 


37.6 


Average Lattice Microhardness, Debye 
atomic parameters (A, Density Melting point N/mm? (M- Specific heat, temp. 
mass room temp.) (g/cm?) (K) Mohs Scale) — J/kgK (300 К) (К) 

6665 5.65 10.86 
39.74 5.707 10.28 3.94 
73.19 5.968 10.77 5.07 1220 
97.51 6.309 11.85 6.18 1000 
60.43 5.755 10.28 4.72 
83.88 5.985 10.90 5.84 1120 4400 
108.2 6.301 11.96 6.05 990 1800 212 
7170 5.828 11.19 5.00 2250 
95.15 6.102 11.69 5.81 1053 1850 
119.47 6.42 12.59 6.12 965 
56.96 5.66 10.30 4.53 
38.85 5.400 10.441 3.39 1640 11000 
49.98 5.465 10.771 447 1295 8100 
61.5 6500 
50.61 5.678 10.431 4.00 = 1470 10500 282 
6174 5.741 10.775 4.48 1049 5650 
73.26 5.900 11.518 5000 195 
60.55 5.61 10.88 4.70 1311 9200 
71.95 5.672 11.153 5.32 1150 6800 263 
83.48 5.8515 11.704 5.53 1048 4550 271 
72.58 5.884 10.882 6850 
83.711 5.9427 11.2172 5.60 938 4700 
95.23 6.0044 11.9182 5.72 880 3450 
8А5. Other Ternary Semiconductors with Tetrahedral Coordination 
41.89 3.684 6.004 3.81 1200 
5.290 10.156 3.63 
89.66 5.93 547 
4931 5317 4.45 1210 4550 510 254 
5327 5.215 4.46 
7216 5.589 5.485 5.57 1030 3840 340 168 
97.09 5.958 5.935 5.92 2890 
57.00 5.436 5.02 1110 2770 440 214 
80.44 5.687 5.94 960 2510 310 148 
104.77 6.048 6.51 680 1970 
87.54 
95.22 
111.86 
119.54 
4073 7.44 6.19 
4922 643 644 437 
72.67 5.570 10.957 5.61 169 
55.08 5.38 1676 4.90 
78.53 5.654 11.256 6.0 131 
35.44 525 
50.28 5.375 4.318 1113 8500 429 
57.66 1015 6150 
Chalcopyrite'" Structure Compounds (Strukturbericht symbol ЕЗ, Space Group I 4-S2) 
62.7 5.503 10.90 4.37 
84.96 5.904 12.05 4.95 
41.58 5.274 10.44 3.80 
74.38 5.496 10.99 521 
102.17 5.937 11.87 5.67 
8727 571 11.42 544 1250 
115.06 6.122 12.24 5.83 1075 
42.09 5.564 10.32 3.06 
68.89 5.747 10.68 4.54 
97.68 6.011 1221 5.10 


Thermal 
conductivity 
[mW/cm-K 
(300K)] 


30 


180 
110 
140 


110 
150 


48 
40 


23 


12 


24 
130 
28 
35 
144 


30.2 
19 


14.6 


Substance 


С4Са2$4 
CdGazSe4 
CdGa?Te4 
Cdin;Te4 
HgAbS, 
HgAbSe, 
HgAbTea(?) 
HgGa?S4 
HgGajSe,4 
HglIn»Se4 
Hgln;Te4(?) 


aSiC 
HgsGazTeg 


HgsInoTeg 
CdIn;Se4 


PART B. OCTAHEDRAL SEMICONDUCTORS 


PHYSICO-CHEMICAL PROPERTIES OF SEMICONDUCTORS 


Molecular 
mass 


380.09 
567.69 
762.25 
852.45 
382.79 
570.39 
764.48 
468.27 
655.87 
746.07 
940.63 


401 


2163.19 


2253.39 
657.89 


Table I 


(LISTED BY CRYSTAL STRUCTURE) (continued) 


Average 
atomic 
mass 


54.30 
81.10 
108.89 
121.78 
54.68 
82.48 
109.28 
66.90 
93.70 
106.58 
134.38 


20.1 


144.21 


150.23 
93.98 


Lattice 
parameters (À, 
room temp.) 
5.577 10.08 
5.743 10.73 
6.093 11.81 
6.205 12.41 
5.488 10.26 
5.708 10.74 
6.004 12.11 
5.507 10.23 
5.715 10.78 
5.764 11.80 
6.186 12.37 


Density 
(g/cm?) 


4.03 
5.32 
5.77 
5.9 

4.11 
5.05 
5.81 
5.00 
6.18 
6.3 

6.3 


Microhardness, Debye 
Melting point N/mm? (М- Specific heat, temp. 
(K) Mohs Scale)  J/kgK (300 K) (К) 


1060 


1100 
980 


$A7. Other Adamantine Compounds 


3.0817 
15.1183 
6.235 
6.328 


а=<=5.823 


3.21 


3070 


Coefficient 
of thermal 
linear 
expansion 
[1075 К-! 
(300K)] 


Thermal 
conductivity 
[nW/cmK 
(300K)] 


$81. HALITE STRUCTURE SEMICONDUCTORS (Strukturbericht symbol ВІ, Space Group Fm3m-O}) 


GeTe 
SnSe 
SnTe 
PbS 

PbSe 
PbTe 


BiSe 
BiTe 
EuSe 
GdSe 
NiD 
CdO 
5:5 


200.19 
197.65 
246.29 
239.26 
286.16 
334.8 


287.94 
336.58 
230.92 
236.21 

60.71 
128.41 
119.68 


100.1 
98.83 
123.15 
119.63 
143.08 
167.4 


143.97 
168.29 
115.46 
118.11 
30.35 
64.21 
59.84 


5.98 
6.020 
6.313 
5.9362 
6.1243 
6.454 


5.99 
6.47 
6.191 
5.771 
4.1684 
4.6953 
6.0199 


PART C. OTHER SEMICONDUCTORS 
$C1. Antifluorite Structure Compounds (Fm3m - Оў) 


MgoSi 

Mg2Ge 
Mg2Sn 
Mg2Pb 


Sb;Te; 
Віҙбеҙ 
ВіТеҙ 


CoP3 
CoAs3 
CoSb3 
NiAs3 
RhP3 
RhAs3 
RhSb3 
ПР; 
ПА5; 
1563 


Ас555еҙ 
AgSbTe» (or 
AgigSbo9Tes2) 
AgBiS2(H.T.) 
AgBiSex(H.T.) 
AgBiTexH.T.) 
CuyCdSnS, 


76.70 
121.20 
167.3 
225.81 


626.3 
654.84 
800.76 


151.85 
286.70 
424.18 
283.45 
195.83 
327.67 
468.16 
285.14 
416.98 
557.47 


387.54 
484.82 


380.97 
474.77 
572.05 
486.43 


25.57 
40.4 

55.77 
85.27 


125.26 
130.97 
160.15 


37.96 
71.65 
106.05 
70.86 
48.96 
81.92 
117.04 
71.29 
104.25 
139.37 


96.88 
121.2 


95.24 
118.69 
143.01 
60.80 
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6.338 
6.380 
6.765 
6.836 


6.14 
1133 
6.45 1080 (max) 
7.61 1390 
8.15 1340 
8.16 1180 
Selected other binary halites 
7.98 880 
2300 
2400 
6.6 2260 
1700 
3.643 3000 


1.88 
3.08 
3.53 
5.1 


1375 
1388 
1051 
823 


$C2. Tetradymite Structure Compounds (R3m — Dš) 


4.25 


4.14 
4.38 


303 644 895 
287 7.51 979 167 
3045 7.73 858 155 16 
$C3. Skutterudite Structure Compounds (Im3 - T?) 
7.7013 >1270 
8.2060 6.73 1230 
9.0385 1123 307 
8.330 6.43 
7.9951 >1470 
8.4427 >1270 
9.2322 1170 
8.0151 736 >1470 
8.4673 912 >1470 
9.2533 9.35 1170 303 


$C4. Selected Multinary Compounds 


5.786 
6.078 


5.648 
5.82 

6.155 
5.586 


6.60 
7.12 


10.83 


910 
830 


11.5 
15.0 

9,9 
10.0 


91 
23 
17 
23 


2.4 


92 


24 
30 


50 


100 


90 


10.5 
86, 0.3 


Substance 


Se(gray) 


Table I 


PHYSICO-CHEMICAL PROPERTIES OF SEMICONDUCTORS 


(LISTED BY CRYSTAL STRUCTURE) (continued) 


Average Lattice Microhardness, 
Molecular atomic parameters (À, Density Melting point N/mm? (M- 
mass mass room temp.) (g/cm?) (K) Mohs Scale) 


$C5. Some Elemental Semiconductors 


10.81 4.91 12.6 2.34 2348 9.5(M) 
78.96 4.36 4.95 4.81 493 350 
127.6 4.45 5.91 6.23 723 

Table II 


Specific heat, 


Debye 
temp. 


J/kgK (300 K) (K) 


1277 
292.6 


196.5 


1370 


Coefficient 
of thermal 


linear 


Thermal 


expansion | conductivity 
[10-6 K^! — (шУ/стК 


(300K)] (300K)] 
600 
(ІС) 17.89 (ІС) 45.2 


(LC) 74.09 (16) 13.1 


(|С) 33.8 
(10) 19.7 


BASIC THERMODYNAMIC, ELECTRICAL, AND MAGNETIC PROPERTIES OF 


Substance 


SEMICONDUCTORS (LISTED BY CRYSTAL STRUCTURE) 


Minimum 
Heat of Atomic room 
formation Volume Static magnetic temperature 


[kJ/mole compressibility ^ dielectric susceptibility Index of | energy gap 
(300K)] (10-19 m?/N) constant _ (1075 CGS) refraction (eV) 


PART A. ADAMANTINE SEMICONDUCTORS 


Mobility (Room temp.) 


(cm2/V-s) 


Electrons 


Holes 


Optical 
transition 


8А1. Diamond Structure Elements (Strukturbericht symbol A4, Space Group Ед3т-О2) 


714.4 18 57 —5.88 2.419 (589 пт) 5.4 
324 0.306 118 -39 3.49 (589 nm) 1.107 
291 0.768 16 —0.12 3.99 (589 пт) 0.67 
267.5 24 275 (589 пт) 0.0; 0.8 


1800 


1900 
3800 
2500 


1400 


500 
1820 
2400 


15 


Remarks 


$A2. Sphalerite (Zinc Blende) Structure Compounds (Strukturbericht symbol B3 Space Group F 4 3m-T2) 


ГУП Compounds 


CuF 
CuCl 
CuBr 
Cul 
AgBr 
Agl 
П УІ Compounds 
BeS 
BeSe 
BeTe 
BePo 
ZnO 
ZnS 
ZnSe 
ZnTe 
ZnPo 
CdS 
CdSe 
CdTe 
CdPo 
HgS 
HgSe 
HgTe 
III V Compounds 
BN 
BP(L.T.) 
BAs 
АР 
AlAs 
AISb 
GaP 
GaAs 
GaSb 
InP 
InAs 
InSb 


481 0.26 79 1.93 3.17 
481 0.26 7.9 2.12 2.91 
439 0.27 65 2.346 2.95 
486 12.4 2.253 2.50 
389 0.41 10 2.22 2.22 
4.17 
3.61 
1.45 
477 8.9 —9.9 2.356 3.54 
422 9.2 2.89 2.58 
376 10.4 3.56 2.26 
339 152) 2.50 1.44 
2.85 
247 2.10 (a) 
242 -0.06 
815 4.6 
=2.1 
=1.5 
2.45 
627 10.9 2.16 
585 0.571 11 3:2 1.60 
635 0.110 11.1 -138 32 2.24 
535 0.771 13.2 -16.2 3.30 1.35 
493 0.457 15.7 -142 3.8 0.67 
560 0.735 12.4 222,8. © Sah 1.27 
477 0.549 14.6 “юл 35 0.36 
447 0.442 17.7 -329 3.96 0.163 


* i= indirect, d = direct, s = semimetal. 
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30 


20 


180 
540 
340 


1200 


250 
20000 
25000 


5(400%С) 
28 
100 


50 


=1.5 
350 


70 


о -- © ао © 


с. 


а а а а с же -. -. -. 


Nantokite 


Marshite 
Bromirite 
Miersite 


See A3 
See also A3 


See A3 
See A3 


Metacinnabarite 
Tiemannite 
Coloradoite 


Borazone 
Ignites 470K 


Table II 
BASIC THERMODYNAMIC, ELECTRICAL, AND MAGNETIC PROPERTIES OF 
SEMICONDUCTORS (LISTED BY CRYSTAL STRUCTURE) (continued) 


Minimum Mobility (Room temp.) 


Heat of Atomic room (cm2/V's) 

formation Volume Static magnetic temperature 

[kJ/mole compressibility dielectric ^ susceptibility Index of energy gap Optical 

Substance (300K)] (10-19 m2/N) constant (10-6 CGS) refraction (eV) Electrons Holes transition Remarks 
Other sphalerite structure compounds 

MnS See also §A3 
MnSe See also ЗАЗ 
В-ЫС 2.697 23 4000 
Са2Гез 271 -13.5 1.35 50 
In2Te3(H.T.) 198 — 13.6 1.04 50 
МеСеР» Е1--1Т912 
ZnSnP; 22 Same 
ZnSnAsX(H.T.) =0.7 Same 
ZnSnSb, 0.4 Same 


$A3. Wurtzite (Zincite) Structure Compounds (Strukturbericht symbol B4, Space Group P 6,mc-C?,) 


I VII Compounds 
CuCl 
CuBr 
Cul 
АВ 2.63 lodargirite 
П УІ Compounds 
BeO 
MgTe 
ZnO -350 32 180 
715 -206 3.67 
ZnTe -163 
Cds 8.45; 9.12 2.32 2.42 350 40 d — Greenockide 
CdSe 1.74 900 50 d Cadmoselite 
CdTe 1.50 650 
III V Compounds 
BP(H.T.) 
AIN 6.02 
GaN 3.34 
InN 2.0 
Other wurtzite structure compounds 
MnS 
MnSe 
SiC 2.654 
MnTe “1.0 
AbSs 426 4.1 
А]55ез 367 3.1 


$A4. Chalcopyrite Structure Compounds (Strukturbericht symbol E1,, Space Group I 4 24-012 


ІШ УІ; Compounds 


CuAIS; 0.106 2.5 
CuAISe; 14 
CuAITe? 0.88 
СиСа5, 0.106 2.38 
Сибазе» 0.141 0.96, 1.63 
CuGaTe? 0.227 0.82, 1.0 
CulnS? 0.141 1:2. 
CulnSe; 0.187 0.86, 0.92 
CulnTe; 0.278 0.95 
CuTIS; 

CuTISexL.T.) 1.07 
CuFeS? 0.53 Chalcopyrite 
CuFeSe; 0.16 
CuLaS; 

AgAIS? 

AgAlSe» 0.7 
AgAITe; 0.56 
AgGaS» 0.150 1.66 
AgGaSe 0.182 1.1 
АрбаТе; 0.280 1.9 
AglnS,(L.T.) 0.185 1.18 
AglnSe; 0.238 0.96, 0.52 
АсіпТеҙ 0.338 

AgFeS? 
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Table II 
BASIC THERMODYNAMIC, ELECTRICAL, AND MAGNETIC PROPERTIES OF 
SEMICONDUCTORS (LISTED BY CRYSTAL STRUCTURE) (continued) 


Minimum Mobility (Room temp.) 


Heat of Atomic room (cm2/Vs) 
formation Volume Static magnetic temperature 
[kJ/mole compressibility dielectric susceptibility Index of | energy gap Optical 
Substance (300K)] (10-19 т?л) constant (10-6 CGS) refraction (eV) Electrons Holes transition Remarks 
П IV V; Compounds 
ZnSiP? 312 2:3. 1000 
?лСеР; 293 2.2 
ZnSnP; 215 1.45 
CdSiP; 0.103 2:2 1000 
CdGeP; 289 1.8 
CdSnP; 270 1.5 
ZnSiAs; 290 17 50 
ZnGeAs; 271 -14.4 0.85 
ZnSnAs? 252 —18.4 0.65 300 Disorders at 
910K 
CdSiAs2 0.143 1.6 
CdGeAs? 266 -23.4 0.53 70 25 Disorders at 903 
CdSnAs; 247 13.7 -21.5 0.26 22000 250 
$AS. Other Ternary Semiconductors with Tetrahedral Coordination 
1, IV VI; Compounds 
Cu5SiSs(H.T.) Wurtzite 
Сиэ518:(1..Т.) Tetragonal 
Си Тез Cubic 
Cu?GeSs(H. T.) —18.7 Cubic 
Cu3GeS3(L.T.) 360 Tetragonal 
Сиҙбе5еҙ 211.5 -21.3 0.94 238 Same 
СиҙСеТеҙ 190.2 -23.4 Same 
Сиҙ5п53 -18.2 0.91 405 Cubic 
CuSnSe; —21.0 0.66 870 Cubic 
Cu2SnTe3 — 28.4 Cubic 
AgsGeSe3 -29.6 0.91 (77К) 
AgSnSe3 -29.5 0.81 
Ав2СеТез -21.4 0.25 
Ag2SnTe3 -31.0 0.08 
I; V Vla Compounds 
СизР$4 Епагейе 
CusAsS4 269.6 -15.8 1.24 
CusAsSe4 161.3 — 13.1 0.88 Famatinite 
CusSbS4 —8.3 0.74 Famatinite 
Cu3SbSe4 127.1 — 20.5 0.31 
I IV? Уз Compounds 
CuSi?P, El 
СиСе?Рз 0.12 0.9 Е! 
AgGe?Ps 


§A6. **Defect Chalcopyrite’’ Structure Compounds (Strukturbericht symbol ЕЗ, Space Group I 4-82) 


ZnAbSe4 

ZnALTe4(?) 

ZnGa7S4(?) =3.4 

7пСа2$е4(?) ж2,2 

ZnGaj?Te4(?) 1.35 

ZnIn?Se4 206 1.82 35 
ZnIn;Te4 198 1.2 

CdAbS4 

CdAbSe4 

СЗАБТе4(?) 

Сабаҙ54 256 3.44 60 
СабСазЅед 216 2.43 33 
CdGa?Te4 

CdIn?Te4 195 (1.26 or 0.9) 4000 
HgAbS4 

HgAbSe4 

HgALTe4(?) 

Н2Са254 249 2.84 

HgGa?Se4 204 1.95 400 
HgIn2Seq 196 0.6 290 
HgInzTe4(?) 188 0.86 200 
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BASIC THERMODYNAMIC, ELECTRICAL, AND MAGNETIC PROPERTIES OF 


Table II 


SEMICONDUCTORS (LISTED BY CRYSTAL STRUCTURE) (continued) 


Heat of 
formation 
[kJ/mole 
Substance (300K)] 


aSiC 


Н25Са2Тез 


HgsIn?Teg 


Cdln;Se4 


Volume 
compressibility 
(107 10 m?/N) 


Minimum 
Atomic room 
Static magnetic temperature 
dielectric susceptibility Index of energy gap 
constant (1075 CGS)  refraction (eV) 


§A7. Other Adamantine Compounds 
10.2 -64 2.67 2.86 


0.7 


1.55 


PART B. OCTAHEDRAL SEMICONDUCTORS 


581. HALITE STRUCTURE SEMICONDUCTORS (Strukturbericht symbol B1, Space Group Fm3m-O;) 


GeTe 
SnSe 
SnTe 
PbS 435 
PbSe 393 
РЬТе 393 


BiSe 

BiTe 

EuSe 

GdSe 

NiD 

CdO 531 
Srsw 


PART C. OTHER SEMICONDUCTORS 


MgsSi 79.08 
Mg2Ge 

Mg2Sn 76.57 
Mg2Pb 52.72 


Sb 2Te3 
Ві;5еҙ 
ВіТеҙ 


СоР, 
CoAs; 
CoSb; 
RhPs 
RhAs; 
RhSbs 
IrSbs 


AgSbSe; 
AgSbTe» (ог 
AgigSb29Tes2) 
AgBiS2(H.T.) 
AgBiSexH.T.) 
AgBiTexH.T.) 
Cu?CdSnS, 


B 397.1 
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Mobility (Room temp.) 
(cm?/V-s) 


Electrons Holes 


2000 


600 600 
1000 900 
1600 600 

4 

100 


8С1. Antifluorite Structure Compounds (Fm3m - Ор) 


0.77 
0.74 
0.36 
0.1 


405 70 
520 110 
320 260 


$C2. Tetradymite Structure Compounds (R3m - Dš) 


0.3 
0.35 
0.21 


$C3. Skutterudite Structure Compounds (Im3-T}) 


0.43 
0.69 
0.63 


0.85 


0.80 
1.18 


$C4. Selected Multinary Compounds 


0.58 
0.7, 0.27 


1.16 


$C5. Some Elemental Semiconductors 


-67 34 1.55 
6.6 -22.1 2.5 1.5 
(0.1 GHz) 
-39.5 33 033 


360 
600 
1140 680 
-4000 
70 ~3000 
700 
~3000 
~7000 
1500 
<2 
10 
5 
1700 1200 


Optical 
transition 


Remarks 


6H structure 
B3 with 
superlattice 


B3 with 
superlattice 


Altaite 


R3m (166) 


P3,21(152) 


Same 


Table III 
SEMICONDUCTING PROPERTIES OF SELECTED MATERIALS 


Density Electron Mo- Density Hole Mo- 
Minimum dE, dEg of States bility and of States bility and 
Substance Energy Gap dT dP Electron Temperature Hole Effec- Temperature 
(eV) x 104 x 105 Effective Dependence tive Mass Dependence 
R.T. ок су С eVecm?/kg Mass mag Hn -х ma, LN —x 
(mo) em?/Ves (по) cm?/V.«s 
Si 1.107 1.153 —2.3 —2.0 1.1 1,900 2.6 0.56 500 2.3 
бе 0.57 0.744 —3.7 +7.8 0.55 3,800 1.66 0.3 1,820 2.33 
«бп 0.08 0.094 -0.5 0.02 2,500 1.65 0.3 2,400 20 
Те 0.33 0.68 1,100 0.19 560 
111-У Compounds 
2.3 1,200 420 
1.7 —3.5 0.09 200 1.5 0.4 500 18 
2.40 —5.4 0.35 300 1.5 0.5 150 1.5 
1.53 -5.0 0.068 9,000 1.0 0.5 500 21 
0.78 —3.5 0.050 5,000 2.0 0.23 1400 0.9 
1.41 —4.6 0.067 5,000 2.0 200 24 
0.43 —2.8 0.022 33,000 1.2 0.41 160 23 
0.23 —2.8 0.014 78,000 1.6 0.4 750 24 
ZnO —9.5 0.38 180 1.5 
ZnS —5.3 180 5(400°C) 
ZnSe 2.80 -72 540 28 
ZnTe 340 100 
CdO —6 0.1 120 
саз -5 +3.3 0.165 400 0.8 
Саве 1.85 —4.6 0.13 650 1.0 0.6 
Cd Te 1.56 —3.1 +8 0.14 1,200 0.35 50 
HgSe 0.030 20,000 2.0 
HgTe -1 0.017 25,000 0.5 350 
Halite Structure Compounds 
PbS 0.37 0.28 +4 0.16 800 0.1 1,00 22 
PbSe 0.26 0.16 +4 0.3 1,500 0.34 1,500 2.2 
РЬТе 0.25 0.19 +4 = 0.21 1,600 0.14 750 22 
Others 
ZnSb 0.50 0.56 0.15 10 1.5 
CdSb 0.45 0.57 —5.4 0.15 300 2,000 15 
1.3 200 1,100 
0.27 600 675 
0.13 —0.95 0.58 1,200 1.68 1.07 510 1.05 
0.7 -6.4 0.46 400 2.5 70 
h 0.74 =9 280 2 110 
Mg:Sn 0.21 0.33 –3.5 0.37 320 260 
Мазь, 0.32 20 82 
ТА ву 0.93 10 11 10 
0.55 0.046 100,000 0.88 
2.05 3.8 20 
1.66 1.80 —3.6 14 —5 
900 
—3.9 0.3 30 0.6 20 1.5 
Cd8nÁs; 0.23 0.05 25,000 1.7 
GaTe; 1.1 1.55 —4.8 
a-InzTe; 11 12 0.7 50 11 
B-InzTe; 1.0 5 
HgsIn:Tes 0.5 11,000 
SnO: 78 
Table IV 


BAND PROPERTIES OF SEMICONDUCTORS 


PART A. DATA ON VALENCE BANDS OF SEMICONDUCTORS (ROOM TEMPERATURES) 


Substance 


Heavy 
Holes 


Band Curvature Effective Mass 


Light 
Holes 


“Split-off” 
Band Holes 


(Expressed as fraction of free electron mass) 


Energy Separation of 
"Split-off" Band 


Measured (Light) 
Hole Mobility 


(eV) em?/V.s 
Semiconductors with Valence Band Maximum at the Center of the Brillouin Zone (‘Е’) 

Бі 0.52 0.16 0.25 0.044 500 
бе 0.34 0.043 0.08 0.3 1,820 
би 0.3 2,400 
AlAs 

AISb 0.4 0.7 550 
GaP 0.13 100 
GaAs 08 0.12 0.20 0.34 400 
GaSb 0.23 0.06 0.7 1,400 
InP 0.21 150 
InAs 0.41 0.025 0.083 0.43 460 
InSb 0.4 0.015 0.85 750 
СаТе 0.35 50 
HgTe 0.5 350 
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Table IV 
BAND PROPERTIES OF SEMICONDUCTORS (continued) 


Semiconductors with Multiple Valence Band Maxima 


Number of Equivalent Band Curvature Effective Masses Anisotropy Measured (Light) 
Substance — valleys and Direction Longitudinal Transverse K= m/m, Hole Mobility 
m, my cm?/V.s 
Рьбе 4 “L” [111] 0.095 0.047 2.0 1,500 
PbTe 4"L" [111] 0.27 0.02 10 750 
Bi;Te; 6 0.207 70.045 4.5 515 


PART B. DATA ON CONDUCTION BANDS OF SEMICONDUCTORS (Room Temperature Data) 
Single Valley Semiconductors 
Substance Energy Gap (eV) Effective Mass (mo) Mobility (cm?/V.s) Comments 


GaAs 1.35 0.067 8,500 3(or 6?) equivalent [100] val- 
leys 0.36 eV above this maxi- 
mum with a mobility of ~50 


InP 1.27 0.067 5,000 3(or 6?) equivalent [100] val- 
leys 0.4 eV above this min- 
imum. 
InAs 0.36 0.022 33,000 equivalent valleys ~1.0 eV 
above this minimum. 
InSb 0.165 0.014 78,000 
CdTe 1.44 0.11 1,000 4(or 8?) equivalent [111] val- 
leys 0.51 eV above this 
minimum. 
Multivalley Semiconductors 
Energy Number of Equivalent Band Curvature Effective Mass Anisotropy 
Substance Gap Valleys and Direction Longitudinal Transverse Кешл 
m тг түтү 
Бі 1,107 6 in [100] “д” 0.90 0.192 4.7 
Ge 0.67 4 in [111] at "L^ 1.588 0.0815 19.5 
GaSb 0.67 as Ge (?) ~1.0 70.2 ~5 
PbSe 0.26 4 in [111] at “L” 0.085 0.05 1.7 
PbTe 0.25 4in [111] at “L” 0.21 0.029 5.5 
ВьТез 0.13 6 79.05 
Table V 
RESISTIVITY OF SEMICONDUCTING MINERALS 
Mineral р (оћт · m) Mineral р (ohm · m) 
Diamond (C) 2.7 Gersdorffite, NiAsS 1 to 160 x 1075 
Sulfides Glaucodote, (Co, Fe)AsS 5 to 100 x 1075 
Argentite, Ag,S 1.5 to 2.0 x 109 Antimonide 
Bismuthinite, Ві,5; 310570 Dyscrasite, Ag;Sb 0.1210 1.2 x 109 
Bornite, Fe,S,: n CuS 1.6 to 6000 х 107% Arsenides 
Chalcocite, Cu,S 80 to 100 x 10:59 Allemonite, SbAs, 70 to 60,000 
Chalcopyrite, Fe,S,: Cu;S 150 to 9000 х 107% Lollingite, FeAs; 2 to 270х 1085 
Covellite, CuS 0.30 to 83 x 107* Nicollite, NiAs 0.1102 х107% 
Galena, PbS 6.8 x 10 to 9.0 x 107? Skutterudite, CoAs; 1 to 400 x 1079 
Haverite, MnS, 10 to 20 Smaltite, COAs: 11012х10% 
Marcasite, FeS, 1 to 150 х 107 Tellurides 
Metacinnabarite, 4HgS 2x 10° to 1 x 107% Altaite, PbTe 20 to 200 х 107° 
Millerite, NiS 2104x107 Calavarite, AuTe, 6to 12 10° 
Molybdenite, MoS, 0.12 to 7.5 Coloradoite, HgTe 4to 100 x 1079 
Pentlandite, (Fe, МО,5, l to ll x 10° Hessite, Ag, Te 4to 100 х 10% 
Pyrrhotite, Ее, 2 to 160 x 1075 Nagyagite, Pb,Au(S, Те) 20 to 80 x 1079 
Pyrite, Ғе5, 1.2 to 600 х 107 Sylvanite, AgAuTe, 4to 20x 10° 
Sphalerite, ZnS 2.7x 10^? to 1.2 x 10 Oxides 
Antimony-sulfur compounds Braunite, Mn;O, 0.16 to 1.0 
Berthierite, FeSb,S, 0.0083 to 2.0 Cassiterite, SnO, 4.5 x 107510 10,000 
Boulangerite, Pb,Sb,S,, 2x10? to4x 10* Cuprite, Си,О 10 to 50 
Cylindrite, Pb,Sn;Sb;S,, 2.510 60 Hollandite, (Ba, Na, ОМљО,, 2 to 100 x 107 
Franckeite, Pb.Sn,Sb;S,, 1.2104 Ilmenite, FeTiO, 0.001 to 4 
Hauchecornite, Ni,(Bi, Sb),S, 1 to 83 x 1075 Magnetite, Ре,О, 52х10% 
Jamesonite, Pb,FeSb.Si4 0.020 to 0.15 Manganite, MnO-OH 0.018 to 0.5 
Tetrahedrite, Cu;SbS, 0.30 to 30,000 Melaconite, CuO 6000 
Arsenic-sulfur compounds Psilomelane, KMnO: MnO,: nH,O 0.04 to 6000 
Arsenopyrite, FeAsS 20 to 300 х 105 Pyrolusite, MnO, 0.007 to 30 
Cobaltite, СоА55 6.5 to 130 x 10^ Rutile, TiO, 29 to 910 
Enargite, Cu,AsS, 0.2 to 40x 10? Uraninite, UO 1.5 to 200 


From Carmichael, R. S., ed., Handbook of Physical Properties of Rocks, Vol. I, CRC Press, 1982. 
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DIFFUSION DATA FOR SEMICONDUCTORS 
B. L. Sharma 


The diffusion coefficient D in many semiconductors may be expressed by an Arrhenius-type relation 
D = D, exp-QKT) 
where D, is a frequency factor, О is the activation energy for diffusion, k is the Boltzmann constant, and T is the absolute temperature. This table lists 


D, and Q for various diffusants in common semiconductors. 
Abbreviations used in the table are 


AES — Auger Electron Spectroscopy (f) — Fast Diffusion Component 
DLTS — Deep Level Transient Spectroscopy (i) — Interstitial Diffusion Component 
SEM — Scanning Electron Microscopy (s) — Slow Diffusion Component 
SIMS — Secondary Ion Mass Spectrometry (|) — Parallel to c Direction 

D(c) — Concentration Dependent Diffusion Coefficient (1) — Perpendicular to c Direction 


Dmax — Maximum Diffusion Coefficient 


Frequency Activation Temperature 
factor, D, energy, О range Method 
Semiconductor Diffusant (cm?/s) (eV) (°С) of measurement Ref. 
Si H 6x 107! 1.03 120—1207 Electrical and SIMS 1 
14 2.5 x 103 0.65 25--1350 Electrical 2 
Na 1.65 x 1073 0.72 530—800 Electrical and flame 
photometry 3 
K 1.1 x 103 0.76 740—800 Electrical and flame 
photometry 3 
Cu 4х 102 1.0 800—1100 Radioactive 4 
4.7 x 103 0.43 (1) 300—700 Radioactive 5 
Ag 2х103 1.6 1100—1350 Radioactive 6 
Au 2.4x 104 0.39 (i) 700--1300 Radioactive 7 
2.15 x 103 2.05 (s) 
Be (D ~ 107) = 1050 Electrical 8 
Ca (D ~ 6x 1078) -- 1100 Electrical and SIMS 1 
Zn 1x107 1.4 980—1270 Electrical 9 
B 2.46 3.59 1100—1250 Electrical 10 
2.4 х 10! 3.87 840--1250 Electrical 11 
Al 1.38 3.41 1119—1390 Electrical 12 
1.8 3.2 1025—1175 Electrical 13 
Ga 3.74 х 107! 3.39 1143—1393 Electrical 12 
6 x 10! 3.89 900—1050 Radioactive 14 
In 7.85 x 107! 3.63 1180—1389 Electrical 12 
1.94 x 10! 3.86 1150—1242 Radioactive 15 
TI 1.37 3.7 1244—1338 Electrical 12 
1.65 x 10! 3.9 1105—1360 Electrical 16 
Sc 8x102 3.2 1100—1250 Radioactive 1 
Се (D ~ 3.9 x 10:13) — 1050 SIMS 1 
Рг 2.5 х 107 1.74 1100—1280 Electrical 1 
Рт 7.5 х 109 1.2 (s) 730-1270 Radioactive 1 
42 x 10-2 0.13 (f) 
Er 2x103 2.9 1100—1250 Radioactive 1 
Tm 8х10% 3.0 1100—1280 Radioactive 1 
Yb 2.8 x 102 0.95 947--1097 Neutron activation 1 
Ti 1.45 x 102 1.79 950—1200 DLTS 17 
С 3.3x 107! 2.92 1070—1400 Radioactive 18 
Si (self) 1.54 x 10? 4.65 855—1175 SIMS 19 
1.6 x 103 4.71 1200—1400 Radioactive 20 
Ge 3.5 x 107! 3.92 855—1000 Radioactive 21 
2.5 x 103 4.97 1030—1302 Radioactive 21 
7.55 x 103 5.08 1100—1300 SIMS 22 
Sn 3.2 x 10! 4.25 1050—1294 Neutron activation 23 
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DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 


N 
P 


Si 
Ge (self) 


Sn 
P 
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Frequency 
factor, D, 
(cm2/s) 


2.7 х 103 
2.02 x 10! 
ІЛ 
7.4 x 102 
6.0 x 10! 
6.55 x 102 
2.29 x 10! 
1.29 x 10! 
2.14 x 107 
1.03 x 10? 
1.08 
1x102 
(D ~ 2x 1079) 
(D ~ 1075) 
7х 1072 
1.4 x 107! 
5.05 x 10-3 
9.5 x 107! 
5х 107 
6.9 x 10+ 
1.3 x 103 
2x103 
2x103 
(D ~5 х 107 
— 5x 10-9) 


(D ~ 10-5--10-) 


2.95 x 10+ 
1.5 х 102 

(D ~ 2 x 10) 
4.2 х 1072 

1.3 x 103 

9.1 x 103 
3.95 x 10-1 
1.9 x 10+ 
4х 102 

4 x 103 
4.4 x 102 
4х 102 

2.25 х 102 
5х 10-1 

(D ~ 8x 1059) 
3 


1.75 x 10? 
1.8 x 109 

1.0 x 103 

~1.6 x 102 
1.4 х 102 

3.4 x 10! 

1.8 x 104 

3.3 x 10! 

1.7 x 103 

2.4 x 107! 
2.48 x 10! 
7.8 

1.7 x 1072 
2,3 


Activation 


energy, Q 
(eV) 


2.8 
3.87 
3.4 
3:3 
42 
3.44 
4.1 


0.22 (1) 
2:29 
1.3 
0.46 
0.57 
2.03 
0.18 (1) 


Temperature 
range 
(°С) 


800—1200 
1100—1250 
900—1200 
1130—1405 
950—1350 
1167—1394 
900—1250 
1190—1398 
1190—1405 
1220—1380 
1190—1394 
1100—1250 
1000 

1100 
700—1250 
700—1160 
975—1200 
1050—1250 
900—1250 
900—1200 
30—1250 
700—1300 
800—1300 
1000—1280 


1000—1200 
702—1320 
800—1000 
1280 
950—1250 
350—800 
800—500 
700—850 
750—900 
600—700 
350—750 
700—900 
800—900 
600—900 
720—900 
900 
600—900 


760—915 
600—900 
554—905 
750—850 
554—916 
600—900 
554—919 
700—855 
800—930 
650—900 
549—891 
766—928 


600—900 


Method 


of measurement 


Out Diffusion; SIMS 


Electrical 
Radioactive 
Electrical 
Radioactive 
Electrical 
Electrical 
Radioactive 
Electrical 
Electrical 
Electrical 
Radioactive 
DLTS 
DLTS 
SIMS 

SIMS 
Radioactive 
Electrical 
SIMS 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 


Electrical 


Nuclear Activation 


Electrical 
Electrical 
Electrical 
Electrical 
Electrical 
Radioactive 
Radioactive 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive and 
electrical 
Radioactive 
Electrical 
SIMS 
Electrical 
SIMS 
Electrical 
SIMS 
Radioactive 
Radioactive 
(Y) resonance 
Radioactive 
Radioactive 
Radioactive 
Electrical 


47 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 


As 
Sb 


GaAs Li 


Cd 


Hg 
Al 


Ga (self) 


As (self) 
Cr 


GaSb Li 


Cu 
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Frequency 
factor, D, 
(спа2/5) 


2.1 
3.2 
1.0 х 10! 


3.3 

4x 107! 
(D ~ 102) 
(D ~ 10-10) 
5.6 

1.3 x 107! 
1.6 x 107! 
8х 10-1 
5.3 x 107 


3x102 

6x 102 

1.5 x 1073 

4х 104 

1х 103 

7.3 х 105 
4х105 

1.5 x 10! 

2.5 x 10-1 

1.3 x 103 
5x102 

(D — 5 х 10-!#) 
(0-4х10:8-- 
10-14) 

4x105 

1x107 

(D — 7 x 1071!) 
(D ~ 1.04 x 10:16) 
1.1 x 107 

1.6 x 105 

6x 10+ 

1x 105 

(D ~ 1012-10-10) 


7х 107 
2.04 x 10-6 


7.9 x 103 
2x103 
1.85 x 102 
1.1 x 10! 
3x10? 
1.5 x 107 
6.5 x 107! 
4.2x 102 
2.2 x 103 
5х 102 
1.2 x 107 
2.3 x 10-16 
2.3 x 104 


1:2x 101 
4.7 x 103 


Activation 
energy, Q 


(eV) 


2.39 
241 
2.5 


Temperature 
range 
(°С) 


700—900 
700—855 
600—900 


650—850 


920 

920 

750—900 
750—900 
750—850 
670—900 
250—500 


100—500 
450—750 
800—1000 
500—1150 
740—1025 
800—990 
800—1200 
600—980 
750—1000 
800—1100 
868—1149 
1100 


850—1100 
1025—1100 
1125—1230 
1000 

825 
850—1050 
650—850 
1060—1200 
800—1000 
800—1150 


750—1000 
700—900 
800—1100 
700—900 
1000—1300 
750—900 
1025—1200 
1000—1150 
850—1100 
850—1150 
750—1050 
800—1000 
750—1050 
800—1000 
527—657 


277—657 
470—650 


Method 
of measurement 


Electrical 
Radioactive 
Radioactive and 

electrical 
Optical 


Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical and 
chemical 
Radioactive 
Ultrasonic 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 


AES 
Radioactive 
Radioactive 
Radioactive 
SIMS 
SIMS 

SIMS 
Radioactive 
Radioactive 
Reflectance 

measurements 

Radioactive 
SIMS 


Chemical analysis 
Mass spectroscopy 
Radioactive 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical and flame 
photometry 


Radioactive 


Ref. 


62 
57 


51 
63 
64 
65 
65 
66 
67 
47 
68 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


70 
69 
69 
69 
69 
69 
69 
69 
69 


69 
69 
69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 


69 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 


Zn 


Cd 

Ga (self) 
In 

Sn 


Sb (self) 
Se 


GaP Ag 


InP Cu 


Cd 


In (self) 
Sn 


P (self) 
Cr 

5 

5е 

Мп 

Ее 


InAs Cu 
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Frequency 
factor, D, 
(спа2/5) 


(D ~ 2 х 1073— 
1х 10-11) 

1.5 x 10% 

3.2 x 108 

1.2 x 107 

2.4 x 105 

1.3 x 105 

3.4 x 104 

(D - 24 x 10-13— 
1.37 x 1071!) 

3.8 x 10+ 

5х 1072 

5х 102 

8 

20 


(Рик ~ 2.4 x 109— 


8.5 x 103) 
5x 105 

1.0 
6.2 x 10+ 
3.2 x 10? 
2.1 x 10° 

1.1 x 1079 
1.6 x 107! 
2.8 x 103 

3.8 x 103 
3.6 x 10+ 
1.32 х 105 
1.37 х 104 
1.6 x 1078 
(D -2x109— 
4 х 103) 
1.8 

1.1 x 107 
(D ~ 7 x 10-3— 
2 x 10-10) 
1x105 
(D ~ 3x 103) 


7 x 1010 
3.6 x 104 
(D ~ 2 x 1033) 
3 

6.8 x 105 
9 x 107 
3.6 x 103 
22x102 
7.3x 104 
5.8 x 103 
1.98 x 10-6 
4.2 x 1073 
3.11 x 103 


Activation 


energy, Q 
(eV) 


Temperature 
range 
(°С) 


510—600 
640—800 
658—700 
320—650 
320—650 
500—650 
658—700 


400—500 
320—650 
500—650 
500—650 
1000—1300 
1050—1250 
1100—1250 


900—1000 


700—1050 
700—1300 
900—1000 
900—1130 
1120—1305 
T < 950 
950—1130 
980—1180 
850—1100 
600—900 
500—900 
600—820 
600—900 
750—900 


700—900 
700—900 
700—900 


450—650 
830—990 
550 


900—1000 
600—900 
585—708 
550 
650—750 
600—950 
600—700 
600—950 
342—875 
525—890 
450—900 
600—900 
600—900 
600—900 
600—900 


Method 
of measurement 


Radioactive 
Electrical 

Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 


Radioactive 
Radioactive 
Radioactive 


Radioactive 
Radioactive 
Diffusion (I) A face 
and (II) B face 
Atomic absorption 
analysis 
Electrical 
Radioactive 
Radioactive 
Radioactive; ESR 
Radioactive 
Radioactive; ESR 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 


Radioactive 
Radioactive 
Electrical 


Electrical 
Radioactive 


Etching and cathodo- 


luminescence 
Radioactive 
Radioactive 
Electrical 


Cathodoluminescence 


SIMS 
Radioactive 
SIMS 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Radioactive 
Electrical 


Ref. 


69 
69 
69 
69 
69 
69 
69 


69 
69 
69 


69 
69 


69 
69 
69 
69 
69 
69 
69 


69 
69 
69 
69 
69 
69 
69 


69 
69 
69 


69 
69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 
Cd 
Hg 
Іш (self) 
Ge 
Sn 
As (self) 
5 
5е 
Те 
InSb Li 
Cu 


Hg 
Іш (self) 


Sn 
Pb 
Sb (self) 


5 
Se 


AlAs Ga 


AISb Cu 


A] (self) 
Sb (self) 
ZnS Cu 


Au 
Zn (self) 


Cd 

Al 

In 

S (self) 


ZnSe Li 
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Frequency 
factor, D, 
(cm?/s) 


7.4 х 107 
1.45 х 105 
бх 105 
3.74 х 10-6 
1.49 x 10-6 
3x107 
6.78 
12.6 
3.43 x 105 
7x 104 
9x 104 
3x 105 
1x107 
7 x104 
5х 10! 
1х 105 
1.3 x 10+ 
4 х 1076 
6x 107 
1.8 x 1013 
5.5 х 108 
(D — 2.7 x 1075) 
5.35 x 10+ 
3.1 x 108 
9 x 102 
1.6 
1.7 x 107 
1x107 
27x104 
(0-2х10:8-- 
10:15) 
(D —9 x 1071) 
3.5 x 103 
3.3 x 107! 
D(c) ~ 4x 10-2— 
3 x 10719 
2 
1 
2.6 x 103 
4.3 x 10+ 
9.75 x 103 
1.75 x 10-4 
3x 104 
1.5 x 104 
1 x 1076 
(D ~ 10710) 
5.69 x 10+ 
3 x 10! 
2.16 x 104 
8x 105 
(D ~ 5 x 10-13) 
2.3 x 108 
2.66 x 10-5 
1x104 
1.7 x 105 
2.2 x 102 


Activation 


energy, Q 
(eV) 


1.15 
1:92 
4.0 

1.17 
1.17 
4.45 
2:2 

22 

1.28 
0.28 
1.08 
0.37 
0.25 
0.32 
1.35 
1.5 


Temperature 
range 
(°С) 


650—900 
650—850 
740—900 
600—900 
600—900 
740—900 
600—900 
600—900 
600—900 
0—210 
200—500 
230—490 
440—510 
140—510 
362—508 
355—455 
250—500 
360—500 
425—500 
400—500 
475—517 
390—512 
500 
400—500 
475—517 
360—500 
380—500 
300—500 
440—510 
420—500 


850—1100 
557 
150—500 
660—860 


900 
570—620 
570—620 
470—750 
250—1200 
400—800 
500—800 
925<Т<940 
940<Т<1030 
1030<Т<1075 
1100 
800—1000 
750--1000 
600--800 
740--1100 
1070 
500--800 
950--980 
400--800 
200--570 
400--800 


Method 
of measurement 


Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Electrical 
Electrical 
Electrical 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
SIMS 
Radioactive 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Radioactive 
Radioactive 


AES 
SEM 
Radioactive 
Radioactive 


Radioactive 
X-ray 
X-ray 
Radioactive 


Electroluminescence 


Luminescence 
Radioactive 
Radioactive 


Luminescence 
Luminescence 
Radioactive 
Radioactive 
Radioactive 
X-ray microprobe 
Radioactive 
Electrical 
Luminescence 
Radioactive 
Luminescence 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 


Zn (self) 
Cd 


In 

S 

Se (self) 
Ni 


ZnTe Li 


Zn (self) 


Al 

In 

Te (self) 
CdS Li 

Na 

Cu 


Ag 


Au 
Zn 


Cd (self) 


Ga 
In 


P 
S (self) 


Yb 
CdSe Ag 
Cd (self) 


P 
Se (self) 


CdTe Li 
Cu 


Ag 
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Frequency Activation 
factor, D, energy, Q 
(cm2/s) (eV) 
9.8 3.0 
6.39 x 107 1.87 
2.3 x 102 1.8 
1.81 x 102 3.0 
- 1:3 
(D ~2 x 10-12) — 
(D ~ 8 x 1072) - 
1.3 x 10! 25 
2.3x 107! 27 
(D ~ 1.5 x 108— 
1.7 х 1077) — 
2.9 x 1072 1.22 (s) 
1.7% 104 0.78 (f) 
2.34 2.56 
1.4 x 10! 2.69 
- 2.0 
4 1.96 
2х104 3.8 
3 х 105 0.68 
(D —3x 10-7) — 
1.5 x 102 0.76 
1.2x 102 1.05 
8х 105 0.72 
2.5 х 10! 1.2 (8) 
24х 107! 0.8 (f) 
2x10? 1.8 
1.27 x 10? 0.86 (s) 
1.22 x 107 0.66 (f) 
3.4 2.0 
6 x 10! 2.3 (|) 
1х 10! 2.03 (1) 
6.5 x 10+ 1.6 
1.6 x 102 2.05 
— 2.4 
(D ~ 1.2 х 107?) — 
1.3 x 107 10.4 
(D —3x 10-10) — 
(р-5х 10-12) — 
6.75 х 103 10.9 
(D ~ 1.3 x 107) — 
2х 104 0.53 
1.6 х 1073 1:5 
6.3 x 102 1.25 (D 
4.12 х 107 2.18 (1) 
(D ~ 5.3 x 1072— 
6 x 1071!) — 
2.6 x 10? 1.55 
(D ~ 1.5 x 10710) -- 
37 x 10+ 0.67 


8.2 x 10 Š 0.64 


Temperature 
range 
(°C) 


760—1150 
700—950 
800—1100 
900--1100 
700--850 
940 

1060 
860--1020 
1000--1050 


740--910 
400--700 


760--860 
667--1077 
700--1000 
1100--1300 
727—977 
610—960 
800 
400—700 
300—700 
20—200 
300—500 


500—800 
720—1000 


700—1100 
667—967 
650—930 


800—1100 
800—900 
750—1050 
900 
700—1000 
800 

1000 
570—900 
960 
22—400 
700—1000 
600—900 
600—900 


900—1000 
700—1000 


300 
97—300 
290—350 
700—800 


Method 
of measurement 


Radioactive 
Photoluminescence 
Luminescence 
Luminescence 
Electron probe 
X-ray microprobe 
Radioactive 
Radioactive 


Luminescence 
Nuclear and chemical 
analysis 


Radioactive 
Radioactive 
Electrical and optical 
Radioactive 
Radioactive 
Microhardness 
Radioactive 
Radioactive 
Ultrasonic 
Electrical 
Radioactive 


Radioactive 
Radioactive 


Radioactive 

Optical and microprobe 

Radioactive, optical and 
microprobe 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Radioactive 
Luminescence 
Photoluminescence 
Ultrasonic 
Radioactive 
Radioactive; 
(Г) saturated Cd and 
(ID) saturated Se 
pressure 


Radioactive 

Radioactive; saturated 
Se pressure 

Ion microprobe 

Radioactive 

Ion backscattering 

Electrical and photo- 


Ref. 


69 
69 
69 
69 
69 
69 
69 
69 
69 


69 


69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 
69 


69 
69 


69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 


69 
69 
69 
69 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 


Semiconductor Diffusant 


Au 
Cd (self) 


In 


Se 
Te (self) 


СІ 

Ее 
HgSe Sb 

Se (self) 


Hg (self) 
In 


Sn 


Te (self) 
Mn 
PbS Cu 


Pb (self) 
S (self) 
Ni 

PbSe Na 


Cu 

Ag 

Pb (self) 
Sb 

Se (self) 
CI 


PbTe Na 
Sn 
Pb (self) 
Sb 
Te 
CI 


Ni 
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Frequency Activation 
factor, D, energy, Q 
(спа2/5) (еУ) 
6.7 х 10! 2.0 
1.26 2.07 
3.26 x 10? 2.67 () 
1.58 x 10! 2.44 (IT) 
8x102 1.61 
1:172 2.21 (1) 
6.48 x 104 1.15 (0) 
8.3 x 102 2:2. 
(D — 1.2 x 10710) — 
5.6x 10? 1.22 
6.0 x 10-10 0.29 
17х104 1.35 
8.54 x 1077 1.42 (1) 
1.66 x 10+ 1.38 (11) 
7.1 x 102 1.6 
(D~4x 1075) 0.77 
6.3 x 10° 0.85 
6x 10+ 0.8 
5х10% 0.6 
31х104 0.66 
2х10% 0.6 
6x 10-6 0.9 
1.72 x 10% 0.66 (s) 
1.8 x 103 0.80 (f) 
10-6 1.4 
1.5 x 10+ 1:3 
4.6 х 10+ 0.36 
5x 103 0.31 
8.6 x 105 1.52 
6.8 x 10° 1.38 
1.78 x 10! 0.95 
1.5 x 10! 1.74 (s) 
5.6 x 10% 0.4 (f) 
2x 105 0.31 
7.4 x 10+ 0.35 
4.98 x 10-6 0.83 
3.4 x 107! 2.0 
2.1 х 105 12 
1.6 х 1078 0.45 
(D ~ 1 x 10-10) — 
1.7 x 107 1.91 
3.1x 102 1.56 
2.9 x 10° 0.6 
4.9 x 1072 1.54 
2.7 x 107 0.75 
(D»2.3x 

10:19) C" 
(D»1x10-9) — 


Temperature 


range 
(°С) 


600—1000 
700—1000 
650—900 


650—1000 
500—850 


700—925 
900 

850 
200—650 
650—900 
700—1000 
600—900 


500—800 
520—800 
900 

540—630 
200—400 
250—350 
250—350 
250—350 
200—350 
200—300 
200—300 


200—400 
250—350 
150—450 
100—400 
500—800 
500—750 
200—500 
400—850 


93—520 
400—850 
400—800 
650—850 
650—850 
400—850 
700 
600—850 
500—800 
250—500 
500—800 
500—800 


700 
700 


Method 


of measurement 


luminescence 
Radioactive 
Radioactive 
Radioactive; 


(I) saturated Cd and (II) 
saturated Te pressure 


Radioactive 


Radioactive; (I) saturated 
Cd and (II) saturated Te 


pressure 
Radioactive 
Radioactive 


Mass spectrometry 


Radioactive 
Radioactive; (I) 
saturated Cd 


and (II) saturated Te 


pressure 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 


Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Radioactive 
Electrical 
Radioactive 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 


Radioactive 
Radioactive 


Ref. 


69 
69 
69 
69 


69 


69 
69 
69 
69 
69 


69 


69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 
69 
69 
69 
69 
69 
69 
69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 
69 


DIFFUSION DATA FOR SEMICONDUCTORS (continued) 
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PROPERTIES ОЕ MAGNETIC MATERIALS 


H. P. R. Frederikse 
Glossary of Symbols 
Units 
Quantity Symbol SI emu 
Magnetic field H Am! Oe (oersted) 
Magnetic induction B T (tesla) G (gauss) 
Magnetization M Am! emu cm? 
Spontaneous magnetization M, Am! emu cm? 
Saturation magnetization Мо Am! emu cm? 
Magnetic flux o Wb (weber) max well 
Magnetic moment m, И Am? erg/G 
Coercive field Н, Am! Oe 
Remanence B, T G 
Saturation magnetic polarization 2, Т G 
Magnetic susceptibility X 
Magnetic permeability u Н m”! (henry/meter) 
Magnetic permeability of free space Ho Hm! 
Saturation magnetostriction А (МЛ) 
Curie temperature Tc K K 
Néel temperature Ty K K 


Magnetic moment u = YJ = g up J 


where 


Y = gyromagnetic ratio; J = angular momentum; g = spectroscopic splitting factor (~2) 
Ив = bohr magneton = 9.2741-10-24 МТ = 9.2741-10?! erg/G 


Earth's magnetic field H = 56 A nr! = 0.7 Oe 
For iron: Mo = 1.7-109 A mr!; B, = 0.8-106 A пг! 
1 Oe = (1000/47) А пг!; 1 G = 104 T; 1 emu cm? = 103 А пг! 


1 maxwell = 10-8 Wb 
lig = 4л-107 Ни! 


B 
A 


(a) = Domain growth 
(b) = Field removal 
(c) = Hysteric curve on field 
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Relation Between Magnetic Induction and Magnetic Field 


Figure 1. Typical curve representing the dependence of magnetic 
induction B on magnetic field H for a ferromagnetic material. When 
His first applied, B follows curve aas the favorably oriented magnetic 
domains grow. This curve flattens as saturation is approached. When 
H is then reduced, B follows curve b, but retains a finite value (the 
remanence B,, at H = 0. In order to demagnetize the material, a 
negative field -H, (where Н, 18 called the coercive field or coercivity) 
must be applied. As H is further decreased and then increased to 
complete the cycle (curve c), a hysteresis loop is obtained. The area 
within this loop is a measure of the energy loss per cycle for a unit 
volume of the material. 


PROPERTIES OF MAGNETIC MATERIALS (continued) 


Relation Between Magnetic Induction and Magnetic Field (continued) 


>> c 


Hard Figure 2. Schematic curve illustrating the B vs. H dependence for hard and soft magnetic 


materials. Hard materials have a larger remanence and coercive field, and a correspondingly large 
hysteresis loss. 
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Magnetic Susceptibility of the Elements 


100,000 Fe,Co,Ni 
т 

10,000 

1,000 (7 NP Pu 

100 


10 


Paramagnetic 


Diamagnetic 


лон 


-100 


0 10 20 30 40 50 60 70 80 90 100 


Figure 3. Molar susceptibility of the elements at room temperature (cgs units of 10-6 cm?/mol). Values are not available for 2-9, 61, and 84-89; Fe, 
Co, and № (Z = 26-28) are ferromagnetic. Data taken from the table “Magnetic Susceptibility of the Elements and Inorganic Compounds" in Section 
4. 
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PROPERTIES ОЕ MAGNETIC MATERIALS (continued) 
Ground State of Ions with Partly Filled d or f Shells 


Z Element n S L J Gr. state Poi Po? Duas 
22 Ti3+ 1 1/2 2 3/2 ?D 1.73 1.55 1.8 
23 уз 1 1/2 2 3/2 ?D 1.73 1.55 1.8 
23 уз 2 1 3 2 ЗБ, 2.83 1.63 2.8 
23 у» 3 3/2 3 3/2 ару, 3.87 0.77 38 
24 с» 3 3/2 3 3/2 “Бүр 3.87 0.77 47 
25 ма" 3 3/2 3 3/2 у» 3.87 0.77 4.0 
24 Ст» 4 2 2 0 5р, 4.90 0 4.9 
25 Mn?* 4 2 2 0 5р, 4.90 0 5.0 
25 Mn% 5 5/2 0 5/2 6%, 5.92 592 5.9 
26 Fe% 5 5/2 0 5/2 6%, 5.92 5.92 59 
26 Fe?* 6 2 2 4 5D, 4.90 6.70 54 
27 Co?* 7 3/2 3 9/2 4, 3.87 6.54 48 
28 Ni?* 8 1 3 4 ЗЕ, 2.83 5.59 32 
29 Си» 9 1/2 2 5/2 Ds» 1.73 3.55 1.9 
Peale 

58 Сез 1 1/2 3 5/2 26, 2.54 2.4 
59 Pr?* 2 1 5 4 ЗН, 3.58 3.5 
60 қаз 3 3/2 6 9/2 on 3.62 3.5 
61 Рп 4 2 6 4 5, 2.68 
62 Sm* 5 5/2 5 5/2 Ну» 0.84 1.5 
63 Eu?* 6 3 3 0 pu 0.0 34 
64 ба» 7 7/2 0 7/2 85 7.94 8.0 
65 Tb?* 8 3 3 6 ТЕ, 9.72 9.5 
66 руз» 9 5/2 5 15/2 Hsp 10.63 10.6 
67 Но?" 10 2 6 8 ЈА 10.60 10.4 
68 Ent T 3/2 6 15/2 ls 9,59 9.5 
69 Tm?* 12 il 5 6 ЗН, 7.57 7.3 
70 Yb?* 13 1/2 3 7/2 Ез» 4.54 4.5 

а рос = 2155 + 12 

b Рае = 2I + I}? 

Peale = 81707 + 1): 
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Ferro- and Antiferromagnetic Elements 


Mo is the saturation magnetization at T = 0 К 
ng is the number of Bohr magnetons per atom 
Tc is the Curie temperature 

Ty is the Néel temperature 


Mg gauss ng TK Тук Comments 
Fe 1752 2.22 1043 
Co 1446 1.72 1388 
Ni 510 0.62 627 
Cr 31 
Mn 100 
Ce 12.5 c-Axis antiferromagnetic 
Nd 19.2 Basal plane modulation on hexagonal sites 
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PROPERTIES OF MAGNETIC MATERIALS (continued) 


Ferro- and Antiferromagnetic Elements (continued) 


Mg gauss ng TK Тук Comments 
7.8 Cubic sites order (periodicity different from high-T phase) 
Sm 106 Ordering on hexagonal sites 
13.8 Cubic site order 
Eu 90.5 Spiral along cube axis 
Gd 1980 7 293 
Tb 9 220 Basal plane ferromagnet 
230.2 Basal plane spiral 
Dy 10 87 Basal plane ferromagnet 
176 Basal plane spiral 
Ho 10 20 Bunched cone structure 
133 Basal plane spiral 
Er 9 32 c-Axis ferrimagnetic cone structure 
80 c-Axis modulated structure 
Tm 7 32 c-Axis ferrimagnetic cone structure 
56 c-Axis modulated structure 
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Selected Ferromagnetic Compounds 


Mo is the saturation magnetization at T = 293 К 
Тс is the Curie temperature 


Compound Mygauss Ток Crystal system 
MnB 152 578 orthorh(FeB) 
MnAs 670 318 hex(FeB) 
MnBi 620 630 hex(FeB) 
MnSb 710 587 hex(FeB) 
MnyN 183 743 
MnSi 34 cub(FeSi) 
CrTe 247 339 hex(NiAs) 
CrBr3 270 37 hex(Bil;) 
Cri, 68 hex(Bil;) 
CrO, 515 386 tetr(TiO,) 
EuO 1910* 77 cub 
EuS 1184* 16.5 cub 
GdCl, 550* 22 orthorh 
FeB 598 orthorh 
Fe;B 1043 tetr (CuAL) 
FeBe; 75 cub(MgCu;) 
Fe3C 483 orthorh 
FeP 215 orthorh (MnP) 
* AtT=0 K 
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Ц; is the initial permeability 


PROPERTIES OF MAGNETIC MATERIALS (continued) 


Magnetic Properties of High-Permeability Metals and Alloys (Soft) 


Um is the maximum permeability 


H, is the coercive force 


J, is the saturation polarization 
Үүн is the hysteresis loss per cycle 


Тс is the Curie temperature 


Material 


Iron 

Iron 

Silicon-iron 
Silicon-iron (110) [001] 
Silicon-iron (100) «100» 
Mild steel 

Hypernik 

Deltamax 1100) «100» 
Isoperm |100) «100» 
78 Permalloy 
Supermalloy 

Mumetal 

Hyperco 

Permendur 
2V-Permendur 
Supermendur 
25Perminvar 
7Perminvar 


Perminvar (magnet. annealed) 


Alfenol (or Alperm) 
Alfer 
Aluminum-Iron 
Sendust 


Composition 
(mass %) 


Commercial 99Fe 
Pure 99.9Fe 
96Fe-4Si 
97Fe-3Si 
97Fe-3Si 
Fe-0.1C-0.1Si-0.4Mn 
50Fe-50Ni 
50Fe-50Ni 
50Fe-50Ni 
78Ni-22Fe 
TONi-16Fe-5Mo 
TTNi-16Fe-5Cu-2Cr 
64Ее-35Со-0.5Сг 
50Ғе-50Со 
49Ее-49Со-2У 
49Fe-49Co-2V 
45Ni-30Fe-25Co 
TONi-23Fe-7Co 
43Ni-34Fe-23Co 
84Fe-16AI 
87Fe-13AI 
96.5Fe-3.5AI 
85Fe-10Si-5AI 


ТЕЛІ) Шо 
200 6000 
25000 350000 
500 7000 
9000 40000 
100000 
800 1100 
4000 70000 
500 200000 
90 100 
4000 100000 
100000 1000000 
20000 100000 
650 10000 
500 6000 
800 4000 
60000 
400 2000 
850 4000 
400000 
3000 55000 
700 3700 
500 19000 
36000 120000 
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HJA m 


JJT 


2.16 
2.16 
1.95 
2.01 
2.01 


1.60 
1:25 
1.60 
1.05 
0.79 
0.75 
2.42 
2.46 
2.45 
2.40 
1.55 
1.25 
1.50 
0.8 

1.20 
1.90 
0.89 


1. McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994, p. 42. 


2. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, p. 5-224. 


Applications of High-Permeability Materials 


Applications 


Distribution and power transformers 


High-quality motors and generators, 
stators and armatures, switched-mode 


power supplies 


INSTRUMENT TRANSFORMERS 


Audiofrequency transformers 


Pulse transformers 


POWER APPLICATIONS 


Low core losses, high permeability, high saturation magnetic 


polarization 


Low core losses, high permeability, high magnetic polarization 
High permeability 
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Requirements 


Wy/J m 


500 

60 
50-150 
35-140 


22 


тек 


1043 
1043 
1008 
1015 
1015 


753 
713 


651 
673 
673 
1243 
1253 
1253 
1253 


723 
673 


753 


PROPERTIES ОЕ MAGNETIC MATERIALS (continued) 
Applications of High-Permeability Materials (continued) 


Applications Requirements 


CORES FOR INDUCTOR COILS 


Audiofrequency Low hysteresis, high permeability 

Carrier frequency Very low hysteresis and eddy current loss 

Radiofrequency High permeability at low fields 
MISCELLANEOUS 

Relays, switches | High permeability, low remanence, low coercivity 

Earth leakage circuit 

Magnetic shielding Low core loss for AC applications 

Magnetic recording heads High initial permeability, low or zero remanence 

Magnetic amplifiers 

Saturable reactors Rectangular hysteresis loops, low hysteresis loss 


Saturable transformers 
Transformer cores 


Magnetic shunts for temperature compensation Low Curie temperature, appropriate decrease in permeability with 
in magnetic circuits increase in temperature 

Electromagnets in indicating instruments, High permeability, high saturation magnetic polarization 
fire detection, quartz watches, electromechanical devices 

Magnetic yokes in permanent magnet devices, High permeability, high saturation magnetic polarization 


such as lifting and holding magnets, loudspeakers 
REFERENCE 
McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994. With permission. 
Saturation Magnetostriction of Selected Materials 


The tabulated parameter A, is related to the fractional change in length А by АЛ = (3/2).,(cos?0—1/3), where Ө is the angle of rotation. 


Material A, x 106 
Iron -7 
Ее-3.2% 51 49 
Nickel -33 
Cobalt -62 
45 Permalloy, 4596 Ni - 5596 Fe +27 
Permalloy, 82% Ni - 1896 Fe 0 
Permendur, 49% Co - 49% Fe - 296 V +70 
Alfer, 87% Fe - 1396 АЛ +30 
Magnetite, ҒеО, +40 
Cobalt ferrite, CoFe;O, -110 
SmFe, -1560 
TbFe; +1753 
TbosDyo Fe; оз (Terfenol D) +2000 
НесбСо1зВ 551 (amorphous) +35 
Co;;Fe4BgA,; (amorphous) 0 
REFERENCE 


McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994, p. 91; additional data provided by А.Е. 
Clark, Adelphi, MD. 
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PROPERTIES OF MAGNETIC MATERIALS (continued) 


Properties of Various Permanent Magnetic Materials (Hard) 


В, is the remanence 

pH, is the flux coercivity 

iH. is the intrinsic coercivity 

(ВН) max 15 the maximum energy product 
Тс is the Curie temperature 


T max 18 the maximum operating temperature 


вН,/105 :Н.103 (ВН) max! 
Composition BT А пг! Am! kJ m? ТоС Tau GC 
Alnicol 20Ni;12A1;5Co 0.72 35 25 
Alnico2 17Ni;10A1;12.5Co;6Cu 0.72 40-50 13-14 
Alnico3 24-30Ni;12-14A1;0-3Cu 0.5-0.6 40-54 10 
Alnico4 21-28Ni;11-13A1;3-5Co;2-4Cu 0.55-0.75 36-56 11-12 
Alnico5 14Ni;8A1;24Co;3Cu 1:25 53 54 40 850 520 
Alnico6 16Ni;8A1;24Co;3Cu;2Ti 1.05 75 52 
Alnico8 15Ni;7A1;:35Co;4Cu;5Ti 0.83 1.6 160 45 
Alnico9 15Ni;7A1;:35Co;4Cu;5Ti 1.10 1.45 1.45 75 850 520 
Alnicol2 13.5Ni;8A1;24.5Co;2Nb 1.20 64 76.8 
Варе О (Ferroxdur) 0.4 1.6 192 29 450 400 
5тРе Оо 0.4 2.95 3.3 30 450 400 
LaCo; 0.91 164 567 
СеСо, 0.77 117 380 
PrCo; 1.20 286 620 
NdCo; 1.22 295 637 
5шСо, 1.00 7.9 696 196 700 250 
Sm(Co9 тебе 10 Сид. 14)6 8 1.04 4.8 5 212 800 300 
Sm(Coo 65 Ре 28 СП). 05210.02)77 1:2 10 16 264 800 300 
Ха-Ғе|4В sintered 1.22 8.4 1120 280 300 100 
Fe;52Co;14V (Vicalloy IT) 1.0 42 28 700 500 
Fe;24Cr;15Co;3Mo (anisotropic) 1.54 67 76 630 500 
Fe;28Cr;10.5Co (Chromindur IT) 0.98 32 16 630 500 
Fe;23Cr;15Co;3V;2Ti 1.35 4 44 630 500 
Cu;20Ni;20Fe (Cunife) 0.55 4 12 410 350 
Cu;21Ni;29Fe (Cunico) 0.34 0.5 8 
Pt;23Co 0.64 4 76 480 350 
Mn;29.5A1;0.5C (anisotropic) 0.61 2.16 2.4 56 300 120 
REFERENCES 


1. McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994, p. 204. 
2. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, p. 5-165. 
3. Jiles, D., Magnetism and Magnetic Materials, Chapman «с Hall, London, 1991. 


Selected Ferrites 


J, is the saturation magnetic polarization 
Tc is the Curie temperature 
AH is the line width 


АН/ 
Material JJT ТоС КА mr! Applications 
Spinels 
y-Fe,03 0.52 575 
Fe304 0.60 585 
NiFe,04 0.34 575 350 Microwave devices 
MgFe,0, 0.14 440 70 
NiZnFe 0, 0.50 375 120 Transformer cores 
МпЕе;О, 0.50 300 50 Microwave devices 
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Material 


NiCoFe;0, 
NiCoAIFe;O, 
МАТ за 21 6504 
NiAIFe;O, 
МеооМпо,Ғе;О, 

Nip 52по 5 10, Fe; 204 
CuFe;0, 

СоЁе:О, 

LiFe;Og 


Garnets 


Ү;ЕеО) 

YsFesO,, (single crys.) 
(Y.ADsFesO i; 
(Y,Gd),FesO |; 
Sm3Fe;0;5 

Eu;Fe50;; 

GdFe;O;; 


Hexagonal crystals 


BaFe;50,9 
Ba4Co;Fe?40,; 
BajZnj;Fej50»» 

Ba;Co; 35Zn0.65F€24041 
Ва,Х1,Ее|;О,; 
51Ее|2О19 


PROPERTIES OF MAGNETIC MATERIALS (continued) 


ГҮ д» 


JJT 


0.31 
0.15 
0.12 
0.05 
0.25 
0.14 
0.17 
0.53 
0.39 


0.178 
0.178 
0.12 

0.06 

0.170 
0.116 
0.017 


0.45 
0.34 
0.28 


0.16 
0.4 


Selected Ferrites (continued) 


ТоС 


590 
450 
430 
1860 
290 


455 
520 
670 


280 
292 
250 
250 
305 
293 
291 


430 
470 
130 
390 
500 
450 


КЕЕЕКЕХСЕ 


АН/ 

КА mr! Applications 
140 Microwave devices 
330 Microwave devices 

67 Microwave devices 

32 Microwave devices 

56 Microwave devices 

17 Microwave devices 
Electromechanical transducers 

Microwave devices 

55 Microwave devices 

0.5 Microwave devices 

80 Microwave devices 

150 Microwave devices 

Microwave devices 

Microwave devices 

Microwave devices 

1.5 Permanent magnets 

12 Microwave devices 

25 Microwave devices 

16 Microwave devices 


8 Microwave devices 
Permanent magnets 


McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994. 


Spinel Structure (AB,O,) 


%---- 
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Figure 4. Arrangement of metal ions in the two octants А 
and B, showing tetrahedrally (A) and octahedrally (B) 
coordinated sites. (Reprinted from McCurrie, R.A., Ferro- 
magnetic Materials, Academic Press, London, 1994. With 
permission.) 


Ty is the Néel temperature 
Material 


Binary oxides 


MnO 
FeO 
CoO 
NiO 
о-Мп,О; 
СаО 
Ег,О, 
Gd,03 
Perovskites 
LaCrO, 
LaMnO, 
LaFeO; 
NdCrO, 
NdFeO; 
YbCrO, 
СаМпО; 
EuTiO; 
YCrO; 
BiFeO, 
KCoF; 
КМпЕ, 
КЕеЕ, 
KNiF; 
NaMnF; 
NaNiF, 
RbMnF; 
Spinels 
Co40, 
NiCr;O, 
ZnCr;O, 
?лЕе:О, 
СеЕе;О, 
МевУ:О, 
MnGa50, 


* Distorted. 


1. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, p. 5-168 to 183. 


PROPERTIES OF MAGNETIC MATERIALS (continued) 


Structure 


cub(fcc) 
cub(fcc) 
cub(fcc) 
cub(fcc) 
cub 
monocl 
cub 

cub 

cub 


orth 
orth 
orth 
orth 
orth 
orth 
cub 
cub 
orth 
cub* 
cub 
cub* 
cub 
cub 
cub* 
orth 
cub 


cub 
tetr 
cub 
cub 
cub 
cub 
cub 


Selected Antiferromagnetic Solids 


Тук Material 
NiAs and related structures 
122 CrAs 
198 CrSb 
291 CrSe 
525 MnTe 
90 NiS 
230 Crs 
30.8 Rutile and related structures 
3.4 CoF, 
1.6 СТЕ, 
ГеЕ, 
282 МпЕ, 
100 МЕ, 
750 CrCl, 
224 MnO, 
760 FeOF 
118 Corundum and related structures 
110 Cr,03 
5,3 о-Ее›О» 
141 ЕетіО; 
673 Мато 
125 CoTiO; 
88.3 VF; and related structures 
115 Сов; 
275 СТЕ; 
60 ГеЕ; 
149 MnF; 
82 MoF; 
Miscellaneous 
40 K5NiF, 
65 Ми, 
15 CoUO, 
9 СаМп;О, 
10 СІМ 
45 Сес, 
33 FeSn 
Mn;P 
REFERENCES 


2. Kittel, C., Introduction to Solid State Physics, 6th Edition, J. Wiley «с Sons, New York, 1986. 
3. Ashcroft, N.W., and Mermin, N.D., Solid State Physics, Holt, Rinehart, and Winston, New York, 1976, p. 697. 
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Structure 


orth 
hex 
hex 
hex 
hex 
monocl 


tetr 
monocl 
tetr 

tetr 

tetr 
orth 
tetr 

tetr 


rhomb 
rhomb 
rhomb 
rhomb 
rhomb 


rhomb 
rhomb 
rhomb 
monocl 
rhomb 


tetr 
hex 
orth 
orth 
cub* 
tetr 
hex 
hex 


тук 


300 
705-723 
300 
320-323 
263 
460 


38 
53 
79 
67 
83 
20 
84 
315 


318 
948 


ELECTRON WORK FUNCTION OF THE ELEMENTS 


The electron work function Ф is a measure of the minimum energy required to extract an electron from the surface of a solid. It is defined more 
precisely as the energy difference between the state in which an electron has been removed to a distance from the surface of a single crystal face that 
is large enough that the image force is negligible but small compared to the distance to any other face (typically about 10% cm) and the state in which 
the electron is in the bulk solid. In general, Ф differs for each face of a monocrystalline sample. 

Since Ф is dependent on the cleanliness of the surface, measurements reported in the literature often cover a considerable range. This table contains 
selected values for the electron work function of the elements which may be regarded as typical values for a reasonably clean surface. The method 
of measurement is indicated for each value. The following abbreviations appear: 


TE — Thermionic emission 

PE — Photoelectric effect 

FE — Field emission 

CPD — Contact potential difference 
polycr — Polycrystalline sample 
amorp — Amorphous sample 


Values in parentheses are only approximate. 


1. 
2. 
3. 


Ag 


Al 


REFERENCES 


Hólzl, J., and Schulte, F. K., Work Functions of Metals, in Solid Surface Physics, Hohler, G., Editor, Springer-Verlag, Berlin, 1979. 
Riviere, J. C., Work Function: Measurements and Results, in Solid State Surface Science, Vol.1, Green, M., Editor, Decker, New York, 1969. 
Michaelson, H. B., J. Appl. Phys., 48, 4729, 1977. 


Element Plane Ф/еУ Method | Element Plane Ф/еУ Method | Element Plane Ф/еУ Method 
100 4.64 PE 210 5.00 PE Ru polycr 4.71 PE 
110 4.52 PE K polycr 2.29 PE Sb amorp 4.55 
111 4.74 РЕ Га polycr 3.5 PE 100 4.7 
100 4.20 PE Li polycr 2.93 FE Sc роусг 39 РЕ 
110 4.06 РЕ Lu polycr (3.3) CPD Se polycr 5.9 PE 
111 4.26 PE Mg polycr 3.66 PE Si n 4.85 CPD 
polycr (3.75) PE Mn polycr 4.1 РЕ р 100 (4.91) CPD 
100 5.47 PE Mo 100 4.53 PE р111 4.60 РЕ 
110 5.37 РЕ 110 4.95 РЕ 5ш polycr 2.7 PE 
111 5.31 PE 111 4.55 PE Sn polycr 4.42 CPD 
polycr (4.45) TH 112 4.36 PE Sr роїусг (2.59) ТН 
polycr 2.52 TH 114 4.50 PE Ta polycr 4.25 TH 
polycr 4.98 PE 332 4.55 PE 100 4.15 TH 
polycr 4.34 PE Na polycr 2.36 PE 110 4.80 TH 
polycr (5.0) CPD Nb 001 4.02 ТН 111 4.00 TH 
polycr 2.87 PE 110 4.87 TH Tb polycr 3.0 PE 
polycr 4.08 CPD 111 4.36 TH Te роїусг 4.95 РЕ 
polycr 2.9 PE 112 4.63 TH Th polycr 34 TH 
polycr 5.0 PE 113 4.29 TH Ti роїусг 4.33 РЕ 
polycr 4.5 PE 116 3.95 TH Tl polycr (3.84) CPD 
polyer 1.95 PE 310 4.18 TH U polyer 3.63 PE 
100 5.10 FE Nd polycr 3.2 PE 100 3.73 PE 
110 4.48 PE Ni 100 5.22 PE 110 3.90 PE 
111 4.94 PE 110 5.04 PE 113 3.67 PE 
112 4.53 PE 111 5.35 PE У polycr 4.3 PE 
polyer 2.5 PE Os polycr 5.93 PE w polycr 4.55 CPD 
100 4.67 PE Pb polycr 4.25 PE 100 4.63 FE 
111 4.81 PE Pd polycr 5.22 PE 110 5.22 FE 
polycr 4.32 PE 111 5.6 РЕ 111 4.45 FE 
polycr 2.90 CPD Pt polycr 5.64 PE 113 4.46 FE 
polycr 5.0 CPD 110 5.84 FE 116 4.32 TH 
polycr 3.9 PE 111 5.93 FE Y роїусг 3.1 PE 
liquid 4.475 PE 320 5.22 БЕ Zn polycr 3.63 PE 
polycr 4.09 PE 331 5.12 FE ројуст (4.9) CPD 
100 5.67 PE Rb polycr 2.261 PE Zr polycr 4.05 PE 
110 5.42 PE Re polycr 4.72 TE 
111 5.76 РЕ Еһ роїусг 4.98 РЕ 
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SECONDARY ELECTRON EMISSION 


The secondary emission yield, or secondary emission ratio, 5, is the average number of secondary electrons emitted from a bombarded material 
for every incident primary electron. Itis a function ofthe primary electron energy E,. The maximum yield max corresponds to a primary electron energy 
Е pmax (See figure). The two primary electron energies corresponding to a yield of unity are denoted the first and second crossovers (Ер and Ет). An 
insulating target, or a conducting target that is electrically floating, will charge positively or negatively depending on the primary electron energy. For 
Ej < E, < En, ó > 1 and the surface charges positively provided there is a collector present that is positive with respect to the target. For E, < Er or E, 
> Eq, ó < 1, and the surface charges negatively with respect to the potential of the source of primary electrons. 


LS 


max 


ô 1.0 


0.51- 


Е 
1 Pmax H 
Primary Electron Energy (Ep) 


E pmax E I E П Е ртах Е І Е П 
Element буцах (еУ) (еУ) (еУ) Element Ó max (eV) (eV) (eV) 
Ag 1.5 800 200 22000 Li 0.5 85 None None 
Al 1.0 300 300 300 Mg 0.95 300 None None 
АН 14 800 150 >2000 Mo 1.25 375 150 1200 
B 1.2 150 50 600 Na 0.82 300 None None 
Ba 0.8 400 None None Nb 1.2 375 150 1050 
Bi 1.2 550 None None Ni 13 550 150 >1500 
Ве 0.5 200 Мопе None Pb 11 500 250 1000 
С (diamond) 2.8 750 Мопе >5000 ра >13 >250 120 Мопе 
C (graphite) 1.0 300 300 300 Pt 18 700 350 3000 
C (soot) 0.45 500 None None Rb 0.9 350 None None 
Cd 1.1 450 300 700 Sb 1.3 600 250 2000 
Co 1.2 600 200 None Si 11 250 125 500 
Св 0.7 400 Мопе Мопе Sn 1.35 500 None None 
Са 13 600 200 1500 Та 13 600 250 »2000 
Fe 1.3 400 120 1400 Th 1.1 800 None None 
Ga 1.55 500 75 None Ti 0.9 280 None None 
Hg 1.3 600 350 >1200 w 14 650 250 >1500 
K 0.7 200 None None Zr 1.1 350 None None 
E pmax E pmax 

Compound бах (еУ) Compound бах (еУ) 
Alkali halides МаСІ (layer) 6.8 600 

CsCl 6.5 NaF (crystal) 14 1200 

KBr (crystal) 14 1800 NaF (layer) 5.7 

КС (crystal) 12 1600 Nal (crystal) 19 1300 

KCI (layer) 7.5 1200 Ма! (layer) 5.5 

КІ (crystal) 10 1600 RbCI (layer) 5.8 

KI (layer) 5.6 Oxides 

LiF (crystal) 8.5 Ав:О 1.0 

ШЕ (layer) 5.6 700 АЪО: (layer) 2—9 

NaBr (crystal) 24 1800 BaO (layer) 2.3—4.8 400 

NaBr (layer) 6.3 BeO 3.4 2000 

NaCl (crystal) 14 1200 Сао 22 500 
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Compound 


Cu,O 

MeO (crystal) 

MgO (layer) 

МоО, 

SiO, (quartz) 

SnO, 
Sulfides 

MoS, 

PbS 

WS, 

ZnS 


SECONDARY ELECTRON EMISSION (continued) 


9 цах 


12 
20--25 
3—15 
1.2 
2.1—4 
3.2 


1.1 
1:2 
1.0 
1.8 


Е 


pmax 


(eV) 
400 
1500 
400—1500 
400 
640 


500 


350 
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Compound 


Others 
ВаЕ; (layer) 
CaF, (layer) 
ВЕС 
BiCs 
GeCs 
Rb3Sb 
SbCs; 
Mica 
Glasses 


9 цах 


1000 

1000 

700 

450 

700 

350 
300--450 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS 
J. H. Weaver and H. P. R. Frederikse 


These tables list the index of refraction n, the extinction coefficient k, and the normal incidence reflection R ($ = 0) as a function of photon energy 
E, which is expressed in electron volts (eV). To convert the energy in eV to wavelength in um, use À = 1.2398/E. To compute the dielectric function 
£ = £; + i£) from the complex index of refraction N = n + ik, use &1 = 12 k? and €; = 2nk. 

The optical constants in these tables are abridged from three more extensive tabulations: 


° Optical Properties of Metals (OPM), Volumes I and II, Physics Data, Nr. 18-1 and 18-2, J. H. Weaver, С. Krafka, D. W. Lynch, and E. E. Koch, 
Fachinformationzentrum, Karlsruhe, Germany. 

e Handbook of Optical Constants (HOC), Vol. I, 1985, and Vol. II, 1991. Edited by E. D. Palik, published by Academic Press, Inc. 

e American Institute of Physics Handbook (AIPH), 3rd Edition, Coord. Editor D. E. Gray, published by McGraw-Hill Book Co., New York, 1972. 


The first two of these major sources provide detailed comparisons of all optical data available in the literature at the time of the compilation. For 
critical applications the reader should refer to the original work. References for individual metals and semiconductors are listed at the end of the tables. 
Generally, tabulated values for the optical properties are accurate to better than 10%. Data in parentheses are extrapolated or interpolated values. For 
most elements the spectral range covered is from the far infrared (0.010 or 0.10 eV) to the far ultraviolet (10, 30 or 300 eV). The intervals between 
successive energies in the tables are chosen in such a way that the major spectral features are preserved. 

Very small values of k are expressed in exponential notation, е.2., 1.23E-5 means 1.23 x 105. 

The following table is convenient for identifying the energy entries in these tables with the corresponding wavelengths: 


3, Е/еу А Е/еу 
1 mm 0.00124 6000 А 2.066 
500 шп 0.00248 5000 А 2.480 
100 um 0.01240 4000 А 3.100 
50 um 0.02480 3000 А 4.133 
10 um 0.12398 2000 À 6.199 
5 um 0.24797 1000 А 12.398 
1 um 1.240 400 Å 30.996 
Energy (eV) n k К(ф= 0) | Energy (eV) n k К(ф= 0) | Energy (eV) n k К(ф = 0) 
Aluminium! 2.200 1.018 6.846 0.9200 14.200 0.053 0.373 0.8312 
0.040 98.595 203.701 0.9923 2.400 0.826 6.283 0.9228 14.400 0.058 0.327 0.8102 
0.050 74.997 172.199 0.9915 2.600 0.695 5.800 0.9238 14.600 0.067 0.273 0.7802 
0.060 62.852 150.799 0.9906 2.800 0.598 5.385 0.9242 14.800 0.086 0.211 0.7202 
0.070 53.790 135.500 0.9899 3.000 0.523 5.024 0.9241 15.000 0.125 0.153 0.6119 
0.080 45.784 123.734 0.9895 3.200 0.460 4.708 0.9243 15.200 0.178 0.108 0.4903 
0.090 39.651 114.102 0.9892 3.400 0.407 4.426 0.9245 15.400 0.234 0.184 0.3881 
0.100 34.464 105.600 0.9889 3.600 0.363 4.174 0.9246 15.600 0.280 0.073 0.3182 
0.125 24.965 89.250 0.9884 3.800 0.326 3.946 0.9247 15.800 0.318 0.065 0.2694 
0.150 18.572 76.960 0.9882 4.000 0.294 3.740 0.9248 16.000 0.351 0.060 0.2326 
0.175 14.274 66.930 0.9879 4.200 0.267 3.552 0.9248 16.200 0.380 0.055 0.2031 
0.200 11.733 59.370 0.9873 4.400 0.244 3.380 0.9249 16.400 0.407 0.050 0.1789 
0.250 8.586 48.235 0.9858 4.600 0.223 3.222 0.9249 16.750 0.448 0.045 0.1460 
0.300 6.759 40.960 0.9844 4.800 0.205 3.076 0.9249 17.000 0.474 0.042 0.1278 
0.350 5.438 35.599 0.9834 5.000 0.190 2.942 0.9244 17.250 0.498 0.040 0.1129 
0.400 4.454 31.485 0.9826 6.000 0.130 2.391 0.9257 17.500 0.520 0.038 0.1005 
0.500 3.072 25.581 0.9817 6.500 0.110 2.173 0.9260 17.750 0.540 0.036 0.0899 
0.600 2.273 21.403 0.9806 7.000 0.095 1.983 0.9262 18.000 0.558 0.035 0.0809 
0.700 1.770 18.328 0.9794 7.500 0.082 1.814 0.9265 18.500 0.591 0.032 0.0664 
0.800 1.444 15.955 0.9778 8.000 0.072 1.663 0.9269 19.000 0.620 0.030 0.0554 
0.900 1.264 14.021 0.9749 8.500 0.063 1.527 0.9272 19.500 0.646 0.028 0.0467 
1.000 1212 12.464 0.9697 9.000 0.056 1.402 0.9277 20.000 0.668 0.027 0.0398 
1100 1201 11.181 0.9630 9.500 0.049 1.286 0.9282 20.500 0.689 0.025 0.0342 
1.200 1.260 10.010 0.9521 10.000 0.044 1.178 0.9286 21.000 0.707 0.024 0.0296 
1.300 1.468 8.949 0.9318 10.500 0.040 1.076 0.9293 21.500 0.724 0.023 0.0258 
1.400 2.237 8212 0.8852. 11.000 0.036 0.979 0.9298 22.000 0.739 0.022 0.0226 
1.500 2.745 8.309 0.8678 11.500 0.033 0.883 0.9283 22.500 0.753 0.021 0.0199 
1.600 2.625 8.597 0.8794 12.000 0.033 0.791 0.9224 23.000 0.766 0.021 0.0177 
1.700 2.143 8.573 0.8972 12.500 0.034 0.700 0.9118 23.500 0.778 0.020 0.0157 
1.800 1.741 8.205 0.9069 13.000 0.038 0.609 0.8960 24.000 0.789 0.019 0.0140 
1.900 1488 7.821 0.9116 13.500 0.041 0.517 0.8789 24.500 0.799 0.018 0.0126 
2.000 1.304 7.479 0.9148 14.000 0.048 0.417 0.8486 25.000 0.809 0.018 0.0113 
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Energy (eV) 


25.500 
26.000 
27.000 
28.000 
29.000 
30.000 
35.000 
40.000 
45.000 
50.000 
55.000 
60.000 
65.000 
70.000 
72.500 
75.000 
77.500 
80.000 
85.000 
90.000 
95.000 
100.000 
110.000 
120.000 
130.000 
140.000 
150.000 
160.000 
170.000 
180.000 
190.000 
200.000 
220.000 
240.000 
260.000 
280.000 
300.000 


Carbon (diamond)? 


0.06199 
0.06888 
0.07749 
0.08856 
0.1033 
0.1240 
0.1550 
0.1907 
0.2066 
0.22 
0.23 
0.24 
0.25 
0.26 
0.27 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.37 
0.38 


n 


0.817 
0.826 
0.840 
0.854 
0.865 
0.876 
0.915 
0.940 
0.957 
0.969 
0.979 
0.987 
0.995 
1.006 
1.025 
1.011 
1.008 
1.007 
1.007 
1.005 
0.999 
0.991 
0.994 
0.991 
0.987 
0.989 
0.990 
0.989 
0.989 
0.990 
0.990 
0.99 
0.992 
0.993 
0.993 
0.994 
0.995 


2.3741 
2.3741 
2.3745 
2.3750 
2.3757 
2.3765 
2.3772 


2.3779 


2.3787 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


k 


0.017 
0.016 
0.015 
0.014 
0.014 
0.013 
0.010 
0.008 
0.007 
0.006 
0.005 
0.004 
0.004 
0.004 
0.004 
0.024 
0.025 
0.024 
0.028 
0.031 
0.036 
0.030 
0.025 
0.024 
0.021 
0.016 
0.015 
0.014 
0.011 
0.010 
0.009 
0.007 
0.006 
0.005 
0.004 
0.003 
0.002 


3.1 E-05 

5.7 E-05 

1.21E-04 
2.36E-04 
3.82Е-04 
5.21Е-04 
2.96E-04 
4.39E-04 
2.75Е-04 
7.82Е-05 
1.32Е-04 
1.30Е-04 
1.11E-04 
2.99E-05 
1.89E-05 
2.11E-05 
2.47Е-05 
2.80Е-05 
3.11Е-05 


R($ = 0) 


0.0102 
0.0092 
0.0076 
0.0063 
0.0053 
0.0044 
0.0020 
0.0010 
0.0005 
0.0003 
0.0001 
0.0000 
0.0000 
0.0000 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0002 
0.0002 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


0.166 
0.166 
0.166 
0.166 
0.166 
0.166 
0.166 


0.166 


0.167 


Energy (eV) 


0.39 
0.40 
0.41 
0.4133 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.48 
0.4959 


n 


2.3795 


2.3801 
2.3813 
2.3837 
2.3905 
2.3934 
2.3953 
2.3975 
2.4003 
2.4036 
2.4073 
2.4084 
2.4133 
2.4147 
2.4210 
2.4299 
2.4380 


2.4627 
2.4849 
2.4955 


2.5465 


2.6205 
2.6383 


2.740 
2.780 
2.826 
2.852 
2.879 
2.910 
2.044 
2.985 
3.031 
3.085 
3.146 
3.220 
3.322 
3.444 
3.464 
3.437 
3.376 
3.335 
3.321 
3.306 
3.276 
8.251 
3.232 
3.228 


k 


3.67E-05 
3.58E-05 
3.25Е-05 


2.94Е-05 
2.87Е-05 
3.14Е-05 
3.62Е-05 
3.22Е-05 
1.57Е-05 
6.17Е-06 


3.82Е-07 


8.97Е-07 


1.29Е-06 
1.47Е-06 


2.98Е-06 
6.45Е-06 
1.04Е-05 
3.41Е-05 
5.48Е-04 
1.48Е-03 
5.02Е-03 
7.99Е-03 
8.62Е-03 
9.30Е-03 
9.74Е-03 
9.87Е-03 
1.10Е-02 
1.47E-02 
2.20E-02 
3.44E-02 
5.24E-02 
9.35E-02 
0.210 
0.307 
0.388 
0.473 
0.515 
0.533 
0.592 
0.659 
0.712 
0.765 
0.806 


12-134 


RQ = 0) 


0.167 


0.167 
0.167 
0.167 
0.168 
0.169 
0.169 
0.169 
0.170 
0.170 
0.171 
0.171 
0.171 
0.172 
0.173 
0.174 
0.175 


0.178 
0.182 
0.183 


0.190 


0.200 
0.203 


0.216 
0.222 
0.228 
0.231 
0.235 
0.239 
0.243 
0.248 
0.254 
0.261 
0.268 
0.277 
0.289 
0.304 
0.308 
0.307 
0.303 
0.300 
0.299 
0.300 
0.300 
0.300 
0.301 
0.303 


Energy (eV) n 


8.75 3.247 

9.00 3.272 

9.25 3.308 

9.50 3.348 

D. 75 3.398 
10.00 3.453 
10.25 3.514 
10.50 3.565 
10.75 3.600 
11.00 3.582 
11.25 3.507 
11.50 3.346 
11.75 3.090 
12.00 2.736 
12.20 2.383 
12.40 1.983 
12.60 1.532 
12.80 1.312 
13.00 1.223 
13.50 1.129 
14.00 1.070 
14.50 1.018 
15.00 0.972 
15.50 0.917 
16.00 0.861 
16.50 0.805 
17.00 0.753 
17.50 0.707 
18.00 0.665 
18.50 0.626 
19.00 0.589 
19.50 0.557 
20.00 0.527 
21.00 0.487 
22.00 0.518 
23.00 0.597 
24.00 0.586 
25.00 0.562 
26.00 0.538 
27.00 0.516 
28.00 0.501 
29.00 0.494 
30.00 0.493 


Cesium (evaporated)? 


2.145 0.264 
2271 0.278 
2.845 0.425 
3.064 0.540 
3.397 0.671 
3.966 0.827 
4.889 0.916 
Chromium? 
0.06 21.19 
0.10 11.81 
0.14 15.31 
0.18 8.73 
0.22 5.30 
0.26 3.91 
0.30 3.15 
0.42 3.47 
0.54 3.92 
0.66 3.96 
0.78 4.13 


Energy (eV) 


0.90 
1.00 
1.12 
1.24 
1.36 
1.46 
1.77 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.50 
9.0 

9.50 
0.00 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 


п 


4.43 
4.47 
4.53 
4.50 
4.42 
4.31 
3.84 
3.48 
3.18 
2.75 
2.22 
1.80 
1,54 
1.44 
139 
1.26 
112 
1.02 
0.94 
0.90 
0.89 
0.88 
0.86 
0.86 
0.86 
0.85 
0.86 
0.87 
0.93 
0.95 
0.97 
0.94 
0.89 
0.85 
0.80 
0.75 
0.74 
0.71 
0.69 
0.66 
0.67 
0.68 
0.71 
0.74 
0.83 
0.92 
0.98 
1.01 
1.05 
1.09 
1.13 
1.15 
1.15 
1.12 
1.09 
1.03 
1.00 
0.96 
0.92 
0.31 
0.90 
0.88 
0.87 
0.84 
0.82 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


4.60 
4.43 
4.31 
4.28 
4.30 
4.32 
4.37 
4.36 
4.41 
4.46 
4.36 
4.06 
371 
3.40 
3.24 
3.12 
2.95 
2.76 
2.58 
2.42 
2:35 
2.28 
2.21 
2.13 
2.07 
2.01 
1.94 
1.87 
1.80 
1.74 
1.74 
1.73 
1.69 
1.66 
1.59 
1.51 
1.45 
1.39 
1.33 
1.23 
1.15 
1.07 
1.00 
0.92 
0.81 
0.74 
0.73 
0.72 
0.69 
0.69 
0.70 
0.73 
0.77 
0.80 
0.82 
0.82 
0.82 
0.80 
0.77 
0.75 
0.73 
0.72 
0.70 
0.69 
0.68 


Еф = 0) 


0.650 
0.639 
0.631 
0.629 
0.631 
0.632 
0.639 
0.644 
0.656 
0.677 
0.698 
0.703 
0.695 
0.670 
0.657 
0.661 
0.660 
0.651 
0.639 
0.620 
0.607 
0.598 
0.586 
0.572 
0.557 
0.54 
0.52. 
0.50. 
0.46! 
0.44 
0.43 
0.44 
0.44 
0.44 
0.44 
0.439 
0.425 
0.414 
0.404 
0.378 
0.347 
0.315 
0.278 
0.235 
0.170 
0.132 
0.120 
0.112 
0.103 
0.100 
0.101 
0.108 
0.119 
0.128 
0.135 
0.142 
0.143 
0.141 
0.139 
0.134 
0.132 
0.130 
0.129 
0.130 
0.131 


ъ ым с м оо бё о Ф гю 


Energy (eV) n k 
20.00 0.77 0.64 
20.5 0.76 0.63 
21.0 0.74 0.58 
21.5 0.72 0.55 
22.0 0.71 0.52 
22.5 0.70 0.50 
23.0 0.69 0.48 
23.5 0.68 0.45 
24.0 0.68 0.43 
24.5 0.67 0.39 
25.0 0.68 0.36 
25.5 0.68 0.33 
26.0 0.70 0.31 
26.5 0.71 0.28 
27.0 0.72 0.26 
27.5 0.73 0.25 
28.0 0.75 0.23 
29.0 0.77 0.22 
30.0 0.78 0.21 


=> 
Cobalt, single crystal, E || c5 


0.10 6.71 37.87 
0.15 4.66 25.47 
0.20 3.55 18.78 
0.25 3.98 14.59 
0.30 4.04 12.16 
0.40 4.24 9.13 
0.50 4.41 7.19 
0.60 4.91 6.13 
0.70 5.24 5.85 
0.80 5.17 5.89 
0.90 4.94 5.95 

00 4.46 5.86 

10 4.07 5.61 

20 3.81 5.36 

30 3.60 5.20 

40 3.37 5.09 

50 3.10 4.96 

.60 2.84 4.77 

70 2.66 4.57 

80 2.45 4.41 

90 2.31 418 
2.00 2.21 4.00 
2.10 2.13 3.85 
2.20 2.07 3.70 
2.30 2.01 3.59 
2.40 1.95 3.49 
2.50 1.88 3.40 
2.60 1.81 3:32 
2.70 1.73 3.24 
2.80 1.66 3.13 
2.90 1.61 3.05 
3.00 1.55 2.96 
3.20 1.46 2.80 
3.40 1.38 2.64 
3.60 1.31 2.48 
3.80 1.28 2.33 
4.00 1.26 2.20 
4.20 1.25 2.10 
4.40 1.24 2.01 
4.60 1.24 1.94 
4.80 1.23 1.88 
5.00 1.22 1.83 
5.20 1.21 1.79 
5.40 1.19 1.77 


12-135 


RQ - 0) 


0.130 
0.129 
0.121 
0.116 
0.112 
0.109 
0.105 
0.101 
0.096 
0.089 
0.080 
0.072 
0.063 
0.055 
0.048 
0.043 
0.037 
0.032 
0.030 


0.982 
0.973 
0.962 
0.933 
0.907 
0.847 
0.782 
0.729 
0.713 
0.716 
0.720 
0.722 
0.715 
0.706 
0.701 
0.701 
0.701 
0.697 
0.690 
0.687 
0.675 
0.664 
0.654 
0.642 
0.634 
0.627 
0.622 
0.618 
0.615 
0.607 
0.600 
0.594 
0.579 
0.563 
0.544 
0.519 
0.495 
0.47 
0.452 
0.435 
0.423 
0.41 
0.403 
0.399 


Energy (eV) 


5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.00 
7.40 
7.60 
7.80 
8.00 


n 


1.16 
1.10 
1.03 
0.97 
0.94 
0.91 
0.91 
0.91 
0.91 
0.92 
0.93 
0.94 
0.95 


k 


1.75 
1.73 
1.68 
1.62 
1.53 
1.46 
1.38 
1.32 
1.26 
1.21 
1.17 
1.13 
1.09 


же A 
Cobalt, single crystal, E L c5 


0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 


5.83 
4.24 
3.87 
4.34 
4.66 
5.17 
Э: 
6.15 
6.08 
5.57 
4.83 
4.31 
4.02 
3.78 
3.55 
3.26 
3.03 
2.83 
2.61 
2.41 
2.25 
2.13 
2.04 
1.99 
1.95 
1.90 
1.86 
1.79 
1.72 
1.66 
1.60 
1.50 
1.42 
1.36 
1.33 
1.31 
1.28 
1.27 
1.26 
1.25 
124 
1.22 
1.21 
1.17 
1.11 
1.04 
0.98 
0.94 
0.92 
0.91 


32.36 
21.37 
15.53 
10.01 
7.39 
5.75 
5.17 
5.20 
5.61 
5.93 
5.94 
5.60 
5.34 
5.16 
5.05 
4.93 
4.74 
4.60 
4.45 
4.27 
4.09 
3.89 
3.72 
3.56 
3.44 
3.34 
3.26 
3.19 
3.11 
3.03 
2.94 
2.78 
2.62 
2.47 
2.33 
2.21 
2.12 
2.03 
1.95 
1.90 
1.84 
1.80 
1.78 
1.76 
1.74 
1.69 
1.62 
1.54 
1.46 
1.38 


К(ф = 0) 


0.400 
0.406 
0.407 
0.401 
0.386 
0.368 
0.345 
0.326 
0.305 
0.286 
0.269 
0.253 
0.239 


0.979 
0.965 
0.042 
0.865 
0.785 
0.709 
0.682 
0.685 
0.702 
0.715 
0.721 
0.711 
0.701 
0.694 
0.692 
0.692 
0.687 
0.684 
0.683 
0.677 
0.670 
0.659 
0.646 
0.632 
0.620 
0.611 
0.605 
0.602 
0.596 
0.591 
0.586 
0.571 
0.553 
0.533 
0.511 
0.488 
0.471 
0.452 
0.435 
0.423 
0.411 
0.403 
0.399 
0.400 
0.406 
0.407 
0.401 
0.386 
0.368 
0.345 


Епегву (еУ) 


7.00 
7.20 
7.40 
7.60 
7.80 


Copper® 
0.10 
0.50 
1.00 
1.50 
1.70 
1.75 
1.80 
1.85 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
0.00 
1.00 
2.00 
3.00 
4.00 
4.50 
5.00 
5.50 
6.00 
7.00 
8.00 
9.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 


п 


0.91 
0.91 
0.92 
0.93 
0.94 


29.69 
1.71 
0.44 
0.26 
0.22 
0.21 
0.21 
0.22 
0.21 
0.27 
0.47 
0.83 
1.04 
1.12 
1.15 
1.17 
1.18 
1.23 
1.27 
1.31 
1.34 
1.34 
1.42 
1.49 
1.52 
1.53 
1.47 
1.38 
1.28 
1.18 
1.10 
1.04 
0.96 
0.97 
1.00 
1.03 
1.03 
1.03 
1.03 
1.04 
1.07 
1.09 
1.08 
1.06 
1.03 
1.01 
0.98 
0.95 
0.91 
0.89 
0.88 
0.88 
0.90 
0.92 
0.94 
0.96 
0.96 
0.92 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


1.32 
1.26 
1.21 
1.17 
1.13 


71.57 
17.63 
8.48 
5.26 
4.43 
4.25 
4.04 
3.85 
3.67 
3.24 
2.81 
2.60 
2.59 
2.60 
2.50 
2.36 
2.21 
2.07 
1.95 
1.87 
1.81 
1.72 
1.64 
1.64 
1.67 
1.71 
1.78 
1.80 
1.78 
1.74 
1.67 
1.59 
1.37 
1.20 
1.09 
1.03 
0.98 
0.92 
0.87 
0.82 
0.75 
0.73 
0.72 
0.72 
0.72 
0.71 
0.69 
0.67 
0.62 
0.56 
0.51 
0.45 
0.41 
0.38 
0.37 
0.37 
0.40 
0.40 


Еф = 0) 


0.326 
0.305 
0.285 
0.269 
0.253 


0.980 
0.979 
0.976 
0.965 
0.958 
0.956 
0.952 
0.947 
0.943 
0.910 
0.814 
0.673 
0.618 
0.602 
0.577 
0.545 
0.509 
0.468 
0.434 
0.407 
0.387 
0.364 
0.336 
0.329 
0.334 
0.345 
0.366 
0.380 
0.389 
0.391 
0.389 
0.380 
0.329 
0.271 
0.230 
0.206 
0.189 
0.171 
0.154 
0.139 
0.118 
0.111 
0.109 
0.111 
0.111 
0.111 
0.109 
0.106 
0.097 
0.084 
0.071 
0.059 
0.048 
0.040 
0.035 
0.035 
0.040 
0.044 


Energy (eV) 


n 


27.00 0.88 
28.00 0.86 
29.00 0.85 
30.00 0.86 
31.00 0.88 
32.00 0.89 
33.00 0.90 
34.00 0.91 
35.00 0.92 
36.00 0.92 
37.00 0.92 
38.00 0.93 
39.00 0.93 
40.00 0.93 
41.00 0.94 
42.00 0.94 
43.00 0.94 
44.00 0.95 
45.00 0.95 
46.00 0.95 
47.00 0.95 
48.00 0.95 
49.00 0.95 
50.00 0.95 
51.00 0.95 
52.00 0.95 
53.00 0.96 
54.00 0.96 
55.00 0.96 
56.00 0.96 
57.00 0.96 
58.00 0.96 
59.00 0.97 
60.00 0.97 
61.00 0.97 
62.00 0.97 
63.00 0.96 
64.00 0.96 
65.00 0.97 
66.00 0.97 
67.00 0.97 
68.00 0.97 
69.00 0.97 
70.00 0.97 
75.00 0.98 
80.00 0.98 
85.00 0.97 
90.00 0.96 
Gallium (liquid) 
1.425 2.40 
1.550 2.09 
1.771 1.65 
2.066 1.25 
2.480 0.89 
3.100 0.59 


Germanium, single crystal? 


0.01240 
0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 


(4.0065) 
4.0063 

(4.0060) 
(4.0060) 
(4.0060) 


k 


0.38 
0.35 
0.30 
0.26 
0.24 
0.22 
0.21 
0.20 
0.20 
0.19 
0.19 
0.18 
0.17 
0.17 
0.16 
0.16 
0.15 
0.15 
0.15 
0.15 
0.14 
0.14 
0.14 
0.13 
0.13 
0.13 
0.12 
0.12 
0.12 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.10 
0.10 
0.10 
0.10 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.08 


9.20 
8.50 
7.60 
6.60 
5.60 
4.50 


3.00Е-03 
2.40Е-03 
1.70Е-03 
1.55Е-03 
1.50Е-03 
1.50Е-03 
1.60Е-03 


12-136 


К(ф = 0) 


0.043 
0.039 
0.032 
0.025 
0.020 
0.017 
0.015 
0.014 
0.013 
0.012 
0.011 
0.010 
0.009 
0.009 
0.008 
0.007 
0.007 
0.007 
0.006 
0.006 
0.006 
0.006 
0.005 
0.005 
0.005 
0.005 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 


0.900 
0.898 
0.898 
0.897 
0.898 
0.896 


0.361 
0.361 
0.361 
0.361 
0.361 


Energy (eV) 


0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02852 
0.02976 
0.03100 
0.03224 
0.03348 
0.03472 
0.03596 
0.03720 
0.03844 
0.03968 
0.04092 
0.04215 
0.04339 
0.04463 
0.04587 
0.04711 
0.04835 
0.04959 
0.05083 
0.05207 
0.05331 
0.05455 
0.05579 
0.05703 
0.05827 
0.05951 
0.06075 
0.06199 
0.06323 
0.06447 
0.06571 
0.06695 
0.06819 
0.06943 
0.07067 
0.07191 
0.07315 
0.07439 
0.07514 
0.07749 
0.07999 
0.08266 
0.08551 
0.08920 
0.09460 
0.09840 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

14 

12 

1.3 


п 


3.9827 


(3.9900) 


(3.9930) 


(3.9955) 


3.9992 


(4.0000) 


4.0009 
4.0011 
4.0013 
4.0015 


4.0063 
4.0108 
4.0246 
4.0429 

(4.074) 

(4.104) 
4.180 
4.275 
4.285 
4.325 
4.385 
4.420 
4.495 


k 


1.60E-03 
1.55E-03 
1.53E-03 
1.50E-03 
1.25E-03 
8.50E-04 
6.50E-04 
7.00E-04 
8.50E-04 
1.55E-03 
2.75Е-03 
3.55Е-03 
3.05Е-03 
2.75Е-03 
2.70Е-03 
2.90Е-03 
2.95Е-03 
3.20Е-03 
6.30Е-03 
3.40Е-03 
2.50Е-03 
2.10Е-03 
2.00Е-03 
8.00Е-04 
1.40Е-03 
1.35Е-03 
1.10Е-03 
8.00Е-04 
6.00Е-04 
9.0 Е-04 
6.5 Е-04 
4.6 Е-04 
4.0 Е-04 
3.98Е-04 
4.0 Е-04 
4.3 Е-04 
4.4 Е-04 
4.3 Е-04 
3.1 Е-04 
3.3 Е-04 
3.8 Е-04 
3.3 Е-04 
2.5 Е-04 
1.9 Е-04 
1.58Е-04 
9.55Е-05 
1.71Е-04 
9.78Е-05 
5.77Е-05 
3.98Е-05 
4.59Е-05 
3.51Е-05 
3.70Е-05 


6.58E-07 
1.27E-04 
5.67E-03 
7.45E-02 
8.09E-02 
0.103 
0.123 
0.167 


К(ф = 0) 


0.358 


0.359 


0.359 


0.360 


0.360 


0.360 


0.360 
0.360 
0.360 
0.360 


0.361 
0.361 
0.362 
0.364 
0.367 
0.370 
0.377 
0.385 
0.386 
0.390 
0.395 
0.398 
0.405 


Епегву (еУ) 


1.4 
1.5 
1.6 
17 
1.8 
1.9 
2.0 
24 
2:2: 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
32 
3.3 
34 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
54 
5.2 
5.3 
5.4 
5.5 
5.6 
5:7 
5.8 
59 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 


n 


4.560 
4.635 
4.763 
4.897 
5.067 
5.380 
5.588 
5.748 
5.283 
5.062 
4.610 


.180 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


0.190 
0.298 
0.345 
0.401 
0.500 
0.540 
0.933 
1.634 
2.049 
2.318 
2.455 
2.384 
2.309 
2.240 
2.181 
2.140 
2.145 
2.215 
2.340 
2.469 
2.579 
2.667 
2.759 
2.863 
2.986 
3.137 
3.336 
3.614 
4.009 
4.507 
4.669 
4.297 
3.960 
3.709 
3.509 
3.342 
3.197 
3.073 
2.973 
2.897 
2.854 
2.842 
2.846 
2.163 
2.873 
2.813 
2.34 
2.05 
1.80 
1.60 
1.40 
1.20 
1.14 
1.00 
0.86 
0.237 
0.179 
0.144 
0.110 
0.0747 
0.1020 
0.0999 
0.0856 
0.0740 
0.0651 


Еф = 0) 


0411 
0.418 
0.428 
0.439 
0.453 
0.475 
0.495 
0.523 
0.516 
0.519 
0.508 
0.492 
0.480 
0.471 
0.464 
0.461 
0.463 
0.471 
0.482 
0.490 
0.497 
0.502 
0.509 
0.517 
0.527 
0.539 
0.556 
0.579 
0.612 
0.659 
0.705 
0.713 
0.702 
0.690 
0.677 
0.664 
0.650 
0.636 
0.622 
0.609 
0.600 
0.598 
0.602 
0.479 
0.632 
0.641 
0.517 
0.489 
0.448 


0.348 
0.282 
0.262 


0.167 


Energy (eV) 


40.0 


n 


k 


0.0604 


Gold, electropolished, Au (110)? 


0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.10 
2.20 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
410 
20 
.30 
40 
50 


8.17 
2.13 
0.99 
0.59 
0.39 
0.28 
0.22 
0.18 
0.15 
0.13 
0.10 
0.08 
0.08 
0.09 
0.13 
0.18 
0.24 
0.50 
0.82 
1.24 
1.43 
1.46 
1.50 
1.54 
1.54 
1.54 
1.55 
1.56 
1.58 
1.62 
1.64 
1.63 
1.59 
1.55 
1.51 
1.48 
1.45 
1.41 
1.35 
1.30 
1.27 
1.25 
1.23 
1.22 
1.21 
1.21 
1.21 
1.21 
1.22 
1.24 
1.25 
1.27 
1.30 
1.34 
1.36 
1.38 
1.38 
1.35 
1.31 
1.30 
1.30 
1.31 


82.83 
41.73 
27.82 
20.83 
16.61 
13.78 
11.75 
10.21 
9.01 
8.03 
6.54 
5.44 
4.56 
3.82 
3.16 
2.84 
2.54 
1.86 
1.59 
1.54 
1.72 
1.77 
1.79 
1.80 
1.81 
1.80 
1.78 
1.76 
1.73 
1.73 
1.75 
1.79 
1.81 
1.81 
1.79 
1.78 
1.77 
1.76 
1.74 
1.69 
1.64 
1.59 
1.54 
1.49 
1.40 
1.33 
1.27 
1.20 
1.14 
1.09 
1.05 
1.01 
0.97 
0.95 
0.95 
0.96 
0.98 
0.99 
0.96 
0.92 
0.89 
0.88 


12-137 


RO = 0) 


0,995 
0.995 
0.995 
0.995 
0.994 
0.994 
0.994 
0.993 
0,993 
0.992 
0.991 
0.989 
0.986 
0.979 
0.953 
0.925 
0.880 
0.647 
0.438 
0.331 
0.356 
0.368 
0.368 
0.369 
0.371 
0.368 
0.362 
0.356 
0.349 
0.346 
0.351 
0.360 
0.366 
0.369 
0.368 
0.367 
0.368 
0.370 
0.370 
0.364 
0.354 
0.344 
0.332 
0.319 
0.295 
0.275 
0.256 
0.236 
0.218 
0.203 
0.190 
0.177 
0.167 
0.162 
0.161 
0.164 
0.169 
0.171 
0.165 
0.155 
0.147 
0.144 


Energy (eV) 


8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.20 
5.60 
6.00 
6.40 
6.80 
7.20 
7.60 
8.00 
8.40 
8.80 
9.20 
9.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.40 
24.80 
25.20 
25.60 
26.00 
26.40 
26.80 
27.20 
27.60 
28.00 
28.40 
28.80 
29.20 
29.60 
30.00 


п 


1.31 
1.30 
1.31 
1.33 
1.36 
1.37 
1.37 
1.36 
1.35 
1.34 
1.34 
1.34 
1.34 
1.35 
1.36 
1.38 
1.39 
1.44 
1.45 
1.42 
1.37 
1.33 
1:29 
1.26 
1.24 
1.22 
1.21 
1.20 
1.19 
1.19 
1.19 
1.19 
1.19 
1.20 
1.21 
1.21 
1.18 
1.14 
1.10 
1.05 
1.00 
0.94 
0.89 
0.85 
0.82 
0.80 
0.80 
0.80 
0.80 
0.82 
0.83 
0.84 
0.85 
0.85 
0.86 
0.86 
0.87 
0.88 
0.88 
0.88 
0.87 
0.86 


k 


0.86 
0.83 
0.81 
0.78 
0.78 
0.79 
0.80 
0.80 
0.80 
0.79 
0.77 
0.76 
0.74 
0.73 
0.72 
0.71 
0.71 
0.73 
0.79 
0.84 
0.86 
0.86 
0.86 
0.84 
0.83 
0.81 
0.79 
0.78 
0.76 
0.75 
0.74 
0.74 
0.73 
0.74 
0.76 
0.80 
0.83 
0.85 
0.87 
0.88 
0.88 
0.86 
0.83 
0.79 
0.75 
0.70 
0.66 
0.62 
0.58 
0.56 
0.54 
0.52 
0.51 
0.50 
0.49 
0.49 
0.48 
0.48 
0.48 
0.48 
0.48 
0.48 


5% 
Hafnium, single crystal, E || с19 


0.52 


1.48 


4.11 


Еф = 0) 


0.140 
0.133 
0.126 
0.122 
0.121 
0.124 
0.126 
0.127 
0.125 
0.123 
0.120 
0.116 
0.113 
0.111 
0.109 
0.108 
0.109 
0.115 
0.127 
0.137 
0.140 
0.140 
0.139 
0.135 
0.132 
0.127 
0.123 
0.119 
0.116 
0.114 
0.111 
0.109 
0.109 
0.110 
0.116 
0.125 
0.133 
0.141 
0.149 
0.156 
0.162 
0.164 
0.163 
0.157 
0.149 
0.138 
0.125 
0.113 
0.101 
0.090 
0.084 
0.079 
0.074 
0.071 
0.068 
0.065 
0.063 
0.062 
0.062 
0.062 
0.064 
0.064 


0.747 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


Energy (eV) n k К(ф= 0) | Energy (eV) n k К(ф= 0) | Energy (eV) n k К(ф= 0) 
0.56 1.84 3.29 0.615 8.20 1.43 1.01 0.178 1.40 3.61 3.36 0.561 
0.60 2.34 2.62 0.486 8.40 1.45 1.01 0.180 1.50 3.55 3.13 0.540 
0.66 3.21 2.13 0.428 8.60 1.47 1.02 0.183 1.60 3.58 3.01 0.529 
0.70 3.70 2.03 0.441 8.80 1.48 1.04 0.186 1.70 3.63 2.98 0.526 
0.76 4.31 2.10 0.476 9.00 1.49 1.07 0.193 1.80 3.66 3.02 0.530 
0.80 4.61 2.31 0.504 9.20 1.50 1.10 0.201 1.90 3.63 3.14 0.541 
0.86 471 2.70 0.533 9.40 1.48 1.14 0.211 2.00 3.51 3.26 0.551 
0.90 4.64 2.85 0.541 9.60 1.46 1.18 0.222 2.10 3.35 3.33 0.558 
0.95 4.54 2.96 0.545 9.80 1.41 1.21 0.230 2.20 3.18 3.36 0.563 
1.00 4.45 3.00 0.545 10.00 1.36 1.22 0.235 2.30 2.99 3.39 0.568 
1.10 4.28 3.08 0.547 10.20 1.32 1.22 0.238 2.40 2.78 3.35 0.569 
120 4.08 3.10 0.544 10.40 1.28 1.22 0.240 2.50 2.65 3.26 0.562 
1.30 3.87 3.04 0.536 10.60 1.24 1.21 0.241 2.60 2.54 3.22 0.560 
1.40 372 2.95 0.525 10.80 1.20 1.20 0.242 2.70 2.42 3.17 0.559 
1.50 3.60 2.85 0.514 11.00 1.16 1.19 0.242 2.80 2.31 3.13 0.558 
1.60 3.52 2.73 0.500 11.20 1.13 1.17 0.241 2.90 2.20 3.08 0.558 
1.70 3:52 2.61 0.488 11.40 1.10 1.16 0.241 3.00 2.08 3.05 0.561 
1.80 3.57 2.56 0.485 11.60 1.07 1.14 0.239 3.10 1.94 2.98 0.560 
1.90 3.63 2.59 0.489 11.80 1.04 1.12 0.238 3.20 1.83 2.88 0.555 
2.00 3.65 2.67 0.498 12.00 1.02 1.10 0.236 3.30 1.74 2.78 0.547 
2.10 3.64 2.81 0.511 12.40 0.96 1.06 0.232 3.40 1.68 2.69 0.538 
2.20 3.53 2.99 0.526 12.80 0.92 1.01 0.225 3.50 1.62 2.61 0.529 
2.30 3.34 3.09 0.534 13.20 0.88 0.96 0.218 3.60 1.57 2.52 0.519 
2.40 3.15 3.11 0.537 13.60 0.84 0.90 0.205 3.70 1.53 2.45 0.510 
2.50 2.99 3.13 0.540 14.00 0.83 0.83 0.186 3.80 1.49 2.38 0.501 
2.60 2.83 3.12 0.542 14.40 0.83 0.80 0.172 3.90 1,45 2132 0.493 
2.70 2.68 3.10 0.542 14.80 0.81 0.76 0.167 4.00 1.41 2.25 0.484 
2.80 2.54 3.08 0.543 15.20 0.79 0.70 0.153 4.10 1.38 2.18 0.474 
2.90 2.40 3.04 0.544 15.60 0.79 0.64 0.132 4.20 1.35 2.11 0.462 
3.00 2.27 3.00 0.544 16.00 0.83 0.60 0.111 4.30 1.33 2.05 0.451 
3.10 2.14 2.95 0.544 16.40 0.81 0.60 0.114 4.40 1.31 1.99 0.438 
3.20 2.00 2.89 0.544 16.80 0.79 0.55 0.105 4.50 1.30 1.93 0.427 
3.30 1.87 2.79 0.538 17.20 0.79 0.50 0.089 4.60 1.29 1.88 0.415 
3.40 1.78 2.68 0.528 17.60 0.80 0.46 0.077 4.70 1.28 1.82 0.402 
3.50 1.71 2.58 0.517 18.00 0.81 0.42 0.064 4.80 1.28 1.77 0.389 
3.60 1.66 2.48 0.503 18.40 0.84 0.38 0.051 4.90 1.27 1.73 0.379 
3.70 1.63 2.40 0.491 18.80 0.87 0.34 0.040 5.00 1:27: 1.69 0.367 
3.80 1.60 2.33 0.481 19.00 0.89 0.33 0.036 5.20 1.27 1.62 0.349 
3.90 1.56 2.27 0.473 19.60 0.93 0.32 0.030 5.40 1:27 1.57 0.335 
4.00 1.52 2.21 0.466 20.00 0.94 0.31 0.027 5.60 1.26 1.52 0.322 
410 1.48 2.14 0.455 20.60 0.97 0.30 0.023 5.80 124 1.48 0.313 
4.20 1.45 2.07 0.442 21.00 0.99 0.29 0.022 6.00 1.21 1.42 0.302 
4.30 1.43 2.01 0.431 21.60 1.01 0.28 0.020 6.20 1.19 1.36 0.285 
4.40 1.41 1.95 0.420 22.00 1.03 0.28 0.020 6.40 1.18 1.29 0.265 
4.50 1.39 1.89 0.407 22.60 1.06 0.28 0.020 6.60 1.19 1.22 0.244 
4.60 1.39 1.83 0.394 23.00 1.07 0.28 0.021 6.80 1.21 1.18 0.230 
4.70 1.39 1.79 0.382 23.60 1.09 0.29 0.022 7.00 1.22 1.14 0.217 
4.80 1.38 1.75 0.373 24.00 1.09 0.30 0.023 7.20 1.23 1.10 0.206 
4.90 1.38 1.71 0.364 24.60 1.10 0.31 0.024 7.40 1.26 1.06 0.194 
5.00 1.37 1.68 0.356 х 7.60 1.28 1.04 0.187 
5.20 1.36 1.61 0.341 Hafnium, single crystal, Е 1 сю 7.80 1.30 1.02 0.180 
5.40 1.35 1.55 0.324 0.52 225 4.65 0.723 8.00 1.33 1.00 0.174 
5.60 1.35 1.51 0.314 0.56 2.34 3.66 0.623 8.20 1.35 0.99 0.173 
5.80 1.32 1.48 0.308 0.60 2.84 2.89 0.512 8.40 1.38 0.99 0.173 
6.00 1.28 1.41 0.295 0.66 3.71 2135 0.469 8.60 1.40 1.00 0.174 
6.20 1.26 1.35 0.278 0.70 4.26 2.21 0.482 8.80 1.42 1.02 0.178 
6.40 1.26 1.28 0.258 0.76 4.97 2.33 0.521 9.00 1.43 1.04 0.184 
6.60 1.27 122 0.240 0.80 5.41 2.62 0.554 9.20 1.45 1.08 0.193 
6.80 1.28 1.16 0.224 0.86 5.46 3.36 0.593 9.40 1.43 1.12 0.204 
7.00 131 1.13 0.212 0.90 5.22 3.62 0.601 9.60 1.40 1.16 0.214 
7.20 1.33 1.10 0.204 0.95 4.95 3:72 0.602 9.80 1.37 1.19 0.223 
7.40 1.34 1.07 0.197 1.00 476 3.76 0.602 10.00 1.32 1.21 0.230 
7.60 1.36 1.05 0.191 1.10 4.43 3.80 0.601 10.20 1.27 1.21 0.234 
7.80 1.37 1.02 0.183 1.20 4.07 3.74 0.594 10.40 1.23 1.20 0.235 
8.00 1.40 1.01 0.179 1.30 3.79 3.55 0.578 10.60 1.19 1.20 0.237 


12-138 


Energy (eV) n 


0.80 1.15 
1.00 1.12 
1.20 1.08 
1.40 1.05 
1.60 1.03 
1.80 1.00 
2.00 0.97 
2.40 0.92 
2.80 0.88 
3.20 0.83 
3.60 0.80 
4.00 0.79 
4.40 0.80 
4.80 0.77 
5.20 0.76 
5.60 0.76 
6.00 0.81 
6.40 0.78 
6.80 0.77 
7.20 0.77 
7.60 0.79 
8.00 0.80 
8.40 0.82 
8.80 0.86 
9.00 0.88 
9.60 0.91 
20.00 0.93 
20.60 0.96 
21.00 0.97 
21.60 1.00 
22.00 1.01 
22.60 1.03 
23.00 1.05 
23.60 1.06 
24.00 1.07 
24.60 1.09 
Iridium" 
0.10 28.49 
0.15 15.32 
0.20 9.69 
0.25 6.86 
0.30 5.16 
0.35 4.11 
0.40 3.42 
0.45 3.05 
0.50 2.98 
0.60 2.79 
0.70 2.93 
0.80 314 
0.90 3,19 
1.00 3,15 
1.10 3.04 
1.20 2.96 
1.30 2.85 
1.40 2.72 
1.50 2.65 
1.60 2.68 
1.70 2.69 
1.80 2.64 
1.90 2.57 
2.00 2.50 
2.10 2.40 
2.20 2.29 
2.30 2.18 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


1.19 
1.17 
1.16 
1.14 
1.12 
1.10 
1.08 
1.04 
0.99 
0.94 
0.88 
0.81 
0.77 
0.73 
0.68 
0.61 
0.58 
0.57 
0.53 
0.48 
0.44 
0.39 
0.36 
0.33 
0.32 
0.31 
0.30 
0.29 
0.29 
0.28 
0.28 
0.27 
0.28 
0.28 
0.29 
0.30 


60.62 
45.15 
35.34 
28.84 
24.25 
20.79 
18.06 
15.82 
14.06 
11.58 
9.78 
8.61 
7.88 
7.31 
6.84 
6.41 
6.07 
5.74 
5.39 
5.08 
4.92 
4.81 
4.68 
4.57 
4.48 
4.38 
4.26 


R( = 0) 


0.237 
0.237 
0.237 
0.236 
0.235 
0.233 
0.231 
0.226 
0.219 
0.211 
0.196 
0.177 
0.160 
0.154 
0.140 
0.119 
0.099 
0.102 
0.092 
0.077 
0.065 
0.053 
0.041 
0.032 
0.030 
0.025 
0.023 
0.021 
0.020 
0.019 
0.019 
0.018 
0.019 
0.020 
0.021 
0.022 


0.975 
0.973 
0.972 
0.969 
0.967 
0.964 
0.960 
0.954 
0.944 
0.925 
0.895 
0.862 
0.840 
0.822 
0.808 
0.791 
0.779 
0.767 
0.750 
0.728 
0.716 
0.710 
0.704 
0.699 
0.697 
0.695 
0.692 


Energy (eV) 


2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
520 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.20 


n 


2.07 
1.98 
1.91 
1.85 
1.81 
1.77 
1.73 
1.62 
1.53 
1.52 
1.61 
1.64 
1.58 
1.45 
1.31 
1.18 
1.10 
1.04 
1.00 
0.98 
0.96 
0.95 
0.94 
0.94 
0.94 
0.95 
0.97 
0.99 
1.02 
1.03 
1.08 
1.13 
1.18 
1.22 
1.26 
1.29 
1.33 
1.36 
1.39 
1.42 
1.44 
1.45 
1.45 
1.44 
1.43 
1.41 
1.38 
1.34 
1.31 
1.28 
1.25 
1.24 
1.21 
1.19 
1.18 
1.17 
1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.23 
1.25 
1.28 


k 


4.14 
4.00 
3.86 
3.73 
3.61 
3.51 
3.43 
3.26 
3.05 
2.81 
2.69 
2.68 
271 
2.68 
2.60 
2.49 
2.35 
222 
2.09 
1.98 
1.86 
1.78 
1.68 
1.59 
1.50 
1.42 
1.34 
1.27 
1.20 
1.14 
1.06 
1.03 
1.00 
0.98 
0.96 
0.95 
0.94 
0.95 
0.95 
0.97 
0.99 
1.01 
1.04 
1.07 
1.09 
1.12 
1.13 
1.14 
1.13 
1.12 
1.10 
1.08 
1.05 
1.01 
0.98 
0.95 
0.91 
0.88 
0.87 
0.84 
0.83 
0.83 
0.82 
0.82 
0.83 


12-139 


RQ - 0) 


0.689 
0.682 
0.673 
0.665 
0.655 
0.646 
0.640 
0.629 
0.610 
0.573 
0.541 
0.535 
0.549 
0.561 
0.567 
0.570 
0.559 
0.543 
0.522 
0.499 
0.474 
0.454 
0.427 
0.401 
0.375 
0.345 
0.318 
0.290 
0.262 
0.24 
0.208 
0.19 
0.179 
0.17 

0.164 
0.160 
0.157 
0.159 
0.16 
0.163 
0.169 
0.175 
0.182 
0.187 
0.193 
0.200 
0.206 
0.208 
0.208 
0.206 
0.203 
0.199 
0.191 
0.181 
0.173 
0.165 
0.155 
0.147 
0.142 
0.136 
0.133 
0.131 
0.129 
0.127 
0.131 


Energy (eV) 


17.60 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
32.00 
34.00 
36.00 
38.00 
40.00 


Ігоп5 
0.10 
0.15 
0.20 
0.26 
0.30 
0.36 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


n 


1.30 
1.30 
1.27 
124 
1.20 
1.15 
1.10 
1.04 
0.99 
0.94 
0.89 
0.84 
0.79 
0.76 
0.73 
0.70 
0.69 
0.68 
0.67 
0.67 
0.66 
0.66 
0.66 
0.66 
0.65 
0.64 
0.64 
0.62 
0.64 
0.69 
0.73 
0.76 


6.41 
6.26 
3.68 
4.98 
4.87 
4.68 
4.42 
4.14 
3.93 
3.78 
3.65 
3.52 
3.43 
3.33 
3.24 
3.16 
3.12 
3.05 
3.00 
2.98 
292 
2.89 
2.85 
2.80 
2.74 
2.65 
2.56 
2.46 
2.34 
2.23 
2.12 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


Energy (eV) n k К(ф = 0) Energy (eV) n k К(ф = 0) Епегву (еУ) п К К(ф = 0) 
2.90 2.01 3.17 0.580 13.17 0.84 0.79 0.16 24.00 0.74 0.27 0.045 
3.00 1.88 3.12 0.583 13.33 0.84 0.78 0.160 24.17 0.74 0.26 0.044 
3.10 1.78 3.04 0.580 13.50 0.83 0.77 0.159 24.33 0.74 0.26 0.043 
3.20 1.70 2.96 0.576 13.67 0.82 0.76 0.157 24.50 0.74 0.25 0.042 
3.30 1.62 2.87 0.572 13.83 0.81 0.75 0.154 24.67 0.75 0.25 0.040 
3.40 1.55 2.79 0.565 14.00 0.81 0.73 0.15 24.83 0.75 0.24 0.039 
3.50 1.50 2.70 0.556 14.17 0.80 0.72 0.149 25.00 0.75 0.24 0.038 
3.60 1.47 2.63 0.548 14.33 0.80 0.71 0.146 26.00 0.76 0.21 0.03 
3.70 1.43 2.56 0.542 14.50 0.79 0.79 0.144 27.00 0.78 0.18 0.026 
3.83 1.38 2.49 0.534 14.67 0.79 0.69 0.14 28.00 0.79 0.16 0.02 
4.00 1.30 2.39 0.527 14.83 0.78 0.67 0.138 29.00 0.81 0.14 0.017 
4.17 1.26 2.27 0.510 15.00 0.78 0.66 0.135 30.00 0.82 0.13 0.014 
4.33 1.23 2.18 0.494 15.17 0.78 0.65 0.13 
4.50 1.20 2.10 0.482 15.33 0.78 0.64 0.238 Lithium”? 

4.67 1.16 2.02 0.470 15.50 0.77 0.63 0.126 0.14 0.659 38.0 0.998 
4.83 1.14 1.93 0.451 15.67 0.77 0.62 0.123 0.54 0.661 12.6 0.984 
5.00 1.14 1.87 0.435 15.83 0.77 0.61 0.119 0.75 0.561 7.68 0.963 
5.17 1.12 1.81 0.425 16.00 0.77 0.60 0.116 1.05 0.448 5.58 0.946 
5.33 1.11 1.75 0.408 16.17 0.78 0.58 0.112 1.35 0.338 4.36 0.935 
5.50 1.09 1.17 0.401 16.33 0.78 0.58 0.110 1.65 0.265 3.55 0.925 
5.67 1.09 1.65 0.383 16.50 0.78 0.57 0.107 1.95 0.221 2.94 0.913 
5.83 1.10 1.61 0.373 16.67 0.77 0.56 0.106 2.25 0.206 2.48 0.892 
6.00 1.09 1.59 0.366 16.83 0.78 0.55 0.103 2.55 0.217 2.11 0.854 
6.17 1.08 1.57 0.365 17.00 0.78 0.55 0.102 2.85 0.247 1.82 0.797 
6.33 1.04 1.55 0.365 17.17 0.78 0.54 0.100 3.15 0.304 1.60 0.715 
6.50 1.02 1.51 0.358 17.33 0.78 0.54 0.098 3.45 0.334 1.45 0.656 
6.67 1.00 1.47 0.351 17.50 0.77 0.53 0.097 3.75 0.345 1.32 0.611 
6.83 0.97 1.43 0.346 17.67 0.77 0.52 0.095 4.05 0.346 1.21 0.578 
7.00 0.96 1.39 0.333 17.83 0.78 0.51 0.092 4.35 0.333 1.11 0.557 
7.7 0.94 1.35 0.327 18.00 0.78 0.51 0.091 4.65 0.317 1.01 0.540 
7.33 0.94 1.30 0.311 18.17 0.78 0.51 0.090 4.95 0.302 0.906 0.520 
7.50 0.94 1.26 0.298 18.33 0.78 0.50 0.089 5.25 0.299 0.795 0.484 
7.67 0.94 1.23 0.288 18.50 0.77 0.50 0.089 5.55 0.310 0.688 0.434 
7.83 0.94 1.21 0.279 18.67 0.77 0.50 0.088 5.85 0.342 0.594 0.365 
8.00 0.94 1.18 0.272 18.83 0.77 0.49 0.087 6.15 0.376 0.522 0.306 
8.17 0.94 1.16 0.265 19.00 0.77 0.49 0.087 6.45 0.408 0.460 0.256 
8.33 0.94 1.14 0.258 19.17 0.76 0.49 0.088 6.75 0.440 0.407 0.214 
8.50 0.94 1.12 0.251 19.33 0.76 0.48 0.087 7.05 0.466 0.364 0.183 
8.67 0.94 1.10 0.246 19.50 0.75 0.47 0.086 7.35 0.492 0.320 0.155 
8.83 0.92 1.08 0.240 19.67 0.75 0.47 0.085 7.65 0.517 0.282 0.13 
9.00 0.93 1.07 0.236 19.83 0.75 0.46 0.084 7.95 0.545 0.246 0.109 
9.17 0.92 1.06 0.233 20.00 0.74 0.45 0.083 8.25 0.572 0.214 0.09 
9.33 0.91 1.04 0.231 20.17 0.74 0.44 0.081 8.55 0.601 0.189 0.075 
9.50 0.90 1.02 0.226 20.33 0.74 0.44 0.081 8.85 0.624 0.163 0.063 
9.67 0.90 1.00 0.221 20.50 0.74 0.42 0.080 9.15 0.657 0.144 0.050 
9.83 0.89 0.99 0.218 20.67 0.73 0.43 0.079 9.45 0.680 0.130 0.042 
0.00 0.88 0.97 0.213 20.83 0.73 0.42 0.078 9.75 0.708 0.119 0.034 
0.17 0.87 0.94 0.203 21.00 0.73 0.41 0.077 10.1 0.726 0.108 0.029 
0.33 0.87 0.91 0.196 21.17 0.72 0.40 0.076 10.4 0.743 0.102 0.025 
0.50 0.87 0.89 0.189 21.33 0.72 0.39 0.074 10.6 0.753 0.080 0.022 
0.67 0.88 0.87 0.179 21.50 0.72 0.38 0.073 

0.83 0.89 0.85 0.170 21.67 0.72 0.38 0.071 Magnesium (evaporated)? 

1.00 0.91 0.83 0.162 21.83 0.72 0.37 0.070 2.145 0.48 371 0.880 
1.17 0.92 0.83 0.159 22.00 0.72 0.36 0.068 2.270 0.57 3.47 0.843 
1.33 0.93 0.84 0.159 22.17 0.71 0.35 0.067 2.522 0.53 2.92 0.805 
1.50 0.93 0.84 0.160 22.33 0.72 0.34 0.064 2.845 0.52 2.65 0.777 
1.67 0.93 0.84 0.162 22.50 0.72 0.34 0.063 3.064 0.52 2.05 0.681 
1.83 0.92 0.84 0.163 22.67 0.72 0.33 0.062 5.167 0.10 1.60 0.894 
2.00 0.91 0.84 0.163 22.83 0.72 0.32 0.059 5.636 0.15 1.50 0.832 
2.17 0.90 0.84 0.165 23.00 0.72 0.31 0.058 6.200 0.20 1.40 0.765 
2:33 0.89 0.83 0.164 23.17 0.72 0.30 0.056 6.889 0.25 1.30 0.693 
2.50 0.98 0.83 0.165 23.33 0.72 0.29 0.054 7.150 0.20 1.20 0.722 
2.67 0.87 0.82 0.166 23.50 0.73 0.28 0.050 8.857 0.15 0.95 0.730 
2.83 0.86 0.81 0.166 23.67 0.73 0.28 0.049 10.335 0.25 0.40 0.419 
3.00 0.85 0.80 0.162 23.83 0.74 0.27 0.047 


12-140 


Energy (eV) 


Manganese!4 
0.64 
0.77 
0.89 
1.02 
1.14 
1.26 
1.39 
1.51 
1.64 
1.76 
1.88 
2.01 
2.13 
2.26 
2.38 
2.50 
2.63 
2.75 
2.88 
3.00 
3.12 
3.25 
3.37 
3.50 
3.62 
3.74 
3.87 
3.99 
4.12 
4.24 
4.36 
4.49 
4.61 
4.74 
4.86 
4.98 
5.11 
5.23 
5.36 
5.48 
5.60 
5.73 
5.85 
5.98 
6.10 
6.22 
6.35 
6.47 
6.60 


n 


3.89 
3.78 
3.65 
3.48 
3.30 
3.10 
2.97 
2.83 
2.70 
2.62 
2.56 
2.51 
2.47 
2.39 
2.32 
2.25 
2.19 
2.11 
2.06 
2.00 
1.96 
192 
1.89 
1.89 
1.87 
1.86 
1.86 
1.86 
1.86 
1.85 
1.85 
1.86 
1.85 
1.84 
1.83 
1.82 
1.82 
1.81 
1.78 
1.74 
1.73 
1.72 
1.70 
1.67 
1.63 
1.62 
1.59 
1.55 
1.48 


Mercury (liquid)!5 


0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
22 


13.99 
11:37 
9.74 
8.528 
7.574 
6.086 
4.962 
4.050 
3.324 
2.746 
2.284 
1.910 
1.620 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


k 


5.95 
5.41 
5.02 
4.74 
4.53 
4.35 
4.18 
4.03 
3.91 
3.78 
3.65 
3.54 
3.43 
3:33 
3.23 
3.14 
3.06 
2.98 
2.90 
2.82 
2.74 
2.67 
259 
2.51 
2.45 
2.38 
2.32 
2:25 
2.19 
2.14 
2.08 
2.03 
1.99 
1.94 
1.91 
1.86 
1.82 
1.79 
1.76 
1.73 
1.70 
1.67 
1.64 
1.61 
1.58 
1.55 
1.52 
1.50 
1.47 


14.27 

11.95 

10.65 
9.805 
9.195 
8.312 
7.643 
7.082 
6.558 
6.054 
5.582 
5.150 
4.751 


Еф = 0) 


0.738 
0.710 
0.688 
0.673 
0.662 
0.653 
0.643 
0.634 
0.627 
0.617 
0.606 
0.596 
0.585 
0.577 
0.567 
0.559 
0.552 
0.545 
0.536 
0.528 
0.518 
0.509 
0.498 
0.484 
0.475 
0.463 
0.451 
0.438 
0.427 
0.417 
0.406 
0.395 
0.388 
0.378 
0.372 
0.362 
0.354 
0.348 
0.342 
0.337 
0.331 
0.325 
0.319 
0.313 
0.307 
0.301 
0.295 
0.292 
0.288 


0.869 
0.846 
0.830 
0.818 
0.808 
0.796 
0.789 
0.786 
0.785 
0.783 
0.782 
0.782 
0.780 


Energy (eV) 


24 
2.6 
2.8 
3.0 
32 
3.4 
3.6 
3.8 
4.0 
42 
4.4 
4.6 
4.8 
5.0 
52 
5.4 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2. 
73 
7.4 
7.5 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
92 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 


п 


1.384 
1.186 
1.027 
0.898 
0.798 
0.713 
0.644 
0.589 
0.542 
0.507 
0.477 
0.452 
0.431 
0.414 
0.401 
0.394 
0.386 
0.386 
0.386 
0.385 
0.386 
0.388 
0.390 
0.399 
0.412 
0.428 
0.436 
0.438 
0.459 
0.510 
0.585 
0.663 
0.717 
0.769 
0.817 
0.860 
0.893 
0.929 
0.946 
0.952 
0.953 
0.956 
0.965 
0.975 
0.988 
1.009 
1.044 
1.061 
1.062 
1.054 
1.045 
1.041 
1.039 
1.039 
1.050 
1.064 
1.078 
1.092 
1.104 
1.115 
1.125 
1.135 
1.146 
1.159 
1.170 


К 


4.407 
4.090 
3.802 
3.538 
3.294 
3.074 
2.860 
2.665 
2.502 
2.341 
2.195 
2.058 
1.929 
1.806 
1.687 
1.569 
1.454 
1.396 
1.341 
1.287 
1.232 
1.176 
1.118 
1.058 
1.002 
0.949 
0.898 
0.836 
0.756 
0.676 
0.617 
0.589 
0.584 
0.575 
0.574 
0.580 
0.597 
0.623 
0.639 
0.645 
0.638 
0.624 
0.607 
0.588 
0.568 
0.548 
0.54 
0.557 
0.567 
0.569 
0.56 
0.550 
0.537 
0.523 
0.49 
0.467 
0.445 
0.430 
0.416 
0.404 
0.394 
0.383 
0.374 
0.368 
0.367 


12-141 


кф =0) 


0.779 
0.779 
0.779 
0.777 
0.773 
0.770 
0.763 
0.755 
0.749 
0.738 
0.727 
0.715 
0.701 
0.685 
0.666 
0.642 
0.617 
0.601 
0.585 
0.569 
0.551 
0.531 
0.510 
0.481 
0.450 
0.418 
0.392 
0.367 
0.320 
0.255 
0.191 
0.148 
0.128 
0.111 
0.100 
0.094 
0.093 
0.096 
0.098 
0.099 
0.097 
0.093 
0.087 
0.082 
0.076 
0.069 
0.066 
0.069 
0.071 
0.072 
0.070 
0.068 
0.065 
0.062 
0.055 
0.050 
0.045 
0.042 
0.040 
0.038 
0.037 
0.035 
0.034 
0.034 
0.034 


Energy (eV) n 


17.0 1.177 
17.5 1.184 
18.0 1.191 
18.5 1.195 
19.0 1.200 
19.5 1.208 
Molybdenum!é 
0.10 18.53 
0.15 8.78 
0.20 5.10 
0.25 3.36 
0.30 2.44 
0.34 2.00 
0.38 1.70 
0.42 1.57 
0.46 1.46 
0.50 1.37 
0.54 1.35 
0.58 1.34 
0.62 1.38 
0.66 1.43 
0.70 1.48 
0.74 1.51 
0.78 1.60 
0.82 1.64 
0.86 1.70 
9.90 1.74 
1.00 1.94 
1.10 2.15 
1.20 2.44 
1.30 2.77 
1.40 3.15 
1.50 3.53 
1.60 3.77 
1.70 3.84 
1.80 3.81 
1.90 3.74 
2.00 3.68 
2.10 3.68 
2.20 3.76 
2.30 3.79 
2.40 3.59 
2.50 3.36 
2.60 3.22 
2.70 3.13 
2.80 3.08 
2.90 3.05 
3.00 3.04 
3.10 3.03 
3.20 3.05 
3.30 3.06 
3.40 3.06 
3.50 3.06 
3.60 3.05 
3.70 3.04 
3.80 3.04 
3.90 3.04 
4.00 3.01 
4.20 2.71 
4.40 2.39 
4.60 2.06 
4.80 1.75 
5.00 1.46 
5.20 1.22 


К 


0.367 
0.366 
0.367 
0.367 
0.366 
0.364 


68.5 
47.54 
25,99 
28.75 
23.80 
20.84 
18.44 
16.50 
14.9 
13.55 
12.36 
11.34 
10.44 
9.67 
8.99 
8.38 
7.83 
7.35 
6.89 
6.48 
5.58 
4.85 
4.22 
3.74 
3.40 
3.30 
3.41 
3.51 
3.58 
3.58 
3:52 
3.45 
3.41 
3.61 
3.78 
3.73 
3.61 
3.51 
3.42 
3.33 
3.27 
321 
3.18 
3.18 
3.19 
321 
3.23 
3.27 
3.31 
3.40 
3.51 
3.77 
3.88 
3.84 
3.76 
3.62 
3.42 


К(ф = 0) 


0.034 
0.034 
0.035 
0.035 
0.035 
0.035 


0.985 
0.985 
0.985 
0.984 
0.983 
0.982 
0.980 
0.978 
0.975 
0.971 
0.966 
0.960 
0.952 
0.942 
0.932 
0.921 
0.906 
0.892 
0.876 
0.859 
0.805 
0.743 
0.671 
0.608 
0.562 
0.550 
0.562 
0.570 
0.576 
0.576 
0.571 
0.565 
0.562 
0.578 
0.594 
0.591 
0.582 
0.573 
0.565 
0.566 
0.550 
0.544 
0.540 
0.540 
0.541 
0.543 
0.546 
0.550 
0.554 
0.564 
0.576 
0.610 
0.640 
0.658 
0.678 
0.695 
0.706 


Energy (eV) 


5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.00 
5.60 
6.00 
6.60 
7.00 
7.60 
8.00 
8.60 
9.00 
9.60 
20.00 
20.60 
21.00 
21.60 
22.00 
22.60 
23.00 
23.60 
24.00 
24.60 
25.00 
25.60 
26.00 
26.50 


n 


1.07 
0.96 
0.89 
0.85 
0.81 
0.79 
0.78 
0.78 
0.80 
0.81 
0.81 
0.75 
0.71 
0.69 
0.67 
0.66 
0.65 
0.65 
0.65 
0.67 
0.69 
0.71 
0.74 
0.77 
0.81 
0.86 
0.91 
0.98 
1.05 
1.12 
1.18 
1.23 
1.25 
1.26 
1.25 
1.23 
1.20 
1.17 
1.15 
1.13 
1.13 
1.14 
1.15 
1.14 
1.10 
1.04 
0.94 
0.87 
0.77 
0.71 
0.66 
0.64 
0.62 
0.61 
0.61 
0.60 
0.59 
0.58 
0.58 
0.58 
0.60 
0.62 
0.66 
0.68 
0.71 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


3.20 
2.99 
2.80 
2.64 
2.50 
2.36 
2.24 
2.13 
2.04 
1.98 
1.95 
1.90 
1.81 
1.73 
1.65 
1.57 
1.49 
1.41 
1:33 
1.25 
1.19 
1.12 
1.05 
0.99 
0.93 
0.88 
0.83 
0.79 
0.77 
0.78 
0.80 
0.85 
0.89 
0.92 
0.98 
1.00 
1.02 
1.02 
1.01 
1.00 
0.99 
0.99 
1.01 
1.04 
1.10 
1.12 
1.14 
1.12 
1.08 
1.02 
0.94 
0.89 
0.81 
0.77 
0.71 
0.69 
0.63 
0.60 
0.53 
0.49 
0.43 
0.39 
0.35 
0.33 
0.31 


Кф = 0) 


0.706 
0.700 
0.688 
0.674 
0.660 
0.641 
0.619 
0.592 
0.568 
0.548 
0.542 
0.552 
0.542 
0.530 
0.512 
0.495 
0.475 
0.450 
0.420 
0.385 
0.355 
0.320 
0.285 
0.250 
0.217 
0.188 
0.162 
0.138 
0.125 
0.123 
0.125 
0.135 
0.145 
0.154 
0.168 
0.178 
0.185 
0.187 
0.185 
0.182 
0.179 
0.179 
0.184 
0.194 
0.216 
0.233 
0.257 
0.270 
0.283 
0.284 
0.275 
0.264 
0.245 
0.234 
0.215 
0.207 
0.195 
0.185 
0.166 
0.151 
0.124 
0.106 
0.085 
0.072 
0.060 


Епегву (еУ) 


27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 


Nickel!” 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 


2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 


n 


0.73 
0.76 
0.79 
0.81 
0.83 
0.86 
0.88 
0.92 
0.92 
0.90 
0.91 
0.87 
0.82 
0.81 
0.81 
0.82 
0.83 


9.54 
5.45 
4.12 
4.25 
4.19 
4.03 
3.84 
4.03 
3.84 
3.59 
3.38 
3.18 
3.06 
2.97 
2.85 
2.74 
2.65 
2:53 
2.43 
228 
2.14 
2.02 
1.92 
1.85 
1.80 
1.75 
1.71 
1.67 
1.65 
1.64 
1.63 
1.62 
1.61 
1.61 
1.61 
1.61 
1.62 
1.63 
1.64 
1.66 
1.69 
1.72 
1.73 
1.74 
1.71 
1.63 


k 


0.29 
0.28 
0.27 
0.26 
0.26 
0.26 
0.26 
0.29 
0.32 
0.33 
0.34 
0.37 
0.34 
0.30 
0.27 
0.25 
0.23 


45.82 
30.56 
2248 
17.68 
15.05 
13.05 
11.43 
9.64 
8.35 
7.48 
6.82 
6.23 
5.74 
5.38 
5.10 
4.85 
4.63 
4.47 
4.31 
4.18 
4.01 
3.82 
3.65 
3.48 
3.33 
3,19 
3.06 
2.93 
2.81 
2.71 
2.61 
2.52 
2.44 
2.36 
2.30 
2.23 
2.17 
2.11 
2.07 
2.02 
1.99 
1.98 
1.98 
2.01 
2.06 
2.09 
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кф = 0) 


0.050 
0.04 
0.036 
0.03 
0.028 
0.025 
0.023 
0.024 
0.030 
0.032 
0.034 
0.043 
0.043 
0.038 
0.033 
0.029 
0.025 


0.983 
0.978 
0.969 
0.950 
0.934 
0.918 
0.900 
0.864 
0.835 
0.813 
0.794 
0.774 
0.753 
0.734 
0.72 

0.708 
0.695 
0.688 
0.679 
0.677 
0.670 
0.659 
0.649 
0.634 
0.620 
0.605 
0.590 
0.575 
0.557 
0.542 
0.525 
0.509 
0.495 
0.480 
0.467 
0.454 
0.441 
0.428 
0.416 
0.405 
0.397 
0.393 
0.392 
0.396 
0.409 
0.421 


Energy (eV) 


4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 
4.25 
4.50 
4.75 
5.00 
5.25 
5.50 
5.75 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 


n 


1.53 
1.40 
1.27 
1.16 
1.09 
1.04 
1.00 
1.01 
1.01 
1.02 
1.03 
1.03 
1.03 
1.02 
1.01 
1.01 
1.00 
0.99 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.97 
0.99 
1.01 
1.04 
1.05 
1.07 
1.07 
1.07 
1.08 
1.08 
1.08 
1.08 
1.07 
1.07 
1.07 
1.06 
1.05 
1.04 
1.03 
1.02 
1.01 
1.00 
0.99 
0.98 
0.96 
0.94 
0.92 
0.91 
0.90 
0.90 
0.89 
0.89 
0.90 
0.91 
0.91 
0.91 
0,92 


К 


2.11 
2.10 
2.04 
1.94 
1.83 
1.73 
1.54 
1.46 
1.40 
1.35 
1.30 
1.27 
1.24 
1.22 
1.18 
1.15 
1.13 
1.11 
1.08 
1.05 
1.01 
0.99 
0.96 
0.93 
0.89 
0.87 
0.83 
0.80 
0.76 
0.75 
0.73 
0.72 
0.71 
0.71 
0.71 
0.71 
0.71 
0.71 
0.71 
0.71 
0.70 
0.70 
0.71 
0.70 
0.70 
0.70 
0.70 
0.69 
0.69 
0.68 
0.67 
0.66 
0.64 
0.63 
0.61 
0.58 
0.56 
0.54 
0.51 
0.49 
0.47 
0.46 
0.45 
0.44 
0.44 


К(ф = 0) 


0.435 
0.449 
0.454 
0.449 
0.435 
0.417 
0.37 
0.345 
0.325 
0.308 
0.29 
0.282 
0.273 
0.265 
0.256 
0.248 
0.242 
0.235 
0.228 
0.220 
0.211 
0.203 
0.194 
0.185 
0.175 
0.166 
0.155 
0.145 
0.129 
0.123 
0.115 
0.111 
0.109 
0.108 
0.108 
0.107 
0.106 
0.106 
0.105 
0.105 
0.105 
0.105 
0.106 
0.106 
0.106 
0.107 
0.107 
0.106 
0.105 
0.104 
0.103 
0.101 
0.098 
0.096 
0.092 
0.087 
0.082 
0.077 
0.071 
0.066 
0.061 
0.057 
0.055 
0.053 
0.051 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


Energy (eV) n k К(ф = 0) Energy (eV) n k К(ф = 0) Епегву (еУ) п К К(ф = 0) 
23.50 0.91 0.44 0.052 4.60 2.39 2.56 0.470 23.60 0.88 0.30 0.029 
24.00 0.90 0.43 0.051 4.80 2.32 2.52 0.465 24.00 0.91 0.29 0.025 
24.50 0.90 0.43 0.051 5.00 2.26 2.57 0.475 24.60 0.94 0.28 0.022 
25.00 0.89 0.42 0.050 5.20 2.16 2.62 0.487 25.00 0.96 0.27 0.020 
26.00 0.88 0.39 0.046 5.40 2.00 2.68 0.505 25.60 0.99 0.26 0.018 
27.00 0.87 0.37 0.042 5.60 1.81 2.67 0.518 26.00 1.00 0.26 0.017 
28.00 0.87 0.35 0.040 5.80 1.63 2.60 0.522 26.60 1.03 0.25 0.016 
29.00 0.86 0.34 0.037 6.00 1.49 2.49 0.520 27.00 1.04 0.25 0.015 
30.00 0.86 0.32 0.034 6.20 1.38 2.38 0.512 27.60 1.06 0.25 0.015 
35.00 0.86 0.24 0.022 6.40 1.31 2.25 0.496 28.00 1.08 0.24 0.015 
40.00 0.87 0.18 0.014 6.60 1.26 2.14 0.480 28.60 1.11 0.24 0.016 
45.00 0.88 0.13 0.008 6.80 124 2.04 0.460 29.00 1.13 0.25 0.017 
50.00 0.92 0.10 0.004 7.00 1.23 1.96 0.441 29.60 1.16 0.26 0.020 
60.00 0.96 0.08 0.002 7.20 1.22 1.91 0.430 30.00 1.18 0.28 0.023 
65.00 0.98 0.09 0.002 7.40 1.20 1.88 0.427 31.00 1.18 0.31 0.026 
68.00 0.96 0.12 0.004 7.60 1.14 1.85 0.430 32.00 1.20 0.34 0.031 
70.00 0.94 0.11 0.004 7.80 1.07 178 0.428 33.00 1.21 0.38 0.038 
75.00 0.94 0.09 0.003 8.00 1.02 1.69 0.412 34.00 1.20 0.42 0.044 
80.00 0.94 0.07 0.002 8.20 1.00 1.60 0.390 35.20 117 0.47 0.051 
90.00 0.94 0.06 0.002 8.40 0.99 1.51 0.365 36.00 1.15 0.50 0.056 

8.60 0.99 1.43 0.340 37.50 1.07 0.53 0.064 

Niobium!® 8.70 0.99 1.39 0.328 39.50 0.95 0.50 0.063 

0.12 15.99 53.20 0.979 8.80 1.00 1.36 0.315 40.50 0.92 0.47 0.059 
0.20 7.25 34.14 0.976 9.00 1.01 1.29 0.290 

0.24 5.47 28.88 0.975 9.20 1.04 1.22 0.265 Osmium (Polycrystalline)? 

0.28 4.26 24.95 0.974 9.40 1.07 1.18 0.245 0.10 4.08 50.23 0.994 
0.35 3.11 20.03 0.970 9.60 1.10 1.13 0.227 0.15 2.90 33.60 0.990 
0.45 2.28 15.58 0.964 9.80 1.13 1.09 0.209 0.20 2.44 25.11 0.985 
0.55 1.83 12.67 0.956 10.00 1.18 1.05 0.194 0.25 2.35 19.99 0.977 
0.65 1.57 10.59 0.947 10.20 1.23 1.04 0.187 0.30 2.23 16.54 0.969 
0.75 1.41 9.00 0.935 10.40 1.27 1.04 0.185 0.35 2.33 14.06 0.955 
0.85 1.35 7.14 0.918 10.60 1.30 1.06 0.190 0.40 2.45 12.32 0.940 
0.95 1.35 6.70 0.893 10.80 1.32 1.08 0.195 0.45 2.43 11.02 0.927 
1.05 1.44 5.86 0.857 11.00 1.32 1.10 0.200 0.50 2.41 9.97 0.913 
1.15 1.55 5.18 0.814 11.20 1.31 1.12 0.204 0.55 2.33 9.12 0.901 
1.25 1.65 4.63 0.768 11.40 1.30 1.13 0.207 0.60 221 8.37 0.890 
1.35 1.76 4.13 0.715 11.60 1.28 1.13 0.209 0.65 2.11 7.68 0.877 
1.45 1.95 3.68 0.650 11.80 1.27 1.13 0.210 0.70 2.02 7.04 0.862 
1.55 2.15 3.37 0.595 12.00 1.25 1.12 0.209 0.75 2.00 6.46 0.842 
1.65 2.36 3.13 0.552 12.40 1.24 1.10 0.204 0.80 2.00 5.95 0.820 
1.75 2.54 2.99 0.527 12.80 1.24 1.09 0.200 0.85 2.01 5.51 0.796 
1.85 2.69 2.89 0.510 13.20 1.24 1.09 0.201 0.90 2.03 5.10 0.769 
1.95 2.82 2.86 0.505 13.60 1.23 1.12 0.208 0.95 2.05 4.74 0.742 
2.05 2.89 2.87 0.505 14.00 1.20 1.13 0.216 1.00 2.09 4.41 0.712 
2.15 2.92 2.87 0.505 14.40 1.16 1.15 0.225 1.10 2.15 3.84 0.651 
2.25 2.93 2.87 0.505 14.80 1.11 1.16 0.234 1.20 2.16 3.35 0.592 
2.35 2.92 2.88 0.506 15.00 1.08 1.16 0.238 1.30 2.25 2.77 0.506 
2.45 2.89 2.90 0.509 15.60 0.99 1.14 0.247 1.40 2.49 2.23 0.419 
2.55 2.83 2.92 0.512 16.00 0.92 1.11 0.250 1.50 2.84 1.80 0.369 
2.65 2.74 2.90 0.511 16.60 0.85 1.04 0.245 1.60 3.36 1.62 0.379 
2.75 2.66 2.86 0.507 17.00 0.80 0.99 0.240 1.70 3.70 1.75 0.411 
2.85 2.58 2.80 0.500 17.20 0.79 0.96 0.236 1.80 3.78 1.83 0.423 
3.00 2.51 2.68 0.485 17.40 0.77 0.93 0.230 1.90 3.81 1.75 0.418 
3.10 2.48 2.60 0.475 17.80 0.75 0.87 0.217 2.00 3.98 1.60 0.418 
3.20 2.45 2.53 0.465 18.00 0.74 0.85 0.209 2.10 4.26 1.54 0.432 
3.30 2.44 2.45 0.453 18.60 0.73 0.77 0.185 2.20 4.58 1.62 0.457 
3.40 2.46 2.38 0.442 19.00 0.72 0.72 0.170 2.30 4.84 1.76 0.479 
3.50 2.48 2.33 0.435 19.60 0.72 0.66 0.150 2.40 5.10 2.01 0.506 
3.60 2.52 2.29 0.428 20.00 0.72 0.62 0.137 2.50 5.28 2.38 0.532 
3.70 2.56 2.27 0.426 20.60 0.71 0.55 0.119 2.60 5.36 2.82 0.557 
3.80 2.59 2.28 0.427 21.00 0.72 0.50 0.100 2.70 5.30 3.29 0.580 
3.90 2.62 2.29 0.429 21.60 0.75 0.43 0.075 2.80 5.07 3.78 0.603 
4.00 2.64 2.33 0.434 22.00 0.78 0.40 0.063 2.90 4.65 4.18 0.624 
4.20 2.64 2.42 0.447 22.60 0.82 0.35 0.045 3.00 4.05 4.40 0.639 
4.40 2.53 2.56 0.467 23.00 0.85 0.33 0.038 3.20 3.29 3.96 0.614 
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OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


Energy (eV) n k К(ф= 0) | Energy (eV) n k К(ф-0) | Energy (eV) n k Кф = 0) 
3.40 2.93 3.79 0.607 20.00 0.96 1.10 0.239 2.50 1.41 3.48 0.685 
3.60 245 3.45 0.577 20.40 0.93 1.09 0.240 2.60 1.37 3.36 0.676 
3.80 2.73 3.32 0.562 20.80 0.89 1.05 0.240 2.70 1.32 3.25 0.668 
4.00 2271 3.34 0.565 21.20 0.86 1.02 0.237 2.80 1.29 3.13 0.658 
4.20 2.53 3.44 0.584 21.60 0.83 0.99 0.235 2.90 1.26 3.03 0.648 
4.40 2.24 3.44 0.599 22.00 0.80 0.96 0.230 3.00 1.23 2.94 0.639 
4.60 2.01 331 0.598 22.40 0.78 0.93 0.226 3.10 1.20 2.85 0.630 
4.80 1.88 3.19 0.592 22.80 0.77 0.90 0.220 3.20 1.17 2.71 0.622 
5.00 1.74 3.12 0.596 23.20 0.75 0.88 0.217 3.30 1.14 2.68 0.613 
5.20 1.58 3.00 0.597 23.60 0.75 0.86 0.211 3.40 112 2.60 0.602 
5.40 1.46 2.88 0.593 24.00 0.73 0.84 0.209 3.50 110 2.52 0.591 
5.60 1.36 272 0.589 24.40 0.72 0.82 0.207 3.60 1.08 2.45 0.581 
5.80 1.27 2.65 0.582 24.80 0.70 0.80 0.205 3.70 1.07 2.38 0.570 
6.00 1.20 2.54 0.575 25.20 0.69 0.77 0.202 3.80 1.06 2.31 0.558 
6.20 1:13 2.44 0.571 25.60 0.67 0.75 0.199 3.90 1.05 2.25 0.547 
6.40 1.06 2.33 0.562 26.00 0.66 0.72 0.195 4.00 1.03 2.19 0.537 
6.60 1.01 221 0.548 26.40 0.65 0.69 0.189 4.20 1.04 2.09 0.510 
6.80 0.97 2.11 0.532 26.80 0.63 0.66 0.183 4.40 1.03 2.01 0.493 
7.00 0.95 2.00 0.514 27.20 0.65 0.62 0.165 4.60 1.03 1.94 0.476 
7.20 0.92 1.91 0.497 28.00 0.64 0.59 0.156 4.80 1.01 1.90 0.470 
7.40 0.91 1.81 0.476 28.40 0.64 0.57 0.148 5.00 0.96 1.86 0.472 
7.60 0.90 1.72 0.451 28.80 0.65 0.55 0.140 5.20 0.90 1.79 0.474 
7.80 0.90 1.63 0.426 29.20 0.65 0.53 0.134 5.40 0.85 1.70 0.463 
8.00 0.91 1.55 0.400 29.60 0.65 0.51 0.128 5.60 0.81 1.62 0.449 
8.20 0.91 1.48 0.375 30.00 0.65 0.49 0.121 5.80 0.78 1.54 0.437 
8.40 0.94 1.40 0.344 31.00 0.65 0.45 0.111 6.00 0.76 1.45 0.418 
8.60 0.96 1.34 0.319 32.00 0.66 0.41 0.095 6.20 0.74 1.37 0.397 
8.80 0.98 1.29 0.296 33.00 0.68 0.37 0.079 6.40 0.73 1.29 0.375 
9.00 1.01 1.24 0.274 34.00 0.70 0.34 0.068 6.60 0.72 1.21 0.350 
9.20 1.04 1.19 0.255 35.00 0.72 0.31 0.057 6.80 0.73 1.13 0.316 
9.40 1.08 1.16 0.238 36.00 0.74 0.29 0.048 7.00 0.73 1.05 0.287 
9.60 1.10 1.14 0.229 37.00 0.77 0.27 0.040 7.20 0.75 0.98 0.255 
9.80 1.13 1.11 0.217 38.00 0.79 0.26 0.035 7.40 0.77 0.91 0.223 
0.00 1.16 1.10 0.209 39.00 0.81 0.26 0.031 7.60 0.79 0.85 0.195 
0.20 1.19 1.08 0.203 40.00 0.84 0.26 0.026 7.80 0.83 0.78 0.163 
0.30 1.20 1.08 0.201 8.00 0.88 0.73 0.133 
0.40 1.22 1.08 0.200 Palladium!? 8.20 0.94 0.70 0.117 
0.50 1.23 1.09 0.201 0.10 4.13 54.15 0.994 8.40 0.96 0.70 0.114 
0.60 1.24 1.10 0.203 0.15 3.13 35.82 0.990 8.60 1.00 0.65 0.097 
0.80 1.25 1.11 0.206 0.20 3.07 26.59 0.983 8.80 1.04 0.65 0.094 
1.00 1.24 1.13 0.213 0.26 3.11 20.15 0.971 9.00 1.07 0.64 0.090 
1.20 1.23 1.14 0.217 0.30 3.56 17.27 0.955 9.50 1.12 0.65 0.089 
1.40 1.19 ыз 0.223 0.36 3.98 14.41 0.932 0.00 1.14 0.65 0.088 
1.60 t17 1.12 0.216 0.40 4.27 13.27 0.916 0.50 1.16 0.65 0.087 
1.80 1.16 1.10 0.211 0.46 4.27 12.11 0.902 1.00 1.18 0.64 0.086 
2.00 1.15 1.08 0.205 0.50 4.10 11.44 0.896 1.50 1.19 0.65 0.087 
2.40 1.14 1.03 0.191 0.56 3.92 10.49 0.883 2.00 1.20 0.66 0.089 
2.80 1.15 1.01 0.183 0.60 3.80 9.96 0.876 2.50 1.19 0.67 0.091 
3.20 116 0.98 0.174 0.72 3.51 8.70 0.854 3.00 1.18 0.67 0.091 
3.60 1.17 0.97 0.170 0.80 3.35 8.06 0.840 3.50 1.18 0.67 0.092 
4.00 1.17 0.96 0.169 .00 2.99 6.89 0.811 4.00 1.17 0.67 0.093 
4.40 1.16 0.94 0.165 10 2.81 6.46 0.800 4.50 145 0.68 0.095 
4.80 116 0.91 0.156 20 2.65 6.10 0.790 5.00 1.13 0.69 0.098 
5.20 1.17 0.89 0.148 30 2.50 5.78 0.781 5.50 1.10 0.68 0.096 
5.60 1.20 0.86 0.140 40 2.34 5.50 0.774 6.00 1.08 0.66 0.092 
6.00 1.25 0.87 0.140 550 2.17 5:22 0.767 6.50 1.06 0.63 0.086 
6.40 1.28 0.90 0.147 60 2.08 4.95 0.755 7.00 1.07 0.61 0.081 
6.80 1.28 0.94 0.157 70 2.00 472 0.745 7.50 1.06 0.61 0.080 
7.20 127 0.97 0.167 80 1.92 4.54 0.737 8.00 1.07 0.59 0.077 
7.60 1.26 1.01 0.178 90 1.82 4.35 0.729 8.50 1.07 0.59 0.077 
8.00 1.23 1.04 0.189 2.00 1.75 4.18 0.721 9.00 1.08 0.59 0.077 
8.40 1.19 1.08 0.200 2.10 1.67 4.03 0.714 9.50 1.08 0.61 0.080 
8.80 1.14 1.10 0.210 2.20 1.60 3.88 0.707 20.00 1.07 0.65 0.090 
9.20 1.10 1.10 0.219 2.30 1.53 3.75 0.700 20.50 1.03 0.67 0.098 
9.60 1.05 1.11 0.227 2.40 1.47 3.61 0.693 21.00 0.99 0.67 0.103 


12-144 


Energy (eV) 


21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
25.00 
26.40 
27.80 
29.20 


Platinum?’ 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
210 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 


п 


0,95 
0.91 
0.88 
0.86 
0.85 
0.84 
0.81 
0.80 
0.81 
0.82 


13.21 
8.18 
5.90 
4.70 
3.92 
3.28 
2.81 
3.03 
3.91 
4.58 
5.13 
5.52 
5.71 
5.57 
3.31 
5.05 
4.77 
4.50 
4.25 
3.86 
3.55 
3.29 
3.10 
2.92 
2.76 
2.63 
2,51 
2.38 
2.30 
2.23 
2.17 
2.10 
2.03 
1.96 
1.91 
1.87 
1.83 
1/9. 
175 
1.68 
1.63 
1.58 
1.53 
1.49 
1.45 
1.43 
1.39 
1.38 
1.36 
1.36 
1.36 
1.36 
1.36 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


0.66 
0.64 
0.62 
0.59 
0.56 
0.54 
0.51 
0.43 
0.38 
0.35 


44.72 
31.16 
23.95 
19.40 
16.16 
13.66 
11.38 
9.31 
7.71 
7.14 
6.75 
6.66 
6.83 
7.02 
7.04 
6.98 
6.91 
6.77 
6.62 
6.24 
5.92 
5.61 
5.32 
5.07 
4.84 
4.64 
4.43 
4.26 
4.07 
392 
3.77 
3.67 
3.54 
3.42 
3.30 
3.20 
3.10 
3.01 
2,92 
2.76 
2.62 
2.48 
2.37 
2.25 
2.14 
2.04 
1:95 
1.85 
1.76 
1.67 
1.61 
1.54 
1.47 


кф = 0) 


0.103 
0.103 
0.101 
0.097 
0.091 
0.086 
0.084 
0.066 
0.052 
0.046 


0.976 
0.969 
0.962 
0.954 
0.945 
0.936 
0.922 
0.882 
0.813 
0.777 
0.753 
0.746 
0.751 
0.759 
0.762 
0.763 
0.765 
0.763 
0.762 
0.753 
0.746 
0.736 
0.725 
0.716 
0.706 
0.697 
0.686 
0.678 
0.664 
0.654 
0.642 
0.636 
0.626 
0.616 
0.605 
0.595 
0.585 
0.575 
0.565 
0.546 
0.527 
0.507 
0.491 
0.472 
0.452 
0.432 
0.415 
0.392 
0.372 
0.350 
0.332 
0.315 
0.295 


Energy (eV) 


6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 


n 


1.38 
1.39 
1.42 
1.45 
1.48 
1.50 
1.50 
1.49 
1.48 
1.48 
1.47 
1.47 
1.47 
1.47 
1.47 
1.48 
1.49 
1.49 
1.49 
1.48 
1.46 
1.43 
1.40 
1.37 
1.35 
1.33 
1.31 
1.30 
1.29 
1.29 
1.29 
1.29 
1.29 
1.31 
1.31 
1.31 
1.30 
1.27 
1.27 
1.25 
1.24 
1.24 
1.25 
1.27 
1.31 
1.30 
1.28 
1.23 
1.18 
1.11 
1.03 
0.94 
0.87 
0.81 
0.77 
0.75 
0.74 
0.73 
0.73 
0.73 
0.74 
0.74 
0.74 
0.74 
0.75 


k 


1.40 
1.35 
1.29 
1.26 
1.24 
1.24 
1.25 
1.23 
1.22 
1.20 
1.18 
1.17 
1.15 
1.14 
1.13 
1.12 
1.11 
1.12 
1.13 
1.15 
1.15 
1.16 
1.15 
1.14 
1.12 
1.10 
1.08 
1.06 
1.04 
1.01 
1.00 
0.97 
0.94 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 
0.92 
0.89 
0.87 
0.86 
0.85 
0.88 
0.94 
0.99 
1.03 
1.06 
1.09 
1.10 
1.08 
1.04 
0.98 
0.92 
0.87 
0.82 
0.77 
0.73 
0.70 
0.67 
0.65 
0.63 
0.62 
0.60 


12-145 


R(0= 0) 


0.276 
0.26 
0.246 
0.236 
0.23 
0.230 
0.23 
0.228 
0.225 
0.22 
0.216 
0.212 
0.209 
0.205 
0.202 
0.200 
0.198 
0.200 
0.203 
0.207 
0.209 
0.211 
0.210 
0.207 
0.203 
0.199 
0.194 
0.188 
0.183 
0.177 
0.173 
0.165 
0.158 
0.155 
0.155 
0.155 
0.156 
0.157 
0.155 
0.151 
0.146 
0.142 
0.138 
0.135 
0.142 
0.157 
0.171 
0.184 
0.197 
0.212 
0.226 
0.238 
0.240 
0.235 
0.226 
0.213 
0.201 
0.187 
0.174 
0.162 
0.150 
0.142 
0.136 
0.130 
0.125 


Energy (eV) n 


28.50 0.75 
29.00 0.75 
29.50 0.74 
30.00 0.73 
Potassium?! 
0.55 0.139 
0.58 0.119 
0.63 0.106 
0.67 0.091 
0.73 0.079 
0.81 0.066 
0.92 0.056 
1.05 0.044 
1.23 0.040 
1.44 0.040 
1.65 0.044 
1.87 0.050 
2.07 0.053 
2.27 0.049 
2.45 0.046 
2.64 0.043 
2.82 0.043 
2.95 0.041 
3.06 0.041 
3.40 0.052 
3.71 0.089 
3.97 0.287 
4.00 0.34 
4.065 0.38 
4.133 0.41 
4.203 0.45 
4.275 0.48 
4.350 0.52 
4.428 0.55 
4.509 0.58 
4.592 0.61 
4.679 0.64 
4.769 0.66 
4.862 0.68 
4.959 0.70 
5.061 0.72 
5.166 0.74 
5.276 0.76 
5.391 0.78 
5.510 0.79 
5.637 0.81 
5.767 0.83 
6.048 0.85 
6.199 0.87 
6.358 0.88 
6.526 0.90 
6.702 0.91 
6.888 0.92 
7.085 0.92 
7.293 0.93 
7.514 0.93 
7.749 0.94 
7.999 0.94 
8.260 0.94 
8.551 0.94 
8.856 0.94 
9.184 0.94 
9.537 0.94 
9.919 0.94 


Energy (eV) 


10.33 
11.0 
12.0 


n 


0.94 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


0.03 
0.03 
0.028 


zs 
Rhenium, single crystal, E || c? 


0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.80 
7.00 
7.20 
7.40 


6.06 
4.66 
16 
03 
37 


51.03 
33.96 
25.36 
20.10 
16.69 
14.53 
12.96 
11.78 
10.88 
10.26 
9.75 
9.35 
8.94 
8.55 
8.10 
7.68 
7.24 
6.79 
6.36 
5.61 
5.02 
4.54 
4.13 
3.79 
3.49 
3.27 
3.10 
3.00 
2.91 
2.86 
2.84 
2.82 
2.81 
2.80 
2.77 
2.68 
2:51 
2.47 
2.57 
2.68 
2.50 
2.48 
2.56 
2.51 
2.55 
2.74 
2.83 
2.71 
2.68 
2.75 
2.81 
2.84 
2.80 
2.71 
2.59 
2.50 
2.31 
2.23 
2.15 
2.06 


R( = 0) 


0.001 


0.991 
0.984 
0.975 
0.962 
0.943 
0.925 
0.909 
0.893 
0.878 
0.867 
0.861 
0.856 
0.853 
0.850 
0.846 
0.841 
0.835 
0.826 
0.813 
0.778 
0.742 
0.702 
0.662 
0.624 
0.587 
0.557 
0.535 
0.520 
0.510 
0.504 
0.501 
0.499 
0.498 
0.497 
0.493 
0.482 
0.468 
0.457 
0.470 
0.482 
0.459 
0.457 
0.467 
0.460 
0.466 
0.489 
0.504 
0.493 
0.488 
0.500 
0.515 
0.530 
0.538 
0.541 
0.532 
0.526 
0.508 
0.500 
0.493 
0.480 


Energy (eV) 


7.60 

7.80 

8.00 

8.20 

8.40 

8.60 

8.80 

9.00 

9.20 

9.40 

9.60 

9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.00 
17.40 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.40 
24.80 
25.20 
25.60 
26.00 
26.40 
26.80 
27.20 
27.60 
28.00 
29.00 
30.00 


п 


1.12 
1.08 
1.05 
1.05 
1.05 
1.06 
1.09 
1.11 
1.13 
1.16 
1.18 
1.20 
1.23 
1.25 
1.28 
1.29 
1.30 
1.30 
1.29 
1.28 
1.26 
1.24 
1.23 
1.22 
1.21 
1.22 
1.22 
1.24 
1.27 
1.29 
1.29 
1.26 
1.23 
1.19 
1.14 
1.12 
1.07 
0.99 
0.93 
0.87 
0.81 
0.77 
0.73 
0.70 
0.67 
0.64 
0.61 
0.58 
0.55 
0.53 
0.51 
0.50 
0.48 
0.48 
0.47 
0.47 
0.47 
0.47 
0.48 
0.48 
0.49 
0.50 
0.51 
0.54 
0.57 


k 


1.99 
1.89 
1.80 
1.71 
1.62 
1.55 
1.48 
1.43 
1.39 
1.34 
1.32 
1.29 
1.26 
1.25 
1.25 
1.25 
1.26 
1.27 
1.28 
1.28 
1.28 
1.26 
124 
1.21 
1.18 
1.16 
1.13 
1.12 
1.11 
1.15 
1.19 
1.22 
1.25 
1.27 
1.29 
1.30 
1.30 
1.30 
129 
1.28 
1.25 
121 
1.18 
1.14 
1.11 
1.08 
1.04 
1.01 
0.97 
0.93 
0.89 
0.85 
0.80 
0.76 
0.72 
0.68 
0.65 
0.61 
0.57 
0.54 
0.51 
0.48 
0.45 
0.39 
0.33 


12-146 


R($- 0) 


0.470 
0.454 
0.435 
0.411 
0.386 
0.360 
0.336 
0.317 
0.301 
0.281 
0.274 
0.264 
0.252 
0.246 
0.242 
0.242 
0.244 
0.247 
0.249 
0.252 
0.252 
0.249 
0.244 
0.237 
0.230 
0.222 
0.215 
0.209 
0.204 
0.213 
0.225 
0.236 
0.248 
0.259 
0.269 
0.275 
0.286 
0.300 
0.311 
0.321 
0.330 
0.332 
0.333 
0.332 
0.332 
0.334 
0.335 
0.340 
0.341 
0.338 
0.334 
0.329 
0.319 
0.207 
0.296 
0.282 
0.270 
0.255 
0.240 
0.225 
0.208 
0.193 
0.176 
0.145 
0.114 


Energy (eV) 


31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
52.00 
54.00 
56.00 
58.00 


n 


0.62 
0.66 
0.68 
0.72 
0.76 
0.79 
0.82 
0.85 
0.89 
0.88 
0.88 
0.89 
0.85 
0.82 
0.80 
0.78 
0.72 
0.66 
0.65 


-» 


К 


0.29 
0.26 
024 
021 
0.20 
0.20 
0.19 
0.20 
0.21 
0.26 
0.26 
0.29 
0.32 
0.30 
0.30 
0.30 
0.30 
0.24 
0.16 


Rhenium, single crystal, Е 1 c? 


0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
.00 
10 
20 
30 
40 
550 
60 
70 
80 
90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 


4.25 
328 
328 
3.47 
3.73 
3.93 
3.99 
4.17 
4.34 
4.45 
4.53 
4.44 
4.13 
3.77 
3.55 
3.39 
3.26 
3.17 
3.09 
3.05 
3.08 
3.20 
3:23 
3:23 
3.29 
3.38 
3.47 
3.54 
3.63 
3.74 
3.83 
3.93 
4.00 
4.01 
3.90 
3.74 
3.57 
3.49 
3.53 
3.55 
3.34 
3.25 
3.24 
3.19 


42.83 
28.08 
20.66 
16.27 
13.44 
11.54 
10.15 
9.03 
8.26 
7.73 
7.40 
7.26 
7.09 
6.75 
6.32 
5.95 
5.61 
5.27 
4.96 
4.39 
3.89 
3.56 
3.38 
3.12 
2.88 
2,72 
2.59 
2.50 
2.43 
2.40 
2.38 
2.44 
2.55 
2.70 
2.84 
2.92 
2.88 
2.75 
2.71 
2.84 
2.88 
2.83 
2.84 
2.94 


Еф = 0) 


0.086 
0.065 
0.054 
0.041 
0.031 
0.025 
0.021 
0.018 
0.016 
0.022 
0.022 
0.026 
0.035 
0.036 
0.038 
0.044 
0.055 
0.06 
0.055 


0.99 
0.984 
0.97 
0.95 
0.926 
0.900 
0.875 
0.846 
0.821 
0.801 
0.788 
0.784 
0.784 
0.779 
0.766 
0.752 
0.737 
0.719 
0.701 
0.658 
0.613 
0.578 
0.559 
0.532 
0.507 
0.491 
0.480 
0.473 
0.469 
0.470 
0.472 
0.481 
0.492 
0.505 
0.514 
0.517 
0.511 
0.497 
0.493 
0.506 
0.508 
0.501 
0.502 
0.513 


Energy (eV) 


4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.20 
5.60 
6.00 
6.40 
6.80 
7.00 
7.40 
8.00 
8.40 
8.80 
9.20 
9.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 


п 


3.05 
2.88 
2.67 
2.44 
2.25 
2.10 
1.96 
1.84 
1.78 
1.61 
1.51 
1.42 
1.28 
1.22 
1.16 
1.12 
1.12 
1.08 
1.05 
1.05 
1.05 
1.06 
1.07 
1.09 
1.11 
1.14 
1.17 
1.20 
1.24 
1.29 
1.33 
1.36 
1.38 
1.37 
1.36 
1.33 
1.31 
1.28 
1.26 
1.23 
1.22 
1.20 
1.19 
1.20 
1.22 
1.27 
1.31 
1.31 
1.28 
1.24 
1.17 
1.14 
1.06 
0.95 
0.88 
0.82 
0.76 
0.72 
0.67 
0.64 
0.61 
0.60 
0.58 
0.57 
0.56 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


3.06 
3.15 
3.18 
3.17 
3.12 
3.04 
2.96 
2.88 
2.81 
2.74 
2.64 
2.56 
2.31 
2.28 
2.19 
2.08 
1.98 
1.93 
1.83 
1.74 
1.66 
1.58 
1.52 
1.46 
1.41 
1.36 
1.31 
1.27 
1.24 
1.22 
1.23 
1.25 
1.28 
1.31 
1.33 
1.34 
1.34 
1.33 
1.32 
1.29 
1.26 
1.23 
1.20 
1.16 
1.13 
1.12 
1.17 
1.23 
1.28 
1.33 
1.37 
1.38 
1.39 
1.38 
1.36 
1.33 
1.29 
1.25 
1.21 
1.15 
1.10 
1.06 
1.02 
0.98 
0.95 


R( = 0) 


0.526 
0.539 
0.548 
0.554 
0.556 
0.555 
0.553 
0.551 
0.549 
0.549 
0.545 
0.541 
0.526 
0.517 
0.508 
0.493 
0.468 
0.463 
0.443 
0.418 
0.397 
0.372 
0.351 
0.327 
0.309 
0.290 
0.273 
0.258 
0.244 
0.234 
0.233 
0.238 
0.245 
0.253 
0.259 
0.264 
0.266 
0.266 
0.264 
0.257 
0.251 
0.245 
0.236 
0.225 
0.214 
0.207 
0.218 
0.234 
0.251 
0.270 
0.288 
0.297 
0.314 
0.334 
0.346 
0.355 
0.360 
0.363 
0.369 
0.364 
0.357 
0.349 
0.342 
0.336 
0.328 


Energy (eV) n 


22.80 0.55 
23.20 0.53 
23.60 0.52 
24.00 0.50 
24.40 0.49 
24.80 0.48 
25.20 0.47 
25.60 0.47 
26.00 0.46 
26.40 0.46 
26.80 0.46 
27.20 0.47 
27.60 0.48 
28.00 0.49 
29.00 0.51 
30.00 0.55 
31.00 0.59 
32.00 0.64 
33.00 0.67 
34.00 0.70 
35.00 0.74 
36.00 0.77 
37.00 0.80 
38.00 0.84 
39.00 0.88 
40.00 0.87 
42.00 0.87 
44.00 0.88 
46.00 0.84 
48.00 0.82 
50.00 0.80 
52.00 0.77 
54.00 0.71 
56.00 0.66 
58.00 0.64 
Rhodium!! 
0.10 18.48 
0.20 8.66 
0.30 5.85 
0.40 4.74 
0.50 4.20 
0.60 3.87 
0.70 3.67 
0.80 3.63 
0.90 3.62 
.00 3.71 
10 3.67 
20 3.51 
130 3.26 
40 3.01 
550 2.78 
.60 2.60 
70 2.42 
180 2.30 
90 2.20 
2.00 2.12 
2.10 2.05 
2.20 2.00 
2.30 1.94 
2.40 1.90 
2.50 1.88 
2.60 1.85 
2.70 1.80 
2.90 1.63 


k 


0.92 
0.89 
0.85 
0.82 
0.79 
0.75 
0.72 
0.68 
0.64 
0.61 
0.57 
0.53 
0.50 
0.47 
0.41 
0.34 
0.29 
0.26 
0.24 
0.22 
0.20 
0.19 
0.19 
0.19 
0.21 
0.25 
0.25 
0.28 
0.31 
0.30 
0.30 
0.30 
0.29 
0.23 
0.16 


69.43 
37.46 
25.94 
19.80 
16.07 
13.51 
11.72 
10.34 
9.36 
8.67 
8.26 
7.94 
7.63 
7.31 
6.97 
6.64 
6.33 
6.02 
5.76 
5.51 
5.30 
5.11 
4.94 
4.78 
4.65 
4.55 
4.49 
4.36 
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R(0=0) 


0.325 
0.322 
0.317 
0.314 
0.309 
0.303 
0.295 
0.286 
0.276 
0.263 
0.249 
0.231 
0.216 
0.198 
0.164 
0.129 
0.097 
0.072 
0.060 
0.047 
0.036 
0.029 
0.023 
0.018 
0.016 
0.023 
0.023 
0.026 
0.035 
0.036 
0.039 
0.044 
0.055 
0.061 
0.055 


0.986 
0.977 
0.967 
0.955 
0.941 
0.925 
0.908 
0.887 
0.867 
0.848 
0.837 
0.832 
0.829 
0.827 
0.823 
0.818 
0.813 
0.805 
0.798 
0.789 
0.780 
0.772 
0.765 
0.756 
0.748 
0.743 
0.742 
0.748 


Energy (eV) 


3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.60 
1.00 
1.60 
2.00 
2.60 
3.00 
3.60 
4.00 
4.60 
5.00 
5.60 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
20.00 
20.50 
21.00 
21.50 
22.00 


n 


1.53 
1.41 
1.30 
1.20 
1.11 
1.04 
0.99 
0.95 
0.91 
0.88 
0.86 
0.83 
0.80 
0.78 
0.79 
0.79 
0.79 
0.80 
0.80 
0.79 
0.76 
0.73 
0.70 
0.68 
0.67 
0.66 
0.66 
0.66 
0.67 
0.68 
0.69 
0.71 
0.74 
0.78 
0.83 
0.88 
0.95 
1.01 
1.07 
1.12 
1.17 
1.26 
1,29 
1.32 
1.32 
1.32 
1.32 
1.32 
1.32 
1.30 
1.28 
1.25 
1.24 
1.23 
1.22 
1.22 
1.23 
1.25 
1.24 
1.18 
1.10 
1.00 
0.91 
0.86 
0.83 


k 


4.29 
4.20 
4.09 
3.97 
3.84 
3.71 
3.58 
3.45 
3.34 
3.23 
3.12 
2.94 
2.76 
2.60 
2.46 
2.34 
2.23 
2.14 
2.06 
2.00 
1.93 
1.85 
1.77 
1.69 
1.60 
1.52 
1.43 
1.35 
1.27 
1.20 
1.12 
1.04 
0.97 
0.89 
0.83 
0.77 
0.73 
0.71 
0.69 
0.69 
0.69 
0.73 
0.76 
0.80 
0.82 
0.82 
0.83 
0.85 
0.86 
0.89 
0.90 
0.90 
0.89 
0.88 
0.88 
0.87 
0.88 
0.92 
0.98 
1.05 
1.09 
1.09 
1.05 
1.00 
0.95 


Еф = 0) 


0.753 
0.760 
0.764 
0.767 
0.769 
0.768 
0.764 
0.759 
0.753 
0.747 
0.739 
0.722 
0.706 
0.684 
0.659 
0.635 
0.613 
0.591 
0.573 
0.561 
0.556 
0.544 
0.534 
0.518 
0.498 
0.476 
0.452 
0.423 
0.394 
0.363 
0.329 
0.288 
0.252 
0.212 
0.179 
0.148 
0.125 
0.110 
0.102 
0.098 
0.098 
0.106 
0.113 
0.124 
0.127 
0.129 
0.131 
0.134 
0.138 
0.144 
0.147 
0.147 
0.147 
0.145 
0.144 
0.143 
0.145 
0.155 
0.172 
0.193 
0.213 
0.230 
0.234 
0.228 
0.219 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


Energy (eV) n k R($ = 0) Energy (eV) n k R($ = 0) Energy (eV) n k К(ф = 0) 
22.50 0.81 0.92 0.214 4.20 1.29 3.08 0.649 26.00 0.68 0.63 0.154 
23.00 0.79 0.90 0.213 4.40 1.22 2.93 0.639 27.00 0.67 0.57 0.140 
23.50 0.75 0.87 0.214 4.60 1.16 2.79 0.628 28.00 0.66 0.51 0.124 
24.00 0.73 0.84 0.210 4.80 1.11 2.67 0.617 29.00 0.67 0.46 0.107 
24.50 0.70 0.81 0.208 5.00 1.06 2.56 0.607 30.00 0.67 0.43 0.097 
25.00 0.69 0.77 0.202 5.20 1.01 2.46 0.600 31.00 0.67 0.37 0.084 
25.50 0.67 0.74 0.195 5.40 0.95 2.35 0.593 32.00 0.69 0.33 0.070 
26.00 0.66 0.70 0.188 5.60 0.92 2.23 0.576 33.00 0.71 0.30 0.058 
26.50 0.65 0.66 0.176 5.80 0.90 2.14 0.559 34.00 0.73 0.27 0.048 
27.00 0.65 0.64 0.168 6.00 0.88 2.05 0.545 35.00 0.75 0.25 0.039 
27.50 0.65 0.61 0.159 6.20 0.87 1.98 0.531 36.00 0.77 0.24 0.035 
28.00 0.65 0.59 0.152 6.40 0.84 1.91 0.521 37.00 0.79 0.23 0.039 
29.00 0.65 0.54 0.137 6.60 0.82 1.84 0.510 38.00 0.80 0.22 0.027 
30.00 0.66 0.51 0.127 6.80 0.79 1.77 0.500 39.00 0.82 0.22 0.024 
31.00 0.64 0.49 0.127 7.00 0.76 1.69 0.489 40.00 0.83 0.22 0.022 
32.00 0.61 0.44 0.126 7.20 0.75 1.61 0.472 ES 
33.00 0.60 0.37 0.110 7.40 0.73 1.54 0.455 Ruthenium, single crystal, E L c5 
34.00 0.65 0.30 0.074 7.60 0.73 1.46 0.433 0.10 11.85 50.81 0.983 
35.00 0.69 0.28 0.058 7.80 0.73 1.39 0.411 0.20 6.68 27.18 0.966 
36.00 0.73 0.27 0.049 8.00 0.72 1.33 0.391 0.30 4.94 18.92 0.950 
37.00 0.74 0.28 0.047 8.20 0.72 1.26 0.366 0.40 3.90 14.51 0.933 
38.00 0.74 0.27 0.045 8.40 0.73 1.20 0.342 0.50 327 11.63 0.915 
39.00 0.75 0.25 0.041 8.60 0.74 114 0.318 0.60 2.98 9.54 0.888 

EN 8.80 0.74 1.08 0.295 0.70 2.82 7.99 0.856 

Ruthenium, single crystal, E || c? 9.00 0.75 1.02 0.267 0.80 2.73 6.71 0.815 

0.10 11.50 51.38 0.984 9.20 0.77 0.97 0.243 0.90 2.82 5.54 0.751 
0.20 5.93 27.14 0.970 9.40 0.79 0.91 0.217 .00 3.17 4.59 0.670 
0.30 4.33 18.50 0.953 9.60 0.82 0.86 0.190 10 3.69 3.91 0.604 
0.40 3.60 13.97 0.933 9.80 0.85 0.81 0.167 20 4.28 3.66 0.585 
0.50 318 11.04 0.909 10.00 0.88 0.76 0.144 30 4.66 3.72 0.593 
0.60 3.28 8.89 0.865 10.20 0.92 0.72 0.125 40 4.86 3.79 0.601 
0.70 3.62 7.73 0.822 10.40 0.96 0.69 0.110 .50 4.99 3.89 0.609 
0.80 3.42 7.02 0.801 10.60 1.01 0.67 0.100 .60 5.08 4.03 0.618 
0.90 3.25 6.12 0.766 10.80 1.05 0.66 0.094 70 512 4.22 0.629 
1.00 3.39 5.33 0.715 11.00 1.09 0.65 0.090 80 5.10 4.45 0.642 
140 3.66 4.83 0.675 11.20 1.12 0.65 0.088 90 4.96 4.78 0.660 
1.20 3.84 4.57 0.654 11.40 115 0.65 0.087 2.00 4.61 5.06 0.677 
1.30 3.94 4.38 0.638 11.60 1.18 0.65 0.088 2.10 421 5.09 0.682 
1.40 4.02 4.19 0.624 11.80 121 0.66 0.090 2.20 3.94 5.00 0.68 

1.50 4.16 4.07 0.614 12.00 1.23 0.67 0.092 2.30 3.69 4.97 0.684 
1.60 4.33 4.08 0.615 12.40 1.26 0.69 0.098 2.40 3.44 4.88 0.684 
1.70 4.42 4.21 0.624 12.80 1.27 0.72 0.104 2.50 3:27 4.77 0.68 

1.80 4.40 4.38 0.636 13.20 1.28 0.74 0.108 2.60 3.14 4.66 0.677 
1.90 4.29 4.61 0.651 13.60 1.28 0.75 0.111 2.70 3.06 4.59 0.674 
2.00 4.04 4.81 0.667 14.00 1.28 0.76 0.114 2.80 2.99 4.59 0.676 
2.10 3.69 4.90 0.679 14.40 1.27 0.76 0.114 2.90 2.87 4.64 0.686 
2.20 3.35 4.82 0.683 14.80 1.27 0.76 0.114 3.00 2.64 4.69 0.70 

2.30 3.09 4.70 0.681 15.00 1.27 0.76 0.114 3.10 2.40 4.64 0.710 
2.40 2.89 4.55 0.677 15.60 1.28 0.77 0.115 3.20 2.18 4.55 0.717 
2.50 2.74 4.40 0.671 16.00 1.30 0.78 0.118 3.30 2.00 4.43 0.72 

2.60 2.64 4.25 0.663 16.50 1.32 0.80 0.123 3.40 1.84 4.30 0.723 
2.70 2.58 4.14 0.656 17.00 134 0.85 0.136 3.50 171 4.16 0.723 
2.80 2.54 4.05 0.650 17.50 1.32 0.93 0.155 3.60 1.60 4.03 0.722 
2.90 2.48 4.03 0.650 18.00 1.26 0.99 0.173 3.70 1.50 3.90 0.72 

3.00 2.38 4.03 0.656 18.50 1.18 1.02 0.185 3.80 1.41 3.77 0.718 
310 2.26 4.00 0.661 19.00 1.11 1.02 0.192 3.90 1.35 3.64 0.713 
3.20 2.13 3.96 0.666 19.50 1.05 1.02 0.199 4.00 1.29 3.53 0.707 
3.30 2.00 3.91 0.671 20.00 0.99 1.02 0.208 4.20 1.21 3.31 0.694 
3.40 1.87 3.83 0.673 20.50 0.92 0.99 0.212 4.40 1.16 3.13 0.679 
3.50 1.76 3.74 0.674 21.00 0.86 0.94 0.209 4.60 1.13 2.97 0.662 
3.60 1.66 3.65 0.675 21.50 0.83 0.90 0.203 4.80 1.09 2.86 0.652 
3.70 1.57 3.55 0.673 22.00 0.81 0.86 0.193 5.00 1.03 2.75 0.648 
3.80 1.49 3.45 0.672 23.00 0.77 0.79 0.182 5.20 0.97 2.64 0.643 
3.90 1.42 3.35 0.668 24.00 0.74 0.74 0.171 5.40 0.91 2.52 0.635 
4.00 1.37 3.24 0.661 25.00 0.71 0.69 0.163 5.60 0.88 2.40 0.622 
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Energy (eV) 


5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.00 
5.60 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
20.00 
20.50 
21.00 
21.50 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 


n 


0.86 
0.84 
0.82 
0.81 
0.78 
0.76 
0.73 
0.70 
0.68 
0.67 
0.66 
0.66 
0.65 
0.66 
0.66 
0.68 
0.69 
0.70 
0.73 
0.77 
0.82 
0.86 
0.90 
0.94 
0.99 
1.04 
1.08 
1.11 
1.14 
1.17 
1.20 
1.22 
1.25 
1.26 
1.27 
1.27 
1.26 
1.25 
1.25 
1.25 
1.25 
1.27 
1.28 
1.28 
1.25 
1.19 
1.12 
1.07 
1.02 
0.97 
0.91 
0.85 
0.80 
0.77 
0.71 
0.67 
0.64 
0.61 
0.60 
0.60 
0.61 
0.62 
0.61 
0.63 
0.65 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


2.29 
2.20 
2.11 
2.04 
1.97 
1.89 
1.82 
1.75 
1.67 
1.59 
1.51 
1.44 
1.36 
1.29 
1.22 
1.15 
1.09 
1.02 
0.95 
0.89 
0.84 
0.81 
0.77 
0.74 
0.72 
0.71 
0.70 
0.70 
0.70 
0.71 
0.72 
0.73 
0.76 
0.78 
0.81 
0.83 
0.84 
0.84 
0.84 
0.84 
0.85 
0.85 
0.89 
0.94 
1.00 
1.04 
1.05 
1.05 
1.04 
1.04 
1.03 
1.01 
0.97 
0.94 
0.87 
0.79 
0.73 
0.66 
0.59 
0.53 
0.48 
0.45 
0.40 
0.34 
0.31 


кф = 0) 


0.605 
0.591 
0.576 
0.564 
0.556 
0.545 
0.538 
0.527 
0.513 
0.496 
0.476 
0.454 
0.430 
0.403 
0.378 
0.346 
0.317 
0.286 
0.251 
0.216 
0.185 
0.163 
0.143 
0.127 
0.115 
0.108 
0.104 
0.102 
0.101 
0.102 
0.104 
0.107 
0.113 
0.118 
0.124 
0.129 
0.132 
0.132 
0.133 
0.133 
0.134 
0.134 
0.145 
0.158 
0.175 
0.190 
0.200 
0.205 
0.212 
0.219 
0.228 
0.234 
0.234 
0.233 
0.229 
0.218 
0.205 
0.194 
0.177 
0.155 
0.134 
0.123 
0.114 
0.093 
0.077 


Energy (eV) 


34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 


n 


0.67 
0.70 
0.72 
0.73 
0.75 
0.77 
0.79 


k 


0.28 
0.26 
0.25 
0.23 
0.22 
0.22 
0.22 
> 


Selenium, single crystal, E | c? 


0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 
0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02976 
0.03224 
0.03472 
0.03720 
0.04463 
0.04959 
0.05703 
0.06199 
0.06819 
0.07439 
0.08059 
0.08679 
0.09299 
0.09919 
0.1116 
0.1240 
0.2480 
0.3720 
0.4959 
0.6199 
0.7439 
0.8679 
0.9919 
1.116 
1.240 
1.50 
1.60 
1.70 
1.80 
2.0 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 

3.6 

3.8 

4.0 

42 

4.5 

5.0 

6.0 


2.914 
3.175 
3.263 
3.306 
3.330 
3.346 
3.358 
3.366 
3.372 
3.377 
3.380 


w 
io 
© 
M 


3.403 
3.405 
3.407 
3.408 


3.409 
3.409 
3.410 
3.417 
3.427 
3.442 
3.462 
3.486 
3.516 
3.551 
3.592 
3.640 


4.46 
4.79 
4.49 
4.28 
4.40 
4.59 
444 
3.92 
3.69 
3.39 

(3.00) 

(2.65) 

(2.30) 
1.92 
1.50 
1.57 


0.248 

9.95Е-02 
2.13E-03 
3.81E-02 
7.04Е-03 
4.23Е-02 
3.40Е-03 
5.31E-02 
1.96E-03 
2.39E-02 


1.16E-02 
7.96Е-03 
8.57Е-03 
2.70E-02 
1.72Е-02 
1.13Е-02 
2.79Е-03 
1.56Е-03 
1.35Е-03 
5.79Е-04 
4.44Е-04 
4.41Е-04 
4.32Е-04 
2.44Е-04 
3.23Е-04 
2.87Е-04 
2.7 1E-04 
2.67E-04 
1.90E-04 
1.41E-04 
1.12E-04 
9.42E-05 
8.07E-05 
7.11E-05 
6.37E-05 
5.81E-05 
1.33E-04 
1.59E-04 
6.27E-04 
2.20E-02 
0.76 

1.19 

1.21 

1.32 

1.70 

2.29 

2.59 

2.76 

3.01 


2.78 
2.31 
1.49 


12-149 


R - 0) 


0.065 
0.054 
0.047 
0.041 
0.035 
0.031 
0.028 


0.242 
0.272 
0.282 
0.287 
0.290 
0.291 
0.293 
0.294 
0.294 
0.295 
0.295 


0.297 
0.298 
0.298 
0.298 
0.298 


0.299 
0.299 
0.299 
0.299 
0.301 
0.302 
0.304 
0.307 
0.310 
0.314 
0.319 
0.324 


0.402 
0.438 
0.431 
0.417 
0.430 
0.462 
0.490 
0.493 
0.502 
0.521 


0.528 
0.482 
0.288 


Energy (eV) 


7.0 

8.0 

9.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 


n 


1.84 
1.35 
1.35 
0.92 
1.00 
0.81 
0.65 
0.65 
0.69 
0.81 
0.91 
0.86 
0.85 
0.87 


-» 


К 


1.45 
1.68 
1.64 
1.07 
1.10 
0.91 
0.61 
0.48 
0.36 
0.25 
0.18 
0.15 
0.13 
0.11 


Selenium, single crystal, E L с22 


0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 
0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02976 
0.03224 
0.03472 
0.03720 
0.04463 
0.04959 
0.05703 
0.06199 
0.06819 
0.07439 
0.08059 
0.08679 
0.09299 
0.09919 
0.1116 

0.1240 

0.2480 

0.3720 

0.4959 

0.6199 

0.7439 

0.8679 

0.9919 

1.116 
1.240 
1.50 
1.60 
1.70 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 


2.854 
2.932 
3.140 
2.959 
2.111 
2.356 
2.462 
2.502 
2.543 
2.550 
2.582 
2.600 
2.576 
2.598 
2.607 
2.613 


2.627 


2.632 


2.635 


2.636 


2.637 
2.638 
2.639 
2.645 
2.652 
2.654 
2.675 
2.692 
2.713 
2.739 
2.772 
2.816 


3:32 
3.38 
3.07 
2.93 
3.00 
3.12 
3.30 
3.35 
3.22 


0.0239 
0.0325 
0.1750 
1.3300 
0.2550 
0.0746 
0.0276 
0.0442 
0.0097 
0.0239 


0.0101 
9.95Е-03 
1.16Е-02 
1.68E-02 
1.54E-02 
1.17E-02 
3.58E-03 
8.65E-04 
2.07E-03 
2.89E-04 
1.59E-04 
1.35E-04 
1.42Е-04 
1.04Е-04 
8.95Е-05 
8.84Е-05 
8.51Е-05 
5.97Е-05 
5.44Е-05 
4.58Е-05 
3.82Е-05 
3.32Е-05 
2.96Е-05 
2.69Е-05 
2.48Е-05 
2.31E-05 
7.37Е-05 
8.63Е-05 
3.60E-04 
0.11 

0.65 

0.73 

0.61 

0.53 

0.58 

0.70 

1.01 

1.24 


К(ф = 0) 


0.276 
0.353 
0.342 
0.238 
0.232 
0.211 
0.160 
0.120 
0.076 
0.030 
0.011 
0.012 
0.011 
0.008 


0.231 
0.241 
0.269 
0.321 
0.133 
0.164 
0.178 
0.184 
0.190 
0.191 
0.195 
0.198 
0.194 
0.197 
0.199 
0.199 


0.201 
0.202 
0.202 
0.202 


0.203 
0.203 
0.203 
0.204 
0.205 
0.205 
0.208 
0.210 
0.213 
0.216 
0.221 
0.226 


0.289 
0.310 
0.282 
0.259 
0.263 
0.279 
0.305 
0.328 
0.334 


Energy (eV) 


3.60 
3.80 
4.00 
4.20 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26.00 
28.00 
30.00 


Silicon, single crystal? 


0.01240 
0.01488 
0.01736 
0.01984 
0.02480 
0.03100 
0.04092 
0.04463 
0.04959 
0.05703 
0.06199 
0.06943 
0.07439 
0.08059 
0.08679 
0.09299 
0.09919 
0.1054 
0.1116 
0.1178 
0.1240 
0.1364 
0.1488 
0.1612 
0.1736 
0.1798 
0.1860 
0.1922 
0.1984 
0.2046 
0.2108 
0.2170 
0.2232 
0.2294 
0.2356 
0.2418 
0.2480 
0.3100 
0.3626 
0.4568 
0.6199 
0.8093 


n 


3.06 
2.84 
2.51 
2.18 
1.75 
1.25 
1.32 
1.62 
1.81 
1.66 
1.72 
1.25 
0.98 
0.68 
0.61 
0.73 
0.78 
0.78 
0.78 
0.80 
0.79 


3.4185 
3.4190 
3.4192 
3.4195 
3.4197 
3.4199 
3.4200 


3.4201 


3.4204 


(3.4207) 


3.4215 


(3.4230) 


(3.4244) 


3.4261 
3.4294 
3.4327 
3.4393 
3.4490 
3.4784 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


1.47 
1.66 
1.81 
1.83 
1.94 
1.50 
0.73 
0.61 
0.69 
1.02 
0.95 
1.02 
0.92 
0.96 
0.65 
0.48 
0.39 
0.32 
0.26 
0.19 
0.14 


2.90E-04 
2.30E-04 
1.90E-04 
1.70E-04 


1.08E-04 
9.15E-05 
1.56E-04 
2.86E-04 
3.84E-04 
7.16E-04 
1.52E-04 
1.02E-04 
2.59E-04 
1.77E-04 
1.53E-04 
2.02E-04 
1.22E-04 
6.76E-05 
5.49E-05 
2.41E-05 
2.49E-05 
1.68E-05 
2.45E-05 
2.66E-06 
1.74E-06 
8.46E-07 
5.64E-07 
4.17E-07 
4.05E-07 
3.94E-07 
3.26E-07 
2.97E-07 
2.82E-07 
1.99E-07 


2.50E-09 


Кф = 0) 


0.344 
0.351 
0.356 
0.352 
0.382 
0.316 
0.107 
0.105 
0.135 
0.182 
0.171 
0.181 
0.178 
0.274 
0.191 
0.094 
0.060 
0.046 
0.036 
0.023 
0.020 


0.300 


0.300 
0.301 
0.301 
0.302 
0.303 
0.306 


Епегву (еУ) 


.033 


> ым бс Db P Q юе 


ю ою кюю ДУ [У I2 о (У ; 
00-10 Q + OQ мо о о 


Ло 
© о 


d 
= 


Жоо p t po to Qo t2 о» 
© \© бсо з с Q мок 


Q b P b P P bP P p + 
© обом бс à ъъ» юе 


nnn 
о = 


90:09 0-1 ту ЛЛУ Oe CAVOUR A 
Q S à Oi oo à S bà > 


о ю 
лс 


10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.14 


п 


3.519 
(3.534 


3.673 
3.714 
3.752 
3.796 
3.847 
3.906 
3.969 
4.042 
4.123 
4.215 
4.320 
4.442 
4.583 
4.753 
4.961 
5.222 
5.570 
6.062 
6.709 
6.522 
5.610 
5.296 
5.156 
5.065 
5.016 
5.010 
5.020 
4.888 
4.086 
3.120 
2.451 
1.988 
1.764 
1.658 
1.597 
1.570 
1.571 
1.589 
1.579 
1.471 
1.340 
1.247 
1.180 
1.133 
1.083 
1.010 
0.847 
0.682 
0.563 
0.478 
0.414 
0.367 
0.332 
0.306 
0.257 
0.275 
0.345 
0.455 
0.567 
0.675 


к 


3 

1) 1.30E-05 
1.80Е-04 
2.26E-03 
7.75Е-03 
5.00Е-03 
8.00E-03 
1.00E-02 
0.013 
0.016 
0.022 
0.030 
0.032 
0.048 
0.060 
0.073 
0.090 
0.130 
0.163 
0.203 
0.269 
0.387 
0.630 
1.321 
2.105 
3.014 
2.987 
3.058 
3.182 
3.346 
3.587 
3.979 
4.639 
5.395 
5.344 
5.082 
4.678 
4.278 
3.979 
3.749 
3.565 
3.429 
3.354 
3.353 
3.366 
3.302 
3.206 
3.112 
3.045 
2.982 
2.909 
2.73 
2.45 
2.21 
2.00 
1.82 
1.66 
151 
1.38 
0.963 
0.641 
0.394 
0.219 
0.0835 
0.0405 


12-150 


К(ф = 0) 


0.311 
0.312 


0.327 
0.331 
0.335 
0.340 
0.345 
0.351 
0.357 
0.364 
0.372 
0.380 
0.390 
0.400 
0.412 
0.426 
0.442 
0.46 
0.486 
0.518 
0.56 
0.592 
0.575 
0.564 
0.563 
0.568 
0.577 
0.59 
0.614 
0.652 
0.703 
0.726 
0.740 
0.742 
0.728 
0.710 
0.693 
0.675 
0.658 
0.646 
0.647 
0.663 
0.673 
0.675 
0.673 
0.672 
0.673 
0.677 
0.688 
0.691 
0.693 
0.691 
0.688 
0.683 
0.672 
0.661 
0.590 
0.460 
0.297 
0.159 
0.079 
0.038 


Energy (eV) n 


24.31 0.752 
26.38 0.803 
28.18 0.834 
30.24 0.860 
31.79 0.877 
34.44 0.899 
36.47 0.913 
38.75 0.925 
40.00 0.930 
Silver® 
0.10 9.91 
0.20 2.84 
0.30 1.41 
0.40 0.91 
0.50 0.67 
1.00 0.28 
1.50 0.27 
2.00 0.27 
2.50 0.24 
3.00 0.23 
3.25 0.23 
3.50 0.21 
3.60 0.23 
3.70 0.30 
3.77 0.53 
3.80 0.73 
3.90 1.30 
4.00 1.61 
4.10 1.73 
4.20 1.75 
4.30 1.73 
4.50 1.69 
4.75 1.61 
5.00 1.55 
5.50 1.45 
6.00 1.34 
6.50 1.25 
7.00 1.18 
7.50 1.14 
8.00 1.16 
9.00 1.33 
10.00 1.46 
11.00 1.52 
12.00 1.61 
13.00 1.66 
14.00 1.72 
14.50 1.64 
15.00 1.56 
16.00 1.42 
17.00 1.33 
18.00 1.28 
19.00 1.27 
20.00 1.29 
21.00 1.35 
21.50 1.37 
22.00 1.34 
22.50 1.26 
23.00 1.17 
23.50 1.10 
24.00 1.04 
24.50 0.99 
25.00 0.95 
25.50 0.91 
26.00 0.90 


k 


0.0243 
0.0178 
0.0152 
0.0138 
0.0132 
0.0121 
0.0113 
0.0104 
0.0100 


90.27 
45.70 
30.51 
22.89 
18.32 
9.03 
5.79 
4.18 
3.09 
2.27 
1.86 
1.42 
143 
0.77 
0.40 
0.30 
0.36 
0.60 
0.85 
1.06 
1.13 
1.28 
1.34 
1.36 
1.34 
1.28 
1.18 
1.06 
0.91 
0.75 
0.56 
0.56 
0.56 
0.59 
0.64 
0.78 
0.88 
0.92 
0.91 
0.86 
0.80 
0.75 
0.71 
0.75 
0.80 
0.87 
0.93 
0.94 
0.93 
0.90 
0.87 
0.83 
0.78 
0.74 


R( = 0) 


0.020 
0.012 
0.008 
0.006 
0.004 
0.003 
0.002 
0.002 
0.001 


0.995 
0.995 
0.994 
0.993 
0.992 
0.987 
0.969 
0.944 
0.914 
0.864 
0.816 
0.756 
0.671 
0.475 
0.154 
0.053 
0.040 
0.103 
0.153 
0.194 
0.208 
0.238 
0.252 
0.257 
0.257 
0.246 
0.225 
0.196 
0.157 
0.114 
0.074 
0.082 
0.088 
0.100 
0.112 
0.14 
0.152 
0.156 
0.15 
0.139 
0.124 
0.11 
0.103 
0.112 
0.124 
0.14 
0.157 
0.163 
0.165 
0.165 
0.160 
0.154 
0.144 
0.133 


Energy (eV) 


26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
38.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
52.00 
54.00 
56.00 
58.00 
60.00 
62.00 
64.00 
66.00 
68.00 
70.00 
72.00 
74.00 
76.00 
78.00 
80.00 
85.00 
90.00 
95.00 
100.00 


Sodium? 
0.55 
0.58 
0.63 
0.67 
0.73 
0.81 
0.92 
1.05 
1.23 
1.44 
1.65 
1.87 
2.07 
2.27 
2.45 
2.64 
2.82 
2.95 
3.06 
3.20 
3.40 
3:71 
3.97 
6.199 


п 


0.89 
0.89 
0.89 
0.90 
0.91 
0.92 
0.93 
0.93 
0.92 
0.90 
0.88 
0.86 
0.89 
0.89 
0.90 
0.90 
0.90 
0.90 
0.89 
0.88 
0.89 
0.88 
0.87 
0.87 
0.87 
0.88 
0.88 
0.88 
0.87 
0.83 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.86 
0.87 


0.262 
0.241 
0.207 
0.175 
0.147 
0.123 
0.099 
0.078 
0.064 
0.053 
0.050 
0.049 
0.053 
0.059 
0.063 
0.066 
0.068 
0.068 
0.069 
0.065 
0.061 
0.055 
0.049 
0.390 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


k 


0.69 
0.65 
0.62 
0.59 
0.57 
0.56 
0.54 
0.53 
0.53 
0.51 
0.49 
0.45 
0.44 
0.39 
0.37 
0.35 
0.33 
0.32 
0.31 
0.29 
0.28 
0.17 
0.26 
0.24 
0.22 
0.21 
0.21 
0.21 
0.21 
0.20 
0.18 
0.17 
0.16 
0.15 
0.14 
0.11 
0.08 
0.06 
0.04 


9.97 
9.45 
8.80 
8.09 
7.42 
6.67 
5.82 
5.11 
4.35 
3.72 
3.22 
2.76 
2.48 
2.23 
2.07 
1.88 
1.76 
1.63 
1.54 
1.47 
1.33 
1.13 
1.01 


R( = 0) 


0.121 
0.109 
0.099 
0.090 
0.084 
0.079 
0.074 
0.072 
0.072 
0.071 
0.067 
0.061 
0.055 
0.043 
0.039 
0.036 
0.033 
0.031 
0.030 
0.027 
0.024 
0.024 
0.024 
0.021 
0.018 
0.016 
0.016 
0.016 
0.017 
0.021 
0.016 
0.014 
0.013 
0.013 
0.012 
0.011 
0.009 
0.007 
0.005 


0.990 
0.989 
0.990 
0.990 
0.990 
0.989 
0.989 
0.989 
0.987 
0.986 
0.983 
0.978 
0.971 
0.961 
0.953 
0.943 
0.936 
0.928 
0.921 
0.921 
0.916 
0.908 
0.908 
0.193 


Energy (eV) n 


6.358 0.454 
6.526 0.485 
6.702 0.533 
6.888 0.574 
7.130 0.616 
7.328 0.641 
7.583 0.674 
7.847 0.700 
8.015 0.710 
8.634 0.762 
9.143 0.800 
9.709 0.819 
10.20 0.843 
11.08 0.870 
11.83 0.887 
12.73 0.907 
13.05 0.913 
13.42 0.914 
13.73 0.917 
14.07 0.922 
14.83 0.934 
15.05 0.936 
15.46 0.942 
16.21 0.948 
18.10 0.964 
21.12 0.979 
25.51 0.993 
26.95 1.00 
27.68 1.01 
28.37 1.01 
29.52 1.02 
Tantalum!6 
0.10 10.14 
0.15 9.45 
0.20 SH 
0.26 3.67 
0.30 2.87 
0.38 2.03 
0.50 1.37 
0.58 1.15 
0.70 0.96 
0.78 0.89 
0.90 0.84 
.00 0.89 
10 0.93 
20 0.98 
30 1.00 
40 1.04 
550 1.09 
.60 1.15 
70 1.24 
180 1.35 
90 1.57 
2.00 1.83 
210 210 
2.20 2.36 
2.30 2.56 
2.40 2.68 
2.50 2:75 
2.60 2.80 
2.70 2.84 
2.80 2.85 
2.90 2.84 
3.00 2.81 


k 


66.39 
46.41 
35.46 
27.53 
23.90 
18.87 
14.26 
12.19 
9.92 
8.77 
7.38 
6.47 
5.75 
5.14 
4.62 
4.15 
3.73 
3.33 
2.95 
2.60 
2.24 
1.99 
1.84 
1.81 
1.86 
1,92 
1.98 
2.02 
2.08 
2.14 
2.20 
224 


12-151 


R(o=0) 


0.141 
0.120 
0.093 
0.073 
0.056 
0.048 
0.038 
0.031 
0.029 
0.018 
0.012 
0.010 
0.007 
0.005 
0.004 
0.002 
0.002 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.984 
0.9834 
0.982 
0.981 
0.980 
0.978 
0.974 
0.970 
0.962 
0.956 
0.942 
0.992 
0.899 
0.872 
0.842 
0.805 
0.762 
0.707 
0.640 
0.560 
0.460 
0.388 
0.354 
0.351 
0.365 
0.378 
0.388 
0.395 
0.405 
0.412 
0.420 
0.425 


Energy (eV) 


3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.60 
4.00 
4.60 
5.00 
5.60 
6.00 
6.60 
7.00 
7.60 
8.00 
8.60 
9.00 
9.60 
20.00 
20.60 


п 


2.73 
2.61 
2.49 
2.40 
2.36 
2.35 
2.39 
2.45 
2.53 
2.58 
2.52 
2.31 
2.06 
1.83 
1.63 
1.48 
1.37 
1.29 
1.23 
1.18 
1.15 
1.13 
1.12 
1.11 
1.11 
1.12 
1.13 
1.14 
1.17 
1.19 
1.21 
1.21 
1.21 
1.21 
1.20 
1.19 
1.18 
1.16 
1.15 
1.13 
1.11 
1.09 
1.07 
1.05 
1.02 
1.00 
0.98 
0.96 
0.94 
0.93 
0.91 
0.90 
0.85 
0.80 
0.72 
0.68 
0.63 
0.60 
0.60 
0.55 
0.53 
0.53 
0.53 
0.54 
0.55 


k 


2.31 
2.33 
2.30 
2.22 
2.14 
2.06 
2.01 
2.00 
2.06 
2.20 
2.44 
2.61 
2.67 
2.63 
2.56 
2.45 
2.33 
2.22 
2.11 
2.01 
1.91 
1.82 
1.75 
1.68 
1.61 
1.55 
1.50 
1.45 
1.41 
1.40 
1.38 
1.38 
1.38 
1.37 
1.37 
1.37 
1.37 
1.36 
1.36 
1.35 
1:35 
1.34 
1.33 
1.32 
1.31 
1.29 
1.28 
1.26 
1.24 
1:22 
1.16 
1.15 
1.15 
1.13 
1.08 
1.04 
0.97 
0.92 
0.92 
0.79 
0.71 
0.65 
0.57 
0.52 
0.44 


Еф = 0) 


0.432 
0.435 
0.430 
0.418 
0.406 
0.392 
0.384 
0.384 
0.394 
0.416 
0.450 
0.480 
0.501 
0.510 
0.515 
0.512 
0.504 
0.492 
0.478 
0.462 
0.445 
0.425 
0.406 
0.390 
0.370 
0.350 
0.332 
0.317 
0.301 
0.294 
0.289 
0.287 
0.285 
0.285 
0.286 
0.286 
0.287 
0.288 
0.289 
0.290 
0.292 
0.293 
0.294 
0.295 
0.296 
0.295 
0.294 
0.292 
0.289 
0.286 
0.272 
0.272 
0.285 
0.293 
0.301 
0.304 
0.301 
0.296 
0.296 
0.274 
0.254 
0.236 
0.207 
0.185 
0.153 


OPTICAL PROPERTIES ОЕ SELECTED ELEMENTS (continued) 


Energy (eV) n k 
21.00 0.57 0.39 
21.60 0.64 0.34 
22.00 0.64 0.32 
22.60 0.69 0.27 
23.00 0.73 0.24 
23.60 0.80 0.26 
24.00 0.80 0.26 
24.60 0.82 0.25 
25.00 0.83 0.25 
25.60 0.86 0.24 
26.00 0.88 0.25 
26.60 0.87 0.26 
27.00 0.87 0.25 
27.60 0.89 0.23 
28.00 0.90 0.23 
28.60 0.91 0.22 
29.00 0.92 0.22 
29.60 0.94 0.22 
30.00 0.95 0.22 
31.00 0.97 0.23 
32.00 0.98 0.24 
33.00 0.98 0.25 
34.00 0.99 0.25 
35.00 0.99 0.26 
36.00 0.99 0.27 
37.00 0.99 0.28 
38.00 0.98 0.28 
39.00 0.97 0.29 
40.00 0.95 0.29 
— 
Tellurium, E || 25 
0.01364 4.82 0.118 
0.01488 5.26 0.0505 
0.01612 5.47 0.0278 
0.01736 5.59 0.0174 
0.01860 0.0796 
0.01984 0.0696 
0.02108 0.0749 
0.02232 0.1900 
0.02356 0.2220 
0.02480 0.0716 
0.02604 0.0682 
0.02728 0.0832 
0.02976 0.0149 
0.03224 2.14Е-03 
0.03472 1.71Е-02 
0.03720 5.94 3.71E-03 
0.03968 2.44E-03 
0.04339 5.96 1.59E-03 
0.04711 7.85Е-04 
0.05083 7.38Е-04 
0.05579 3.89Е-04 
0.06199 5.98 3.09Е-04 
0.07439 2.52Е-04 
0.08679 2.96Е-04 
0.09919 3.68Е-04 
0.12400 6.246 3.34Е-04 


0.15500 6.253 
0.20660 6.286 


0.24800 6.316 7.48Е-05 
0.31 6.372 1.18Е-05 
0.35 4.93Е-04 
0.41 6.74Е-03 
0.5 6.53 2.30E-02 
0.6 6.71 7.50Е-02 


R($ = 0) 


0.127 
0.089 
0.081 
0.058 
0.043 
0.033 
0.034 
0.029 
0.026 
0.022 
0.022 
0.023 
0.022 
0.019 
0.017 
0.015 
0.014 
0.014 
0.014 
0.014 
0.015 
0.015 
0.016 
0.017 
0.018 
0.019 
0.021 
0.022 
0.023 


0.431 
0.463 
0.477 
0.485 


0.507 


0.508 


0.509 


0.524 
0.525 
0.526 
0.528 
0.531 


0.539 
0.549 


Energy (eV) 


0.7 
0.8 
0.9 
1.0 
12 
1.4 
1.6 
1.8 
2.0 
22 
2.4 
2.6 
2.8 
3.0 
3:5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7,5 
8.0 
8.5 
9.0 
9.5 
10.0 
11.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 


n 


7.00 
7.23 
7.48 
7.70 
6.99 
7.11 
6.75 
6.89 
4.67 
4.94 
3.94 
3:25 
2.73 
2.30 
1.69 
1.33 
1.32 
1.63 
1.72 
1:73 
1.78 
1.83 
1.72 
1.54 
1.55 
0.99 
1.47 
0.86 
0.80 
0.79 
0.67 
0.59 
0.48 
0.74 
0.83 
0.85 
0.87 
0.89 
0.90 


25 
Tellurium, Е L c?5 


0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 
0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02976 
0.03224 
0.03472 
0.03720 
0.03968 
0.04339 
0.04711 
0.05083 
0.05579 
0.06199 
0.07439 
0.08679 


2.61 
3.65 
4.10 
4.63 


(4.42) 


к 


0.24 
0.48 
0.94 
1.56 
2.22 
2.46 
2.91 
3.70 
4.67 
5.16 
5.08 
4.77 
4.42 
4.16 
3.44 
2.64 
1.96 
1.60 
1.57 
1.45 
1.36 
1.36 
1.51 
1.37 
1.23 
0.93 
1.25 
0.86 
0.77 
0.76 
0.59 
0.49 
0.31 
0.20 
0.18 
0.15 
0.12 
0.090 
0.045 


0.2980 
0.0894 
0.0535 
0.4990 
0.1170 
0.0343 
0.0421 
0.1060 
0.0880 
0.0458 
0.0928 
0.0886 
0.0232 
3.06Е-03 
1.25Е-02 
2.65Е-03 
1.89Е-03 
1.41Е-03 
8.38Е-04 
6.79Е-04 
1.59Е-04 
1.16Е-04 
7.23Е-05 
5.34Е-05 


12-152 


кф = 0) 


0.563 
0.574 
0.589 
0.606 
0.593 
0.604 
0.606 
0.637 
0.654 
0.68 
0.686 
0.68 
0.674 
0.674 
0.646 
0.57 
0.428 
0.312 
0.302 
0.276 
0.257 
0.257 
0.289 
0.260 
0.226 
0.179 
0.233 
0.181 
0.165 
0.164 
0.146 
0.147 
0.160 
0.035 
0.018 
0.013 
0.009 
0.006 
0.003 


0.204 
0.325 
0.370 
0.420 


0.398 


0.422 


0.425 


0.427 


Energy (eV) n 


0.09919 

0.1240 4.796 
0.1550 4.809 
0.2066 4.838 
0.2480 4.864 


0.31 4.929 
0.35 
0.41 
0.5 4.90 
0.6 4.93 
0.7 4.95 
0.8 5.10 
0.9 5.22 
1.0 5.35 
12 5.17 
1.4 5.56 
1.6 5.88 
1.8 6.10 
2.0 5.94 
22 5.10 
2.4 4.24 
2.6 3.57 
2.8 3.03 
3.0 2.51 
2,5 1.72 
4.0 1.32 
4.5 1.28 
5.0 1.47 
5:5 1.74 
6.0 1.94 
6.5 2,19 
7.0 2.48 
7.5 2.60 
8.0 2.59 
8.5 2,39 
9.0 1.11 
9.5 2.08 
10.0 0.99 
11.0 0.84 
12.0 0.87 
14.0 0.59 
16.0 0.64 
18.0 0.52 
20.0 0.50 
22.0 0.56 
24.0 0.54 
26.0 0.50 
28.0 0.48 
30.0 0.46 


k 


4.28E-05 
3.18E-05 


2.19E-05 
3.18E-05 
7.89E-02 
0.149 


0.11 
0.13 
0.22 
0.45 
0.63 
0.63 
1.15 
1.80 
2.69 
3.61 
3.77 
3.75 
3.63 
3:39 
2.70 
2.01 
1.28 
0.82 
0.51 
0.39 
0.32 
0.40 
0.69 
0.91 
1.00 
1.24 
1.11 
1.04 
1.01 
0.87 
0.87 
0.55 
0.41 
0.38 
0.29 
0.25 
0.20 
0.17 
0.088 


Titanium (Polycrystalline)14 


0.10 5.03 
0.15 3.00 
0.20 2.12 
0.25 2.05 
0.30 6.39 
0.35 2.74 
0.40 2.49 
0.45 3:35 
0.50 4.43 
0.60 4.71 
0.70 4.38 
0.80 4.04 
0.90 3.80 
1.00 3.62 


23.38 
15.72 
11.34 
8.10 
9.94 
6.21 
4.68 
3.25 
3.22 
3.77 
3.89 
3.82 
3.65 
2:52 


Energy (eV) 


1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.85 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 


п 


3.47 
3.35 
3.28 
317 
2.98 
2.74 
2.54 
2.36 
2:22; 
2.11 
2.01 
1.92 
1.86 
1.81 
1.78 
1.75 
1.71 
1.68 
1.63 
1.59 
1.55 
1.50 
1.44 
1.37 
1.30 
1.24 
1.17 
1.11 
1.08 
1.06 
1.04 
1.05 
1.13 
1.17 
1.21 
1.24 
1.27 
1.17 
1.24 
1.21 
1.15 
1.11 
1.08 
1.04 
1.05 
1.06 
1.07 
1.11 
1.09 
1.11 
1.10 
1.10 
1.08 
1.04 
1.02 
1.00 
0.97 
0.95 
0.94 
0.91 
0.89 
0.86 
0.85 
0.81 
0.80 


OPTICAL PROPERTIES OF SELECTED ELEMENTS (continued) 


k 


3.40 
3.30 
3.25 
3.28 
3.32, 
3.30 
3.23 
3.11 
2.99 
2.88 
2.77 
2.67 
2.56 
2.47 
2.39 
2.34 
2.29 
2.25 
221 
2.17 
2.15 
2.12 
2.09 
2.06 
2.01 
1.96 
1.90 
1.83 
1.78 
1.73 
1.62 
1.45 
1.33 
1.29 
1.23 
1.21 
1.20 
1.16 
1.21 
1.22 
1.21 
1.18 
1.14 
1.06 
1.02 
0.97 
0.95 
0.94 
0.92 
0.93 
0.94 
0.95 
0.95 
0.96 
0.95 
0.94 
0.93 
0.91 
0.90 
0.88 
0.88 
0.85 
0.83 
0.79 
0.76 


К(ф = 0) 


0.560 
0.550 
0.546 
0.549 
0.557 
0.559 
0.557 
0.550 
0.540 
0.530 
0.520 
0.509 
0.495 
0.483 
0.471 
0.462 
0.456 
0.451 
0.447 
0.444 
0.442 
0.442 
0.442 
0.443 
0.443 
0.441 


Energy (eV) n 


11.00 0.79 
11.20 0.81 
11.40 0.81 
11.60 0.79 
11.80 0.78 
12.00 0.77 
12.80 0.76 
13.20 0.76 
13.60 0.76 
14.00 0.77 
14.40 0.77 
14.80 0.79 
15.20 0.79 
15.60 0.79 
16.00 0.83 
16.40 0.84 
16.80 0.87 
17.20 0.90 
17.60 0.93 
18.00 0.94 
18.40 0.94 
18.80 0.95 
19.20 0.96 
19.60 0.97 
20.00 0.98 
20.40 0.98 
20.60 1.00 
21.20 0.99 
21.60 0.99 
22.00 0.98 
22.40 0.98 
22.80 0.97 
23.20 0.96 
23.60 0.95 
24.00 0.92 
24.5 0.91 
25.0 0.91 
25.5 0.89 
26.0 0.89 
26.5 0.88 
27.0 0.86 
27.5 0.85 
28.0 0.84 
28.5 0.82 
29.0 0.83 
30.0 0.84 
Tungsten? 
0.10 14.06 
0.20 3.87 
0.25 2.56 
0.30 1.83 
0.34 1.71 
0.38 1.86 
0.42 1.92 
0.46 1.69 
0.50 1.40 
0.54 1.23 
0.58 1.17 
0.62 1.28 
0.66 1.45 
0.70 1.59 
0.74 1.83 
0.78 2.12 
0.82 2.36 


k 


0.72 
0.69 
0.69 
0.68 
0.67 
0.65 
0.55 
0.52 
0.48 
0.45 
0.42 
0.38 
0.36 
0.32 
0.31 
0.28 
0.27 
0.25 
0.25 
0.24 
0.23 
0.24 
0.25 
0.25 
0.27 
0.27 
0.29 
0.31 
0.31 
0.32 
0.33 
0.33 
0.34 
0.35 
0.35 
0.34 
0.33 
0.33 
0.33 
0.32 
0.31 
0.30 
0.29 
0.26 
0.25 
0.22 


54.71 
28.30 
22.44 
18.32 
15.71 
13.88 
12.63 
11.59 
10.52 
9.45 
8.44 
7:52 
6.78 
6.13 
5.52 
5.00 
4.61 


12-153 


R($ = 0) 


0.152 
0.139 
0.139 
0.139 
0.137 
0.132 
0.106 
0.097 
0.087 
0.077 
0.069 
0.058 
0.052 
0.045 
0.037 
0.030 
0.025 
0.020 
0.017 
0.165 
0.017 
0.016 
0.016 
0.017 
0.018 
0.019 
0.020 
0.023 
0.024 
0.025 
0.027 
0.028 
0.030 
0.031 
0.033 
0.032 
0.032 
0.032 
0.032 
0.032 
0.032 
0.033 
0.033 
0.029 
0.027 
0.022 


0.983 
0.981 
0.980 
0.979 
0.973 
0.963 
0.954 
0.952 
0.952 
0.948 
0.938 
0.917 
0.888 
0.856 
0.810 
0.759 
0.710 


Energy (eV) 


0.86 
0.90 
0.94 
0.98 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 


n 


2:92 
3.11 
3.15 
3.15 
3.14 
3.05 
3.00 
3.12 
3.29 
3.48 
3.67 
3.84 
3.82 
3.70 
3.60 
3.54 
3.49 
3.49 
3.45 
3.38 
3.34 
3.31 
3.31 
3.32 
3.35 
239 
3.43 
3.45 
3.39 
3.24 
3.13 
3.05 
2.99 
2.96 
2,95 
3.02 
3.13 
3.24 
3.33 
3.40 
3.27 
292 
2.43 
2.00 
170 
1.47 
1.32 
1.21 
1.12 
1.06 
1.01 
0.98 
0.95 
0.93 
0.94 
0.94 
0.96 
0.99 
1.01 
1.01 
1.02 
1.03 
1.05 
1.09 
1.13 


Епегву (еУ) 


0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.20 
5.60 
6.00 
6.40 
6.80 
7.20 
7.60 
8.00 
8.40 
8.80 
9.20 
9.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.40 
24.80 
25.20 
25.60 
26.00 
26.40 
26.80 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 


п 


1.19 
1.24 
1.27 
1.29 
1.28 
1:27 
1.25 
1.22 
1.20 
1.16 
1.10 
1.04 
0.98 
0.94 
0.91 
0.90 
0.90 
0.93 
0.97 
0.98 
0.97 
0.94 
0.90 
0.85 
0.80 
0.74 
0.69 
0.64 
0.60 
0.56 
0.54 
0.52 
0.50 
0.50 
0.49 
0.49 
0.49 
0.49 
0.48 
0.49 
0.50 
0.51 
0.53 
0.55 
0.57 
0.59 
0.61 
0.62 
0.64 
0.67 
0.69 
0.71 
0.73 
0.75 
0.78 
0.79 
0.82 
0.84 
0.85 
0.85 
0.84 
0.83 
0.81 
0.80 
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k 


1.33 
1.34 
1.36 
1.39 
1.42 
1.44 
1.46 
1.48 
1.48 
1.48 
1.47 
1.44 
1.40 
1:35 
1.28 
1.23 
1.17 
1.13 
1.12 
1.14 
1.17 
1.19 
121 
121 
1.20 
1.18 
1.15 
1.11 
1.07 
1.02 
0.97 
0.92 
0.87 
0.82 
0.77 
0.73 
0.69 
0.66 
0.62 
0.57 
0.53 
0.49 
0.46 
0.43 
0.40 
0.38 
0.37 
0.36 
0.34 
0.32 
0.31 
0.30 
0.30 
0.29 
0.29 
0.29 
0.28 
0.29 
0.31 
0.32 
0.33 
0.33 
0.33 
0.33 


R($ = 0) 


0.274 
0.270 
0.274 
0.282 
0.290 
0.297 
0.305 
0.313 
0.318 
0.323 
0.329 
0.333 
0.332 
0.325 
0.312 
0.296 
0.276 
0.255 
0.246 
0.249 
0.260 
0.273 
0.289 
0.304 
0.317 
0.330 
0.340 
0.347 
0.353 
0.354 
0.350 
0.342 
0.331 
0.318 
0.303 
0.287 
0.272 
0.263 
0.252 
0.234 
0.213 
0.191 
0.171 
0.150 
0.132 
0.117 
0.105 
0.099 
0.085 
0.073 
0.065 
0.057 
0.052 
0.047 
0.042 
0.040 
0.033 
0.032 
0.033 
0.036 
0.039 
0.040 
0.042 
0.045 


Energy (eV) 


Vanadium? 
0.10 
0.20 
0.28 
0.36 
0.44 
0.52 
0.60 
0.68 
0.76 
0.80 
0.90 

.00 

10 

20 

30 

40 

550 

.60 

70 

180 

90 

2.00 
210 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.25 
5.50 
5.75 
6.00 
6.25 
6.50 
6.75 
7.00 
7.33 
7.66 
8.00 
8.33 
8.66 
9.00 
9.50 

10.00 

10.50 

11.00 

11.50 

12.00 

12.50 

13.00 


п 


12.83 
3.90 
2.13 
1.54 
1.28 
1.16 
1.10 
1.07 
1.08 
1.10 
1.18 
1.34 
1.60 
1.93 
2.25 
2.48 
2.57 
2:57. 
2.52 
2.45 
2.36 
2.34 
2.31 
2.28 
2:23 
2.15 
2.02 
1.89 
1.74 
1.61 
1.48 
1.36 
1.16 
0.99 
0.87 
0.80 
0.78 
0.80 
0.83 
0.87 
0.90 
0.91 
0.93 
0.94 
0.96 
0.98 
0.97 
0.97 
0.97 
0.98 
0.97 
0.98 
0.98 
0.98 
0.98 
0.96 
0.94 
0.91 
0.89 
0.87 
0.88 
0.90 
0.89 
0.88 


к 


45.89 
24.30 
17.35 
13.32 
10.74 
8.93 
2539 
6.54 
5.67 
5.30 
4.50 
3.80 
3.26 
2.88 
2.71 
2.72 
2.79 
2.84 
2.88 
2.88 
2.85 
2.81 
2.78 
2.80 
2.83 
2.88 
2.91 
2,92 
2.89 
2.85 
2.80 
2.73 
2.55 
2.37 
2.17 
1.96 
1.76 
1.60 
1.47 
1.38 
1.31 
1.26 
1.18 
1.14 
1.09 
1.06 
1.02 
0.98 
0.94 
0.91 
0.89 
0.87 
0.85 
0.81 
0.81 
0.79 
0.77 
0.74 
0.71 
0.65 
0.58 
0.58 
0.57 
0.55 


12-154 


кф= 0) 


0.978 
0.975 
0.973 
0.966 
0.957 
0.945 
0.929 
0.909 
0.882 
0.864 
0.811 
0.730 
0.632 
0.543 
0.498 
0.491 
0.499 
0.507 
0.512 
0.515 
0.514 
0.509 
0.506 
0.510 
0.516 
0.528 
0.540 
0.552 
0.561 
0.569 
0.577 
0.582 
0.585 
0.586 
0.575 
0.547 
0.503 
0.449 
0.400 
0.355 
0.326 
0.304 
0.271 
0.258 
0.235 
0.223 
0.212 
0.199 
0.185 
0.175 
0.170 
0.162 
0.155 
0.146 
0.145 
0.142 
0.136 
0.133 
0.126 
0.112 
0.091 
0.089 
0.086 
0.082 


Energy (eV) 


3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 
= 
Zinc, E || с28 
0.7514 
0.827 
0.866 
0.952 
0.992 
.033 
.078 
127 
1181 
240 
305 
377 
459 
550 
.653 
722 
.823 
.937 
984 


п 


0.87 
0.86 
0.86 
0.86 
0.86 
0.85 
0.84 
0.84 
0.83 
0.82 
0.82 
0.82 
0.82 
0.81 
0.81 
0.81 
0.81 
0.81 
0.81 
0.82 
0.82 
0.82 
0.83 
0.83 
0.83 
0.83 
0.84 
0.84 
0.85 
0.85 
0.86 
0.86 
0.86 
0.87 
0.88 
0.90 
0.90 
0.91 
0.92 
0.94 
0.94 
0.95 
0.95 
0.95 


1.9241 
1.7921 
1.5571 
1.4824 
1.5762 
1.5407 
1.5853 
1.7768 
1.9808 
2.8821 
3.2039 
2.9459 
3.2523 
3.8086 
3.7577 
3.5908 
3.4234 
3.0132 
1.8562 


~ ~ 
ы іл 
оо 
eoo 
-ьооыл-2020 Е Ло Юю UAR хо 


зо 
in 
з 
с 


~ 
бу 
m 
о 


4.46 


~ 
бэ 
16) 
o 
15) 


Energy (eV) 


2.066 
2.094 
2.119 
2.275 
2.445 
2.666 
2.917 
3.220 
3.594 
4.065 
4.678 

аг 

Zinc, E L с28 

0.751 
0.827 
0.866 
0.952 
0.992 
1.033 
1.078 
1.127 
1.181 
1.240 
1.305 
1.377 
1.459 
1.550 
1.653 
1:722. 
1.823 
1.937 
1.984 
2.066 
2.094 
2.119 
2.2715 
2.455 
2.666 
2.917 
3.220 
3.594 
4.065 
4.678 


n 


1.4856 
1.2525 
1.0017 
0.7737 
0.6395 
0.4430 
0.3589 
0.3069 
0.2737 
0.2510 
0.2354 


1.4469 
1.4744 
1.3628 
1.3165 
1.3835 
1.2889 
1.3095 
1.6897 
1.9701 
2.87 
3.399 
3.180 
3.506. 
4.124 
4.026 
3.936 
3.754 
3.45 

3.25 


чл М O O O — RAF м 


~ 
2 
56 
б 
N 


1.7084 
1.3329 
0.9725 
0.7568 
0.5470 
0.4774 
0.3911 
0.3147 
0.3013 
0.2806 
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k 


4.0555 
3.9961 
3.8683 
3.9129 
3.4013 
3.1379 
2.8140 
2.5088 
2.1737 
1.8528 
1.6357 


7.4158 
6.9688 
6.6886 
6.2212 
5.8910 
5.4001 
4.9025 
4.4062 
4.0176 
3.2873 
2.7684 
3.4709 
4.1994 
4.7768 
4.8027 
4.6356 
4.3042 
4.1942 
4.2980 
4.7231 
4.7923 
4.4751 
4.2879 
3.7627 
3.4277 
3.0476 
2.7463 
2.3041 
2.0077 
1.7997 


Zirconium (Polycrystalline)28 


0.10 
0.15 
0.20 
0.26 
0.30 
0.36 
0.40 
0.46 
0.50 
0.56 
0.60 
0.70 


6.18 
3.37 
2.34 
2.24 
2.59 
3.17 
3.09 
3.36 
4.13 
5.01 
5.18 
4.54 


1.76 
1.30 
1.08 
1.06 
1.14 
1.26 
1.24 
1.30 
1.44 
1.58 
1.61 
1.51 


Еф = 0) 


0.737 
0.762 
0.789 
0.832 
0.821 
0.851 
0.853 
0.847 
0.828 
0.799 
0.776 


0.905 
0.892 
0.892 
0.881 
0.863 
0.850 
0.822 
0.746 
0.684 
0.555 
0.497 
0.569 
0.630 
0.664 
0.667 
0.657 
0.635 
0.631 
0.644 
0.738 
0.774 
0.791 
0.825 
0.824 
0.845 
0.834 
0.835 
0.821 
0.789 
0.770 


0.300 
0.123 
0.058 
0.052 
0.073 
0.110 
0.105 
0.123 
0.175 
0.231 
0.242 
0.202 


Energy (eV) 


0.80 
0.90 
0.96 
.00 
10 
20 
30 
40 
550 
60 
170 
80 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
520 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 


n 


4.03 
3.74 
3.69 
3.66 
3.65 
3:53 
3.25 
3.10 
3.02 
2.88 
2.68 
2.49 
2.14 
1.99 
1.87 
1.78 
1.71 
1.62 
1.54 
1.46 
1.40 
1.34 
0.30 
1.26 
1.19 
1.16 
1.13 
1.10 
1.07 
1.04 
1.01 
0.98 
0.94 
0.89 
0.85 
0.81 
0.78 
0.77 
0.77 
0.80 
0.87 
1.00 
1.11 
1.23 
1.33 
1.42 
1.49 
1.54 
1.58 
1.61 
1.63 
1.66 
0.67 
1.68 
1.68 
1.66 
1.65 


k 


42 
37 
36 
35 
35 
33 
27 
25 
23 
20 
16 
12 
03 
00 
0.97 
0.94 
0.92 
0.90 
0.88 
0.86 
0.84 
0.82 
0.81 
0.80 
0.77 
0.76 
0.75 
0.74 
0.73 
0.72 
0.71 
0.70 
0.68 
0.67 
0.65 
0.64 
0.63 
0.62 
0.62 
0.63 
0.66 
0.71 
0.75 
0.78 
0.81 
0.84 
0.86 
0.88 
0.89 
0.90 
0.90 
0.91 
0.91 
0.92 
0.92 
0.91 
0.91 
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RO = 0) 


0.168 
0.149 
0.145 
0.143 
0.142 
0.134 
0.116 
0.106 
0.100 
0.091 
0.078 
0.067 
0.047 
0.040 
0.034 
0.030 
0.027 
0.024 
0.022 
0.019 
0.018 
0.016 
0.016 
0.015 
0.014 
0.013 
0.013 
0.013 
0.013 
0.012 
0.012 
0.012 
0.013 
0.013 
0.014 
0.014 
0.015 
0.016 
0.016 
0.014 
0.013 
0.012 
0.013 
0.014 
0.016 
0.018 
0.020 
0.022 
0.023 
0.024 
0.025 
0.026 
0.026 
0.026 
0.026 
0.026 
0.025 


Energy (eV) 


9.20 
9.40 
9.60 
9.80 
0.00 
0.20 
0.40 
0.50 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.40 
4.80 
5.20 
5.60 
6.00 
6.40 
6.80 
7.20 
7.60 
8.00 
8.40 
8.80 
9.20 
9.60 
20.00 
20.60 
21.00 
21.60 
22.00 
22.60 
23.00 
23.60 
24.00 
24.60 
25.00 
25.60 
26.00 
26.60 
27.00 
27.60 
28.00 
28.60 
29.00 
29.60 
30.00 


п 


23 


0.98 
0.95 
0.92 
0.89 
0.90 
0.92 
0.95 
0.98 
01 
04 
09 
43 
17. 
21 
24 
27 
„29 
.30 
.29 
.27 
.23 
.20 
15 
12 
08 
05 
02 
00 
0.97 
0.95 
0.91 
0.88 
0.84 
0.83 
0.82 
0.81 
0.82 
0.82 


К 


0.90 
0.89 
0.89 
0.87 
0.86 
0.84 
0.82 
0.81 
0.80 
0.78 
0.77 
0.76 
0.75 
0.74 
0.74 
0.73 
0.72 
0.71 
0.70 
0.69 
0.68 
0.67 
0.67 
0.68 
0.69 
0.70 
0.71 
0.72 
0.74 
0.75 
0.76 
0.78 
0.79 
0.80 
0.80 
0.81 
0.80 
0.80 
0.78 
0.77 
0.76 
0.75 
0.73 
0.73 
0.71 
0.71 
0.69 
0.69 
0.67 
0.66 
0.65 
0.64 
0.64 
0.64 
0.64 
0.64 


Еф = 0) 


0.025 
0.024 
0.023 
0.021 
0.020 
0.018 
0.016 
0.016 
0.015 
0.014 
0.014 
0.013 
0.013 
0.013 
0.013 
0.013 
0.012 
0.012 
0.012 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 
0.012 
0.012 
0.012 
0.013 
0.013 
0.014 
0.014 
0.014 
0.015 
0.015 
0.015 
0.015 
0.015 
0.014 
0.014 
0.013 
0.013 
0.013 
0.013 
0.012 
0.012 
0.012 
0.013 
0.013 
0.013 
0.014 
0.014 
0.014 
0.014 
0.014 
0.014 


КО м bO PO о мю (У DD 
SADAARHBSAS 


= = = юэ нэ нэ юэ юэ нэ юэ 
9:09: ICON 22-03 EX Ен 06 гр ONGU de pa tS Ка 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS 


When a crystal is subjected to a stress field, an electric field, or a magnetic field, the resulting optical effects are in general dependent on the 
orientation of these fields with respect to the crystal axes. It is useful, therefore, to express the optical properties in terms of the refractive index ellipsoid 
(or indicatrix): 

х2 y 2 
427,2 
x 


or 


where 


1 1 
гэн 
ў Ln dij 


€ is the dielectric constant or permeability; the quantity В; has the name impermeability. 
А crystal exposed to a stress S will show a change of its impermeability. The photo-elastic (or elasto-optic) constants, Pj), are defined by 


1 1 
ІН = a = > Би Su 
ij j M 


£ n 


where n is the refractive index and 5, are the strain tensor elements; the Руж аге the elements of a 4th rank tensor. 
When а crystal is subjected to an electric field E two possible changes of the refractive index may occur depending on the symmetry of the crystal. 
1. АП materials, including isotropic solids and polar liquids, show an electro-optic birefringence (Kerr effect) which is proportional to the square 


of the electric field, E: 


1 
Fa = > Ky E, E, = y Siga PF 
n dj ki=12,3 К1-1,2,3 


where E, and E, are the components of the electric field and P, and P, the electric polarizations. The coefficients, Kj), аге the quadratic electro- 


optic coefficients, while the constants 2, are known as the Kerr constants. 
2. The other electro-optic effect only occurs in the 20 piezo-electric crystal classes (no center of symmetry). This effect is known as the Pockels 


effect. The optical impermeability changes linearly with the static field 
1 
4 | =È Er 
п 15 т 


The coefficients гу һауе the name (linear) electro-optic coefficients. 
The values of the electro-optic coefficients depend on the boundary conditions. If the superscripts T and S denote respectively the conditions of 


Zero stress (free) and zero strain (clamped) one finds: 


T 


uS Bu. — s 
nj =T} + Vinee je = пр + Рак 


where ед = (OT;/0E;)s and ад = (OS,/0E;)r are the appropriate piezo-electric coefficients. 

The interaction between a magnetic field and a light wave propagating in a solid or in a liquid gives rise to a rotation of the plane of polarization. 
This effect is known as Faraday rotation. It results from a difference in propagation velocity for left and right circular polarized light. 

The Faraday rotation, Op, is linearly proportional to the magnetic field Н: 


др = УН 
where / is the light path length and У is the Verdet constant (minutes/oersted-cm). 
For ferromagnetic, ferrimagnetic, and antiferromagnetic materials the magnetic field in the above expression is replaced by the magnetization M 
and the magneto-optic coefficient in this case is known as the Kund constant K: 


Specific Faraday rotation F - KM 


In the tables below the Faraday rotation is listed at the saturation magnetization per unit length, together with the absorption coefficient о, the 
temperature 7, the critical temperature Тс (ог Ту), and the wavelength of the measurement. 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


In the tables which follow, the properties are presented in groups: 


е Elasto-optic coefficients (photoelastic constants) 

е Linear electro-optic coefficients (Pockels constants) 
е Quadratic electro-optic coefficients (Kerr constants) 
° 


Magneto-optic coefficients: 
e Verdet constants 


e Faraday rotation parameters 


Within each group, materials are classified by crystal system or physical state. References are given at the end of each group of tables. 


Name 


Cubic (43m, 432, m3m) 


Sodium fluoride 
Sodium chloride 
Sodium bromide 
Sodium iodide 
Potassium fluoride 
Potassium chloride 
Potassium bromide 
Potassium iodide 
Rubidium chloride 
Rubidium bromide 
Rubidium iodide 
Lithium fluoride 
Lithium chloride 
Ammonium chloride 
Cadmium telluride 
Calcium fluoride 
Copper chloride 
Copper bromide 
Copper iodide 
Diamond 
Germanium 
Gallium arsenide 
Gallium phosphide 
Strontium fluoride 
Strontium titanate 
KRS-5 

KRS-6 

Zinc sulfide 


Rare Gases 


Neon (T = 24.3 K) 
Argon (T = 82.3 K) 
Krypton (T = 115.6 K) 
Xenon (T = 160.5 K) 


Garnets 


GGG 
YIG 

YGG 
YAG 
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Formula 


Ge 

GaAs 
GaP 

SrF, 
SrTiO; 
ТІ(Вг,Г) 
ТВ СІ) 
Zn 


Formula 


Formula 


ад ба О, 
Ү;Ее;0} 
Узба О 
УЗАБО; 


Мит 


0.633 
0.589 
0.589 
0.589 
0.546 
0.633 
0.589 
0.590 
0.589 
0.589 
0.589 
0.589 
0.589 
0.589 
1.06 
0.55-0.65 
0.633 
0.633 
0.633 
0.540-0.589 
3.39 
1.15 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 


Мит 


0.488 
0.488 
0.488 
0.488 


Мит 


0.514 
1.15 

0.633 
0.633 


Ро 


-0.027 
0.073 
0.019 
0.0091 


ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) 


Рад 


-0.078 
0.041 
0.079 

-0.0615 


РігРі2 


-0.12 
-0.042 
-0.035 
-0.0141 
0.06 
0.06 
0.047 
0.041 
0.116 
0.108 
0.095 
-0.11 
-0.0407 
-0.103 
-0.135 
-0.183 
-0.130 
-0.123 
-0.119 
-0.385 
-0.023 
-0.025 
-0.069 
-0.189 


-0.289 
-0.114 
0.101 


РігРі2 


-0.011 

-0.046 
0 

-0.086 


РігРі2 


-0.059 


-0.038 


Ref. 


= Q нм 


Бу 
Оо 


Ref. 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) continued) 


Name 
Cubic (23, m3) Formula Мит Ри 
Barium nitrate Ba(NO3)2 0.589 — 
Lead nitrate Pb(NO4); 0.589 0.162 
Sodium bromate NaBrO, 0.589 0.185 
Sodium chlorate NaClO; 0.589 0.162 
Strontium nitrate Sr(NO4); 0.41 0.178 
Hexagonal Formula Мит Ри 
(mmc,6mm) 
Beryl ВезА 5108 0.589 0.0099 
Cadmium sulfide CdS 0.633 -0.142 
Zinc oxide ZnO 0.633 +0.222 
Zinc sulfide ZnS 0.633 -0.115 
Trigonal (3m,32,3m) Formula Мит 
Sapphire АБО: 0.644 
Calcite CaCO, 0.514 
Lithium niobate LiNbO; 0.633 
Lithium tantalate LiTaO; 0.633 
Cinnabar Hgs 0.633 
Quartz SiO, 0.589 
Proustite Ag3AsS3 0.633 
Sodium nitrite NaNO, 0.633 
Tellurium Te 10.6 
Trigonal (3m,32,3m) pas Ра 
(continued) 
Sapphire -0.20 0.01 
Calcite 0.139 -0.036 
Lithium niobate +-0.060 +0.154 
Lithium tantalate -0.044 -0.085 
Cinnabar +-0.115 - 
Quartz 0.10 -0.047 
Proustite +-0.20 - 
Sodium nitrite 0.055 
Tellurium — 
Tetragonal (4/mmm,42m,422) Formula 
Ammonium dihydrogen phosphate ADP 
Barium titanate BaTiO; 
Cesium dihydrogen arsenate CDA 
Magnesium fluoride Мен, 
Calomel Hg;Cl 
Potassium dihydrogen phosphate KDP 
Rubidium dihydrogen arsenate RDA 
Rubidium dihydrogen phosphate RDP 
Strontium barium niobate Sro.75Ba0.25Nb206 
Strontium barium niobate SrosBao sNb;Oç 
Tellurium oxide ТеО, 
Rutile TiO, 


© 2000 CRC Press LLC 


Pr Paa P13 
Рп-Рә> = 0.992 -0.0205 Ри-Раз = 0.713 
0.24 -0.0198 0.20 
0.218 -0.0139 0.213 
0.24 -0.0198 0.20 
0.362 -0.014 0.316 
P12 P13 P31 P33 Ра 
0.175 0.191 0.313 0.023 -0.152 
-0.066 -0.057 -0.041 -0.20 -0.099 
+0.099 -0.111 +0.088 -0.235 0.0585 
0.017 0.025 0.0271 -0.13 -0.0627 
Ри Pr Раз Ри 
-0.23 -0.03 0.02 0.00 
0.062 0.147 0.186 -0.011 
+0.034 +0.072 +0.139 +0.066 
-0.081 0.081 0.093 -0.026 
+0.445 
0.16 0.27 0.27 -0.030 
+0.10 +0.19 +0.22 
20.21 +0.215 0.027 
0.155 0.130 — v 
Рад Ref. 
-0.10 15,32 
-0.058 33 
30.300 15,34 
0.028 15,35 
— 36 
-0.079 37 
— 38 
-0.06 39 
-- 15 
Мит Ри Pr Раз 
0.589 0.319 0.277 0.169 
0.633 0.425 — — 
0.633 0.267 0.225 0.200 
0.546 - -- -- 
0.633 +0.551 +0.440 +0.256 
0.589 0.287 0.282 0.174 
0.633 0.227 0.239 0.200 
0.633 0.273 0.240 0.218 
0.633 0.16 0.10 0.08 
0.633 0.06 0.08 0.17 
0.633 0.0074 0.187 0.340 
0.633 0.017 0.143 -0.139 


Ref. 


13 
24,25 
26 
26 
27 


Ref. 


28 
15,2 
30 
31 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) (continued) 


Name 

Tetragonal (4/mmm,42m,422) P33 Ра P66 Ref. 
(continued) 
Ammonium dihydrogen phosphate 0.167 -0.058 -0.091 40 
Barium titanate — — — 41 
Cesium dihydrogen arsenate 0.227 — — 42 
Magnesium fluoride — +0.0776 +0.0488 43 
Calomel +0.010 - +0.047 44 
Potassium dihydrogen phosphate 0.122 -0.019 -0.064 45 
Rubidium dihydrogen arsenate 0.182 -- -- 41 
Rubidium dihydrogen phosphate 0.208 — — 41 
Strontium barium niobate 0.47 — — 46 
Strontium barium niobate 0.23 — - 46 
Tellurium oxide 0.240 -0.17 -0.046 47 
Rutile -0.057 -0.009 -0.060 48 
Tetragonal (4,4,4/m) Formula Мит Ри Pr Різ Рі Рзї 
Cadmium molybdate СаМоо, 0.633 0.12 0.10 0.13 - 0.11 
Lead molybdate РЬМоО, 0.633 0.24 0.24 0.255 0.017 0.175 
Sodium bismuth molybdate NaBi(MoQ,), 0.633 0.243 0.205 0.25 — 0.21 
Tetragonal (4,4,4/m) Рзз Рад Pas Pa Рвв Ref. 
(continued) 
Cadmium molybdate 0.18 — — — — 49 
Lead molybdate 0.300 0.067 -0.01 0.013 0.05 52 
Sodium bismuth molybdate 0.29 — — — — — 
Orthorhombic Formula Мит Рп Pr Раз Pu Ро Рэз 
(222,m22,mmm) 
Ammonium chlorate NH4CIO, 0.633 — 0.24 0.18 0.23 — 0.20 
Ammonium sulfate (NH4)2SO4 0.633 0.26 0.19 +0.260 +0.230 +0.27 +0.254 
Rochelle salt МаКС-Н,О, 0.589 0.35 0.41 0.42 0.37 0.28 0.34 
Iodic acid (о) шо; 0.633 0.302 0.496 0.339 0.263 0.412 0.304 
Sulfur (о) 5 0.633 0.324 0.307 0.268 0.272 0.301 0.310 
Barite Вазо, 0.589 0.21 0.25 0.16 0.34 0.24 0.19 
Topaz ALDSiO4(OH,F); — -0.085 0.069 0.052 0.095 -0.120 0.065 
Orthorhombic P3 P32 P33 Ра Pss P66 Ref. 
(222,m22,mmm) 
(continued) 
Ammonium chlorate 0.19 0.18 +0.02 <+0.02 - 30.04 51 
Ammonium sulfate 0.20 +0.26 0.26 0.015 +0.0015 0.012 52 
Rochelle salt 0.36 0.35 0.36 -0.030 0.0046 -0.025 53 
Iodic Acid (а) 0.251 0.345 0.336 0.084 -0.030 0.098 54 
Sulfur (о) 0.203 0.232 0.270 0.143 0.019 0.118 54 
Barite 0.28 0.22 0.31 0.002 -0.012 0.037 55 
Topaz 0.095 0.085 -0.083 -0.095 -0.031 0.098 28 
Monoclinic (2,m,2/m) Formula Мит 
Taurine С-Н;МО5 0.589 ри = 0.313 pos = -0.0025 psi = -0.014 

рі = 0.251 P31 = 0.362 Ps2 = 0.006 

різ = 0.270 P32 = 0.275 рѕз = 0.0048 

pis = -0.10 рзз = 0.308 pss = 0.047 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) (continued) 


Name 
Monoclinic (2,m,2/m) Formula Мит 
Taurine (continued) Pr = 0.281 P35 = -0.003 pea = 0.0024 
Pn = 0.252 рад = 0.0025 Ре = 0.0028 
роз = 0.272 Dag = -0.0056 

Isotropic Formula Мит Ри Pr Da Ref. 
Fused silica 510; 0.633 0.121 0.270 -0.075 15 
Water H,O 0.633 30.31 30.31 15 
Polystyrene 0.633 +0.30 +0.31 25 
Lucite 0.633 +0.30 0.28 25 
Orpiment As5S,-glass 1.15 0.308 0.299 0.0045 15 
Tellurium oxide TeO»-glass 0.633 0.257 0.241 0.0079 56 
Laser glasses LGS-247-2 0.488 +0.168 +0.230 57 

LGS-250-3 +0.135 +0.198 

LGS-1 +0.214 +0.250 

KGSS-1621 10.205 30.239 
Dense flint glasses LaSF 0.633 0.088 0.147 -0.030 58 
(examples) 5Е, 0.215 0.243 -0.014 

1710502 0.172 0.179 -0.004 

TaFd; 0.099 0.138 -0.020 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) (continued) 
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LINEAR ELECTRO-OPTIC COEFFICIENTS 


Name 

2 Та 
Cubic (43m) Formula Мит pm/V 
Cuprous bromide CuBr 0.525 0.85 
Cuprous chloride CuCl 0.633 3.6 
Cuprous iodide Cul 0.55 -5.0 
Eulytite (BSO) Bi4Si;0;5 0.63 0.54 
Germanium eulytite (BGO) Bi4Ge3O;; 0.63 1.0 
Gallium arsenide GaAs 10.6 1.6 
Gallium phosphide GaP 0.56 -1.07 
Hexamethylenetetramine СеНу№ 0.633 0.78 
Sphalerite ZnS 0.65 2.1 
Zinc selenide ZnSe 0.546 2.0 
Zinc telluride ZnTe 3.41 4.2 
Cadmium telluride CdTe 3.39 6.8 

Та 

Cubic (23) Formula Мит pm/V 
Ammonium chloride (77 K) NH,Cl -- 1:5 
Ammonium cadmium langbeinite (NH44Cd5(SO4); 0.546 0.70 
Ammonium manganese langbeinite (МН Ма (80,4) 0.546 0.53 
Thallium cadmium langbeinite ТЬСа ($04) 0.546 0.37 
Potassium magnesium langbeinite K,Mg,(SO4)3 0.546 0.40 
Bismuth monogermanate Ві,»беО» — 3.3 
Bismuth monosilicate Bij SiOx - 3:3 
Sodium chlorate NaClO; 0.589 0.4 
Sodium uranyl acetate NaUO,(CH;COO); 0.546 0.87 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
LINEAR ELECTRO-OPTIC COEFFICIENTS (continued) 


Name 


Cubic (23) 


Trenhydrobromide 
Trenhydrochloride 


Tetragonal (42m) 


Ammonium dihydrogen phosphate (ADP) 
Ammonium dideuterium phosphate (AD*P) 


Ammonium dihydrogen arsenate (ADA) 
Cesium dihydrogen arsenate (CsDA) 
Cesium dideuterium arsenate (CsD*A) 
Potassium dihydrogen phosphate (KDP) 
Potassium dideuterium phosphate (KD*P) 
Potassium dihydrogen arsenate (KDA) 
Potassium dideuterium arsenate (KD*A) 
Rubidium dihydrogen phosphate (RDP) 
Rubidium dihydrogen arsenate (RDA) 
Rubidium dideuterium arsenate (RD*A) 


Tetragonal (4mm) 


Barium titanate 
Potassium lithium niobate 
Lead titanate 


Strontium barium niobate (SBN75) 


Strontium barium niobate (SBN46) 


Hexagonal (6mm) 


Greenockite 

Greenockite (const. strain) 
Wurzite 

Zincite 


Hexagonal (6) 

Lithium iodate 

Lithium potassium sulfate 
Trigonal (3m) 

Cesium nitrate 

Lithium niobate 

Lithium tantalate 


Lithium sodium sulfate 
Tourmaline 


Trigonal (32) 


Cesium tartrate 
Cinnabar 
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Formula 


N(CH;CH;NH,); 3HBr 
N(CH,CH,NH,); НСІ 


Formula 
NH4H;PO, 
NH,D;PO, 
NH4H5AsO, 
С5Н-АвО, 
CsD,AsO, 
КН-РО, 
KD;PO, 
КН,А5О, 
KD»5AsO, 
RbH;PO, 
RbH,AsO, 
ҺЫр-А5О, 
Formula 
BaTiO; 
K3Li,Nb;0;5 
PbTiO; 
Sro Ва), 25 МО, 
Sro45Bao 5430 
Гіз 
Formula pm/V 
CdS 31 
CdS 14 
ZnS 0.9 
ZnO -1.4 
гіз 
Formula pm/V 
ШО; 41 
LiKSO, 113-133 = 1.6 
T, tran 
Formula K 
CsNO3 425 
LiNbO; 1483 
LiTaO; 890 
LiNaSO, — 
Tiran 
Formula K 
Cs2C4H406 — 
HgS 659 


T4 
Мит pm/V 
— 15 
-- 17 
Tian Та 
к pm/V 
148 24.5 
242 — 
143 — 
212 — 
123 8.6 
222 8.8 
97 12.5 
162 — 
147 — 
110 — 
178 — 
Tian ШЕ T33 
K pm/V pm/V 
406 8 28 
693 8.9 5.9 
765 13.8 5.9 
330 6.7 1340 
602 -180 35 
133 742 Tsi 
pm/V pm/V pm/V 
2.9 2.0 97 
24 — — 
1.8 — — 
+2.6 — — 
r33 Газ Г51 
pm/V pm/V pm/V 
6.4 1.4 3.3 
Гіз 722 133 
pm/V pm/V pm/V 
— 0.43 — 
8.6 7.0 30.8 
8.4 -- 30.5 
= <0.02 — 
— 0.3 — 
Tu Та 
pm/V pm/V 
1.0 — 
3.1 1:5 


T63 
pm/V 


-8.5 
11.9 

9.2 
18.6 
36.6 


-10.5 


23.8 
10.9 
18.2 
15.5 
13.0 
21.4 


Psi 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
LINEAR ELECTRO-OPTIC COEFFICIENTS (continued) 


Name 


Trigonal (32) 
Potassium dithionate 
Strontium dithionate 
Quartz 

Selenium 


Orthorhombic (222) 


Ammonium oxalate 
Rochelle salt 


Orthorhombic (mm2) 


Barium sodium niobate (BSN) 
Potassium niobate 


Monoclinic (2) 


Calcium pyroniobate 
Triglycine sulfate (TGS) 


Tiran Ти 
Formula K pm/V 
К-5506 — 0.26 
8:5,О,4Н:,О — 0.1 
$105 1140 -0.47 
Se 398 2.5 
T, tran 
Formula K 
(NH4)2C,04-4H,O — 
КМаС,Н,О,4Н:О To= 297 
Тү= 255 
Ttrans rp 
Formula K pm/V 
Ba,NaNbO,; 833 15 
КМО; 476 28 
Т trans 
Formula K 
Ca,Nb,07 — 
(NH;CH;COOH),:H5SO, 322 
REFERENCES 


Та 


722 


0.33 


Үз2 


13.7 
13.6 


1. Narasimhamurty, T. S., Photoelastic and Electro-Optic Properties of Crystals, Plenum Press, New York, 1981, рр. 405-407. 
2. Weber, M. J., Ed., CRC Handbook of Laser Science and Technology, Vol. IV, CRC Press, Boca Raton, FL, 1986, pp. 258-278. 


QUADRATIC ELECTRO-OPTIC COEFFICIENTS 


Kerr Constants of Ferroelectric Crystals! 


Т tran À 
Name Formula K um 

Barium titanate BaTiO; 406 0.633 
Strontium titanate SrTiO; -- 0.633 
Potassium tantalate 

niobate KTao 6 М6 3503 330 0.633 
Potassium tantalate KTaO, 13 0.633 
Lithium niobate LiNbO; 1483 - 
Lithium tantalate LiTaO, 938 - 
Barium sodium 

niobate (BSN) Bag gNag 4М6506 833 — 


Name 
Carbon disulfide 


Acetone 
Methyl ethyl ketone 
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51 
1019 еви 


1:33 


1.55 


Kerr Constants of Selected Liquids? 
K is the Kerr constant at a wavelength of 589 nm and at room temperature; £ is the static dielectric constant; 


Та is the melting point; апа Т, is the normal boiling point 


Molecular K 
formula 10-7 esu 
CS, 43.23 
С.Н,О 116.3 
С,Н,О 113.6 


812 
1019 esu 


-0.11 


T63 
pm/V 
250 
40.32 
Газ Ps, 
pm/V pm/V 
92 90 
380 105 
811-812 844 
1019 esu 1019 esu 
1.44 
1.56 — 
1.92 1.63 
1.77 1.33 
0.7 0.6 
0.8 0.7 
1.11 
Ty 
°C 
+46.3 
+56.1 
+79.6 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 
QUADRATIC ELECTRO-OPTIC COEFFICIENTS (continued) 


Name 


Pyridine 

Ethyl cyanoacetate 
o-Dichlorobenzene 
Benzenesulfonyl chloride 
Nitrobenzene 

Ethyl 3-aminocrotonate 
Paraldehyde 


Benzaldehyde 


p-Chlorotoluene 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 
Benzyl alcohol 


m-Cresol 


m-Chloroacetophenone 
Acetophenone 


Quinoline 

Ethyl salicylate 
Carvone 

Ethyl benzoylacetate 
Water 


Kerr Constants of Selected Liquids (continued)? 


Molecular 
formula 


сыны 
С.Н МО, 
C H4CL 
Cc H5CIO,S 
C,H;NO, 
Сын NO, 
СНО; 


CH,O 


C;H;Cl 
CHNO, 
CHNO, 
CHNO, 
C;H,O 


CH,O 


сањао 
со 


сын; 
СОН Оз 
СНО 
C, 1H1203 
H,O 


a Dielectric constant at radiofrequencies (108-10° Hz). 


1. Narasimhamurty, T. S., Photoelastic and Electro-Optic Properties of Crystals, Plenum Press, New York, 1981, p. 408. 


K 
10-7 esu 


+20.4 
+38.8 
+42.6 
+89.9 
+326 
+31.0 
-23.0 


+80.8 


+23.0 
+174 
+177 
+222 

-15.4 


+21.2 


+69.1 
+66.6 


+15.0 
+19.6 
+23.6 
+16.0 

+4.0 


REFERENCES 


2. Gray, D. E., Ed., AIP Handbook of Physics, McGraw Hill, New York, 1972, p. 6-241. 


Verdet Constants of Non-Magnetic Crystals! 


MAGNETO-OPTIC CONSTANTS 


V is the Verdet constant; п is the refractive index; апа À is the wavelength 


Material 


АБО: 


ВаТаО; 


Bi4Ge30;5 


C (diamond) 


СаСО; 


СаЕ, 


Са55Мп0,45Те 
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Т 
к 
300 
300 
403 
403 
403 
403 
300 
300 
300 
300 
300 
300 
300 


2.077 
2.048 
2.031 
2.417 
1.658 
1.434 


n 
C 
+115.23 

205 
180 
247 
210.8 
210 
124 


179.05 


162.4 
222.3 
232 

238.3 
205.8 


202.27 


202.3 


237.16 
231.5 
230 
2770 
100.0 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


MAGNETO-OPTIC CONSTANTS (continued) 
Verdet Constants of Non-Magnetic Crystals (continued)! 


T 3, п V 
Material K nm min/Oe cm 
CuCl 300 546.1 1.93 0.20 
GaSe 298 632.8 0.80 
КА(5О,)»12Н;О 300 589.3 1.456 0.0124 
KBr 300 546.1 1.564 0.0500 
300 589.3 1.560 0.0425 
КСІ 300 589.3 1.490 0.0275 
КІ 300 546.1 1.673 0.083 
300 589.3 1.666 0.070 
КТаО, 296 352 0.44 
296 413 0.19 
296 496 0.096 
296 620 0.051 
296 826 0.022 
ГаЕ; 300 325 1.639 0.054 
(Ніс) 300 442 1.615 0.028 
300 632.8 1.601 0.012 
300 1064 1.592 0.006 
MgALO,; 300 589.3 1.718 0.021 
NH,AISO,-12H,O 300 589.3 1.459 0.0128 
NH,Br 300 589.3 1.711 0.0504 
NH,Cl 300 546.1 0.0410 
300 589.3 1.643 0.0362 
NaBr 300 546.1 0.0621 
NaCl 300 546.1 0.0410 
300 589.3 1.544 0.0345 
NaClO, 300 546.1 0.0105 
300 589.3 1.515 0.0081 
NiSO,-6H,O 297 546.1 0.0256 
297 589.3 1.511 0.0221 
$105 300 546.1 1.546 0.0195 
300 589.3 1.544 0.0166 
SrTiO; 298 413 2.627 0.78 
298 496 0.31 
298 620 0.14 
298 826 0.066 
ZnS 300 546.1 0.287 
300 589.3 2.368 0.226 
ZnSe 300 476 2.826 1.50 
300 496 2.759 1.04 
300 514 2.721 0.839 
300 587 2.627 0.529 
300 632.8 2.592 0.406 


Verdet Constants of Rare-Earth Aluminum Garnets at Various Wavelengths! 
The absorption coefficient 0 for these materials ranges from 0.2 to 0.6 ст“! at 300 K 


V in min/Oe cm 


Material T/K À = 405 nm 450 nm 480 nm 520 nm 546 nm 578 nm 635 nm 670 nm 
Tb,AI;0;; 300 -2.266 -1.565 -1.290 -1.039 -0.912 -0.787 -0.620 -0.542 
TI -102.16 -83.45 -3.425 -3.051 -2.603 -2.008 -1.815 
4.2 -64.80 -58.35 -53.77 48.39 -45.15 
1,45 -200.95 -172.52 -139.28 -125.07 -111.27 97.47 -93.42 
Dy35Al150;5 300 -1.241 -0.942 -0.803 -0.667 -0.592 -0.518 -0.411 -0.359 
Ho3A150;5 300 -0.709 -0.320 -0.260 -0.335 -0.304 -0.299 -0.206 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


MAGNETO-OPTIC CONSTANTS (continued) 
Verdet Constants of Rare-Earth Aluminum Garnets at Various Wavelengths (continued)! 


V in min/Oe cm 


Material T/K À = 405 nm 450 nm 480 nm 520 nm 546 nm 578 nm 635 nm 670 nm 
ЕБАЉОј 300 -0.189 -0.240 -0.154 -0.162 -0.157 -0.145 -0.105  -0.089 
Tm;AL0, 300 40.151 40.103 40.093 0.076 0.069 40.059 40.048 
Yb4ALO,; 298 0.287 0.215 0.186 0.140 0.133 0.116 0.094 

77 0.718 0.540 0.481 0.393 0.342 0.302 0.239 
Verdet Constants for KDP-Type Crystals! Verdet Constants of Gases? 
Measurements refer to T = 298 К and Values refer to T = 0?C and Р = 101.325 kPa (760 
À = 632.8 nm, with k || [001] mmHg); пр is the refractive index at a 
wavelength of 589 nm 
V 
Material min/Oe cm 106x V 
Gas (ny - 1) x 103 min/Oe cm 
КН,РО, (КОР) 0.0124 
KHosDi ;PO, (KD*P) 0.145 He 0.036 +0.40 
NH4H;PO, (ADP) 0.138 Ar 2.81 +9.36 
KH5AsO, (KDA) 0.238 H; +6.29 
KHo 9AsO; (KD*A) 0.245 N, 0.297 +6.46 
NH4H5AsO, (ADH) 0.244 о, 0.272 35.69 
Air 0.293 +6.27 
Сі; 0.773 431.9 
HCI 0.447 +21.5 
HS 0.63 +41.5 
NH, 0.376 +19.0 
СО 0.34 +11.0 
со, 0.45 +9.39 
МО 0.297 -58 
СНА 0.444 +17.4 
п-САН10 +44.0 


Verdet Constants of Liquids? 
np is the refractive index at a wavelength of 589 nm and a temperature of 20°C, 
unless otherwise indicated. V is the Verdet constant 


10? x V 

Liquid Мат Т/С min/Oe cm пр 
Р 589 33 +13.3 
$ 589 114 +8.1 1.929 (110°С) 
Н,О 589 20 41.309 1.3328 
D;O 589 19.7 1.257 1.3384 
H4PO, 578 97.4 +1.35 
С5, 589 20 44,255 1.6255 
ССІ; 578-589 25.1 +1.60 1.463 (15°С) 
SbCl; 578 18 +7.45 1.601 (14°C) 
ТІСІ, 578 17 -1.65 1.61 
TiBry 578 46 -5.3 
Methanol 589 18.7 40.958 1.3289 
Acetone 578-589 20.0 1.116 1.3585 
Toluene 578-589 15.0 +271 1.4950 
Benzene 578-589 15.0 43.00 1.5005 
Chlorobenzene 589 15 42.92 1.5246 
Nitrobenzene 589 15 +2.17 1.5523 
Bromoform 589 17.9 +3.13 1.5960 
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ELASTO-OPTIC, ЕГЕСТКО-ОРТІС, AND MAGNETO-OPTIC CONSTANTS (continued) 


MAGNETO-OPTIC CONSTANTS (continued) 


Verdet Constants of Rare Earth Paramagnetic Crystals! 
n is the refractive index, and V is the Verdet constant at the wavelength and temperature indicated 


Rare V 
Earth Host Т/К )/nm n min/Oe cm 
Ce?*(3096) СаЕ, 300 325 1.516 -0.956 
300 442 1.502 -0.297 
300 633 1.494 -0.111 
300 1064 1.489 -0.035 
Сез" CeF; 300 442 1.613 -1.05 
300 633 1.598 -0.406 
77 633 -1.418 
300 1064 1.589 -0.113 
Pr?*(596) СаЕ, 300 266 1.471 -0.172 
300 325 1.461 -0.0818 
300 442 1.451 -0.0089 
300 633 1.445 -0.0168 
300 1064 1.441 -0.0045 
Nd?*(2.996) СаЕ, 42 426 -0.19 
маз Мар, 300 442 1.60 -0.553 
290 633 1.59 -0.209 
77 633 -0.755 
300 1064 1.58 -0.097 
Eu?*(396) СаЕ, 42 430 29 
42 440 22 
Би?» EuF, 300 450 -4,5 
300 500 -2.6 
300 550 -1.6 
300 600 -1.1 
300 650 -0.8 
300 1064 -0.19 
Tb?* KTb;F,o 300 325 1.531 -2.174 
300 442 1.518 -0.933 
300 633 1.510 -0.386 
TI 633 -1.94 
300 1064 1.505 -0.114 
Tb?* LiTbF, 300 325 1.493 -1.9 
300 442 1.481 -0.98 
300 633 1.473 -0.44 
300 1064 1.469 -0.13 
Tb?* Трзба О 300 500 1.989 -0.749 
300 570 1.981 -0.581 
300 633 1.976 -0.461 
300 830 1.967 -0.21 
300 1060 1.954 -0.12 
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MAGNETO-OPTIC CONSTANTS (continued) 
Verdet Constants of Paramagnetic Glasses! 
The Verdet constant V is given at room temperature for the wavelengths indicated 


Rare earth phosphate glasses of composition R,O3-xP,0;, where x is given іп the second column 


Verdet constant V in min/Oe cm 


À = 405 À = 436 À = 480 À = 500 À = 520 Х= 546 A= 578 A= 600 A= 635 A= 670 
Е х nm nm nm nm nm nm nm nm nm nm 

La 0.037 0.030 0.024 0.022 0.020 0.018 0.015 -0.014 0.013 — 
Ce 2.67 -0.672 0.510 -0.366 -0.326 -0.287 -0.253 -0.217 -0.197 -0.173 -0.150 
Pr 3.09 -0.447 -0.332 -0.283 -0.261 -0.236 -0.208 -0.182 -0.170 -0.150 -0.132 
Nd 2.92 -0.250 -0.209 -0.167 -0.155 -0.136 -0.134 -0.094 -0.080 -0.080 -0.071 
Sm 2.87 0.026 0.024 0.020 0.020 0.017 0.015 0.014 0.012 0.011 0.010 
Eu 2:93 -0.025 -0.017 -0.010 -0.006 -0.006 -0.005 -0.004 -0.003 -0.002 -0.002 
са 3.01 0.018 0.015 0.014 0.012 0.012 0.011 0.011 0.010 0.009 0.009 
Tb 2.94 -0.560 -0.458 -0.357 -0.323 -0.295 -0.261 -0.226 -0.206 -0.190 -0.164 
Dy 2.51 -0.540 -0.453 -0.359 -0.331 -0.301 0.268 -0.237 -0.217 -0.197 -0.173 
Ho 2.94 -0.299 -0.313 -0.156 -0.153 -0.138 -0.138 -0.119 -0.110 -0.098 -0.084 
Ег 3.01 -0.139 -0.121 -0.100 -0.111 -0.095 -0.062 -0.060 -0.057 -0.051 -0.044 
Tm 2.79 0.019 0.013 0.012 0.009 0.008 0.006 0.005 0.004 0.004 0.007 
Yb 3.01 0.087 0.072 0.056 0.050 0.045 0.041 0.036 0.032 0.029 0.024 


The following are rare earth borate glasses with composition: 
for La and Pr: R,O3-xP,0;; for Tb-Pr and Dy-Pr: R;O4xB;O;; and for other elements: В›О.-0.85ГазОзхВО.. 


La 3.04 0.043 0.036 0.029 0.026 0.023 0.022 0.019 0.018 0.016 0.014 
Pr-La 5.44 -0.380 -0.307 -0.230 -0.220 -0.201 -0.178 -0.153 -0.146 -0.128 -0.110 
Nd-La 5.41 -0.180 -0.147 -0.120 -0.111 -0.096 -0.094 -0.100 -0.059 -0.056 -0.046 
Sm-La 4.97 0.032 0.030 0.025 0.024 0.022 0.019 0.017 0.016 0.014 0.012 
Eu-La 4.69 -0.081 -0.060 -0.038 -0.033 -0.029 -0.024 0.019 -0.016 0.014 -0.012 
Gd-La 4.71 0.032 0.026 0.024 0.022 0.021 0.020 0.018 0.017 0.015 0.013 
Tb-La 4.73 -0.512 -0.419 -0.319 -0.288 -0.262 -0.234 -0.205 -0.186 -0.167 -0.142 
Dy-La 4.88 -0.436 -0.361 -0.299 -0.273 -0.246 -0.220 -0.193 -0.177 -0.159 -0.138 
Ho-La 4.36 -0.269 -0.252 -0.123 -0.131 -0.112 -0.128 -0.104 -0.096 — -0.074 
Er-La 4.50 -0.093 -0.078 -0.068 -0.082 - -0.045 -0.042 -0.040 -0.035 -0.034 
Tm-La 4.75 0.060 0.046 0.039 0.034 0.031 0.026 0.023 0.021 0.018 0.016 
Yb-La 8.58 0.115 0.094 0.073 0.066 0.060 0.054 0.046 0.043 0.037 0.033 
Tb-Pr 4.99 -0.940 -0.786 -0.560 -0.536 -0.489 -0.436 -0.380 -0.348 -0.306 -0.265 
Dy-Pr 4.63 -0.850 — — -0.497 -0.465 -0.413 -0.358 -0.332 -0.290 -0.252 


Pr 2.56 -0.843 -0.646 -0.471 -0.480 -0.432 -0.390 -0.334 -0.317 -0.271 -0.243 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


MAGNETO-OPTIC CONSTANTS (continued) 


Verdet Constants of Diamagnetic Glasses! 
The Verdet constant V is given at room temperature for the wavelengths indicated 


Verdet constant V in min/Oe cm 


Glass 
type Composition (wt. 90) À = 325 nm À 2 442 nm À = 633 nm À = 1064 nm 
SiO, 10096 SiO; 0.013 
B;0, 100% ВО; 0.010 
С4О 47.5% Сао, 52.5% РО; 0.079 0.033 0.022 
?лО 36.4% ZnO, 63.6% Р.О. 0.072 0.044 0.020 
тео, 88.9% TeO,, 11.1% P,O; 0.196 0.076 0.022 
Zr, 63.1% 7хБ,, 14.9% BaF), 0.011 
7.2% LaF, 1.9% АІБ;, 
9.196 PbF, 3.8% LiF 
À = 700 nm À = 853 nm À = 1060 nm 
Ві,О; 95% Ві;Оҙ, 5% B203 0.086 0.051 0.033 
РЬО 95% PbO, 5% В,О; 0.093 0.061 0.031 
82% РЬО, 18% 51О, 0.077 0.045 0.027 
50% PbO, 15% КО, 35% SiO, 0.032 0.020 0.011 
TLO 95% TIO, 5% В-О; 0.092 0.061 0.032 
82% ТО, 18% SiO; 0.100 0.067 0.043 
50% ТЬО, 15% КО, 35% SiO, 0.036 0.022 0.012 
SnO 76% SnO, 13% В.О,, 11% SiO, 0.071 0.046 0.026 
ТеО; 75% Тео», 25% $503 0.076 0.052 0.032 
80% Тео, 20% ZnCl, 0.073 0.046 0.025 
84% ТеО:, 16% BaO 0.056 0.041 0.029 
70% TeO>, 30% WO; 0.052 0.035 0.022 
20% ТеО;, 80% РЬО 0.128 0.075 0.048 
5603 25% 85,О., 75% Тео 0.076 0.050 0.032 
75% 5,03, 75% С5,0, 5% А1,0; 0.074 0.044 0.025 
75% 5,03, 10% Cs;O, 10% ВЬ.О, 5% AlO; 0.078 0.052 0.030 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


Glass p 
type g/cm? 
BSC 2.49 
HC 2.53 
LBC 2.87 
LF 3,23 
BLF 3.48 
DBC 3.56 
DF 3.63 
EDF 3.9 
Glass 
type SiO; 
BSC 69.6 
HC 72.0 
LBC 237.1 
LF 52:5 
BLF 45.2 
DBC 36.2 
DF 46.3 
EDF 40.6 


1.5096 
1.5189 
1.5406 
1.5785 
1.6047 
1.6122 
1.6203 
1.6533 


MAGNETO-OPTIC CONSTANTS (continued) 


Verdet Constants of Commercial Glasses! 
This table gives the density, p, refractive index at 589 nm, np, and Verdet constant, V, for the wavelengths indicated; 
the data refer to room temperature 


V in min/Oe cm 


À = 365.0 nm À = 404.7 nm 
0.0499 0.0392 
0.0561 0.0440 
0.0609 0.0477 
0.1143 0.0850 
0.1112 0.0832 
0.0662 0.0517 
0.1473 0.1076 
0.1725 0.1248 


The composition of the glasses in weight percent is: 


Сао ALO, 
2.9 0.3 
114 0.3 
0.3 0.2 
0.3 0.2 
0.2 3.5 
0.3 0.2 
0.2 0.2 

REFERENCES 


À = 435.8 nm № = 546.1 пт А = 578.0 nm 
0.0333 0.02034 0.01798 
0.0372 0.0225 0.01995 
0.0403 0.0245 0.0216 
0.0693 0.0394 0.0344 
0.0685 0.0393 0.0344 
0.0435 0.0261 0.0231 
0.0872 0.0485 0.0423 
0.1007 0.0556 0.0483 

Аѕ,Оз Ма:О ВаО ZnO PbO 
0.1 — 

0.2 6.1 

0.1 — 26.9 — — 
0.1 — — — 37.6 
0.4 — 16.0 8.3 22.2 
0.7 — 44.6 6.7 — 
0.1 5.0 — — 47.0 
0.2 0.1 — — 315 


1. Weber, M. J., СЕС Handbook of Laser Science and Technology, Vol. IV, Part 2, СЕС Press, Boca Raton, FL, 1988, p. 299-310. 
2. Gray, D. E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, p. 6-230. 


Material 


Fe 


Co 


Ni 


Permalloy 
(Ni/Fe = 82/18) 
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я л 


1043 


1390 


633 


803 


47 M. 
gauss 


21,800 


18,200 


6,400 


10,700 


FARADAY ROTATION 
Ferro-, Ferri-, and Antiferromagnetic Solids 


F 
deg/cm 


4.4 x 105 
6.5 x 105 
7х105 

7х105 

2.9 x 105 
5.5x 105 
5.5x 105 
5.5 x 105 
0.8 x 105 
2.6 x 105 
1.5 x 105 
1х 105 

1.2 x 105 


а 
стг! 


6.5 х 105 
5.0 х 105 
4.2 x 105 
3.5 x 105 
6.1 x 105 
4.5 x 105 
3.6 x 105 
5.8 x 105 
4.8 x 105 
4.1 x 105 
6 x 105 


T 

2 Fla K 
1.4 300 
2.6 300 
3:3 300 
4.0 300 
- 300 
1.8 300 
2.4 300 
27 300 
- 300 
0.9 300 
0.6 300 
0.25 300 
0.4 300 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


Material 


Ni/Fe - 100/0 
Ni/Fe - 80/20 
Ni/Fe - 60/40 
Ni/Fe - 40/60 
Ni/Fe - 20/80 
Ni/Fe - 0/100 
MnBi 


MnAs 
CrTe 


FeRh 
У Бе: О); (YIG) 


Gd;Fe;0,; (бас) 


NiFe;O, 


СоЕе;О, 


MgFe;0, 


LiosFe» 504 


ВаҒе О 


Ва Ре 0,9 


RbNiF; 


КОМ 75 Сор 25F3 
RbFeF; 


Бер; 


CrCl, 
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я л 


639 


313 


334 


333 
560 


Тр = 564 
Т = 286 


858 


793 


593-713* 


863-953* 


723 


109 
102 


365 


16.8 


FARADAY ROTATION (continued) 


Ferro-, Ferri-, and Antiferromagnetic Solids (continued) 


47 M, 
gauss 


6,000 

10,800 
14,900 
14,400 
19,400 
21,600 
7,700 


7300 


3350 


4930 


1450* 


3240* 
to 3900 


1250 


40 
at 300 К 
3880 


F 
deg/cm 


1.2 x 105 
22x105 
2.9 x 105 
22x105 
33 x 10 
3.5 x 10° 
4.2 x 105 
7.5 x 105 
0.44 x 105 
0.62 x 105 
0.5 x 105 
0.4 x 105 
0.9 x 105 
2400 
1250 

750 

175 


-2000 
-1050 
-300 

-80 

2.0 x 104 
-10 x 104 
-120 

475 
+110 
2.75 x 104 
3.6 x 104 
-2.5 x 104 


а 
стг! 


7.05 х 105 
7.10 х 105 
7.54 х 105 
8.17 x 105 
8.10 x 105 
8.13 x 105 
6.1 x 10 
4.2 x 105 
5.0 x 105 
4.4 x 105 
2.0 x 105 
1.2 x 105 
3.3 x 105 
1500 
1400 

450 
«0.06 


6000 
900 

100 

70 
5.9 x 104 
10 x 104 
38 

15 

32 

12 x 109 
17 x 104 
6х104 
100 

12 


200 


0.28 

0.5 

0.7 

0.56 

3.2 

1.8 

3.3 

>3 x 103 


0.6 
2.3 
6.0 
2.3 
0.7 
0.2 
6 
10 
7 
0.5 
0.4 
0.8 


300 
300 


À 


nm 


632.8 
632.8 
632.8 
632.8 
632.8 
632.8 
450 
900 
500 
900 
550 
900 
700 
555 
625 
770 
5000 
to 1500 
500 
600 
800 
1000 
286 
500 
1500 
3000 
5000 
286 
400 
660 
2500 
4000 
6000 
1500 
3000 
5000 
7000 
2000 
3000 
5000 
7000 
5000 
7000 
4508 
6004 
8004 
10004 
6009 
300° 
400€ 
600° 
800° 
3494 
522,54 
410 


ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS (continued) 


FARADAY ROTATION (continued) 
Ferro-, Ferri-, and Antiferromagnetic Solids (continued) 


T. 47 M, F а Т 3, 

Material K gauss deg/cm em! 2 Fla K nm 
-500 300 3 1.5 450 
-1000 70 30 1:5 590 
CrBr; 32.5 3390 3 x 10° 3 x 103 200 15 478 
1.6 x 105 1.4 x 104 23 1:5 500 
Cri, 68 2690 1.1 x 105 6.3 x 10? 35 1:5 970 

0.8 x 105 3x10? 53 1.5 1000 
FeBO, 348 115 3200 140 45 300 500 
at 300 K 450 38 24 300 700 

EuO 69 23700 -1.0 x 105 0.5 x 104 40 5 1100 
5x105 9.7 x 104 10 5 700 
0.5 x 105 7.8 x 104 1:3 5 500 

3х104 >0.5 -105 20 2500 

660 >1.0 1300 20 10600 

EuS 16.3 — -1.6 x 10° 0 — 6 825 
-9.6 x 105 3.3 x 104 58 6 690 
45.5 x 105 1.2 x 105 92 6 563 
EuSe 7.0 13,200 1.45 x 105 80 3600 42 750 
0.95 х 105 60 3170 42 800 


а Measured along the C-axis (magnetic hard axis). 

Measured along the C-axis (magnetic easy axis). 

* Measured along the C-axis ([100]-direction at room temperature). 
Strong natural birefringence interferes with the Faraday effect. 

* Depends on heat treatment. 


REFERENCE 


1. Weber, M. J., Ed., CRC Handbook of Laser Science and Technology, Vol. IV, Part 2, CRC Press, Boca Raton, FL, 1988, pp. 288-296. 
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NONLINEAR OPTICAL CONSTANTS 
H. P. R. Frederikse 


The relation between the polarization density P of a dielectric medium and the electric field E is linear when Е is small, but becomes nonlinear 
as E acquires values comparable with interatomic electric fields (105 to 108 V/cm). Under these conditions the relation between P and E can be expanded 
in a Taylor's series 


P=e X јЕ +27 OE? 4 Ay ЕЗ+... а) 


where €, is the permittivity of free space, while x“ is the linear and x), XO? etc. the nonlinear optical susceptibilities. 
If we consider two optical fields, the first Ej (along the j-direction at frequency €) and the second Ех (along the k-direction at frequency 005) 
one can write the second term of the Taylor's series as follows 


-2 0570; +03 pO pO, 
Р(о10) 22x55 Е; E, 

When @, = 09; the (parametric) mixing of the two fields gives rise to two new polarizations at the frequencies 09; = (0, + 0; and Os = OÓ, — 0». When 
the two frequencies are equal, 0) = 09; = 0, the result is Second Harmonic Generation (SHG) X;,(20, œ, о), while equal and opposite frequencies, 
@, = © and Ф = — leads to Optical Rectification (OR): X; (0,0,—0). In the SHG case the following convention is adopted: the second order nonlinear 
coefficient d is equal to one half of the second order nonlinear susceptibility 


ад 71/23 


Because of the symmetry of the indices j and К one can replace these two by a single index (subscript) m. Consequently the notation for the SHG 
nonlinear coefficient in reduced form is d;,, where m takes the values 1 to 6. Only noncentrosymmetric crystals can possess a nonvanishing 4) tensor 
(third rank). The unit of the SHG coefficients is m/V (in the MKSQ/SI system). 

Incentrosymmetric media the dominant nonlinearity is ofthe third order. This effect is represented by the third term in the Taylor's series (Equation 
1); itis the result of the interaction of a number of optical fields (one to three) producing a new frequency 00, = 0) + @ + @3. The third order polarization 
is given by 


о 0). 
Р (10004) = 84% jus E, Еј > Ер 


Third Harmonic Generation (THG) is achieved when @, = 00, = 0; = 0). In this case the constant g4 = 1/4. The third order nonlinear coefficient 
C is related to the third order susceptibility as follows 


C ikim = ШАХ шт 


This coefficient is а fourth rank tensor. In the THG case the matrices must be invariant under permutation of the indices k, l, and m; as a result the notation 
for the third order nonlinear coefficient can be simplified to C;,. The unit of С), is m?-V~ (in the MKSQ/SI system). 

Applications of second order nonlinear optical materials include the generation of higher (up to sixth) optical harmonics, the mixing of 
monochromatic waves to generate sum or difference frequencies (frequency conversion), the use of tvo monochromatic waves to amplify a third wave 
(parametric amplification) and the addition of feedback to such an amplifier to create an oscillation (parametric oscillation). 

Third order nonlinear optical materials are used for THG, self-focusing, four wave mixing, optical amplification, and optical conjugation. Many 
of these effects — as well as the variation and modulation of optical propagation caused by mechanical, electric, and magnetic fields (see the preceeding 
table on “Elasto-Optic, Electro-Optic, and Magneto-Optic Constants”) are used in the areas of optical communication, optical computing, and optical 
imaging. 


REFERENCES (NONLINEAR OPTICS) 
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2. Dmitriev, V.G., Gurzadyan, G.G., and Nikogosyan, D., Handbook of Nonlinear Optical Crystals, Springer-Verlag, Berlin, 1991. 
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4. Yariv, A., Quantum Electronics, 3rd edition, John Wiley, New York, 1988. 
5. Bloembergen, N., Nonlinear Optics, W.A. Benjamin, New York, 1965. 
6. Zernike F. and Midwinter, J.E., Applied Nonlinear Optics, John Wiley, New York, 1973. 
7. Hopf, F.A. and Stegeman, G.I., Applied Classical Electrodynamics, Volume 2: Nonlinear Optics, John Wiley, New York, 1986. 
8. Nonlinear Optical Properties of Organic Molecules and Crystals, Eds.: D.S. Chemla and J. Zyss, Publ.: Academic Press, Orlando, FL, 1987. 
9. Optical Phase Conjugation, Ed.: R.A. Fisher, Publ.: Academic Press, New York, 1983. 
10. Zyss, J., Molecular Nonlinear Optics: Materials, Devices and Physics, Academic Press, Boston, 1994. 
11. Nonlinear Optics, 5 articles in Physics Today, (Am. Inst. of Phys.), Vol. 47, No. 5, May, 1994. 
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NONLINEAR OPTICAL CONSTANTS (continued) 


Material 
GaAs 
GaP 
InAs 
ZnSe 
B-ZnS 
ZnTe 


CdTe 
BisGeO, 


N,(CH))¢ (hexamine) 


LilO; 


ZnO 


a-ZnS 


CdS 


CdSe 


BaTiO; 


PbTiO, 


«Беде 


Козма) „Ва 6 О 
SrBaNb;O;;s 


NH,H,PO, (ADP) 


KH,PO, (KDP) 


KD,PO, (КОР) 


KH5AsO, (KDA) 


CdGeAs, 
AgGaS, 
AgGaSe, 
(МН,):СО (urea) 
МРО, 

Se 


Selected SHG Coefficients of NLO Crystals* 


Symmetry 


class 
43m 
43 т 
43m 
43m 
43m 


43m 


6mm 


6mm 


6mm 


4mm 


4mm 


4mm 


4mm 
4mm 


42m 


42m 


42m 


42m 


42m 
42m 
42m 
42m 
32 
32 
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йш X 1012 
m/V 


dy, = 134.1 +42 
dy, = 71.8 + 12.3 
dy, = 364 + 47 
44-210 
dy, = 784 +29.3 
d = 26.6 £17 
dj, 730.65 84 
dx = 20.7413 
du = 92.2 + 33.5 
dyy= 83.2484 
dy = 89.6 + 5.7 
du = 167.6 + 63 
dig = 128 

d,, 241 

дн = -7.02 

dj, =-5.53 £03 
d, =-5.86 + 0.16 
dy = 1.76 + 0.16 
dis = 1.93 + 0.16 
d} = 11.37 £0.07 
dzz = 37.3 + 12.6 
аз = -18.9 + 6.3 
dys 22137 £84 
dy = 25.8 1.6 
d, = -13.15 0.8 
di; = 144 £ 0.8 
dy = 54.5 + 12.6 
dj 2-268 £27 
d; = 6.8 1.0 

dy, 215.7 + 1.8 
4-17.0%18 
4а=75+12 

dy =37.6 + 5.6 
45 =333 +5 

da = 112 + 1.6 
dy = 6.18 + 1.28 
dys = 545 + 0.54 
dy, = 13.6 1.6 
d33 = 11.3+3.3 
dı =431+ 1.32 
dys = 5.98 +2 

436 = 0.53 

d = 0.85 

d, = 0.44 

d = 0.47 + 0.07 
dzs = 0.38 + 0.016 
dzs = 0.34 + 0.06 
44-0.37 
dg = 0.43 + 0.025 
dzs = 0.39 + 0.4 
da, = 351 + 105 
d 18 +27 

di, = 374 £ 6.0 
dag = 1.3 
41 = 0.35 + 0.03 
dy, 297525 


NONLINEAR OPTICAL CONSTANTS (continued) 
Selected SHG Coefficients of NLO Crystals (continued)* 


Symmetry dim x 1012 
Material class m/V 
Te 32 41-650 + 30 
SiO, (quartz) 32 4, = 0.335 
Hgs 32 Чи! = 50.3 + 17 
(C&H5CO), [benzil] 32 dj, = 3.6 0.5 
B-BaB,O, [BBO] 3m 4 = 2.22 + 0.09 
43 = 0.16 + 0.08 
LiNbO, 3m d33 = 34.4 
43 =-5.95 
d», = 2.16 
LiTaO; 3m d33=-16.4+2 
4 =-1.07 + 0.2 
doy = +1.76 + 0.2 
Ag3ASS; [proustite] 3m d3, = 11.3 + 2.5 
d» = 18.0 + 2.5 
Ag3SbS, [pyrargerite] 3m d, = 12.6 + 4 
dy = 13.4 +4 
a-HIO; 222 ds = 5.15 50416 
NO, · CH;NOC;H, · (РОМ) 222 ds = 6.4 + 1.0 
Ba;NaNb5O;s [Banana] mm 2 d33 =-17.6 + 1.28 
43 = -12.8 + 1.28 
C IH (NO), [MDB] mm 2 d33 = 0.74 
dz = 2.7 
dz; = 1.78 
Gd5(MoO,); mm 2 d33 = —0.044 + 0.008 


dyy = 42.42 + 0.36 
dy, = 249 + 0.37 

KNbO; mm 2 dz, = —19.58 + 1.03 
dy = +11.34 + 1.03 
dy, = —12.88 + 1.03 


KTiOPO, [KTP] mm 2 dz = 13.7 
4у-%5.0 
dy, = £ 6.5 
NO;CH, · NH, [mNA] mm 2 йз = 13.12 + 1.28 
ds, = 1.02 + 0.22 
dy, = 12.48 + 1.28 
СиНМ,О, [MAP] 2 dy; = 10.67 + 1.3 
ар = 11.7 £ 1.3 
dj, 22.35 + 0.5 
dhs = -0.35 + 0.3 
(МН,СН,СООН),Н:80, [TGS] 2 d, = 0.32 


* These data are taken from References 1 and 2. 


12-170 


Material 
NH4H;PO, [ADP] 


C&Hg [benzene] 
CdGeAs, 
p-type: 5 х 1016 cm? 


С.Н,, [B-carotene] 

GaAs 
high-resistivity 

Ge 

шо; 


КВг 
КСІ 
KH,PO, [КОР] 
Si 
p-type: 1014 cm? 
NaCl 


NaF 


NONLINEAR OPTICAL CONSTANTS (continued) 


Selected THG Coefficients of Some NLO Materials* 


NLO process 
(-30,0,0,0) 
(-30,0,0,0) 
(-30,0,0,0) 
(-30,0,0,0) 
(-30,0,0,-0)) 


(-30,0,0,-0)) 
(-30,0,0,-0) 


(-30,0),0)-0) 
(-30,0,0,-0) 


(-30,0,0,-0) 
(-30,0,0)-0) 


(-3,0,0,0,-0) 


(-30,0,0,-0) 


* These data are taken from Reference 1. 
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Cj, x 1029 
т?/у-? 

Сл 20.0104 
Са = 0.0098 
Сл = 0.0184 + 0.0042 
Cu = 182 + 84 
Ci = 175 
С 422435 
Су, 0.263 + 0.08 
Сл=62+31 
Cy =23.5 +12 
Су = 0.2285 
Су = 6.66 + 1 
Си = 0.0392 
Си Сү - 0.3667 
C, = 0.0168 
С/С = 0.28 
Си-ЗСв= 0.04 
Су = 82.8 £25 
C, = 0.0168 
С/С = 0.4133 
Суу = 0.0035 


PHASE DIAGRAMS 
H. P. R. Frederikse 


A phase is a structurally homogeneous portion of matter. Regardless of the number of chemical constituents of a gas, there is only one vapor phase. 
This is true also for the liquid form of a pure substance, although a mixture of several liquid substances may exist as one or several phases, depending 
on the interactions among the substances. On the other hand a pure solid may exist in several phases at different temperatures and pressures because 
of differences in crystal structure (Reference 1). At the phase transition temperature, T,,, the chemical composition of the solid remains the same, but 
often a change іп the physical properties will take place. Such changes are found in ferroelectric crystals (example BaTiO3) which develop а 
spontaneous polarization below Тү, in superconductors (example Pb) which loose all electrical resistance below the transition point, and in many other 
classes of solids. 

In quite a few cases it is difficult to bring about the phase transition, and the high- (or low-) temperature phase persists іп its metastable form. Many 
liquids remain in the liquid state for shorter or longer periods of time when cooled below the melting point (supercooling). However, often the slightest 
disturbance will cause solidification. Persistence ofthe high temperature phase in solid-solid transitions is usually of much longer duration. An example 
of this behavior is found in white tin; although gray tin is the thermodynamically stable form below Т, (286.4 K), the metal remains in its undercooled, 
white tin state all the way to T = 0 К, and crystals of gray tin are very difficult to produce. 

A phase diagram is a map which indicates the areas of stability of the various phases as a function of external conditions (temperature and pressure). 
Pure materials, such as mercury, helium, water, and methyl alcohol are considered one-component systems and they have unary phase diagrams. The 
equilibrium phases in two-component systems are presented in binary phase diagrams. Because many important materials consist of three, four, and 
more components, many attempts have been made to deduce their multicomponent phase diagrams. However, the vast majority of systems with three 
or more components are very complex, and no overall maps of the phase relationships have been worked out. 

It has been shown during the last 20 to 25 years that very useful partial phase diagrams of complex systems can be obtained by means of 
thermodynamic modeling (References 2, 3). Especially for complicated, multicomponent alloy systems the CALPHAD method has proved to be a 
successful approach for producing valuable portions of very intricate phase diagrams (Reference 4). With this method thermodynamic descriptions 
of the free energy functions of various phases are obtained which are consistent with existing (binary) phase diagram information and other 
thermodynamic data. Extrapolation methods are then used to extend the thermodynamic functions into a ternary system. Comparison of the results 
of this procedure with available experimental data is then used to fine-tune the phase diagram and add ternary interaction functions if necessary. In 
principle this approximation strategy can be extended to four, five, and more component systems. 

The nearly two dozen phase diagrams shown below present the reader with examples of some important types of single and multicomponent 
systems, especially for ceramics and metal alloys. This makes it possible to draw attention to certain features like the kinetic aspects of phase transitions 
(see Figure 22, which presents a time-temperature-transformation, or ТТТ, diagram for the precipitation of o-phase particles from the B-phase in a 
Ti-Mo alloy; Reference 1, pp.358-360). The general references listed below and the references to individual figures contain phase diagrams for many 
additional systems. 


GENERAL REFERENCES 
1. Ralls, K.M., Courtney, Т.Н., and Wulff, J., Introduction to Materials Science and Engineering, Chapters 16 and 17, John Wiley & Sons, New 
York, 1976. 
2. Kaufman, L., and Bernstein, H., Computer Calculation of Phase Diagrams, Academic Press, New York, 1970. 
3. Kattner, U.R., Boettinger, W J.B., and Coriell, S.R., Z. Metallkd., 87, 9, 1996. 
4. Dinsdale, A.T., Editor, CALPHAD, Vol. 1-20, Pergamon Press, Oxford, 1977-1996 and continuing. 
5. Baker, H., Editor, ASM Handbook, Volume 3: Alloy Phase Diagrams, ASM International, Materials Park, OH, 1992. 
6. Massalski, T.B., Editor, Binary Alloy Phase Diagrams, Second Edition, ASM International, Materials Park, OH, 1990. 
7. Roth. R.S., Editor, Phase Diagrams for Ceramists, Vol. 1 (1964) to Volume XI (1995), American Ceramic Society, Waterville, OH. 


REFERENCES TO INDIVIDUAL PHASE DIAGRAMS 


Figure 1. Carbon: Reference 7, Vol. X (1994), Figure 8930. Reprinted with permission. 

Figure 2. Si-Ge : Ref.5, p. 2.231. Reprinted with permission. 

Figure 3. H,O (ice): See figure. 

Figure 4. SiO;: Reference 7, Vol. XI (1995), Figure 9174. Reprinted with permission. 

Figure 5. Fe-O: Darken, L.S., and Gurry, R.W., J. Am. Chem. Soc., 68, 798, 1946. Reprinted with permission. 

Figure 6. Ti-O: Reference 5, p. 2.324. Reprinted with permission. 

Figure 7. BaO-TiO;: Reference 7, Vol. Ш (1975), Figure 4302. Reprinted with permission. 

Figure 8. МеО-А1,О;: Reference 7, Vol. XI (1995), Figure 9239. Reprinted with permission. 

Figure 9. Y,03-ZrO,: Reference 7, Vol. XI (1995), Figure 9348. Reprinted with permission. 

Figure 10. Si-N-AI-O (Sialon): Reference 7, Vol. X (1994), Figure 8759. Reprinted with permission. 

Figure 11. PbO-ZrO,-TiO, (PZT): Reference 7, Vol. III (1975), Figure 4587. Reprinted with permission. 

Figure 12. Al-Si-Ca-O: Reference 7 (1964), Vol. I, Figure 630. Reprinted with permission. 

Figure 13. Y-Ba-Cu-O: Whitler, J.D., and Roth, R.S., Phase Diagrams for High T. Superconductors, Figure S-082, American Ceramic Society, 
Waterville, OH, 1990. Reprinted with permission. 

Figure 14. Al-Cu: Reference 5, p. 2.44. Reprinted with permission. 

Figure 15. Fe-C: Ralls, K.M., Courtney, T.H., and Wulff, J., Introduction to Materials Science and Engineering, Figure 16.13 , John Wiley & Sons, 
New York, 1976. Reprinted with permission. 

Figure 16. Fe-Cr: Reference 5, p. 2.152. Reprinted with permission. 


12-200 


PHASE DIAGRAMS (continued) 


Figure 17. Cu-Sn: Reference 5, p. 2.178. Reprinted with permission. 

Figure 18. Cu-Ni: Reference 5, p. 2.173. Reprinted with permission. 

Figure 19. Pb-Sn (solder): Reference 5, p. 2.335. Reprinted with permission. 

Figure 20. Cu-Zn (brass): Subramanian, P.R., Chakrabarti, D.J., and Laughlin, D.E., Editors, Phase Diagrams of Binary Copper Alloys, p. 487, ASM 
International, Materials Park, OH, 1994. Reprinted with permission. 

Figure 21. Co-Sm: Reference 5, p. 2.148. Reprinted with permission. 

Figure 22. Ti-Mo: Reference 5, p. 2.296; Reference 1, p. 359. Reprinted with permission. 

Figure 23: Fe-Cr-Ni: Reference 5, Figure 48. Reprinted with permission. 


Figure 1 
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n. 
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0 0 2000 l 4 96 0 6 00 0 һех diamond. (B) Fast graphite-to-diamond transition. (C) Fast diamond-to- 
ТІК graphite transition. 


Figure 2 


Atomic Percent Silicon 
60 70 80 90 100 
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бе Mass Percent Silicon Si Figure 2. Si-Ge system. 
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PHASE DIAGRAMS (continued) 


FIGURE 3 
200 
150 1 Liquid 
1007 Wi 
50 J 
p 
04 
МИ 
-50 - 
Figure 3. Diagram of the principal phases of ice. Solid lines are 
-100 | measured boundaries between stable phases; dotted lines are 
extrapolated. Ice IV is a metastable phase which exists in the 
region of ice V. Ice IX exists in the region below -1009С and 
, pressures in the range 200—400 MPa. Ice X exists at pressures 
alee d T T T T T T above 44 GPa. See Table 1 for the coordinates of the triple points, 
0 500 1000 1500 2000 2500 3000 3500 where liquid water is іп equilibrium with two adjacent solid 
Р/ОРа phases. 


Table 1. Crystal Structure, Density, and Transition Temperatures for the Phases of Ice 


Crystal 
Phase system Cell parameters Z n p/g cm? Triple ponts 

Ih Hexagonal a = 4,513: c = 7352 4 4 0.93 І-Ш: -21.99?C, 209.9 MPa 
Ic Cubic а= 6.35 8 4 0.94 

II Rhombohedral a=7.78; a= 113.1? 12 4 1.18 

ІШ Tetragonal à — 6.73; c = 6.83 12 4 1.15 ІШ-У: -16.99?C, 350.1 MPa 
IV Rhombohedral а= 7.60; а = 70.1? 16 4 1.27 

У Monoclinic а=9.22; b = 7.54, 28 4 1.24 V-VI: 0.16?C, 632.4 MPa 

c 210.35; В = 109.2? 

VI Tetragonal а-6.27;с-5.79 10 4 1.31 УГ-УП: 829С, 2216 МРа 
VII Cubic а= 3.41 2 8 1.56 

УШ Tetragonal а = 4.80; с = 6.99 8 8 1.56 

IX Tetragonal a = 6.73; c = 6.83 12 + 1.16 

X Cubic а= 2.83 2 8 2.51 

REFERENCES 


1. Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 1994. 

2. Lerner, R.G. and Trigg, G.L., Editors, Encyclopedia of Physics, VCH Publishers, New York, 1990. 

3. Donnay, J.D.H. and Ondik, H.M, Crystal Data Determinative Tables, Third Edition, Volume 2, Inorganic Compounds, Joint 
Committee on Powder Diffraction Standards, Swarthmore, PA, 1973. 

4. Hobbs, P.V., Ice Physics, Oxford University Press, Oxford, 1974. 
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PHASE DIAGRAMS (continued) 
Figure 4 
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Figure 5. Fe-O system. 


PHASE DIAGRAMS (continued) 
Figure 5 (continued) 
Point °C % O PcoyPco Point С 9,0 
A 1539 Q 560 23.26 
B 1528 0.16 0.209 R 1583 28.30 
C 1528 22.60 0.209 R’ 1583 28.07 
G 14002 22.84 0.263 5 1424 27.64 
Н 1424 25.60 16.2 ү 1597 27.64 
І 1424 25.31 16.2 Ү 1457 28.36 
J 1371 23.16 0.282 Z 1457 30.04 
L 9114 23.10 0.447 2 30.6 
N 1371 22.91 0.282 
а Values for pure iron. 
Figure 6 
Mass Percent Oxygen 
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З 20 10 20 40 50 
Ті Atomic Percent Oxygen 
Composition, Pearson 
Phase mass % О symbol 
(BTi) 0 to 3 сір. 
(aTi) 0 to 13.5 hP2 
ТО -8 to -13 ЛР-16 
TiO ~10 to 14.4 hP3 
уго 15.2 to 29.4 сЕ8 
Ti,0, ~18 hP~5 
BTiO ~24 to ~29.4 (rond 
«ТО -25.0 тС16 
pri, „О -29.5 оП2 
oTi, О -29.5 118 
ВТО» 33.2 ю 33.6 hR30 
«ТьО» 33.2 to 33.6 hR30 
ВТО» 35.8 т** 
аТі;0; 35.8 тС32 
o Ti40; 35.8 mC32 
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Figure 6. Ti-O system. 


Space 
group 


Ітӛт 
Р63/ттс 
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А2/т or В*/* 
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Figure 6 (continued) 


PHASE DIAGRAMS (continued) 


Composition, Pearson 
Phase mass % О symbol 
YTi4O; 36.9 аР44 
BTuO; 36.9 aP44 
aTi40, 36.9 aP44 
YTi5Os 37.6 aP28 
ВТО, 38.0 aC68 
Ti;O;4 38.3 аР40 
Ті0 5 38.5 аС92 
ТО 17 38.7 аР52 
Rutile TiO; 40.1 tP6 
Metastable phases 
Anatase — #12 
Brookite — oP24 
High-pressure phases 
TiO,-II — oP12 
TiO»-III — ЛР-48 
FIGURE 7 
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Space 
group 


Pl 
Pl 
Pl 
Pl 
Al 
Pl 
АТ 
РІ 
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14,/amd 
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Figure 7. BaO-TiO, system. 


PHASE DIAGRAMS (continued) 


Figure 8 
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Figure 8. MgO-ALO, system. 


Figure 9. Y,03-ZrO, system. С, = cubic 
710; ss (fluorite-type ss); Y, = cubic Ү:О, 
ss; Tet, = tetragonal ZrO, ss; Mon, = 
monoclinic ZrO, ss; Н = hexagonal Ү;О; 
ss; 3:4 = Zrs У 40); 1:6 = ZrY 6041 ss. 


PHASE DIAGRAMS (continued) 


Figure 10 


3(SiO,) А1510, з 55 2(Al,O,) 
100 T 


80 
1700°С 


60 
зе 
о 
= 
40 
Si,ON; 
20 : | : 
Figure 10. 3(SiO,)-Si;Ny-4(AIN)-2(ALO3) sys- 
tem. “Behavior” diagram at 1700?C. The labels 
8H, 15R, 12H, 21R, 27R, 2H? indicate defect AIN 
polytypes. В’ = 3-sialon (Sig „АБО М); О’ = 
sialon of SiON, type; X = УМОМ (“nitrogen 
00 100 mullite”). ALON ss = aluminum oxynitride ss 
SiN; Mol % 4(AIN) extending from approximately Al,OoN to А105М. 
Figure 11 


1100°С 


Liq. + (PT-PZ)ss 


(PT-PZ)ss(rhom) 
| (PZ-PT)ss(orth) 


г (PT-PZ)ss(tet) 
< ~ À PbZrO, 


Zss Р(РТ-Р2)55 Ex 


Tss + 21 + (PT-PZ)ss 255 + ZT + (PT-PZ)ss 


TiO, (8%) 40 туо, 60 : 80 (86%) ZrO, Figure 11. PbO-ZrO,-TiO, (PZT) system, 
Mol % subsolidus at 1 100°C. P - PbO; T - TiO;; Z=ZrO,. 
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PHASE DIAGRAMS (continued) 


Figure 12 
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Figure 12. СаО-А1,0;-510, system (temperatures іп °С). 
Crystalline Phases 
Notation Oxide formula 
Cristobalite ) SiO, 
Tridymite 
Pseudowollastonite СаО-510, 
Rankinite 3CaO:2SiO; 
Lime CaO 
Corundum ALO; 
Mullite 3A1,03:2Si0, 
Anorthite СаО-А1,О;:2510, 
Gehlenite 2CaO-ALO;: SiO, 


Temperatures up to approximately 1550?C are on the 
Geophysical Laboratory Scale; those above 1550?C are on 
the 1948 International Scale. 
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PHASE DIAGRAMS (continued) 


Figure 13 


ВаО(ВаСО,) 


Figure 13. BaO-Y,03-CuO system. 2:1:3 = Bay YCu40; ,; 
1:2:1 = BaY,CuOs; 4:1:2 = BayYCu,075,,; and 5:1:3 = 
Ва; УСизОо 5 , х. The superconducting 2:1:3 phase was 
prepared using barium peroxide. 
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Figure 14 
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Figure 14 (continued) 


Phase 
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PHASE DIAGRAMS (continued) 


Composition, 
wt % Cu 


0105.65 
52.5 to 53.7 
70.0 to 72.2 
70.0 to 72.1 
74.4 to 77.8 
74.4 to 75.2 
77.5 to 79.4 
72.2 to 78.7 
71.4 to 78.3 
77.8 10:84 
79.7 to 84 
83.1 to 84.7 
85.0 to 91.5 
88.5 to 89 
90.6 to 100 


61 to 70 


Pearson 
symbol 


cFA 
112 
оР16 or oC16 
mC20 
ЛР42 
(а) 

(b) 
ЛРА 
(с) 

(4) 
cP52 
(d) 
cI2 
(e) 
cFA 


tP6 
cF16 
ћр5 


Space 
group 


Етӛт 

14/тст 

Pban or Сттт 
С2/т 

Рб/ттт 


Р63/ттс 
ЕЗт 
Р43т 
Ітӛт 


Етӛт 


Етӛт 
P3ml 


(a) Monoclinic? (b) Cubic? (c) Rhombohedral. (d) Unknown. (е) D05;-type long-period superlattice. 


Figure 15 
Atomic Percent Carbon 
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Mass Percent Carbon 
Composition, Pearson 
mass % С symbol 
(бЕе) 0 to 0.09 cI2 
(yFe) Ото 2.1 cFA 
(Ее) 0 to 0.021 с12 
(С) 100 АРА 
Metastable/high-pressure phases 
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Figure 15. Fe-C system. 
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PHASE DIAGRAMS (continued) 


Figure 15 (continued) 


Composition, Pearson Space 
Phase mass % С symbol group 
Fe C 5.1 сР5 Р43т 
ЕезС (0) 6.7 oP 16 Рпта 
Ес.С, (x) 7.9 mC28 (09713 
Ее Су 8.4 ЛР20 Рбупс 
Ее С. 8.4 оР40 Рпта 
ЕОС (n) 9.7 oP6 Pnnm 
Fe;C (£) 9.7 hP* P6;22 
Fe,C 9.7 ЛРЖ РЗті 
(С) 100 сЕ8 Ғазт 


Figure 16 


Atomic Percent Chromium 
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Figure 16. Fe-Cr system. 
Fe Mass Percent Chromium Cr Бан ылы ss 
Composition, Pearson Space 
Phase mass % Cr symbol group 
(aFe, Cr) 0 to 100 с12 Im3m 
(yFe) 0to 11.2 cF4 Fm3m 
б 42.7 to 48.2 tP30 P4,/mnm 
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PHASE DIAGRAMS (continued) 


Figure 17 
Atomic Percent Tin 
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Си Мавв Регсет Тїп Sn 
Composition, Pearson 
Phase mass % Sn symbol 
о О to 15.8 cF4 
В 22.0 to 27.0 cI2 
Y 25.5 to 41.5 cF16 
ó 32 to 33 cF416 
5 32.2 10 35.2 ЛР26 
£ 27.7 to 39.5 oC80 
n 59.0 to 60.9 ЛРА 
Үү 44.8 to 60.9 (a) 
(В5п) ~100 114 
(aSn) 100 cF8 


(a) Hexagonal; superlattice based on NiAs-type structure. 
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231.9681°С 


Figure 17. Cu-Sn system. 
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Figure 18 


0 10 20 


1064.87°С 
1000 


800 


РС 


600 
400 


200 


0 10 20 


Figure 19 
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PHASE DIAGRAMS (continued) 


Atomic Percent Nickel 
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Мі Figure 18. Cu-Ni system. 


Composition, Pearson Space 
mass % Ni symbol group 
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00 | 
бп Figure 19. Pb-Sn system. 


Figure 19 (continued) 


Phase 


(Pb) 

(В5п) 

(a Sn) 

High-pressure phases 
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PHASE DIAGRAMS (continued) 


Composition, Pearson Space 
mass % Sn symbol group 
0 to 18.3 cFA Ет3т 
97.8 to 100 НА 14 јата 
100 сЕ8 Fd3m 
52 to 74 ЛР1 Рб/ттт 
52 hP2 P63/mmc 


(a) From phase diagram calculated at 2500 MPa. (b) This phase was claimed for alloys at 350°C and 


5500 MPa. 
Figure 20 
Mass Percent Zinc 
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0 10 20 30 40 50 60 70 80 90 100 Figure 20. 
Cu Atomic Percent Zinc Zn system. 
Composition, Pearson Space 
Phase mass % Zn symbol group 
а, ог (Cu) 0 to 38.95 сЕ4 Ет3т 
В 36.8 to 56.5 сір. Ітӛт 
p 45.5 to 50.7 cP2 Pm3m 
Y 57.7 to 70.6 с152 143т 
5 73.02 to 76.5 hP3 P6 
£ 78.5 to 88.3 hP2 P63/mmc 
n ог (Zn) 97.25 to 100 hP2 P63/mmc 
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Cu-Zn 


PHASE DIAGRAMS (continued) 


Figure 21 
Atomic Percent Samarium 
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Co Mass Percent Samarium Sm 
Composition, Pearson 
Phase mass % Sm symbol 
(aCo) 0 to ~3.7 cF4 
(ЕСо) -0 ЛР2 
BCo;;Sm; -23.0 ЛРЗ8 
ОСоүу5Шш» -23.0 hR19 
hP8 
Со, + „Sm -33 to 34 — 
Co; ,Sm ~34 to 35 — 
Со|95114 -40.1 hR24 
hP48 
aCo7Sm, -42.1 ЛК18 
BCo7Sm, -42.1 hP36 
CosSm 46 hR12 
Co,Sm 56.0 hR4 
cF24 
Co4Smo ~85.1 o** 
CoSm; 88 oP 16 
(ySm) ~100 с12 
(BSm) -100 ЛР2 
(0501) -100 hR3 
Other reported phases 
CosSm ~33.8 hP6 
Co,Sm; —86.4 mC28 
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Figure 21. Co-Sm system. 
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PHASE DIAGRAMS (continued) 


Figure 22 
Atomic Percent Molybdenum 
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1000 


Figure 22. Ti-Mo system. 


Space 
group 


Ітӛт 
P63/mmc 
P63/mmc 
Cmcm 
P6/mmm 


Experimental time-temperature-transformation (TTT) 
diagram for Ti-Mo. The start and finish times of the 
isothermal precipitation reaction vary with tempera- 
ture as a result of the temperature dependence of the 
nucleation and growth processes. Precipitation is 
complete, at any temperature, when the equilibrium 
fraction of о is established in accordance with the 
lever rule. The solid horizontal line represents the 
athermal (ornonthermally activated) martensitic trans- 
formation that occurs when the B phase is quenched. 


Figure 23 


20 


30 


PHASE DIAGRAMS (continued) 
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80 
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Ni 


Figure 23. The isothermal section at 
900°C (1652°F) of the iron-chromium- 
nickel ternary phase diagram, showing 
the nominal composition of 18-8 stain- 
less steel. 


HEAT CAPACITY OF SELECTED SOLIDS 


This table gives the molar heat capacity at constant pressure of representative metals, semiconductors, and other crystalline solids as a function 
of temperature in the range 200 to 600 K. 


REFERENCES 
1. Chase, M. W., et al., JANAF Thermochemical Tables, 3rd ed., J. Phys. Chem. Ref. Data, 14, Suppl. 1, 1985. 


2. Garvin, D., Parker, V. B., and White, H. J., CODATA Thermodynamic Tables, Hemisphere Press, New York, 1987. 
3. DIPPR Database of Pure Compound Properties, Design Institute for Physical Properties Data, American Institute of Chemical Engineers, New 


York, 1987. 
C, in J/mol K 
Name 200K 250K 300K 350K 400 K 500K 600 K 
Aluminum 21.33 23.08 24.25 25.11 25.78 26.84 27.89 
Aluminum oxide 51.12 67.05 79.45 88.91 96.14 106.17 112.55 
Anthracene 138.6 173.9 210.7 248.8 288.4 
Benzoic acid 102.7 123.5 147.4 172.0 
Beryllium 9.98 13.58 16.46 18.53 19.95 21.94 23.34 
Biphenyl 131.0 162.5 197.2 
Boron 5.99 8.82 11.40 13.65 15.69 18.72 20.78 
Calcium 24.54 25.41 25.94 26.32 26.87 28.49 30.38 
Calcium carbonate 66.50 75.66 83.82 91.51 96.97 104.52 109.86 
Calcium oxide 33.64 38.59 42.18 45.07 46.98 49.33 50.72 
Cesium chloride 50.13 51.34 52.48 53.58 54.68 56.90 59.10 
Chromium 19.86 22.30 23.47 24.39 25.23 26.63 2772 
Cobalt 22.23 23.98 24.83 25.68 26.53 28.20 29.66 
Copper 22.63 23.71 24.48 24.95 25:33 25.91 26.48 
Соррег охїде 34.80 42.41 44.95 46.78 49.19 50.83 
Copper sulfate 77.01 89.25 99.25 107.65 114.93 127.19 136.31 
Germanium 23.25 23.85 24.31 24.96 25.45 
Gold 25.41 25.37 25.51 26.06 26.65 
Graphite 5.01 6.82 8.58 10.24 11.81 14.62 16.84 
Hexachlorobenzene 162.7 183.6 202.4 
Todine 51.57 53.24 54.51 58.60 
Tron 21.59 23.74 25.15 26.28 27.39 29.70 32.05 
Lead 25.87 26.36 26.85 27.30 27.72 28.55 29.40 
Lithium 21.57 23.42 24.64 25.96 27.60 29.28 
Lithium chloride 43,35 46.08 48.10 49.66 50.97 53.34 55.59 
Magnesium 22.72 24.02 24.90 25.57 26.14 27.17 28.18 
Magnesium oxide 37.38 40.59 42.77 45.56 47.30 
Manganese 23.05 24.95 26.35 27.52 28.53 30.29 31.90 
Naphthalene 105.8 134.1 167.8 204.1 
Potassium 27.00 28.01 29.60 
Potassium chloride 48.44 50.10 51.37 52.31 53.08 54.71 56.35 
Silicon 15.64 18.22 20.04 21.28 22.14 23.33 24.15 
Silicon dioxide 32.64 39.21 44,77 49.47 53.43 59.64 64.42 
Silver 25.36 25.55 25.79 26.36 26.99 
Sodium 22.45 27.01 28.20 30.14 
Sodium chloride 46.89 48.85 50.21 51.25 52.14 53.96 55.81 
Tantalum 24.08 24.86 25.31 25.60 25.84 26.35 26.84 
Titanium 22.37 24.07 25.28 26.17 26.86 27.88 28.60 
Tungsten 22.49 23.69 24.30 24.65 24.92 25.36 25.79 
Vanadium 21.88 23.70 24.93 25.68 26.23 26.94 27.49 
Zinc 24.05 25.02 25.45 25.88 26.35 27.39 28.59 
Zirconium 23.87 24.69 25.22 25.61 25.93 26.56 27.28 
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THERMAL AND PHYSICAL PROPERTIES ОЕ PURE METALS 


This table gives the following properties for the metallic elements: 


Би Melting point in “С 
fy: Normal boiling point in °С, at a pressure of 101.325 kPa (760 Torr) 
Ақ H: Enthalpy of fusion at the melting point in J/g 
pos: Density at 259С іп g/cm? 
о: Coefficient of linear expansion аг 25°C in K`! (the quantity listed is 10° x о) 
сы Specific heat capacity at constant pressure at 25°C in J/g K 
ж Thermal conductivity at 27°C in W/cm K 
REFERENCES 
1. Dinsdale, A. T., CALPHAD, 15, 317, 1991 (melting points, enthalpy of fusion). 
2. Touloukian, Y. S., Thermophysical Properties of Matter, Vol. 12, Thermal Expansion, IFI/Plenum, New York, 1975 (coefficient of 
expansion, density). 
3. Но, C. Y., Powell, R. W., and Liley, P. E., J. Phys. Chem. Ref. Data, 3, Suppl. 1, 1974 (thermal conductivity). 
4. Cox, J. D., Wagman, D. D., and Medvedev, V. A., CODATA Key Values for Thermodynamics, Hemisphere Publishing Corp., New York, 
1989 (heat capacity). 
5. Glushko, V. P., Ed., Thermal Constants of Substances, VINITI, Moscow, (enthalpy of fusion, heat capacity). 
6. Wagman, D. D., et. al., The NBS Tables of Chemical Thermodynamic Properties, J. Phys. Chem. Ref. Data, 11, Suppl. 2, 1982 (heat 
capacity). 
7. Chase, M. W., et. al., JANAF Thermochemical Tables, 3rd ed., J. Phys. Chem. Ref. Data, 14, Suppl. 1, 1985 (heat capacity, enthalpy of 
fusion). 
8. Gschneidner, K. A., Bull. Alloy Phase Diagrams, 11, 216—224, 1990 (various properties of the rare earth metals). 
9. Hellwege, К. H., Ed., Landolt Bornstein, Numerical Values and Functions in Physics, Chemistry, Astronomy, Geophysics, and Technol- 
ogy, Vol. 2, Part 1, Mechanical-Thermal Properties of State, 1971 (density). 
10. Physical Encyclopedic Dictionary, Vol. 1-5, Encyclopedy Publishing House, Moscow, 1960-66. 
Metal Atomic tm fy Afus Н 025 ох 106 с, À 
(symbol) weight °С °C J/g g/cm? к Тек W/em К 
Actinium (Ас) 1051 3198 10 0.12 
Aluminum (AI) 26.98 660.32 2519 399.9 2.70 23.1 0.904 2.37 
Antimony (Sb) 121.76 630.63 1587 162.5 6.68 11.0 0.207 0.243 
Barium (Ba) 137,33 727 1897 51.8 3.62 20.6 0.205 0.184 
Beryllium (Be) 9.01 1287 2471 876.0 1.85 11.3 1.82 2.00 
Bismuth (Bi) 208.98 271.40 1564 53:3 9.79 13.4 0.122 0.0787 
Cadmium (Cd) 112.41 321.07 767 55.2 8.69 30.8 0.231 0.968 
Calcium (Ca) 40.08 842 1484 213.1 1.54 22.3 0.646 2.00 
Сегішп (Се) 140.11 798 3443 39.0 6.77 6.3 0.192 0.113 
Cesium (Cs) 132.91 28.44 671 15.7 1.93 97 0.242 0.359 
Chromium (Cr) 52.00 1907 2671 404 7.15 4.9 0.450 0.937 
Cobalt (Co) 58.93 1495 2927 272.5 8.86 13.0 0.421 1.00 
Copper (Cu) 63.55 1084.62 2562 203.5 8.96 16.5 0.384 4.01 
Dysprosium (Dy) 162.50 1412 2567 68.1 8.55 9.9 0.170 0.107 
Erbium (Er) 167.26 1529 2868 119 9.07 12.2 0.168 0.145 
Europium (Eu) 151.96 822 1529 60.6 5.24 35.0 0.182 0.1394 
Gadolinium (Gd) 157.25 1313 3273 63.6 7.90 9.45 0.235 0.105 
Gallium (Ga) 69.72 29.76 2204 80.0 5.91 18 0.374 0.406 
Gold (Au) 196.97 1064.18 2856 64.6 19.3 14.2 0.129 3.17 
Hafnium (Hf) 178.49 2233 4603 152.4 13:3 5.9 0.144 0.230 
Holmium (Ho) 164.93 1474 2700 1034 8.80 112 0.165 0.162 
Indium (In) 114.82 156.60 2072 28.6 7.31 32.1 0.233 0.816 
Iridium (11) 192.22 2446 4428 213.9 22.5 6.4 0.131 1.47 
Iron (Fe) 55.85 1538 2861 247.3 7.87 11.8 0.449 0.802 
Lanthanum (Га) 138.91 918 3464 44.6 6.15 12.1 0.195 0.134 
Lead (Pb) 207.20 327.46 1749 23.1 11.3 28.9 0.127 0.353 
Lithium (Li) 6.94 180.5 1342 432 0.534 46 2:57 0.847 
Lutetium (Lu) 174.97 1663 3402 126% 9.84 9.9 0.154 0.164 
Magnesium (Mg) 24.30 650 1090 348.9 1.74 24.8 1.024 1.56 
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THERMAL AND PHYSICAL PROPERTIES OF PURE METALS (continued) 


Metal 
(symbol) 


Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Neodymium (Nd) 
Neptunium (Np) 
Nickel (Ni) 
Niobium (Nb) 
Osmium (Os) 
Palladium (Pd) 
Platinum (Pt) 
Plutonium (Pu) 
Polonium (Po) 
Potassium (K) 
Praseodymium (Pr) 
Promethium (Pm) 
Protactinium (Pa) 
Radium (Ra) 
Rhenium (Re) 
Rhodium (Rh) 
Rubidium (Rb) 
Ruthenium (Ru) 
Samarium (Sm) 
Scandium (Sc) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Tantalum (Ta) 
Technetium (Tc) 
Terbium (Tb) 
Thallium (TI) 
Thorium (Th) 
Thulium (Tm) 
Tin (Sn) 
Titanium (Ti) 
Tungsten (W ) 
Uranium (U) 
Vanadium (V) 
Ytterbium (Yb) 
Yttrium (Y) 

Zinc (Zn) 
Zirconium (Zr) 


Atomic 
weight 


54.94 
200.59 
95.94 
144.24 


58.69 
92.91 
190.23 
106.42 
195.08 


39.10 
140.91 


231.04 


186.21 
102.91 
85.47 
101.07 
150.36 
44.96 
107.87 
22.99 
87.62 
180.95 


158.93 
204.38 
232.04 
168.93 
118.71 
47.88 
183.84 
238.03 
50.94 
173.04 
88.91 
65.39 
91.22 


à Estimated. 
b At 100°C. 


ty Arus H 
°C J/g 
2061 235.0 

356.73 11.4 
4639 390.7 
3074 49.5 

13:5 
2913 290.3 
4744 323 
5012 304.1 
2963 157.3 
3825 113.6 
3228 11.6 

962 

759 59.6 
3520 48.9 
3000? 

53.4 
5596 324.5 
3695 258.4 

688 25.6 
4150 381.8 
1794 57.3 
2836 314 
2162 104.6 

883 113.1 
1382 84.8 
5458 202.1 
4265 339.7 
3230 67.9 
1473 20.3 
4788 59.5 
1950 99.7 
2602 60.4 
3287 295.6 
5555 284.5 
4131 38.4 
3407 422 
1196 44.3 
3345 128 

907 108.1 
4409 230.2 
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Pas 
g/cm? 


7.3 
13.5336 
10.2 

7.01 
202 

8.90 

8.57 
22.59 
12.0 
2155 
19.7 

9.20 

0.89 

6.77 

7.26 
15.4 

5 
20.8 
12.4 

1.53 
121 

7.52. 

2.99 
10.5 

0.97 

2.64 
16.4 
11 

8.23 
11.8 
11.7 

9.32 

7.26 

4.51 
19.3 
19.1 

6.0 

6.90 

4.47 

7.14 

6.52 


ох 106 


K! 


21.7 
60.4 
4.8 
9.6 


13.4 
73 
5.1 

11.8 
8.8 

46.7 

23.5 

83.3 
6.7 

ШЕ 


6.2 
8.2 


6.4 
12.7 
10.2 
18.9 
71 
22.5 

6.3 


10.3 
29.9 
11.0 
13.3 
22.0 
8.6 
4.5 
13.9 
8.4 
26.3 
10.6 
30.2 
5.7 


Ср 


J/g K 


0.479 
0.139 
0.251 
0.191 


0.445 
0.265 
0.130 
0.244 
0.133 


0.757 
0.193 
0.198 


0.137 
0.243 
0.364 
0.238 
0.196 
0.567 
0.235 
1.225 
0.306 
0.140 


0.182 
0.129 
0.118 
0.160 
0.227 
0.522 
0.132 
0.116 
0.489 
0.154 
0.298 
0.388 
0.278 


THERMAL CONDUCTIVITY ОЕ METALS AND SEMICONDUCTORS AS A 
FUNCTION OF TEMPERATURE 


This table gives the temperature dependence of the thermal conductivity of several metals and of carbon, germanium, and silicon. For graphite, 
separate entries are given for the thermal conductivity parallel (|) and perpendicular (1) to the layer planes. The thermal conductivity of all these 
materials is very sensitive to impurities at low temperatures, especially below 100 K. Therefore, the values given here should be regarded as typical 
values for a highly purified specimen; the thermal conductivity of different specimens can vary by more than an order of magnitude in the low- 
temperature range. See Reference 2 for details. 


REFERENCES 
1. Ho, C. Y., Powell, R. W., and Liley, P. E., J. Phys. Chem. Ref. Data, 1, 279, 1972. 


2. White, G. K., and Minges, M. L., Thermophysical Properties of Some Key Solids, CODATA Bulletin No. 59, 1985. 


Thermal Conductivity in W/cm K 


Carbon (C) 
Pyrolytic 
Diamond (type) graphite 
T/K Ag А Au I Ila IIb | d Cr Cu 
1 394 41.1 5.46 0.402* 422 
2 78.3 81.8 10.9 0.0138% 0.033% 0.0200% 0.803 84.0 
3 115 121 161 0.0461 0.111 0.0676 1.20 125 
4 147 157 20.9 0.108 0.261 0.160 1.60 162 
5 172 188 25.2 0.206 0.494 0.307 2.00 195 
6 187 213 28.5 0.344 0.820 0.510 2.39 222 
7 193 229 30.9 0.523 1.24 0.778 2.27 239 
8 190 237 32.3 0.762 1.77 1.12 3.14 248 
9 181 239 327 1.05 2.41 1:53 3.50 249 
10 168 235 32.4 1.40 3.17 2.03 0.811 0.0116 3.85 243 
15 96.0 176 24.6 3.96 8.65 5.66 5.24 171 
20 2120 117 15.8 7.87 16.8 11.2 4.20 0.0397 5.93 108 
30 19.3 49.5 7:59 18.8 38.9 26.5 9.86 0.0786 5.49 44.5 
40 10.5 24.0 5.15 29.4 65.9 44.0 16.4 0.120 4.25 21.7 
50 7.0 13:5 421 35.3 92.1 59.1 23:1 0.152 3.17 12.5 
60 55 8.5 3.74 37.4 112 67.5 29.8 0.173 2.48 8.29 
70 4.97 5.85 3.48 36.9 119 69.1 36.6 0.181 2.07 6.47 
80 471 4.32 3.32 351 117 657 42.8 0.181 1.84 5.57 
90 4.60 3.42 3.28 32:7 109 60.0 47.5 0.176 1.69 5.08 
100 4.50 3.02 3.27 30.0 100 54.2 49.7 0.168 1.59 4.82 
150 4.32 2.48 3.25 19.5 60.2 22:5 45.1 0.125 1.29 4.29 
200 4.30 2:37 3.23 14.1 40.3 22.6 32.3 0.0923 1.11 4.13 
250 4.29 2.35 3:21 11.0 29.7 17.0 24.4 0.0711 1.00 4.06 
300 4.29 2.37 3.17 8.95 23.0 13.5 19.5 0.0570 0.937 4.01 
350 4.27 2.40 3.14 7.25%. 18.5* 11,185 16.2 0.0477 0.929 3.96 
400 4.25 2.40 3.11 6.5* 15.4* 932% 13.9 0.0409 0.909 3.93 
500 4.19 2.36 3.04 10.8 0.0322 0.860 3.86 
600 4.12 2.31 2.98 8.92 0.0268 0.807 3.79 
800 3.96 2.18 2.84 6.67 0.0201 0.713 3.66 
1000 3.79 2.70 5.34 0.0160 0.654 3.52 
1200 3:615 2.55 4.48 0.0134 0.619 3.39 
1400 3.84 0.0116 0.588 
1600 3.33 0.0100 0.556 
1800 2.93 0.00895 0.526% 
2000 2.62 0.00807 0.494% 
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THERMAL CONDUCTIVITY OF METALS AND SEMICONDUCTORS AS A 


Т/К Бе 
1 171 
2 3.42 
3 5.11 
4 6.77 
5 8.39 
6 9.93 
7 11.4 
8 12.7 
9 13.9 
10 14.8 
15 17.0 
20 15.4 
30 10.0 
40 6.23 
50 4.05 
60 2.85 
70 2.16 
80 175 
90 1.50 
100 1.34 
150 1.04 
200 0.94 
250 0.865 
300 0.802 
350 0.744 
400 0.695 
500 0.613 
600 0.547 
800 0.433 
1000 0.323 
1200 0.283 
1400 0.312 
1600 0.330 
1800 0.345% 
2000 


Values below 300 К are typical values. 


* Extrapolated. 


Ge? 


0.274 
2.06 
5:35 
8.77 
11.6 
13.9 
15.5 
16.6 
17.3 
17.7 
17.3 
14.9 
10.8 
7.98 
6.15 
4.87 
3.93 
3.25 
2.70 
2.32 
1:32 
0.968 
0.749 
0.599 
0.495 
0.432 
0.338 
0.273 
0.198 
0.174 
0.174 
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FUNCTION ОЕ TEMPERATURE (continued) 


Mg 


9.86 
19.6 
29.0 
37.6 
45.0 
50.8 
54.7 
56.7 
57.0 
55.8 
41.1 
27,2 
12.9 

7.19 

4.65 

3:27 

2.49 

2.02 

1.78 

1.69 

1.61 

1.59 

1:57 

1.56 

1,55 

1.53 

1.51 

1.49 

1.46% 


РЬ 


27.9 
44.6 
35.8 
222 
13.8 
8.10 
4.86 
3.20 
2.30 
1.78 
0.845 
0.591 
0.477 
0.451 
0.436 
0.425 
0.416 
0.409 
0.403 
0.397 
0.379 
0.367 
0.360 
0.353 
0.347 
0.340 
0.328 
0.314 


Pt 


2.31 
4.60 
6.79 
8.8 
10.5 
11.8 
12.6 
12.9 
12.8 
12.3 
8.41 
4.95 
2.15 
1.39 
1.09 
0.947 
0.862 
0.815 
0.789 
0.775 
0.740 
0.726 
0.718 
0.716 
0.717 
0.718 
0.723 
0.732 
0.756 
0.787 
0.826 
0.871 
0.919 
0.961 
0.994* 


Біз 


0.0693% 
0.454 
1.38 
2.97 
5:27 
8.23 
11.7 
15.5 
19.5 
23.3 
41.6 
49.8 
48.1 
35.3 
26.8 
21.1 
16.8 
13.4 
10.8 
8.84 
4.09 
2.64 
1.91 
1.48 
1.19 
0.989 
0.762 
0.619 
0.422 
0.312 
0.257 
0.235 
0.221 


Sn 


183 
323 
297 
181 
117 
76 
52 
36 
26 
19.3 
6.3 
3.2 
1.79 
1.33 
1.15 
1.04 
0.96 
0.915 
0.880 
0.853 
0.779 
0.733 
0.696 
0.666 
0.642 
0.622 
0.596 


Ti 


0.0144* 
0.0288* 
0.0432 
0.0575 
0.0719 
0.0863 
0.101 
0.115 
0.129 
0.143 
0.212 
0.275 
0.365 
0.390 
0.374 
0.355 
0.340 
0.326 
0.315 
0.305 
0.270 
0.245 
0.229 
0.219 
0.210 
0.204 
0.197 
0.194 
0.197 
0.207 
0.220 
0.236 
0.253 
0.270* 


THERMAL CONDUCTIVITY OF ALLOYS AS А FUNCTION OF TEMPERATURE 


This table lists the thermal conductivity of selected alloys at various temperatures. The indicated compositions refer to weight percent. Since the 
thermal conductivity is sensitive to exact composition and processing history, especially at low temperatures, these values should be considered 
approximate. 


REFERENCES 


1. Powell, R. L., and Childs, G. E., in American Institute of Physics Handbook, 3rd Edition, Gray, D. E., Ed., McGraw-Hill, New York, 1972. 
2. Ho, C. Y., et al., J. Phys. Chem. Ref. Data, 7, 959, 1978. 


Thermal conductivity in W/m K 


Alloy 4K 20K 77 К 194 К 273К 373K 573 К 973 К 
Aluminum: 1100 50 240 270 220 220 
2024 3.2 17 56 95 130 
3003 11 58 140 150 160 
5052 4.8 25 77 120 140 
5083, 5086 3 17 55 95 120 
Duralumin 5.5 30 91 140 160 180 
Bismuth: Rose metal 5.5 8.3 14 16 
Wood's metal 4 17 23 
Copper: electrolytic tough pitch 330 1300 550 400 390 380 370 350 
free cutting, leaded 200 800 460 380 380 
phosphorus, deoxidized 7.5 42 120 190 220 
brass, leaded 2.3 12 39 70 120 
bronze, 6896 Cu; 3296 Zn 23 16 48 92 110 
beryllium 2 17 36 70 90 113 172 
german silver 0.75 7.5 17 20 23 25 30 40 
silicon bronze A 34 11 23 30 
manganin 0.48 32 14 17 22 
constantan 0.9 8.6 17. 19 22 
Ferrous: commercial pure iron 15 72 106 82 76 66 54 34 
plain carbon steel(AISI 1020) 13 20 58 65 65 
plain carbon steel(AISI 1095) 8.5 31 41 45 
3% Ni; 0.7% Cr; 0.6% Mo 6 22 33 35 36 30 
496 Si 20 24 28 26 
stainless steel 0.3 2 8 13 14 16 19 25 
27% Ni; 15% Cr 1.7 55 11 12 16 21 
Gold: colbalt thermocouple 17 8.6 20 
65% Au; 35% Ag 12 24 61 89 
Indium: 85.596 In; 14.596 Pb 1.9 7.8 24 41 
Lead: 6096 Pb; 4096 Sn (soft solder) 28 44 
64.3596 Pb; 35.6596 In 0.8 3.26 9.1 20.2 
Nickel: 80% Ni; 20% Cr 12 14 17 23 
contracid 0.2 2 7.3 9.5 13 
inconel 0.5 4.2 12.5 13 15 16 19 26 
monel 0.9 7.1 15 20 21 24 30 43 
Platinum: 90% Pt; 1096 Ir 31 31.4 
9096 Pt; 1096 Rh 30.1 30.5 
Silver: silver solder 12 34 58 
normal Ag thermocouple 48 230 310 
Tin: 60% Sn; 4096 Pb 16 55 51 
Titanium: 5.5% Al; 2.5% Sn;0.2% Fe 1.8 4.3 6.4 7.8 8.4 10.8 
4.796 Mn; 3.99% Al; 0.1496 C 1.7 4.5 6.5 8.5 
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THERMAL СОМЮССТІУІТҮ ОЕ CRYSTALLINE DIELECTRICS 


This table lists the thermal conductivity of a number of crystalline dielectrics, including some which find use as optical materials. Values are given 
at temperatures for which data are available. 


REFERENCE 


Powell, R. L., and Childs, G. E., in American Institute of Physics Handbook, 3rd Edition, Gray, D. E., Ed., McGraw-Hill, New York, 1972. 


Ther. Ther. 
cond. cond. 
Material T/K W/m К Material T/K W/m К 
AgCl 223 1.3 BeO 4.2 0.3 
273 1.2 20 16 
323 1.1 TI 270 
373 14 373 210 
ALB silicate (tourmaline) 398 2.9 573 120 
|| to c axis 540 32 1273 29 
723 3.5 Bi,Te; 80 6.4 
ALBe silicate (beryl) 315 6.4 204 2.8 
ALF silicate (topaz) 315 17.7 303 3.6 
|| to c axis 358 15.6 370 4.6 
417 13.3 C (diamond) 4.2 13 
Al,Fe silicate (garnet) 315 35.8 type I 20 800 
358 35.4 77 3550 
377 35.6 194 1450 
АБО: (sapphire): 273 1000 
36? to с axis 4.2 110 СаСО; 
20 3500 || to c axis 83 25 
35 6000 273 5:5 
77 1100 Lto c axis 83 17 
1 (0 c axis 373 2.6 194 6.5 
523 3.9 273 4.6 
773 5.8 373 3.6 
А10} (sintered) 42 0.5 СаЕ, 83 39 
20 23 223 18 
77 150 273 10 
194 48 323 99 
273 35 373 9 
373 26 CaWO, (scheelite) 422 11.3 
973 8 CdTe 160 7.0 
Ar 8 6.0 297 3.6 
10 3.7 422 2.9 
20 14 CsBr 223 12. 
77 0.31 273 0.94 
Ав5; (glass) 283 0.16 323 0.81 
323 0.21 373 0.77 
373 0.27 CsI 223 1.4 
BN 1047 36.2 273 1.2 
1475 227 323 1 
1928 21.9 373 0.95 
2111 18.5 Cu,O (cuprite) 102 3.74 
ВаЕ, 225 20 163 7.76 
260 13.4 299 5.58 
305 10.9 360 4.86 
370 10.5 Fe;O, (magnetite) 4.5 27.4 
BaTiO; 5 4.2 20.5 293.0 
30 24.0 126.5 7.4 
40 25.0 304 7.0 
100 12.0 Glass: 
250 4.8 phoenix 4.2 0.095 
300 6.2 20 0.13 
TI 0.37 
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THERMAL CONDUCTIVITY OF CRYSTALLINE DIELECTRICS (continued) 


Material 
plastic perspex 


pyrex 


Н, (para + 0.5% ortho) 


ЊО (ice) 


He? (high pressure) 


Не“ (high pressure) 


KBr 


ка 


КІ 


LiF 


MgO-ALO, (spinel) 


MnO 


Т/К 


197 
274 


373 
713 


120 
573 


Ther. 
cond. 
W/m К 


0.058 
0.074 
0.44 
0.88 
1 
100 
150 
200 
30 
3 
3.5 
2.8 
22 
25 


Material 


NaCl 


NaF 


Ne 


NH,Cl 


NH,H;PO, 
|| to optic axis 


1 to optic axis 


NiO 


SiO; (quartz) 
|| to c axis 


1 (0 c axis 


51О, (fused silica) 


SrTiO; 


TIBr 
ТІСІ 
TiO, (rutile) 
|| to optic axis 


L to optic axis 
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Ther. 
cond. 
T/K W/m K 
4.2 440 
20 300 
77 30 
273 6.4 
323 5.6 
373 5.4 
5 1100 
50 250 
100 90 
2 3.0 
3 4.6 
4.2 4.2 
10 0.8 
20 0.3 
71 17 
194 23 
230 38 
273 27 
315 0.71 
339 0.71 
313 1.26 
342 1.34 
42 59 
40 400 
194 82 
20 720 
194 20 
273 12 
20 370 
194 10 
273 6.8 
42 0.25 
20 0.7 
77 0.8 
194 12 
273 1.4 
373 1.6 
673 1.8 
5 2.4 
30 21.0 
40 19.2 
100 18.5 
250 12.5 
300 112 
316 0.59 
311 0.75 
42 200 
20 1000 
273 13 
42 160 
20 690 
273 9 


THERMAL CONDUCTIVITY ОЕ CERAMICS AND OTHER INSULATING MATERIALS 


Thermal conductivity values for ceramics, refractory oxides, and miscellaneous insulating materials are given here. The thermal conductivity refers 
to samples with density indicated in the second column. Since most of these materials are highly variable, the values should only be considered as a 
rough guide. 


REFERENCES 


1. Powell, R. L., and Childs, G. E., in American Institute of Physics Handbook, 3rd Edition, Gray, D. E., Ed., McGraw-Hill, New York, 1972. 
2. Perry, В. H., and Green, D., Perry’s Chemical Engineers’ Handbook, Sixth Edition, McGraw-Hill, New York, 1984. 


Dens. t Ther. cond. Dens. t Ther. cond. 
Material g/cm? °C W/m K Material g/cm? °C W/m K 
Alumina (Al,O,) 3.8 100 30 Diatomite 0.2 0 0.05 
400 13 400 0.09 
1300 6 0.5 0 0.09 
1800 7.4 400 0.16 
3.5 100 17 Ebonite 12 0 0.16 
800 1.6 Felt, flax 0.2 30 0.05 
ALO; + MgO 100 15 0.3 30 0.04 
400 10 Fuller’s earth 0.53 30 0.1 
1000 5.6 Glass wool 0.2 -200 to 20 0.005 
Asbestos 0.4 -100 0.07 50 0.04 
0 0.09 100 0.05 
100 0.10 300 0.08 
Asbestos + 85% MgO 0.3 30 0.08 Graphite 
Asphalt 2.1 20 0.06 100 mesh 0.48 40 0.18 
Beryllia (BeO) 2.8 100 210 , 20-40 mesh 0.7 40 1.29 
400 90 Linoleum cork 0.54 20 0.08 
1000 20 Magnesia (MgO) 100 36 
1800 15 400 18 
1.85 50 64 1200 5.8 
200 40 1700 9.2 
600 23 MgO + SiO; 100 5.3 
Brick, dry 1.54 0 0.04 400 3.5 
Brick, refractory: | 1500 2.3 
alosite 1000 13 Mica: 
aluminous 1.99 400 1:2 muscovite 100 0.72 
1000 1.3 300 0.65 
diatomaceous 0.77 100 0.2 600 0.69 
500 0.24 phlogopite 100 0.66 
0.4 100 0.08 Canadian 300 0.19 
500 0.1 600 02 
fireclay 2 400 1 Micanite 30 0.3 
1000 12 Mineral wool 0.15 30 0.04 
silicon carbide 2 200 2 Perlite, expanded 0.1 -200 to 20 0.002 
600 24 Plastics: 
vermiculite 0.77 200 0.26 bakelite 1.3 20 1.4 
600 031 celluloid 1.4 30 0.02 
Calcium oxide 100 16 polystyrene foam 0.05 -200 to 20 0.033 
400 9 mylar foil 0.05 -200 to 20 0.0001 
1000 7.5 nylon -253 0.10 
Cement mortar 2 90 0.55 -193 0.23 
Charcoal 0.2 20 0.055 25 0.30 
Соа! 1.35 20 0.26 polytetrafluoroethylene -253 0.13 
Concrete 1.6 0 0.8 -193 0.16 
Cork 0.05 0 0.03 25 0.26 
100 0.04 230 2.5 
0.35 0 0.06 urethane foam 0.07 20 0.06 
100 0.08 Porcelain 90 1 
Cotton wool 0.08 30 0.04 
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THERMAL CONDUCTIVITY ОЕ CERAMICS AND OTHER INSULATING MATERIALS (continued) 


Dens. t Ther. cond. Dens. t Ther. cond. 
Material g/cm? °С W/m К Material g/cm? ?C W/m K 
Rock: Uranium dioxide 100 9.8 
basalt 20 2 400 5.5 
chalk 20 0.92 1000 34 
granite 2.8 20 22 Wood: 
limestone 2 20 1 balsa, L 0.11 30 0.04 
sandstone 2.2 20 1.3 fir, | 0.54 20 0.14 
slate, L 95 1.4 fir, Il 0.54 20 0.35 
slate, || 95 2,5 oak 20 0.16 
Rubber: plywood 20 0.11 
sponge 0.2 20 0.05 pine, L 0.45 60 0.11 
92 percent 25 0.16 pine, || 0.45 60 0.26 
Sand, dry 15 20 0.33 walnut, | 0.65 20 0.14 
Sawdust 0.2 30 0.06 Wool 0.09 30 0.04 
Shellac 20 0.23 Zinc oxide 200 17 
Silica aerogel 0.1 -200 to 20 0.003 800 5.3 
Snow 0.25 0 0.16 Zirconia (7тО;) 100 2 
Steel wool 0.1 55 0.09 400 2 
Thoria (ThO;) 100 10 1500 2:5 
400 5.8 Zirconia + silica 200 5.6 
1500 24 600 4.6 
Titanium dioxide 100 6.5 1500 3.7 
400 3.8 
1200 3.3 
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THERMAL CONDUCTIVITY ОЕ GLASSES 


This table gives the composition of various types of glasses and the thermal conductivity k as a function of temperature. Because of the variability 
of glasses, the data should be regarded as only approximate. 


Composition 
SiO, Other oxides t k 
Type of glass (wt%) (wt%) °C W/m K 
Vitreous silica 100 -150 0.85 
-100 1.05 
-50 1.20 
0 1.30 
50 1.40 
100 1.50 
Уусог glass 96 B203 3 -100 1.00 
0 1.25 
100 1.40 
Pyrex type chemically- 
resistant borosilicate glasses 80-81 В,О, 12-13 -100 0.90 
Na,O 4 0 1.10 
Al 2 100 1.25 
Borosilicate crown glasses 60-65 B203 15-20 -100 0.65-0.75 
0 0.90-0.95 
100 1.00-1.05 
65-70 B203 10-15 -100 0.75-0.80 
0 0.95-1.00 
100 1.05-1.15 
70-75 В.О. 5-10 -100 0.80-0.85 
0 1.05-1.10 
100 1.15-1.20 
Zinc crown glasses (1) 55-65 ZnO 5-15 -100 0.88-0.92 
Remainder: 0 1.10-1.15 
ВО, АБО: 100 1.15-1.25 
ZnO 5-15 -100 0.60-0.70 
Remainder: 0 0.70-0.90 
Ма:О, КО 100 0.85-0.95 
?лО 15-25 -100 0.88-0.92 
Remainder: 0 1.10-1.15 
B203, А1,О; 100 1.15-1.20 
ZnO 15-25 -100 0.65-0.80 
Remainder: 0 0.85-0.95 
Ма:О, КО 100 0.90-1.05 
Zinc crown glasses (ii) 65-75 ?лО 5-15 -100 0.88-0.92 
Remainder: 0 1.15-1.15 
B,03, AbO; 100 1.20-1.30 
ZnO 5-15 -100 0.70-0.85 
Remainder: 0 0.90-1.05 
Ма:О, КО 100 1.00-1.15 
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Туре of glass 


Barium crown glasses 


Borate glasses 
Borate flint glass 


Borate flint glass 


Borate flint glass 


Borate glass 


Borate crown glass 


THERMAL CONDUCTIVITY OF GLASSES (continued) 


Composition 
SiO, Other oxides 
(wt%) (wt%) 
ZnO 15-25 
Remainder: 
B,03, Al,O3 
ZnO 15-25 
Remainder: 
Na,O, K,O 
31 В-О; 12 
ALO; 8 
BaO 48 
41 B20; 6 
АЂОз 2 
ZnO 8 
BaO 43 
47 B20; 4 
Na,O 1 
K,O 7 
ZnO 8 
BaO 32 
65 B20; 2 
Na,O 5 
K,O 15 
ZnO 2 
BaO 10 
9 B20; 36 
Као 1 
K,O 2 
PbO 36 
АҺО; 10 
ZnO 6 
0 B20; 56 
АҺО; 12 
РЬО 32 
0 B20; 43 
АБО: 5 
РЬО 52 
4 B20; 55 
АҺО; 14 
РЬО 11 
К,О 4 
ZnO 12 
0 ВО; 64 
Као 8 
K,O 3 
BaO 4 
PbO 3 
АҺО; 18 
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Е 
W/m К 


0.90-0.95 
1.15-1.15 
1.20-1.25 


0.65—0.85 
0.85-1.00 
1.05-1.20 


0.55 
0.70 
0.80 


0.60 
0.75 
0.85 


0.65 
0.75 
0.90 


0.70 
0.90 
1.00 


0.55 
0.65 
0.80 


0.50 
0.65 
0.85 


0.40 
0.55 
0.70 


0.65 
0.80 
0.90 


0.50 
0.65 
0.85 


THERMAL СОМЮССТІУІТҮ OF GLASSES (continued) 


Composition 
SiO, Other oxides t k 
Type of glass (wt%) (wt%) °C W/m K 
Light borate crown glass 0 В,О, 69 -100 0.55 
Ма:О 8 0 0.70 
BaO 5 100 0.90 
АБО: 18 
Zinc borate glass 0 B203 40 -100 0.65 
ZnO 60 0 0.75 
100 0.85 
Phosphate crown glasses 
Potash phosphate glass 0 P20; 70 0 0.75 
B20; 3 100 0.85 
K,O 12 
АҺО; 10 
MgO 4 
Baryta phosphate glass 0 P20; 60 45 0.75 
B203 3 
АБО: 8 
BaO 28 
Soda-lime glasses 75 Na,O 17 -100 0.75 
Сао 8 0 0.95 
100 110 
75 Мао 12 -100 0.90 
Сао 13 0 1.10 
100 1.15 
72 Мао 15 –100 0.80 
Сао 11 0 1.00 
АҺО; 2 100 1.15 
65 Мао 25 –100 0.65 
Сао 10 0 0.85 
100 0.95 
65 Ма:О 15 -100 0.85 
СаО 20 0 1.00 
100 1.10 
60 Ма:О 20 -100 0.75 
СаО 20 0 0.90 
100 1.00 
Other crown glasses 
Crown glass 75 Na,O 9 -100 0.80 
К,О 11 0 1.00 
CaO 5 100 1.10 
High dispersion crown glass 68 Na,O 16 -100 0.65 
ZnO 3 0 0.85 
PbO 13 100 1.00 
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Type of glass 


Miscellaneous flint glasses 
(1) Silicate flint glasses 
Light flint glasses 


Ordinary flint glass 


Heavy flint glass 


Very heavy flint glasses 


(ii) Borosilicate flint glass 


(iii) Barium flint glass 


Other glasses 
Potassium glass 


Iron glasses 


Rock glasses 
Obsidian 
Artificial diabase 


THERMAL CONDUCTIVITY OF GLASSES (continued) 


Composition 
SiO, Other oxides 
(wt%) (wt%) 
65 PbO 25 
Others 10 
55 PbO 35 
Others 10 
45 PbO 45 
Others 10 
35. PbO 60 
Others 5 
25 PbO 73 
Others 2 
20 PbO 80 
33 В-О; 31 
РЬО 25 
АҺО; 7 
K,O 3 
Na,O 1 
50 BaO 24 
PbO 6 
K,O 8 
Na,O 3 
ZnO 8 
55,04 1 
59 K,O 33 
CaO 8 
63 Fe,03 10 
Na,O 17 
MgO 4 
CaO 3 
АҺО; 2 
67 Ее,О; 15 
М№а,О; 18 
62 Ее,О; 20 
Na,O 18 
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50 


W/m K 


0.65-0.70 
0.88-0.92 
1.00-1.05 


0.60-0.65 
0.75-0.85 
0.88-0.92 


0.50-0.60 
0.65-0.75 
0.80-0.85 


0.45-0.50 
0.60-0.65 
0.70-0.75 


0.40-0.45 
0.55-0.60 
0.63-0.67 


0.40 
0.50 
0.60 


0.65 
0.85 
0.95 


0.60 
0.70 
0.85 


0.88-0.92 


0.80 
0.95 
1.05 


0.88--0.92 
1.00--1.05 


0.85--0.90 
0.95--1.00 


1.35 
1.25 


COMMERCIAL METALS AND ALLOYS 


This table gives typical values of mechanical, thermal, and electrical properties of several common commercial metals and alloys. Values refer 
to ambient temperature (0 to 25?C). АП values should be regarded as typical, since these properties are dependent on the particular type of alloy, heat 
treatment, and other factors. Values for individual specimens can vary widely. 


REFERENCES 
1. ASM Metals Reference Book, Second Edition, American Society for Metals, Metals Park, OH, 1983. 


2. Lynch, C. T., CRC Practical Handbook of Materials Science, CRC Press, Boca Raton, FL, 1989. 
3. Shackelford, J. F., and Alexander, W., CRC Materials Science and Engineering Handbook, CRC Press, Boca Raton, FL, 1991. 


Coeff. Approx. 
Thermal of linear Electrical Modulus Tensile melting 
conductivity Density expansion resistivity of elasticity strength point 
Common name W/cm K g/cm? 10-6/°С uO cm GPa MPa °C 
Ingot iron 0.7 7.86 11.7 9.7 205 - 1540 
Plain carbon steel 0.52 7.86 11.7 18 205 450 1515 
AISI-SAE 1020 

Stainless steel type 304 0.15 7.9 17.3 72 195 550 1425 
Cast gray iron 0.47 7.2 10.5 67 90 180 1175 
Malleable iron 7.3 12 30 170 345 1230 
Hastelloy C 0.12 8.94 11.3 125 200 780 1350 
Inconel 0.15 8.25 11.5 103 200 800 1370 
Aluminum alloy 3003, 
rolled 1.9 2.73 232 37 70 110 650 
Aluminum alloy 2014, 
annealed 19 2.8 23.0 3.4 70 185 650 
Aluminum alloy 360 1.5 2.64 21.0 KE 70 325 565 
Copper, electrolytic (ETP) 3.9 8.94 16.5 1.7 120 300 1080 
Yellow brass (high brass) 12 8.47 20.3 6.4 100 300-800 930 
Aluminum bronze 0.7 7.8 16.4 12 120 400-600 1050 
Beryllium copper 25 0.8 8.23 17.8 7 130 500-1400 925 
Cupronickel 3096 0.3 8.94 16.2 150 400-600 1200 
Red brass, 8596 1.6 8.75 18.7 1 90 300-700 1000 
Chemical lead 0.35 11.34 29.3 21 13 17 327 
Antimonial lead (hard lead) 0.3 10.9 26.5 23 20 47 290 
Solder 50-50 0.5 8.89 234 15 - 42 215 
Magnesium alloy AZ31B 1.0 1.77 26 9 45 260 620 
Monel 0.3 8.84 14.0 58 180 545 1330 
Nickel (commercial) 0.9 8.89 13.3 10 200 460 1440 
Cupronickel 55-45 (constantan) 0.2 8.9 18.8 49 160 - 1260 
Titanium (commercial) 1.8 4.5 8.5 43 110 330-500 1670 
Zinc (commercial) 1.1 7.14 32.5 6 - 130 419 
Zirconium (commercial) 0.2 6.5 5.85 41 95 450 1855 
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HARDNESS ОЕ MINERALS AND CERAMICS 


There are several hardness scales for describing the resistance of a material to indentation or scratching. This table lists a number of common 
materials in order of increasing hardness. Values are given, when available, on three different hardness scales: the original Mohs Scale (range 1 to 10); 
the modified Mohs Scale (range 1 to 15), and the Knoop Hardness Scale. In the last case, a load of 100 g is assumed. 

REFERENCE 


Shackelford, J. F. and Alexander, W., CRC Materials Science and Engineering Handbook, CRC Press, Boca Raton, FL, 1991. 


Modified 

Material Formula Mohs mohs Knoop 
Graphite С 0.5 
Таіс 3Мг0-45:0--Н:О 1 1 
Alabaster CaSO,2H;0 1.7 
Gypsum CaSO,2H;0 2 2 32 
Halite (rock salt) NaCl 2 
Stibnite (antimonite) 56,93 2.0 
Саепа РЬ5 2.5 
Міса 2.8 
Calcite СаСО; 3 3 135 
Barite Ва5О, 3.3 
Marble 3.5 
Aragonite СаСО; 35 
Dolomite CaMg(CO3), 3.5 
Fluorite СаЕ, 4 4 163 
Magnesia MgO 5 370 
Apatite CaF :3Ca3(PO4)> 5 5 430 
Ора! 5 
Feldspar (orthoclase) K50-ALO:6S10, 6 6 560 
Augite 6 
Hematite Ее:О, 6 750 
Magnetite Fe40, 6 
Rutile TiO; 6.2 
Pyrite Ее5, 6.3 
Agate 510; 6.5 
Uranium dioxide 00, 6.7 600 
Silica (fused) 510; 7 
Quartz 510; 7 8 820 
Flint 7 
Silicon Si 7 
Andalusite Al,OSiO4 7.5 
Zircon 71510, 7,5 
Zirconia ZrO, 1200 
Aluminum nitride AIN 1225 
Beryl Ве; А1,516О1 7.8 
ВегуШа ВеО 1300 
Topaz ALSiO4(OH,F); 8 9 1340 
Garnet Al,03-3FeO-3Si0, 10 1360 
Emery А10; (impure) 8 
Zirconium nitride ZrN 8+ 1510 
Zirconium boride Ули: 1560 
Titanium nitride TiN 9 1770 
Zirconia (fused) ZrO, 11 
Tantalum carbide TaC 1800 
Tungsten carbide WC 1880 
Corundum (alumina) А0; 9 2025 
Zirconium carbide 7ІС 2150 
Alumina (fused) АҺО; 12 
Beryllium carbide Ве-С 2400 
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HARDNESS ОЕ MINERALS AND CERAMICS (continued) 


Modified 
Material Formula Mohs mohs Knoop 

Titanium carbide TiC 2470 
Carborundum (silicon carbide) SiC 9.3 13 2500 
Aluminum boride AIB 2500 
Tantalum boride ТаВ, 2600 
Boron carbide В,С 14 2800 
Вогоп В 9.5 

Titanium boride ТІВ, 2850 
Diamond C 10 15 7000 
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ORGANIC MAGNETS 
J.S. Miller 


Magnetic ordering, e.g., ferromagnetism, like superconductivity, is a property of a solid, not of an individual molecule or ion, and very rarely 
occurs for organic compounds. In contrast to superconductivity, where all electron spins pair to form a perfect diamagnetic material, magnetic 
ordering requires unpaired electron spins; hence, superconductivity and ferromagnetism are mutually exclusive. 

The vast majority of organic compounds are diamagnetic (i.e., all electron spins are paired), and a relative few possess unpaired electrons 
(designated by an arrow, T) and are paramagnetic (PM), i.e., they are oriented in random directions. A few organic solids, however, exhibit 
strong magnetic behavior and magnetically order as ferromagnets (FO) with all spins aligned in the same direction. In some cases the spins align 
in the opposite direction and compensate to form an antiferromagnet (AF). In some cases these spins are not opposed to each other and do not 
compensate and lead to a canted antiferromagnet or weak ferromagnet (WF). If the number of spins that align in one direction differs from the 
number of spins that align in the opposite direction, the spins cannot compensate and a ferrimagnet (FI) results. Metamagnets (MM) are 
antiferromagnets in which all the spins become aligned like a ferromagnet in an applied magnetic field. Above the ordering or critical tempera- 
ture, Т., all magnets are paramagnets (PM). Organic magnets all possess electron spins in p-orbitals, but these may be in conjunction with metal 
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Paramagnet (PM) (random) arrangement of spins Ferromagnetic (FO) ordering of spins 


| ! } 


Antiferromagnetic (AF) ordering of spins Ferrimagnetic (FI) ordering of spins 
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Canted antiferromagnet ог weak ferromagnet (WF) ordering of spins 
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Figure 1. Schematic illustration of the different types of magnetic behavior. 
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ORGANIC MAGNETS (continued) 


Summary of the Critical Temperature, Т, Saturation Magnetization, M,, Coercive Field, Н, and Remanent Magnetiza- 
tion, M,, for Selected Organic-Based Magnets 


Magnet Type TK МА nl Нејт My/A mr 


a-1,3,5,7-Tetramethyl-2,6-diazaadamantane- 


N,N’ -doxyl FO 1.48 48,300 <0.00001 = 
B-2-(4'-Nitrophenyl)-4,4,5,5-tetramethyl-4,5- 

dihydro-1H-imidazol-1-oxyl-3-N-oxide FO 0.6 22,300 0.00008 «200 
{Felll[C5(CH3)5]2} [TCNE] FO 4.8 37,600 0.10 2,300 
(Mnlll[Cs(CH3)s]2)[TCNE] FO 8.8 58,200 0.12 3,700 
I(CrllliCs(CH3)s]o [TCNE] FO 3.65 46,300 = 
a-{Fell[c5(CH3)5]2}[TCNQ] MM 2.55 34,200 = = 
В-(ЕеЩС5(СН3)5]2 [TCNQ] FO 3.0 21,600 = = 
Tanol subarate MM 0.38 20,700 — — 
NCC6F4CN2S2 WE 35.5 45 0.00009 = 
Mnll(hfac)NITC2Hs FI 7.8 39,400 0.03 27,600 
Mol (hfac)2NIT(i-C3Hg) FI 7.6 42,400 <0.0005 <420 
[Mn(hfac)2]3[ {ON[C6H3(t-C(CH3)3]2NO]2} FI 46 24,400 — — 
[MnTPP][TCNE]-2C6H5CH3 FI 13 18,400 2.4 10,300 
VITCNE],.yCH2Clo (x ~ 2; y ~ 0.5) FI ~400 28,200 0.0015 - 0.006 1,650 
Mn[TCNE],.yCH2Clp (x ~ 2; у ~ 0.5) FI 75 52,000 0.002 270 
Fe[TCNE]x.yCH2CI2 (x ~ 2; у ~ 0.5) FI 97 46,300 0.23 3 
Co[TCNE]x.yCH2C (x ~ 2; y ~ 0.5) FI 44 22,000 0.65 = 


List of Symbols and Abbreviations 


M, Saturation magnetization at 2 K 
Н Coercive Field 

Т, Critical Temperature 

M, Remanent magnetization at 2 K 


TCNE Tetracyanoethylene 
TCNQ 7,7,8,8-Tetracyano-p-quinodimethane 


hfac Hexafluoroacetonate 
NIT Nitronyl nitroxide 
FO Ferromagnet 

FI Ferrimagnet 

MM Metamagnet 

WF Weak ferromagnet 


z-o 


ON 


N 
/ 
O 


O 1 
2-(4 -Nitrophyeny1)-4,4,5,5-tetramethyl-4,5-dihydro-1H- 
1,3,5,7-Tetramethyl-2,6-diazaadamantane-N,N’-doxy1 imidazol-1-oxyl-3-N-oxide 
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ORGANIC MAGNETS (continued) 


N N 
N £ 
M 
lir, TIT) 2 N 
N N 
M[C;(CH3)5]2(M = Cr, Mn, Fe) TCNE TCNQ 
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O O 
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O O 
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О C(CH44 | €C(CH3) 
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NITR (R = CoHs, i-C;Hs, n-C4Hg) 
(ON[C;Hs(t-C(CH3)5NODb] 
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ORGANIC MAGNETS (continued) 


Eo F 
szN 
| CN 
“М 
MnTPP МСС,Е,СМ5, 
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OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS 


L. I. Berger 


Optical properties of materials are closely related to their dielectric properties. The complex dielectric function (relative permittivity) of a 
material is equal to 


е(ө) = =”(6) – je"(q), 


where £'(0) and €”(@) are its real and imaginary parts, respectively, and @ is the angular frequency of the applied electric field. For a non- 
absorbing medium, the index of refraction is n = (eu)"”, where p is the relative magnetic permeability of the medium (material); in the majority 
of dielectrics, u = 1. 

For many applications, the most important optical properties of materials are the index of refraction, the extinction coefficient, k, and the 
reflectivity, R. The common index of refraction of a material is equal to the ratio of the phase velocity of propagation of an electromagnetic wave 
of a given frequency in vacuum to that in the material. Hence, п = 1. The optical properties of highly conductive materials like metals and 
semiconductors (at photon energy range above the energy gap) differ from those of optically transparent media. Free electrons absorb the incident 
electromagnetic wave in a thin surface layer (a few hundred nanometers thick) and then release the absorbed energy in the form of secondary 
waves reflected from the surface. Thus, the light reflection becomes very strong; for example, highly conductive sodium reflects 99.896 of the 
incident wave (at 589 nm). Introduction of the effective index of refraction, пн = (g)! = п - jk, where =” = € - 16/0 £. 6 is the electrical 
conductivity of the material in S/m, and £, = 8.8542.10-1? F/m is the permittivity of vacuum, allows one to apply the expressions of the optics of 
transparent media to the conductive materials. It is clear that the effective index of refraction may be smaller than 1. For example, n = 0.05 for 
pure sodium and n = 0.18 for pure silver (at 589.3 nm). At very high photon energies, the quantum effects, such as the internal photoeffect, start 
playing a greater role, and the optical properties of these materials become similar to those of insulators (low reflectance, existence of Brewster's 
angle, etc.). 

The extinction coefficient characterizes absorption of the electromagnetic wave energy in the process of propagation of a wave through a 
material. The wave intensity, Г, after it passes a distance x in an isotropic medium is equal to 


I = ехр(-ах), 


where J, is the intensity at x = 0 and о is called the absorption coefficient. For many applications, the extinction coefficient, k, which is equal to 


where À is the wavelength of the wave in the medium, is more commonly used for characterization of the electromagnetic losses in materials. 
Reflection of an electromagnetic wave from the interface between two media depends on the media indices of refraction and on the angle of 
incidence. It is characterized by the reflectivity, which is equal to the ratio of the intensity of the wave reflected back into the first medium to the 
intensity of the wave approaching the interface. For polarized light and two non-absorbing media, 
_ (N. - ND 
(N +N)” 
where N, = n,/cos@, and N, = nj/cos0, for the wave polarized in the plane of incidence, and N, = n,cos0, and N, = n;cos0, for the wave polarized 


normal to the plane of incidence; 0, and 0, are the angles between the normal to the interface in the point of incidence and the directions of the 
beams in the first and second medium, respectively. The reflectivity at normal incidence in this case is 


В = (т п.) (ni + n;)]° 


For any two opaque (absorbing) media, the normal incidence reflectivity is 
(n +n) +k; 
In the majority of experiments, the first medium is air (n = 1), and hence, 
pats пу + Ë 
(1+n) + 


The data on n and k in the following table are abridged from the sources listed in the references. The reflectivity at normal incidence, R, has 
been calculated from the last equation. For convenience, the energy E, wavenumber У , and wavelength À are given for the incidence radiation. 
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OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


2194 
2168 
2141 
2.123 
2.098 
2.094 
2.091 
2.073 
2.060 
2.049 
2.036 
2.023 
2.013 
2.009 
2.000 
.987 
977 
974 
:962 
:953 
949 
937 
.925 
.922 
.905 
.893 
881 
859 
848 
845 
842 
831 
826 
821 
818 
815 
807 
802 
0.06199 
0.05904 
0.05636 
0.05391 
0.04592 
0.04428 
0.04275 
0.04133 
0.03542 
0.03100 
0.03061 
0.03024 
0.02883 
0.02850 
0.02818 
0.02755 
0.02480 
0.02254 


V/cm" 


7700 
7480 
7270 
7120 
6920 
6890 
6860 
6720 
6610 
6530 
6420 
6310 
6230 
6210 
6130 
6030 
5940 
5920 
5820 
5750 
5720 
5630 
5530 
5500 
5360 
5270 
5170 
4990 
4900 
4880 
4860 
4770 
4730 
4680 
4660 
4640 
4580 
4530 
500.0 
476.2 
454.5 
434.8 
370.4 
357.1 
344.8 
333.3 
285.7 
250.0 
247.0 
244.0 
232.6 
229.9 
227.3 
222.2 
200.0 
181.8 


Alum 


0.565 
0.572 
0.579 
0.584 
0.591 
0.592 
0.593 
0.598 
0.602 
0.605 
0.609 
0.613 
0.616 
0.617 
0.620 
0.624 
0.627 
0.628 
0.632 
0.635 
0.636 
0.640 
0.644 
0.645 
0.651 
0.655 
0.659 
0.667 
0.671 
0.672 
0.673 
0.677 
0.679 
0.681 
0.682 
0.683 
0.686 
0.688 
20.0 
21.0 
22.0 
23.0 
27.0 
28.0 
29.0 
30.0 
35.0 
40.0 
405 
41.0 
43.0 
43.5 
44.0 
45.0 
50.0 
55.0 


n n, 


k k, 


Crystalline Arsenic Selenide (As,Se,) [Ref. 1]* 


3.2 
3.1 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
2.7 
19 
2.0 
1:7 
1.2 
1.6 
23 
42 
65 
45 


29 
29 
29 
29 
28 
28 
28 
2.7 
25 
1.7 
26 
24 
13 
12 
12 
20 
4.0 
35 


12-158 


0.30 
0.25 
0.20 
017 
013 


010 


0.079 


0.050 


0.031 


0.020 


0.012 
8.6.103 
6.4 
5.2 
31 


2.0 


1.3.103 


8.6.104 


5.5 
41 
17403 
21103 
2.5.103 
3.0.103 
6.3.103 
7.6103 
0.0092 
0.011 


33 
25 
3.6 
0.17 


k, 


1.710% 


12403 
9.0.10 
64 
47 


34 


1.81103 
22403 
2.6.103 
3.1403 
6.4403 
7.7.103 
0.0093 
0.011 
0.037 
0.38 
0.33 
0.41 
22 
28 
20 
33 
0.26 
010 


В 


0.034 
10 
0.95 
0.46 
0.94 
14 


R, 


0.27 
0.26 
0.26 


0.25 
0.25 
0.25 
0.25 
021 
0.19 
0.12 
0.088 
0.50 
0.56 
0.58 
0.50 
0.62 
0.40 


R, 


0.24 
0.24 
0.24 


0.22 
0.22 
0.22 
0.21 
0.18 
0.18 
0.25 
0.18 
0.16 
0.29 
0.48 
0.60 
0.36 
0.31 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Беу 


02066 
01907 
01771 
01653 
01550 
01459 
01378 
01305 
01240 
01181 
01127 
01033 
009537 
008856 
007749 
006888 
006199 


*Indices a and c relate to the radiation electric field parallel to the а and c axes of the crystal, respectively. 


У [cm 


166.7 
153.8 
142.9 
133.3 
125.0 
117.6 
1114 
105.3 
100.0 
95.24 
90.91 
83.33 
76.92 
7143 
63.50 
55.55 
50.0 


16580 
16340 
16180 
16050 
15530 
14730 
14600 
14470 
14290 
13830 
13720 
13280 
13140 
12870 
12740 
12590 
12450 
12330 
12200 
12050 
11910 
11110 
10000 
9091 
8475 
8333 
1980 
1919 
1890 
1085 
1080 
1075 
1055 
980 
970 
965 


Мрт 


60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
00.0 
05.0 
10.0 
20.0 
30.0 
40.0 
60.0 
80.0 
200.0 


0.603 
0.612 
0.618 
0.623 
0.644 
0.679 
0.685 
0.691 
0.700 
0.723 
0.729 
0.753 
0.761 
0.777 
0.785 
0.794 
0.803 
0.811 
0.820 
0.830 
0.840 
0.90 
1.00 
1.10 
1.18 
1.20 
5.05 
5.21 
5.29 
9.22 
9.26 
9.30 
9.48 
10.20 
10.31 
10.36 


n 


40 
38 
36 
37 
38 
36 
32 
47 
44 
42 
41 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 


П, 


3.2 
31 
3.0 
3.0 
31 
2.9 
2.6 
3.0 
27 
30 
53 
42 
40 
38 
37 
37 
36 


k 


Vitreous Arsenic Selenide (As,Se,) [Ref. 1] 


3.07 
3.06 
3.05 
3.05 
3.04 
3.03 
3.03 
3.02 
3.01 
2.98 
2.93 
2.90 
2.89 
2.88 


12-159 


0.12 
0.11 
0.099 
9.0 
5.6 
14 
0.012 
0.0089 
62 
26 
0.0022 
0.00046 
40 
2; 
1.9 
0.00013 
0.000094 
63 
42 
28 
18 


1.6.107 
9.9.105 
1.1.1077 
44 
37 
44 
45 
8.9 
9.9.1077 
1.0.105 


В 


0.62 
0.49 
0.39 
0.26 
0.25 
0.78 
0.64 
0.50 
0.38 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Е/е 


0.1178 
0.1116 
0.1004 
0.09919 
0.09795 
0.09671 
0.09299 
0.08555 
0.08431 
0.08059 
0.07811 
0.07687 
0.07563 
0.07439 
0.07315 
0.07191 
0.07067 
0.06943 
0.06633 
0.06571 
0.06509 
0.06447 
0.06075 
0.06024 
0.05331 
0.05269 
0.05207 
0.05145 
0.05083 
0.05021 
0.04959 
0.04862 
0.04679 
0.04592 
0.04509 
0.04428 
0.03875 
0.03815 
0.03757 
0.02988 
0.02952 
0.02725 
0.02362 
0.01937 
0.01922 
0.01907 
0.01734 
0.01653 
0.01642 
0.01494 
0.01246 
0.007606 
0.006199 
0.004592 
0.002799 
0.001826 
0.001273 
0.0006491 


У [cm 


950 
900 
810 
800 
790 
780 
750 
690 
680 
650 
630 
620 
610 
600 
590 
580 
570 
560 
535 
530 
525 
520 
490 
485.9 
430 
425 
420 
415 
410 
405 
400 
3922 
3774 
370.4 
363.6 
357.1 
3125 
307.7 
303.0 
241.0 
238.1 
219.8 
190.5 
1562 
155.0 
153.8 
139.9 
133.3 
132.5 
120.5 
100.5 
61.35 
50.00 
37.04 
22.57 
14.73 
10.27 
5.236 


Aum 


0.53 
141 
235 
2.50 
2.66 
2.82 
13.33 
449 
4.71 
15.38 
5.87 
6.13 
16.39 
6.67 
6.95 
7.24 
7.54 
7.86 
18.69 
8.87 
9.05 
19.23 
20.41 
20.58 
23.26 
23.53 
23.81 
24.10 
24.39 
24.69 
25.0 
25.5 
26.5 
27.0 
275 
28.0 
32.0 
32.5 
33.0 
41.5 
42.0 
45.5 
52.5 
64.0 
64.5 
65.0 
715 
75.0 
75.5 
83.0 
995 
163.0 
200.0 
210.0 
443.0 
679.0 
974.0 
1910.0 


n 


2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.4 
2.2 
2.2 
3.2 
3.6 
3.2 
3.2 
3.2 
3.1 
31 
31 
3.0 
3.2 
3.3 
3.2 
31 
3.0 
3.0 
3.0 
3.0 


n, 


12-160 


k 


7.01075 
1.0.105 


9.3.105 
1.2.10-* 


7.2.10 
1.2.103 


11.103 
8.5.10 


9.4.10 
1.2.103 


8.0.103 
1.2.102 


9.3.10 
0.11 
0.89 


0.30 
0.10 
9.6107? 


0.096 
0.15 
0.60 
0.12 


0.072 
45 
2.8 
21 

14410? 


k, 


k, 


R 


0.22 
0.32 
0.37 
0.50 
0.73 
0.22 
0.22 
0.35 
0.71 

0.73 
0.31 

0.21 
0.21 
0.84 
0.87 
0.21 
0.21 
0.33 
0.78 
0.20 
0.20 
0.34 
0.87 
0.18 
0.17 
0.20 
0.22 
0.39 
0.32 
0.27 
0.27 
0.88 
0.87 
0.88 
0.26 
0.25 
0.26 
0.29 


0.26 
0.67 
0.50 
0.41 
0.25 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


0.0004376 
0.0002903 
0.0001716 
0.00009047 
0.00005621 
0.00002774 
0.00001439 


:008183 
:004029 
:002418 
:001984 
:001048 
:0001033 
4.129.107? 


4.9 
41 
39 
35 
31 
3.0 
2.755 
2.75 
2.610 
25 
225 
1771 
1512 
1.50 
1475 
147 
1.465 


У [cm 


3.530 
2.341 

1.384 
0.7297 
0.4534 
0.2237 
0.1161 


40000 
25000 
20000 
15150 
10000 
5000 
2500 
2000 
1400 
1000 
750 
600 
400.0 
303.0 
250.0 
200.0 
166.7 
142.9 
125.0 
1114 
100 
66 
325 
19.5 
16 
8.45 
0.833 
3.3310? 


39520 
33070 
31460 
28230 
25000 
24200 
22220 
22180 
21050 
20160 
18150 
14290 
12200 
12100 
11900 
11860 
11820 


Эрт 


2833.0 
4271.0 
7224.0 
13704 
22056 
44699 
86153 


0.2500 
0.40 
0.4999 
0.66 
1.0 
2.0 
4.0 
5.0 
7.143 
10.00 
13.33 
16.67 
25.0 
33.0 
40.0 
50 
60 
70 
80 
90 
100 
152 
308 
513 
625 
1180 
12000 
3407 


0.2530 
0.3024 
0.3179 
0.3542 
0.4000 
0.4133 
0.45 
0.4509 
0.475 
0.4959 
0.5510 
0.70 
0.82 
0.8266 
0.840 
0.8434 
0.8463 


n 


Vitreous Arsenic Sulfide (Д5,5,) - [Ref. 2] 


2.48 
3.09 
2.83 
2.59 
2.48 
2.43 
241 
241 
2.40 
2.38 
2.35 
2.31 
1.79 
3.59 
2.98 
2.66 
2.64 
2.99 
2.89 
2.84 
281 
2.76 
2.74 
2.74 
2.74 
2.73 
2.73 
2.73 


2.48 
2.33 
2.57 
2.89 
3.43 
3.37 
3.080 
3.23 
3.045 
3.14 
3.05 
2.861 
2.880 
2.98 
2.905 


n, n, 


Cadmium Telluride (CdTe) - [Ref. 3] 


12-161 


k 


3.1 
1.6.103 
9.9.10 

5.2 

2.6 


1.21 
0.34 
0.013 
1.7.105 
24407 


74407 
1.3.10 
3.0.103 
4.6.104 
0.2 
14 
0.15 
0.11 
0.57 
0.17 
0.14 
0.12 
0.10 
0.072 
0.044 
0.031 
0.025 
8.8.10? 
13403 


2.04 
1.59 
1.90 
152 
1.02 
0.861 
0.485 
0.636 


0.525 
0.411 
0.210 
0.040 
0.319 
0.00134 
0.000671 
3.37 


k, 


k, 


R, 


R, 


0.90 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 
0.09 
0.06 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.00 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


819 
73 


69 
592 
133 
092 
720 
647 
596 
493 
472 
100 
917 
852 
728 
604 
480 
384 
798 
736 
550 
364 
240 
9919 
8679 
7439 
6199 
4959 
3720 
3015 
1550 


У [cm 


1780 
1760 
1740 
1690 
1650 
1630 
1610 
1530 
0490 
0000 
9679 
8872 
8065 
7259 
6452 
5646 
4839 
4033 
3226 
2420 
1613 
806.5 
725.9 


18.563 
12.50 


Alum 


0.8492 
0.850 
0.8521 
0.8551 
0.8580 
0.860 
0.8610 
0.8670 
0.9537 
10 
1.033 
1.127 
1.240 
1.378 
1.550 
1771 
2.066 
2.480 
3.100 
4133 
6.199 
12.40 
13.78 
18.18 
216 
24.80 
26.5 
27 
30 
30.30 
33.33 
34.00 
34.48 
35.5 
35.71 
40 
425 
43.48 
45.45 
47.62 
50.00 
52.0 
68.97 
71.43 
80.0 
90.91 
100 
125 
142.9 
166.7 
200 
250 
333.3 


800 


n 


2.55916 
2.531 
2.494 


2.478 


2.459 
2.378 


2.289 
2.224 
2.137 
2.013 


1.8 
6.778 
4.598 
3.868 
3.649 
3415 
3.348 
3.299 
3.263 
3.236 
3.217 

538.71 


n, 


П, k 
1.89 


1.08.10 
510-105 
2.73 


1.37 


3.8.10% 


8.0.105 
9.88.105 
2.86.10 

3.34 
4.97 
8.93 
5.7710 
7.91 
6.76 
1.18.10? 
6.93 
1.87 
247407 
3.440? 
4974107 
6.21 
52 
4.50 
0.294 
94740? 
5.68.1072 
0.0262 
0.0189 
1.39 
1.03 
7.52403 


3.2096 
6.18 


12-162 


k, 


k, 


R 


0.24 
0.32 
0.24 
0.23 
0.23 
0.23 
0.23 
0.22 
0.22 
0.22 
0.21 
0.21 
0.21 
0.21 
0.21 
0.21 
0.20 
0.20 
0.20 


019 


0.19 
0.57 
0.78 


0.18 


0.83 
0.17 


0.36 
0.14 
0.13 
0.11 


0.79 
0.66 
0.41 
0.35 
0.32 
0.30 
0.29 
0.35 
0.32 
0.28 
0.28 
0.28 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 
Беу У [em Alum n n, n, k k, k. R R, R. 


Gallium Arsenide (GaAs) - [Ref. 4] 


155 0.007999 0.0181 

145 0.008551 0.0203 

130 0.009537 0.0224 

110 0.01127 0.0278 

90 0.01378 0.0323 

70 0.01771 0.0376 

40 0.03100 0.0426 

23 0.05391 1.037 0.228 

70 0.1771 1.063 1.838 

6.0 48390 0.2066 1.264 2.472 0.61 
5.00 40330 0.2480 2.273 4.084 0.67 
4.00 32260 0.3100 3.601 1.920 0.42 
3.00 24200 0.4133 4.509 1.948 0.47 
2.50 20160 0.4959 4.333 0.441 0.39 
2.00 16130 0.6199 3.878 0.211 0.35 
1.80 14520 0.8888 3.785 0.151 0.34 
1.60 12900 0.7749 3.700 0.091 0.33 
1.50 12100 0.8266 3.666 0.080 0.33 
1.40 11290 0.8856 3.6140 1.69.1033 0.32 
1.20 9679 1.033 3.4920 0.31 
1.00 8065 1.240 3.4232 0.30 
0.80 6452 1.550 3.3737 0.29 
0.50 4033 2.480 3.3240 0.29 
0.25 2016 4.959 3.2978 0.29 
0.15 1210 8.266 3.2831 0.28 
0.100 806.5 12.40 3.2597 4.93.1075 0.28 
0.090 725.9 13.78 3.2493 1.64105 0.28 
0.070 564.6 17.71 3.2081 232.10 0.28 
0.060 483.9 20.66 3.1609 3.45.1033 0.27 
0.0495 399.2 25.05 3.058 2.07103 0.26 
0.03968 320 31.25 2.495 2434107 0.18 
0.03496 282 35.46 0.307 294107? 

0.02976 240 41.67 4.57 426107? 0.41 
0.02066 166.7 60 3.77 3.89.1033 0.34 
0.01550 125 80 3.681 1.8410 0.33 
0.008266 66.67 150 3.62 244403 0.32 
0.002480 20 500 3.607 1.3.103 0.32 
0.001240 10 1000 3.606 0.32 


Gallium Phosphide (GaP) - [Ref. 5] 


154.0 0.00805 1.7107 

110.0 0.0113 2.15107 

100.0 0.0124 215.102 

80.0 0.0155 3.0107? 

50.0 0.0248 4140? 

27.0 0.0459 9.3.102 

25.0 0.0496 0.122 

20.0 0.0620 0.180 

15.0 0.0826 0.748 0.628 

5.5 44360 0.2254 1.543 3.556 0.68 
4.68 37750 0.2649 4.181 2.634 0.50 
3.50 28230 0.3542 5.050 0.819 0.46 
3.00 24200 0.4133 4.081 0.224 0.37 
2.78 22420 0.4460 3.904 0.103 0.35 


12-163 


2.621 


OPTICAL PROPERTIES OF SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


2.480 


2.18 


2.000 


16 


1.240 

0.6888 
0.4769 
0.1907 
0.1550 


0.1240 


0.06 
0.03 


99 
00 


0.02480 
0.01727 


0.01 


68 


0.006199 
0.004133 
0.001240 


10 

5.00 
4.50 
4.00 
3.34 
2.84 
1.80 
1.50 
0.6 


0.2480 
0.1907 
0.1653 
0.06199 
0.03100 
0.02480 
0.02244 
0.02207 
0.02033 
0.01054 
0.005579 
0.001860 
0.001240 


У јест“ 


21140 
20000 
17580 
16130 
12900 
10000 
5556 
3846 
1538 
1250 
1000 
500 
250 
200 
13927 
94.21 
50.00 
33.33 
10.00 


40330 
36290 
32260 
26940 
22910 
14520 
12100 
4839 
2000 
1538 
1333 


48390 
40330 


Alum 


0.473 
0.500 
0.5687 
0.62 
0.7749 


0.007999 
0.02066 
0.04959 
0.05166 
0.08266 

0.1240 
0.2480 
0.2755 
0.3100 
0.3712 
0.4366 
0.6888 
0.8266 
2.066 
50 
6.5 
7.5 
20.00 
40.00 
50.00 
55.25 
56.18 
60.98 
117.6 
2222 
666.7 
1000 


0.04959 
0.06199 
0.08266 
0.1240 
0.2066 
0.2480 


n 


3.78 
3.590 
3411 

3.3254 
3.209 
3.1192 
3.0439 
3.0271 
2.995 

2.984 
2.964 
2.615 
3.594 
3.461 

3.3922 
3.3621 
3.3447 
3.3413 
3.3319 


1.15 
1.15 
0.97 
0.74 
1.307 
1.443 
2.632 
3.528 
3.340 
4.909 
4.418 
4.03 
4.14 
4.30 
418 
3.869 
2.98 
2.22 
3.05 
9.61 
4.94 
212 
1.02 
6.03 
10.7 


1.434 
1.524 


n, n. k 


4.2910 


7.161103 
1.814107 
5.77403 
4.34103 
426103 

13:107 


Indium Antimonide (InSb) - [Ref. 6] 


441403 
7.30107? 
015 
018 
0.230 
0.88 
2.441 
2.894 
3.694 
2.280 
2.021 
1.396 
0.643 


9.1.102 
6.3.102 
2.140? 
2.0.103 
2.610? 
0.165 
7.59 
420 
0140 
0.423 
5.59 
17.9 
240 


Indium Arsenide (InAs) - [Ref. 7] 


1.139 
1.125 
0.894 
0.835 
2.112 
2871 
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k, 


k, 


0.53 
0.60 
0.61 
0.45 
0.45 
0.47 
0.41 
0.36 
0.37 
0.39 
0.38 
0.35 
0.25 
0.14 
0.84 
0.70 
0.44 
0.14 
0.88 
0.93 
0.94 


0.168 
0.225 
0.336 
1071 
0.45 
0.58 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


2.44 


1 


86 


20 
1240 
06199 
04959 
04339 
03720 
03100 
02765 
02480 
01984 
01860 
01736 
01488 
01240 
009919 
007439 
004959 
002480 
.001240 


:03992 
.03496 
.03100 
.02728 


У [ст 


32260 
28230 
24200 
20160 
19680 
15000 
14520 
13710 
12900 
12100 
9679 
8065 
4839 
2823 
2581 
1613 
1000 
500 
400 
350 
300 
250 
222 
200 
160 
150 


120 
100 


44360 
40330 
32260 
24200 
16130 
12100 
10085 
8068 
4034 
2420 
806.8 
605.1 
484.1 
403.4 
322 
282 
250 
220 


Мрт 


0.3100 
0.3542 
0.4133 
0.4959 
0.5081 
0.6666 
0.6888 
0.7293 
0.7749 
0.8266 
1.033 
1.240 
2.066 
3.542 
3.875 
6.199 
10.0 
20.0 
25.0 
28.5 
33.3 
40.0 
44.8 
50.0 
62.50 
66.67 
71.43 
83.33 
100.0 
125.0 
166.7 
250.0 

500 
1000 


сз чы со ©з эмы OSS 


0.06199 
0.08266 
01240 
0.2254 
0.2480 
0.3100 
0.4133 
0.6199 
0.8266 
0.9915 
1.239 
2479 
4.181 
12.39 
16.53 
20.66 
24.79 
31.06 
35.46 
40.00 
45.45 


n, П, 


Indium Phosphide (InP) - [Ref. 8] 
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k 


0.161 
9.58.1033 
1.23:107 


5.46.1033 


6.37107 
6.53 
0.30 
0.41 
0.51 

1.1.102 
6.6.103 
43403 


0.494 
0.574 
1.154 
2.562 
3.495 
1.730 
1.247 
0.317 
0.203 


146407 
3.3510? 
3.57 
0.282 
3.0107? 
13.107 


k, 


k, 


0.79 
0.61 
0.38 
0.43 
0.32 
0.31 
0.29 
0.28 
0.26 
0.26 
0.25 
0.24 
0.22 
017 


0.35 
0.39 
0.35 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


0.02480 
0.02418 
0.02232 
0.01860 
0.01240 
0.009919 
0.007439 
0.004959 
0.002480 
0.001240 


145 

10 

5 

20 

1.65 

1.5 

1.0 

0.75 

0.62 

0.48 

0.40 

0.32 

0.20 
0.1190 
0.09919 
0.07935 
0.05951 
0.04959 
0.03968 
0.02976 
0.01984 
0.009919 
0.007935 
0.004959 
0.002480 
0.001736 
0.001240 


150 
125 
100 
80 

60 

25 

18.0 
14.0 
10.0 
4,95 
40 

3.00 
2.90 
2.75 
2.55 


У јест“ 


39920 
32260 
24200 
23390 
22180 
20570 


Мит 


0.08551 


0. 
0. 
0. 
0. 
0. 
1 
1 
2 
2 
3 
3 
6 
1 
1 
1 
2 
2 
3 
4 


6 


2 
5 


1240 
2480 
6199 
7514 
8266 
240 
653 
000 
583 
100 
875 
199 
0.42 
2.50 
5.63 
0.83 
5.00 
1.25 
1.67 
2.50 
25.0 
56.3 
50.0 
00.0 


1143 


0.008266 
0.009919 
0.01240 
0.01550 
0.02066 
0.04959 
0.06888 
0.08856 


0. 
0. 
0. 
0. 
0. 
0. 
0. 


000 


1240 
2505 
3100 
4133 
4215 
4509 
4862 


0.845 
0.846 
0.651 
0.879 
1.52 
1.73 
3.88 
412 
425 
4.35 


n, n. k 


8.7103 


Lead Selenide (PbSe) - [Ref. 9] 


0.20 
0.50 
12 
2.9 
1.78 


1.20410 
2.09.1033 
4.12403 
1.00.10? 
1.77102 
3.62.1072 
9.61.10? 
0.56 
7.38 
10.1 
14.6 
122 
16.6 
21.1 


Lead Sulfide (PbS) - [Ref. 10] 


3.86.10? 
5.59103 
154407 
2.88.10? 
6.17107 
0.171 
0.294 
0.665 
1.050 
2.10 
2.83 
3.00 
2.70 
2.33 
2.00 
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k, 


k, 


05 
0.46 
0.52 
0.44 


0.42 
0.44 
0.44 
0.44 
0.43 
0.42 
0.42 
0.42 
0.41 
0.40 
0.39 
0.24 
018 
0.88 
0.90 
0.88 


0.43 
0.55 
0.53 
0.51 
0.48 
0.47 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


13100 
.2480 
.1240 
1033 
.08059 
06819 
.04959 
03720 
.02480 
01378 
01240 
008856 
006199 
003100 
001653 
001240 
0006199 


1017 
08927 
06943 
04959 
03968 
02976 
009919 
007439 
006199 
004959 
003720 


У [cm 


16130 
12910 
10000 
8333 
5263 
4000 
3226 
2500 
2000 
1000 
833.3 
650 
550 
400 
300 
200.0 
1114 
100.0 
7143 
50.0 
25.00 
13.33 
10.00 
5.000 


40330 
24200 
20160 
12100 
8065 
6452 
4839 
3226 
2420 
1613 
1210 
820 
720 
560 
400 
320 
240 
80 
60 
50 
40 
30 


Мут 


0.6199 
0.7749 
1.00 
1.2 


0.008266 
0.009919 
0.01240 
0.01653 
0.02480 
0.04133 
0.08266 
0.1240 
0.1653 
0.2480 
0.4133 
0.4959 
0.8266 
1.240 
1.550 
2.066 
3.100 
4.133 
6.199 
8.266 
12.20 
13.89 
17.86 
25.00 
31.25 
41.67 
125.0 
166.7 
200.0 
250.0 
333.3 


n 


0.72 
0.66 
0.8 
0.72 
10 
1.35 
3.8 
4.55 
6.25 
6.10 
6.075 
5.95 
5.77 
5.76 
5.47 
5.38 
5.13 
4.50 
3.58 
1.01 
2.95 
4.9 
6.9 
11.6 
27.7 


n, n. k 


148 
0.94 
0.597 
0.458 
0.318 
0.235 
227407 
6.38-104 
9.25107 
6.324403 
114407 


1.59 
8.48 
10.51 
17.94 
220 
0.495 
0.228 
0.167 
0.0815 


Lead Telluride (PbTe) - [Ref. 11] 


2.3740 
9.711103 
4.3910? 
6.43107 
6.8710? 
7.771072 
017 
0.60 
0.92 
1.0 
22 
2.86 
8Л 
22 
0.71 
0.521 
0.331 
3.5510? 


9.16103 
137407? 
3.06107? 
9.6.102 
0.23 
1.9 
16.6 
225 
272 
348 
357 
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k, 


k, 


0.61 
0.53 
0.49 
0.53 
0.52 
0.52 
0.51 
0.50 
0.50 
0.48 
0.47 
0.45 
0.40 
0.32 


0.96 
0.96 
0.97 
0.97 
0.95 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Неу У [em Alum n n, П, k k, к, R R, R. 
0.002480 20 500.0 27.6 39.1 0.35 
0.001240 10 1000 45.1 578 0.97 


Lithium Fluoride (ПЕ) - [Ref. 12] 


2000 6.199.107 0.9999347 4.331075 

1496 8.287.104 0.999883 128.10? 

1016 220.103 0.999757 518105 

705 1710410: 0.999643 1.62.10 

504 2.460-10-3 0.999162 4.96.1105 

303 4.092-10 0.99752 31210“ 

250 4.959-10 0.99632 6.17.10% 

200 6.199-10 2.1240 

150 8.265.103 0.9899 3.54403 

100 2404107 0.9801 1.3240? 

75 653102 2.63-107 

50 2.480-107 7.8910? 

25 4.959.102 0.558 0.521 

20 6.199.102 1.20 0.58 010 
15.1 8211.10? 1.08 0.68 0.10 
13 9.537.107? 1.04 1.64 

12.0 0.1033 2.28 0.11 0.15 
11.0 0.1127 1.77 8.07.1077 0.08 
10.00 0.12398 1.606 7.104107 0.05 
9 0.1375 1.53 0.04 
7 0.1771 1.46 

4,959 40000 0.250 „4189 0.03 
4.000 32260 0.31 „4073 0.03 
2.952 23810 0.42 3978 0.03 
2.000 16130 0.62 3915 0.03 
0.9919 8000 1.25 3851 

0.7999 6452 1.55 3858 0.03 
0.4959 4000 25 3731 0.02 
0.4000 3226 31 3650 

0.3100 2500 4.0 3493 

0.2480 2000 5.0 3266 1.8.1075 0.02 
0.2000 1613 62 2912 

0.1698 1370 73 2499 

0.1494 1205 83 .2036 

0.1240 1000 10.0 11005 2.610? 

0.1127 909.1 11.0 .0208 8.0.10? 

0.1033 833.3 12.0 1.9.102 

0.09537 769.2 13.0 3.7107? 

0.08679 700 14.29 0.508 7.74102 

0.07439 600 16.67 0.124 0.804 

0.06199 500 20.00 0.306 1.47 0.68 
0.05579 450 22.22 0.191 1.88 0.85 
0.04959 400 25.00 0.208 2.71 0.91 
0.03720 300 33.33 8.76 3.91 0.68 
0.03100 250 40.00 4.64 0.287 0.42 
0.02480 200 50.00 3.69 0.102 0.33 
0.01240 100.0 100 3.067 0.106 0.26 
0.06199 50.0 200 3.067 4.0.102 0.26 
0.04959 40.00 250 3.067 2.2.102 0.26 
0.02480 20.00 500 3.067 6.3.103 

0.01378 11.1 900 3140% 

4.798.104 3.870 2584 3.023 1.19.1103 0.25 
1464.10 1.181 8469 3.023 6.20107 0.25 
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OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Беу У [em Alum n n, n, k k, k. R R, R. 
4.053.105 0.3269 30590 3.023 2.63.10 0.25 
1.861107 1.501-10 6.662.105 3.018 1.6.103 
3.71810% 2.999-10:4 3.335.107 3.018 1.6.1055 


Potassium Chloride (КСІ) - [Ref. 13] 


2860.3 4.3347 107* 3.93.1075 

2855.3 4.3423.104 3.39-10% 

2849.3 4.3514107* 4.611075 

2835.8 4.3721:10:4 5.85.10% 

2832.3 4.3775:10:4 5.85.10 

2829.8 4.3814.10-* 57:10: 

2828.3 4.3837:10:5 4.19.1077 

219 5.661.103 8210% 

215 5.767103 84.10: 

2125 5.834.103 2.19.1033 

21 5.876103 82.10 

185.1 6.7.1033 0.99874 1.01.103 
109.7 113107 0.99578 422403 
43 0.02883 0.96 3.0.102 

40 0.03179 0.925 1.8.102 

29.9 0.04147 0.756 0.145 

20.1 0.06168 0.910 0.495 

15.1 0.08211 0.965 0.344 

10.0 0.1240 1.16 0.38 0.035 
9.0 0.1378 1.99 0.50 0.13 
8.0 0.1550 1.15 0.46 0.048 
70 0.1771 2.0 8.46107 0.11 
6.199 50000 0.20 11739 0.070 
4,959 40000 0.25 58972 

3.999 32260 0.31 54005 

2.952 23810 0.42 5070 

2.695 21740 0.46 50115 0.040 
2.616 21100 0.474 7.6107 

2.384 19230 0.52 „4950 

2.066 16670 0.60 .48969 0.039 
1.550 12500 0.80 „4829 0.038 
1.033 8333 12 „47813 0.037 
0.5166 4167 24 47464 0.037 
0.2480 2000 5.0 47048 0.036 
0.2000 1.613 6.2 „46796 0.036 
01512 1220 8.2 „46260 0.035 
0.09999 806.5 12.4 4461 0.033 
0.07560 609.8 164 „42295 0.030 
0.04959 400.0 25.0 „34059 6.57.10 0.021 
0.03999 322.6 31.0 1.2431 0.012 
0.02976 240 41.67 0.85 0.16 

0.02728 220 45.45 0.53 0.35 

0.02232 180 55.56 0.31 1.05 

0.01860 150 66.67 0.44 4.0 

0.01612 130 76.92 41 0.32 0.37 
0.01240 100 100.0 27 0.11 021 
0.008679 70 142.9 24 9.2.102 017 
0.006199 50 200.0 22 014 
0.001240 10.00 1000 9.0.103 

0.0006199 5.000 2000 3.7403 

0.0004133 3.333 3000 2.0.103 
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OPTICAL PROPERTIES OF SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 
Беу У јест“ Alum n n, П, k k, к, В R, R. 


Silicon Dioxide (Glass) - [Ref. 14] 


2000 6.199-10-4 0.99993 1.503-105 

1860 6.665.10- 0.99991 1.936.107 

1609 7.705107 0.99989 9.941.105 

1496 8.287.104 0.99987 1.308.107 

1204 1.030-107 0.99980 2.916.105 

1093 143440 0.99975 4.155105 

1016 1.220.107 0.99971 542340? 

798 1.554110? 0.99954 1.289107 

597 2.077105 0.99917 3.560-107* 

396 3.131.103 0.99812 4,0410 

303 4.092-10 0.99678 9.91.10“ 

201 6.168-10 0.99269 3.63.10? 

1512 8.2.103 0.9871 73403 

99.99 124407? 0.9813 7.0.103 

49.59 2.50110? 0.9164 6.5.102 

40.00 3.10.10 0.907 9.2.102 

31.00 4,0010 0.851 0156 

25.00 0.04959 0.733 0.325 

20.00 0.06199 0.859 0.585 

15.00 0.08266 1.168 0.711 0.10 
13.00 0.09537 1.368 0.747 0.11 
11.00 0.1127 1.739 0.569 0.11 
10.00 0.1240 2.330 0.323 0.17 
9.00 0.1378 1.904 1.89107 0.097 
7.00 0.1771 1.600 0.053 
6.00 48390 0.2066 1.543 0.046 
4.9939 40278.4 0.248272 50841 0.041 
4.1034 33096.1 0.302150 1.48719 0.038 
3.0640 24712.3 0.404656 46961 0.036 
2.5504 20570.5 0.486133 46313 0.035 
2.4379 9662.5 0.508582 46187 0.035 
2.2705 8312.5 0.546074 :46008 0.035 
21489 7332.3 0.576959 „45885 0.035 
2141 7269.2 0.579065 1.45877 0.035 
21102 7019.5 0.587561 1.45847 0.035 
21041 6970.4 0.589262 „45841 0.035 
1.9257 5531.6 0.643847 „45671 0.035 
1.8892 15237.6 0.656272 „45637 0.035 
1.8566 49742 0.667815 „45608 0.034 
1.7549 4153.9 0.706519 „45515 0.034 
1.4550 1735.6 0.852111 „45248 0.034 
1.0985 8860.06 1.12866 „44888 0.034 
0.60243 4858.9 2.0581 „43722 0.032 
0.35354 2851.4 3.5070 :40568 0.028 
0.2976 2400 4176 1.383 1.07.1104 0.026 
0.2728 2200 4,545 1.365 2.56.10 0.024 
0.2480 2000 5.000 1.342 3.98.10? 0.021 
0.2232 1800 5.556 1.306 5.63103 

0.1984 1600 6.250 1.239 6.52.10 

0.1736 1400 7143 1.053 1.06.1022 

0.1674 1350 7.407 0.9488 1.48.1072 

0.1612 1300 7.692 0.7719 3.7240? 

0.1500 1210 8.265 0.4530 0.704 0.30 
0.1401 1130 8.850 0.3563 1.53 0.66 
0.1302 1050 9.524 2.760 1.65 0.35 
0.1209 975 10.26 2.448 0.231 0.18 
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OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


0.1091 
0.09919 
0.08989 
0.06943 
0.06199 
0.04959 
0.03720 
0.01240 
0.007439 
0.002480 


.09537 
.08856 


У [cm 


40330 
32260 
24200 
22580 
20970 
19360 
17740 
16130 
14520 
12900 
10000 
5000 
2500 
2000 
1667 
1492 
1333 
1176 
1053 
1000 
9524 
930.2 
909.1 
869.6 
833.3 
769.2 
714.3 


Эрт 


1.36 
2.50 
3.79 
7.86 
20.00 
25.0 
33.33 
00.0 
66.7 
500.0 


0.04959 
0.06199 
0.07085 
0.08266 
0.09919 
0.1240 
0.1653 
0.2480 
0.3100 
0.4133 
0.4428 
0.4769 
0.5166 
0.5636 
0.6199 
0.6888 
0.7749 
1.00 
2.00 
4.00 
5.00 
6.00 
7.00 
7.50 
8.50 
9.50 
0.0 


ті ос 
лома 
cc eR A OOO a O O 


о о о 


0.05166 
0.05391 
0.05636 
0.05904 
0.06199 
0.06526 
0.06888 
0.07293 


n 


1.784 
1.753 
1.698 
1.337 
0.6616 
2.739 
2.210 
1.967 
1.959 
1.955 


n, 


k 


7.75407? 
0.343 
0.175 
0.298 


0.397 
6.710? 
1.59.1022 
8.62.10 
7.96.1033 


k, 


Silicon Monoxide (Noncrystalline) - [Ref. 15] 


0.8690 
0.8853 
0.9825 
1.132 
1.283 
1.378 
1.593 
2.001 
2141 
2116 
2.085 
2.053 
2.021 
1.994 
1.969 
1.948 
1.929 
87 
84 
80 
75 
10 
60 
42 
0.90 
20 
2.00 
2.85 
2.86 
2.82 
2.50 
2.13 
2.04 
2.01 


0.2717 
0.4919 
0.5961 
0.6651 
0.6523 
0.6843 
0.7473 
0.6052 
0.4006 
0.1211 
0.08374 
0.05544 
0.03533 
0.02153 
0.01175 
0.00523 
0.00151 


0.18 
1.20 
1.38 
0.90 
0.58 
0.40 
0.20 
0.14 
0.20 
0.30 


Noncrystalline Silicon Nitride ($1. №) - [Ref. 16] 


0.655 
0.625 
0.611 
0.617 
0.635 
0.676 
0.735 
0.810 


12-171 


0.420 
0.481 
0.560 
0.647 
0.743 
0.841 
0.936 
1.03 


k, 


0.092 


of 
ul с 
о 
о 


о ооо ооо оо ооо ооо 
oo — — > ~ бо сл сл [о со 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Е/е 


У јест“ 


96790 
88720 
84690 
80650 
76620 
72590 
64520 
56460 
48390 
40330 
38310 
36290 
32260 
28230 
24200 
20160 
16130 
12100 
8065 


48390 
40330 
23810 
20000 
17860 
16130 
14290 
13510 
12500 
10000 
8333 
5556 
4000 
3226 
2632 
2381 
2222 
2000 


Aum 


0.07749 
0.08266 
0.08856 
0.09537 
0.1033 
0.1127 
0.1181 
0.1240 
0.1305 
0.1378 
0.1550 
0.1771 
0.2066 
0.2480 
0.2610 
0.2755 
0.3100 
0.3542 
0.4133 
0.4959 
0.6199 
0.8266 
1.240 


5.918-10 
6.019-10 
6.107-10 
6.199-10 
0.04769 
0.04959 
0.05636 
0.06199 
0.06888 
0.07700 
0.08856 
0.1033 
0.1240 
0.1550 
0.2066 
0.2480 
0.42 
0.50 
0.56 
0.62 
0.70 
0.74 
0.80 
1.00 
122 
18 
25 
31 
38 
42 
45 
50 


0.83 
0.83 
0.83 
0.88 
0.89 
0.74 
0.98 
1.22 
1.55 
1.38 
1.75 
1.65 
1.56324 
55157 
54613 
54228 
„53865 
53728 
:53560 
53200 
53000 
52712 
52531 
52395 
52226 
52121 
52036 
51883 


n, n, 


Sodium Chloride (NaCl) - [Ref. 17] 


(18:02) 107 
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k 


2.54.1033 
2.62.10 3 
2.08.1033 
1.924103 
0.15 
0.18 
0.31 
0.34 
0.33 
0.45 
0.89 
0.79 
0.71 
110 


k, 


k, 


0.015 
0.018 
0.057 
0.036 
0.033 
0.084 
017 
012 
012 
0.20 
0.074 
0.060 
0.048 
0.047 
0.046 
0.045 
0.045 
0.045 
0.045 
0.044 
0.044 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.042 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


0.1240 
0.1033 
0.08856 
0.07749 
0.06888 
0.06199 
0.04959 
0.04215 
0.03720 
0.03410 
0.03286 
0.03224 
0.02480 
0.02108 
0.01984 
0.01922 
0.01860 
0.01736 
0.01612 
0.01488 
0.01240 
0.009919 
0.07439 
0.04959 
0.002480 
0.001240 
0.001033 
0.0006888 
0.0006199 
0.0004959 
0.0004797 
0.0003875 
0.0001464 
0.00004053 


61.99 
41.33 
31.00 
24.80 
17.71 
13.78 
12.40 
9.919 
8.266 
6.199 
6.00 


У [ст 


1000 
833.3 
714.3 
625.0 
555.5 
500.0 
400 
340 
300 
275 
265 
260 
200 
70 
60 
55 
50 
40 


8.333 
5.556 
5.000 
4.000 
3.869 
3.125 
1.181 

0.3269 


48390 


Эрт 


10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
25.0 
29.41 
33.33 
36.36 
37.74 
38.46 
50.00 
58.82 
62.50 
64.52 
66.67 
7143 
76.92 
83.33 
100.0 
125.0 
166.7 
250.00 
500.0 
1000 
1200 
1800 
2000 
2500 
2584 
3200 
8469 
30590 


6.199-104 
1.03010? 
1.22010 
1.376-10 
1.554110 
1.754410 
2.077403 
9.501103 
6.168.103 
1.240107 
2.000.107? 
3.000-10- 
4.000-10- 
5.000.107? 
7.000107? 
9.000-107 
0.1000 
0125 
0.150 
0.200 
0.2066 


n 


149473 
1.48000 
1.46188 
1.4399 
1.41364 
1.3822 
1.27 
1.12 
0.85 
0.59 
0.42 
0.45 
0.14 
1.35 
6.92 
5.50 
4.52 
3.72 
3.31 
3.02 
2.74 
2.57 
248 
2.44 
243 
243 


243 


243 


243 
243 


0.999904 
0.999777 
0.999838 
0.999647 
0.999520 
0.999372 
0.999160 
0.99789 
0.99553 
0.99061 
0.964 
0.941 
0.847 
0.796 
0.747 
0.758 
0.862 
1.02 
141 
2.32 
2.24 


n, n. k 


35403 
1740? 
0.85 
0.22 
0.50 
0.45 
1.99 
6.03 
2.14 
0.87 
0.380 
0.219 
0.135 
0.110 
0.087 
0.077 
0.055 
0.041 
0.024 
0.006 
8.8.103 
5.4.103 


44103 
21103 
3.3.103 
5.8104 
2.5.104 


Cubic Zinc Sulfide (215) - [Ref. 18] 


1.76105 
1.00.10 
3.61.10 
5.42.10 
8.28.10 
1.25.10 
2.19.10 
9.50.10 
4.82.10 
14740 
3.3240 
5.10.10 
9.95.10 
0.171 
0.431 
0.824 
0.876 
1.36 
1.47 
1.62 
1.65 
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k, k, R 


6.2.10: 


2.2.102 
7.1407 
0.20 
0.19 
0.31 
0.29 
0.32 
0.59 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


Ееу 


4.00 
3.00 
2.50 
2.30 
2.00 
1.75 
1.55 
1.40 
1.240 
1.00 
0.80 
0.6199 
0.45 
0.30 
0.20 
0.1550 
0.1240 
0.100 
0.09 
0.07999 
0.07 
0.06075 
0.05 
0.03546 
0.03472 
0.02480 
0.01240 
0.004955 
0.004339 
0.003720 
0.003100 
0.002480 
0.001860 


4.960 
4.769 
4.593 
4.426 
4.276 
4.133 
4.000 
3.875 
3.758 
3.647 
3.543 
3.444 
3.351 
2.255 
2.067 
1.378 
1.305 
1.078 
1.033 
0.9920 
0.9538 
0.9185 


У јест“ 


32260 
24200 
20160 
18550 
16130 
14110 
12500 
11290 
10000 
8065 
6452 
5000 
3629 
2420 
1613 
1250 
1000 
806.5 
725.9 
6452 
564.6 
490 
403.3 
286 
280 
200 
100 
40 


Alum 


0.3100 
0.4133 
0.4959 
0.5391 
0.6199 
0.7085 
0.7999 
0.8856 
.000 
240 
550 
2.000 
2.755 
4.133 
6.199 
8.0 
0.00 
12.4 
13.78 
15.5 
17.71 
20.41 
24.80 
34.97 
35.71 
50.00 
100.0 
250.0 
285.7 
333.3 
400.0 
500.0 
666.7 


0.250 
0.260 
0.270 
0.280 
0.290 
0.300 
0.310 
0.320 
0.330 
0.340 
0.350 
0.360 
0.370 
0.550 
0.600 
0.900 
0.950 
1.150 
1.200 
1.250 
1.300 
1.350 


n 


2.70 
2.54 
2.42 
2.3950 
2.3576 
2.3319 
2.3146 
2.3033 
2.2907 
2.2795 
2.2706 
2.2631 
2.2587 
2.2529 
2.2443 
2.2213 
2.1986 
2.1969 
2.1793 
2.1518 
2.1040 
2.03 
1.6866 
3.29 
9.54 
3.48 
3.06 
2.903 
2.899 
2.896 
2.894 
2.892 
2.890 


Polytetrafluoroethylene (Teflon) - [Ref. 19] 


n, 


П, k 


3.50.1075 


3.02.10% 


6.2.105 


4.5.10-6 
8.8.105 


3.82.10? 
8.0.103 


8.310? 
5.2.102 
3.1.102 
5.8.10? 
6.2.103 
7.0.103 
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№ 


k, 


SOOO OOO DO DO о о о сз оо о» о о 


R, 


R, 


OPTICAL PROPERTIES ОЕ SELECTED INORGANIC AND ORGANIC SOLIDS (continued) 


E/eV У [em Alum n n, n, k k, k. R R, R. 
0.8857 7143 .400 0.988 
0.8552 6897 450 0.989 
0.8267 6667 500 0.989 
0.8000 6452 550 0.988 
0.7750 6250 600 0.988 
0.7515 6061 650 0.987 
0.7294 5882 100 0.986 
0.7086 5714 150 0.986 
0.6889 5556 800 0.985 
0.6703 5405 850 0.980 
0.6526 5263 900 0.978 
0.6359 51282 950 0.978 
0.6200 5000 2.000 0.970 
0.6049 4878 2.050 0.959 
0.5905 4762 2100 0.951 
0.5767 4651 2150 0.946 
0.5636 4545 2.200 0.966 
0.5511 44444 2.250 0.965 
0.5487 44247 2.260 0.964 
0.5439 4386 2.280 0.963 
0.5415 4367 2.290 0.961 
0.5368 4329 2.310 0.959 
0.5345 4310 2.320 0.957 
0.5322 4292 2.330 0.956 
0.5299 4274 2.340 0.954 
0.5277 4255 2.350 0.951 
0.5232 4219 2.370 0.950 
0.5188 4184 2.390 0.949 
0.5167 4167 2.400 0.947 
0.5061 4082 2.450 0.946 
0.4960 4000 2.500 0.945 

REFERENCES 


1. Arsenic Selenide 
D. J. Treacy in Handbook of Optical Constants of Solids, E. D. Palik, Editor, Academic Press, 1985, p. 623. (Hereafter abbreviated as 
HOCS.) 
R. Zallen, В. E. Drews, В. L. Emerald, and M. L. Slade, Phys. Rev. Lett. 26, 1564 (1971) 
К. Zallen, M. L. Slade, and A. T. Ward, Phys. Rev. B 3, 4257 (1971). 
U. Strom and P. C. Taylor, Phys. Rev. B 16, 5512 (1977). 
G. Lucovsky, Phys. Rev. B 6, 1480 (1972). 
C. T. Moynihan, P. B. Macedo, M. S. Maklad, R. K. Mohr, and R. E. Howard, J. Non-Cryst. Solids, 17, 369 (1975). 
Y. Ohmachi, J. Opt. Soc. Am. 63, 630 (1973). 
2. Arsenic Sulfide 
D. J. Treacy in HOCS, 1985, p. 641. 
P. A. Young, J. Phys. C 4, 93 (1971). 
W. S. Rodny, I. H. Malitson, and T. A. King, J. Opt. Soc. Am. 48, 633 (1958). 
К. Zallen, К.Е. Drew, В. L. Emerald, and M.L. Slade, Phys. Rev. Lett. 26, 1564 (1971). 
M. S. Maklad, R. K. Mohr, R. E. Howard, P. B. Macedo, and C. T. Moynihan, Solid State Commun. 15, 855 (1974). 
P. B. Klein, P. C. Taylor, and D. J. Treacy, Phys. Rev. B16, 4511 (1977). 
G. Lucovsky, Phys. Rev. B 6, 1480 (1972). 
3. Cadmium Telluride 
Е. D. Palik in HOCS, 1985, р. 409. 
D. T. F. Marple and H. Ehrenreich, Phys. Lett. 8, 87 (1962). 
T. H. Myers, S. W. Edwards, and J. F. Schetzina, J. Appl. Phys. 52, 4231 (1981). 
D. Т.Е Marple, Phys. Rev. 150, 728 (1966). 
A. N. Pikhtin and A. D. Yas'kov, Sov. Phys. Semicond. 12, 622 (1978). 


12-175 


10. 


L. S. Ladd, Infrared Phys. 6, 145 (1966). 

J. E. Harvey and W. L. Wolfe, J. Opt. Soc. Am. 65, 1267 (1975). 

A. Manabe, A. Mitsuishi, and H. Yoshinaga, Jpn. J. Appl. Phys. 6, 593 (1967). 

A. Manabe, A. Mitsuishi, H. Oshinaga, Y. Ueda, and H. Sei, Technol. Rep. Osaka Univ. Jpn. 17, 263 (1967). 
J. R. Birch and D. K. Murrey, Infrared Phys. 18, 283 (1978). 

Gallium Arsenide 

E. D. Palik in HOCS, 1985, p. 429. 

M. Cardona, W. Gudat, B. Sonntag, and P. Y. Yu, in Proc. Intl. Conf. Phys. Semicond., 10th. Cambridge, 1970, р. 208. US Atom. Energy 
Commission, Oak Ridge, TN, 1970. 

H. В. Philipp and H. Ehrenreich, Phys. Rev. 129, 1550 (1963). 

J. B. Theeten, D. E. Aspnes, and R. P. H. Chang, J. Appl. Phys. 49, 6097 (1978). 

H. C. Casey, D. D. Sell, and K. W. Wecht, J. Appl. Phys. 46, 250 (1975). 

A. H. Kachare, W. G. Spitzer, F. K. Euler, and A. Kahan, J. Appl. Phys. 45, 2938 (1974). 

R. T. Holm, J. W. Gibson, and E. D. Palik, J. Appl. Phys. 48, 212 (1977). 

W. Cochran, S. J. Fray, F. A. Johnson, J. E. Quarrington, and N. Williams, J. Appl. Phys. Suppl. 32, 2102 (1961). 
C. P. Christensen, R. Joiner, S. K. T. Nieh, and W. H. Steier, J. Appl. Phys. 45, 4957 (1974). 

R. H. Stolen, Phys. Rev. B 11, 767 (1975); Appl. Phys. Lett. 15, 74 (1969). 

Gallium Phosphide 

A. Borghesi and G. Guizzetti in HOCS, 1985, p. 445. 

M. Cardona, W. Gudat, B. Sonntag, and P. Y. Yu, Proc. Intl. Conf. Phys. Semicond. Cambridge, 1970, p. 208. US Atom. Energy Commis- 
sion, Oak Ridge, TN, 1970. 

M. Cardona, УУ. Gudat, E. E. Koch, M. Skibowski, В. Sonntag, and P. Yu. Phys. Rev. Lett. 25, 659 (1970). 
S. E. Stokowski and D. D. Sell, Phys. Rev. B 5, 1636 (1972). 

S. A. Abagyan, G. A. Ivanov, Y. E. Shanurin, and V. I. Amosov, Sov. Phys. Semicond. 5, 889 (1971). 

P. G. Dean, G. Kaminsky, and R. B. Zetterstorm, J. Appl. Phys. 38, 3551 (1967). 

D. E. Aspnes and A. A. Studna, Phys. Rev. В 27, 985 (1983). 

Indium Antimonide 

R. T. Holm in HOCS, 1985, p. 491. 

M. Cardona, W. Gudat, B. Sonntag, and P. Y. Yu, Proc. Int. Conf. Phys. Semicond., 10th. Cambridge, 1970, р. 208. US Atom. Comm., Oak 
Ridge, TN, 1970. 

H. В. Philipp and H. Ehrenreich, Phys. Rev. 129, 1550 (1963). 

D. E. Aspnes and A. A. Studna, Phys. Rev. В 27, 985 (1983). 

T. S. Moss, S. D. Smith, and T. D. Е Hawkins, Proc. Phys. Soc. London 70В, 776 (1957). 

H. Yoshinaga and R. A. Oetjen, Phys. Rev. 101, 526 (1956). 

R. B. Sanderson, J. Phys. Chem. Solids 26, 803 (1965). 

Indium Arsenide 

E. D. Palick and R. T. Holm in HOCS, 1985, p. 479. 

H. В. Philipp and H. Ehrenreich, Phys. Rev. 129, 1550 (1963). 

B. O. Seraphin and H. E. Bennett in Semiconductors and Semimetals (R. K. Willardson and A. C. Beer, Eds.), vol. 3, Academic, 1967, 
p. 499. 

D. E. Aspnes and A. A. Studna, Phys. Rev. В 27, 985 (1983). 

J. R. Dixon and J. M. Ellis, PAys. Rev. 123, 1560 (1961). 

A. Memon, T. J. Parker, and J. R. Birch, Proc. SPIE, 289, 20 (1981). 

Indium Phosphide 

О. J. Glembocki and H. Piller in HOCS, 1985, p. 503. 

M. Cardona, J. Appl. Phys. 32, 958 (1961); 36, 2181 (1965). 

D. E. Aspnes and A. A. Studna, Phys. Rev. В 27, 985 (1983). 

G. D. Pettit and W. J. Turner, J. Appl. Phys. 36, 2081 (1965). 

R. Newman, Phys. Rev. 111, 1518 (1958). 

W. N. Reynolds, M. T. Lilburne, and R. M. Dell, Proc. Phys. Soc. London 71, 416 (1958). 

H. Jamshidi and T. J. Parker, Int. Meet. Infrared Mm. Waves, 7th., Marseilles, 1983. 

Lead Selenide 

G. Bauer and H. Krenn in HOCS, 1985, p. 517. 

M. Cardona and D. L. Greenaway, Phys. Rev. A 133, 1685 (1964). 

T. S. Moss, Optical Properties of Semiconductors, Butterworth, 1959, p. 189. 

J. N. Zemel, J. D. Jensen, and В. B. Schoolar, Phys. Rev. А 140, 330 (1965). 

W. W. Scanlon, J. Phys. Chem. Solids, 8, 423 (1959). 

K. V. Vyatkin and A. P. Shotov, Sov. Phys. Semicond. 14, 785 (1980); Fiz. Tekh. Poluprovodn. 14, 1331 (1980). 
Lead Sulfide 

G. Guizzetti and A. Borghesi in HOCS, 1985, p. 525. 

M. Cardona and В. Haensel, Phys. Rev. B 1, 2605 (1970). 


12-176 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


M. Cardona апа D. L. Greenaway, Phys. Rev. А 133, 1685 (1964). 

M. Cardona, C. M. Penchina, E. E. Koch, and P. Y. Yu, Phys. Status Solidi B 53, 327 (1972). 

P. R. Wessel, Phys. Rev. 153, 836 (1967). 

C. E. Rossi and W. Paul, J. Appl. Phys. 38, 1803 (1967). 

J. N. Zemel, J. D. Jensen, and В. B. Schoolar, Phys. Rev. А 140, 330 (1965). 

Lead Telluride 

G. Bauer and H. Krenn in HOCS, 1985, p. 535. 

M. Cardona and В. Haensel, Рћуз. Rev. B 1, 2605 (1970). 

M. Cardona and D. L. Greenaway, Phys. Rev. 133, A1685 (1964). 

D. M. Korn апа R. Braunstein, Phys. Rev. B 5, 4837 (1972). 

W. W. Scanlon, J. Phys. Chem. Solids 8, 423 (1959). 

J. N. Zemel, J. D. Jensen, апа В. B. Schoolar, Phys. Rev. 140, A330 (1965). 

Lithium Fluoride 

E. D. Palik and W. R. Hunter in HOCS, 1985, p. 675. 

B. L. Henke, P. Lee, T. J. Tanaka, R. L. Shimabukuro, and B. K. Fujikawa, Low Energy X-ray Diagnostics-1981 (D. T. Attwood and B. L. 
Henke, Eds.), AIP Conf. Proc. No. 75, 1981. 

A. P. Lukirskii, E. P. Savinov, O. A. Ershov, and Y. F. Shepelev, Opt. Spektrosk. 16, 168 (1964); 16, 310 (1964). 
Е. C. Brown, C. Gahwiller, А. B. Kunz, and N. О. Lipari, Phys. Rev. Lett. 25, 927 (1970). 

A. Milgram and M. P. Givens, Phys. Rev. 125, 1506 (1962). 

T. Tomiki and T. Miyata, J. Phys. Soc. Jpn. 27, 658 (1969). 

А. Kachare, G. Andermann, and L. В. Brantley, J. Phys. Chem. Solids 33, 467 (1972). 
Potassium Chloride 

E. D. Palik in HOCS, 1985, p. 703. 

O. Aita, I. Nagakura, and T. Sagawa, J. Phys. Soc. Jpn. 30, 1414 (1971). 

A. P. Lukirskii, E. P. Savinov, O. A. Ershov, and Y. F. Shepelev, Opt. Spectrosc. 16, 168 (1964); Opt. Spektrosk. 16, 310 (1964). 
T. Tomika, J. Phys. Soc. Jpn. 22, 463 (1967). 

M. Antinori, A. Balzarotti, and M. Piacentini, Phys. Rev. B 7, 1541 (1973). 

H. H. Li, J. Phys. Chem. Ref. Data 5, 329 (1976). 

S. D. Allen and J. A. Harrington, Appl. Opt. 17, 1679 (1978). 

К. W. Johnson and E. E. Bell, Phys. Rev. 139A, 1295 (1965). 

Silicon Dioxide 

H. R. Philipp in HOCS, 1985, p. 749. 

J. Rife and J. Osantowski, J. Opt. Soc. Am. 70, 1513 (1980). 

B. L. Henke, P. Lee, T. J. Tanaka, R. L. Shimabukuro, and B. K. Fujikawa, Low Energy X-ray Diagnostics-1981 (D. T. Attwood and B. L. 
Henke, Eds.), AIP Conf. Proc. No. 75, 1981. 

H. R. Philipp, Solid State Commun. 4, 73 (1966); J. Phys. Chem. Solids, 32, 1935 (1971). 

P. L. Lamy, Appl. Opt. 16, 2212 (1977). 

H. R. Philipp, J. Appl. Phys. 50 1053 (1979). 

D. G. Drummond, Proc. Roy. Soc. London, 153, 328 (1935). 

Silicon Monoxide 

H. R. Philipp in HOCS, 1985, p. 765. 

H. R. Philipp, J. Phys. Chem. Solids, 32, 1935 (1971). 

G. Hass and C. D. Salzberg, J. Opt. Soc. Am. 44, 181 (1954). 

E. Cremer, T. Kraus, and E. Ritter, Zs. Electrochem. 62, 939 (1958). 

A. P. Bradford, G. Hass, M. McFarland, and E. Ritter, Appl. Opt. 4, 971 (1965). 

Silicon Nitride 

H. R. Philipp in HOCS, 1985, p. 771. 

H. R. Philipp, J. Electrochem. Soc. 120, 295 (1973). 

J. B. Theeten, D. E. Aspnes, F. Simondet, M. Errman, and P. C. Mürau, J. Appl. Phys. 52, 6788 (1981). 
J. Bauer, Phys. Status Solidi, A 39, 411 (1977). 

Sodium Chloride 

J. E. Eldridge and E. D. Palik in HOCS, p. 775. 

J. A. Harrington, C. J. Duthler, F. W. Patten, and M. Hass, Solid State Commun. 18, 1043 (1976). 
T. Miyata and T. Tomiki, J. Phys. Soc. Jpn. 24, 1286 (1968); ibid., 22, 209 (1967). 

D. M. Roessler and W. C. Walker, J. Opt. Soc. Am. 58, 279 (1968). 

D. M. Roessler and W. C. Walker, Phys. Rev. 166, 599 (1968). 

S. Allen and J. A. Harrington, Appl. Opt. 17, 1679 (1978). 

O. Aita, I. Nagakura, and T. Sagawa, J. Phys. Soc. Jpn. 30, 1414 (1971). 

Zinc Sulfide 

E. D. Palik and A. Addamiano in HOCS, 1985, p. 597. 


12-177 


19. 


В. L. Henke, P. L. Lee, Т. J. Tanaka, R. L. Shimabukuro, and В. Е. Fujikawa, Low Energy X-ray Diagnostics- 1981 (D. T. Attwood and В. L. 
Henke, Eds.), AIP Conf. Proc. No. 75, 1981. 

M. Cardona апа G. Harbeke, Phys. Rev. 137, A1467 (1965). 

Eastman Kodak, Publ. No. U-72, Rochester, New York (1981). 

C. A. Klein and R. N. Donadio, J. Appl. Phys. 51, 797 (1980). 

T. Deutsch, Proc. Int. Conf. Phys. Semicond., 6th Exeter 1962, p. 505. The Inst. of Physics and the Physical Soc., London, 1962. 
A. Manabe, A. Mitsuishi, and H. Yoshinaga, Jpn. J. Appl. Phys. 6, 593 (1967). 

УУ. W. Piper, D. T. F. Marple, and P. D. Johnson, Phys. Rev. 110, 323 (1958). 

Polytetrafluoroethylene 

J. W. L. Thomas (NIST), Private communication. 

NIST Certificate, STM 2044. 

P. Y. Barnes, E. A. Early, and A. C. Parr, NIST Special Publ. 250-48, NIST Measurement Services: Spectral Reflectance. 

Diffuse Reflectance Coatings and Materials Sections, Labsphere Catalog, 1996. 

A. Arecchi and C. Ryder (Labsphere, North Sutten, NJ), private communication. 


12-178 


FERMI ENERGY AND RELATED PROPERTIES ОЕ METALS 


Lev. I. Berger 


In the classical Drude theory of metals, the Maxwell-Boltzmann velocity distribution of electrons is used. It states that the number of electrons 
per unit volume with velocities in the range of dv about any magnitude v at temperature T is 


As m ту? | 
а а 
^) Эс а i 


where n is the total number of conduction electrons in a unit volume of a metal, m is the free electron mass, and k, is the Boltzmann constant. In ап 
attempt to explain a substantial discrepancy between the experimental data on the specific heat of metals and the values calculated on the basis of 
the Drude model, Sommerfeld suggested a model of the metal in which the Pauli exclusion principle is applied to free electrons. In this case, the 
Maxwell-Boltzmann distribution is replaced by the Fermi-Dirac distribution: 


(В) = (64 it - kT, ) jer] + | 


Неге ћ is the Planck constant and Ту is a characteristic temperature which is determined by the normalization condition 


-1 


n= |a. G) 


The magnitude of T, is quite high; usually, То > 104 K. So, at common temperatures (7 < 10? K), the free electron density of a metal is much smaller 
than in the case of the Maxwell-Boltzmann distribution. This allows us to explain why the experimental data on specific heat for metals are close to 
those for insulators. 

The maximum kinetic energy the electrons of a metal may possess at T = 0 К is called the Fermi energy, e.g., 


nu 2 
Ер- Е = ЕЗІ 


where kp is the Fermi momentum or the Fermi wave vector 


kp = (31?n)!5 
e is the electron charge, and гь is the Bohr radius 
гв = ћете" = 0.529 . 1079 m 


Another, more common expression for the Fermi energy is 


Ер- М ту? 
where vp = ћКрјт is the Fermi velocity which сап be expressed using the concept of the electron radius, r.. It is equal to radius of a sphere occupied 


by one free electron. If the total volume of a metal sample is V and the number of conduction electrons in this volume is N, then the volume рег 
electron is equal to 


and 


А -( 3 ) 
3 4тл 


The following table contains information pertinent to the Sommerfeld model for some metals. The magnitudes of Т, are calculated using the expression 


_ Ев 582-104 


Т, = 2 
k (nin) 


12-232 


FERMI ENERGY AND RELATED PROPERTIES ОЕ METALS (continued) 


Ground State Properties of the Electron Gas in Some Metals 


Metal Valency 1/102 m? rpm mm Е/еу 7/104 К КО m” у/10 m/s 

Ма? 2.65 208 3.93 3.24 3.77 0.92 07 
Ke 1.40 257 4.86 2.12 2.46 0.75 0.86 
Rb? 115 215 5.20 1.85 215 0.70 0.81 
Cs? 0.91 298 5.62 1.59 1.84 0.65 0.75 
Си 8.47 41 2.67 7.00 8.16 .36 57 
Ад 5.86 60 3.02 5.49 6.38 20 39 
Au 5.90 59 3.01 5.53 6.42 2 40 
Ве 2 247 99 1.87 143 16.6 94 2.25 
Mg 2 8.61 4 2.66 7.08 8.23 36 58 
ба 2 4.61 73 327 4.69 5.44 4 28 
Sr 2 3.55 89 3.57 3.93 4.57 02 18 
Ва 2 315 96 371 3.64 423 0.98 13 
Nb 1 5.56 63 3.07 5.32 6.18 18 37 
Ғе 2 70 12 212 114 30 uf .98 
Mne 2 6.5 13 2.14 10.9 27 10 96 
Zn 2 32 22 2.30 947 10 .58 .83 
Cd 2 9.27 37 2.59 7.47 8.68 40 62 
Hg? 2 8.65 40 2.65 713 8.29 37 58 
А| 3 84 10 2.07 1.7 3.6 45 2.03 
ба 3 54 16 219 04 21 66 92 
ІП 3 15 27 241 8.63 0.0 51 74 
Т 3 0.5 31 248 8.15 9.46 46 59 
Sn 4 48 17 2.22 0.2 18 64 90 
Pb 4 3.2 22 2.30 947 1.0 58 83 
Bi 5 4.1 19 2.25 9.90 1.5 61 87 
Sb 5 6.5 13 2.14 0.9 27 10 96 

а А178К. 

^ АЕ К. 

с о-рһа5в. 


The data in the table are for atmospheric pressure and room temperature unless other wise noted. 
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NOMENCLATURE FOR ORGANIC POLYMERS 


Robert B. Fox and Edward S. Wilks 


Organic polymers have traditionally been named on the basis of the monomer used, a hypothetical monomer, or a semi-systematic structure. 
Alternatively, they may be named in the same way as organic compounds, i.e., on the basis of a structure as drawn. The former method, often called 
“source-based nomenclature" or “monomer-based nomenclature", sometimes results in ambiguity and multiple names for a single material. The 
latter method, termed “structure-based nomenclature", generates a sometimes cumbersome unique name for a given polymer, independent of its 
source. Within their limitations, both types of names are acceptable and well-documented.! The use of stereochemical descriptors with both types 
of polymer nomenclature has been published.? 


Traditional Polymer Names 


Monomer-Based Names 

“Polystyrene” is the name of a homopolymer made from the single monomer styrene. When the name of a monomer comprises two or more 
words, the name should be enclosed in parentheses, as in *poly(methyl methacrylate)” or “poly(4-bromostyrene)” to identify the monomer more 
clearly. This method can result in several names for a given polymer: thus, “poly(ethylene glycol)”, “poly(ethylene oxide)", and “poly(oxirane)” 
describe the same polymer. Sometimes, the name of a hypothetical monomer is used, as in “poly(vinyl alcohol)". Even though а name like “ро!у- 
ethylene" covers a multitude of materials, the system does provide understandable names when a single monomer is involved in the synthesis of a 
single polymer. When one monomer can yield more than one polymer, e.g. 1,3-butadiene or acrolein, some sort of structural notation must be used 
to identify the product, and one is not far from a formal structure-based name. 

Copolymers, Block Polymers, and Graft Polymers. When more than one monomer is involved, monomer-based names are more complex. 
Some common polymers have been given names based on an apparent structure, as with “poly(ethylene terephthalate)”. A better system has been 
approved by the IUPAC.! With this method, the arrangement of the monomeric units is introduced through use of an italicized connective placed 
between the names of the monomers. For monomer names represented by A, B, and C, the various types of arrangements are shown in Table 1. 


Table 1. IUPAC Source-Based Copolymer Classification 


No. Copolymer Type Connective Example 
1 Unspecified or unknown -00- poly(A-co-B) 
2 Random (obeys Bernoullian distribution) -ran- poly(A-ran-B) 
3 Statistical (obeys known statistical laws) -stat- poly(A-stat-B) 
4 Alternating (for two monomeric units) -alt- poly(A-a/t-B) 
5 Periodic (ordered sequence for 2 or more monomeric units) -рег- poly(A-per-B-per-C) 
6 Block (linear block arrangement) -block- polyA-block-polyB 
7 (гай (side chains connected to main chains) -graft- polyA-graft-polyB 


Table 2 contains examples of common or semi-systematic names of copolymers. The systematic names of comonomers may also be used; 
thus, the polyacrylonitrile-block-polybutadiene-block-polystyrene polymer in Table 2 may also be named poly(prop-2-enenitrile)-block-polybuta- 
1,3-diene-block-poly(ethenylbenzene). IUPAC does not require alphabetized names of comonomers within a polymer name; many names are thus 
possible for some copolymers. 

These connectives may be used in combination and with small, non-repeating (i.e. non-polymeric) junction units; see, for example, Table 2, 
line 8. A long dash may be used in place of the connective -block-; thus, in Table 2, the polymers of lines 7 and 8 may also be written as shown on 
lines 9 and 10. 

Table 2. Examples of Source-Based Copolymer Nomenclature 

No. Copolymer name 

propene-co-methacrylonitrile) 
acrylic acid)-ran-(ethyl acrylate)] 
butene-statethylene-stat-styrene) 
sebacic acid)-a/f-butanediol] 
y[(ethylene oxide)-per-(ethylene oxide)-per-tetrahydrofuran] 
polyisoprene-graft-poly(methacrylic acid) 
acrylonitrile-b/ock-polybutadiene-b/ock-polystyrene 
polystyrene-b/ock-dimethylsilylene-b/ock-polybutadiene 
polyacrylonitrile—polybutadiene—polystyrene 
ystyrene—dimethylsilylene—polybutadiene 


о о o0 o 
==== 
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IUPAC also recommends ап alternative scheme for naming copolymers that comprises use of “соро1у” as a prefix followed by the names of 
the comonomers, a solidus (an oblique stroke) to separate comonomer names, and addition before “copoly” of any applicable connectives listed in 
Table 2 except -co-. 


Table 3 gives the same examples shown in Table 2 but with the alternative format. Comonomer names need not be parenthesized. 
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NOMENCLATURE FOR ORGANIC POLYMERS (continued) 


Table 3. Examples of Source-Based Copolymer Nomenclature (Alternative Format) 
No. Polymer name 
copoly(propene/methacrylonitrile) 
-copoly(acrylic acid/ethyl acrylate) 
-copoly(butene/ethylene/styrene) 
-copoly(sebacic acid/butanediol) 
-copoly(acrylonitrile/butadiene/styrene) 
-copoly(ethylene oxide/ethylene oxide/tetrahydrofuran) 
-copoly(isoprene/methacrylic acid) 


сі сз сл м соо ~ = 


Table 4. Connectives for Non-Linear Macromolecules and Macromolecular Assemblies 


No. Type Connective 
1 Branched (type unspecified) branch 
2 Branched with branch point of functionality f f-branch 
3 Comb comb 
4 Cross-link 1 (Greek iota) 
5 Cyclic cyclo 
6 nterpenetrating polymer network ipn 
7 Long-chain branched l-branch 
8 etwork net 
9 Polymer blend blend 
10 Polymer-polymer complex compl 
11 Semi-interpenetrating polymer network sipn 
12 Short-chain branched sh-branch 
13 Star star 
14 Star with f arms f-star 


Non-linear polymers are named by using the italicized connective as a prefix to the source-based name of the polymer component or compo- 
nents to which the prefix applies; some examples are listed in Table 5. 


Table 5. Non-Linear Macromolecules 


No. Polymer Name Polymer Structural Features 
1 poly(methacrylic acid)-comb-polyacrylonitrile Comb polymer with a poly(methacrylic acid) backbone and polyacrylonitrile side chains 
2 comb-polyfethylene-stat-(vinyl chloride)] Comb polymer with unspecified backbone composition and statistical ethylene/vinyl chloride 
copolymer side chains 
3 polybutadiene-comb-(polyethylene; polypropene) Comb polymer with butadiene backbone and side chains of polyethylene and polypropene 
4 star-(polyA; polyB; polyC; polyD; polyE) Star polymer with arms derived from monomers A, B, C, D, and E, respectively 
5 star-(polyA-block-polyB-block-polyC) Star polymer with every arm comprising a tri-block segment derived from comonomers A, B, and C 
6 star-poly(propylene oxide) A star polymer prepared from propylene oxide 
7 5-star-poly(propylene oxide) A 5-arm star polymer prepared from propylene oxide 
8 Slar-(polyacrylonitrile; polypropylene) A star polymer containing polyacrylonitrile arms of MW 10000 and polypropylene arms of MW 
(M, 10000: 25000) 25000 


Macromolecular assemblies held together by forces other than covalent bonds are named by inserting the appropriate italicized connective 
between names of individual components; Table 6 gives examples. 


Table 6. Examples of Polymer Blends and Nets 


Polymer Name 


о сл + оо го a= 


polyethylene-b/end-polypropene 
poly(methacrylic acid)-b/end-poly(ethy! acrylate) 
net-poly(4-methylstyrene-z-divinylbenzene) 

net-poly[styrene-a/t-(maleic anhydride)]-z-(polyethylene glycol; polypropylene glycol) 
net-poly(ethyl methacrylate)-s/pn-polyethylene 

[net-poly(butadiene- stat-styrene)]- jon-[net-poly(4-methylstyrene-z-divinylbenzene)] 
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Structure-Based Polymer Nomenclature 


Regular Single-Strand Polymers 

Structure-based nomenclature has been approved by the IUPAC‘ and is currently being updated; it is used by Chemical Abstracts? Monomer 
names are not used. To the extent that a polymer chain can be described by a repeating unit in the chain, it can be named “poly(repeating unit)". For 
regular single-strand polymers, “repeating unit" is a bivalent group; for regular double-strand (ladder and spiro) polymers, “repeating unit" is usu- 
ally a tetravalent group.? 

Since there are usually many possible repeating units in a given chain, it is necessary to select one, called the "constitutional repeating unit” 
(CRU) to provide a unique and unambiguous name, “роу(СКИ)”, where “CRU” is a recitation of the names of successive units as one proceeds 
through the CRU from left to right. For this purpose, a portion of the main chain structure that includes at least two repeating sequences is written 
out. These sequences will typically be composed of bivalent subunits such as -CH,-, -O-, and groups from ring systems, each of which can be 
named by the usual nomenclature rules.9? 

Where a chain is simply one long sequence comprising repetition of a single subunit, that subunit is itself the CRU, as in *poly(methylene)" 
or “poly(1,4-phenylene)”. In chains having more than опе kind of subunit, a seniority system is used to determine the beginning of ће CRU and 
the direction in which to move along the main chain atoms (following the shortest path in rings) to complete the CRU. Determination of the first, 
most senior, subunit, is based on a descending order of seniority: (1) heterocyclic rings, (2) hetero atoms, (3) carbocyclic rings, and, lowest, (4) 
acyclic carbon chains. 

Within each of these classes, there is a further order of seniority that follows the usual rules of nomenclature. 

Heterocycles: A nitrogen-containing ring system is senior to a ring system not containing nitrogen.^? Further descending order of seniority 
is determined by: 

() the highest number of rings in the ring system 

(i) the largest individual ring in the ring system 

(iii) the largest number of hetero atoms 

(iv) the greatest variety of hetero atoms 


Hetero atoms: The senior bivalent subunit is the one nearest the top, right-hand corner of the Periodic Table; the order of seniority is: O, S, 
Se, Te, N, P, As, Sb, Bi, Si, Ge, Sn, Pb, B, Hg. 

Carbocycles: Seniority* is determined by: 

() the highest number of rings in the ring system 

(ii) the largest individual ring in the ring system 

(iii) degree of ring saturation; an unsaturated ring is senior to a saturated ring of the same size 


Carbon chains: Descending order of seniority is determined by: 

() chain length (longer is senior to shorter) 

(ii) highest degree of unsaturation 

(iii) number of substituents (higher number is senior to lower number) 
(iv) ascending order of locants 

(v) alphabetical order of names of substituent groups 


Among equivalent ring systems, preference is given to the one having lowest locants for the free valences in the subunit, and among other- 
wise identical ring systems, the one having least hydrogenation is senior. Lowest locants in unsaturated chains are also given preference. Lowest 
locants for substituents are the final determinant of seniority. 

Direction within the repeating unit depends upon the shortest path, which is determined by counting main chain atoms, both cyclic and acy- 
clic, from the most senior subunit to another subunit of the same kind or to a subunit next lower in seniority. When identification and orientation of 
the CRU have been accomplished, the CRU is named by writing, in sequence, the names of the largest possible subunits within the CRU from left 
to right. For example, the main chain of the polymer traditionally named “poly(ethylene terephthalate)” has the structure shown in Figure 1. 


Figure 1. Structure-based name: poly(oxyethyleneoxyterephthaloyl); traditional name: poly(ethylene terephthalate) 
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NOMENCLATURE FOR ORGANIC POLYMERS (continued) 


The CRU in Figure 1 is enclosed in brackets and read from left to right. It is selected because (1) either backbone oxygen atom qualifies as 
the “most senior subunit", (2) the shortest path length from either -O- to the other -O- is via the ethylene subunit. Orientation of the CRU is thus 
defined by (1) beginning at the -O- marked with an asterisk, and (2) reading in the direction of the arrow. The structure-based name of this polymer 
is therefore “poly(oxyethyleneoxyterephthaloyl)”, not much longer than the traditional name and much more adaptable to the complexities of sub- 
stitution. As organic nomenclature evolves, more systematic names may be used for subunits, e.g. “ethane-1,2-diyl” instead of “ethylene”. IUPAC 
still prefers “ethylene” for the -CH,-CH,- unit, however, but also accepts “ethane-1,2-diyl’”. 

Structure-based nomenclature can also be used when the CRU backbone has no carbon atoms. An example is the polymer traditionally 
named *poly(dimethylsiloxane)", which on the basis of structure would be named “poly(oxydimethylsilylene)” or *poly(oxydimethylsilanediyl)". 
This nomenclature method has also been applied to inorganic and coordination polymers? and to double-strand (ladder and spiro) organic poly- 
mers.? 


Irregular Single-Strand Polymers 

Polymers that cannot be described by the repetition of a single CRU or comprise units not all connected identically in a directional sense can 
also be named on a structure basis.!° These include copolymers, block and graft polymers, and star polymers. They are given names of the type 
“poly(A/B/C...)”, where A, B, С, etc. are the names of the component constitutional units, the number of which are minimized. The constitutional 
units may include regular or irregular blocks as well as atoms or atomic groupings, and each is named by the method described above or by the 
rules of organic nomenclature. 

The solidus denotes an unspecified arrangement of the units within the main chain.!? For example, a statistical copolymer derived from sty- 
rene and vinyl chloride with the monomeric units joined head-to-tail is named "poly(l-chloroethylene/l-phenylethylene)". A polymer obtained by 
1,4- polymerization and both head-to-head and head-to-tail 1,2- polymerization of 1,3-butadiene would be named "poly(but-1-ene-1,4-diyl/l-vinyl- 
ethylene/2-vinylethylene)".?? In graphic representations of these polymers, shown in Figure 2, the hyphens or dashes at each end of each CRU 
depiction are shown completely within the enclosing parentheses; this indicates that they are not necessarily the terminal bonds of the macromole- 
cule. 


—QH-CH;- / —CH-CH;- —CH-CH-CHzCH;- / —ÇH-CH;— І--СН;СН-- 
СІ C,H, P CH=CH, H,C=CH М 


Figure 2. Graphic Representations of Copolymers 


A long hyphen is used to separate components in names of block polymers, as in “poly(A)—poly(B)—poly(C)”, or *poly(A)—X-——poly(B)" 
in which X is a non-polymeric junction unit, e.g. dimethylsilylene. 

In graphic representations of these polymers, the blocks are shown connected when the bonding is known (Figure 3, for example); when the 
bonding between the blocks is unknown, the blocks are separated by solidi and are shown completely within the outer set of enclosing parentheses 


(Figure 4, for example).!9.5 
сн- е нген шан 
г 


Figure 3. polystyrene—polyethylene—polystyrene 


p 2 и Sp UN Ins =} 


Figure 4. poly[poly(methyl methacrylate)—polystyrene—poly(methyl acrylate)] 


Graft polymers are named in the same way as a substituted polymer but without the ending "yl" for the grafted chain; the name of a regular 
polymer, comprising Z units in which some have grafts of “ро1у(А)”, is *poly[Z/poly(A)Z]". Star polymers are treated as a central unit with sub- 
stituent blocks, as in "tetrakis(polymethylene)silane".!9.15 
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NOMENCLATURE FOR ORGANIC POLYMERS (continued) 


Other Nomenclature Articles and Publications 


In addition to the Chemical Abstracts and IUPAC documents cited above and listed below, other articles on polymer nomenclature are avail- 


able. A 1999 article lists significant documents on polymer nomenclature published during the last 50 years in books, encyclopedias, and journals 
by Chemical Abstracts, IUPAC, and individual authors.'* A comprehensive review of source-based and structure-based nomenclature for all of the 


major classes of polymers, '? and a short tutorial on the correct identification, orientation, and naming of most commonly encountered constitu- 
tional repeating units were both published in 2000.16 


15. 


16. 
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SOLVENTS FOR COMMON POLYMERS 


Abbreviations: HC: hydrocarbons; MEK: methyl ethyl ketone; THF: tetrahydrofuran; DMF: dimethylformamide; DMSO: dimethylsulfoxide 


Polyethylene (HDPE) 
Polypropylene (atactic) 
Polybutadiene 

Polystyrene 

Polyacrylates 
Polymethacrylates 
Polyacrylamide 

Poly(vinyl ethers) 
Poly(vinyl alcohol) 
Poly(vinyl acetate) 
Poly(vinyl chloride) 
Poly(vinylidene chloride) 
Poly(vinyl fluoride) 
Polyacrylonitrile 
Poly(oxyethylene) 
Poly(2,6-dimethylphenylene oxide) 
Poly(ethylene terephthalate) 
Polyurethanes (linear) 
Polyureas 

Polysiloxanes 
Poly[bis(2,2,2-trifluoroethoxy)-phosphazene] 


HC and halogenated HC 

HC and halogenated HC 

HC, THF, ketones 

ethylbenzene, СНС, СС, THF, МЕК 
aromatic HC, chlorinated HC, THF, esters, ketones 
aromatic HC, chlorinated HC, THF, esters, MEK 
water 

halogenated HC, MEK, butanol 

glycols (hot), DMF 

aromatic HC, chlorinated HC, THF, esters, DMF 
THF, DMF, DMSO 

THF (hot), dioxane, DMF 

DMF, DMSO (hot) 

DMF, DMSO 

aromatic HC, СНСЬ, alcohols, esters, DMF 
aromatic HC, halogenated HC 

phenol, DMSO (hot) 

aromatic HC, THF, DMF 

phenol, formic acid 

HC, THF, DMF 

THF, ketones, ethyl acetate 
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GLASS TRANSITION TEMPERATURE FOR SELECTED POLYMERS 


Robert B. Fox 


Polymer names are based on the IUPAC structure-based nomenclature system described in the table “Naming Organic Polymers". Within each 
category, names are listed in alphabetical order. Source-based and trivial names are also given (in italics) for the most common polymers. The table 
does not include polymers for which T, is not clearly defined because of variability of structure or because of reactions taking place near the glass 
transition. 

АП values of T, cited in this table have been determined by differential scanning calorimetry (DSC) except those values indicated by: 


(D) dynamic method 
(Dil) dilatometry 
(M) mechanical method 
Glass transition 
Polymer name temperature (Т,/К) 
ACYCLIC CARBON CHAINS 
Polyalkadienes 


Poly(alkenylene) Polyalkadiene -[CH-CHCH;CH,]- 


Poly(cis-1-butenylene) 171 
cis-1,3-polybutadiene [PBD] 

Poly(trans-1-butenylene) 215 
trans-1,3-polybutadiene [PBD] 

Poly(1-chloro-cis-1-butenylene) 253 
cis-1,3-polychloroprene 

Poly(1-chloro-trans-1-butenylene) 233 
trans-1,3-polychloroprene 

Poly(1-methyl-cis-1-butenylene) 200 
cis-1,3-polyisoprene 

Poly(1-methyl-trans-1-butenylene) 207 
trans-1,3-polyisoprene 

Poly(1,4,4-trifluoro-1 -butenylene) 238 

Polyalkenes 


Poly(alkylethylene) Poly(alkylethylene) -[RCHCH,]- 


Poly(1-benzylethylene) 333 
Poly(1-butylethylene) 223 
Poly(1-cyclohexylethylene) (atactic) 393 
Poly(1-cyclohexylethylene) (isotactic) 406 (D) 
Poly(1,1-dimethylethylene) 200 
Polyisobutylene [PIB] 
Poly(ethylene) 148 
Poly(methylene) 155 
Poly(1-phenethylethylene) 283 
Poly(propylene) (isotactic) 272 
Poly(propylene) (syndiotactic) ca. 265 
Poly[1-(2-pyridyl)ethylene] 377 
Poly[1-(4-pyridylethylene] 415 
Poly(1-vinylethylene) 273 
Polyacrylics 


Poly[1-(alkoxycarbonyl)ethylene) Poly(alkyl acrylate) -[(ROCO)CHCH;]- 
Poly[1-(benzyloxycarbonyl)ethylene] 279 


Poly[1-(butoxycarbonyl)ethylene] 219 (M) 
Poly(butyl acrylate) [PBA] 
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GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Glass transition 


Polymer name temperature (T,/K) 
Poly[1-(sec-butoxycarbonyl)ethylene] 251 
Poly[1-(butoxycarbonyl)-1-cyanoethylene] 358 
Poly[1-(butylcarbamoyl)ethylene] 319 (M) 
Poly(1-carbamoylethylene) 438 

Polyacrylamide [PAM] 
Poly(1-carboxyethylene) 379 
Poly(acrylic acid) [PAA] 
Poly[1-(2-chlorophenoxycarbonyl)ethylene] 326 
Poly[1-(4-chlorophenoxycarbonyl)ethylene] 331 
Poly[1-(4-cyanobenzyloxycarbonyl)ethylene] 317 
Poly[1-(2-cyanoethoxycarbonyl)ethylene] 277 
Poly[1-(cyanomethoxycarbonyl)ethylene)] 433 Dil 
Poly[1-(4-cyanophenoxycarbonyl)ethylene] 363 
Poly[1-(cyclohexyloxycarbonyl)ethylene] 292 
Poly[1-(2.4-dichlorophenoxycarbonyl)ethylene] 333 
Poly[1-(dimethylcarbamoyl)ethylene] 362 
Poly[1-(ethoxycarbonyl)ethylene] 249 
Poly(ethyl acrylate) [PEA] 
Poly[1-(ethoxycarbonyl)-1-fluoroethylene] 316 
Poly[1-(2-ethoxycarbonylphenoxycarbonyl)ethylene] 303 
Poly[1-(3-ethoxycarbonylphenoxycarbonyl)ethylene] 297 
Poly[1-(4-ethoxycarbonylphenoxycarbonyl)ethylene] 310 
Poly[1-(2-ethoxyethoxycarbonyl)ethylene] 223 
Poly[1-(3-ethoxypropoxycarbonyl)ethylene] 218 
Poly[1-(isopropoxycarbonyl)ethylene] 267-270 
Poly[1-(methoxycarbonyl)ethylene] 283 
Poly(methyl acrylate) [PMA] 
Poly[1-(2-methoxycarbonylphenoxycarbonyl)ethylene] 319 
Poly[1-(3-methoxycarbonylphenoxycarbonyl)ethylene] 311 
Poly[1-(4-methoxycarbonylphenoxycarbonyl)ethylene] 340 
Poly[1-(2-methoxyethoxycarbonyl)ethylene] 223 
Poly[1-(4-methoxyphenoxycarbonyl)ethylene] 324 
Poly[1-(3-methoxypropoxycarbonyl)ethylene] 198 
Poly[1-(2-naphthyloxycarbonyl)ethylene] 358 
Poly[1-(pentachlorophenoxycarbonyl)ethylene] 420 
Poly[1-(phenethoxycarbonyl)ethylene] 270 
Poly[1-(phenoxycarbonyl)ethylene] 330 
Poly[1-(m-tolyloxycarbonyl)ethylene] 298 
Poly[1-(o-tolyloxycarbonyl)ethylene] 325 
Poly[1-(p-tolyloxycarbonyl)ethylene] 316 
Poly[1-(2.2.2-trifluorethoxycarbonyl)ethylene] 263 


Polymethacrylics 
Poly[1-(alkoxycarbonyl)-1-methylethylene] Poly(alkyl methacrylate) -[(ROCO)(Me)CCH,|- 


Poly[1-(benzyloxycarbonyl)-1-methylethylene] 327 
Poly[1-(2-bromoethoxycarbonyl)- 1 -methylethylene] 325 
Poly[(1-(butoxycarbonyl)-1-methylethylene] 293 
Poly(butyl methacrylate) [PBMA] 
Poly[1-(sec-butoxycarbonyl)-1-methylethylene] 333 
Poly[1-(tert-butoxycarbonyl)- 1 -methylethylene)] 39] 
Poly[1-(2-chloroethoxycarbonyl)- 1-methylethylene] ca 315 
Poly[1-(2-cyanoethoxycarbonyl)-1-methylethylene] 364 
Poly[1-(4-cyanophenoxycarbonyl)-1-methylethylene] 428 
Poly[1-(cyclohexyloxycarbonyl)- 1 -methylethylene] (atactic) 356 
Poly[1-(cyclohexyloxycarbonyl)-1-methylethylene)] (isotactic) 324 
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GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Polymer name 


Poly[1-(dimethylaminoethoxycarbonyl)- 1 -methylethylene] 
Poly[1-(ethoxycarbonyl)-1-ethylethylene] 

Poly[1-(ethoxycarbonyl)-1-methylethylene] (atactic) Poly(ethyl methacrylate) [РЕМА] 
Poly[1-(ethoxycarbonyl)-1-methylethylene] (isotactic) 
Poly[1-(ethoxycarbonyl)-1-methylethylene)] (syndiotactic) 
Poly[1-(hexyloxycarbonyl)-1-methylethylene] 
Poly[1-(isobutoxycarbonyl)-1-methylethylene] 
Poly[1-(isopropoxycarbonyl)-1-methylethylene] 

Poly[1-(methoxycarbonyl)-1 -methylethylene] (atactic) Poly(methyl methacrylate) [PMMA] 
Poly[1-(methoxycarbonyl)-1-methylethylene)] (isotactic) 

Poly[1-(methoxycarbonyl)-1 -methylethylene)] (syndiotactic) 
Poly[1-(4-methoxycarbonylphenoxy)-1-methylethylene] 
Poly[1-(methoxycarbonyl)-1-phenylethylene)] (atactic) 
Poly[1-(methoxycarbonyl)-1-phenylethylene)] (isotactic) 
Poly[1-methyl-1-(phenethoxycarbonyl)ethylene] 
Poly[1-methyl-1-(phenoxycarbonyl)ethylene] 


Polyvinyl ethers, alcohols, and ketones 
Poly(1-alkoxyethylene) Poly(alkyl vinyl ether)  [ROCHCH,|- 
Poly(1-hydroxyethylene) Poly(vinyl alcohol) - -HOCHCH,]- 
Poly(1-alkanoylethylene) Poly(alkyl vinyl ketone) -ГЕСОСНСН,|- 


Poly(1-butoxyethylene) 
Poly(1-sec-butoxyethylene) 
Poly(1-tert-butoxyethylene) 
Poly[1-(butylthio)ethylene] 
Poly(1-ethoxyethylene) 
Poly[1-(4-ethylbenzoyl)ethylene] 
Poly(1-hydroxyethylene) 

Poly(vinyl alcohol) [PVA] 
Poly(hydroxymethylene) 
Poly(1-isopropoxyethylene) 
Poly[1-(4-methoxybenzoyl)ethylene] 
Poly(1-methoxyethylene) 

Poly(methyl vinyl ether) [PMVE] 
Poly[1-(methylthio)ethylene] 
Poly(1-propoxyethylene) 
Poly[1-(trifluoromethoxy)trifluoroethylene] 


Polyvinyl halides and nitriles 
Poly(1-haloethylene) Poly(vinyl halide) [ХСНСН)]- 
Poly(1-cyanoethylene) Poly(acrylonitrile) - ,[:NCCHCH;]- 


Poly(1-chloroethylene) 
Poly(vinyl chloride) [PVC] 
Poly(chlorotrifluoroethylene) 
Poly(1-cyanoethylene) 
Polyacrylonitrile [PAN] 
Poly(1-cyano-1-methylethylene) 
Polymethacrylonitrile 
Poly(1,1-dichloroethylene) 
Poly(vinylidene chloride) 
Poly(1,1-difluoroethylene) 
Poly(vinylidene fluoride) 
Poly(1-fluoroethylene) 
Poly(vinyl fluoride) 
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Glass transition 
temperature (Т,/К) 


292 
300 
338 
285 
339 
268 
326 
354 
378 
311 
378 
379 
391 
397 
299 
383 


218 
253 
361 
253 
230 
325 
358 (D) 


407 
270 
319 (M) 
242 
272 


224 
268 


354 


373 
370 


393 
255 
ca 233 


314 (M) 


GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Polymer name 


Poly(1-hexafluoropropylene) 
Poly[1-(2-iodoethyl)ethylene] 
Poly(tetrafluoroethylene) 
Poly[1-(trifluoromethyl)ethylene] 


Polyvinyl esters 


Poly[1-(alkanoyloxy)ethylene] Poly(vinyl alkanoate) - ,RCOOCHCH,;]- 


Poly(1-acetoxyethylene) 

Poly(vinyl acetate) [PV Ac] 
Poly[1-(benzoyloxy)ethylene] 
Poly[1-(4-bromobenzoyloxy)ethylene] 
Poly[1-(2-chlorobenzoyloxy)ethylene] 
Poly[1-(3-chlorobenzoyloxy)ethylene] 
Poly[1-(4-chlorobenzoyloxy)ethylene] 
Poly[1-(cyclohexanoyloxy)ethylene] 
Poly[1-(4-ethoxybenzoyloxy)ethylene] 
Poly[1-(4-ethylbenzoyloxy)ethylene] 
Poly[1-(4-isopropylbenzoyloxy)ethylene] 
Poly[1-(2-methoxybenzoyloxy)ethylene] 
Poly[1-(3-methoxybenzoyloxy)ethylene] 
Poly[1-(4-methoxybenzoyloxy)ethylene] 
Poly[1-(4-methylbenzoyloxy)ethylene] 
Poly[1-(4-nitrobenzoyloxy)ethylene] 
Poly[1-(propionoyloxy)ethylene] 


Polystyrenes 


Poly(1-phenylethylene) Polystyrene -|С,Н,СНСН,- 


Poly[1-(4-acetylphenyl)ethylene] 
Poly[1-(4-benzoylphenyl)ethylene] 
Poly[1-(4-bromophenyl)ethylene] 
Poly[1-(4-butoxyphenyl)ethylene] 


Poly[1-(4-butoxycarbonylphenyl)ethylene] 


Pol[(1-(4-butylphenyl)ethylene] 
Poly[1-(4-carboxyphenyl)ethylene] 
Poly[1-(2-chlorophenyl)ethylene] 
Poly[1-(3-chlorophenyl)ethylene] 
Poly[1-(4-chlorophenyl)ethylene] 
Poly[1-(2,4-dichlorophenyl)ethylene] 
Poly[1-(2,5-dichlorophenyl)ethylene] 
Poly[1-(2,6-dichlorophenyl)ethylene] 
Poly[1-(3,4-dichlorophenyl)ethylene] 
Poly[1-(2,4-dimethylphenyl)ethylene] 


Poly[1-(4-(dimethylamino)phenyl)ethylene] 


Poly[1-(4-ethoxyphenylDethylene] 
Poly[1-(4-ethoxycarbonylphenyl)ethylene] 
Poly[1-(4-fluorophenyl)ethylene] 
Poly[1-(4-iodophenyl)ethylene] 
Poly[1-(4-methoxyphenyDethylene] 


Poly[1-(4-methoxycarbonylphenyl)ethylene] 


Poly(1-methyl-1-phenylethylene) 
Poly(a-methylstyrene) 
Poly[1-(2-(methylamino)phenyl)ethylene] 
Poly(1-phenylethylene) 
Polystyrene [PS] 
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Glass transition 
temperature (7,/К) 


425 
343 
(160) 
300 


305 


344 

365 

335 

338 

357 

349 (M) 
343 

326 

342 

338 

ca 317 
360 

343 

395 

283 (M) 


389 (M) 
371 (M) 
391 

ca 320 (M) 
349 (M) 
279 

386 (M) 
392 

363 

383 

406 

379 

440 

401 

385 

398 (M) 
ca 359 (M) 
367 (M) 
368 
429 
386 
386 (M) 
373 


462 (M) 
373 


GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Glass transition 


Polymer name temperature (Т,/К) 
Poly[1-(4-propoxyphenyl)ethylene] 343 (M) 
Poly[1-(4-propoxycarbonylphenyl)ethylene] 365 (M) 
Poly(1-o-tolylethylene) 409 


CHAINS WITH CARBOCYCLIC UNITS 


Poly(arylenealkylene) -[-Ar-(CH,),]- 


Poly[1-(2-bromo-1,4-phenylene)ethylene] 353 (M) 
Poly[1-(2-chloro-1,4-phenylene)ethylene] 343 (M) 
Poly[1-(2-cyano-1,4-phenylene)ethylene] 363 (M) 
Poly[1-(2,5-dimethyl-1,4-phenylene)ethylene] 373 (M) 
Poly[1-(2-ethyl-1,4-phenylene)ethylene] 298 (M) 
Poly[1-(1,4-naphthylene)ethylene] 433 (M) 
Poly[1-(1,4-phenylene)ethylene] ca 353 (M) 


CHAINS WITH HETEROATOM UNITS 


Main chain oxide units 
Poly(oxyalkylene) Poly(alkylene oxide) -[O(CH5),]- 


Poly[oxy(1,1-bis(chloromethyl)trimethylene)] 265 
Poly[oxy(1-(bromomethyl)ethylene)] 259 
Poly[oxy(1-(butoxymethyl)ethylene)] 194 
Poly[oxy(1-butylethylene)] 203 
Poly[oxy(1-tert-butylethylene)] 308 
Poly[oxy(1-(chloromethyl)ethylene)] 251 
Poly(epichlorohydrin) 
Poly[oxy(2,6-dimethoxy-1,4-phenylene)] 440 
Poly[oxy(1,1-dimethylethylene)] 264 
Poly[oxy(2,6-dimethyl-1,4-phenylene)] 482 
Poly[oxy(2,6-diphenyl-1,4-phenylene)] 493 
Poly[oxy(1-ethylethylene)] 203 
Poly(oxyethylidene) 243 
Polyacetaldehyde 
Poly[oxy(1-(methoxymethyl)ethylene)] 211 
Poly[oxy(2-methyl-6-phenyl-1,4-phenylene)] 428 
Poly[oxy(1-methyltrimethylene)] 223 (D) 
Poly[oxy(2-methyltrimethylene)] 218 
Poly(oxy-1,4-phenylene) 358 
Poly(phenylene oxide) [PPO] 
Poly[oxy(1-phenylethylene)] 313 
Poly(oxytetramethylene) 189 
Poly(tetrahydrofuran) [PTMO] 
Poly(oxytrimethylene) 195 


Main-chain ester or anhydride units 
Poly(oxyalkyleneoxyalkanedioyl) Poly(alkylene alkanedioate)--[O(CH;4),,OCO(CH,),CO]- 


Poly(oxyadipoyloxydecamethylene) 217 

Poly(oxyadipoyloxy-1,4-phenyleneisopropylidene-1,4-phenylene) 341 

Poly(oxycarbonyloxy-1,4-phenylene-isopropylidene-1,4-phenylene) 422 
Bisphenol A polycarbonate 

Poly(oxycarbonylpentamethylene) 213 

Poly(oxycarbonyl-1,4-phenylenemethylene-1,4-phenylene) 395 

Poly(oxycarbonyl-1,4-phenyleneisopropylidene-1,4-phenylene) 333 
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GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Glass transition 


Polymer name temperature (T,/K) 
Poly[oxy(2,6-dimethyl-1,4-phenyleneisopropylidene-3,5-dimethyl-1,4-phenylene)oxysebacoyl] 318 
Poly(oxyethylenecarbonyl-1,4-cyclohexylenecarbonyl) (trans) 29] 
Poly(oxyethyleneoxycarbonyl-1,4-naphthylenecarbonyl) 337 
Poly(oxyethyleneoxycarbonyl-1,5-naphthylenecarbonyl) 344 
Poly(oxyethyleneoxycarbonyl-2,6-naphthylenecarbonyl) 386 
Poly(oxyethyleneoxycarbonyl-2,7-naphthylenecarbonyl) 392 
Poly(oxyethyleneoxyterephthaloyl) 342 

Poly(ethylene terephthalate) [PET] 
Poly(oxyisophthaloyl) 403 (D) 
Poly(oxy(1-oxo-2,2-dimethyltrimethylene)) 263 
Poly(pivalolactone) 
Poly(oxy-1,4-phenyleneisopropylidene-1,4-phenyleneoxysebacoyl) 280 
Poly(oxy-1,4-phenyleneoxy-1,4-phenyleneoxy-carbonyl-1,4-phenylene) [PEEK] 416 
Poly(oxypropyleneoxyterephthaloyl) 341 
Poly[oxyterephthaloyloxy(2,6-dimethyl-1,4-phenyleneisopropylidene-3,5-dimethyl-1,4-(D)phenylene)] 498 
Poly(oxyterephthaloyloxyoctamethylene) 318 (D) 
Poly(oxyterephthaloyloxy-1,4-phenyleneisopropylidene-1,4-phenylene) 478 
Poly(bisphenol A terephthalate) 
Poly(oxytetramethyleneoxyterephthaloyl) 323 


Poly(butylene terephthalate) [PBT] 


Main-chain amide units 
Poly(iminoalkyleneiminoalkanedioyl) Poly(alkylene alkanediamide)-[NH(CH;),NHCO(CH,),CO|- 


Poly(iminoadipoyliminodecamethylene) 313 
Nylon 10,6 

Poly(iminoadipoyliminohexamethylene) ca 323 
Nylon 6,6 

Poly(iminoadipoyliminooctamethylene) 318 
Nylon 8,6 

Poly[iminoadipoyliminotrimethylene(methylimino)trimethylene] 278 

Poly(iminocarbonyl-1,4-cyclohexylenemethylene) 466 

Poly[iminocarbonyl-1,4-phenylene(2-oxoethylene)iminohexamethylene] 377 

Poly(iminoethylene-1,4-phenyleneethyleneiminosebacoyl) 378 (D) 

Poly(iminohexamethyleneiminoazelaoyl) 331 
Nylon 6,9 

Poly(iminohexamethyleneiminododecanedioyl) 319 
Nylon 6, 12 

Poly(iminohexamethyleneiminopimeloyl) 331 
Nylon 6,7 

Poly(iminohexamethyleneiminosebacoyl) 323 
Nylon 6,10 

Poly(iminohexamethyleneiminosuberoyl) 330 
Nylon 6,8 

Poly(iminoisophthaloylimino-4,4’-biphenylylene) 558 

Poly(iminoisophthaloyliminohexamethylene) 390 

Poly(iminoisophthaloyliminomethylene-1,4-cyclohexylenemethylene) 481 

Poly(iminoisophthaloyliminomethylene-1,3-phenylenemethylene) 438 (M) 

Poly[iminomethylene(2,5-dimethyl-1,4-phenylene)methyleneiminosuberoyl] 351 

Poly(imino-1,5-naphthyleneiminoisophthaloyl) 598 

Poly(imino-1,5-naphthyleneiminoterephthaloyl) 578 

Poly(iminooctamethyleneiminodecanedioyl) 333 
Nylon 8,10 

Poly(iminooxalyliminohexamethylene) 430 
Nylon 6,2 

Poly[imino(1-oxohexamethylene)] 326 
Nylon 6 
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GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Glass transition 


Polymer name temperature (Т,/К) 

Poly[imino(1-oxodecamethylene)] 315 
Nylon 10 

Poly[imino(1-oxoheptamethylene)] 325 
Nylon 7 

Poly[imino(1-oxo-3-methyltrimethylene] 369 

Poly[imino(1-oxononamethylene)] 319 
Nylon 9 

Poly[imino(1-oxooctamethylene)] 323 
Nylon 8 

Poly[imino(1-oxotrimethylene)] 384 
Nylon 3 

Poly(iminopentamethyleneiminoadipoyl) 318 
Nylon 5,6 

Poly[iminopentamethyleneiminocarbonyl-1,4-phenylene(2-oxoethylene)] 376 

Poly(imino-1,3-phenyleneiminoisophthaloyl) 553 (M) 

Poly(imino-1,4-phenyleneiminoterephthaloyl) 618 

Poly(iminopimeloyliminoheptamethylene) 328 
Nylon 7,7 

Poly(iminoterephthaloylimino-4,4’-biphenylylene) 613 

Poly(iminotetramethyleneiminoadipoyl) 316 
Nylon 4,6 

Poly[iminotetramethyleneiminocarbonyl-1,4-phenylene(2-oxoethylene)] 357 

Poly(iminotrimethyleneiminoadipoyliminotrimethylene) 307 

Poly[iminotrimethyleneiminocarbonyl-1,4-phenylene(2-oxoethylene)] 382 

Poly(oxy-1,4-phenyleneiminoterephthaloyl-imino-1,4-phenylene) 613 

Poly(sulfonylimino-1,4-phenyleneiminoadipoylimino-1,4-phenylene) 467 


Main-chain urethane units 
Poly(oxyalkyleneoxycarbonyliminoalkyleneiminocarbonyl)-[O(CH;),, OCONH(CH;),NHCO]|- 


Poly(oxyethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 329 
Poly[oxyethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 325 
Poly(oxyethyleneoxycarbonylimino-1,4-phenylenemethylene-1 ,4-phenyleneiminocarbonyl) 412 
Poly(oxyhexamethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 332 
Poly[oxyhexamethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 305 
Poly(oxyhexamethyleneoxycarbonylimino-1,4-phenylenemethylene-1,4-phenyleneiminocarbonyl) 364 
Poly(oxyoctamethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 331 
Poly[oxyoctamethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 337 
Poly(oxyoctamethyleneoxycarbonylimino-1,4-phenylenemethylene-1,4-phenyleneiminocarbonyl) 352 
Poly(oxytetramethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 332 
Poly[oxytetramethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 315 
Poly(oxytetramethyleneoxycarbonylimino-1,4-phenylenemethylene-1 ,4-phenyleneiminocarbonyl) 382 


Main-chain siloxanes 
Poly[oxy(dialkylsilylene)] Poly(dialkylsiloxane) -[O(R5S1)]- 


Poly[oxy(dimethylsilylene)] 148 
Poly(dimethylsiloxane) [PDMS] 

Poly[oxy(dimethylsilylene)oxy-1,4-phenylene] 363 (M) 

Poly[oxy(dimethylsilylene)oxy-1,4-phenyleneisopropylidene-1,4-phenylene] 318 (M) 

Poly[oxy(diphenylsilylene)] 238 
Poly(diphenylsiloxane) 

Poly[oxy(diphenylsilylene)-1,3-phenylene] ca 331 

Poly[oxy((methyl)phenylsilylene)] 187 

Poly[oxy((methyl)-3,3,3-trifluoropropylsilylene] «193 
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GLASS TRANSITION TEMPERATURE КОК SELECTED POLYMERS (continued) 


Glass transition 
Polymer name temperature (T,/K) 


Main-chain sulfur-containing units 


Poly(dithioethylene) 223 
Poly(dithiomethylene-1,4-phenylenemethylene) 296 
Poly(oxy-4,4"-biphenylylene-1,4-phenylenesulfonyl-1,4-phenylene) 503 (M) 
Poly(oxycarbonyloxy-1,4-phenylenethio-1,4-phenylene) ca 383 
Poly(oxyethylenedithioethylene) 220 (M) 
Poly[oxy(2-hydroxytrimethylene)oxy-1,4-phenylenesulfonyl-1,4-phenylene] 428 
Poly(oxymethyleneoxyethylenedithioethylene) 214 
Poly(oxy-1,4-phenylenesulfinyl-1,4-phenyleneoxy-1,4-phenylenecarbonyl-1,4-phenylene) 478 (M) 
Poly(oxy-1,4-phenylenesulfinyl-1,4-phenyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 438 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenylene) 487 
Poly(oxy-1,4-phenylenesulfonyl-4,4"-biphenylylenesulfonyl-1,4-phenylene) 533 
Poly[oxy-1,4-phenylenesulfony]-1,4-phenyleneoxy(2,6-dimethyl-1,4-phenylene)isopropylidene 

(3,5-dimethyl-1,4-phenylene)] 508 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenylenecarbonyl-1,4-phenylene) 478 (M) 
Poly[oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenylene(hexafluoroisopropylidene)1,4-phenylene] 478 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 449 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1.4-phenylenemethylene-1,4-phenylene) 453 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1.4-phenylenethio-1,4-phenylene) 448 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxyterephthaloyl) 522 
Poly(oxytetramethylenedithiotetramethylene) 197 
Poly(sulfonyl-1,2-cyclohexylene) 401 
Poly(sulfonyl-1,3-cyclohexylene) 381 
Poly(sulfonyl-1,4-phenylenemethylene-1,4-phenylene) 497 
Poly(thio-1,3-cyclohexylene) 221 
Poly[thio(difluoromethylene)] 155 
Poly(thioethylene) 223 
Poly[thio(1-ethylethylene] 218 
Poly[thio(1-methyl-3-oxotrimethylene)] 285 
Poly[thio(1-methyltrimethylene)] 214 
Pol[(thio(1-oxohexamethylene)] 292 
Poly(thio-1,4-phenylene) 370 
Poly(thiopropylene) 226 


Main-chain heterocyclic units 


Poly(1,3-dioxa-4,6-cyclohexylenemethylene) 378 
Poly(vinyl formal) 

Poly[(2,6-dioxopiperidine-1,4-diyl)trimethylene] 363 

Poly[(2-methyl-1,3-dioxa-4,6-cyclohexylene)methylene] 355 
Poly(vinyl acetal) 

Poly(1,4-piperazinediylcarbonyloxyethyleneoxycarbonyl) 333 

Poly(1,4-piperazinediylisophthaloyl) 465 (M) 

Poly[(2-propyl-1,3-dioxa-4,6-cyclohexylene)methylene] 322 
Poly(vinyl butyral) 

Poly(3,6-pyridazinediyloxy-1,4-phenyleneisopropylidene-1,4-phenyleneoxy) 453 (M) 

Poly(2,5-pyridinediylcarbonyliminohexamethyleneiminocarbonyl) 322 
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DIELECTRIC CONSTANT OF SELECTED POLYMERS 


This table lists typical values of the dielectric constant (more properly called relative permittivity) of some important polymers. Values are given 
for frequencies of 1 kHz, 1 MHz, and 1 GHz; in most cases the dielectric constant at frequencies below 1 kHz does not differ significantly from the 
value at 1 kHz. Since the dielectric constant of a polymeric material can vary with density, degree of crystallinity, and other details of a particular sample, 
the values given here should be regarded only as typical or average values. 


REFERENCES 
1. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, p. 5-132, McGraw Hill, New York, 1972. 


2. Anderson, H.L., Editor, A Physicist’ s Desk Reference, American Institute of Physics, New York, 1989. 
3. Brandrup, J., and Immergut, E.H., Polymer Handbook, Third Edition, John Wiley & Sons, New York, 1989. 


Name tC 1kHz 1 MHz 1 GHz 
Polyacrylonitrile 25 5.5 42 
Polyamides (nylons) 25 3.50 3.14 2.8 
84 11 4.4 2.8 
Polybutadiene 25 2.5 
Polycarbonate 23 2.92 2.8 
Polychloroprene (neoprene) 25 6.6 6.3 4.2 
Polychlorotrifluoroethylene 23 2.65 2.46 2.39 
Polyethylene 23 2.3 
Poly(ethylene terephthalate) (Mylar) 23 3.25 3.0 2.8 
Polyisoprene (natural rubber) 27 2.6 2.5 2.4 
Poly(methyl methacrylate) 27 3.12 2.76 2.6 
80 3.80 2.7 2.6 
Polyoxymethylene (polyformaldehyde) 25 3.8 
Poly(phenylene oxide) 23 2.59 2.59 
Polypropylene 25 2.3 2.3 2.3 
Polystyrene 25 2.6 2.6 2.6 
Polysulfones 25 3.13 2.10 
Polytetrafluoroethylene (teflon) 25 2.1 2.1 2.1 
Poly(vinyl acetate) 50 3.5 
150 8.3 
Poly(vinyl chloride) 25 3.39 2.9 2.8 
100 5:3 3.3 27 
Poly(vinylidene chloride) 23 4.6 3.2 2.7 
Poly(vinylidene fluoride) 23 12.2 8.9 4.7 
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PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS 
Christian Wohlfarth 


Numerous theoretical equations of state for polymer liquids have been developed. These, at the minimum, have to provide accurate fitting functions 
to experimental data. However, for the purpose of this table, the empirical Tait equation along with a polynomial expression for the zero pressure isobar 
is used. This equation is able to represent the experimental data for the melt state within the limits of experimental errors, i.e., the maximum deviations 
between measured and calculated specific volumes are about 0.001-0.002 cm?/g. 

The general form of the Tait equation is: 

V(P.T) = W0,T)(1- С ІШІ + P/B(T)]) (1) 


where the coefficient C is usually taken to be a universal constant equal to 0.0894. T'is the absolute temperature in K and P the pressure in MPa. The 
volume V is the specific volume in cm?/g. The Тай parameter B(T) has the very simple meaning that it is inversely proportional to (һе compressibility 
K at constant temperature and zero pressure: 


к(0,7) = -П//(0,7)(а//аР) = C/B(T) (2) 
The В(Т) function is usually given by: 
B(T) = Bo exp[-B1(1-273.15)] (3) 
but, sometimes a polynomial expression is used: 
B(T) = by + b((1T-273.15) + b,(T-273.15)2 (4) 
The zero-pressure isobar V(0,7) is usually given by: 
V(0,T) = Ag + A,(1-273.15) + A,(T-273.15)? (5) 


where Аб, 41, 45 are specific constants for a given polymer (the expression 7-273.15 is used because fitting to the zero-pressure isobar is usually done 
in terms of Celsius temperature). Other forms for У(0,7) are also found in the literature, such as 


V(0,T) = A; ехр[44(7-273.15)] (6) 
or 


V(0,T) = As ехр(46715) 0) 


where 4; and А, or Аг and Ас are again specific constants for а given polymer. 
The Tait equation is particularly useful to calculate derivative quantities, such as the isothermal compressibility and the thermal expansivity 
coefficients. The isothermal compressibility К(Р,7) is derived from equation (1) as: 


K(P,T) = -(/Vy(dV/dP) = 1/{[Р + B(T)]LUC - а + Р/В(Т))]} (8) 


and the thermal expansivity О(Р,7) as: 
o(P,T) = (1/V)(dV/AT) = a(0,7) - PB,k(P;T) (9) 


where 00,7) represents the thermal expansivity at zero (atmospheric) pressure and is calculated from any suitable fit for the zero-pressure volume, 
such as equations (5) through (7) above. 

Because polymer melt PVT-behavior depends only slightly on polymer molar mass above the oligomeric region, usually no information is given 
in the original literature for the average molar mass of the polymers. 

Table 1 summarizes the polymers or copolymers considered here and the experimental ranges of pressure and temperature over which data are 
available. In Table 2 the Tait-equation functions, with parameters obtained from the fit, are given for 90 polymer or copolymer melts. 
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PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS (continued) 


Table 1 
Names of the Polymers, Abbreviation Used, and Range of Experimental Data Applied in the Determination of the Equation Constants 


Polymer Symbol Т/К Р/МРа Ref. 


Butylene succinate/butylene adipate copolymer 


20 mol% adipate BSBA20 394-493 0.1-100 П 
Ethylene/propylene copolymer (50 wt%) EP50 413-523 0.1-63 
Ethylene/styrene copolymer 

1.7 mol%styrene ES2 403-473 0.1-170 12 

3.5 mol% styrene Е54 403-473 0.1-200 12 

6.0 mol% styrene Е56 403-473 0.1-200 12 

13.8 mol% styrene Е514 403-473 0.1-200 12 

21.5 mol% styrene ES22 353-473 0.1-200 12 

29.4 mol% styrene ES29 343-473 0.1-200 12 
Ethylene/vinyl acetate copolymer 

18 wt% vinyl acetate ЕУА18 385-491 0.1-177 4 

25 wt% vinyl acetate ЕУА25 367-506 0.1-177 4 

28 wt% vinyl acetate EVA28 367-508 0.1-177 4 

40 ул% vinyl acetate ЕУА40 348-508 0.1-177 4 
Polyamide-6 РАб 509-569 0.1-196 4 
Polyamide-11 РА11 478-542 0.1-200 5 
Polyamide-66 PA66 519-571 0.1-196 4 
cis-1,4-Polybutadiene cPBD 271-328 0.1-284 4 
Polybutadiene, 8% 1,2-content PBD-8 298-473 0.1-200 6 
Polybutadiene, 24% 1,2-content PBD-24 298-473 0.1-200 6 
Polybutadiene, 40% 1,2-content PBD-40 298-473 0.1-200 6 
Polybutadiene, 50% 1,2-content PBD-50 298-473 0.1-200 6 
Polybutadiene, 87% 1,2-content PBD-87 298-473 0.1-200 6 
Poly(1-butene), isotactic iPB 406-519 0.1-196 4 
Poly(butyl methacrylate) PnBMA 307-473 0.1-200 4 
Poly(butylene succinate) PBS 413-493 0.1-100 П 
Poly(butylene terephthalate) PBT 508-576 0.1-200 3 
Poly(£-caprolactone) PCL 373-421 0.1-200 4 
Polycarbonate-bisphenol-A PC 424-613 0.1-177 4 
Polycarbonate-bisphenol-chloral BCPC 428-557 0.1-200 4 
Polycarbonate-hexafluorobisphenol-A HFPC 432-553 0.1-200 4 
Polycarbonate-tetramethylbisphenol-A TMPC 491-563 0.1-160 4 
Poly(cyclohexyl methacrylate) PcHMA 396-471 0.1-200 4 
Poly(2,5-dimethylphenylene oxide) PPO 473-593 0.1-177 4 
Poly(dimethyl siloxane) PDMS 298-343 0.1-100 4 
Poly(dimethyl siloxane) M, = 1000 PDMS-10 304-420 0.1-250 10 
Poly(dimethyl siloxane) M, = 4000 PDMS-40 298-418 0.1-250 10 
Poly(dimethyl siloxane) M, = 6000 PDMS-60 291-423 0.1-250 10 
Poly(epichlorohydrin) PECH 333-413 0.1-200 4 
Poly(ether ether ketone) PEEK 619-671 0.1-200 4 
Poly(ethyl acrylate) PEA 310-490 0.1-196 4 
Poly(ethyl methacrylate) PEMA 386-434 0.1-196 4 
Polyethylene, high density HDPE 413-476 0.1-196 4 
Polyethylene, linear LPE 415-473 0.1-200 4 
Polyethylene, linear, high MW HMLPE 410-473 0.1-200 4 
Polyethylene, branched BPE 398-471 0.1-200 4 
Polyethylene, low density LDPE 394-448 0.1-196 4 
Polyethylene, low density, type A LDPE-A 385-498 0.1-196 1 
Polyethylene, low density, type В LDPE-B 385-498 0.1-196 1 
Polyethylene, low density, type С LDPE-C 385-498 0.1-196 1 
Poly(ethylene oxide) PEO 361-497 0.1- 68 4 
Poly(ethylene terephthalate) PET 547-615 0.1-196 4 
Poly(4-hexylstyrene) P4HS 303-403 30-100 4 
Polyisobutylene PIB 326-383 0.1-100 4 
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PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS (continued) 


Table 1 
Names of the Polymers, Abbreviation Used, and Range of Experimental Data Applied in the Determination of the Equation Constants 


Polymer Symbol Т/К Р/МРа Ref. 

Polyisoprene, 8% 3,4-content PI-8 298-473 0.1-200 6 
Polyisoprene, 1496 3,4-content PI-14 298-473 0.1-200 6 
Polyisoprene, 4196 3,4-content РІ-41 298-473 0.1-200 6 
Polyisoprene, 56% 3,4-content PI-56 298-473 0.1-200 6 
Poly(methyl acrylate) PMA 310-493 0.1-196 4 
Poly(methyl methacrylate) PMMA 387-432 0.1-200 4 
Poly(4-methyl-1-pentene) РАМР 514-592 0.1-196 4 
Poly(a-methylstyrene) PaMs 473-533 0.1-170 7 
Poly(o-methylstyrene) PoMS 412-471 0.1-180 4 
Polyoxymethylene POM 463-493 0.1-196 2 
Phenoxy? PH 341-573 0.1-177 4 
Polysulfone^ PSF 475-644 0.1-196 4 
Polyarylate* PAr 450-583 0.1-177 4 
Polypropylene, atactic aPP 353-393 0.1-100 4 
Polypropylene, isotactic iPP 443-570 0.1-196 4 
Polystyrene PS 388-469 0.1-200 4 
Poly(tetrafluoroethylene) PTFE 603-645 0.1- 39 4 
Poly(tetrahydrofuran) PTHF 335-439 0.1- 78 4 
Poly(vinyl acetate) PVAc 308-373 0.1- 80 4 
Poly(vinyl chloride) PVC 373-423 0.1-200 4 
Poly(vinyl methyl ether) PVME 303-471 0.1-200 4 
Poly(vinylidene fluoride) PVdF 451-521 0.1-200 5 
Styrene/acrylonitrile copolymer 

2.7 wt% acrylonitrile SAN3 378-539 0.1-200 4 

5.7 wt% acrylonitrile SANG 370-540 0.1-200 4 

15.3 wt% acrylonitrile SANIS 405-531 0.1-200 4 

18.0 wt% acrylonitrile 5АМ18 377-528 0.1-200 4 

40 ул% acrylonitrile SAN40 373-543 0.1-200 4 

70 wt% acrylonitrile SAN70 373-544 0.1-200 4 
Styrene/butadiene copolymer 

10 wt% styrene SBRIO 393-533 0.1-196 8 

23.5 wt% styrene SBR23 393-533 0.1-196 8 

60 wt% styrene SBR60 393-533 0.1-196 8 

85 wt% styrene SBR85 393-533 0.1-196 8 
Styrene/methyl methacrylate copolymer 

20 wt% methyl methacrylate SMMA20 383-543 0.1-200 

60 wt% methyl methacrylate SMMA60 383-543 0.1-200 4 
N-Vinylcarbazole/4-ethylstyrene copolymer 

50 mol% ethylstyrene VCESS50 393-443 30-100 9 
N-Vinylcarbazole/4-hexylstyrene copolymer 

80 mol% hexylstyrene VCHS80 313-423 30-100 9 

67 mol% hexylstyrene VCHS67 333-423 30-100 9 

60 mol% hexylstyrene VCHS60 383-453 30-100 9 

50 mol% hexylstyrene VCHS50 373-443 30-100 9 

40 mol% hexylstyrene VCHS40 423-493 30-100 9 

33 mol% hexylstyrene VCHS33 463-523 30-100 9 

20 mol% hexylstyrene VCHS20 473-523 30-100 9 
N-Vinylcarbazole/4-octylstyrene copolymer 

50 mol% octylstyrene УСО550 403-453 30-100 9 
N-Vinylcarbazole/4-pentylstyrene copolymer 

50 mol% pentylstyrene УСР550 383-443 30-100 9 
Vinylidene fluoride/hexafluoropropylene copolymer 

3.1 mol% hexafluoropropylene У4ЕНЕРЗ 433-493 0.1-120 13 

10.5 mol% hexafluoropropylene VdFHFPI1 433-493 0.1-120 13 


аРћепоху = Poly(oxy-2-hydroxytrimethyleneoxy-1 ,4-phenyleneisopropylidene-1,4-phenylene) 
PPolysulfone = Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 
*Polyarylate = Poly(oxyterephthaloyl/isophthaloyl T/I=50/50)oxy-1,4-phenyleneisopropylidene-1,4-phenylene 
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PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS (continued) 


Polymer 


BSBA20 
ЕР50 
ES2 

ES4 

ES6 
Е514 
Е522 
Е529 
ЕМА18 
EVA25 
EVA28 
EVA40 
PA6 
PAII 
PA66 
cPBD 
PBD-8 
PBD-24 
PBD-40 
PBD-50 
PBD-87 
iPB 
PnBMA 
PBS 
PBT 
PCL 

PC 
BCPC 
HFPC 
TMPC 
PcHMA 
PPO 
PDMS 
PDMS-10 
PDMS-40 
PDMS-60 
PECH 
PEEK 
PEA 
PEMA 
HDPE 
LPE 
HMLPE 
BPE 
LDPE 
LDPE-A 
LDPE-B 
LDPE-C 
PEO 
PET 
P4HS 
PIB 

PI-8 
PI-14 
PI-41 
РІ-56 
РМА 


Table 2 
Тан Equation Parameter Functions for Polymer Melts 


V(0,T)/cm?g'! 


0.6775 ехр(7.110 1047) 

1.2291 + 5.799-10°5(7-273.15) + 1.964-10:(Т-273.15): 

1.17640 — 6.3389 10:37 + 1.7815 10-672 

1.36913 – 1.5928 1037 + 2.8859 10972 

1.00930 + 4.2123 10:57 + 8.8038 10772 

0.98570 - 5.9468 1057 + 9.8460 10772 

0.93220 + 6.4243 1057 + 7.7144 10772 

0.96947 — 1.8184 1047+ 1.0626 1067? 

1.02391 ехр(2.173-10:5715) 

1.00416 exp(2.244- 105715) 

1.00832 ехр(2.241-10:5715) 

1.06332 ехр(2.288-10:5715) 

0.7597 exp[4.701-10-4(7-273.15)] 

0.9581 exp[6.664-10-4(7-273.15)] 

0.7657 exp[6.600-10-4(7-273.15)] 

1.0970 exp[6.600-10-4(7-273.15)] 

1.1004 + 6.718-10-4(7-273.15) + 6.584-10(T-273.15? 

1.1049 + 6.489-10-4(7-273.15) + 7.099-10-7(Т-273.15)? 

1.1013 + 6.593-10-4(7-273.15) + 5.776-10-77-273.15)2 

1.1037 + 5.955-10-4(7-273.15) + 7.789-10(T-273.15? 

1.1094 + 6.729-10-4(7-273.15) + 4.470-10(T-273.15? 

1.1417 exp[6.751-10(7-273.15)] 

0.9341 + 5.5254-10-4(7-273.15) + 6.5803-10-6(7-273.15)? + 1.5691-10-10(7-273.15)3 
0.6821 exp(6.728 1047) 

0.9640 - 1.017-103(T-273.15) “-3.065-10(7-273.15) 

0.9049 exp[6.392-10-4(7-273.15)] 

0.73565 exp(1.859-105715) 

0.6737 + 3.634-10(T-273.15)  2.370-107(T-273.15? 

0.6111 + 4.898-10-4(7-273.15) + 1.730-107(T-273.15y? 

0.8497 + 5.073-10-4(7-273.15) + 3.832-10-77-273.15)2 

0.8793 + 4.0504-10-Қ(Т-273.15)--7.774-10:(Т-273.15):- 7.753410-1(T-273.15? 
0.78075 ехр(2.151-10:5715) 
1.0079 exp[9.121-104(7-273.15) 
0.8343 + 5.991-10-4(7-273.15) + 5.734-10(T-273.15? 
0.8018 + 7.072:10-4(7-273.15) + 3.635-10-7(T-273.15)2 
0.8146 + 5.578:10-(Т-273.15)-- 5.774-10-77-273.15)2 
0.7216 ехр[5.825:1047-273.15) 
0.7158 exp[6.690-10-4(7-273.15) 
0.8756 ехр(7.241-10:(Т-273.15) 
0.8614 exp[7.468-10(T-273.15) 
1.1595 + 8.0394-10-(Т-273.15) 
0.9172 ехр[7.806-10-(7-273.15) 
0.8992 exp[8.502-10-4(7-273.15) 
0.9399 exp[7.341-10-4(7-273.15) 
1.1944 + 2.841-10-4(7-273.15) + 1.872-104(T-273.15? 
1.1484 exp[6.950-10-4(7-273.15) 
1.1524 exp[6.700-10-4(7-273.15) 
1.1516 exp[6.730-10-4(7-273.15) 
0.8766 exp[7.087-10-4(7-273.15) 
0.6883 + 5.90-10(T-273.15) 
0.8251 + 6.771047 

1.0750 exp[5.651-10-4(7-273.15) 
1.1030 + 6.488-10-4(7-273.15) + 5.125-10(T-273.15? 
1.0943 + 6.293-10-4(7-273.15) + 6.231-10-77-273.15)2 
1.0951 + 6.188:10(7-273.15) + 6.629-10-77-273.15)2 
1.0957 + 6.655-10-4(7-273.15) + 5.661-10-77-273.15)2 
0.8365 exp[6.795-10-4(7-273.15)] 
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В(Т)/МРа 


903.5 exp(-4.441 1037) 

487.0 ехр[-8.103-103(7-273.15)] 
278.02 ехр[-6.449 10°3(7-273.15)] 
281.50 exp[-6.694 10°(7-273.15)] 
258.51 ехр[-5.502 10°(7-273.15)] 
240.72 ехр[-5.059 10°(7-273.15)] 


т пт = = 


241.50 exp[-4.732 10(7-273.15) 
250.23 exp[-4.948 10°(7-273.15) 
188.2 ехр[-4.537-103(7-273.15) 
184.4 ехр[-4.734-103(7-273.15) 
183.5 exp[-4.457-10-(T-273.15) 
205.1 exp[-4.989-10-(7-273.15) 
376.7 exp[-4.660-103(7-273.15) 
254.7 exp[-4.178:103(7-273.15) 
316.4 exp[-5.040-10-(7-273.15) 
177.7 ехр[-3.593-103(7-273.15) 
200.0 exp[-4.606:10(7-273.15) 
193.0 exp[-4.519-103(7-273.15) 
188.0 ехр[-4.437-10-3(7-273.15) 
183.0 exp[-4.425-10°(7-273.15) 
175.0 exp[-4.538-10(7-273.15) 
167.5 ехр[-4.533-103(7-273.15) 
226.7 ехр|-5.344-10:(Т-273.15) 
729.1 exp(-4.232 1027) 

263.0 exp[-3.444-10(T-273.15) 
189.0 ехр[-3.931-10-3(7-273.15) 
310.0 exp[-4.078-10-(7-273.15) 
363.4 exp[-4.921-10-(7-273.15) 
236.6 ехр[-5.156-10-3(7-273.15) 
231.4 exp[-4.242-10(T-273.15) 
295.2 exp[-5.220-103(7-273.15) 
227.8 exp[-4.290-103(7-273.15) 
89.4 exp[-5.701-10-(7-273.15)] 
542.63 exp[-6.69-10(7-273.15) 
482.73 ехр[-6.09-103(7-273.15) 
482.73 exp|-6.09-10-(7-273.15) 
238.3 exp[-4.171-10°(7-273.15) 
388.0 exp[-4.124-10(T-273.15) 
193.2 ехр[-4.839-103(7-273.15) 
260.9 ехр[-5.356-10-3(7-273.15) 
179.9 ехр[-4.739-103(7-273.15) 
176.7 exp[-4.661:103(7-273.15) 
168.3 ехр[-4.292-103(7-273.15) 
177.1 ехр|-4.699:10-(1-273.15) 
202.2 ехр[-5.243-103(7-273.15) 
192.9 exp[-4.701-10-(7-273.15) 
196.6 exp[-4.601-10-(7-273.15) 
186.7 exp[-4.391-10-(7-273.15) 
207.7 ехр[-3.947-10-3(7-273.15) 
369.7 exp[-4.150-10-(7-273.15) 
103.1 exp[-2.417-10(7-273.15) 
200.3 exp[-4.329-10-3(7-273.15) 
188.0 exp[-4.541-10-(7-273.15) 
202.0 exp[-4.653-10(T-273.15) 
199.0 exp[-4.622:10-3(7-273.15) 
200.0 exp[-4.644-10(T-273.15) 
235.8 exp[-4.493-10-3(7-273.15) 


PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS (continued) 


Polymer 


PMMA 
РАМР 


РоМ5 
РоМ5 
РОМ 

РН 

Р5Е 

РАг 

аРР 

ЇРР 

Р5 

РТЕЕ 
РТНЕ 
РУАс 
РУС 
РҮМЕ 
PVdF 
SAN3 
SAN6 
SANIS 
5АМ18 
5АМ40 
5АМ70 
58810 
5ВЕ23 
SBR60 
58885 
5ММА20 
5ММА60 
VCESS50 
VCHS80 
VCHS67 
VCHS60 
УСН850 
VCHS40 
VCHS33 
VCHS20 
VCOSSO 
VCPS50 
VdFHFP3 
VdFHFP11 


Table 2 
Tait Equation Parameter Functions for Polymer Melts 


V(0,T)/cm?g'! 


0.8254 + 2.8383-1074(7-273.15) -7.792:10:(Т-273.15)/ 
1.4075 - 9.095:10-4(7-273.15) + 3.497-10<(7-273.157 


0.89365 + 3.4864-10-4(7-273.15) + 5.0184: 10°-7(7-273.15)? 


0.9396 exp[5.306:10-4(7-273.15)] 

0.7484 exp[6.770-10-4(7-273.15)] 

0.76644 exp(1.921-105715) 

0.7644 + 3.419-10-(Т-273.15) + 3.126:10-(Т-273.15)2 
0.73381 ехр(1.626-10-5715) 

1.1841 - 1.091:104(7-273.15) + 5.286-10°°(7-273.15) 
1.1606 ехр[6.700-10-47-273.15) 
0.9287 exp[5.131-104(7-273.15) 
0.3200 + 9.5862:10-4(7-273.15) 
1.0043 ехр(6.691-10-“(Т7-273.15) 
0.82496 + 5.820-104(7-273.15) + 2.940-107(7-273.15)2 
0.7196 + 5.581-10(7-273.15) + 1.468-10-(Т-273.15)2 
0.9585 ехр[6.653-104(7-273.15) 
0.5790 exp[8.051-1074(7-273.15) 
0.9233 + 3.936:10-(Т-273.15) + 5.685-107(T-273.15? 
0.9211 + 4.370-1074(7-273.15) + 5.846-10-7(Т-273.15)? 
0.9044 + 4.207-10-(7-273.15) + 4.077-10-7(Т-273.15)? 
0.9016 + 4.036:10-(Т-273.15) + 4.206:10-(Т-273.15)2 
0.8871 + 3.406-10-47-273.15) + 4.938-10-7(Т-273.15)° 
0.8528 + 3.616:10-(7-273.15) + 2.634-10(T-273.15)? 
0.9053 ехр(2.437-10:5715) 

0.8986 ехр(2.317-10-57'5) 

0.8812 exp(2.031-105715) 

0.8704 ехр(1.846:10:571:) 

0.9063 + 3.570-104(T-273.15) + 6.532:107(T-273.15? 
0.8610 + 3.350-10"(7-273.15) + 6.980-107(T-273.15? 
0.6676 + 6.63:10^T 

0.7753 --6.17:10“Т 

0.8028 + 6.50-1047 

0.8213 --6.23:104Т 

0.7827 4-5.05:10“Т 

0.7805 + 4.92-10#Т 

0.7710--4.86:10“Т 

0.6416 + 5.42:1047 

0.7081 + 7.40-10^T 

0.7814 + 4.36-10 37 

0.587 +4.138 104(7-273.15) 

0.577 + 4.543 1074(7-273.15) 
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B(T)/MPa 


287.5 exp 


37.67 + 0.2134(T-273.15)] - 


7.0445-1 
297.7 ехр 
261.9 ехр 
305.6 ехр 
359.9 ехр 
365.9 ехр 
296.9 ехр 
162.1 ехр 
149.1 ехр 
216.9 ехр 
425.2 ехр| 
178.6 ехр 
204.9 ехр 
294.2 ехр 
215.8 ехр 
244.0 ехр 
239.8 ехр 
226.9 ехр 
238.4 ехр 
240.4 ехр 
289.3 ехр 
335.4 exp 
530.3 exp 
551.6 exp 
486.0 exp| 
356.7 exp 
232.0 exp 
261.0 exp 


5281.7 exp[-9.264-10X(T-273.15) 


247.6 exp 
581.7 exp| 
229.1 exp 
136.0 exp 
155.0 exp 
460.4 exp| 
489.8 exp| 
666.5 exp 
880.1 exp 
157.7 ехр 
207.1 exp 


-4.146:10-(Т-273.15) 


0-(7-273.15): 

-4.074103(T-273.15) 
-4.114103(T-273.15) 
-4.326:103(T-273.15) 
-4.378-103(T-273.15) 
-3.757-103(Т-273.15) 
-3.375103(T-273.15) 
-6.604-10(T-273.15) 
-4.177403(T-273.15) 
-3.319-10(7-273.15) 
-9.380-10(7-273.15) 
-4.223103(T-273.15) 
-4.346:103(T-273.15) 
-5.321103(T-273.15) 
-4.588-10(T-273.15) 
-5,210-10(7-273.15) 
-4.376:103(T-273.15) 
-4.286:10(T-273.15) 
-3.94310(T-273.15) 
-3.858-10(T -273.15)] 
-4431103(T-273.15) 
-3.923-10(7-273.15) 
-3.99-10-3(7-273.15)] 
-4.17:10:(Т-273.15)| 
-4.34-10:(Т-273.15)| 
-4.2410(T-273.15)] 
-4.143:103(T-273.15) 
-4.611-103(T-273.15) 


к 


-2.604-10:(Т-273.15) 
-4.553:103(T-273.15) 
-2.133103(T-273.15) 
-1.083-103(7-273.15) 
-1.605-1033(7-273.15) 
-3.453-103(7-273.15) 
-3.193-10:(7-273.15) 
-4.503-103(T-273.15) 
-4.393103(T-273.15) 
-2.83 10(7-273.15)] 
-4.15 10(T-273.15)] 


ASTRONOMICAL СОМ5ТАХТ5 
Victor Abalakin 


The constants in this table are based primarilarly on the set of constants adopted by the International Astronomical Union (ТАП) in 1976. Updates 
have been made when new data were available. All values are given in SI Units; thus masses are expressed in kilograms and distances in meters. 
The astronomical unit of time is a time interval of one day (1 d) equal to 86400 s. An interval of 36525 d is one Julian century (1 cy). 


REFERENCES 


1. Seidelmann, P. K., Explanatory Supplement to the Astronomical Almanac, University Science Books, Mill Valley, CA, 1990. 
2. Lang, К. R., Astrophysical Data: Planets and Stars, Springer-Verlag, New York, 1992. 


Defining constants 


Gaussian gravitational constant 
Speed of light 


Primary constants 


Light-time for unit distance (1 AU) 
Equatorial radius of earth 

Equatorial radius of earth (IUGG value) 
Dynamical form-factor for earth 
Geocentric gravitational constant 
Constant of gravitation 

Ratio of mass of moon to that of earth 


General precession in longitude, per Julian century, at 
standard epoch J2000 
Obliquity of the ecliptic at standard epoch J2000 


Derived constants 


Constant of nutation at standard epoch J2000 

Unit distance (AU = ct4) 

Solar parallax (zo = агсвш(а,/АО)) 

Constant of aberration for standard epoch J2000 

Flattening factor for the earth 

Heliocentric gravitational constant (GS = A9K2/D?) 

Ratio of mass of sun to that of the earth (S/E) = (GS)/(GE)) 
Ratio of mass of sun to that of earth + moon 

Mass of the sun (5 = (GS)/G) 


Ratios of mass of sun to masses of the planets 


Mercury 
Venus 

Earth + moon 
Mars 

Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 
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k = 0.01720209895 n? kg"! s? 
c = 299792458 тв! 


Тл = 499.004782 s 

а, = 6378140 m 

а, = 6378136 m 

Ј = 0.001082626 

СЕ = 3.986005 х 1014 m?s? 
С = 6.672 x 10:!! тко! 2 
u = 0.01230002 

1и = 81.300587 


р = 5029".0966 
g = 23%26'21".448 


М-9”2025 

AU = 1.49597870 х 10!! m 

mo = 8.794148 

к=20/.49552 

f= 1/298.257 = 0.00335281 
GS = 132712438 х 1020 m? s? 
S/E = 332946.0 

(S/E)/(1 + и) = 328900.5 

5 = 1.9891 x 1030 kg 


6023600 
408523.5 
328900.5 
3098710 
1047.355 
3498.5 
22869 
19314 
3000000 


PROPERTIES ОЕ THE SOLAR SYSTEM 


The following tables give various properties of the planets and characteristics of their orbits in the solar system. Certain properties of the sun and 
of the earth's moon are also included. 
Explanations of the column headings: 


° Den.: mean density іп g/cm? 

е Radius: radius at the equator іп km 

° Flattening: degree of oblateness, defined as (г,-л, )/r, , where r, and r, are the equatorial and polar radii, respectively 

° Potential coefficients: coefficients in the spherical harmonic representation of the gravitational potential U by the equation 

U(r.) = (СМ) [1— x Лат)" Р, (8ш $)] 

where G is the gravitational constant, r the distance from the center of the planet, a the radius of the planet, M the mass, ф the latitude, and Р, the 
Legendre polynomial of degree n. 

* Gravity: acceleration due to gravity at the surface 

• Escape velocity: velocity needed at the surface of the planet to escape the gravitational pull 

° Dist. to sun: semi-major axis of the elliptical orbit (1 AU = 1.496 x 108 km) 

° £: eccentricity of the orbit 

° Ecliptic angle: angle between the planetary orbit and the plane of the earth's orbit around the sun 

° Inclin.: angle between the equatorial plane and the plane of the planetary orbit 

• Rot. period: period of rotation of the planet measured in earth days 

e Albedo: ratio of the light reflected from the planet to the light incident on it 

e T, mean temperature at the surface 

• 


Ри: pressure of the atmosphere at the surface 
The following general information on the solar system is of interest: 


Mass of the earth = M, = 5.9742 x 1024 kg 

Total mass of planetary system = 2.669 x 1027 kg = 447 M, 

Total angular momentum of planetary system = 3.148 x 1043 kg m?/s 
Total kinetic energy of the planets = 1.99 x 1035 J 

Total rotational energy of planets = 0.7 x 1095 J 


Properties of the sun: 


Mass = 1.9891 x 1030 kg = 332946.0 М, 

Radius = 6.9599 x 108 т 

Surface area - 6.087 x 1018 m? 

Volume = 1.412 x 1027 m? 

Mean density - 1.409 g/cm? 

Gravity at surface - 27398 cm/s? 

Escape velocity at surface - 6.177 x 105 m/s 

Effective temperature - 5780 K 

Total radiant power emitted (luminosity) = 3.86 x 1026 W 
Surface flux of radiant energy - 6.340 x 107 W/n? 

Flux of radiant energy at the earth (Solar Constant) - 1373 W/m? 


REFERENCES 
1. Seidelmann, P. K., Editor, Explanatory Supplement to the Astronomical Almanac, University Science Books, Mill Valley, CA, 1992. 


2. Lang, К. R., Astrophysical Data: Planets and Stars, Springer-Verlag, New York, 1992. 
3. Allen, C. W., Astrophysical Quantities, Third Edition, Athlone Press, London, 1977. 
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Planet 


Mercury 
Venus 
Earth 
(Moon) 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


Planet 


Mercury 
Venus 
Earth 
(Moon) 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


Planet 


Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


PROPERTIES OF THE SOLAR SYSTEM (continued) 


Mass Den. Radius Potential coeffients Gravity Escape vel. 
1024 kg g/cm? km Flattening 103 J, 106 J4 cm/s? km/s 
0.33022 5.43 2439.7 0 370 4.25 
4.8690 5.24 6051.9 0 0.027 887 10.4 
5.9742 5.515 6378.140 0.00335364 1.08263 -2.54 -1.61 980 11.2 
0.073483 3.34 1738 0 0.2027 162 2.37 
0.64191 3.94 3397 0.00647630 1.964 371 5.02 
1898.8 1.33 71492 0.0648744 14.75 2312 59.6 
568.50 0.70 60268 0.0979624 16.45 -1000 896 35.5 
86.625 1.30 25559 0.0229273 12 777 213 
102.78 1.76 24764 0.0171 4 1100 23.3 
0.015 14 1151 0 72 1.1 
Dist. to sun Ecliptic Rot. period No. of 
AU £ angle Inclin. d Albedo satellites 
0.38710 0.2056 7.00? 0? 58.6462 0.106 0 
0.72333 0.0068 3,399 17737 -243.01 0.65 0 
1.00000 0.0167 23.45? 0.99726968 0.367 1 
6.68? 27.321661 0.12 
1.52369 0.0933 1:83” 25.199 1.02595675 0.150 2 
5.20283 0.048 1.319 3,129 0.41354 0.52 16 
9.53876 0.056 2,499 26.73° 0.4375 0.47 18 
19.19139 0.046 0.77° 97.86° -0.65 0.51 15 
30.06107 0.010 1.779 29.56? 0.768 0.41 8 
39.52940 0.248 17.15? 118? -6.3867 0.3 1 
Т Pax Atmospheric composition 
K bar СО, М, о, Н,О Н, Не Аг Ме СО 
440 2 х 105 296 98% 
730 90 96.4% 3.4% 69 ppm 0.196 4 ppm 20 ррш 
288 1 0.03% 78.08% 20.95% 0 to 396 0.93% 18 ppm 1 ppm 
218 0.007 95.32% 2.7% 0.1396 0.0396 1.696 3 ppm 0.0796 
129 86.196 13.896 
97 92.496 7.496 
58 8996 1196 
56 8990 1196 
50 1х105 
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УТ 


Planet 


Earth 
Mars 


Jupiter 


Saturn 


SATELLITES OF THE PLANETS 


This table gives characteristics of the known satellites of the planets. The parameters covered are: 


* Orbital period in units of earth days. An R following the value indicates a retrograde motion. 
* Distance from the planet, as measured by the semi-major axis of the orbit. 
e Eccentricity of the orbit. 
e Inclination of the satellite orbit with respect to the equator of the planet. 
e Mass of the satellite relative to the planet. 
е Radius of the satellite in km. 
e Mean density of the satellite. 
° Geometric albedo, which is a measure of the fraction of incident sunlight reflected by the satellite. 
REFERENCES 
1. Seidelmann, P. K., Editor, Explanatory Supplement to the Astronomical Almanac, University Science Books, Mill Valley, CA, 1992. 
2. Lang, К. R., Astrophysical Data: Planets and Stars, Springer-Verlag, New York, 1992. 
3. Burns, Г. А., and Matthews, M. S., Eds., Satellites, University of Arizona Press, Tucson, 1986. 
Orb. Period Distance Rel. Radius 
Satellite d 103 km Eccentricity Inclination mass km 
Moon 27.321661 384.400 0.054900489 18.28-28.58? 0.01230002 1738 
Phobos 0.31891023 9.378 0.015 1.0? 1.5 х 108 13.5 x 10.8x 9.4 
Deimos 1.2624407 23.459 0.0005 0.9-2.7° 3x10? 7.5 х 6.1 x 5.5 
10 1.769137786 422 0.004 0.04? 4.68 x 105 1815 
Europa 3.551181041 671 0.009 0.47? 2.52 x 105 1569 
Ganymede 7.15455296 1070 0.002 0.21? 7.80 x 105 2631 
Callisto 16.6890184 1883 0.007 0.51? 5.66 x 105 2400 
Amalthea 0.49817905 181 0.003 0.40? 3.8 x 10? 135 x 83 x 75 
Himalia 250.5662 11480 0.15798 277.63? 5.0 x 10? 93 
Elara 259.6528 11737 0.20719 24.779 4х 1019 38 
Равірһае 735К 23500 0.378 1459 1х 10-10 25 
Sinope 758R 23700 0.275 153? 0.4 x 1010 18 
Lysithea 259.22 11720 0.107 29.02? 0.4 x 10:10 18 
Carme 692R 22600 0.20678 164? 0.5 x 10:10 20 
Ananke 631R 21200 0.16870 147? 0.2 x 10:10 15 
Leda 238.72 11094 0.14762 26.07? 0.03 x 10-10 8 
Thebe 0.6745 222 0.015 0.8? 4x 10:10 55x45 
Adrastea 0.29826 129 0.1 x 10:10 12.5 x 10x 7.5 
Metis 0.294780 128 0.5 x 1019 20 
Mimas 0.942421813 185.52 0.0202 1.53? 8.0 x 108 196 
Enceladus 1.370217855 238.02 0.00452 1.86? 1.3 x 107 250 
Tethys 1.887802160 294.66 0.00000 1.86? 1.3 x 106 530 
Dione 2736914742 371.40 0.002230 0.02? 1.85 x 106 560 
Rhea 4.517500436 527.04 0.00100 0.35? 4.4 x 106 765 
Titan 15.94542068 1221.83 0.029192 0.33? 2.38 x 104 2575 
Hyperion 21.2766088 1481.1 0.104 0.43? 3x 108 205 x 130 x 110 
Iapetus 79.3301825 3561.3 0.02828 14.72? 3.3 x 106 730 
Phoebe 550.48R 12952 0.16326 1779 7х1019 110 


Den. 
g/cm? 


3.34 
<2 
<2 

3.55 

3.04 

1.93 

1.83 


Albedo 


0.12 
0.06 
0.07 
0.61 
0.64 
0.42 
0.20 
0.05 
0.03 
0.03 


0.05 
0.05 
0.05 
0.5 
1.0 
0.9 
0.7 
0.7 
0.21 
0.3 
0.2 
0.06 


Бы д! 


Planet 


Uranus 


Neptune 


Pluto 


Satellite 


Janus 
Epimetheus 
Helene 
Telesto 
Calypso 
Atlas 
Prometheus 
Pandora 
Pan 
Ariel 
Umbriel 
Titania 
Oberon 
Miranda 
Cordelia 
Ophelia 
Bianca 
Cressida 
Desdemona 
Juliet 
Portia 
Rosalind 
Belinda 
Puck 
Triton 
Nereid 
Naiad 
Thalassa 
Despina 
Galatea 
Larissa 
Proteus 
Charon 


Orb. Period 
d 


0.6945 
0.6942 
2.7369 
1.8878 
1.8878 
0.6019 
0.6130 
0.6285 
0.5750 
2.52037935 
4.1441772 
8.7058717 
13.4632389 
1.41347925 
0.335033 
0.376409 
0.434577 
0.463570 
0.473651 
0.493066 
0.513196 
0.558459 
0.623525 
0.761832 


5.8768541 R 


360.13619 
0.294396 
0.311485 
0.334655 
0.428745 
0.554654 
1.122315 
6.38725 


SATELLITES OF THE PLANETS (continued) 


Distance 


105 km 


Eccentricity 


0.007 
0.009 
0.005 


Inclination 


0.14? 
0.34? 
0.0? 


0.3? 
0.0? 
0.0? 


0.3? 
0.36? 
0.14? 
0.10? 

4.2? 

0.1? 

0.1? 

0.2? 

0.0? 

0.2? 

0.1? 

0.1? 

0.3? 

0.0? 
0.31? 

157.345? 
27.6? 
4.74? 
0.21? 
0.07? 
0.05? 
0.20? 
0.55? 

99° 


Rel. Radius 
mass km 


110 x 100 x 80 

70 x 60 x 50 

18x16x15 

17 x 14 x 13 

17x11x11 

20 х 10 

70 х 50 х 40 

55х45х 35 

10 

1.56 х 105 579 
1.35 х 105 586 
4.06 х 105 790 
3.47 х 105 762 
0.08 х 105 240 


2.09 x 104 1353 
2x107 170 


79 

104 x 89 

218 x 208 x 201 

0.22 593 


Den. 
g/cm? 


1.55 
1.58 
1.69 
1.64 
1.25 


2.05 


Albedo 


0.8 
0.8 
0.7 
0.5 
0.6 
0.9 
0.6 
0.9 
0.5 
0.34 
0.18 
0.27 
0.24 
0.27 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.7 
0.4 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.5 


MASS, DIMENSIONS, AND OTHER PARAMETERS OF THE EARTH 


This table is a collection of data on various properties of the Earth. Most of the values are given in SI units. Note that 1 AU (astronomical unit) 


= 149,597,870 km. 


REFERENCES 


1. Seidelmann, P. K., Editor, Explanatory Supplement to the Astronomical Almanac, University Science Books, Mill Valley, CA, 1992. 


2. Lang, K. R., Astrophysical Data: Planets and Stars, Springer-Verlag, New York, 1992. 


Quantity 


Mass 
Major orbital semi-axis 


Distance from sun at perihelion 
Distance from sun at aphelion 
Moment of perihelion passage 
Moment of aphelion passage 
Siderial rotation period around sun 


Mean rotational velocity 
Mean equatorial radius 
Mean polar compression (flattening factor) 
Difference in equatorial and polar semi-axes 
Compression of meridian of major equatorial axis 
Compression of meridian of minor equatorial axis 
Equatorial compression 
Difference in equatorial semi-axes 
Difference in polar semi-axes 
Polar asymmetry 
Mean acceleration of gravity at equator 
Mean acceleration of gravity at poles 
Difference in acceleration of gravity at pole and 
at equator 
Mean acceleration of gravity for entire surface 
of terrestrial ellipsoid 
Mean radius 
Area of surface 
Volume 
Mean density 
Siderial rotational period 
Rotational angular velocity 
Mean equatorial rotational velocity 
Rotational angular momentum 
Rotational energy 
Ratio of centrifugal force to force of gravity 
at equator 
Moment of inertia 
Relative braking of earth's rotation due to 
tidal friction 


Relative secular acceleration of earth's 
rotation 

Not secular braking of earth's rotation 

Probable value of total energy of tectonic 
deformation of earth 

Secular loss of heat of earth through 
radiation into space 

Portion of earth's kinetic energy 
transformed into heat as a result of 
Шпаг and solar tides in the hydrosphere 


Symbol 


m t < g уо < N x 


A"E, 
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Value 


5.9742-1027 
1.000000 
1.4959787-108 
0.9833 

1.0167 

Jan. 2, 4 h 52 min 
July 4, 5 h 05 min 
31.5581-106 
365.25636 
29.78 
6378.140 
1/298.257 
21.385 
1/295.2 
1/298.0 

1/30 000 

213 

-10 

~1.10> 
9.78036 
9.83208 


5.172 


9.7978 

6371.0 
5.10-108 
1.0832-1012 
5.515 
86,164.09 
7.292116-10-5 
0.46512 
5.861-1033 
2.137-1099 


0.0034677 - 1/288 
8.070-1027 


-4.2-10:8 


+1.4.10-8 
—2.8.10-8 


-1-1023 


1.1023 


1.3.1023 


Unit 


cm/s? 


kg m? 
century-! 


century-! 
century-! 


J/century 


J/century 


J/century 


MASS, DIMENSIONS, AND OTHER PARAMETERS OF THE EARTH (continued) 


Quantity 


Differences in duration of days in 
March and August 

Corresponding relative annual variation 
in earth's rotational velocity 

Presumed variation in earth's radius 
between August and March 

Annual variation in level of world ocean 

Area of continents 


Area of world ocean 


Mean height of continents above sea level 
Mean depth of world ocean 

Mean thickness of lithosphere within the 
limits of the continents 

Mean thickness of lithosphere within the 
limits of the ocean 

Mean rate of thickening of continental 
lithosphere 

Mean rate of horizontal extension of 
continental lithosphere 

Mass of crust 

Mass of mantle 


Amount of water released from the mantle 
and core in the course of geological time 

Total reserve of water in the mantle 

Present content of free and bound water in 
the earth's lithosphere 

Mass of hydrosphere 

Amount of oxygen bound in the earth's crust 

Amount of free oxygen 

Mass of atmosphere 

Mass of biosphere 

Mass of living matter in the biosphere 

Density of living matter on dry land 

Density of living matter in ocean 

Age of the earth 

Age of oldest rocks 

Age of most ancient fossils 


Symbol 
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Value 


0.0025 (March-August) 
2.9.1078 (Aug.-March) 


-9.2 (Aug.-March) 
-10 (Sept.-March) 
1.49.108 

29.2 

3.61-108 

70.8 

875 

3794 


35 
4.7 
10 - 40 


0.75 - 20 
2.36.1072 
4.05.1024 


3.40-10?! 
2.1023 


2.4.1021 
1.664-10?! 
1.300-10?! 
1.5.1018 
5.136-1018 
1.148-10!6 
3.6.1014 
0.1 
15-1078 
4.55.10? 
4.0-109 
3.4-10? 


Unit 


% of surface 


km? 


% of surface 
m 

m 

km 

km 


m/106 y 


km/106 y 


GEOLOGICAL TIME SCALE 


Period or Beginning and end, 
Epoch in 106 years Key events 


Cenozoic era 


Quaternian 
Contemporary 0—10,000 у = 2,000 у 
Pleistocene 10,000-1,000,000 y + 50,000 у Homo Erectus breakout 
Tertiary 
Pliocene 1.8-5.3 Ape man fossils 
Miocene 5-25 Origin of grass 
Oligocene 25-37 Rise of cats, dogs, pigs 
Eocene 37—55 Debut of hoofed mammals 
Paleocene 55-67 Earliest primates 
Mesozoic era 
Cretaceous 67-138 Demise of dinosaurs 
Jurassic 138-208 First birds 
Triassic 208—245 Appearance of dinosaurs 
Paleozoic era 
Permian 245-290 Flowers, insect pollination 
Carboniferous 290—360 First conifers 
Devonian 360-410 First vertebrates ashore 
Silurian 410-435 Spore-bearing plants 
Ordovician 435-520 First animals ashore 
Cambrian 520-570 Vertebrates appear 
Pre-Cambrian 
Pre-Cambrian III (Proterozoic) 570-2500 First plants, jellyfish 
Pre-Cambrian II (Archean) 2500-3800 Photosynthetic bacteria 
Pre-Cambrian I (Hadean) 3800-4450 Earth formed 4600 million years ago 


Reference: Calder, N., Timescale - An Atlas of the Fourth Dimension, Viking Press, New York, 1983. 


14-8 


ACCELERATION DUE TO GRAVITY 


The acceleration due to gravity is tabulated here as a function of 
latitude and height above the earth's surface. Values were calculated 
from the expression 


gl(m/s?) = 9.780356 (1 + 0.0052885 sin? 0 —0.0000059 sin? 2 ф) 
—0.003086 H 


where 6 is the latitude and H is the height in kilometers. 
REFERENCE 


Jursa, A. S., Ed., Handbook of Geophysics and the Space Environ- 
ment, 4th ed., Air Force Geophysics Laboratory, 1985, p. 14-17. 


ф Н-0 H=1km H-5km Н =10 km 

0 9.78036 9.77727 9.76493 9.74950 

9 9.78075 9.77766 9.76532 9.74989 
10 9.78191 9.77882 9.76648 9.75105 
15 9.78381 9.78072 9.76838 9.75295 
20 9.78638 9.78330 9.77095 9.75552 
25 9.78956 9.78647 9.77413 9.75870 
30 9.79324 9.79016 9.77781 9.76238 
35 9.79732 9.79424 9.78189 9.76646 
40 9.80167 9.79858 9.78624 9.77081 
45 9.80616 9.80307 9.79073 9.77530 
50 9.81065 9.80757 9.79522 9.77979 
55 9.81501 9.81193 9.79958 9.78415 
60 9.81911 9.81602 9.80368 9.78825 
65 9.82281 9.81972 9.80738 9.79195 
70 9.82601 9.82292 9.81058 9.79515 
75 9.82860 9.82551 9.81317 9.79774 
80 9.83051 9.82743 9.81508 9.79965 
85 9.83168 9.82860 9.81625 9.80082 
90 9.83208 9.82899 9.81665 9.80122 
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DENSITY, PRESSURE, AND GRAVITY AS А FUNCTION OF DEPTH 
WITHIN THE EARTH 


This table gives the density p, pressure p, and acceleration due to gravity g as a function of depth below the earth‘s surface, as calculated from the 
model of the structure of the earth in Reference 1. The model assumes a radius of 6371 km for the earth. The boundary between the crust and mantle 
(the Mohorovicic discontinuity) is taken as 21 km, while in reality it varies considerable with location. 


REFERENCES 


1. Anderson, D. L., and Hart, R. S., J. Geophys. Res., 81, 1461, 1976. 
2. Carmichael, R. S., CRC Practical Handbook of Physical Properties of Rocks and Minerals, p.467, CRC Press, Boca Raton, FL, 1989. 


Depth p р 2 Depth p p g 
km g/cm? kbar cm/s? km g/cm? kbar cm/s? 
Crust 1771 4.96 752 994 
2071 5.12 903 1002 
0 1.02 0 981 2371 5.31 1061 1017 
3 1.02 3 982 2671 5.45 1227 1042 
3 2.80 3 982 2886 5.53 1352 1069 
21 2.80 5 983 
Outer core (liquid) 
Mantle (solid) 
2886 9.96 1352 1069 
21 3.49 5 983 2971 10.09 1442 1050 
41 3.51 12 983 3371 10.63 1858 953 
61 3.52 19 984 3671 11.00 2154 874 
81 3.48 26 984 4071 11.36 2520 760 
101 3.44 33 984 4471 11.69 2844 641 
121 3.40 39 985 4871 11.99 3116 517 
171 3.37 56 987 5156 12.12 3281 427 
221 3.34 73 989 
271 3.37 89 991 Inner core (solid) 
321 3.47 106 993 
371 3.59 124 994 5156 12.30 3281 427 
571 3.95 199 999 5371 12.48 3385 355 
871 4.54 328 997 5771 12.52 3529 218 
1171 4.67 466 992 6071 12.53 3592 122 
1471 4.81 607 991 6371 12.58 3617 0 
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OCEAN PRESSURE AS А FUNCTION OF DEPTH AND LATITUDE 


The following table is based upon an ocean model which takes into account the equation of state of standard seawater and the dependence on latitude 
of the acceleration of gravity. The tabulated pressure value is the excess pressure over the ambient atmospheric pressure at the surface. 


REFERENCES 


1. International Oceanographic Tables, Volume 4, Unesco Technical Papers in Marine Science No. 40, Unesco, Paris, 1987. 
2. Saunders, P.M., and Fofonoff, N.P., Deep-Sea Res. 23, 109-111, 1976. 


Pressure in MPa at the Specified Latitude 


Depth 
(meters) 0? 15? 30? 45? 60? 75? 90? 

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
500 5.0338 5.0355 5.0404 5.0471 5.0537 5.0586 5.0605 
1000 10.0796 10.0832 10.0930 10.1064 10.1198 10.1296 10.1333 
1500 15.1376 15.1431 15.1577 15.1778 15.1980 15.2127 15.2182 
2000 20.2076 20.2148 20.2344 20.2613 20.2882 20.3080 20.3153 
2500 25.2895 25.2985 25.3231 25.3568 25.3905 25.4153 25.4244 
3000 30.3831 30.3940 30.4236 30.4641 30.5047 30.5345 30.5453 
3500 35.4886 35.5012 35.5358 35.5832 35.6307 35.6654 35.6782 
4000 40.6056 40.6201 40.6598 40.7140 40.7683 40.8082 40.8229 
4500 45.7342 45.7505 45.7952 45.8564 45.9176 45.9626 45.9791 
5000 50.8742 50.8924 50.9421 51.0102 51.0785 51.1285 51.1469 
5500 56.0255 56.0456 56.1004 56.1755 56.2508 56.3059 56.3262 
6000 61.1882 61.2100 61.2700 61.3521 61.4344 61.4947 61.5168 
6500 66.3619 66.3857 66.4508 66.5399 66.6292 66.6947 66.7187 
7000 71.5467 71.5724 71.6427 71.7388 71.8352 71.9059 71.9318 
7500 76.7426 76.7701 76.8456 76.9488 77.0523 77.1282 77.1560 
8000 81.9493 81.9788 82.0594 82.1697 82.2804 82.3614 82.3911 
8500 87.1669 87.1983 87.2841 87.4016 87.5193 87.6057 87.6373 
9000 92.3950 92.4284 92.5194 92.6440 92.7689 92.8606 92.8941 
9500 97.6346 97.6698 97.7661 97.8978 98.0300 98.1269 98.1624 
10000 102.8800 102.9170 103.0185 103.1572 103.2961 103.3981 103.4355 
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PROPERTIES ОЕ SEAWATER 


In addition to the dependence on temperature and pressure, the physical properties of seawater vary with the concentration of the dissolved 
constituents. A convenient parameter for describing the composition is the salinity, 5, which is defined in terms of the electrical conductivity of the 
seawater sample. The defining equation for the practical salinity is: 


$ =a + a,K!? + a,K + азК?? + a ,K2 + asK5/2 , 


where К is the ratio of the conductivity of the seawater sample at 15°C and atmospheric pressure to the conductivity of a potassium chloride solution 
in which the mass fraction of KCl is 0.0324356, at the same temperature and pressure. The values of the coefficients are: 


ao = 0.0080 аз = 14.0941 

а, = -0.1692 ад = -7.0261 

dy = 25.3851 ds = 2.7081 
> а; = 35.0000 


Thus when К = 1, 5 = 35 exactly ( S is normally quoted in units of %o, i.e., parts per thousand). The value of 5 can be roughly equated with the mass 
of dissolved material in grams per kilogram of seawater. Salinity values in the open oceans at mid latitudes typically fall between 34 and 36. 

It is customary in oceanography to define the pressure at a given point as the pressure due to the column of water between that point and the surface. 
Thus by convention P = 0 at the sea surface. To a good approximation the pressure in decibars (dbar) can be equated to the depth in meters. Thus at 
45° latitude the pressure is 5000 dbar at 4902 m, 10000 dbar at 9700 m. 

The freezing point of seawater varies with salinity and pressure as follows (freezing point in °C): 


P/dbar 5-0 5 10 15 20 25 30 35 40 
0 0.000 -0274 -0.542 -0.812  -1.083 -1.358 -1.638 -1922 -2212 
50 -0.038 -0.311 -0.580 -0.849  -1.121  -1.396 -1.676 -1.960 -2.250 
100 -0.075 -0.349 -0.618 -0.887 -1.159 -1.434 -1.713 -1.998 -2.287 
500 -0.377 -0.650 -0.919 -1.188 -1.460 -1.735 -2.014 -2.299 -2.589 


The first table below gives several properties of seawater as a function of temperature for a salinity of 35. The second and third give density and 
electrical conductivity as a function of salinity at several temperatures, and the last lists typical concentrations of the main constituents of seawater 
as a function of salinity. 


REFERENCES 


1. The Practical Salinity Scale 1978 and the International Equation of State of Seawater 1980, Unesco Technical Papers in Marine Science No. 
36, Unesco, Paris, 1981; sections No. 37, 38, 39, and 40 in this series give background papers and detailed tables. 

Kennish, M. J., CRC Practical Handbook of Marine Science, CRC Press, Boca Raton, FL, 1989. 

Poisson, А. IEEE J. Ocean. Eng. ОЕ-5, 50, 1981. 

4. Webster, F., in AIP Physics Desk Reference, E. R. Cohen, D. R. Lide and G. L. Trigg, eds., Springer-Verlag, New York, 2002. 


we p 


Properties of Seawater as a Function of Temperature at Salinity S = 35 and Normal Atmospheric Pressure 


p 7 density in g/cm? 

В = (1/р) (dp/dS) = fractional change in density per unit change in salinity 

a = (1/p) (40/41) = fractional change in density per unit change in temperature (°С-!) 
к = electrical conductivity in S/cm 

T = viscosity in mPa s (equal to cP) 

c, = specific heat in J/kg °C 

v = speed of sound in m/s 


°C pigem? 10%  1070/C!  x/Scm! т/шРа8 cyJJkg!^C! ула! 


0 1.028106 7854 526 0.029048 1.892 3986.5 1449.1 
5 1.027675 7717 1136 0.033468 1.610 
10 1.026952 7606 1668 0.038103 1.388 3986.3 1489.8 
15 1.025973 17516 2141 0.042933 1.221 
20 1.024763 7444 2572 0.047934 1.085 3993.9 1521.5 
25 1.023343 7385 2970 0.053088 0.966 
30 1.021729 7338 3341 0.058373 0.871 4000.7 1545.6 
35 1.019934 17300 3687 
40 7270 4004 4003.5 1563.2 
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PROPERTIES ОЕ SEAWATER (continued) 


Density of Surface Seawater in g/cm? as a Function of Temperature and Salinity 


t/^ 


С 


5-0 5-5 


0.999843 1.003913 
0.999967  1.003949 
0.999702 1.003612 
0.999102 1.002952 
0.998206 1.002008 
0.997048 1.000809 
0.995651 0.999380 
0.994036 0.997740 
0.992220 0.995906 


5-10 8-15 5-20 5-25 
1.007955 1.011986 1.016014 1.020041 
1.007907 1.011858 1.015807 1.019758 
1.007501 1.011385 1.015269 1.019157 
1.006784 1.010613 1.014443 1.018279 
1.005793 1.009576 1.013362 1.017154 
1.004556 1.008301 1.012050 1.015806 
1.003095 1.006809 1.010527 1.014252 
1.001429 1.005118 1.008810 1.012509 
0.999575 1.003244 1.006915 1.010593 


1.024072 
1.023714 
1.023051 
1.022122 
1.020954 
1.019569 
1.017985 
1.016217 
1.014278 


1.028106 
1.027675 
1.026952 
1.025973 
1.024763 
1.023343 
1.021729 
1.019934 
1.017973 


1.032147 
1.031645 
1.030862 
1.029834 
1.028583 
1.027128 
1.025483 
1.023662 
1.021679 


Electrical Conductivity of Seawater іп S/cm as а Function of Temperature and Salinity 


°C 


30 


S=5 S=10 


0.004808 0.009171 


0.005570 0.0106 


0.006370 0.012131 
0.007204 0.013709 
0.008068 0.015346 
0.008960 0.017035 
0.009877 0.018771 


5 = 15 5-20 $225 
0.013357 0.017421 0.021385 
16 0.015441 0.020118 0.024674 
0.017627 0.022947 0.028123 
0.019905 0.025894 0.031716 
0.022267 0.028948 0.035438 
0.024703 0.032097 0.039276 
0.027204 0.035330 0.043213 


0.025257 
0.029120 
0.033171 
0.037391 
0.041762 
0.046267 
0.050888 


0.029048 
0.033468 
0.038103 
0.042933 
0.047934 
0.053088 
0.058373 


0.032775 
0.037734 
0.042935 
0.048355 
0.053968 
0.059751 
0.065683 


Composition of Seawater and Ionic Strength at Various Salinities (Ref. 2) 


Constituent 


Cr 

Br 

Е 

SO,” 
HCO; 
NaSO, 
KSO, 
Nat 

Kt 

Mg?” 

Ca% 

Sr2+ 
MgHCO;* 
MgSO, 
CaSO, 
NaHCO; 
H4BO, 
Tonic strength 


Expressed as molality 


5 = 30 


0.482 
0.00074 


0.0104 
0.00131 
0.0085 
0.00010 
0.405 
0.00892 
0.0413 
0.00131 
0.00008 
0.00028 
0.00498 
0.00102 
0.00015 
0.00032 
0.5736 


5-35 


0.562 
0.00087 
0.00007 
0.0114 
0.00143 
0.0108 
0.00012 
0.472 
0.01039 
0.0483 
0.00143 
0.00009 
0.00036 
0.00561 
0.00115 
0.00020 
0.00037 
0.6675 


5-40 


0.650 
0.00100 


0.0122 
0.00100 
0.0139 
0.00015 
0.544 
0.01200 
0.0561 
0.00154 
0.00011 
0.00045 
0.00614 
0.00126 
0.00024 
0.00042 
0.7701 


14-16 


5-30 


16.58 
0.057 


0.97 

0.078 
0.98 

0.013 
9.03 

0.338 
0.974 
0.051 
0.007 
0.023 
0.582 
0.135 
0.012 
0.019 


5-35 


19.33 
0.067 
0.001 
1.06 
0.085 
1.25 
0.016 

10.53 
0.394 
1.139 
0.056 
0.008 
0.030 
0.655 
0.152 
0.016 
0.022 


5-40 


22.36 
0.078 


1.14 
0.059 
1.60 
0.020 
12.13 
0.455 
1.323 
0.060 
0.009 
0.037 
0.717 
0.166 
0.020 
0.025 


As grams per kilogram of seawater 


ABUNDANCE OF ELEMENTS IN THE EARTH'S CRUST AND IN THE SEA 


This table gives the estimated abundance of the elements in the continental crust (in mg/kg, equivalent to parts per million by mass) and in seawater 
near the surface (in mg/L). Values represent the median of reported measurements. The concentrations of the less abundant elements may vary with 
location by several orders of magnitude. 


REFERENCES 


1. Carmichael, R. S., Ed., CRC Practical Handbook of Physical Properties of Rocks and Minerals, CRC Press, Boca Raton, FL, 1989. 

2. Bodel,L, et al., Environmental Inorganic Chemistry, Pergamon Press, New York, 1988. 

3. Ronov, A. B., and Yaroshevsky, A. A.,"Earth's Crust Geochemistry”, in Encyclopedia of Geochemistry and Environmental Sciences, 
Fairbridge, К. W.,Ed., Van Nostrand, New York, 1969. 


Abundance Abundance 
Crust Sea Crust Sea 
Element mg/kg mg/L Element mg/kg mg/L 
Ac 5.5 x 10:10 N 1.9 x 10! 5x10! 
Ag 7.5 x 102 4х 105 Ма 2.36 х 104 1.08 х 104 
А 8.23 х 104 2x10? Nb 2.0 x 10! 1x10? 
Ar 3.5 4.5 x 10: Nd 4.15 x 10! 2.8 x 106 
As 1.8 3.7 x 103 Ne 5х 103 1.2 x 104 
Au 4 x 103 4x 1056 Ni 8.4 x 10! 5.6x 10^ 
B 1.0 x 10! 4.44 O 4.61 x 105 8.57 x 105 
Ba 4.25 x 102 1.3 x 10-2 Os 1.5 x 103 
Be 2.8 5.6х 106 Р 1.05 х 109 6х102 
Ві 8.5 x 103 2x 105 Pa 14 x 106 5x 101! 
Br 2.4 6.73 x 10! Pb 1.4 x 10! 3x 105 
C 2.00 x 10? 2.8 x 10! Pd 1.5x102 
Ca 4.15 x 104 4.12 x 102 Po 2 х 10:10 1.5 х 10-4 
са 1.5 х 101 11х 10+ Рг 9.2 6.4 x 107 
Ce 6.65 x 10! 1.2x 105 Pt 5x103 
cl 1.45 x 102 1.94 х 104 Ra 9 х 107 8.9 х 107! 
Со 2.5x 10! 2 х 105 Rb 9.0 x 10! 1.2x 101 
Cr 1.02 x 10? 3х104 Ке 7х104 4х 106 
Cs 3 3x104 Rh 1х 103 
Си 6.0х 10! 2.5 x 104 Кп 4 х 10:3 6x 10:16 
Dy 52 9.1 x 107 Ru 1х 103 7х 107 
Er 3.5 8.7 х 107 5 3.50 х 102 9.05 х 102 
Ға 2.0 13х107 Sb 2x10! 2.4 x 104 
F 5.85 x 102 1.3 Sc 2.2 x 10! 6x107 
Fe 5.63 x 104 2x10? Se 5x10? 2х104 
Са 1.9 x 10! 3 х 105 5 2.82 x 105 2.2 
Gd 6.2 7x 107 $m 7.05 4.5 x 107 
Ge 1.5 5х 105 Sn 2.3 4 х 10° 
Н 1.40 x 103 1.08 x 105 Sr 3.70 x 10? 7.9 
He 8х 103 7 х 106 Та 2.0 2х106 
Hf 3.0 7 х 105 Tb 1.2 14х 107 
Не 8.5 x 102 3 х 105 Те 1х 103 
Но 1.3 22x107 Th 9.6 1х 105 
І 4.5 x 10! 6х 10-2 Ті 5.65 x 10? 1х 103 
Іп 2.5 x 101 2x 102 Tl 8.5 х 101 1.9 x 105 
Ir 1х 103 Тт 5.2 х 10-1 1.7 x 107 
K 2.09 x 104 3.99 x 10? U 2.7 3.2 x 103 
Kr 1x 104 2.1 x 104 V 1.20 x10? 2.5 x 109 
La 3.9 x 10! 3.4 x 10% w 1.25 1х104 
Li 2.0 x 10! 1.8 x 107 Xe 3x105 5x105 
Lu 8x10! 1.5 x 107 Y 3.3 x 10! 1.3 x 105 
Mg 2.33 x 104 1.29 х 103 Yb 3.2 8.2x 107 
Mn 9.50 x 10? 2x 104 Zn 7.0 x 10! 4.9 х 103 
Мо 12 1x102 Zr 1.65 х 102 3 х 105 
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SOLAR SPECTRAL IRRADIANCE 


The solar luminosity (total radiant power emitted) is 3.86.1026 УУ, of which 1373 W/m? reaches the top of the earth's atmosphere. To a zeroth 
approximation the sun can be considered a black body with an effective temperature of 5780 K, which implies a peak in the radiation at around 0.520 
um (5200 A). The actual solar spectral emission is more complex, especially at ultraviolet and shorter wavelengths. The graph below, which was taken 
from Reference 1, summarizes the solar irradiance at the top of the atmosphere in the range 0.3 to 10 шп. 


Irradiance in W m? ца 


REFERENCES 


Jursa, A.S., ed., Handbook of Geophysics and the Space Environment, Air Force Geophysics Laboratory, 1985. 

Pierce, A.K., and Allen, R.G., “The Solar Spectrum between 0.3 and 10 um”, in The Solar Output and its Variation, White, O.R., Ed., Colorado 
Associated University Press, Boulder, CO, 1977. 

Lang, K.R., Astrophysical Data. Planets and Stars, Springer-Verlag, New York, 1992. 
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0.5. STANDARD ATMOSPHERE (1976) 


A Standard Atmosphere is a hypothetical vertical distribution of atmospheric temperature, pressure, and density which is roughly representative of 
year-round, midlatitude conditions. Typical uses are to serve as a basis for pressure altimeter calibrations, aircraft performance calculations, aircraft and 
rocket design, ballistic tables, meteorological diagrams, and various types of atmospheric modeling. The air is assumed to be dry and to obey the perfect 
gas law and the hydrostatic equation which, taken together, relate temperature, pressure, and density with vertical position. The atmosphere is considered 
to rotate with the earth and to be an average over the diurnal cycle, the semiannual variation, and the range from active to quiet geomagnetic and sunspot 
conditions. 

The U.S. Standard Atmosphere, 197615 an idealized, steady-state representation of mean annual conditions ofthe earth's atmosphere from the surface 
to 1000 km at latitude 45?N, as it is assumed to exist during a period with moderate solar activity. The defining meteorological elements are sea-level 
temperature and pressure and a temperature-height profile to 1000 km. The 1976 Standard Atmosphere uses the following sea-level values which have 
been standard for many decades: 


Temperature — 288.15 K (15?C) 

Pressure — 101325 Pa (1013.25 mbar, 760 mm of Hg, or 29.92 in. of Hg) 
Density — 1225 g/m? (1.225 g/L) 

Mean molar mass — 28.964 g/mol 


The parameters included in this condensed version of the U.S. Standard Atmosphere are: 


Z — Height (geometric) above mean sea level in meters 

T — Temperature in kelvins 

P — Pressure in pascals (1 Ра = 0.01 millibars) 

p — Density in kilograms per cubic meter (1 kg/m? = 1 g/L) 
n — Number density in molecules per cubic meter 

v — Mean collision frequency in collisions per second 

l — Mean free path in meters 

n — Absolute viscosity in pascal seconds (1 Ра $ = 1000 cP) 
k — Thermal conductivity in joules per meter second kilogram (W/m K) 
v, — Speed of sound in meters per second 

g — Acceleration of gravity in meters per second square 


The sea-level composition (percent by volume) is taken to be: 


М,--78.08496 He — 0.000524 
0, — 20.9476 Kr — 0.000114 
Ar — 0.934 Xe — 0.0000087 
СО, — 0.0314 СН, — 0.0002 


Ne — 0.001818 H, — 0.00005 


The Т and P columns for the troposphere and lower stratosphere were generated from the following formulas: 


T/K Р/Ра 
H < 11000 m 288.15 - 0.0065 H 101325(288.15/7)5 7 
11000 т < H < 20000m 216.65 22632: 600015768832 -11000) 


20000 m < H < 32000m 216.65 + 0.0010(H-20000) — 5474.87(216.65/7) 9? 


where Н = rZ/(r + Z) is the geopotential height in meters and ғ is the mean earth radius at 45? N latitude, taken as 6356766 m. For altitudes up to 32 km, 
р = 0.003483677(Р/Т) in the units used here. Formulas for the other quantities may be found in the references. 


REFERENCES 


1. COESA, (7.5. Standard Atmosphere, 1976, U.S. Government Printing Office, Washington, D.C., 1976. 
2. Jursa, A.S., ed., Handbook of Geophysics and the Space Environment, Air Force Geophysics Laboratory, 1985. 
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0С?І 


Р/Ра 


1.778Е-05 
1.685Е-05 
1.596Е-05 
1.511E+05 
1.430E+05 
1.352E+05 
1.278Е-05 
1.207E+05 
1.139E+05 
1.075E+05 
1.013E+05 
9.546E+04 
8.988E+04 
8.456E+04 
7.950Е-04 
7.469Е-04 
7.012Е-04 
6.579E+04 
6.166E+04 
5.775Е+04 
5.405Е+04 
5.054Е+04 
4.722Е+04 
4.408Е+04 
4.111Е+04 
3.830Е+04 
3.565Е+04 
3.315Е+04 
3.080Е+04 
2.858Е+04 
2.650Е+04 
2.454E+04 
2.270E+04 
2.098E+04 
1.940E+04 
1.793E+04 
1.658E+04 
1.533E+04 
1.417E+04 
1.310E+04 
1.211E+04 
1.035E+04 
8.850E+03 
7.565Е+03 
6.467Е-03 


p/kg m? 


1.931 
1.849 
1.770 
1.693 
1.619 
1.547 
1.478 
1.411 
1.347 
1.285 
1.225 
1.167 
1.112 
1.058 
1.007 
0.957 
0.909 
0.863 
0.819 
0.777 
0.736 
0.697 
0.660 
0.664 
0.590 
0.557 
0.526 
0.496 
0.467 
0.440 
0.414 
0.389 
0.365 
0.337 
0.312 
0.288 
0.267 
0.246 
0.228 
0.211 
0.195 
0.166 
0.142 
0.122 
0.104 


nim 


4.015Е-25 
3.845E425 
3.680E425 
3.520E425 
3.366Е-25 
3.217E425 
3.102Е-25 
2.935E+25 
2.801E+25 
2.672E+25 
2.547E+25 
2.427Е-25 
2.311Е-25 
2.200Е--25 
2.093Е-25 
1.990E+25 
1.891Е+25 
1.795Е+25 
1.704Е+25 
1.616Е+25 
1.531Е+25 
1.450Е+25 
1.373Е+25 
1.299Е+25 
1.227Е+25 
1.159Е+25 
1.093Е+25 
1.031Е+25 
9.711Е+24 
9.141Е+24 
8.598Е+24 
8.079Е+24 
7.5858 +24 
7.016Е-24 
6.486E+24 
5.996E+24 
5.543E+24 
5.124Е-24 
4.738Е+24 
4.380Е+24 
4.049Е+24 
3.461Е+24 
2.959Е+24 
2.529Е+24 
2.162Е+24 


vist 


1.151Е+10 
1.096Е+10 
1.044Е-10 
9.933Е-09 
9.448 Е+09 
8.982 Е+09 
8.623Е-09 
8.106Е-09 
7.693E+09 
7.298E+09 
6.919E+09 
6.556E+09 
6.208E+09 
5.874E+09 
5.555E+09 
5.250E+09 
4.959E+09 
4.680E+09 
4.414E+09 
4.160E+09 
3.918E+09 
3.687E+09 
3.467E+09 
3.258E+09 
3.058Е-09 
2.869Е-09 
2.689Е-09 
2.518Е-09 
2.356E+09 
2.202E+09 
2.056E+09 
1.918E+09 
1.787E+09 
1.653E+09 
1.528E+09 
1.412E+09 
1.306E+09 
1.207E+09 
1.116E+09 
1.032E+09 
9.538E+08 
8.153E+08 
6.969E+08 
5.958E+08 
5.093E+08 


l/m 


4.208E-08 
4.395E-08 
4.592E-08 
4.800E-08 
5.019E-08 
5.252E-08 
5.447E-08 
5.757E-08 
6.032E-08 
6.324E-08 
6.633E-08 
6.961E-08 
7.310E-08 
7.680E-08 
8.073E-08 
8.491E-08 
8.937E-08 
9.411E-08 
9.917E-08 
1.046E-07 
1.103E-07 
1.165E-07 
1.231E-07 
1.302E-07 
1.377Е-07 
1.458E-07 
1.545E-07 
1.639E-07 
1.740E-07 
1.848E-07 
1.965E-07 
2.091E-07 
2.227Е-07 
2.408Е-07 
2.605Е-07 
2.818Е-07 
3.048Е-07 
3.297Е-07 
3.566Е-07 
3.857Е-07 
4.172Е-07 
4.881E-07 
5.710E-07 
6.680E-07 
7.814E-07 


n/Pa s 


1.942E-05 
1.927E-05 
1.912E-05 
1.897Е-05 
1.882Е-05 
1.867E-05 
1.852E-05 
1.836E-05 
1.821E-05 
1.805E-05 
1.789E-05 
1.774E-05 
1.758E-05 
1.742E-05 
1.726E-05 
1.710E-05 
1.694E-05 
1.678E-05 
1.661E-05 
1.645E-05 
1.628E-05 
1.612E-05 
1.595E-05 
1.578E-05 
1.561E-05 
1.544E-05 
1.527E-05 
1.510E-05 
1.493E-05 
1.475E-05 
1.458E-05 
1.440E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 
1.422E-05 


k/J пала КА 


0.02788 
0.02763 
0.02738 
0.02713 
0.02688 
0.02663 
0.02638 
0.02613 
0.02587 
0.02562 
0.02533 
0.02511 
0.02485 
0.02459 
0.02433 
0.02407 
0.02381 
0.02355 
0.02329 
0.02303 
0.02277 
0.02250 
0.02224 
0.02197 
0.02170 
0.02144 
0.02117 
0.02090 
0.02063 
0.02036 
0.02009 
0.01982 
0.01954 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 


vm 871 


359.0 
357.2 
355.3 
3229 
351.6 
349.8 
347.9 
346.0 
3441 
342.2 
340.3 
338.4 
336.4 
334.5 
332.5 
330.6 
328.6 
326.6 
324.6 
322.6 
320.6 
318.5 
316.5 
314.4 
312.3 
310.2 
308.1 
306.0 
303.9 
301.7 
299:5 
297.4 
295.2 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 


g/m s? 


9.822 
9.830 
9.819 
9.818 
9.816 
9.814 
9.813 
9.811 
9.810 
9.808 
9.807 
9.805 
9.804 
9.802 
9.801 
9.799 
9.797 
9.796 
9.794 
9.793 
9.791 
9.790 
9.788 
9.787 
9.785 
9.784 
9.782 
9.781 
9.779 
9.777 
9.776 
9.774 
9.773 
9.771 
9.770 
9.768 
9.767 
9.765 
9.764 
9.762 
9.761 
9.758 
9.754 
9.751 
9.748 
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ТСТ 


Z/m 


20000 
21000 
22000 
23000 
24000 
25000 
26000 
27000 
28000 
29000 
30000 
31000 
32000 
33000 
34000 
35000 
36000 
38000 
40000 
42000 
44000 
46000 
48000 
50000 
52000 
54000 
56000 
58000 
60000 
65000 
70000 
75000 
80000 
85000 
90000 
95000 
100000 
110000 
120000 
130000 
140000 
150000 
160000 
170000 
180000 


Т/К 


216.65 
217.58 
218.57 
219.57 
220.56 
221.55 
222.54 
223.54 
224.53 
225.52 
226.51 
227.50 
228.49 
230.97 
233.74 
236.51 
239.28 
244.82 
250.35 
255.88 
261.40 
266.93 
270.65 
270.65 
269.03 
263.52 
258.02 
252.52 
247.02 
233.29 
219.59 
208.40 
198.64 
188.89 
186.87 
188.42 
195.08 
240.00 
360.00 
469.27 
559.63 
634.39 
696.29 
747.57 
790.07 


Р/Ра 


5.529E+03 
4.729E+03 
4.048Е-03 
3.467E+03 
2.972E+03 
2.549E+03 
2.188Е+03 
1.880E+03 
1.610Е+03 
1.390E+03 
1.197Е+03 
1.031Е+03 
8.891Е+02 
7.673Е+02 
6.634Е+02 
5.746Е+02 
4.985Е+02 
3.771Е+02 
2.871Е+02 
2.200Е+02 
1.695Е+02 
1.313E+02 
1.023E+02 
7.978Е+01 
6.221Е+01 
4.834Е+01 
3.736E+01 
2.872E+01 
2.196E+01 
1.093E+01 
5.221 
2.388 
1.052 
4.457E-01 
1.836E-01 
7.597Е-02 
3.201Е-02 
7.104Е-03 
2.538Е-03 
1.251Е-03 
7.203Е-04 
4.542Е-04 
3.040Е-04 
2.121Е-04 
1.527Е-04 


p/kg m? 


8.891E-02 
7.572Е-02 
6.45 1E-02 
5.501Е-02 
4.694Е-02 
4.008Е-02 
3.426Е-02 
2.930Е-02 
2.508Е-02 
2.148Е-02 
1.841Е-02 
1.579E-02 
1.356E-02 
1.157E-02 
9.887E-03 
8.463E-03 
7.258Е-03 
5.367E-03 
3.996E-03 
2.995E-03 
2.259E-03 
1.714E-03 
1.317E-03 
1.027E-03 
8.056E-04 
6.390E-04 
5.045E-04 
3.963E-04 
3.097E-04 
1.632E-04 
8.283E-05 
3.992E-05 
1.846E-05 
8.220E-06 
3.416E-06 
1.393E-06 
5.604E-07 
9.708E-08 
2.222E-08 
8.152Е-09 
3.831Е-09 
2.076Е-09 
1.233E-09 
7.815E-10 
5.194Е-10 


nim? 


1.849Е+24 
1.574E+24 
1.341E+24 
1.144E+24 
9.759Е-23 
8.334Е-23 
7.123Е-23 
6.092Е-23 
5.214E423 
4.466E+23 
3.828E+23 
3.283E+23 
2.813E+23 
2.406E+23 
2.056E+23 
1.760Е-23 
1.509Е-23 
1.116Е-23 
8.308Е-22 
6.227Е-22 
4.697E+22 
3.564Е-22 
2.738E+22 
2.135E+22 
1.675E+22 
1.329E+22 
1.049E+22 
8.239E+21 
6.439E+21 
3.393E+21 
1.722E+21 
8.300E+20 
3.838E+20 
1.709Е-20 
7.116Е-19 
2.920E+19 
1.189E+19 
2.144E+18 
5.107Е+17 
1.930Е+17 
9.322Е+16 
5.186Е+16 
3.162Е+16 
2.055Е+16 
1.400Е+16 


vist 


4.354E+08 
3.716E+08 
3.173E+08 
2.712E+08 
2.319E+08 
1.985E+08 
1.700E+08 
1.458E+08 
1.250E+08 
1.073E+08 
9.219E+07 
7.925E+07 
6.818E+07 
5.852E+07 
5.030E+07 
4.331E+07 
3.736E+07 
2.794E+07 
2.104E+07 
1.594E+07 
1.215E+07 
9.318E+06 
7.208Е-06 
5.620E+06 
4.397E+06 
3.452E+06 
2.696E+06 
2.095Е+06 
1.620Е+06 
8.2948 +05 
4.0848 +05 
1.918Е+05 
8.656Е+04 
3.766E+04 
1.560E+04 
6.440E+03 
2.680E+03 
5.480E+02 
1.630E+02 
7.100E+01 
3.800E+01 
2.300E+01 
1.500E+01 
1.000E+01 
7.200 


l/m 


9.139E-07 
1.073E-06 
1.260E-06 
1.477Е-06 
1.731Е-06 
2.027Е-06 
2.372Е-06 
2.773Е-06 
3.240Е-06 
3.783E-06 
4.414E-06 
5.146E-06 
5.995E-06 
7.021Е-06 
8.218Е-06 
9.601Е-06 
1.120Е-05 
1.514Е-05 
2.034Е-05 
2.713Е-05 
3.597Е-05 
4.740E-05 
6.171E-05 
7.913E-05 
1.009E-04 
1.272Е-04 
1.611E-04 
2.051E-04 
2.624E-04 
4.979E-04 
9.810E-04 
2.035E-03 
4.402E-03 
9.886E-03 
2.370E-02 
5.790E-02 
1.420E-01 
7.880E-01 
3.310 
8.800 
1.800E+01 
3.300E+01 
5.300E+01 
8.200E+01 
1.200E+02 


n/Pa s 


1.422E-05 
1.427E-05 
1.432E-05 
1.438E-05 
1.443E-05 
1.448E-05 
1.454E-05 
1.459E-05 
1.465E-05 
1.470E-05 
1.475E-05 
1.481E-05 
1.486E-05 
1.499E-05 
1.514E-05 
1.529E-05 
1.543E-05 
1.572Е-05 
1.601Е-05 
1.629Е-05 
1.657Е-05 
1.685Е-05 
1.704Е-05 
1.703Е-05 
1.696Е-05 
1.660Е-05 
1.640Е-05 
1.612Е-05 
1.584Е-05 
1.512Е-05 
1.438E-05 
1.376E-05 
1.321E-05 
1.265E-05 


К] mls! Kt 


0.01953 
0.01961 
0.01970 
0.01978 
0.01986 
0.01995 
0.02003 
0.02011 
0.02020 
0.02028 
0.02036 
0.02044 
0.02053 
0.02073 
0.02096 
0.02119 
0.02142 
0.02188 
0.02233 
0.02278 
0.02323 
0.02376 
0.02397 
0.02397 
0.02384 
0.02340 
0.02296 
0.02251 
0.02206 
0.02093 
0.01978 
0.01883 
0.01800 
0.01716 


v m 6:1 


295.1 
295.1 
296.4 
297.1 
297.7 
298.4 
299.1 
299.7 
300.4 
301.1 
301.7 
302.4 
303.0 
304.7 
306.5 
308.3 
310.1 
313.7 
317.2 
320.7 
324.1 
327.5 
329.8 
329.8 
328.8 
325.4 
322.0 
318.6 
315.1 
306.2 
297.1 
289.4 
282.5 
275.5 


g/m s? 


9.745 
9.742 
9.739 
9.736 
9.733 
9.730 
9.727 
9.724 
9.721 
9.718 
9.715 
9.712 
9.709 
9.706 
9.703 
9.700 
9.697 
9.690 
9.684 
9.678 
9.672 
9.666 
9.660 
9.654 
9.648 
9.642 
9.636 
9.632 
9.624 
9.609 
9.594 
9.579 
9.564 
9.550 
9.535 
9.520 
9.505 
9.476 
9.447 
9.418 
9.389 
9.360 
9.331 
9.302 
9.274 
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CCPL 


Z/m 


190000 
200000 
220000 
240000 
260000 
280000 
300000 
320000 
340000 
360000 
380000 
400000 
450000 
500000 
550000 
600000 
650000 
700000 
750000 
800000 
850000 
900000 
950000 
1000000 


Т/К 


825.16 
854.56 
899.01 
929.73 
950.99 
965.75 
976.01 
983.16 
988.15 
991.65 
994.10 
995.83 
998.22 
999.24 
999.67 
999.85 
999.93 
999.97 
999.98 
999.99 
1000.00 
1000.00 
1000.00 
1000.00 


Р/Ра 


1.127Е-04 
8.474Е-05 
5.015Е-05 
3.106Е-05 
1.989Е-05 
1.308Е-05 
8.770Е-06 
5.980Е-06 
4.132Е-06 
2.888Е-06 
2.038Е-06 
1.452Е-06 
6.447Е-07 
3.024Е-07 
1.514Е-07 
8.213Е-08 
4.887E-08 
3.191E-08 
2.260E-08 
1.704E-08 
1.342E-08 
1.087E-08 
8.982Е-09 
7.514Е-09 


p/kg m? 


3.581E-10 
2.541Е-10 
1.367Е-10 
7.858Е-11 
4.742Е-11 
2.971Е-11 
1.916Е-11 
1.264Е-11 
8.503Е-12 
5.805Е-12 
4.01ЗЕ-12 
2.803Е-12 
1.184Е-12 
5.215Е-13 
2.384Е-13 
1.137Е-13 
5.712Е-14 
3.070Е-14 
1.788Е-14 
1.136Е-14 
7.824Е-15 
5.759Е-15 
4.453Е-15 
3.561Е-15 


nim 


9.887E+15 
7.182Е-15 
4.040Е+15 
2.420Е+15 
1.515Е+15 
9.807Е+14 
6.509Е+14 
4.405Е+14 
3.029Е+14 
2.109Е+14 
1.485Е+14 
1.056Е+14 
4.678Е+13 
2.192Е+13 
1.097Е+13 
5.950E+12 
3.540E+12 
2.311Е-12 
1.637Е+12 
1.234Е +12 
9.717Е-11 
7.876Е+11 
6.505Е+11 
5.442E+11 


vist 


5.200 

3.900 

2.300 

1.400 

9.300E-01 
6.100E-01 
4.200E-01 
2.900E-01 
2.000E-01 
1.400E-01 
1.000E-01 
7.200Е-02 
3.300Е-02 
1.600Е-02 
8.400Е-03 
4.800Е-03 
3.100Е-03 
2.200Е-03 
1.700Е-03 
1.400Е-03 
1.200Е-03 
1.000Е-03 
8.700Е-04 
7.500Е-04 


l/m 


1.700E+02 
2.400E+02 
4.200E+02 
7.000E+02 
1.100Е+03 
1.700Е-03 
2.600E+03 
3.800E+03 
5.600E+03 
8.000E+03 
1.100E+04 
1.600E+04 
3.600E+04 
7.700Е+04 
1.500Е+05 
2.800Е+05 
4.800Е+05 
7.300Е+05 
1.000Е+06 
1.400Е+06 
1.700Е+06 
2.100Е+06 
2.600Е+06 
3.100Е--06 


т\/Ра s 


k/J пала КА 


v m 871 


g/m s? 


9.246 
9.218 
9.162 
9.106 
9.051 
8.997 
8.943 
8.889 
8.836 
8.784 
8.732 
8.680 
8.553 
8.429 
8.307 
8.188 
8.072 
7.958 
7.846 
7.737 
7.630 
7.525 
7.422 
7.322 
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FIGURE 2. Total pressure and mass density as a function of geometric 
altitude. 
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FIGURE 6. Mean free path as a function of geometric altitude, FIGURE 8. Dynamic viscosity as a function of geometric altitude. 
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FIGURE 9. Coefficient of thermal conductivity as a function of geomet 
ric altitude. 
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FIGURE 10. Speed of sound as a function of geometric altitude. 
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FIGURE 11. Molecular-diffusion and eddy-diffusion coefficients as a 


function of geometric altitude. 
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FIGURE 12. Acceleration of gravity as a function of geometric altitude. 
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GEOGRAPHICAL AND SEASONAL VARIATION IN SOLAR RADIATION 


This table gives the amount of solar radiation reaching a unit area at the top of the earth's atmosphere per day as a function of latitude and 
approximate date. It is based upon a solar constant (total energy per unit area at the earth's average orbital distance) of 1373 W/m?. Absorption of 
radiation by the atmosphere is not taken into consideration. 


REFERENCE 


List, R.J., Smithsonian Meteorological Tables, Seventh Edition, Smithsonian Institution Press, Washington, D.C., 1962. 


Daily Solar Radiation in MJ/m? 


Lat. Mar. 21 Apr. 13 May 6 May 29 Jun. 2 Jul. 15 Aug. 8 Aug. 31 
90% 18.0 32.8 42.4 45.7 422 32.5 17.7 
80 6.6 18.0 32.3 41.8 45.0 41.6 32.0 17.7 
70 13.0 22.3 318 39.9 43.0 39.7 315 22.0 
60 19.0 27.0 34.4 39.7 41.6 39.4 34.0 26.7 
50 24.4 31.1 36.8 40.7 42.0 40.5 36.5 30.8 
40 29.1 34.3 38.6 41.3 42.1 41.1 38.3 33.9 
30 32.9 36.7 39.4 41.1 41.4 40.8 39.1 36.3 
20 35.7 38.0 392 39.7 39.7 39.5 38.9 37.5 
10 37.4 38.1 37.9 37.4 37.1 372 37.6 371 

0 38.0 37.1 35.5 34.1 33.5 34.0 352 36.6 

-10 374 35.0 32.3 30.0 29.2 29.9 32.0 34.6 

-20 35.7 31.8 28.0 25.2 24.1 25.1 27.8 315 

-30 32.9 27.8 23.1 19.7 18.5 19.7 22.8 27.4 

-40 29.1 22.8 17.5 14.0 12.6 13.9 17.4 22.6 

-50 24.4 17.3 11.7 82 7.0 82 11.6 172 

-60 19.0 11.4 5.9 2.9 2.0 2.9 5.9 11.3 

-10 13.0 5.4 1.0 1.0 5.3 

—80 6.6 0.3 0.3 

-90 

Lat. Sep. 23 Oct. 16 Nov. 8 Nov. 30 Dec. 22 Jan. 13 Feb. 4 Feb. 26 
90? 

80 6.5 0.3 0.3 
70 12.9 5.5 1.0 1.0 5.6 
60 18.8 11.6 6.2 3.1 24 3.1 6.2 11.7 
50 24.1 17.6 12.1 8.7 7:5 8.7 12.3 17.8 
40 28.7 23.1 18.2 14.8 13.5 14.9 18.4 23.5 
30 32.5 28.2 23.9 20.9 19.8 21.0 24.1 28.4 
20 353 32.3 29.1 26.6 25.7 26.7 29.3 32.7 
10 37.0 35.5 33.5 31.8 31.1 31.9 33.8 35.9 

0 37.6 37.6 36.9 36.1 35.8 36.3 37.3 38.0 

-10 37.0 38.6 39.4 39.5 39.6 39.7 39.7 39.1 

-20 35:3 38.5 40.7 42.0 42.4 42.2 41.1 39.0 

-30 32.5 372 40.9 43.3 442 43.5 413 37.7 

-40 28.7 34.8 401 43.6 45.0 43.8 40.5 35.2 

-50 24.1 315 383 43.1 44.8 43.2 38.6 31.9 

—60 18.8 27.3 35.7 41.9 44.4 42.1 36.0 27.7 

-70 12.9 22.6 33.0 422 45.9 42.4 33.3 22.9 

—80 6.5 182 33.5 44.2 48.1 44.4 33.8 18.4 

-90 18.2 34.0 44.8 48.8 45.1 34.4 18.4 
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INFRARED ABSORPTION BY THE EARTH'S ATMOSPHERE 


This graph summarizes the absorption by various atmospheric constituents іп the wavelength range from 1 to 13 tm (wavenumber range 10,000 
to 770 cm). The vertical scale is in arbitrary units and does not take into account the wavelength variation of either the solar background radiation 
or the infrared detector response. Thus the intensities of the absorption bands have only qualitative significance. 
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ATMOSPHERIC CONCENTRATION ОЕ CARBON DIOXIDE, 1958-2000 


The data in this table were taken at the Mauna Loa Observatory in Hawaii and represent averages adjusted to the 15th of each month. The last column 
gives the average over the year. The concentration of CO, is given in parts per million by volume. Data from other measurement sites may be found 
in Reference 1. 

The first graph illustrates the seasonal variation of CO; concentration and the steady increase over the last 40 years. The second graph summarizes 


the growth in the emissions of CO, into the atmosphere as a result of burning of fossil fuels (Reference 2). 


Year 


1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


REFERENCES 


. Keeling, C.D., and Whorf, T.P., Atmospheric CO, records from sites in the SIO air sampling network. In Trends: A Compendium of Data on 


Global Change, 2001. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, 
TN; <cdiac.esd.ornl.gov/ftp/maunaloa-co2/>. 
Marland, G., Boden, T. A., and Andres, R. J., Global, Regional, and National CO; Emissions. In Trends: A Compendium of Data on Global 
Change, 2001. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, TN; 
«cdiac.esd.ornl.gov/trends/emis/tre glob.htm» 


Jan. 


315.58 
316.43 
316.89 
317.94 
318.74 
319.57 
319.44 
320.62 
322.33 
322.57 
324.00 
325.06 
326.17 
326.77 
328.54 
329.35 
330.40 
331.74 
332.92 
334.97 
336.23 
338.01 
339.23 
340.75 
341.37 
343.70 
344.97 
346.29 
348.02 
350.43 
352.76 
353.66 
354.72 
355.98 
356.70 
358.36 
359.96 
362.05 
363.18 
365.32 
368.15 
369.08 


Feb. 


316.47 
316.97 
317.70 
318.56 
319.08 


320.44 
321.59 
322.50 
323.15 
324.42 
325.98 
326.68 
327.63 
329.56 
330.71 
331.41 
332.56 
333.41 
335.39 
336.76 
338.36 
340.47 
341.61 
342.52 
344.50 
346.00 
346.96 
348.47 
351.72 
353.07 
354.70 
355.75 
356.72 
357.16 
358.91 
361.00 
363.25 
364.00 
366.15 
368.86 
369.40 


March 


315.71 
316.65 
317.58 
318.54 
319.69 
319.86 


320.89 
322.39 
323.04 
323.89 
325.64 
326.93 
327.18 
327.15 
330.30 
331.48 
332.04 
333.50 
334.70 
336.64 
337.96 
340.08 
341.38 
342.70 
343.10 
345.29 
347.43 
347.86 
349.42 
352.22 
353.68 
355.39 
357.16 
357.81 
358.38 
359.97 
361.64 
364.02 
364.56 
367.31 
369.58 
370.45 


CO, Concentration in ppm at Mauna Loa 


April 


317.45 
317.72 
319.03 
319.48 
320.58 
321.39 


322.13 
323.70 
324.42 
325.03 
326.66 
328.14 
327.78 
329.72 
331.50 
332.65 
333.31 
334.58 
336.07 
337.76 
338.89 
340.77 
342.51 
343.57 
344.94 
347.08 
348.35 
349.55 
350.99 
353.59 
355.42 
356.20 
358.60 
359.15 
359.46 
361.27 
363.45 
364.72 
366.36 
368.61 
371.12 
371.59 


May 


317.50 
318.29 
320.03 
320.58 
321.01 
32224 
32224 
322.16 
324.07 
325.00 
325.57 
327.38 
328.07 
328.92 
330.07 
332.48 
333.08 
333.96 
334.87 
336.74 
338.01 
339.47 
341.46 
342.91 
344.13 
345.75 
347.43 
348.93 
350.21 
351.84 
354.22 
355.67 
357.16 
359.33 
359.66 
360.28 
361.68 
363.79 
365.41 
366.80 
369.30 
370.97 
371.75 


June 


318.16 
319.59 
319.77 
320.61 
321.47 
321.89 
321.87 
323.75 
324.09 
325.36 
326.70 
327.66 
328.57 
329.09 
332.07 
332.25 
333.59 
334.34 
336.27 
337.89 
339.29 
341.17 
342.25 
343.35 
345.32 
346.79 
348.25 
349.54 
351.25 
353.79 
355.13 
356.22 
358.24 
359.25 
359.59 
360.94 
363.26 
364.97 
365.62 
368.87 
370.32 
371.62 


July 


315.85 
316.55 
318.18 
318.58 
319.61 
319.74 
320.44 
321.21 
322.41 
322.55 
324.14 
325.89 
326.35 
327.37 
328.05 
330.87 
331.18 
331.91 
333.05 
334.93 
336.54 
337.73 
339.56 
340.49 
342.06 
343.99 
345.40 
346.56 
347.94 
349.52 
352.39 
353.90 
354.82 
356.18 
357.03 
357.58 
359.55 
361.90 
363.65 
364.47 
367.64 
369.25 
370.04 
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Aug. 


314.93 
314.80 
315.91 
316.79 
317.40 
317.77 
318.70 
318.87 
320.37 
320.92 
322.11 
323.67 
324.69 
325.43 
326.32 
329.31 
329.40 
330.06 
330.94 
332.75 
334.68 
336.09 
337.60 
338.43 
339.82 
342.39 
343.28 
344.69 
345.91 
348.11 
350.44 
351.67 
352.91 
354.03 
355.00 
355.52 
357.49 
359.46 
361.49 
362.51 
365.77 
366.91 
368.04 


Sept. 


313.19 
313.84 
314.16 
314.99 
316.26 
316.21 
316.70 
317.81 
318.64 
319.26 
320.33 
322.38 
323.10 
323.36 
324.84 
327.51 
327.44 
328.56 
329.30 
331.58 
332.76 
333.91 
335.88 
336.69 
337.97 
339.86 
341.07 
343.09 
344.86 
346.44 
348.72 
349.80 
350.96 
352.16 
353.01 
353.70 
355.84 
358.06 
359.46 
360.19 
363.90 
364.60 
366.53 


Oct. 


313.34 
313.84 
315.31 
315.42 
315.99 
316.87 
317.30 
318.10 
319.39 
320.25 
321.78 
323.07 
323.57 
325.20 
327.18 
327.37 
328.34 
328.94 
331.16 
332.54 
333.86 
336.02 
336.85 
337.86 
339.99 
341.35 
342.80 
344.17 
346.36 
348.88 
349.99 
351.18 
352.21 
353.31 
353.98 
355.99 
357.15 
359.60 
360.77 
364.23 
365.09 
366.63 


Nov. 


313.34 
314.82 
315.00 
316.10 
316.69 
317.06 
317.68 
318.87 
319.79 
320.72 
321.33 
322.85 
324.01 
324.80 
326.50 
328.16 
328.46 
329.49 
330.31 
332.40 
333.92 
335.29 
337.10 
338.36 
339.26 
341.16 
342.98 
344.24 
345.66 
347.81 
350.07 
351.30 
352.83 
353.75 
354.16 
355.33 
357.58 
359.56 
360.76 
362.43 
365.46 
366.63 
368.20 


Dec. 


314.67 
315.59 
316.19 
317.01 
317.69 
318.36 
318.71 
319.42 
321.03 
321.96 
322.90 
324.12 
325.13 
326.01 
327.55 
328.64 
329.58 
330.76 
331.68 
333.85 
334.95 
336.73 
338.21 
339.61 
340.49 
342.99 
344.22 
345.56 
346.90 
348.96 
351.34 
352.53 
354.21 
354.99 
355.40 
356.80 
359.04 
360.70 
362.33 
364.28 
366.97 
367.96 
369.43 


Annual 


315.98 
316.91 
317.65 
318.45 
318.99 


320.03 
321.37 
322.18 
323.05 
324.62 
325.68 
326.32 
327.46 
329.68 
330.25 
331.15 
332.15 
333.90 
335.50 
336.85 
338.69 
339.93 
341.13 
342.78 
344.42 
345.91 
347.15 
348.93 
351.48 
352.91 
354.19 
355.59 
356.37 
357.04 
358.89 
360.88 
362.64 
363.76 
366.63 
368.29 
369.40 


ATMOSPHERIC CONCENTRATION ОЕ CARBON DIOXIDE, 1958-2000 (continued) 


Million Metric Tons of Carbon 
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CO, Concentration at Mauna Loa 
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MEAN TEMPERATURES IN THE UNITED STATES, 1900-1992 


Historical records of atmospheric temperatures have been analyzed to obtain mean temperatures in “С for 23 climatically distinct regions of the 
United States. The table below gives the average over these 23 regions, which cover completely the contiguous 48 states. Data for the individual regions 
and for other parts of the world may be found in the references. 

The data are presented as temperature anomalies, i.e., as deviations (in “С) from the average temperature at each individual recording station over 
a 1961-1990 reference period. The trend in the temperature anomaly thus gives an indication of the long-term variation in average temperatures. 


CY Mean: Calendar year mean (January-December) 
Winter: December-February 

Spring: March-May 

Summer: June-August 

Fall: September-November 


REFERENCES 


1. Karl, T. R., Easterling, D. R., Knight, R. W., and Hughes, P. Y., in Trends '93: A Compendium of Data on Global Change, p. 686, Boden, Т. 
A., Kaiser, D. P., Sepanski, R. J., and Stoss, Е. W., Editors, ORNL/CDIAC-65, Oak Ridge National Laboratory, Oak Ridge, TN, 1994. 
2. Carbon Dioxide Information Analysis Center, WWW site <http://cdiac.esd.ornl.gov/ftp/trends93>. 


Year СУ Mean Winter Spring Summer Fall 

1900 0.46 0.21 0.27 0.85 
1901 -0.21 0.07 -0.46 0.48 -0.28 
1902 -0.14 -0.69 0.48 -0.58 0.12 
1903 -0.77 -0.84 0.10 -0.83 -1.02 
1904 -0.72 -1.86 -0.39 -0.92 -0.21 
1905 -0.45 -1.86 0.67 -0.32 -0.25 
1906 -0.04 0.23 -0.69 -0.42 -0.10 
1907 -0.23 1.09 -0.61 -0.85 -0.39 
1908 -0.11 0.73 0.36 -0.64 -0.59 
1909 -0.36 0.82 -1.06 0.06 0.01 
1910 -0.14 -2.08 0.95 -0.55 0.13 
1911 0.02 0.52 0.20 -0.19 -0.62 
1912 -0.88 -1.50 -0.75 -0.76 -0.51 
1913 -0.23 -0.74 -0.65 -0.07 0.22 
1914 -0.05 0.48 0.04 0.14 0.32 
1915 -0.11 -0.37 -0.18 -1.16 0.31 
1916 -0.77 -0.29 -0.36 -0.30 -1.23 
1917 -1.34 -1.93 -1.75 -0.73 -1.04 
1918 -0.14 -2.02 0.30 0.03 -0.09 
1919 -0.16 0.69 0.00 0.12 -0.13 
1920 -0.37 -0.83 -0.96 -0.67 0.02 
1921 0.87 1.56 0.83 0.52 0.32 
1922 0.01 -0.44 0.15 0.16 0.41 
1923 -0.10 0.23 -1.02 -0.07 -0.09 
1924 -1.01 0.13 -1.27 -0.64 -0.53 
1925 0.20 -0.44 0.57 0.05 -0.41 
1926 -0.01 0.97 -0.58 -0.27 0.02 
1927 0.20 1.11 0.41 -0.83 0.83 
1928 -0.08 -0.40 -0.28 -0.43 -0.08 
1929 -0.68 -1.94 0.30 -0.39 -0.78 
1930 -0.12 0.07 0.09 -0.07 -0.25 
1931 0.81 1.16 -0.71 0.51 1.41 
1932 -0.14 1.75 -0.58 0.26 -0.78 
1933 0.35 -0.60 -0.08 0.45 0.54 
1934 0.86 1.45 0.77 0.86 0.82 
1935 0.12 0.84 0.12 0.31 -0.47 
1936 -0.10 -2.23 0.48 1.00 -0.32 
1937 -0.13 -0.65 -0.24 0.66 -0.03 
1938 0.71 1.31 0.98 0.39 0.08 
1939 0.38 0.36 0.34 0.18 0.15 
1940 0.06 0.03 -0.10 0.18 0.12 
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MEAN TEMPERATURES IN THE UNITED STATES, 1901-1992 (continued) 


Year СУ Mean Winter Spring Summer Fall 
1941 0.79 1.56 0.44 0.28 0.85 
1942 0.01 0.35 0.22 0.08 0.06 
1943 -0.17 0.20 -0.46 0.54 -0.79 
1944 0.04 0.61 -0.38 -0.20 0.43 
1945 -0.02 0.30 0.25 -0.47 0.08 
1946 0.53 -0.26 121 -0.21 0.18 
1947 0.10 0.47 -0.42 0.03 0.85 
1948 -0.22 -0.67 -0.01 0.02 -0.15 
1949 0.05 -0.77 0.39 0.33 0.23 
1950 -0.37 0.39 -1.02 -0.86 0.13 
1951 -0.45 0.05 -0.69 -0.30 -0.70 
1952 0.03 0.68 -0.40 0.49 -1.22 
1953 0.61 1.91 0.03 0.31 0.31 
1954 0.57 1.47 -0.22 0.36 0.70 
1955 -0.25 -0.33 0.12 0.19 -0.60 
1956 -0.05 -0.16 -0.42 0.01 -0.37 
1957 0.45 1.02 0.44 0.25 -0.13 
1958 0.14 0.93 0.06 0.11 0.45 
1959 0.12 -0.60 0.16 0.50 -0.52 
1960 -0.27 0.43 -0.98 0.01 0.56 
1961 -0.01 -0.02 -0.17 0.18 -0.29 
1962 -0.04 -0.52 -0.09 -0.41 0.65 
1963 -0.06 -1.35 0.61 0.12 1.38 
1964 -0.27 -1.30 -0.24 -0.08 -0.40 
1965 -0.03 -0.07 -0.56 -0.42 0.28 
1966 -0.34 -0.31 -0.25 -0.07 -0.13 
1967 -0.13 0.23 -0.05 -0.37 -0.32 
1968 -0.28 -0.31 -0.16 -0.12 0.01 
1969 -0.06 -0.36 -0.54 0.12 -0.16 
1970 -0.12 -0.17 -0.44 0.32 -0.07 
1971 -0.04 -0.08 -0.99 0.01 0.56 
1972 -0.13 0.20 0.26 -0.19 0.05 
1973 0.48 -0.23 0.47 0.22 0.90 
1974 0.16 0.52 0.74 -0.32 -0.39 
1975 -0.09 0.63 -0.79 0.03 -0.20 
1976 -0.62 0.88 -0.09 -0.54 -1.72 
1977 0.32 -1.95 1.07 0.60 0.68 
1978 -0.37 -1.31 0.23 0.09 0.21 
1979 -0.53 -2.92 0.09 -0.21 -0.07 
1980 0.18 0.72 -0.25 0.43 -0.04 
1981 0.64 0.90 0.80 0.57 0.36 
1982 -0.08 -0.86 0.03 -0.11 0.06 
1983 0.40 2.33 -0.36 0.58 0.94 
1984 0.21 -0.78 -0.30 0.31 0.07 
1985 -0.26 -0.78 1.24 -0.23 0.05 
1986 0.93 0.22 1.22 0.45 0.49 
1987 0.67 1.52 0.97 0.33 -0.17 
1988 -0.07 -0.26 -0.06 0.57 0.04 
1989 -0.30 -0.28 0.36 0.12 -0.27 
1990 0.72 0.41 0.72 0.41 0.66 
1991 0.77 0.32 1.36 0.56 -0.31 
1992 2.48 0.82 -0.70 
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This table and graph summarize the trend in annual mean global surface temperature from 1856 to 2000. The values were calculated from mean 
temperature anomalies by assuming an absolute global mean of 14.00°C, which is the best estimate for the 1961-1990 period. The 95% confidence 


GLOBAL TEMPERATURE TREND, 1856-2000 


interval for the annual mean temperature values since 1951 is + 0.12°C; prior to 1900 this interval is + 0.18°C. 


Jones, P. D., Parker, D. E., Osborn, T. J., and Briffa, K. R., Global and hemispheric temperature anomalies—land and marine instrumental records. 
In Trends: A Compendium of Data on Global Change, 2001. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. 


REFERENCE 


Department of Energy, Oak Ridge, TN; <cdiac.esd.ornl.gov/trends/temp/jonescru/jones.html>. 


Year 


1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 


°C 


13.63 
13.54 
13.58 
13:77 
13.61 
13.59 
13.47 
13.75 
13.55 
13.76 
13.79 
13.70 
13.79 
13.71 
13.68 
13.64 
13.79 
13.71 
13.61 
13.58 
13.59 
13.87 
14.00 
13.71 
13.72 
13.75 
13.77 
13.69 
13.64 
13.67 
13.74 


Mean temperature 


Year 


1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 


°С 


13.63 
13.69 
13.83 
13.62 
13.67 
13.58 
13.55 
13.62 
13.64 
13.84 
13.85 
13.66 
13.77 
13.86 
13.76 
13.63 
13.56 
13.51 
13.63 
13.69 
13.50 
13.48 
13.50 
13.54 
13.52 
13.59 
13.59 
13.75 
13.85 
13.63 
13.51 


Уеаг 


1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 


°C 


13.62 
13.71 
13:77 
13.78 
13.69 
13.72 
13.66 
13.76 
13.90 
13.80 
13.77 
13.62 
13.84 
13.92 
13.88 
13.75 
13.87 
13.83 
13.87 
13.96 
14.06 
13.98 
13.97 
14.06 
14.04 
14.04 
14.19 
14.06 
13.88 
13.89 
13.89 


Үеаг 


1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 


°C 


13.88 
13.79 
13.92 
14.01 
14.07 
13.82 
13.81 
13.74 
14.04 
14.10 
14.03 
13.99 
14.04 
14.02 
14.05 
13.77 
13.84 
13.93 
13.92 
13.90 
14.03 
13.97 
13.81 
13.96 
14.09 
13.82 
13.88 
13.78 
14.06 
13.97 
14.07 


Annual Mean Global Temperature іп °С 
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1950 


1975 2000 


Үеаг 


1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


°C 


14.11 
14.13 
14.06 
14.25 
14.03 
14.01 
14.10 
14.25 
14.25 
14.19 
14.34 
14.29 
14.14 
14.19 
14.26 
14.38 
14.22 
14.43 
14.59 
14.33 
14.29 


ATMOSPHERIC ELECTRICITY 
Hans Dolezalek, Hannes Tammet, John Latham, and Martin A. Uman 


L SURVEY AND GLOBAL CIRCUIT 
Hans Dolezalek 


The science of atmospheric electricity originated in 1752 by an experimental proof of a related earlier hypothesis (that lightning is an electrical 
event). Inspite ofa large effort, in part by such eminent physicists as Coulomb, Lord Kelvin, and many others, an overall, proven theory able to generate 
models with sufficient resolution is not yet available. Generally accepted and encompassing text books are now more than 20 years old. The voluminous 
proceedings of the, so far, nine international atmospheric electricity conferences (1954 to 1992) give much valuable detail and demonstrate impressive 
progress, as do a number of less comprehensive textbooks published in the last 20 years, but a general theory as indicated above is not yet created. 
Only now, certain related measuring techniques and mathematical possibilities are emerging. 

Applications to practical purposes do exist in the field of lightning research (including the electromagnetic radiation emanating from lightning) 
by the establishment of lightning-location networks and by the now developing possibility to detect electrified clouds which pose hazards to aircraft, 
Application of atmospheric electricity to other parts of meteorology seems to be promising but so far has seldom been instituted. Because some 
atmospheric electric signals propagate around the earth and because of the existence of a global circuit, applications for the monitoring of global change 
processes and conditions are now being proposed. Significant secular changes in the global circuit would indicate a change in the global climate; the 
availability of many old data (about a span of 100 years) could help detect a long term trend. 

The concept of the "global circuit" is based on the theory of the global spherical capacitor: both, the solid (and liquid) earth as one electrode, and 
the high atmospheric layers (about the ionosphere) as the other, are by orders of magnitude more electrically conductive than the atmosphere between 
them. According to the "classical picture of atmospheric electricity", this capacitor is continuously charged by the common action of all thunderstorms 
to a d.c. voltage difference of several hundred kilovolts, the earth being negative. The much smaller but still existing conductivity of the atmosphere 
allows a current flowing from the ionosphere to the ground, integrated for all sink areas of the whole earth, of the order of 1.5 kA. In this way, a global 
circuit is created with many generators and sink-areas both interspaced and distributed over the whole globe, all connected to two nodes: ionosphere 
and ground. Within the scope of the global circuit, foreach location, the current density (order of several pA/m2)is determined by the voltage difference 
between ionosphere and ground (which is the same for all locations but varying in time) and the columnar resistance reaching from the ground up to 
the ionosphere (in the order of 1017 Q m?). 

Natural processes, especially meteorological processes and some human activity, which produce or move electric charges ("space charges") or 
affect the ion distribution, constitute local generators and thereby “local circuits", horziontally and/or in parallel or antiparallel to the local part of the 
global circuit. In many cases, the local currents are much stronger than the global ones, making the measurement of the global current at a given location 
and/or during a period of time very difficult or, often, impossible. The strongest local circuits usually occur with certain weather conditions 
(precipitation, fog, high wind, blown-up dust or snow, heavy cloudiness) which make measurement of the global circuit impossible everywhere; but 
even in their absence local generators exist in varying magnitudes and of different characters. The separation of the local and global shares in the 
measured values of current density is a central problem of the science of atmospheric electricity. Aerological measurements are of high value in this 
regard. 

The above description is within the "classical picture" of atmospheric electricity, a group of hypotheses to explain the electricifation of the 
atmosphere. It is probably fundamentally correct but certainly not complete; it has not yet been confirmed by systems of measurements resulting in 
no inner contradictions. In particular, extraterrestrial influences must be permitted; their general significance is still under debate. 

Within this "classical picture" a kind of electric standard atmosphere may be constructed as shown in Table 1. 

Values with a star, *, are rough average values from measurement. A star in parentheses, (*), points to a typical value from one or a few 
measurements. All other values have been calculated from starred values, under the assumption that at 2 km 50% and at 12 km 90% of the columnar 
resistance is reached. Voltage drop along one of the partial columns can be calculated by subtracting the value for the lower column from that of the 
upper one. Columnar resistances, conductances, and capacitances are valid for that particular part of the column which is indicated at the left. 
Capacitances are calculated with the formula for plate capacitors, and this fact must be considered also for the time constants for columns. 

According to measurements, U, the potential difference between 0 m and 65 km may vary by a factor of approximately 2. The total columnar 
resistance, Ке, is estimated to vary up to a factor of 3, the variation being due to either reduction of conductivity in the exchange layer (about lowest 
2 km of this table) or to the presence of high mountains; in both cases the variation is caused in the troposphere. Smaller variations in the stratosphere 
and mesosphere are being discussed because of aerosols there. The air-earth current density in fair weather varies by a factor of 3 to 6 accordingly. 
Conductivity near the ground varies by a factor of about 3 but only decreasing; increase of conductivity due to extraordinary radioactivity is a singular 
event. The field strength near the ground varies as a consequence of variations of air-earth current density and conductivity from about 1/3 to about 
10 times of the value quoted іп the table. Conductivity near the ground shows a diurnal and an annual variation which depends strongly on the locality: 
air-earth current density shows a diurnal and annual variation because the earth-ionosphere potential difference undergoes such variations, and also 
because the columnar resistance is supposed to have a diurnal and probably an annual variation. 

Conductivities and air-earth current densities on high mountains are greater than at sea level by factors of up to 10. Conductivity decreases when 
atmospheric humidity increases. Values for space charges are not quoted because measurements are too few to allow calculation of average values. 
Values of parameters over the oceans are still rather uncertain. 

Theoretically, in fair-weather conditions, Ohm’s law must be fulfilled for the electric field, the conduction current density, and the electrical 
conductivity of the atmosphere. Deviations point to shortcomings in the applied measuring techniques. Data which are representative fora large area 
{in the extreme, “globally representative data”, i.e. data on the global circuit), can on the ground be obtained only by stations on an open plane and 
only if local generators are either small or constant or are independently measured. Certain measurements with instrumented aircraft provide globally 
representative information valid for the period of the actual measurement. 
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TABLE 1 


Electrical Parameters of the Clear (Fair-Weather) Atmosphere, Pertinent to the Classical Picture of Atm. Electricity (Electric Standard Atmosphere) 


Part of atmosphere 
for which the values are 
calculated (elements 
are in free, cloudless 
atmosphere) 


Volume element at about 
sea level, 1 m? 


Lower column of 1 m? 
Cross section from sea 
level to 2 km height 


Volume element at about 
2 km height, 1 m? 


Center column of 1 m? 
Cross section from 2 to 
12 km 


Volume element at about 
12 km height, 1 m? 


Upper column of 1 m? 
cross section from 12 to 
65 km height 


Whole column of 1 m? 
cross section from 0 to 
65 km height 


Total spherical capacitor 
area: 5 х 10/4 m? 


Currents, 1, in А; 
and current densities, 


i, in A/m? 


і=3х 102» 


(-3х 1072 


i=3x lO? 


i23x10" 


і=3 х 1072 


і=3 х 10-2 


i=3x 1012 


1=1.5х 103 


Potentia! differences, 

U, in V; field strength 

E in V/m; U - 0 at sea 
level 


Ер= 12 x 102* 


At upper епа: 
И, =18 х 105 


E,=6.6x 10! 


At upper end: 
Um = 3.15 x 105 


Еу = 3.9 x 10° 


At upper end: 
U,23.5x10 


At upper end: 
Uz35x10 


U=3.5 x 105* 


Resistances, R, in 
О; columnar resis- 
tances, Ку, in Q m? 
and resistivities, p, 

in Qm 


ро= 4 х 103 


Ка = 6x 1016 


р = 2.2 x 10135 


Rom = 4.5 х 1016 


рі= 1.3 x 102 


Roy = 1.5 х 106 


К. = 1.2 x 107 


R=24x 102 


Conductances, G, in 
0-1; columnar con- 
ductances G,, in 
Q:! m7; total con- 
ductivities, у, in ОЛ 
m! 


Yo = 2.5 x 10:14 


Gey = 1.7% 107 


у» = 4.5 х 10-14 


Ga = 5 х 107 


їз = 7.7 x 103 


Gey 225x107 


С. = 8.3 х 10°18 


С = 4.2 х 103 


Capacitances, C, in 
F; columnar capaci- 
tances, C,, in Е m? 
and capacitivities, е, 


in F m! 
50 = 89x10 U* 
Ca 244 x 1015 
£289 x 1012 
Com = 8.8 x 1016 
гр = 8.9х 109" 
Са = 1.67 х 1016 
C, = 1.36 x 1016 
С=6.8х 102 


Тіше constants 7, 
in seconds 

10 = 3.6x 10? 

та = 2.6 x 102 

т==2х10 

Tom = 1.8 х 10! 

То = 12x 10! 

Tem = 6.7 x 100 

т. = 1.64 x 10! 

121.64 x 10! 


Note: All currents and fields listed are part of the global circuit, i.e., circuits of local generators are not included. Values are subject to variations due to latitude and altitude of the point of observation above sea level, locality with respect 
to sources of disturbances, meteorological and climatological factors, and man-made changes. For more explanations, see text. 
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II. AIR IONS 
Hannes Tammet 


The term “ air ions" signifies all airborne particles which are the carriers of the electrical current in the air and have drift velocities determined by 
the electric field. 

The probability of electrical dissociation of molecules in the atmospheric air under thermodynamic equilibrium is near to zero. The average 
ionization at the ground level over the ocean is 2- 105 ion pairs пу 351, This ionization is produced mainly by cosmic rays. Over the continents the ionizing 
radiation from soil and from radioactive substances іп the air each add about 4-106 m-3s-!, The total average ionization rate of 107 m?s? is equivalent 
to 17 ШЕЛ which is a customary expression of the background level of the ionizing radiations. The ionization rate over the ground varies in space due 
to the radioactivity of soil, and in time depending on the exchange of air between the atmosphere and radon-containing soil. Radioactive pollution 
increases the ionization rate. A temporary increase of about 10 times was registered in Sweden after the Chernobyl accident in 1986. The emission 
of Kr®5 from nuclear power plants can noticeably increase the global ionization rate in the next century. The ionization rate decreases with altitude 
near the ground and increases at higher altitudes up to 15 km, where it has a maximum about 5-107 m3s"!. Solar X-ray and extreme UV radiation cause 
a new increase at altitudes over 60 km. 

Local sources of air ions are point discharges in strong electric fields, fluidization of charged drops from waves, etc. 

The enhanced chemical activity of an ion results in a chain of ion-molecule reactions with the colliding neutrals, and, in the first microsecond of 
the life of an air ion, a charged molecular cluster called the cluster ion is formed. According to theoretical calculations іп the air free from exotic trace 
gases the following cluster ions should be dominant: 


NO;--(HNO;)-H,0, МО; (0), КО ЊО, О (ЊОЈ, О; (20). 
Н,О“-(Н,О),, МН, (НО), NH,*-(H,0), НОО), МН “МН; 


A measurable parameter of air ions is the electrical mobility k, characterizing the drift velocity іп the unit electric field. The mobility is inversely 
proportional to the density of air, and the results of measurements are as a rule reduced to normal conditions. According to mobility the air ions are 
called: fast or small or light ions with mobility k > 5-105 m2V-1s-1, intermediate ions, and slow or large or heavy ions with mobility k < 106 m2V-! 
87. The boundary between intermediate and slow ions is conventional. 

Cluster ions are fast ions. The masses of cluster ions may be measured with mass spectrometers, but the possible ion-molecule reactions during 
the passage of the air through nozzles to the vacuum chamber complicate the measurement. Mass and mobility of cluster ions are highly correlated. 
The experimental results? can be expressed by the empirical formula 


850 u 


ття-----------т 
[3+ уп у) 
where u is the unified atomic mass unit. 

The value of the transport cross-section of a cluster ion is needed to calculate its mobility according to the kinetic theory of Chapman and Enskog. 
The theoretical estimation of transport cross-sections is rough and cannot be used to identify the chemical structures of cluster ions. Mass spectrometry 
is the main technique of identification of cluster ions.? 

Mark and Castleman (1986) presented an overview of over 1000 publications on the experimental studies of cluster ions. Most of them present 
information about ions of millisecond age range. The low concentration makes it difficult to get detailed information about masses and mobilities of 
the natural atmospheric ions at ground level. The results of a 1-year continuous measurement are as follows: 


* ions - ions unit 
Average mobility 1.36 1.56 104 m2V-!s-! 
The corresponding mass 190 130 u 
The corresponding diameter 0.69 0.61 nm 
The average concentration 400 360 106 m? 
The corresponding conductivity 87 9.0 fS 


The distribution of tropospheric cluster ions according to the mobility and estimated mass is depicted in Figure 1. 

The problems and results of direct mass spectrometry of natural cluster ions are analysed by Eisele (1986) for ground level and by Meyerott, Reagan 
and Joiner (1980) for stratospheric measurements. Air ions in the high atmosphere are a subject of ionospheric physics. 

During its lifetime (about 1 min), a cluster ion at ground level collides with nearly 1012 molecules. Thus the cluster ions are able to concentrate 
trace gases of very low concentration if they have an extra high electron or proton affinity. For example, Eisele (1986) demonstrated that a considerable 
fraction of positive atmospheric cluster ions in the unpolluted atmosphere at ground level probably consist of a molecule derived from pyridine. The 
concentration of these constituents is estimated to be about 10-12, Therefore, air-ion mass and mobility spectrometry is considered as a promising 
technique for trace analysis in the air. Mass and mobility spectrometry of millisecond-age air ions has been developed as a technique of chemical 
analysis known as “plasma chromatography" (Carr, 1984). The sensitivity of the detection grows with the age of the cluster ions measured. 

The mechanisms of annihilation of cluster ions are ion-ion recombination (on the average 3%) and sedimentation on aerosol particles (оп the 
average 97% of cluster ions at ground level). The result of the combination of a cluster ion and neutral particle is a charged particle called an aerosol 
ion. In conditions of detailed thermodynamic equilibrium the probability that a spherical particle of diameter d carries 4 elementary charges is calculated 
from the Boltzmann distribution: 


pd) = (2 nd/dg)? exp(-q2 4/24) 
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MASS : amu MASS : amu Figure 1. Average mobility and mass spectra of natural tropo- 
1000 500 200 100 50 1000 500 200 100 50 spheric cluster ions. Concentrations of the mobility fractions 
m? m? were measured in a rural site every 5 min over 1 year. Ion mass 
10 10 is estimated according to the above empirical formula. 
5.107 5.107 | 
НІП „++ 
0.5 1 2 0.5 1 2 
MOBILITY : 10*m'v's'! MOBILITY : 10*nv'!s! 


where dy = 115 nm (at 18°C). The supposition about the detailed equilibrium is an approximation and the formula is not valid for particles less than 
do. On the basis of numerical calculations by Hoppel and Frick (1990) the following charge probabilities can be derived: 


d 3 10 30 100 300 1000 3000 nm 
Po 98 90 70 42 24 14 8 % 
ра+р 2 10 30 48 4l 25 15 % 
рэ+р» 0 0 0 10 23 21 14 % 
Ра>2 0 0 0 0 12 40 63 % 
ky 15000 1900 250 28 54 1.11 0.33  109m2V-lg! 


The last line of the table presents the mobility of a particle carrying one elementary charge. Тһе distribution of the atmospheric aerosol ions over 
mobility is demonstrated in Figure 2. 

Although the concentration of aerosol in continental air at ground level is an order of magnitude higher than the concentration of cluster ions, the 
mobilities of aerosol ions are so small that their percentage in air conductivity is less than 1%. 

A specific class of aerosol ions are condensed aerosol ions produced as a result of the condensation of gaseous matter on the cluster ions. In aerosol 
physics the process is called ion-induced nucleation; it is considered as one among the processes of gas-to-particle conversion. The condensed aerosol 
ions have an inherent charge. Their sizes and mobilities are between the sizes and mobilities of cluster ions and of ordinary aerosol ions. Water and 
standard constituents of atmospheric air are not able to condense on the cluster ions in the real atmosphere. Thus the concentration of condensed aerosol 
ions depends on the trace constituents in the air and is very low in unpolluted air. Knowledge about condensed aerosol ions is poor because of 
measurement difficulties. 


DIAMETER : nm Figure 2. Mobility and size spectra of tropospheric aerosol ions. The wide bars mark 
400 200 100 40 20 10 the fraction concentrations theoretically estimated on the basis of the standard size 
m? distribution of tropospheric aerosol. The pin bars with head + and - mark average values 


of positive and negative aerosol ion fraction concentrations measured in a rural site 


10 every 5 min during 4 months. 
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Ш. THUNDERSTORM ELECTRICITY 
John Latham 


The development of improved radar techniques and instruments for in-cloud electrical and physical measurements, coupled with a much clearer 
recognition by the research community that establishment of the mechanism or mechanisms responsible for electric field development іп 
thunderclouds, culminating in lightning, is inextricably linked to the concomitant dynamical and microphysical evolution of the clouds, has led to 
significant progress over the past decade. 

Field studies indicate that in most thunderclouds the electrical development is associated with the process of glaciation, which can occur in a variety 
of incompletely understood ways. In the absence of ice, field growth is slow, individual hydrometeor charges are low, and lightning is produced only 
rarely. Precipitation — in the solid form, as graupel — also appears to be a necessary ingredient for significant electrification, as does significant 
convective activity and mixing between the clouds and their environments, via entrainment. 

Increasingly, the view is being accepted that charge transfer leading to field-growth is largely a consequence of rebounding collisions between 
graupel pellets and smaller vapor-grown ice crystals, followed by the separation under gravity of these two types of hydrometeor. These collisions 
occur predominantly within the temperature range -15 to -30?C, and for significant charge transfer need to occur in the presence of supercooled cloud 
droplets. 

The field evidence is inconsistent with an inductive mechanism, and extensive laboratory studies indicate that the principal charging mechanism 
is non-inductive and associated — in ways yet to be identified — with differences in surface characteristics of the interacting hydrometeors. 

Laboratory studies indicate that the two most favored sites for corona emission leading to the lightning discharge are the tips of ephemeral liquid 
filaments, produced during the glancing collisions of supercooled raindrops, and protuberances on large ice crystals or graupel pellets. The relative 
importance of these alternatives will depend on the hydrometeor characteristics and the temperature in the regions of strongest fields; these features 
are themselves dependent on air-mass characteristics and climatological considerations. 

A recently identified but unresolved question is why, in continental Northern Hemisphere thunderclouds at least, the sign of the charge brought 
to ground by lightning is predominantly negative in summer but more evenly balanced in winter. 


IV. LIGHTNING 
Martin A. Uman 


From both ground-based weather-station data and satellite measurements, it has been estimated that there are about 100 lightning discharges, both 
cloud and ground flashes, over the whole earth each second; representing an average global lightning flash density of about 6 km?yr'!. Most of this 
lightning occurs over the earth's land masses. For example, in central Florida, where thunderstorms occur about 90 days/yr, the flash density for 
discharges to earth is about 15 кт'2уг!, Some tropical areas of the earth have thunderstorms up to 300 days/yr. 

Lightning can be defined as a transient, high-current electric discharge whose path length is measured in kilometers and whose most common source 
is the electric charge separated in the ordinary thunderstorm or cumulonimbus cloud. Well over half of all lightning discharges occur totally within 
individual thunderstorm clouds and are referred to as intracloud discharges. Cloud-to-ground lightning, however, has been studied more extensively 
than any other lightning form because of its visibility and its more practical interest. Cloud-to-cloud and cloud-to-air discharges are less common than 
intracloud or cloud-to-ground lightning. 

Lightning between the cloud and earth can be categorized in terms of the direction of motion, upward or downward, and the sign of the charge, 
positive or negative, of the developing discharge (called a leader) which initiates the overall event. Over 90% of the worldwide cloud-to-ground 
discharges is initiated in the thundercloud by downward-moving negatively-charged leaders and subsequently results in the lowering of negative 
charge to earth. Cloud-to-ground lightning can also be initiated by downward-moving positive leaders, less than 10% of the worldwide cloud-to-ground 
lightning being of this type although the exact percentage is a function of season and latitude. Lightning between cloud and ground can also be initiated 
by leaders which develop upward from the earth. These upward-initiated discharges are relatively rare, may be of either polarity, and generally occur 
from mountaintops and tall man-made structures. 

We discuss next the most common type of cloud-to-ground lightning. A negative cloud-to-ground discharge or flash has an overall duration of 
some tenths of a second and is made up of various components, among which are typically three or four high-current pulses called strokes. Each stroke 
lasts about a millisecond, the separation time between strokes being typically several tens of milliseconds. Such lightning often appears to “flicker” 
because the human eye can just resolve the individual light pulse associated with each stroke. A drawing of the components of a negative cloud-to- 
ground flash is found in Figure 3. Some values for salient parameters are found in Table 1. The negatively-charged stepped leader initiates the first 
stroke in a flash by propagating from cloud to ground through virgin air in a series of discrete steps. Photographically observed leader steps in clear 


14-34 


ATMOSPHERIC ELECTRICITY (continued) 


ЕЕ 


Cloud Charge Preliminary Stepped 
Distribution Breakdown Leader 
1.00 ms 1.10 ms 1.15 ms 1.20 ms 


19.00 ms 20.00 ms 20.20 ms 


Second 
Return 
Stroke 


61.00 ms 62.00 ms 62.05 ms 


Figure 3. Sequence of steps in cloud-to-ground lightning. 


air are typically 1 uis in duration and tens of meters in length, with a pause time between steps of about 50 ps. A fully developed stepped leader lowers 
up to 10 or more coulombs of negative cloud charge toward ground in tens of milliseconds with an average downward speed of about 2 x 105 m/s. 
The average leader current is in the 100 to 1000 A range. The steps have pulse currents of at least 1 kA. Associated with these currents are electric- 
and magnetic-field pulses with widths of about | $ or less and risetimes of about 0.1 из or less. The stepped leader, during its trip toward ground, 
branches in a downward direction, resulting in the characteristic downward-branched geometrical structure commonly observed. The electric potential 
of the bottom of the negatively-charged leader channel with respect to ground has a magnitude in excess of 107 V. As the leader пр nears ground, the 
electric field at sharp objects on the ground or at irregularities of the ground itself exceeds the breakdown value of air, and one or more upward-moving 
discharges (often called upward leaders) are initiated from those points, thus beginning the attachment process. An understanding of the physics of 
the attachment process is central to an understanding of the operation of lightning protection of ground-based objects and the effects of lightning on 
humans and animals, since it is the attachment process that determines where the lightning connects to objects on the ground and the value of the early 
currents which flow. When one of the upward-moving discharges from the ground (or from a lightning rod or an individual) contacts the tip of the 
downward-moving stepped leader, typically some tens of meters above the ground, the leader tip is effectively connected to ground potential. The 
negatively-charged leader channel is then discharged to earth when a ground potential wave, referred to as the first return stroke, propagates 
continuously up the leader path. The upward speed of a return stroke near the ground is typically near one third the speed of light, and the speed decreases 
with height. The first return stroke produces a peak current near ground of typically 30 КА, with a time from zero to peak of a few microseconds. Currents 
measured at the ground fall to half of the peak value in about 50 ps, and currents of the order of hundreds of amperes may flow for times of a few 
milliseconds up to several hundred milliseconds. The longer-lasting currents are known as continuing currents. The rapid release of return stroke energy 
heats the leader channel to a temperature near 30,000 K and creates a high-pressure channel which expands and generates the shock waves that 
eventually become thunder, as further discussed later. The return stroke effectively lowers to ground the charge originally deposited onto the stepped- 
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leader channel and additionally initiates the lowering of other charge which may be available to the top of its channel. First return-stroke electric fields 
exhibit a microsecond scale rise to peak with a typical peak value of 5 V/m, normalized to a distance of 100 km by an inverse distance relationship. 
Roughly half of the field rise to peak, the so-called “fast transition", takes place in tenths of a microsecond, an observation that can only be made if 
the field propagation is over a highly conducting surface such as salt water. 

After the firstreturn-stroke currenthas ceased to flow, the flash, including charge motion in the cloud, may end. The lightning is then calleda single- 
stroke flash. On the other hand, if additional charge is made available to the top of the channel, a continuous or dart leader may propagate down the 
residual first-stroke channel àt a typical speed of about 1 x 107 m/s. The dart leader lowers a charge of the order of 1 C by virtue of a current of about 
1 КА. The dart leader then initiates the second (or any subsequent) return stroke. Subsequent return-stroke currents generally have faster zero-to-peak 
rise times than do first-stroke currents, but similar maximum rates of change, about 100 КА/иѕ. Some leaders begin as dart leaders, but toward the end 
oftheir trip toward ground become stepped leaders. These leaders are known as dart-stepped leaders and may have different ground termination points 
(and separate upward leaders) from the first stroke. Most often the dart-stepped leaders are associated with the second stroke of the flash. Nearly half 
of all flashes exhibit more than one termination point on ground with the distance between separate terminations being up to several kilometers. 
Subsequent return-stroke radiated electric and magnetic fields are similar to, but usually a factor of two or so smaller, than first return-stroke fields. 
About one third of all multiple-stroke flashes has at least one subsequent stroke which is larger than the first stroke. 

Cloud-to-ground flashes that lower positive charge, though not common, are of considerable practical interest because their peak currents and total 
charge transfer can be much larger than for the more common negative ground flash. The largest recorded peak currents, those in the 200- to 300-kA 
range, are dueto the return strokes of positive lightning. Such positive flashes to ground are initiated by downward-moving leaders which do not exhibit 
the distinct steps of their negative counterparts. Rather, they show а luminosity which is more or less continuous but modulated in intensity. Positive 
flashes are generally composed of a single stroke followed by a period of continuing current. Positive flashes are probably initiated from the upper 
positive charge in the thundercloud charge dipole when that cloud charge is horizontally separated from the negative charge beneath it, the source of 
the usual negative cloud-to-ground lightning. Positive flashes are relatively common in winter thunderstorms (snow storms), which produce few 
flashes overall, and are relatively uncommon in summer thunderstorms. The fraction of positive lightning in summer thunderstorms apparently 
increases with increasing latitude and with increasing height of the ground above sea level. 

Distant lightning return stroke fields are often referred to as sferics (called “atmospherics” in the older literature). The peak in the sferics frequency 
spectrum is near 5 kHz due to the bipolar or ringing nature of the distant return-stroke electromagnetic signal and to the effects of propagation. 

Thunder, the acoustic radiation associated with lightning, is sometimes divided into the categories “audible”, sounds that one can hear, and 
"infrasonic", below a few tens of hertz, a frequency range that is inaudible. This division is made because it is thought that the mechanisms that produce 
audible and infrasonic thunder are different. Audible thunder is thought to be due to the expansion of a rapidly heated return stroke channel, as noted 
earlier, whereas infrasonic thunder is thought to be associated with the conversion to sound of the energy stored in the electrostatic field of the 
thundercloud when lightning rapidly reduces that cloud field. 

The technology of artificially initiating lightning by firing upward small rocket trailing grounded wire of a few hundred meters length has been 
well-developed during the past decade. Such “triggered” flashes are similar to natural upward-initiated discharges from tall structure. They often 
contain subsequent strokes which, when they occur, are similar to the subsequent strokes in natural lightning. These triggered subsequent strokes have 
been the subject of considerable recent research. 

Also in the past 10 years or so sophisticated lightning locating equipment has been installed throughout the world. For example, all ground flashes 
in the U.S. are now centrally monitored for research, for better overall weather prediction, and for hazard warning for aviation, electric utilities and 
other lightning-sensitive facilities, 

Information on lightning physics can be found in M. A. Uman, The Lightning Discharge, Academic Press, San Diego, 1987; on lightning death 
and injury in Medical Aspects of Lightning Injury, editors C. Andrews, M. A. Cooper, M. Darveniza, and D. Mackerras, CRC Press, 1992. Ground 
flash location information for the U.S., in real time or archived, is available from Geomet Data Service of Tucson, AZ, which is also a source of the 
names of providers of those data in other countries. 

Table 2 has data for cloud-to-ground lightning discharges bringing negative charge to earth. The values listed are intended to convey a rough feeling 
forthe various physical parameters of lightning. No great accuracy is claimed since the results of different investigators are often not in good agreement. 
These values may, in fact, depend on the particular environment in which the lightning discharge is generated. The choice of some of the entries in 
the table is arbitrary. 
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ATMOSPHERIC ELECTRICITY (continued) 


TABLE 2 
Data for Cloud-to-Ground Lightning Discharges 
Representative 
Minimum* values Мах тиште 
Stepped leader 
Length of step, m 3 50 200 
Time interval between steps, ps 30 50 125 
Average speed of propagation of 
stepped leader, m/s? 1.0x 105 2.0 x 105 3.0 x 106 
Charged deposited on stepped-leader 
channel, coulombs 3 5 20 
Dart leader 
Speed of propagation, m/s> 1.0 x 106 1.0 x 107 24 x 107 
Charged deposited on dart-leader channel, 
coulombs 02 1 6 
Return stroke* 
Speed of propagation, m/sb 2.0 x 107 ` 1.0 x108 2.0 x 108 
Maximum current rate of increase, kKA/us <l 100 400 
Time to peak current, jis «1 2 30 
Peak current, kA 2 30 200 
Time to half of peak current, ps 10 50 250 
Charge transferred excluding continuing current, 
coulombs 0.02 3 20 
Channel length, km 2 3 15 
Lightning flash 
Number of strokes per flash 1 4 26 
Time interval between strokes in absence of 
continuing current, ms 3 60 100 
Time duration of flash, s 102 0.5 
Charge transferred including continuing current, 
coulombs 3 30 200 


а Тһе words maximum and minimum are used in the sense that most measured values fall between these limits. 

> Speeds of propagation are generally determined from photographic data and are “two-dimensional”. Since many lightning flashes are 
not vertical, values stated are probably slight underestimates of actual values. 

* First return strokes have longer times to current peak and generally larger charge transfer than do subsequent return strokes. 


Adapted from Uman, M. A., Lightning, Dover Paperbook, New York, 1986, and Uman, M. A., The Lightning Discharge, Academic Press, 
San Diego, 1987. 
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SPEED OF SOUND IN VARIOUS MEDIA 


The speed of sound in various solids, liquids, and gases is given in these tables. While only a single parameter v is needed for liquids and gases, 
sound propagation in isotropic solids is characterized by three velocity parameters. For a solid of infinite extent (or of finite extent if all dimensions 
are much larger than a wavelength, there are two relevant quantities, 


ур: velocity of longitudinal waves 
ус velocity of shear waves. 


For a cylindrical rod with diameter much smaller than a wavelength, 
Vex: Velocity of extensional waves along the rod. (Torsional waves in the rod are propagated at the same speed as sheer waves in an infinite solid.) 
Table 1 lists values for a variety of solid materials. Table 2 covers gases liquids and gases; values for cryogenic liquids are given at the normal 


boiling point. Table 3 gives the speed of sound in pure water and in seawater of salinity 5 = 3.5% as a function of temperature. АП values are in meters 
per second and are given for normal atmospheric pressure. 


REFERENCES 

1. Gray, D.E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972. 

2. Anderson, H.L., Ed., A Physicist's Desk Reference, American Institute of Physics, New York, 1989. 

3. Younglove, B.A., Thermophysical Proeprties of Fluids. Part I, J. Phys. Chem. Ref. Data, 11, Suppl. 1, 1982. 

4. Younglove, B.A., and Ely, J.F., Thermophysical Properties of Fluids. Part П, J. Phys. Chem. Кеј. Data, 16, 577, 1987. 

5. Haar, L., Gallagher, J.S., and Kell, G.S., NBS/NRC Steam Tables, Hemisphere Publishing Corp., New York, 1984. 

6. Mason, W.P., Physical Acoustics and the Properties of Solids, D. Van Nostrand Co., Princeton, N.J., 1958. 

7. Landolt-Bórnstein, Numerical Data and Functional Relationships in Science and Technology, New Series, 11/5, Molecular Acoustics, Springer- 

Verlag, Heidelberg, 1967. 
TABLE 1 
Speed of Sound in Solids at Room Temperature 
Name vı/m 87! v/ms!  v4/ms Name vı/m st v/ms! улт! 

Metals Steel, 347 Stainless 5790 3100 5000 

Aluminum, rolled 6420 3040 5000 Steel, K9 5940 3250 5250 

Beryllium 12890 8880 12870 Tin, rolled 3320 1670 2730 

Brass (70 Cu, 30 Zn) 4700 2110 3480 Titanium 6070 3125 5090 

Constantan 5177 2625 4270 Tungsten, annealed 5220 2890 4620 

Copper, annealed 4760 2325 3810 Tungsten, drawn 5410 2640 4320 

Copper, rolled 5010 2270 3750 Zinc, rolled 4210 2440 3850 

Duralumin 17S 6320 3130 5150 

Gold, hard-drawn 3240 1200 2030 Other materials 

Iron, cast 4994 2809 4480 Fused silica 5968 3764 5760 

Iron, electrolytic 5950 3240 5120 Glass, heavy silicate flint 3980 2380 3720 

Iron, Armco 5960 3240 5200 Glass, light borate crown 5100 2840 4540 

Lead, annealed 2160 700 1190 Glass, ругех 5640 3280 5170 

Lead, rolled 1960 690 1210 Lucite 2680 1100 1840 

Magnesium, annealed 5770 3050 4940 Nylon 6-6 2620 1070 1800 

Molybdenum 6250 3350 5400 Polyethylene 1950 540 920 

Monel metal 5350 2720 4400 Polystyrene 2350 1120 1840 

Nickel 6040 3000 4900 Rubber, butyl 1830 

Platinum 3260 1730 2800 Rubber, gum 1550 

Silver 3650 1610 2680 Rubber, neoprene 1600 

Steel (196 C) 5940 3220 5180 Tungsten carbide 6655 3980 6220 
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SPEED OF SOUND IN VARIOUS MEDIA (continued) 


TABLE 2 
Speed of Sound in Liquids and Gases 


Name °C v/m 871 Name °C v/m 871 
Liquids Pentane 20 1008 
Acetone 20 1203 Propane -42.1 1158 
Argon -185.9 813 1-Ргорапо! 20 1223 
Benzene 25 1310 Tetrachloromethane 25 930 
Bromobenzene 20 1169 Trichloromethane 25 987 
Butane -0.5 1034 1-Undecene 20 1275 
1-Butanol 20 1258 Water 25 1497 
Carbon disulphide 25 1140 Water (sea, S = 3.5%) 25 1535 
Chlorobenzene 20 1311 
Cyclohexane 19 1280 Gases at 1 atm 
1-Decene 20 1250 Air, dry 25 346 
Diethyl ether 25 976 Ammonia 0 415 
Ethane -88.6 1326 Argon 27 323 
Ethanol 20 1162 Carbon monoxide 0 338 
Ethylene -103.8 1309 Carbon dioxide 0 259 
Ethylene glycol 25 1658 Chlorine 0 206 
Fluorobenzene 20 1183 Deuterium 0 890 
Glycerol 25 1904 Ethane 27 312 
Helium -268.9 180 Ethylene 27 331 
Heptane 20 1162 Helium 0 965 
1-Нерїепе 20 1128 Hydrogen 27 1310 
Hexane 20 1083 Hydrogen bromide 0 200 
Hydrogen -252.9 1101 Hydrogen chloride 0 296 
Iodobenzene 20 1114 Hydrogen iodide 0 157 
Mercury 25 1450 Hydrogen sulfide 0 289 
Methane -161.5 1337 Methane 27 450 
Methanol 20 1121 Neon 0 435 
Nitrobenzene 25 1463 Nitric oxide 10 325 
Nitrogen -195.8 939 Nitrogen 27 353 
1-Nonene 20 1218 Nitrous oxide 0 263 
Octane 20 1197 Oxygen 27 330 
1-Осїепе 20 1184 Sulfur dioxide 0 213 
Oxygen -183.0 906 Water (steam) 100 473 
]-Pentadecene 20 1351 
TABLE 3 
Speed of Sound in Water and Seawater (S = 3.5%) at Different Temperatures 
v/m 871 
°C Water Seawater 
0 1401.0 1449.4 
10 1447.8 1490.4 
20 1483.2 1522.2 
25 1497.4 1535.1 
30 1509.5 1546.2 
40 1528.4 
50 1541.4 
60 1549.5 
70 1553.2 
80 1552.8 
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ATTENUATION AND SPEED OF SOUND IN AIR AS A FUNCTION OF HUMIDITY AND FREQUENCY 


This table gives the attenuation and speed of sound as a function of frequency at various values of relative humidity. АП values refer to still air 
at 20°C. 


REFERENCES 


1. Tables of Absorption and Velocity of Sound in Still Air at 68°F (20°C), AD-738576, National Technical Information Service, Springfield, VA. 
2. Evans, L. В., Bass, H. E., and Sutherland, L. C., J. Acoust. Soc. Am., 51, 1565, 1972. 


Frequency Attenuation Speed Frequency Attenuation Speed 
(Hz) (dB/km) (m/s) (Hz) (dB/km) (m/s) 
Relative humidity 0% Relative humidity 60% 
20 0.51 343.477 20 0.02 344.182 
40 1.07 343.514 40 0.06 344.183 
50 1.26 343.525 50 0.09 344.183 
63 1.43 343.536 63 0.15 344.184 
100 1.67 343.550 100 0.34 344.185 
200 1.84 343.559 200 0.99 344.190 
400 1.96 343.561 400 1.94 344.197 
630 2.11 343.562 630 2.57 344.200 
800 2.27 343.562 800 2.94 344.201 
1250 2.82 343.562 1250 4.01 344.202 
2000 4.14 343.562 2000 6.55 344.203 
4000 8.84 343.564 4000 18.73 344.204 
6300 14.89 343.565 6300 42.51 344.204 
10000 26.28 343.566 10000 101.84 344.206 
12500 35.81 343.566 12500 155.67 344.208 
16000 52.15 343.567 16000 247.78 344.211 
20000 75.37 343.567 20000 373.78 344.215 
40000 267.01 343.567 40000 1195.37 344.238 
63000 644.66 343.567 63000 2220.64 344.262 
80000 1032.14 343.567 80000 2951.71 344.274 
Relative humidity 30% Relative humidity 100% 

20 0.03 343.807 20 0.01 344.685 
40 0.11 343.808 40 0.04 344.685 
50 0.17 343.810 50 0.06 344.685 
63 0.25 343.810 63 0.09 344.685 
100 0.50 343.814 100 0.22 344.686 
200 1.01 343.821 200 0.77 344.689 
400 1.59 343.826 400 2.02 344.695 
630 2.24 343.827 630 3.05 344.699 
800 2.85 343.828 800 3.57 344.701 
1250 5.09 343.828 1250 4.59 344.704 
2000 10.93 343.829 2000 6.29 344.705 
4000 38.89 343.831 4000 13.58 344.706 
6300 90.61 343.836 6300 27.72 344.706 
10000 204.98 343.846 10000 63.49 344.706 
12500 294.08 343.854 12500 96.63 344.707 
16000 422.51 343.865 16000 154.90 344.708 
20000 563.66 343.877 20000 237.93 344.709 
40000 1110.97 343.911 40000 884.28 344.718 
63000 1639.47 343.924 63000 1973.62 344.731 
80000 2083.08 343.929 80000 2913.01 344.742 
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SPEED OF SOUND IN DRY AIR 


The values in this table were calculated from the equation of state for dry air (average molecular weight 28.96) treated as a real gas. Values refer 
to standard atmospheric pressure. The speed of sound varies only slightly with pressure; at two atmospheres and -100°С the value decreases by 0.13%, 
while at two atmospheres and 80?C the speed increases by 0.04%. 


REFERENCE 


Sytchev, V.V., Vasserman, A.A., Kozlov, A.D., Spiridonov, G.A., and Tsymarny, V.A., Thermodynamic Properties of Air, Hemisphere Publishing 
Corp., New York, 1987. 


°C у т 871 °C v/m 871 tC v/m s 

-100 263.5 -35 309.5 30 349.1 
-95 267.3 -30 312.7 35 352.0 
-90 271.1 -25 315.9 40 354.8 
-85 274.8 -20 3191 45 357.6 
-80 278.5 -15 322.3 50 360.4 
-15 282.1 -10 325.4 55 363.2 
-70 285.7 -5 328.4 60 365.9 
-65 289.2 0 331.5 65 368.6 
-60 292.7 5 334.5 70 371.3 
-55 296.1 10 337.5 75 374.0 
-50 299.5 15 340.4 80 376.7 
-45 302.9 20 343.4 
-40 306.2 25 346.3 
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Note 


Co 
СК 
Do 


American Standard pitch. Adopted by the American Standards Association in 1936 


Frequency 


16.35 
17.32 
18.35 
19.45 
20.60 
21.83 
23.12 
24.50 
25.96 
27.50 
29.14 
30.87 
32.70 
34.65 
36.71 
38.89 
41.20 
43.65 
46.25 
49.00 
51.91 
55.00 
58.27 
61.74 


Frequency 


16.17 
17.13 
18.15 


MUSICAL SCALES 


EQUAL TEMPERED CHROMATIC SCALE 


Note 


О 
CH 
D; 
Пя, 
Е; 
F, 
Ен, 


Ag = 440 Hz 


Frequency 


65.41 
69.30 
73.42 
77.78 
82.41 
87.31 
92.50 
98.00 
103.83 
110.00 
116.54 
123.47 
130.81 
138.59 
146.83 
155.56 
164.81 
174.61 
185.00 
196.00 
207.65 
220.00 
233.08 
246.94 


Note 


Са 
Ся, 
р, 
Dit, 
E4 
Fy 
FH, 
С, 
Git, 
A4 
АЯ, 
В, 
Cs 
С 
р, 
р#; 
Е; 
Fs 
Ен 


Frequency 


261.63 
277.18 
293.66 
311.13 
329.63 
349.23 
369.99 
392.00 
415.30 
440.00 
466.16 
493.88 
523.25 
554.37 
587.33 
622.25 
659.26 
698.46 
739.99 
783.99 
830.61 
880.00 
932.33 
987.77 


EQUAL TEMPERED СНКОМАТІС SCALE 


Note 


C2 
CH, 
р, 


A4 = 435 Hz 


Frequency 


64.66 
68.51 
72.58 


Note 


Са 
Cft, 
р, 


International Pitch, adopted 1891 


Frequency 


258.65 
274.03 
290.33 


Note 


Note 


Се 
Ст 
р, 


Frequency 


1046.50 
1108.73 
1174.66 
1244.51 
1318.51 
1396.91 
1479.98 
1567.98 
1661.22 
1760.00 
1864.66 
1975.53 
2093.00 
2217.46 
2349.32 
2489.02 
2637.02 
2793.83 
2959.96 
3135.96 
3322.44 
3520.00 
3729.31 
3951.07 
4186.01 


Frequency 


1034.61 
1096.13 
1161.31 


Note 


19.22 
20.37 
21.58 
22.86 
24.22 
25.66 
27.19 
28.80 
30.52 
32.33 
34.25 
36.29 
38.45 
40.74 
43.16 
45.72 
48.44 
51.32 
54.38 
57.61 
61.03 


Frequency 


16 


Note 


С 
D; 


76.90 

81.47 

86.31 

91.45 

96.89 

102.65 
108.75 
115.22 
122.07 
129.33 
137.02 
145.16 
153.80 
162.94 
172.63 
182.89 
193.77 
205.29 
217.50 
230.43 
244.14 


Frequency Note 


D#, 
E4 
Fy 
FH, 
С, 
Git, 
A4 
АЯ, 
В, 
Cs 
Cif 
р, 
р#; 
Е; 
Е, 
Ен 
Gs 
Gifs 
А5 
А 
Bs 


Са 
р, 
Е, 
Е, 
G4 


307.59 
325.88 
345.26 
365.79 
387.54 
410.59 
435.00 
460.87 
488.27 
517.31 
548.07 
580.66 
615.18 
651.76 
690.52 
731.58 
775.08 
821.17 
870.00 
921.73 
976.54 


SCIENTIFIC OR JUST SCALE 
С, - 256 Hz 


Frequency 


256 
288 
320 
341.33 
384 
426.67 
480 
512 
576 
640 
682.67 
768 
853.33 
960 


Note 


Cs 
Ds 


1230.37 
1303.53 
1381.04 
1463.16 
1550.16 
1642.34 
1740.00 
1843.47 
1953.08 
2069.22 
2192.26 
2322.62 
2460.73 
2607.05 
2762.08 
2926.32 
3100.33 
3284.68 
3480.00 
3686.93 
3906.17 
4138.44 


Frequency 


1024 
1152 
1280 
1365.33 
1536 
1706.67 
1920 
2048 
2304 
2560 
2730.67 
3072 
3413.33 
3840 
4096 


CHARACTERISTICS OF HUMAN HEARING 


The human ear is sensitive to sound waves with frequencies in the range from a few hertz to almost 20 kHz. Auditory response is usually expressed 
in terms of the /oudness level of a sound, which is a measure of the sound pressure. The reference level, which is given in the unit phon, is a pure tone 
of frequency 1000 Hz with sound pressure of 20 ЦРа (in cgs units, 2.10: dyn/cm? ); loudness level is usually expressed in decibels (dB) relative to 
this reference level. If a normal observer perceives an arbitrary sound to be equally loud as this reference sound, the sound is said to have the loudness 
level of the reference. The sensitivity of the typical human ear ranges from about 0 dB, the threshold loudness level, to about 140 dB, the level at which 
pain sets in. The minimum detectable level thus represents a sound wave of pressure 20 иРа and intensity (power density) 10-16 W/cm?. 

The following figure illustrates the frequency dependence of the threshold for an average young adult. 


80 


60 


40 


20 


Minimum audible loudness level in dB 


20 50 100 200 ` 500 1,000 2,000  5,00010,000 20,000 


Frequency in Hz 


The relation between loudness level and frequency for a typical person is expressed by the following table: 


Sound pressure level Frequency in Hz 

in dB relative to 20 uPa 125 500 1000 4000 8000 10000 
10 10 18 
20 16 20 28 11 
30 4 27 30 37 21 17 
40 17 39 40 45 30 26 
50 34 52 50 54 38 35 
60 52 65 60 64 47 44 
70 70 76 70 73 56 54 
80 86 86 80 83 66 64 
90 98 96 90 94 77 74 

100 108 105 100 106 88 86 


Thus, а 10,000 Hz tone at a pressure level of 50 dB seems equally loud as а 1000 Hz tone at a pressure of 35 dB. 

The term noise refers to any unwanted sound, either a pure tone or a mixture of frequencies. Since the sensitivity of the earis frequency dependent, 
as illustrated by the above table, noise level is expressed in a frequency-weighted scale, known as A-weighting. Decibel readings on this scale are 
designated as dBa. Typical noise levels from various sources are illustrated in this table: 
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CHARACTERISTICS OF HUMAN HEARING (continued) 


Source Noise level in dBa 
Rocket engine 200 
Jet aircraft engine 160 
Light aircraft, cruising 140 
Tractor, 150 hp 115 
Electric motor, 100 hp at 2600 rpm 105 
Pneumatic drill 100 
Subway train 90 
Vacuum cleaner 85 
Heavy automobile traffic 75 
Conversational speech 65 
Whispered speech 40 
Background noise, recording studio 25-30 


Recommended noise thresholds in the workplace have been established by the American Conference of Government Industrial Hygenists. Some 
examples of the maximum safe levels for different daily exposure times are given below. 


Duration of exposure Max. level in dBa 
24h 80 
8h 85 
4h 88 
lh 94 
30 min 97 
15 min 100 
2 min 109 
288 115 
0.115 139 


No exposure greater than 140 dBa is permitted. Further details may be found in Reference 3. 


REFERENCES 


Anderson, H. L., Editor, A Physicist’s Desk Reference, American Institute of Physics, New York, 1989, chap. 2. 

Gray, D. E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, chap. 3. 

Threshold Limit Values for Chemical Substances and Physical Agents; Biological Exposure Indices, 1999 Edition, American Conference of 
Governmental Industrial Hygienists, 1330 Kemper Meadow Drive, Cincinnati, OH 45240-1634. 
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INTERSTELLAR MOLECULES 
Frank J. Lovas and Lewis E. Snyder 
A number of molecules have been detected in the interstellar medium, in circumstellar envelopes around evolved stars, and comae and tails of comets 
through observation of their microwave, infrared, or optical spectra. The following list gives the molecules and the particular isotopic species that have 


been reported thus far. Molecules are listed by molecular formula in the Hill order. АП species not footnoted otherwise are observed in interstellar 
clouds, while some are also found in comets and circumstellar clouds. The list was last updated in November 2002. 


REFERENCES 


1. Lovas, F. J., “Recommended Rest Frequencies for Observed Interstellar Molecule Microwave Transitions - 1991 Revision", J. Phys. Chem. 
Ref. Data 21, 181-272, 1992. 


2. Snyder, L. E., “Cometary Molecules”, Internat. Astron. Union Symposium No. 150, Astrochemistry of Cosmic Phenomena, ed. Р.О. Singh, 
Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 427-434 (1992). 


Molecular Isotopic Molecular Isotopic 
formula Name species formula Name species 
AICI Aluminum monochloride АСВ Н,С348 
AIC]? HDCS 
AIF Aluminum monofluoride AIF? СН, Мешу! CH; ê 
CAIN Aluminum isocyanide АІМСа СН.М Methanimine CH;NH 
CH Methylidyne CH '3CH,NH 
CHt Methyliumylidene СН" СН;МО Formamide МН,СНО 
СНМ Hydrogen cyanide HCN NH;?^CHO 
HPCN СН,О? Hydroxy methylium ion H;COH* 
HCN СН, Methane CH, 
DCN СН,О Methanol СН,ОН 
СНМ Hydrogen isocyanide HNC ІЗСНҘОН 
H5NC СН,ЗОН 
HNPC CH;DOH 
DNC СН,Ор 
D5NC CHD,OH 
CHNO Isocyanic acid HNCO CH,S Methanethiol СН;5Н 
DNCO CHN Methylamine CH4NH; 
CHNS Isothiocyanic acid HNCS CMgN Magnesium cyanide MgCN? 
CHO Oxomethyl HCO CMgN Magnesium isocyanide А Мемса 
CHO* Oxomethylium HCO* 2 Мемса 
H8COt 26M gNC@ 
HC"O* CN Cyanide radical CN 
HC!50* СМ 
DCO* СМ 
DPCO* CN* Cyanide radical ion СМ 
CHO* Hydroxymethylidyne HOC* CNNa Sodium cyanide NaCN? 
CHO,* Hydroxyoxomethylium HOCO* CNSi Silicon cyanide SiCN@ 
CHS* Thiooxomethylium HCS* СМ, Cyanoimidogen МСМ» 
сн, Methylene СН, СО Carbon monoxide СО 
CH,N* Iminomethylium HCNH* BCO 
CHN Methylene amidogen CHN сто 
СН,М, Cyanamide NH,CN CBO 
СН,О Formaldehyde Н,СО ІЗСІЗО 
Н,"СО СО" Carbon monoxide ion CO* 
Н,С"О COS Carbon oxysulfide OCS 
HDCO OC34S 
р,СО OBCS 
СН:О, Formic acid HCOOH 180CS 
HPCOOH со, Carbon dioxide со, 
HCOOD со» Carbon dioxide ion co,*> 
DCOOH CP Carbon phosphide CP 
СН,5 Thioformaldehyde Н,С5 CS Carbon monosulfide CS 
H;PCS C33S 
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Molecular 
formula 


C;HN 
C;HN 
Сын; 


СН» 
сну 
С.Н,О 
сын; 


INTERSTELLAR MOLECULES (continued) 


Name 


Silicon carbide 
Dicarbon 
Ethynyl 


Cyanomethylene 
Acetylene 
Cyanomethyl 
Ketene 
Acetonitrile 


Isocyanomethane 
Ethylene 
Acetaldehyde 
Ethylene oxide 
Ethenol 

Methyl formate 
Acetic acid 
Glycolaldehyde 
Ethane 
trans-Ethanol 
gauche-Ethanol 
Dimethyl ether 
Ethylene glycol 
Oxoethenylidene 
Thioxoethenylidene 


Silicon dicarbide 


Tricarbon 
Cyclopropenylidyne 
Propenylidyne 
Cyanoacetylene 


Isocyanoacetylene 
1,2-Propadienylidene, 3-imino 
Cyclopropenylidene 


Propadienylidene 
Protonated cyanoacetylene 
2-Propynal 

Acrylonitrile (vinyl cyanide) 


Isotopic 
species 


CS 

С365 

BCS 

130345 

SiC? 

C; 

C,H 

ІЗССН 
CPCH 

Ср 

НССМ 
НССН 
СН,СМ 
Н:ССО 
CH4CN 
13CH,CN 
CH4PCN 
СН,СЭМ 
CH,DCN 
CH;NC 
Н:ССН, 
СН,СНО 
c-C9H40 ° 
СН,СНОН 
СН,ОСНО 
СН,СООН 
СН,ОНСНО 
CHCH}? 
1-СН,СН,ОН 
g-CH;CH,OH 
СЊОСНз 
HOCH;CH;OH 
CCO 

CCS 

СС345 


НІЗСССМ 
HCPCCN 
HCCPCN 
НСССЭМ 
DCCCN 
HCCNC 
HNCCC 
c-C4H5 ° 
с-НЗСССН 
с-НСІЗССН 
c-C;HD 
1-Н:ССС 
HCCCNH* 
HCCCHO 
СН-СНСМ 


Molecular 

formula Name 

ОН, Ргорупе 

ОН. Propanenitrile (ethyl cyanide) 
С.Н,О Acetone 

С.М Cyanoethynyl 

С:О 1,2-Propadienylidene, 3-охо 
С,5 1,2-Propadienylidene, 3-thioxo 
Сз51 Silicon tricarbon 

С.Н 1,3-Butadiynyl radical 

САН» Butatrienylidene 

САН» 1,3-Виїайупе 

СК 2-Butynenitrile 

C,Si Silicon tetracarbide 

Cs Pentacarbon 

CsH 2,4-Pentadiynylidyne 

C;HN 2,4-Pentadiynenitrile 

СН, 1,3-Pentadiyne 

СМ 1,3-Butadiynylium, 4-cyano 
CH 1,3,5-Hexatriynyl 

СН, 1,3,5-Hexatriyne 

СН, 1,2,3,4,5-Hexapentaenylidene 
C Hç Benzene 

СН 2,4,6-Heptatriynylidyne 
C;HN 2,4,6-Heptatriynenitrile 

Сан 1,3,5,7-Octatetraynyl 

СНМ 2,4,6,8-Nonatetraynenitrile 
C,,HN 2,4,6,8,10-Undecapentaynenitrile 
CIH Hydrogen chloride 

CIK Potassium chloride 

CINa Sodium chloride 

FH Hydrogen fluoride 

FeO Iron monoxide 

HLi Lithium hydride 

HN Imidogen 

HNO Nitrosyl hydride 

HN5* Hydrodinotrogen(1+) 

HO Hydroxyl 


14-7 


Isotopic 
species 


CH,CCH 
CH,CCH 
ІЗСН;ССН 
CH,DCCH 
СН,СН,СМ 
(CH;),CO 
CCCN 
сссо 
CCCS 
SiC, 
HCCCC 
HÜCCCC 
HC!3CCC 
HCC!3CC 
HCCC!3C 


DCCCC 
Н,СССС 
НССССН 4 
СН,СССМ 
SiC, 

Са 
нссссс 
HCCCCCN 
HPCCCCCN 
HCPCCCCN 
HCCPCCCN 
HCCCPCCN 
HCCCCPCN 
DCCCCCN 
СЊСН 
C.N 
HCCCCCC 
HCCCCCCH* 
Н,СССССС 
СН; 
НССССССС 
HC;N 

HCN 
НСМ 

H*Cl 

HCl 

Kš35Cla 

K?CI 
Na35Cla 
NaCl? 

HF 

FeO 

ТАН 

HN 

HNO 

N3H* 
I5NNH* 
МЕМН+ 
NoD: 

OH 

17 ОН 

ЗОН 


Molecular 
formula 


HO* 
HS 
H 
НМ 
H,O 


H,O* 
HLS 


На" 


ИМ 


но" 
H,Si 
NO 
NP 


Name 


Oxoniumylidene 
Mercapto 
Hydrogen 
Amidogen 
Water 


Oxoniumyl 
Hydrogen sulfide 


Trihydrogen ion 


Ammonia 


Oxonium hydride 
Silane 

Nitric oxide 
Phosphorus nitride 


INTERSTELLAR MOLECULES (continued) 


Isotopic 
species 


Molecular 
formula 


SSi 


5: 


Маше 


Nitrogen sulfide 


Silicon nitride 
Nitrogen ion 
Nitrous oxide 
Sulfur monoxide 


Sulfur monoxide ion 


Silicon monoxide 


Sulfur dioxide 


Silicon monosulfide 


Disulfur 


l- before the isotopic species indicates a linear configuration, while c- indicates a cyclic molecule. 


? Reported only in circumstellar clouds. 


^ Reported only in comets. 


14-8 


Isotopic 
species 


NS 
№45 
SiN? 
N5* b 
№0 
SO 
3450 
3350 
550 
50" 
510 
2510 
30510 
50; 
3350, 
3490, 
0880 
515 
51235 
51545 
29515 
30515 
S^ 


STANDARD 115-90 THERMOCOUPLE TABLES 


The Instrument Society of America (ISA) has assigned standard letter designations to a number 
of thermocouple types having specified emf-temperature relations. These designations and the 
approximate metal compositions which meet the required relations, as well as the useful 
temperature ranges, are given below: 


Type B (Pt + 30% Rh) vs. (Pt 4- 6% Rh) 0 to 1820°C 
Type E (Ni + 10% Cr) vs. (Cu + 43% Мі) -270 to 1000°C 
Type J Fe vs. (Cu + 43% Ni) -210 to 1200°С 
Туре К (Ni + 10% Cr) vs. (Ni + 2% Al + 2% Mn + 1% Si) -270 to 1372°С 
Туре М (Ni + 14% Cr + 1.5% Si) vs. (Мі + 4.5% Si + 0. 1% Mg) -270 to 1300°C 
Туре К (Pt + 13% Rh) vs. Pt -50 to 1768°C 
Туре 5 (Pt + 10% Rh) vs. Pt -50 to 1768?C 
Type T Cu vs. (Cu + 43% Ni) -270 to 400°С 


The compositions are given in weight percent, and the positive leg is listed first. It should be 
emphasized that the standard letter designations do not imply a precise composition but rather 
that the specified emf-temperature relation is satisfied. 

The first set of tables below lists, for each thermocouple type, the emf as a function of 
temperature on the International Temperature Scale of 1990 (ITS-90). Тһе coefficients in the 
equation used to generate the table are also given. The second set of tables gives the inverse 
relationships, i.e., the coefficients in the polynomial equation which expresses the temperature as a 
function of thermocouple emf. The accuracy of these equations is also stated. 

Further details and tables at closer intervals may be found in Reference 1. 


REFERENCES 


1. Burns, G. W., Seroger, M. G., Strouse, G. F., Croarkin, M. C., and Guthrie, W.F., 
Temperature-Electromotive Force Reference Functions and Tables for the 
Letter-Designated Thermocouple Types Based on the ITS-90, Nat. Inst. Stand. Tech. 
(U.S.) Monogr. 175, 1993. 

2. Schooley, J. F., Thermometry, CRC Press, Boca Raton, FL, 1986. 


Туре В thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°С 


°C 0 10 
0 0.000 -0.002 
100 0.033 0.043 
200 0.178 0.199 
300 0431 0462 
400 0.787 0.828 
500 1.242 1.293 
600 1.792 1.852 
700 2.431 2.499 
800 3.154 3.230 
900 3.957 4.041 
1000 4.834 4.926 
1100 5.780 5.878 
1200 6.786 6.890 
1300 7.848 7.957 
1400 8.956 9.069 
1500 10.099 10.215 
1600 11.263 11.380 
1700 12.433 12.549 
1800 13.591 13.706 


20 


-0.003 
0.053 
0.220 
0.494 
0.870 


1.344 
1.913 
2.569 
3.308 
4.127 


5.018 
5.976 
6.995 
8.066 
9.182 


10.331 
11.497 
12.666 
13.820 


30 


-0.002 
0.065 
0.243 
0.527 
0.913 


1.397 
1.975 
2.639 
3.386 
4.213 


5.111 
6.075 
7.100 
8.176 
9.296 


10.447 
11.614 
12.782 


40 


-0.000 
0.078 
0.267 
0.561 
0.957 


1.451 
2.037 
2.710 
3.466 
4.299 


5.205 
6.175 
7.205 
8.286 
9.410 


10.563 
11.731 
12.898 


50 


0.002 
0.092 
0.291 
0.596 
1.002 


1.505 
2.101 
2.782 
3.546 
4.387 


5.299 
6.276 
7.311 
8.397 
9.524 


10.679 
11.848 
13.014 


60 70 80 
0.006 0011 0.017 
0.107 0123 0141 
0.317 0.344 0.372 
0.632 0.669 0.707 
1.048 1.095 1.143 
1.561 1.617 1.675 
2.165 2.230 2.296 
2.854 2.928 3.002 
3.626 3.708 3.790 
4.475 4.564 4.653 
5.394 5.489 5.585 
6.377 6.478 6.580 
7.417 7.524 7.632 
8.508 8.620 8.731 
9.639 9.753 9.868 

10.796 10.913 11.029 
11.965 12.082 12.199 
13.130 13.246 13.361 


90 


0.025 
0.159 
0.401 
0.746 
1.192 


1.733 
2.363 
3.078 
3.873 
4.743 


5.682 
6.683 
7.740 
8.844 
9.984 


11.146 
12.316 
13.476 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


100 


0.033 
0.178 
0.431 
0.787 
1.242 


1.792 
2.431 
3.154 
3.957 
4.834 


5.780 
6.786 
7.848 
8.956 
10.099 


11.263 
12.433 
13.591 


The equations are of the form: E = co + cit + СЁ + ot +... с, where E is the emf in millivolts, f is the 
temperature in degrees Celsius (ITS-90), апа со, сі, c», сз, etc. are the coefficients. These coefficients are 
extracted from NIST Monograph 175. 


0°С 
to 
630.615°С 


0.000 000 000 0 
-2.465 081 834 6 x 107 
5.904 042 117 1х 107 
-1.325 793 163 6 x 10? 
1.566 829 190 1 х 10? 
-1.694 452 924 0 x 1077 
6.299 034 709 4 x 1077 


630.615°С 
to 
1820°С 


-3.893 816 862 1 
2.857 174 747 0 х 107 
-8.488 510 478 5 х 10? 
1.578 528 016 4 x 107 
-1.683 534 486 4 x 1077 
1.110979 401 3 x 1077 
-4.451 543 103 3 x 1077 
9.897 564 082 1 x 107! 
-9.379 133 028 9 x 10? 


Туре E thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°C 


°C 


-200 
-100 


The equations are of the form: E = co + cıt + cf + сар +... сы”, where E is the emf in 
millivolts, t is the temperature in degrees Celsius (ITS-90), and со, сі, C2, сз, etc. are the 


0.000 
6.319 
13.421 
21.036 
28.946 


37.005 
45.093 
53.112 
61.017 
68.787 


76.373 


-10 


-9.063 
-5.681 
-0.582 


10 


0.591 
6.998 
14.164 
21.817 
29.747 


37.815 


45.900 


53.908 
61.801 
69.554 


-20 -30 -40 
-9.274 -9.455 
-6.107 -6.516 


-1.152 -1.709 


-9.604 
-6.907 
-2.255 
20 30 40 

1.192 

7.685 
14.912 
22.600 
30.550 


1.801 
8.379 
15.664 
23.386 
31.354 


2.420 
9.081 
16.420 
24.174 
32.159 


38.624 
46.705 


39.434 
47.509 
54.703 55.497 
62.583 63.364 
70.319 71.082 


40.243 
48.313 
56.289 
64.144 
71.844 


-50 


-9.718 
-7.279 
-2.787 


50 


3.048 
9.789 
17.181 
24.964 
32.965 


41.053 
49.116 
57.080 
64.922 
72.603 


-8.273 
-4.302 


80 


4.985 
11.951 
19.484 
27.348 
35.387 


43.479 
51.517 
59.446 
67.246 
74.869 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


coefficients. These coefficients are extracted from NIST Monograph 175. 


-270°С 
to 
0°С 


0.000 000 000 0 
5.866 550 870 8 х 107 
4.541097712 4х 107 

-7.799 804 868 6 х 107 
-2.580 016 084 3 х 10? 
-5.945 258 305 7 x 1077 
-9.321 405 866 7 x 1077 
-1.028 760 5534 x 10? 
-8.037 012 362 1 x 1079 
-4.397 949 739 1 x 1075 
-1.641 477 635 5x 1077 
-3.967 3619516 x 10? 

-5.582 732 872 1 x 1079 

-3.465 784 201 3 x 10? 


0°С 
to 


1000°С 


0.000 000 000 0 
5.866 550 871 0 x 10? 
4.503 227 558 2 x 107 
2.890 840 721 2 x 10? 

-3.305 689 665 2 x 1077 
6.502 440 327 0 x 1077 

-1.919 749 550 4 x 10779 

-1.253 660 049 7 x 1075 
2.148 921 756 9 x 10?! 

-1.438 804 178 2 x 10 >" 
3.596 089 948 1 x 1077 


-100 


Type J thermocouples: emf-temperature (°С) reference table and equations 
Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°С 


°C 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 
-200  -7.890 -8.095 
-100 -4.633 -5.037 -5.426 -5.801 -6.159 -6.500 -6.821 -7.123 -7.403 -7.659 -7.890 
0 0.000 -0.501 -0.995 -1.482 -1.961 -2.431 -2.893 -3.344 -3.786 -4.215 -4.633 
°C 0 10 20 30 40 50 60 70 80 90 100 
0 0.000 0.507 1.019 1.537 2.059 2.585 3.116 3.650 4.187 4.726 5.269 
100 5.269 5.814 6.360 6.909 7.459 8.010 8.562 9.115 9.669 10.224 10.779 
200 10.779 11.334 11.889 12.445 13.000 13.555 14.110 14.665 15.219 15.773 16.327 
300 16.327 16.881 17.434 17.986 18.538 19.090 19.642 20.194 20.745 21.297 21.848 
400 21.848 22.400 22.952 23.504 24.057 24.610 25.164 25.720 26.276 26.834 27.393 
500 27.393 27.953 28.516 29.080 29.647 30.216 30.788 31.362 31.939 32.519 33.102 
600 33.102 33.689 34.279 34.873 35.470 36.071 36.675 37.284 37.896 38.512 39.132 
700 39.132 39.755 40.382 41.012 41.645 42.281 42.919 43.559 44.203 44.848 45.494 
800 45.494 46.141 46.786 47.431 48.074 48.715 49.353 49.989 50.622 51.251 51.877 
900 51.877 52.500 53.119 53.735 54.347 54.956 55.561 56.164 56.763 57.360 57.953 
1000 57.953 58.545 59.134 59.721 60.307 60.890 61.473 62.054 62.634 63.214 63.792 
1100 63.792 64.370 64.948 65.525 66.102 66.679 67.255 67.831 68.406 68.980 69.553 
1200 69.553 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


The equations are of the form: E = co + cıt + СЁ + ot +... сы”, where Е is the emf in millivolts, t is the 
temperature in degrees Celsius (ITS-90), апа со, Сі, c», сз, etc. are the coefficients. These coefficients are 
extracted from NIST Monograph 175. 


Co 
сі 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 


-210°С 
to 
7609С 


0.000 000 000 0 

5.038 118 781 5 х 10? 
3.047 583 693 0 x 10? 
-8.568 106 572 0 x 10? 
1.322 819 529 5x 1077 
-1.705 295 833 7 x 1077 
2.094 809 069 7 x 1075 
-1.253 839 5336 x 1077 
1.563 172 569 7 x 10? 


7609С 
to 
1200°С 


2.964 562 568 1х 10? 
-1.497 612 778 6 

3.178 710 392 4 x 107 
-3.184 768 670 1 х 10° 
1.572 081 900 4 x 10? 
-3.069 136 905 6 x 1077 


Туре К thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°С 


°C 


-200 
-100 


-10 


-6.035 
-3.852 
-0.392 


10 


0.397 
4.509 
8.539 
12.624 
16.820 


21.071 
25.330 
29.548 
33.685 
37.725 


41.665 
45.497 
49.202 
52.759 


0.798 
4.920 
8.940 
13.040 
17.243 


21.497 
25.755 
29.965 
34.093 
38.124 


42.053 
45.873 
49.565 
53.106 


-6.262 
-4.411 
-1.156 


30 


1.203 
5.328 
9.343 
13.457 
17.667 


21.924 
26.179 
30.382 
34.501 
38.522 


42.440 
46.249 
49.926 
53.451 


1.612 
5.735 
9.747 
13.874 
18.091 


22.350 
26.602 
30.798 
34.908 
38.918 


42.826 
46.623 
50.286 
53.795 


2.023 
6.138 
10.153 
14.293 
18.516 


22.776 
27.025 
31.213 
35.313 
39.314 


43211 
46.995 
50.644 
54.138 


2.436 
6.540 
10.561 
14.713 
18.941 


23.203 
27.447 
31.628 
35.718 
39.708 


43.595 
47.367 
51.000 
54.479 


2.851 
6.941 
10.971 
15.133 
19.366 


23.629 
27.869 
32.041 
36.121 
40.101 


43.978 
47.731 
51.355 
54.819 


-80 


-5.550 
-2.920 


80 


3.267 
7.340 
11.382 
15.554 
19.792 


24.055 
28.289 
32.453 
36.524 
40.494 


44.359 
48.105 
51.708 


3.682 
7.739 
11.795 
15.975 
20.218 


24.480 
28.710 
32.865 
36.925 
40.885 


44.740 
48.473 
52.060 


-100 


-5.891 
-3.554 


100 


4.096 
8.138 
12.209 
16.397 
20.644 


24.905 
29.129 
33.275 
37.326 
41.276 


45.119 
48.838 
52.410 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


The equations are of the form: E = co + cıt + cot? + cit? +... сї", where E is the emf in millivolts, t is 


the temperature in degrees Celsius (ITS-90), and со, сі, Со, сз, etc. are the coefficients. In the 0°C to 


1372?C range there is also an exponential term that must be evaluated and added to the equation. The 


exponential term is of the form: соёхр|с((-126.9686) | , where t is the temperature in °С and со and сі 


are the coefficients. These coefficients are extracted from NIST Monograph 175. 


Co 
[4] 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 
C9 


C10 


-270°С 
to 
0°С 


0.000 000 000 0 
3.945 012 802 5 x 107 
2.362 237 359 8 x 10? 

-3.285 890 678 4 х 107 

-4.990 482 877 7 x 10? 

-6.750 905 917 3 x 107 

-5.741 032 742 8 x 10? 

-3.108 887 289 4х 1077 

-1.045 160 936 5 х 1077 

-1.988 926 687 8 х 1077 

-1.632 269 748 6 x 10? 


0°С 
to 
13729С 


-1.760 041 368 6 х 10? 
3.892 120 497 5 x 10? 
1.855 877 003 2 x 10? 

-9.945 759 287 4 x10? 
3.184 094 5719 x 1077 

-5.607 284 488 9 x 1077 
5.607 505 905 9 x 1079 

-3.202 072 000 3 x 1079 
9.715 114 7152 x 10? 

-1.210 472 127 5 x 1079 


0°C 
to 
13729С 
(exponential term) 


1.185 976 x 107 
-1.183 432 x 107 


Type М thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°С 


°C 0 


-200  -3.990 
-100 -2.407 


0 0.000 
100 2.774 
200 5.913 
300 9.341 
400 12.974 


500 16.748 
600 20.613 
700 24.527 
800 28.455 
900 32.371 


1000 36.256 
1100 40.087 
1200 43.846 
1300 47.513 


-10 


-4.083 
-2.612 
-0.260 


10 


0.261 
3.072 
6.245 
9.696 
13.346 


17.131 
21.003 
24.919 
28.847 
32.761 


36.641 
40.466 
44.218 


-4.162 -4.226 -4.277 
-2.808 -2.994 -3.171 
-0.518 -0.772 -1.023 


20 30 40 


0.525 0.793 1.065 
3.374 3.680 3.989 
6.579 6.916 7.255 
10.054 10.413 10.774 
13.719 14.094 14.469 


17.515 17.900 18.286 
21.393 21.784 22.175 
25.312 25.705 26.098 
29.239 29.632 30.024 
33.151 33.54] 33.930 


37.027 37.411 37.795 
40.845 41.223 41.600 
44.588 44.958 45.326 


-3.491 -3.634  -3.766 
-1.509 -1.744  -1.972 


60 70 80 


1619 1.902 2.189 
4.618 4.937 5.259 
7.941 8.288 8.637 
11.501 11.867 12.234 
15.225 15.604 15.984 


19.059 19.447 19.835 
22.958 23.350 23.742 
26.883 27.276 27.669 
30.807 31.199 31.590 
34.707 35.095 35.482 


38.562 38.944 39.326 
42.352 42.727 43.101 
46.060 46.425 46.789 


Temperature Ranges and Coefficients of Equations Used to Compute ће Above Table 


The equations are of the form: E = co + cıt + cf + caf +... сы”, where E is the emf in 
millivolts, t is the temperature in degrees Celsius (ITS-90), and со, сі, C2, сз, etc. are the 
coefficients. These coefficients are extracted from NIST Monograph 175. 


-270°С 
to 
0°С 


0.000 000 000 0 
2.615 910 596 2 х 10? 
1.095 748 422 8 х 107 
-9.384 111 1554 x 10? 
-4.641 203 9759 x 107! 
-2.630 335 771 6х 1077 
-2.265 343 800 3 x 1075 
-7.608 930 079 1 x 1077 
-9.341 966 783 5 x 1077 


0°С 
to 
1300°С 


0.000 000 000 0 
2.592 939 460 1х 107 
1.571 014 188 0 x 10? 
4.382 562 723 7 x 10? 
-2.526 116 979 4 x 107? 
6.431 181 933 9х 10? 
-1.006 347 1519 x 1077 
9.974 533 899 2 x 1077 
-6.086 324 560 7 х 1072 
2.084 922 933 9 х 1077 
-3.068 219 615 1 x 10” 


-100 


-3.990 
-2.407 


100 


2.774 
5.913 
9.341 
12.974 
16.748 


20.613 
24.527 
28.455 
32.371 
36.256 


40.087 
43.846 
47.513 


Со 
С 
C2 
C3 
C4 
С5 
C6 
C7 
Cg 
Co 


Type R thermocouples: emf-temperature (°C) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°C 


°C 0 -10 -20 -30 
0 0.000 -0.051 -0.100 -0.145 
РС 0 10 20 30 
0 0.000 0.054 0.111 0171 
100 0.647 0.723 0.800 0.879 
200 1.469 1.558 1.648 1.739 
300 2401 2.498 2.597 2.696 
400 3408 3.512 3.616 3.721 
500 4.471 4.580 4.690 4.800 
600 5.583 5.697 5.812 5.926 
700 6.743 6.861 6.980 7.100 
800 7.950 8.073 8.197 8.321 
900 9.205 9.333 9.461 9.590 
1000 10.506 10.638 10.771 10.905 
1100 11.850 11.986 12.123 12.260 
1200 13.228 13.367 13.507 13.646 
1300 14.629 14.770 14.911 15.052 
1400 16.040 16.181 16.323 16.464 
1500 17.451 17.591 17.732 17.872 
1600 18.849 18.988 19.126 19.264 
1700 20.222 20.356 20.488 20.620 


-40 -50 -60 
-0.188 -0.226 
40 50 60 
0.232 0.296 0.363 
0.959 1.041 1.124 
1.831 1.923 2.017 
2.796 2.896 2.997 
3.827 3.933 4.040 
4.910 5.021 5.133 
6.041 6.157 6.273 
7.220 7.340 7.461 
8.446 8.571 8.697 
9.720 9.850 9.980 
11.039 11.173 11.307 
12.397 12.535 12.673 
13.786 13.926 14.066 
15.193 15.334 15.475 
16.605 16.746 16.887 
18.012 18.152 18.292 
19.402 19.540 19.677 
20.749 20.877 21.003 


0.431 
1.208 
2.112 
3.099 
4.147 


5.245 
6.390 
7.583 
8.823 
10.111 


11.442 
12.812 
14.207 
15.616 
17.028 


18.431 
19.814 


-90 -100 


90 100 
0.501 
1.294 
2.207 
3.201 
4.255 


0.573 
1.381 
2.304 
3.304 
4.363 


0.647 
1.469 
2.401 
3.408 
4.471 


5.357 
6.507 
7.705 
8.950 
10.242 


5.470 
6.625 
7.827 
9.077 
10.374 


5.583 
6.743 
7.950 
9.205 
10.506 


11.578 
12.950 
14.347 
15.758 
17.169 


11.714 
13.089 
14.488 
15.899 
17.310 


11.850 
13.228 
14.629 
16.040 
17.451 


18.571 
19.951 


18.710 
20.087 


18.849 
20.222 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


The equations аге of the form: E = co + cıt + cf + caf +... сы”) where E is the emf in millivolts, t is the 
temperature in degrees Celsius (ITS-90), and со, Сі, Со, сз, etc. are the coefficients. These coefficients аге 
extracted from NIST Monograph 175. 


-509С 
to 
1064.18“С 


0.000 000 000 00. 

5.289 617 297 65 х 107 
1.391 665 897 82 х 107 
-2.388 556 930 17 х 10" 
3.569 160 010 63 х 1077 
-4.623 476 662 98 х 1075 
5.007 774 410 34 х 1077 
-3.731 058 861 91 х 1077 
1.577 164 823 67 х 10? 
-2.810 386 252 51 x 10?" 


1064.18“С 
to 
1664.5°С 


2.951 579 253 16 
-2.520 612 513 32 х 10? 
1.595 645 018 65 х 107 
-7.640 859 475 76 х 107 
2.053 052 910 24 x 1077 
-2.933 596 681 73 x 1016 


1664.5°С 
to 
1768.19С 


1.522 321 182 09 х 107 
-2.688 198 885 45 х 107 

1.712 802 804 71 x 107 
-3.458 957 064 53 x 10? 
-9.346 339 710 46 x 1077 


Туре S thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°C 


°C 


0.000 


-0.053 


10 


0.055 
0.720 
1.526 
2.415 
3.355 


4.332 
5.341 
6.381 
7.454 
8.562 


9.703 
10.875 
12.071 
13.280 
14.494 


15.702 
16.895 
18.061 


-0.103 


20 


0.113 
0.795 
1.612 
2.507 
3.451 


4.432 
5.443 
6.486 
7.563 
8.674 


9.819 
10.994 
12.191 
13.402 
14.615 


15.822 
17.013 
18.174 


-0.150 


30 


0.173 
0.872 
1.698 
2.599 
3.548 


4.532 
5.546 
6.593 
7.673 
8.787 


9.935 
11.113 
12.312 
13.523 
14.736 


15.942 
17.131 
18.285 


-0.194 


40 


0.235 
0.950 
1.786 
2.692 
3.645 


4.632 
5.649 
6.699 
7.783 
8.900 


10.051 
11.232 
12.433 
13.644 
14.857 


16.062 
17.249 
18.395 


-0.236 


50 


0.299 
1.029 
1.874 
2.786 
3.742 


4.732 
5.753 
6.806 
7.893 
9.014 


10.168 
11.351 
12.554 
13.766 
14.978 


16.182 
17.366 
18.503 


60 


0.365 
1.110 
1.962 
2.880 
3.840 


4.833 
5.857 
6.913 
8.003 
9.128 


10.285 
11.471 
12.675 
13.887 
15.099 


16.301 
17.483 
18.609 


70 


0.433 
1.191 
2.052 
2.974 
3.938 


4.934 
5.961 
7.020 
8.114 
9.242 


10.403 
11.590 
12.796 
14.009 
15.220 


16.420 
17.600 


-80 


80 


0.502 
1.273 
2.141 
3.069 
4.036 


5.035 
6.065 
7.128 
8.226 
9.357 


10.520 
11.710 
12.917 
14.130 
15.341 


16.539 
17.717 


-90 


90 


0.573 
1.357 
2.232 
3.164 
4.134 


5.137 
6.170 
7.236 
8.337 
9.472 


10.638 
11.830 
13.038 
14.251 
15.461 


16.658 
17.832 


-100 


100 


0.646 
1.441 
2.323 
3.259 
4.233 


5.239 
6.275 
7.345 
8.449 
9.587 


10.757 
11.951 
13.159 
14.373 
15.582 


16.777 
17.947 


[40 
[4] 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


The equations are of the form: E = co + cit cf + cif +... сы, where E is the emf in millivolts, t is the 
temperature in degrees Celsius (ITS-90), апа со, сі, C2, сз, etc. are the coefficients. These coefficients аге 
extracted from NIST Monograph 175. 


-509С 
to 
1064.18“С 


0.000 000 000 00 
5.403 133 086 31 х 107 
1.259 342 897 40 х 107 

-2.324 779 686 89 х 10? 
3.220 288 230 36 х 1077 

-3.314 651 963 89 х 1075 
2.557 442 517 86 х 1077 

-1.250 688 713 93 x 1077 
2.714 431 761 45 x 10” 


1064.18“С 
to 
1664.5°С 


1.329 004 440 85 
3.345 093 113 44 x 107 
6.548 051 928 18 х 10° 
-1.648 562 592 09 х 10? 
1.299 896 051 74 х 1077 


1664.5°С 
to 
1768.19С 


1.466 282 326 36 х 10? 
-2.584 305 167 52 х 107 

1.636 935 746 41 х 107 
-3.304 390 469 87 х 10? 
-9.432 236 906 12 x 1077 


Type T thermocouples: emf-temperature (°С) reference table and equations 


Thermocouple emf in Millivolts as a Function of Temperature in Degrees Celsius (ITS-90) 


Reference Junctions at 0°С 


РС 


-200 
-100 


-5.888 -6.007 -6.105 
-3.923 -4.177 -4.419 
-0.757 -1.121 -1.475 


20 30 40 


0.790 1.196 1.612 
5.228 5.714 6.206 
10.362 10.907 11.458 
16.032 16.624 17.219 


2.036 
6.704 
12.013 
17.819 


-4.865  -5.070  -5.261 
-2.153 -2.476  -2.788 


60 70 80 


2.468 2.909 3.358 
7.200 7720 8237 
12.574 13.139 13.709 
18.422 19.030 19.641 


-90 


-5.439 
-3.089 


90 


3.814 
8.759 
14.283 
20.255 


Temperature Ranges and Coefficients of Equations Used to Compute the Above Table 


-100 


-5.603 
-3.379 


100 


4.279 
9.288 
14.862 
20.872 


The equations are of the form: E = co + cıt + СЁ + ot +... сы”, where E is the emf in millivolts, t is the 
temperature in degrees Celsius (ITS-90), апа со, c1, c», c5, etc. are the coefficients. These coefficients are 
extracted from NIST Monograph 175. 


[40 
[4] 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 
C9 
C10 
Ci 
C12 
C13 
C14 


-270°С 
to 
0°С 


0.000 000 000 0 
3.874 810 6364 х 107 

4.419 443 4347х 107 

1.184 432 310 5 x 107 

2.003 297 3554 x 10? 

9.013 801 955 9х 1077 
2.265 1156593 x 107 
3.607 115 420 5 x 1077 
3.849 393 988 3 x 1077 
2.821 352 192 5 х 1077 
1.425 159 477 9 x 10? 
4.876 866 228 6 x 10? 
1.079 553 927 0 x 104 
1.394 502 706 2 x 10?" 
7.979 515 392 7 x 10?! 


0°С 
to 
400°С 


0.000 000 000 0 
3.874 810 6364 х 107 
3.329 222 788 0 х 107 
2.061 824 340 4 х 107 

-2.188 225 684 6 x 10? 
1.099 688 092 8 x 1077 

-3.081 575 877 2 x 10" 
4.547 913 52290 x 1077 

-2.751 290 167 3 х 10?? 


Type В thermocouples: coefficients (c;) of polynomials for the computation of temperatures 
т °С as a function of the thermocouple emf in various temperature and emf ranges 


Temperature 


Range: 


2509С 
to 
7009С 


0.291 шУ 
to 
2.431 mV 


9.842 332 1 x 10! 
6.997 1500 x 10? 
-8.476 5304 x 10? 
1.005 264 4 x 10? 
-8.334 5952 x 10? 
4.550 854 2 x 10? 
-1.552 303 7 x 10? 
2.988 675 0 x 10! 
-2.474 286 0 


7009С 
to 
1820°С 


2.431 mV 
to 
13.820 mV 


2.131 507 1x 10? 
2.851 050 4 x 10? 
-5.274 288 7 x 10! 
9.916 0804 
-1.296 5303 

1.119 587 0 x 107 
-6.062 519 9 х 107 
1.866 169 6 x 10^ 
-2.487 858 5 x 10° 


Type E thermocouples: coefficients (c;) of polynomials for the computation of temperatures 
т °C as a function of the thermocouple emf in various temperature and emf ranges 


Temperature 


Range: 


-200°С 
to 
0°С 


-8.825 шУ 
to 
0.0 mV 


0.000 000 0 

1.697 728 8 x 10! 
-4.351 497 0 x 107 
-1.585 969 7 x 107 
-9.250 287 1 x 10? 
-2.608 4314 x 10? 
-4.136 019 9 x 10? 
-3.403 403 0 x 107 
-1.156 489 0 x 10? 


0°С 
to 
1000°С 


0.0 mV 
to 
76.373 mV 


0.000 000 0 

1.705 703 5 x 10! 
-2.330 1759 x 107 
6.543 558 5 x 10? 
-7.356 274 9 x 10? 
-1.789 600 1 x 10° 
8.403 616 5 x 10? 
-1.373 587 9 x 10? 
1.062 9823 х 10! 
-3.244 708 7 x 1075 


Type J thermocouples: coefficients (c;) of polynomials for the computation of temperatures 
т °С as a function of the thermocouple emf in various temperature апа emf ranges 


Temperature 


Range: 


emf 
Range: 


Co 
СІ 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 


-210°С 
to 
0°С 


-8.095 mV 
ЇО 
0.0 mV 


0.000 000 0 
1.952 826 8 x10! 
-1.228 618 5 
-1.075217 8 
-5.908 693 3 x 107 
-1.725 671 3 x 10! 
-2.813 1513 x 10? 
-2.396 337 0 x 10? 
-8.382 332 1 x 10? 


0°С 
to 
7609С 


0.0 mV 
ЇО 
42.919 шУ 


0.000 000 

1.978 425 х 10! 
-2.001 204 х 107 
1.036 969 х 107 
-2.549 687 х 107 
3.585 153 х 10° 
-5.344 285 х 10? 
5.099 890 х 1077 


7609С 
to 
1200°С 


42.919 шУ 
to 
69.553 mV 


-3.113 581 87 x 10? 
3.005 436 84 x 10? 
-9.947 732 30 
1.702 766 30 х 107 
-1.430 334 68 x 10? 
4.738 860 84 x 10° 


Type K thermocouples: coefficients (c;) of polynomials for the computation of temperatures 
т °С as a function of the thermocouple emf in various temperature апа emf ranges 


Temperature 


Range: 


emf 
Range: 


Со 
сі 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 
C9 


-200°С 
to 
0°С 


-5.891 шУ 
to 
0.0 mV 


0.000 000 0 
2.517 3462 x 10! 
-1.166 287 8 
-1.083 363 8 
-8.977 3540 x 107 
-3.734 237 7 x 107 
-8.663 264 3 х 107 
-1.045 059 8 х 107 
-5.192 057 7 х 107 


0°С 
to 
5009С 


0.0 mV 
ЇО 
20.644 mV 


0.000 000 0 
2.508 355 x 10! 
7.860 106 x 10? 

-2.503 131 x 107 
8.315 270 x 10? 

-1.228 034 x 10? 
9.804 036 x 107 

-4.413 030 x 10? 
1.057 734 x 107 

-1.052 755 x 10? 


5009С 
to 
13729С 


20.644 mV 
to 
54.886 mV 


-1.318 058 x 10? 
4.830 222 x 10! 
-1.646 031 

5.464 731 x 10? 
-9.650 715 х 107 
8.802 193 x 10° 
-3.110 810 x 107 


Туре М thermocouples: coefficients (сі) of polynomials for the computation of temperatures 
т °С as a function of the thermocouple emf in various temperature and emf ranges 


Temperature 
Range: 


emf 
Range: 


Co = 
СІ = 
с) = 
Сз = 
са = 
C5 = 
Сб = 
Ст = 
Cg = 
Co = 


-200°С 
to 
0°С 


-3.990 mV 
to 
0.0 mV 


0.000 000 0 
3.843 684 7 x 10! 
1.101 048 5 
5.2229312 
7.206 052 5 
5.848 858 6 
2.775 491 6 
7.707 5166х 107 
1.158 266 5 х 107 
7.313 8868 х 107 


0°С 
to 
6009С 


0.0 mV 
to 
20.613 mV 


0.000 00 

3.868 96 x 10! 
-1.082 67 

4.702 05 x 10? 
-2.121 69 x 10° 
-1.172 72 x 10° 
5.392 80 x 107 
-7.981 56 x 10? 


6009С 
to 
1300°С 


20.613 mV 
to 
47.513 mV 


1.972 485 x 10! 
3.300 943 x 10! 
-3.915 159 х 107 
9.855 391 x 10? 
-1274 371 x 107 
7.161 022 x 107 


Type R thermocouples: coefficients (c;) of polynomials for the computation of temperatures 
т °С as a function of the thermocouple emf in various temperature and emf ranges 


Temperature -50°С 
Вапее: to 
250°С 
— -0.226 mV 
Range: to 
1.923 mV 
со = 0.000 000 0 


1.889 138 0 х 10? 
-9.383 529 0 х 10! 


СІ = 


с = 

с = . 1.306 861 9х 10? 
с = -2.270358 0 х 10? 
cs = 3.514 565 9х 10? 
cg = -3.895 390 0х 10? 
ст = 2.823 947 1х 10? 
cg = -1.260 728 1х 10? 
со = 3.135 361 1х 10! 


Cio = -3.318 7769 


250°C 
to 
1200°C 


1.923 mV 
to 
13.228 mV 


1.334 584 505 x 10! 
1.472 644 573 x 10° 
-1.844 024 844 x 10' 
4.031 129 726 
-6.249 428 360 x 107 
6.468 412 046 x 10? 
-4.458 750 426 x 10? 
1.994 710 149 x 10* 
-5.313 401 790 х 10° 
6.481 976 217 x 10? 


1064°С 
to 
1664.5°С 


11.361 шУ 
to 
19.739 mV 


-8.199 599 416 x 10! 
1.553 962 042 x 10? 
-8.342 197 663 
4.279 433 549 x 10" 
-1.191 577 910 x 10? 
1.492 290 091 х 107 


1664.59С 
to 
1768.19С 


19.739 mV 
to 
21.103 mV 


3.406 177 836 x 10* 
-7.023 729 171 x 10? 
5.582 903 813 x 10? 
-1.952 394 635 x 10! 
2.560 740 231 х 107 


Type S thermocouples: coefficients (сұ) of polynomials for the computation of temperatures 
in °C as a function of the thermocouple emf in various temperature and emf ranges 


Temperature -50°С 
Range: to 
250°С 
Range: to 
1.874 mV 
со = 0.000 000 00 


[4] 
C2 
C3 
C4 
C5 
C6 
C7 
Cg 


1.849 494 60 x 10? 


=  -8.005 040 62 x 10! 


1.022 374 30 x 10? 


= -1.522 485 92 x 10° 


1.888 213 43 x 10° 


= -1.590 859 41 x 10? 


8.230 278 80 x 10! 


= -2.341 819 44 x 10! 


Co = 


2.797 862 60 


250°C 
to 
1200°C 


1.874 mV 
to 
11.950 mV 


1.291 507 177 х 10! 
1.466 298 863 х 107 
-1.534 713 402 х 10! 
3.145 945 973 

-4.163 257 839 x 107 
3.187 963 771 x 10? 
-1.291 637 500 x 10? 
2.183 475 087 x 10? 
-1.447 379 511 x 107 
8.211 272 125 x 10? 


1064°С 
to 
1664.5°С 


10.332 шУ 
to 
17.536 mV 


-8.087 801 117 x 10! 
1.621 573 104 x 10? 
-8.536 869 453 

4.719 686 976 x 107 
-1.441 693 666 x 10? 
2.081 618 890 x 107 


1664.5°С 
to 
1768.1°С 


17.536 шУ 
to 
18.693 mV 


5.333 875 126 x 10* 
-1.235 892 298 x 10* 
1.092 657 613 x 10? 
-4.265 693 686 x 10! 
6.247 205 420 x 107 


Type T thermocouples: coefficients (cj) of polynomials for the computation of temperatures 
in °C as a function of the thermocouple emf in various temperature апа emf ranges 


Temperature 


Range: 


-200°С 
to 
0°С 


-5.603 mV 
ЇО 
0.0 mV 


0.000 000 0 
2.594 919 2 x 10! 
-2.131 696 7 x 107 
7.901 869 2 x 107 
4.252 777 7 х 10! 
1.330 447 3 x 107 
2.024 144 6 x 10? 
1.266 817 1 x 10? 


0°С 
to 
400°С 


0.0 mV 
ЇО 
20.872 mV 


0.000 000 

2.592 800 x 10! 
-7.602 961 x 107 
4.637 791 x 10? 
-2.165 394 x 10? 
6.048 144 x 10? 
-7.293 422 x 107 


ДЫ! 


PROPERTIES OF COMMON LABORATORY SOLVENTS 


This table give properties of 200 organic solvents which are frequently used in laboratory and industrial applications. Compounds are listed in alphabetical order by the most common name; synonyms 
are given in some cases. The properties tabulated are: 


MF: Molecular formula 

CASRN: Chemical Abstracts Service Registry Number 

M; Molecular weight 

te Melting point in °C 

ty. Normal boiling point in °C 

р: Density in g/cm? at the temperature іп °C indicated by the superscript 

Cp: Specific heat capacity of the liquid at constant pressure at 25?C in J/g K 

ур: Vapor pressure at 25?C in kPa (1 kPa = 7.50 mmHg) 

u: Electric dipole moment in debye units. Values in parentheses are measurements on the pure liquid or in solution; these are less reliable than the other values, which were obtained in the gas 
phase. 

FP: Flash point temperature in °C. The fact that no flash point is listed does not necessarily mean that the substance is nonflammable, because some liquids will burn if the quantity is large or 
impurities are present. 

Fl. Lim.: Flammable (explosive) range in air in percent by volume 

Ign. Temp.: Autoignition temperature in °C 

TLV: Threshold limit for allowable airborne concentration, given in parts per million by volume at 25°C and atmospheric pressure (see table “Threshold Limit Values for Airborne Contaminants” 


in Section 16) 


REFERENCES 

1. Lide, D.R., Handbook of Organic Solvents, CRC Press, Boca Raton, FL, 1994. 

2. Lide, D.R., and Kehiaian, H.V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 

3. Riddick, J.A., Bunger, W.B., and Sakano, T.K., Organic Solvents, Fourth Edition, John Wiley & Sons, New York, 1986. 

4. Fire Protection Guide to Hazardous Materials, 10th Edition , National Fire Protection Association, Quincy, MA, 1991. 

5. Urben, P.G., Ed., Bretherick's Handbook of Reactive Chemical Hazards, 5th Edition, Butterworth-Heinemann, Oxford, 1995. 

Name MF CAS RN M, t °C t °C р/в cm? c ИК vp/kPa шр FP/C Fl. Lim. Ign. Тетр. С TLV 

Acetal (1,1-Diethoxyethane) СНО 105-57-7 118.18 -100 102.2 0.8254 20 2.01 3.68 (1.4) -21 2-10% 230 
Асейс асій СО» 64-19-7 60.05 17 118 1.049220 2.06 2.07 1.70 39 4-20% 463 10 
Acetone ОНО 67-64-1 58.08 -95 56 0.7899 20 2.18 30.8 2.88 -20 3-13% 465 750 
Acetonitrile C;H4N 75-05-8 41.05 -44 82 0.785720 2.23 11.8 3.92 6 3-16% 524 40 
Acetylacetone СНО, 23-54-6 100.12 -23 138 0.972125 2.08 1.02 (2.8) 34 340 
Acrylonitrile C4H4N 07-13-1 53.06 -83.5 77:3 0.8060 2° 2.05 14.1 3.87 0 3-17% 481 2 
Adiponitrile Са 11-69-3 108.14 1 295 0.9676 20 1.19 <0.01 93 2-5% 550 2 
АПУ alcohol С.Н,О 07-18-6 58.08 -129 97.0 0.854020 2.39 3.14 1.60 21 3-1896 378 2 
Allylamine C4H;N 107-11-9 57.10 -882 53.3 0.758 20 33.1 1.2 -29 2-2296 374 
2-Aminoisobutanol CHINO 124-68-5 89.14 25.5 165.5 0.93420 67 
Benzal chloride СНЕСЉ 98-87-3 161.03 -17 205 1.2625 0.06 (2.1) 
Benzaldehyde СНО 00-52-7 106.12 -26 179.0 1.0415 19 1.62 0.17 (3.0) 63 192 
Benzene C6H6 71-43-2 78.11 6 80 0.876520 1.74 12.7 0 -11 1-8% 498 10 
Benzonitrile СВМ 100-47-0 103.12 -127 191.1 1.0093 !5 1.60 0.11 4.18 
Benzyl chloride сња 00-44-7 126.59 -45 179 1.100420 1.44 0.16 (1.8) 67 1%- 585 1 
Bromochloromethane CH,BrCl 74-97-5 129.38 -87.9 68.0 1.934420 0.41 19.5 (1.7) 200 


Bromoform (Tribromomethane) CHBr, 75-25-2 252.73 8.0 149 2.899 15 0.52 0.73 0.99 83 0.5 


ST-ST 


Name 


Butyl acetate 

Butyl alcohol 

sec-Butyl alcohol 

tert-Butyl alcohol 
Butylamine 

tert-Butylamine 

Butyl methyl ketone 
p-tert-Butyltoluene 
y-Butyrolactone 
Caprolactam 

Carbon disulfide 

Carbon tetrachloride 
1-Chloro-1,1-difluoroethane 
Chlorobenzene 

Chloroform 
Chloropentafluoroethane 
Cumene (Isopropylbenzene) 
Cyclohexane 

Cyclohexanol 
Cyclohexanone 
Cyclohexylamine 
Cyclopentane 
Cyclopentanone 

p-Cymene 

cis-Decalin 

trans-Decalin 

Diacetone alcohol 
1,2-Dibromoethane 
Dibromofluoromethane 
Dibromomethane 
1,2-Dibromotetrafluoroethane 
Dibutylamine 
o-Dichlorobenzene 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
Dichloroethyl ether 
Dichloromethane 
1,2-Dichloropropane 
1,2-Dichlorotetrafluoroethane 
Diethanolamine 
Diethylamine 

Diethyl carbonate 
Diethylene glycol 
Diethylene glycol dimethyl ether 
Diethylene glycol monoethyl ether 


MF 


СН 20; 
CHO 
C4H0 
СНО 
сним 
сним 
СНО 
СН 
со, 
НИМО 
CS, 

са, 
CjH,CIF, 
са 
CHCl, 
сав 
СН? 

C Hi; 
C4H,0 
НО 
АТ 
CsHio 
C.H,O 
CioHi4 
CioHig 
СН 
СНО 
ОНВљ 
CHBrF 
СН,Вг› 
C;Br;F, 
сыны 
СНС, 
ОНА 
CH CL 
С›Н›С1, 
СНС), 
СНС), 
С.Н,СЬО 
сн.сі, 
CHCl, 
ОСЕ, 
Сан NO, 
сним 
САН 00; 
C4H1003 
C6H1403 
C6H1403 


PROPERTIES OF COMMON LABORATORY SOLVENTS (continued) 


CAS RN 


123-86-4 
71-36-3 
78-92-2 
75-65-0 
109-73-9 
75-64-9 
591-78-6 
98-51-1 
96-48-0 
105-60-2 
75-15-0 
56-23-5 
75-68-3 
108-90-7 
67-66-3 
76-15-3 
98-82-8 
110-82-7 
108-93-0 
108-94-1 
108-91-8 
287-92-3 
120-92-3 
99-87-6 
493-01-6 
493-02-7 
123-42-2 
106-93-4 
1868-53-7 
74-95-3 
124-73-2 
111-92-2 
95-50-1 
75-34-3 
107-06-2 
75-35-4 
156-59-2 
156-60-5 
111-44-4 
75-09-2 
78-87-5 
76-14-2 
111-42-2 
109-89-7 
105-58-8 
111-46-6 
111-96-6 
111-90-0 


t °C 


t °C р/в cm? БАРЫ чы ур/КРа uD FP/C Е. Lim. 
126 0.8825 20 1.96 1.66 (1.9) 22 2-8% 
118 0.8098 20 2.39 0.86 1.66 37 1-11% 

99.5 0.8063 20 2.66 2.32 (1.8) 24 2-10% 
82 0.788720 2.97 3:52 (1.7) П 2-8% 
77 0.741420 2.45 12.2 1.0 -12 2-10% 
44 0.6958 20 2.63 48.4 (1.3) -9 2-9% 
128 0.811320 2,13 1.54 (2.7) 25 1-896 
190 0.861220 0.09 = 68 
204 1.1284 16 .64 0.43 4.27 98 
270 38 «0.01 (3.9) 125 
46 1.2632 20 .00 48.2 0 -30 1-50% 
77 1.594020 0.85 15.2 0 
-10 1.107 25 .30 351 2.14 
132 1.105820 .33 1.6 1.69 28 1-10% 
61 1.483220 0.96 26.2 1.04 
-38 1.5678 42 19 912 0.52 
152. 0.861820 75 0.61 0.79 36 1-7% 
81 0.7785 20 84 13.0 “0 -20 1-8% 
161 0.962420 2.08 0.10 68 1-9% 
155 0.9478 20 .86 0.53 2.87 44 1-9% 
134 0.819120 1.20 (1.3) 31 1-9% 
49.3 0.745720 .84 42.3 = <-7 2%- 
130.5 0.9487 20 .84 1.55 2:3 26 
177 0.8573 20 76 0.19 “0 47 1-6% 
195.8 0.8965 20 .68 0.10 “0 
187.3 0.8699 20 .65 0.16 =0 54 1-5% 
168 0.9387 20 91 0.22 (3.2) 58 2-7% 
131.6 2.179120 0.72 1.55 (1.2) 
64.9 2.42120 
97 2.496920 0.61 6.12 1.43 
47.3 2.149 25 0.69 43.4 
160 0.767020 2.27 0.34 (1.0) 47 1-6% 
180 1.3059 20 10 0.18 2.50 66 2-9% 
57 1.175720 28 30.5 2.06 -17 5-11% 
84 1.235120 130 10.6 (1.8) 13 6-16% 
31.6 1.21320 .15 80.0 134 -15 7-1696 
60 1.283720 20 26.8 1.90 6 3-15% 
49 1.2565 20 20 442 0 2 6-1396 
179 1227 .54 0.14 (2.6) 55 3%- 
40 1.3266 20 19 58.2 1.60 13-23% 
96 1.1560 2° 32 6.62 (1.8) 16 3-15% 

4 1.5184 0.96 215 0.5 

269 1.0966 2° 2.22 <0.01 (2.8) 172 2-13% 
55 0.7056 2° 2.31 30.1 0.92 -23 2-10% 

126 0.975220 .80 1.63 1.10 25 

246 1.1197 5 2.31 «0.01 (2.3) 124 2-1796 

162 0.943420 2.04 0.31 (2.0) 67 

196 0.9885 20 2.24 0.02 (1.6) 96 


Ign. Тетр./°С TLV 


425 
343 
405 
478 
312 
380 
423 


90 


593 


424 
245 
300 
420 
293 
361 


436 


255 
643 


648 
458 
413 
570 
460 
460 
369 
556 
557 


662 
312 


224 


50 
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Маше 


Diethylene glycol monoethyl 
ether acetate 

Diethylene glycol monomethyl 
ether 

Diethylenetriamine 

Diethyl ether 

Diisobutyl ketone 

Diisopropyl ether 

N,N-Dimethylacetamide 

Dimethylamine 

Dimethyl disulfide 

N,N-Dimethylformamide 

Dimethyl sulfoxide 

1,4-Dioxane 


1,3-Dioxolane 


Dipentene 
Epichlorohydrin 


Ed 
Ed 
Ed 
Ed 
Ed 
Ed 
Ей 
Ed 
Ed 
Ed 
Ed 
Ed 
Ed 
Ed 
Ed 


ny. 


ny: 


hanolamine (Glycinol) 


acetate 

acetoacetate 

alcohol 

amine 

benzene 

bromide 

chloride 

ene carbonate 

enediamine 

ene glycol 

ene glycol diethyl ether 

ene glycol dimethyl ether 
ene glycol monobutyl ether 
ene glycol monoethyl ether 
ene glycol ethyl ether acetate 
ene glycol monomethyl ether 
ene glycol momomethyl ether 
ate 

formate 


Furan 


Furfural 


Furfuryl alcohol 

Glycerol 

Heptane 

1-Heptanol 

Hexane 

1-Hexanol (Саргоу! alcohol) 
Hexylene glycol 

Нехуі methyl ketone 
Isobutyl acetate 

Isobutyl alcohol 


MF 


СН, 0, 


С-Н 20; 
СН з№3 
СНО 
СН 0 
C,H,,0 
со 
CHN 
СН; 
CjH,NO 
C;H,OS 
сң, 
сео 
СоН,6 
C4H,CIO 
CHNO 
C,H,O, 
CoH Оз 
CHO 
CHN 
СН 
С.Н,Вг 
сна 
C4H,0, 
СН 
CHO; 
СН 40; 
СН 0 
СНО; 
С.НиО, 
СН 20; 
GHO, 


C5H1003 
сео 
со 
C.H40, 
С.Н,О, 
С;НұО; 
СН 
СНО 
C Hu 

C |HuO 
C IHuO; 
СұН O 
СН 20; 
С,Н,О 


PROPERTIES OF COMMON LABORATORY SOLVENTS (continued) 


CAS RN M, “ес ы” р/в cm? с] ак“ vp/kPa WD ЕР”С Fl Lim. 
112-15-2 176.21 -25 218.5 1.009620 0.03 (1.8) 110 

111-77-3 120.15 193 1.03520 2.26 0.02 (1.6) 96 1-23% 
111-40-0 103.17 -39 207 0.9569 20 2.46 0.03 (1.9) 98 2-196 
60-29-7 7442 -116 34 0.713820 2.33 717 1.15 -45 2-36% 
108-83-8 142.24 -42 169 0.8062 20 2.09 0.23 Q.7) 49 1-7% 
108-20-3 102.18 -87 69 0.724120 2.12 19.9 1.13 -28 1-8% 
127-19-5 87.12 -20 165 0.936625 2.02 0.07 (3.7) 70 2-02% 
124-40-3 45.08 -92 7 0.68040 3.05 203 1.01 20 3-14% 
624-92-0 94.20 -85 109.8 1.062520 55 3.82 (1.8) 24 

68-12-2 73.09 -60 153 0.94425 2.06 0.44 3.82 58 2-15% 
67-68-5 78.14 19 189 1.101420 96 0.08 3.96 95 3-42% 
123-91-1 88.11 12 101 1.033720 7A 4.95 0 12 2-22% 
646-06-0 74.08 -95 78 1.06020 59 14.6 1.19 2 

7705-14-8 136.24 -95.5 178 0.84022! 83 0.26 45 

106-89-8 92.52 -26 116 1.181220 42 22 (1.8) 31 4-21% 
141-43-5 61.08 11 171 1.018020 3.20 0.05 (2.3) 86 3-24% 
141-78-6 88.11 -84 77 0.9003 20 94 12.6 1.78 -4 2-129 
141-97-9 130.14 -45 180.8 1.0368 10 91 0.09 57 -10% 
64-17-5 46.07 -114 78 0.7893 20 2.44 7.87 1.69 13 3-19% 
75-04-7 45.08 -81 17 0.686 17 2.88 142 1.22 <-18 4-14% 
100-41-4 106.17 -95 136 0.86702 73 1.28 0.59 21 1-7% 
74-96-4 108.97 -118.6 38.5 1.460420 0.93 62.5 2.03 7-896 
75-00-3 64.51 -139 12 0.909 12 62 160 2.05 -50 4-15% 
96-49-1 88.06 36.4 248 1.321439 52 «0.01 (4.9) 143 

107-15-3 60.10 11 117 0.8979 20 2.87 1.62 1.99 40 3-12% 
107-21-1 62.07 -13 197 1.108820 241 0.01 2.28 111 3-22% 
629-14-1 118.18 -74 119.4 0.848420 2.19 4.33 35 

110-71-4 90.12 -58 85 0.869120 2.14 9.93 2 

111-76-2 118.18 -75 168 0.901520 2.38 0.15 (2.1) 69 4-13% 
110-80-5 90.12 -70 135 0.9297 20 2.34 0.71 (2.1) 43 3-18% 
111-15-9 132.16 -62 156 0.974020 2.85 0.24 (2.2) 56 2-8% 
109-86-4 76.10 -85 124 0.9647 20 2.25 131 2.36 39 2-14% 
110-49-6 118.13 -70 143 1.0074 19 2.62 0.67 (2.1) 49 2-12% 
109-94-4 74.08 -80 54 0.916820 2.02 32.3 19 20 3-16% 
110-00-9 68.08 -86 31 0.951420 1.69 80.0 0.66 «0 — 2-14% 
98-01-1 96.09 -37 162 1.159420 1.70 0.29 (3.5) 6 2-19% 
98-00-0 98.10 -31 171 1.129620 2.08 0.10 (1.9) 75 2-16% 
56-81-5 92.09 18 290 1.261320 2.38 «0.01 Q.6) 199 3-19% 
142-82-5 100.20 -91 98 0.6837 20 224 6.09 = -4 1-7% 
111-70-6 116.20 34 1764 0.821920 2.34 

110-54-3 86.18 -95 69 0.654825 2.27 20.2 =0 22 1-8% 
111-27-3 102.18 -44.6 157.6 0.813620 2.35 0.11 63 

107-41-5 118.18 -50 197 0.923 5 2.84 «0.01 (2.9) 102 1-9% 
111-13-7 128.21 -16 172.5 0.82020 2.13 (2.7) 52 

110-19-0 116.16 -99 117 0.871220 2.01 2.39 (1.9) 18 1-11% 
78-83-1 74.12 -108 108 0.801820 2.44 1.39 1.64 28 2-1% 


Ign. Temp./°C TLV 


238 
235 


285 


455 
316 
491 
370 
204 
225 
306 


421 
415 
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PROPERTIES OF COMMON LABORATORY SOLVENTS (continued) 


Name MF CAS RN M, t °C t °C p/g cm e J g !K-! vp/kPa wD FP/C Е. Lim.  Ign.Temp.^C TLV 
Isobutylamine CHIN 78-81-9 73.14 -87 68 0.72425 2.50 19.0 (1.3) -9 2-12% 378 
Isopentyl acetate C;HuO; 123-92-2 130.19 -79 143 0.876 15 91 073 (1.9) 25 1-8% 360 100 
Isophorone СНО 78-59-1 138.21 -8 215 0.9255 20 83 0.06 84 1-4% 460 5 
Isopropyl acetate Сны, 08-21-4 102.13 -73 89 0.8718 20 95 84 2 2-8% 460 250 
Isopropyl alcohol С;Н;О 67-63-0 60.10 -90 82 0.7855 20 2.58 6.02 1.56 12 2-13% 399 400 
Isoquinoline C9H;N 119-65-3 129.16 26.47 243.2 1.091030 :92 2.73 
d-Limonene (Citrene) СоН!6 5989-27-5 136.24 -97 178 0.841120 .83 0.28 49 
2,6-Lutidine СВМ 08-48-5 107.16 -6.1 144.1 0.922620 73 0.75 (17) 
Mesitylene СЫН,» 108-67-8 120.19 -45 165 0.8652 20 74 0.33 0 50 1-5% 559 25 
Mesityl oxide СН 0 141-79-7 98.14 -59 130 0.8653 20 2.17 147 (2.8) 31 1-7% 344 15 
Methyl acetate С;Н4О- 79-20-9 74.08 -98 87 0.934220 92 28.8 172 -10 3-16% 454 200 
Methylal ОНО; 09-87-5 76.10 -105 42 0.8593 20 212 53.1 (0.7) -32 2-14% 237 1000 
Methyl alcohol СН,О 67-56-1 32.04 -98 65 0.791420 2.53 16.9 1.70 11 6-36% 464 200 
Methylamine CH;N 74-89-5 31.06 -93 -6 0.656 25 3.29 353 1.31 0 5-21% 430 5 
Methyl benzoate CsHsO; 93-58-3 136.15 -15 199 1.0933 !5 .63 0.05 (1.9) 83 
Methylcyclohexane СНА 08-87-2 98.19 -127 101 0.7694 20 .88 6.18 = -4 1-7% 250 400 
Methyl ethyl ketone С,Н,О 78-93-3 72.11 -87 80 0.8054 20 2.20 12.6 2.78 -9 1-11% 404 200 
N-Methylformamide C,H;NO 123-39-7 59.07 -3.8 199.5 1.01119 2.10 3.83 
Methyl formate ОВО; 107-31-3 60.05 -99 32 0.9742 20 98 78.1 1.77 -19 5-23% 449 100 
Methyl iodide CHI 74-88-4 41.94 -66.4 42.5 2.27920 0.89 53.9 1.62 2 
Methyl isobutyl ketone СНО 108-10-1 00.16 -84 116 0.7978 20 2.13 2.64 18 1-896 448 50 
Methyl isopentyl ketone Сао 110-12-3 11419 144 0.888 20 0.69 36 1-8% 191 50 
2-Methylpentane СеНа 107-83-5 86.18 -153.7 60.2 0.65025 2.25 28.2 “0 <-29 1-7% 264 
4-Methyl-2-pentanol СНО 108-11-2 02.18 -90 132 0.8075 20 2.67 0.70 41 1-6% 25 
Methyl pentyl ketone СНО 110-43-0 14.19 -35 151 0.811120 2.04 0.49 (2.6) 39 1-8% 393 50 
Methyl ргору! ketone CH0 107-87-9 86.13 -77 102 0.809 20 2.14 4.97 (2.7) 7 2-8% 452 200 
N-Methyl-2-pyrrolidone C;HyNO 872-50-4 99.13 -24 202 1.023025 3.11 0.04 (4.1) 96 1-10% 346 
Morpholine С,Н,МО 110-91-8 87.12 -5 128 1.0005 20 1.89 1.34 1.55 37 1-11% 290 20 
Nitrobenzene С,Н,МО, 98-05-3 23.11 6 211 1.203720 1.51 0.03 4.22 88 2-9% 482 1 
Nitroethane C,H;NO, 79-24-3 75.07 -90 114 1.0448 25 1.79 2.79 3.23 28 3-17% 414 100 
Nitromethane CH;NO, 75-52-5 61.04 -29 101 1.137120 1.75 4.79 3.46 35 7-22% 418 20 
]-Nitropropane C4H;NO; 108-03-2 89.09 -108 131.1 0.9961 ?5 1.97 1.36 3.66 36 2%- 421 25 
2-Nitropropane ОВО; 79-46-9 89.09 -91 120 0.982125 1.91 2.3 3.73 24 3-1196 428 10 
Octane СУН 111-65-9 114.23 -57 126 0.6986 25 2.23 1.86 = 13 1-7% 206 300 
1-Octanol С,Н,О 111-87-5 130.23 -15.5 195.1 0.8262 25 2.34 0.01 (1.8) 81 
Pentachloroethane CHCl; 76-01-7 202.29 -29 160 1.679620 0.86 0.48 0.92 
Pentamethylene glycol СНО 11-29-5 104.15 -18 239 0.991420 3.08 (2.5) 129 335 
Pentane СН! 109-66-0 72.15 -130 36 0.6262 20 2.32 68.3 = <-40 2-8% 260 600 
]-Pentanol С,.Н,О 71-41-0 88.15 -79 138 0.814420 2.36 0.26 (1.7) 33 1-10% 300 
Pentyl acetate СНАО 628-63-7 130.19 -71 149 0.8756 20 2.00 0.60 1.75 16 1-8% 360 100 
2-Picoline C&;H;N 09-06-8 93.13 -67 129 0.9443 ?0 1.70 1.5 1.85 39 538 
а-Ріпепе СН 80-56-8 136.24 -64 156 0.8539 25 0.64 35 275 
В-Ршепе Син, 127-91-3 136.24 -61.5 166 0.86025 0.61 38 275 
Piperidine С5НимМ 110-89-4 85.15 -11 106 0.8606 20 2.11 4.28 (1.2) 16 1-1096 
Propanenitrile C4H5N 07-12-0 55.08 -93 97 0.781820 2.17 6.14 4.05 2 3-14% 512 
Propyl acetate СНО 109-60-4 102.13 -93 102 0.8878 20 1.92 4.49 (1.8) 13 2-8% 450 200 
Propyl alcohol С.Н,О 71-23-8 60.10 -126 97 0.8035 20 2.39 2.76 1.55 23 2-14% 412 200 
Propylamine C3HoN 07-10-8 59.11 -83 47 0.7173 20 2.75 42.1 1.17 -37 2-10% 318 
Propylbenzene СоНу 03-65-1 120.19 -99.5 159.2 0.8620 20 1.79 -0 30 1-6% 450 
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PROPERTIES OF COMMON LABORATORY SOLVENTS (continued) 


Name MF CAS RN M, t °C t °C р/в cm? cJ g !K-! vp/kPa шр FP/C Fl. Lim.  Ign.Temp.^C TLV 

Propylene glycol С;Н;О, 57-55-6 76.10 -60 188 1.036120 2.51 0.02 (2.2) 99 3-13% 371 
Pseudocumene СН,» 95-63-6 120.19 -44 169 0.8758 20 1.79 0.30 = 44 1-6% 500 25 
Рупаше CsHsN 110-86-1 79.10 -42 115 0.981920 1.68 2.76 2.21 20 2-12% 482 5 
Pyrrole C4H5N 109-97-7 67.09 -234 129.7 0.969820 1.90 1.10 1.74 39 
Pyrrolidine C4H9N 123-75-1 71.12 -57.8 86.5 0.858620 2.20 8.40 (1.6) 3 
2-Pyrrolidone С,Н,ХО 616-45-5 85.11 25 251 112020 1.99 (3.5) 129 
Quinoline CoHç;N 91-22-5 129.16 -14.78 237.1 1.097715 1.51 2.29 480 
Styrene CsHs 100-42-5 104.15 -31 145 0.906020 1.75 0.81 31 1-7% 490 50 
Sulfolane С,Н,О,8 126-33-0 120.17 28 287 272318 1.50 <0.01 (4.8) 177 
a-Terpinene СН 99-86-5 136.24 174 0.8375 19 
1,1,1,2-Tetrachloro-2,2- 

difluoroethane С;СЦЕ, 76-11-9 203.83 40.6 915 64925 7.36 500 
1,1,2,2- Tetrachloro-1,2- 

difluoroethane C;CLE; 76-12-0 203.83 26 93 644725 0.85 7.51 500 
1,1,1,2- Tetrachloroethane CHCl, 630-20-6 167.85 -70 131 1.540620 0.92 1.6 5-12% 
1,1,2,2- Tetrachloroethane C;H;Cl, 79-34-5 167.85 -44 146 1.595320 0.97 0.62 1.32 20-54% 1 
Tetrachloroethylene C;Cl, 127-18-4 165.83 -22 121 1.622720 0.86 2.42 0 50 
Tetraethylene glycol С,Н,О, 112-60-7 194.23 -6.2 328 1128515 221 182 
Tetrahydrofuran С,Н,О 109-99-9 72.11 -108 65 0.8892 ?0 72 21.6 1.75 -14 2-12% 321 200 
1,2,3,4- Tetrahydronaphthalene СН» 119-64-2 132.21 -36 208 0.9660 25 65 0.05 =0 71 1-596 385 
Tetrahydropyran С.Н,уО 142-68-7 86.13 -45 88 0.881420 82 9.54 1.74 -20 
Tetramethylsilane C,H Si 75-76-3 88.22 -99.0 26.6 0.648 19 231 94.2 0 
Toluene С-Н, 108-88-3 92.14 -95 111 0.8669 20 70 3.79 0.37 4 1-7% 480 50 
o-Toluidine C;H9N 95-53-4 107.16 -16.3 200.3 0.998420 .96 0.04 (1.6) 85 482 2 
Triacetin CoH Об 102-76-1 218.21 -78 259 1.1583 20 76 <0.01 138 1%- 433 
Tributylamine СНМ 102-82-9 185.35 -70 217 0.777020 0.01 (0.8) 86 1-5% 
1,1,1-Trichloroethane СНС; 71-55-6 133.40 -30 74 1.339020 .08 16.5 1.76 8-13% 537 350 
1,1,2-Trichloroethane С,Н,СЬ, 79-00-5 133.40 -37 114 1.439720 43 34 (1.4) 22 6-28% 460 10 
Trichloroethylene CHCl; 79-01-6 131.39 -85 87 1.4642 20 0.95 9.91 (0.8) 32 8-11% 420 50 
Trichlorofluoromethane CCLF 75-69-4 137.37 -111 24 1.47824 0.89 106 0.46 1000 
1,1,2-Trichlorotrifluoroethane С;СЬЕ; 76-13-1 187.38 -35 48 1.5635 25 0.91 44.8 1000 
Triethanolamine C&H;5NO; 102-71-6 149.19 21 335 1.124220 2.61 <0.01 (3.6) 179 1-10% 0.5 
Triethylamine Срб О 121-44-8 101.19 -115 89 0.727520 2.17 7.70 0.66 -7 1-8% 249 1 
Triethylene glycol C4H4404 112-27-6 150.17 -7 285 1.127415 218 177 1-9% 371 
Triethyl phosphate С,Н,ОР 78-40-0 182.16 -56.4 215.5 1.0695 20 (3.1) 115 454 
Trimethylamine C;H9N 75-50-3 59.11 -117 3 0.62725 2.33 215 0.61 -7 2-12% 190 5 
Trimethylene glycol С.Н,О, 504-63-2 76.10 -267 214.4 1.053820 (2.5) 400 
Trimethyl phosphate С,Н,О,Р 512-56-1 140.08 -46 197.2 1.2144?0 0.11 (3.2) 107 
Veratrole CgH i907 91-16-7 138.17 22.5 206 1.081025 (1.3) 
o-Xylene C&Hijo 95-47-6 106.17 -25 144 0.8802 10 1.75 0.88 0.64 32 1-7% 463 100 
m-Xylene СН, 108-38-3 106.17 -48 139 0.8642 20 1.72 1.13 =0 27 1-7% 527 100 


p-Xylene С.Ну 106-42-3 106.17 13 138 0.861120 171 1.19 0 27 1-796 528 100 


DEPENDENCE OF BOILING POINT ON PRESSURE 


The normal boiling point of a liquid is defined as the temperature at which the vapor pressure reaches standard atmospheric pressure, 101.325 kPa. 
The change in boiling point with pressure may be calculated from the representation of the vapor pressure by the Antoine Equation, 


lIn p = Aj - AJ(T + Аз) 
where p is the vapor pressure, Т the absolute temperature, and А), А», and Аз are constants. This table, which has been calculated using the Antoine 
constants in Reference 1, gives values of А// Ар for a number of liquids, in units of both °C/kPa and °C/mmHg. The correction to the boiling point is 
generally accurate to 0.1 to 0.2 °С as long as the pressure is within 10% of standard atmospheric pressure. 


A slightly less accurate estimate of At/Ap may be obtained from the Claussius-Clapeyron equation, with the assumption that the change in volume 
upon vaporization equals the ideal-gas volume of the vapor. This leads to the equation 


AtlAp = RTy [po AvapH(Tp) 


where К is the molar gas constant, ро is 101.325 kPa, Т, is the normal boiling point temperature (absolute), and АНС) is the molar enthalpy of 
vaporization at the normal boiling point. Values of the last quantity may be obtained from the table “Enthalpy of Vaporization” in Section 6. 


REFERENCE 


1. Lide, D.R., and Kehiaian, H.V., CRC Handbook of Thermophysical and Thermochemical Data, CRC Press, Boca Raton, FL, 1994, pp. 49- 


59. 
fy А Ар fy At/Ap 

Compound °C ?C/kPa =°C/mmHg Compound °C ?C/kPa = ?C/mmHg 
Acetaldehyde 20.1 0.261 0.0348 1-Нехапо! 157.6 0.318 0.0424 
Acetic acid 1179 0.324 0.0432 Hydrogen fluoride 20.1 0.276 0.0368 
Acetone 56.0 0.289 0.0385 Iodomethane 42.5 0.291 0.0388 
Acetonitrile 81.6 0.316 0.0421 Isobutane -11.7 0.254 0.0339 
Ammonia -33.33 0.198 0.0264 Methanol 64.6 0.251 0.0335 
Aniline 184.1 0.378 0.0504 Methyl acetate 56.8 0.282 0.0376 
Anisole 153.7 0.367 0.0489 Methyl formate 31.7 0.582 0.0776 
Benzaldehyde 179.0 0.392 0.0523 N-Methylaniline 196.2 0.396 0.0528 
Benzene 80.0 0.321 0.0428 N-Methylformamide 199.5 0.371 0.0495 
Bromine 58.8 0.300 0.0400 Nitrobenzene 210.8 0.418 0.0557 
Butane -0.5 0.267 0.0356 Nitromethane 101.1 0.320 0.0427 
1-Butanol 1177 0.278 0.0371 1-Octanol 195.1 0.360 0.0480 
Carbon disulfide 46.2 0.304 0.0405 Pentane 36.0 0.289 0.0385 
Chlorine -34.04 0.224 0.0299 1-Pentanol 137.9 0.296 0.0395 
Chlorobenzene 131.7 0.365 0.0487 Phenol 181.8 0.349 0.0465 
1-Chlorobutane 78.6 0.321 0.0428 Propane -42.1 0.224 0.0299 
Chloroethane 12.3 0.262 0.0349 1-Propanol 97.2 0.261 0.0348 
Chloroethylene -13.3 0.241 0.0321 2-Propanol 82.3 0.247 0.0329 
Cyclohexane 80.7 0.328 0.0437 Pyridine 115.2 0.340 0.0453 
Cyclohexanol 160.8 0.344 0.0459 Pyrrole 129.7 0.330 0.0440 
Cyclohexanone 155.4 0.382 0.0509 Pyrrolidine 86.5 0.309 0.0412 
Decane 174.1 0.388 0.0517 Styrene 145.1 0.369 0.0492 
Dibutyl ether 140.2 0.363 0.0484 Sulfur dioxide -10.05 0.221 0.0295 
Dichloromethane 39.6 0.276 0.0368 Tetrachloroethylene 121.3 0.354 0.0472 
Diethyl ether 34.5 0.278 0.0371 Tetrachloromethane 76.8 0.325 0.0433 
Dimethyl sulfoxide 189.0 0.379 0.0505 Toluene 110.6 0.353 0.0471 
1,4-Dioxane 101.5 0.321 0.0428 Trichloroethylene 87.2 0.330 0.0440 
Dipropyl ether 90.0 0.326 0.0435 Trichloromethane 61.1 0.302 0.0403 
Ethanol 78.2 0.249 0.0332 Trimethylamine 2.8 0.248 0.0331 
Ethyl acetate TI.l 0.300 0.0400 Water 100.0 0.276 0.0368 
Ethylene glycol 197.3 0.331 0.0441 o-Xylene 144.5 0.373 0.0497 
Heptane 98.5 0.336 0.0448 m-Xylene 139.1 0.368 0.0491 
Hexafluorobenzene 80.2 0.305 0.0407 p-Xylene 138.3 0.369 0.0492 
Hexane 68.7 0.314 0.0419 
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EBULLIOSCOPIC CONSTANTS FOR CALCULATION OF BOILING POINT ELEVATION 


The boiling point T, of a dilute solution of a non-volatile, non-dissociating solute is elevated relative to that of the pure solvent. If the solution is 


АТ, = Ey m 


E, = RT MIA H 


ideal (i.e., follows Raoult' s Law), the amount of elevation depends only on the number of particles of solute present. Hence the change in boiling point 
АТ, can be expressed as 


where т; is the molality (moles of solute per kilogram of solvent) and E, is the Ebullioscopic Constant, a characteristic property of the solvent. The 
Ebullioscopic Constant may be calculated from the relation 


where R is the molar gas constant, T, is the normal boiling point temperature (absolute) of the solvent, M the molar mass of the solvent, and AyapH 
the molar enthalpy (heat) of vaporization of the solvent at its normal boiling point. 


This table lists Æ, values for some common solvents, as calculated from data in the table “Enthalpy of Vaporization" in Section 6. 


Compound 


Acetic acid 
Acetone 
Acetonitrile 
Aniline 

Anisole 
Benzaldehyde 
Benzene 
1-Butanol 
Carbon disulfide 
Chlorobenzene 
1-Chlorobutane 
Cyclohexane 
Cyclohexanol 
Decane 
Dichloromethane 
Diethyl ether 
Dimethyl sulfoxide 
1,4-Dioxane 
Ethanol 

Ethyl acetate 
Ethylene glycol 
Heptane 


E/K kg mol! 


3.22 
1.80 
1.44 
3.82 
4.20 
4.24 
2.64 
2.17 
2.42 
4.36 
3,13 
2.92 
3.5 

6.10 
2.42 
2.20 
3.22 
3.01 
1.23 
2.82 
2.26 
3.62 
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Compound 


Hexane 
Iodomethane 
Methanol 

Methyl acetate 
N-Methylaniline 
N-Methylformamide 
Nitrobenzene 
Nitromethane 
1-Octanol 

Phenol 

1-Propanol 
2-Propanol 

Pyridine 

Pyrrole 

Pyrrolidine 
Tetrachloroethylene 
Tetrachloromethane 
Toluene 
Trichloroethylene 
Trichloromethane 
Water 

o-Xylene 


EyK kg mol"! 


2.90 
4.31 
0.86 
2.21 
4.3 
2.2 
5.2 
2.09 
5.06 
3.54 
1.66 
1.58 
2.83 
2:33 
2.32 
6.18 
5.26 
3.40 
4.52 
3.80 
0.513 
4.25 


CRYOSCOPIC CONSTANTS FOR CALCULATION OF FREEZING POINT DEPRESSION 


The freezing point 7; of a dilute solution of a non-volatile, non-dissociating solute is depressed relative to that of the pure solvent. If the solution 
is ideal (i.e., follows Raoult’ s Law), this lowering is a function only of the number of particles of solute present. Thus the absolute value of ће lowering 
of freezing point AT; can be expressed as 


AT,- Ет, 


where т, is the molality (moles of solute per kilogram of solvent) and Е; is the Cryoscopic Constant, a characteristic property of the solvent. The 
Cryoscopic Constant may be calculated from the relation 


Е; = R ТР MIA, H 
where В is the molar gas constant, T, is the freezing point temperature (absolute) of the solvent, M the molar mass of the solvent, and А „Н the molar 


enthalpy (heat) of fusion of the solvent. 
This table lists cryscopic constants for selected substances, as calculated from data in the table “Enthalpy of Fusion" in Section 6. 


Compound ЕУК kg шог! Compound ЕҰК kg mol! 

Acetamide 3.92 1,4-Dioxane 4.63 
Acetic acid 3.63 Diphenylamine 838 
Acetophenone 5.16 Ethylene glycol 3.11 
Aniline 5.23 Formamide 4.25 
Benzene 5.07 Formic acid 2.38 
Benzonitrile 5.35 Glycerol 3.56 
Benzophenone 8.58 Methylcyclohexane 2.60 
(+)-Camphor 37.8 Naphthalene 7.45 
]-Chloronaphthalene 7.68 Nitrobenzene 6.87 
o-Cresol 5.92 Phenol 6.84 
m-Cresol 7.16 Pyridine 4.26 
p-Cresol 7.20 Quinoline 6.73 
Cyclohexane 20.8 Succinonitrile 19.3 

Cyclohexanol 42.2 1,1,2,2-Tetrabromoethane 21.4 

cis-Decahydronaphthalene 6.42 1,1,2,2-Tetrachloro-1,2-difluoroethane 41.0 

trans-Decahydronaphthalene 4.70 Toluene 3.55 
Dibenzyl ether 6.17 p-Toluidine 4.91 
p-Dichlorobenzene 7.51 Tribromomethane 15.0 

Diethanolamine 3.16 Water 1.86 
Dimethyl sulfoxide 3.85 p-Xylene 4.31 
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FREEZING POINT LOWERING BY ELECTROLYTES IN AQUEOUS SOLUTION 
REFERENCE 


Forsythe, W. E., Smithsonian Physical Tables, Ninth Edition, Smithsonian Institution, Washington, 1956. 


Lowering of freezing point of water (in °С) as function of molality (mol/kg) 


Compound 005 010 025 050 075 100 150 2.00 250 3.00 
сасі, 025 049 127 266 428 635 1078 1527 2042 28.08 
CuSO, 013 0.23 047 0.96 

HCl 018 036 090 186 290 402 663 9.94 

HNO, 018 035 O88 180 278 380 598 834 10.95 13.92 
Н,80, 020 039 096 195 304 428 735 1135 1632 

KBr 018 036 092 178 

ка! 017 035 086 168 249 329 488 650 814 97 
KNO; 017 033 078 147 211 2.66 

K,SO, 023 043 101 187 

LiCl 0.18 035 O88  L80 278 

MgSO, 013 024 055 101 150 208 3.41 

NH,Cl 017 034 085 170 2.55 

NaCl 018 035 085 168 2.60 


NaNO; 0.18 0.36 0.80 1.62 2.63 3.10 


DETERMINATION ОЕ RELATIVE HUMIDITY FROM DEW POINT 


The relative humidity of a water vapor-air mixture is defined as 100 times the partial pressure of water divided by the saturation vapor pressure 
of water at the same temperature. The relative humidity may be determined from the dew point f,,,,, which is the temperature at which liquid water 
first condenses when the mixture is cooled from an initial temperature 7. This table gives relative humidity as a function of the dew point depression 
t - цех for several values of the dew point. Values are calculated from the vapor pressure table in Section 6. 


taew! С taew! С 
і-ішу -10 0 10 20 30 і-іш, -10 0 10 20 30 

0.0 100 100 100 100 100 82 54 56 59 61 63 
0.2 99 99 99 99 99 8.4 53 56 58 60 63 
0.4 97 97 97 98 98 8.6 52 55 57 60 62 
0.6 95 96 96 96 97 8.8 51 54 57 59 61 
0.9 94 94 95 95 96 9.0 51 53 56 58 61 
1.0 92 93 94 94 94 9.2 50 59 55 58 60 
1.2 91 92 92 93 93 9.4 49 52 55 57 59 
1.4 90 90 91 92 92 9.6 48 51 54 56 59 
1.6 88 89 90 91 91 9.8 48 51 53 56 58 
1.8 87 88 89 90 90 10.0 47 50 53 55 57 
2.0 86 87 88 88 89 10.5 45 48 51 54 56 
22 84 85 86 87 89 11.0 44 47 49 32 55 
2.4 83 84 85 86 87 11.5 42 45 48 51 53 
2.6 82 83 84 85 86 12.0 41 44 47 49 52 
2.8 80 82 83 84 85 12.5 39 42 45 48 50 
3.0 79 81 82 83 84 13.0 38 41 44 46 49 
32 78 80 81 82 83 13.5 37 40 43 45 48 
3.4 77 79 80 81 82 14.0 35 38 41 44 47 
3.6 76 77 79 80 82 14.5 34 37 40 43 45 
3.8 75 76 78 79 81 15.0 33 36 39 42 44 
4.0 73 75 77 78 80 15.5 32 35 38 40 

42 72 74 76 77 79 16.0 31 34 37 39 

44 71 73 75 77 78 16.5 30 33 36 38 

4.6 70 72 74 76 77 17.0 29 32 35 37 

4.8 69 71 73 75 76 17.5 28 31 34 36 

5.0 69 70 72 74 75 18.0 27 30 33 35 

5.2 67 69 71 73 75 18.5 26 29 32 34 

5.4 66 68 70 72 74 19.0 25 28 31 33 

5.6 65 67 69 71 73 19.5 24 27 30 33 

5.9 64 66 69 70 72 20.0 24 26 29 32 

6.0 63 66 68 70 71 21.0 22 25 27 30 

6.2 62 65 67 69 71 22.0 21 23 26 29 

6.4 61 64 66 68 70 23.0 19 22 24 27 

6.6 60 63 65 67 69 24.0 18 21 23 26 

6.8 60 62 64 66 68 25.0 17 19 22 24 

7.0 59 61 63 66 68 26.0 16 18 21 23 

7:2 58 60 63 65 67 27.0 15 17 20 22 

7.4 57 60 62 64 66 28.0 14 16 19 21 

7.6 56 59 61 63 65 29.0 13 15 18 20 

7.8 55 58 60 63 65 30.0 12 14 17 19 

8.0 54 57 60 62 64 
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DETERMINATION OF RELATIVE HUMIDITY FROM WET AND DRY BULB TEMPERATURES 


Relative humidity may be determined by comparing temperature readings of wet and dry bulb thermometers. The following table, extracted from 
more extensive U.S. National Weather Service tables, gives the relative humidity as a function of air temperature 14 (dry bulb) and the difference 
ta- tw between dry and wet bulb temperatures. The data assume a pressure near normal atmospheric pressure and an instrumental configuration with 
forced ventilation. 


(ta - ^C 
t °C 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

-10 83 67 51 35 19 

-8 86 71 57 43 29 15 

-6 88 74 61 49 37 25 8 

-4 89 77 66 55 44 33 23 12 

-2 90 79 69 60 50 40 31 22 12 

0 91 81 72 64 55 46 38 29 21 13 5 

2 91 84 76 68 60 52 44 37 29 22 14 7 

4 92 85 78 71 63 57 49 43 36 29 22 16 

6 93 86 79 73 66 60 54 48 41 35 29 24 

8 93 87 81 75 69 63 57 51 46 40 35 29 
10 94 88 82 77 71 66 60 55 50 44 39 34 
12 94 89 83 78 73 68 63 58 53 48 43 39 
14 95 90 85 79 75 70 65 60 56 51 47 42 
16 95 90 85 81 76 71 67 63 58 54 50 46 
18 95 91 86 82 77 73 69 65 61 57 53 49 
20 96 91 87 83 78 74 70 66 63 59 55 51 
22 96 92 87 83 80 76 72 68 64 61 57 54 
24 96 92 88 84 80 TI 73 69 66 62 59 56 
26 96 92 88 85 81 78 74 71 67 64 61 58 
28 96 93 89 85 82 78 75 72 69 65 62 59 
30 96 93 89 86 83 79 76 73 70 67 64 61 
35 97 94 90 87 84 81 78 75 72 69 67 64 
40 97 94 91 88 85 82 80 77 74 72 69 67 

(ta БС 
t °C 6.5 7.0 7.5 8.0 8.5 9.0 10.0 11.0 12.0 13.0 14.0 15.0 

4 9 

6 17 11 5 

8 24 19 14 8 

10 29 24 20 15 10 6 

12 34 29 25 21 16 12 5 

14 38 34 30 26 22 18 10 

16 42 38 34 30 26 23 15 8 

18 45 41 38 34 30 27 20 14 7 

20 48 44 41 37 34 31 24 18 12 6 

22 50 47 44 40 37 34 28 22 17 11 6 

24 53 49 46 43 40 37 31 26 20 15 10 5 
26 54 51 49 46 43 40 34 29 24 19 14 10 
28 56 53 51 48 45 42 37 32 27 22 18 13 
30 58 55 52 50 47 44 39 35 30 25 21 17 
32 60 57 54 51 49 46 41 37 32 28 24 20 
34 61 58 56 53 51 48 43 39 35 30 26 23 
36 62 59 57 54 52 50 45 41 37 33 29 25 
38 63 61 58 56 54 51 47 43 39 35 31 27 
40 64 62 59 57 54 53 48 44 40 36 33 29 
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CONSTANT HUMIDITY SOLUTIONS 


Anthony Wexler 


Anexcess of a water soluble salt in contact with its saturated solution and contained within an enclosed space produces a constant 
relative humidity and water vapor pressure according to 


RH =A exp(B/T) 


where RH is the percent relative humidity (generally accurate to +2 %), T is the temperature in kelvin, and the constants A and B 
and the range of valid temperatures are given in the table below. The vapor pressure, p, can be calculated from 


p = (КН/100) x po 


where ро 15 the vapor pressure of pure water at temperature Т as given in the table in Section 6 titled “Vapor Pressure of Water from 
0 to 370°C”. 


REFERENCES 

1. Wexler, A. S. and Seinfeld, J. H., Atmospheric Environment, 25A, 2731, 1991. 

2. Greenspan, L., J. Res. National Bureau of Standards, 81A, 89, 1977. 

3. Broul, et al., Solubility of Inorganic Two-Component Systems, Elsevier, New York, 1981. 

4. Wagman, D. D. et al., J. Phys. Chem. Ref. Data, Vol. 11, Suppl. 2, 1982. 

Compound Temperature RH A B 
range (°C) 25°C 

МаОН-Н,О 15--60 6 5.48 27 
11Вг-2Н,О 10--30 6 0.23 996 
ZnBr, · 29,0 5—30 8 1.69 455 
КОН-2Н,О 5--30 9 0.014 1924 
LiCl - H,O 20—65 11 14.53 -75 
CaBr, - 6Н;О 11—22 16 0.17 1360 
Lil -3H,O 15--65 18 0.15 1424 
CaCl,: 6H,0 15—25 29 0.11 1653 
MgCl; 6Н;О 5--45 33 29.26 34 
Nal- 2H,O 5--45 38 3.62 702 
Са(МО;),.4Н;О 10--30 51 1.89 981 
Mg(NO3), · 69,0 5--35 53 25.28 220 
МаВг-2Н,О 0—35 58 20.49 308 
NH,NO; 10—40 62 3.54 853 
KI 5--30 69 29.35 254 
5:С1,.6Н,О 5--30 71 31.58 241 
NaNO, 10—40 74 26.94 302 
NaCl 10—40 75 69.20 25 
NH4CI 10—40 79 35.67 235 
KBr 5—25 81 40.98 203 
(NH45SO; 10—40 81 62.06 79 
ка 5—25 84 49.38 159 
5:(МО:),-4Н:0 5--25 85 28.34 328 
ВаСІ,. 29,0 5--25 90 69.99 75 
CsI 5—25 91 70.77 75 
КМО, 0—50 92 43.22 225 
К,50, 10--50 97 86.75 34 
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STANDARD SALT SOLUTIONS FOR HUMIDITY CALIBRATION 


Saturated aqueous solutions of inorganic salts are convenient secondary standards for calibration of instruments for measurement of relative 
humidity. The International Union of Pure and Applied Chemistry has recommended salt solutions for calibrations in the range of 10% to 9096 relative 
humidity, and the American Society for Testing and Materials has published similar standards. The data in this table are taken from the IUPAC 


recommendations, except for К,СО, and К,5О,, which аге ASTM recommendations. 


Details on the preparation and use of these standards may be found in References 1 and 2. Data for other salts are given in Reference 3. 


REFERENCES 


1. Marsh, K. N., Editor, Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publica- 

tions, Oxford, 1987, pp.157-162. 
2. Standard Practice for Maintaining Constant Relative Humidity by Means of Aqueous Solutions, ASTM Standard E 104-85, Reapproved 1991. 
3. Greenspan, L., J. Res. Nat. Bur. Stand., 81A, 89, 1977. 


°C LiCl 

0 

5 
10 
15 
20 11.31+0.31 
25 11.30+0.27 
30 11.28+0.24 
35 11.25+0.22 
40 11.21+0.21 
45 11.16+0.21 
50 11.10+0.22 
55 11.03+0.23 
60 10.95+0.26 
65 10.86+0.29 
70 10.75+0.33 
75 10.64+0.38 
80 10.51+0.44 
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Месі, 


33.66:50.33 
33.60:50.28 
33.47+0.24 
33.30%0.21 
33.07+0.18 
32.78+0.16 
32.44+0.14 
32.05+0.13 
31.60+0.13 
31.10+0.13 
30.54+0.14 
29.93+0.16 
29.26+0.18 
28.54+0.21 
27.77+0.25 
26.94+0.29 
26.05+0.34 


K,CO, 

43.1+0.7 
43.1+0.5 
43.1+0.4 
43.2+0.3 
43.2+0.3 
43.2+0.4 
43.2+0.5 


Relative Humidity in % 


Mg(NO,), 


60.35+0.55 
58.86+0.43 
57.36+0.33 
55.87+0.27 
54.38+0.23 
52.89+0.22 
51.40+0.24 
49.91+0.29 
48.42+0.37 
46.93+0.47 
45.44+0.60 


NaCl 


75.51+0.34 
75.65+0.27 
75.67+0.22 
75.61+0.18 
75.47+0.14 
75.29+0.12 
75.09+0.11 
74.87+0.12 


KCI 


88.61+0.53 
87.67+0.45 
86.77+0.39 
85.92+0.33 
85.11+0.29 
84.34+0.26 
83.62+0.25 
82.95+0.25 
82.32+0.25 
81.74+0.28 
81.20+0.31 
80.70+0.35 
80.25+0.41 
79.85+0.48 
79.49+0.57 
79.17+0.66 
78.90+0.77 


к,50, 


98.82.1 
98.50.9 
98.20.8 
97.90.6 
97.60.5 
97.3+0.5 
97.0+0.4 
96.7+0.4 
96.4+0.4 
96.1+0.4 
95.8+0.5 


LOW TEMPERATURE BATHS FOR MAINTAINING CONSTANT TEMPERATURE 


A liquid-solid slurry is a convenient means of maintaining a constant temperature environment below room temperature. The following is a list of 
readily available organic liquids suitable for this purpose, arranged in order of their melting (freezing) points 1. The normal boiling points / are also given. 


Compound t °C t °C 

Isopentane (2-Methylbutane) -159.9 27.8 
Methylcyclopentane -142.5 71.8 
3-Chloropropene (Allyl chloride) -134.5 45.1 
Pentane -129.7 36.0 
АПУ! alcohol -129 97.0 
Ethanol -114.1 78.2 
Carbon disulfide -111.5 46 
Isobutyl alcohol -108 107.8 
Toluene -94.9 110.6 
Acetone -94.8 56.0 
Ethyl acetate -83.6 71.1 
Dry ice + acetone -78 

p-Cymene -68.9 177.1 
Trichloromethane (Chloroform) -63.6 61.1 
N-Methylaniline -57 196.2 
Chlorobenzene -45.2 131:7 
Anisole -37.5 1537 
Bromobenzene -30.6 156.0 
Tetrachloromethane (Carbon tetrachloride) -23 76.8 
Benzonitrile -12.7 191.1 
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WIRE TABLES 


The resistance per unit length of wires of various metals is tabulated here. Values were calculated from resistivity values in the tables "Electrical 
Resistivity of Pure Metals" and "Electrical Resistivity of Selected Alloys", which appear in Section 12. In practice, resistance may vary because of 
differing heat treatments and metal composition. The values in the table refer to 20?C, but values at other temperatures may be calculated from the 
following resistivity data: 


Resistivity in 10-8 O m at temperature 


Metal 0?C 209С 25°С 100°C 
Aluminum 2.417 2.650 2.709 3.56 
Brass (70% Cu, 30% Zn) 5.87 6.08 6.13 6.91 
Constantan (60% Cu, 40% Ni) 45.43 45.38 45.35 45.11 
Copper 1.543 1.678 1.712 2.22 
Nichrome (79% Ni, 21% Cr) 107.3 107.5 107.6 108.3 
Platinum 9.6 10.5 10.7 13.6 
Silver 1.467 1.587 1.617 2.07 
Tungsten 4.82 5.28 5.39 7.18 


Resistance per unit length at 20°C in Q/m 


B&S Diameter 


Gauge (mm) Aluminum Brass Constantan Copper Nichrome Platinum Silver Tungsten 
0 8.252 0.000495 0.00114 0.00848 0.000314 0.0201 0.00196 0.000297 0.00099 
2 6.543 0.000788 0.00181 0.0135 0.000499 0.0320 0.00312 0.000472 0.00157 
4 5.189 0.00125 0.00287 0.0214 0.000793 0.0508 0.00496 0.000750 0.00250 
6 4.115 0.00199 0.00457 0.0341 0.00126 0.0808 0.00789 0.00119 0.00397 
8 3.264 0.00317 0.00727 0.0542 0.00200 0.128 0.0125 0.00190 0.00631 

10 2.588 0.00504 0.0115 0.0863 0.00319 0.204 0.0200 0.00302 0.0100 
12 2.053 0.00800 0.0184 0.137 0.00507 0.325 0.0317 0.00479 0.0159 
14 1.628 0.0127 0.0292 0.218 0.00806 0.516 0.0504 0.00762 0.0254 
16 1.291 0.0202 0.0464 0.347 0.0128 0.821 0.0802 0.0121 0.0403 
18 1.024 0.0322 0.0738 0.551 0.0204 1.30 0.127 0.0193 0.0641 
20 0.8118 0.0512 0.117 0.877 0.0324 2.08 0.203 0.0307 0.102 
22 0.6439 0.0814 0.187 1.39 0.0515 3.30 0.322 0.0487 0.162 
24 0.5105 0.129 0.297 2.22 0.0820 5.25 0.513 0.0775 0.258 
26 0.4049 0.206 0.472 3.52 0.130 8.35 0.815 0.123 0.410 
28 0.3211 0.327 0.751 5.60 0.207 13.3 1.30 0.196 0.652 
30 0.2548 0.520 1.19 8.90 0.329 21.1 2.06 0.311 1.03 
32 0.2019 0.828 1.90 14.2 0.524 33.6 3.28 0.496 1.65 
34 0.1601 1:32 3.02 22.5 0.833 53.4 2:22 0.788 2.62 
36 0.1270 2.09 4.80 35.8 1.32 84.9 8.29 1.25 4.17 
38 0.1007 3.33 7.63 57.0 2.11 135 132 1.99 6.63 
40 0.07988 5.29 12.1 90.5 3.35 214 20.9 3.17 10.5 
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CHARACTERISTICS ОЕ PARTICLES AND PARTICLE DISPERSOIDS 


Particle Diameter, microns (ш) 


5000 
10,000 2, 600" j t25 
Theoretical Mesh 
(Used very infrequently) 
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DENSITY OF VARIOUS SOLIDS 


This table gives the range of density for miscellaneous solid materials whose characteristics depend on the source or method of preparation. 
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Material р/ g cm? Material р/ g cm? Material р/ g cm? 
Agate 2.5-2.7 Ругех 2.23 Soapstone 2.6-2.8 
Alabaster, Granite 2.64-2.76 Solder 8.7-9.4 
carbonate 2.69-2.78 Graphite 2.30-2.72 Starch 1.53 
sulfate 2.26-2.32 Gum arabic 1.3-1.4 Steel, stainless 7.8 
Albite 2.62-2.65 Gypsum 2.31-2.33 Sugar 1.59 
Amber 1.06-1.11 Hematite 4.9-5.3 Talc 2.7-2.8 
Amphiboles 2.9-3.2 Hornblende 3.0 Tallow, beef 0.94 
Anorthite 2.74-2.76 Ісе 0.917 Таг 1.02 
Asbestos 2.0-2.8 Iron, cast 7.0-7.4 Topaz 3.5-3.6 
Asbestos slate 1.8 Ivory 1.83-1.92 Tourmaline 3.0-3.2 
Asphalt 1.1-1.5 Kaolin 2.6 Tungsten carbide 14.0-15.0 
Basalt 2.4-3.1 Leather, dry 0.86 Wax, sealing 1.8 
Beeswax 0.96-0.97 Lime, slaked 1.3-1.4 Wood (seasoned) 
Beryl 2.69-2.70 Limestone 2.68-2.76 alder 0.42-0.68 
Biotite 2.7-3.1 Linoleum 1.18 apple 0.66-0.84 
Bone 1.7-2.0 Magnetite 4.9-5.2 ash 0.65-0.85 
Brasses 8.44-8.75 Malachite 3.7-4.1 balsa 0.11-0.14 
Brick 14-22 Marble 2.6-2.84 bamboo 0.31-0.40 
Bronzes 8.74-8.89 Meerschaum 0.99-1.28 basswood 0.32-0.59 
Butter 0.86-0.87 Mica 2.6-3.2 Беесһ 0.70-0.90 
Calamine 4.1-4.5 Muscovite 2.76-3.00 Бігсһ 0.51-0.77 
Calcspar 2.6-2.8 Ochre 3.5 blue gum 1.00 
Camphor 0.99 Opal 22 Бох 0.95-1.16 
Cardboard 0.69 Paper 0.7-1.15 butternut 0.38 
Celluloid 1.4 Paraffin 0.87-0.91 cedar 0.49-0.57 
Cement, set 2.7-3.0 Peat blocks 0.84 cherry 0.70-0.90 
Chalk 1.9-2.8 Pitch 1.07 dogwood 0.76 
Charcoal, Polyamides 1.15-1.25 ebony 1.11-1.33 
oak 0.57 Polyethylene 0.92-0.97 elm 0.54-0.60 
pine 0.28-0.44 Poly(methyl methacrylate) 1.19 hickory 0.60-0.93 
Cinnabar 8.12 Polypropylene 0.91-0.94 holly 0.76 
Clay 1.8-2.6 Polystyrene 1.06-1.12 juniper 0.56 
Coal, Polytetrafluoroethylene 2.28-2.30 larch 0.50-0.56 
anthracite 1.4-1.8 Poly(vinyl acetate) 1.19 locust 0.67-0.71 
bituminous 1.2-1.5 Poly(vinyl chloride) 1.39-1.42 logwood 0.91 
Coke 1.0-1.7 Porcelain 2.3-2.5 mahogany 0.66-0.85 
Copal 1.04-1.14 Porphyry 2.6-2.9 maple 0.62-0.75 
Cork 0.22-0.26 Pyrite 4.95-5.10 oak 0.60-0.90 
Corundum 3.9-4.0 Quartz 2.65 pear 0.61-0.73 
Diamond 3.51 Resin 1.07 pine, pitch 0.83-0.85 
Dolomite 2.84 Rock salt 2.18 white 0.35-0.50 
Ebonite 1.15 Rubber, yellow 0.37-0.60 
Emery 4.0 hard 1.19 plum 0.66-0.78 
Epidote 3.25-3.50 soft 1.1 poplar 0.35-0.50 
Feldspar 2.55-2.75 pure gum 0.91-0.93 satinwood 0.95 
Flint 2.63 Neoprene 1.23-1.25 spruce 0.48-0.70 
Fluorite 3.18 Sandstone 2.14-2.36 sycamore 0.40-0.60 
Galena 7.3-7.6 Serpentine 2.50-2.65 teak, Indian 0.66-0.98 
Garnet 3.15-4.3 Silica, fused, 2.21 walnut 0.64-0.70 
Gelatin 1.27 Silicon carbide 3.16 water gum 1.00 
Glass, Slag 2.0-3.9 willow 0.40-0.60 
common 2.4-2.8 Slate 2.6-3.3 Wood's metal 9.70 
lead 3-4 
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DIELECTRIC STRENGTH OF INSULATING MATERIALS 
L. I. Berger 


The loss of the dielectric properties by a sample of a gaseous, liquid, or solid insulator as a result of application to the sample of an electric field* 
greater than a certain critical magnitude is called dielectric breakdown. The critical magnitude of electric field at which the breakdown of a material 
takes place is called the dielectric strength of the material (or breakdown voltage). The dielectric strength of a material depends on the specimen 
thickness (as a rule, thin films have greater dielectric strength than that of thicker samples of a material), the electrode shape**, the rate of the applied 
voltage increase, the shape of the voltage vs. time curve, and the medium surrounding the sample, e.g., air or other gas (or a liquid — for solid materials 
only). 


Breakdown in Gases 


The current carriers in gases are free electrons and ions generated by external radiation. The equilibrium concentration of these particles at normal 
pressure is about 10? cm?, and hence the electrical conductivity is very small, of the order of 10:19 - 1075 S/cm. But in a strong electric field, these 
particles acquire kinetic energy along their free pass, large enough to ionize the gas molecules. The new charged particles ionize more molecules; this 
avalanche-like process leads to formation between the electrodes of channels of conducting plasma (streamers), and the electrical resistance ofthe space 
between the electrodes decreases virtually to zero. 

Because the dielectric strength (breakdown voltage) of gases strongly depends on the electrode geometry and surface condition and the gas pressure, 
itis generally accepted to present the data for a particular gas as a fraction of the dielectric strength of either nitrogen or sulfur hexafluoride measured 
atthe same conditions. In Table 1, the data are presented in comparison with the dielectric strength of nitrogen, which is considered equal to 1.00. For 
convenience to the reader, a few average magnitudes of the dielectric strength of some gases are expressed in kilovolts per millimeter. The data in the 
table relate to the standard conditions, unless indicated otherwise. 


Breakdown in Liquids 


If a liquid is pure, the breakdown mechanism in it is similar to that in gases. If a liquid contains liquid impurities in the form of small drops with 
greater dielectric constant than that of the main liquid, the breakdown is the result of formation of ellipsoids from these drops by the electric field. In 
a strong enough electric field, these ellipsoids merge and form a high-conductivity channel between the electrodes. The current increases the 
temperature in the channel, liquid boils, and the current along the steam canal leads to breakdown. Formation of a conductive channel (bridge) between 
the electrodes is observed also in liquids with solid impurities. If a liquid contains gas impurities in the form of small bubbles, breakdown is the result 
of heating of the liquid in strong electric fields. In the locations with the highest current density, the liquid boils, the size of the gas bubbles increases, 
they merge and form gaseous channels between the electrodes, and the breakdown medium is again the gas plasma. 


Breakdown in Solids 


Itis known that the current in solid insulators does not obey Ohm's law in strong electric fields. The current density increases almost exponentially 
with the electric field, and at a certain field magnitude it jumps to very high magnitudes at which a specimen of a material is destroyed. The two known 
kinds of electric breakdown are thermal and electrical breakdowns. The former is the result of material heating by the electric current. Destruction of 
asample ofa material happens when, atacertain voltage, the amount of heat produced by the current exceeds the heat release through the sample surface; 
the breakdown voltage in this case is proportional to the square root of the ratio of the thermal conductivity and electrical conductivity of the material. 
The electrical breakdown results from the tunneling of the charge carriers from electrodes or from the valence band or from the impurity levels into 
the conduction band, or by the impact ionization. The tunnel effect breakdown happens mainly in thin layers, e.g., in thin p-n junctions. Otherwise, 
the impact ionization mechanism dominates. For this mechanism, the dielectric strength of an insulator can be estimated using Boltzmann's kinetic 
equation for electrons in a crystal. 

In the following tables, the dielectric strength values are for room temperature and normal atmospheric pressure, unless indicated otherwise. 


ж Тһе unit of electric field іп the SI system is newton per coulomb or volt per meter. 
** For example, the U.S. standard ASTM D149 is based on use of symmetrical electrodes, while per U.K. standard BS2918 one electrode is a 
plane and the other is a rod with the axis normal to the plane. 


€ 2000 by CRC PRESS LLC 


Table 1 
Dielectric Strength of Gases 


Dielectric* 
Strength Ref. 


Dielectric* 


Material Strength Ref. Material 


Nitrogen, № 

Hydrogen, H5 

Helium, He 

Oxygen, О; 

Air 

Air (flat electrodes), kV/mm 
Air, kV/mm 

Air, kV/mm 

Neon, Ne 


Argon, Ar 
Chlorine, Cl; 
Carbon monoxide, CO 


Carbon dioxide, CO; 


Nitrous oxide, МО 
Sulfur dioxide, SO; 


Sulfur monochloride, 5,С1, 
(at 12.5 Torr) 

Thionyl fluoride, 5ОР, 
Sulfur hexafluoride, SF; 


Sulfur hexafluoride, 8 6, kV/mm 


Perchloryl fluoride, CIO;F 
Tetrachloromethane, ССІ, 


Tetrafluoromethane, CF, 
Methane, СН, 


Bromotrifluoromethane, СЕ;Вг 


Bromomethane, CH;Br 
Chloromethane, CH;CI 
Iodomethane, СН. 
Iodomethane, CH,I, at 370 Torr 
Dichloromethane, СЊСЉ 
Dichlorodifluoromethane, CCLF; 


Chlorotrifluoromethane, ССІЕ; 


1.00 
0.50 
0.15 
0.92 
0.97 
3.0 
0.4-0.7 

1.40 
0.25 
0.16 
0.18 
1.55 
1.02 
1.05 
0.88 
0.82 
0.84 
1.24 
2.63 
2.68 
1.02 


2.50 
2.50 
2.63 
8.50 
9.8 

2.73 
6.33 
6.21 
1.01 
1.00 
1.13 
1.35 
1.97 
0.71 
1.29 
3.02 
2.20 
1.92 
2.42 
2.63 
1.43 
1.53 


*Relative to nitrogen, unless units of kV/mm are indicated. 
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Trichlorofluoromethane, ССВЕ 
Trichloromethane, СНС 


Methylamine, CH3NH5 
Difluoromethane, СЊЕ 
Trifluoromethane, CHF; 
Bromochlorodifluoromethane, CF;CIBr 
Chlorodifluoromethane, CHCIF; 


Dichlorofluoromethane, СНСЬЕ 


Chlorofluoromethane, CH;CIF 
Hexafluoroethane, CF, 


Ethyne (Acetylene), СУН» 
Chloropentafluoroethane, С-СІЕ; 


Dichlorotetrafluoroethane, С-СІ-Е, 
Chlorotrifluoroethylene, ОСЕ 
1,1,1-Trichloro-2,2,2-trifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Chloroethane, С,Н;СІ 
1,1-Dichloroethane 
Trifluoroacetonitrile, CF;CN 
Acetonitrile, CH;CN 
Dimethylamine, (CH43);NH 
Ethylamine, C,H;NH, 

Ethylene oxide (oxirane), CH;CHO 
Perfluoropropene, СЕ 
Octafluoropropane, C3F¢ 


3,3,3- Trifluoro-1-propene, CH,CHCF; 
Pentafluoroisocyanoethane, C,F;NC 
1,1,1,4,4,4-Hexafluoro-2-butyne, СЕ)СССЕ; 
Octafluorocyclobutane, C4Fg 
1,1,1,2,3,4,4,4-Octafluoro-2-butene 
Decafluorobutane, C4F о 
Perfluorobutanenitrile, C4F;CN 
Perfluoro-2-methyl-1,3-butadiene, C;F¢ 
Hexafluorobenzene, Се 6 
Perfluorocyclohexane, СБ», (saturated vapor) 


3.50 
4.53 
42 

4.39 
0.81 
0.79 
0.71 
3.84 
1.40 
1.11 
1.33 
2.61 
1.03 
1.82 
2.55 
1.10 
1.11 
2.3 

3.0 

2.52 
1.82 
6.55 
6.05 
1.00 
2.66 
3.5 

2.11 
1.04 
1.01 
1.01 
2.55 
2.19 
2.47 
2.11 
4.5 

5.84 
3.34 
2.8 

3.08 
5.5 

5.5 

2.11 
6.18 
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Material 


Helium, He, liquid, 4.2 K 
Static 
Dynamic 


Nitrogen, №, liquid, 77K 
Coaxial cylinder electrodes 
Sphere to plane electrodes 

Water, H5O, distilled 

Carbon tetrachloride, ССІ, 


Hexane, СН, 
Two 2.54 cm diameter spherical 
electrodes, 50.8 um space 
Cyclohexane, СН |; 
2-Methylpentane, C;H;4 
2,2-Dimethylbutane, СЕН а 
2,3-Dimethylbutane, СН |4 
Benzene, СН, 
Chlorobenzene, СұН<СІ 


2,2,4- Trimethylpentane, СНз 
Phenylxylylethane 

Heptane, C;H,6 
2,4-Dimethylpentane, СН 
Toluene, С,Н.СН, 


Octane, СаН а 


Material 


Sodium chloride, NaCl, crystalline 
Potassium bromide, KBr, crystalline 
Ceramics 
Alumina (99.9% АО») 
Aluminum silicate, А1,5105 
Berillia (9996 BeO) 
Boron nitride, BN 
Cordierite, Mg,Al,Si;0;¢ 
Forsterite, Mg SiO, 
Porcelain 
Steatite, Mg;Si,O,;*H,O 
Titanates of Mg, Ca, Sr, Ba, and Pb 
Barium titanate, glass bonded 
Zirconia, ZrO, 
Glasses 
Fused silica, SiO; 
Alkali-silicate glass 
Standard window glass 
Micas 
Muscovite, ruby, natural 
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Table 2 


Dielectric Strength of Liquids 


Dielectric 
strength 
kV/mm 


10 
10 

2 
23 


20 

60 

65-70 
5.5 
16.0 
42.0 


156 
42-48 
149 
133 
138 
163 
7.1 
18.8 
140 
23.6 
166 
133 
199 
46 
12.0 
20.4 
16.6 


Dielectric 
strength 
kV/mm 


150 
80 


13.4 

5.9 

13.8 

37.4 

7.9 

9,8 
35-160 

9.1-15.4 
20-120 
>30 

11.4 


470-670 
200 
9.8-13.8 


118 


17,18 


17,18 
17,18 
17,18 
17,18 
14 
15 
17,18 
19 
17,18 
17,18 
17,18 
16 
14 
15 
14 


Material 


Ethylbenzene, СаН 0 
Propylbenzene, СН 
Isopropylbenzene, СоН |» 
Decane, СН»; 
Synthetic Рагай п Mixture 
Synfluid 2cSt PAO 
Butylbenzene, СН |4 
Isobutylbenzene, СН |4 
Silicone oils—polydimethylsiloxanes, 
(CH3)Si-O-[Si(CH;);],-O-Si(CH;), 
Polydimethylsiloxane silicone fluid 
Dimethyl silicone 
Phenylmethyl silicone 
Silicone oil, Basilone M50 
Mineral insulating oils 
Polybutene oil for capacitors 
Transformer dielectric liquid 
Isopropylbiphenyl capacitor oil 
Transformer oil 
Transformer oil Agip ITE 360 
Perfluorinated hydrocarbons 
Fluorinert FC 6001 
Fluorinert FC 77 
Perfluorinated polyethers 
Galden XAD (Mol. wt. 800) 
Galden D40 (Mol. wt. 2000) 
Castor oil 


Table 3 


Dielectric Strength of Solids 


Ref 


Material 


Phlogopite, amber, natural 

Fluorophlogopite, synthetic 

Glass-bonded mica 
Thermoplastic Polymers 

Polypropylene 

Amide polymer nylon 6/6, dry 

Polyamide-imide copolymer 

Modified polyphenylene oxide 

Polystyrene 

Polymethyl methacrylate 

Polyetherimide 

Amide polymer nylon 1 1(dry) 

Polysulfone 

Styrene-acrylonitrile copolymer 

Acrylonitrile-butadiene-styrene 

Polyethersulfone 

Polybutylene terephthalate 

Polystyrene-butadiene copolymer 

Acetal homopolymer 

Acetal copolymer 


Dielectric 
strength 
kV/mm 


20.4 
179 
226 
250 
238 
192 


29.5 
275 
222 


15.4 
24.0 
23.2 
10-15 
11.8 
13.8 
28-30 
23.6 
110.7 
9-12.6 


8.0 
10.7 


10.5 
10.2 
65 


Dielectric 
strength 
kV/mm 


118 
118 
14.0-15.7 


23.6 
23.6 
22.8 
21.7 
19.7 
19.7 
18.9 
16.7 
16.7 
16.7 
16.7 
15.7 
15.7 
15.7 
15.0 
15.0 


Ref 
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Table 3 
Dielectric Strength of Solids (continued) 


Dielectric Dielectric 
strength strength 
Material kV/mm Ref. Material kV/mm Ref. 
Polyphenylene sulfide 15.0 6 Varnishes 
Polycarbonate 15.0 6 Vacuum-pressure impregnated baking 
Acetal homopolymer resin (molding resin) 15.0 6 type solventless polyester varnish 
Acetal copolymer resin 15.0 6 Rigid, two-part 70.9 6 
Thermosetting Molding Compounds Semiflexible high-bond thixotropic 78.7 6 
Glass-filled allyl 15.7 6 Rigid high-bond high-flash 68.9 6 
(Type GDI-30 per MIL-M-14G) freon-resistant 
Glass-filled epoxy, electrical grade 15.4 6 Baking type epoxy varnish 
Glass-filled phenolic 15.0 6 Solventless, rigid, low viscosity, 90.6 6 
(Type GPI-100 per MIL-M-14G) one-part 
Glass-filled alkyd/polyester 14.8 6 Solventless, semiflexible, one-part 82.7 6 
(Type MAI-60 per MIL-M-14G) Solventless, semirigid, chemical 106.3 6 
Glass-filled melamine 13.4 6 resistant, low dielectric constant 
(Type MMI-30 per MIL-M-14G) Solvable, for hermetic electric motors 181.1 6 
Extrusion Compounds for High-Temperature Insulation Polyurethane coating 
Polytetrafluoroethylene 19.7 6 Clear conformal, fast cure 
Perfluoroalkoxy polymer 21.7 6 Standard conditions 78.7 6 
Fluorinated ethylene-propylene copolymer 19.7 6 Immersion conditions 47.2 6 
Ethylene-tetrafluoroethylene copolymer 15.7 6 Insulating Films and Tapes 
Polyvinylidene fluoride 10.2 6 Low-density polyethylene film 300 31 
Ethylene-chlorotrifluoroethylene 19.3 6 (40 um thick) 
copolymer Poly-p-xylylene film 410-590 32 
Polychlorotrifluoroethylene 19.7 6 Aromatic polymer films 
Extrusion Compounds for Low-Temperature Insulation Kapton H (Du Pont) 389-430 33 
Polyvinyl chloride Ultem (GE Plastic and Roem AG) 437-565 33 
Flexible 11.8-15.7 30 Hostaphan (Hoechst AG) 338-447 33 
Rigid 13.8-19.7 30 Amorphous Stabar K2000 404-422 33 
Polyethylene 18.9 28 (ICI film) 
Polyethylene, low-density 21.7 Stabar S100 (ICI film) 353-452 33 
300 31 Polyetherimide film (26 um) 486 34 
Polyethylene, high-density 19.7 Parylene N/D (poly-p-xylylene/poly- 
Polypropylene/polyethylene copolymer 23.6 6 dichloro-p-xylylene) 25 шп film 275 6 
Embedding Compounds Cellulose acetate film 157 6 
Basic epoxy resin: 19.7 6 Cellulose triacetate film 157 6 
bisphenol-A/epichlorohydrin Polytetrafluoroethylene film 87-173 6 
polycondensate Perfluoroalkoxy film 157-197 6 
Cycloaliphatic epoxy: alicyclic 19.7 6 Fluorinated ethylene-propylene 197 6 
diepoxy carboxylate copolymer film 
Polyetherketone 18.9 30 Ethylene-tetrafluoroethylene film 197 6 
Polyurethanes Ethylene-chlorotrifluoroethylene 197 6 
Two-component, polyol-cured 25.4 6 copolymer film 
Two-part solventless, 24.0 6 Polychlorotrifluoroethylene film 118-153.5 6 
polybutylene-based High-voltage rubber insulating tape 28 6 
Silicones Composites 
Clear two-part heat curing eletrical 21.7 6 Isophthalic polyester (vinyl toluene 
grade silicone embedding resin monomer) filled with 
Red insulating enamel (MIL-E-22118) Calcium carbonate, CaCO; 15.0 38 
Dry 472 6 Gypsum, CaSO, 14.4 38 
Wet 11.8 6 Alumina trihydrate 15.4 38 
Enamels Clay 14.4 38 
Red enamel, fast cure BPA fumarate polyester (vinyl toluene 
Standard conditions 78.7 6 monomer) filled with 
Immersion conditions 47.2 6 Calcium carbonate 6.1 38 
Black enamel Gypsum 5.9 38 
Standard conditions 70.9 6 Alumina trihydrate 11.8 38 
Immersion conditions 47.2 6 Clay 12.6 38 
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Table 3 
Dielectric Strength of Solids (continued) 


Dielectric Dielectric 
strength strength 
Material kV/mm Ref. Material kV/mm Ref. 
Polysulfone resin—30% glass fiber 16.5-18.7 38 Butyl rubber 23.6 6 
Polyamid resin (Nylon 66)— Neoprene 15.7-27.6 6 
30% carbon fiber 13.0 38 Silicone rubber 26-36 6 
Polyimide thermoset resin, Room-temperature vulcanized 9.2-10.9 35 
glass reinforced 12.0 39 silicone rubber 
Polyester resin (thermoplastic) — Ureas (from carbamide 11.8-15.7 28 
40% glass fiber 20.0 38 to tetraphenylurea) 
Epoxy resin (diglycidyl ether of Dielectric papers 
bisphenol A), glass reinforced 16.0 40 Aramid paper, calendered 28.7 6 
Various Insulators Aramid paper, uncalendered 122 6 
Rubber, natural 100-215 26 Aramid with Mica 39.4 6 
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ALLOCATION OF FREQUENCIES IN THE RADIO SPECTRUM 


In the United States the National Telecommunications and Information Administration (NTIA) has responsibility for assigning each portion of the 
radio spectrum (9 kHz to 300 GHz) for different uses. These assignments must be compatible with the rules of the International Telecommunications 
Union (ITU), to which the United States is bound by treaty. The current assignments are given in a wall chart (Reference 1) and may also be found 
onthe NTIA web site (Reference 2). The list below summarizes the broad features of the spectrum allocation, with particular attention to those sections 
of scientific interest. The references should be consulted for details of the allocations in the frequency bands listed here, which in some cases are quite 
complex. 


REFERENCES 


1. United States Frequency Allocations, 1996 Spectrum Wall Chart, Stock No. 003-000-00652-2, U. S. Government Printing Office, P. O. Box 
371954, Pittsburgh, PA 15250-7954. 
2. http://www.ntia.doc.gov/osmhome/allochrt.html 


Frequency range 


9 - 19.95 kHz 
19.95 - 20.05 kHz 
20.05 - 535 kHz 
535 - 1605 kHz 
1605 - 3500 kHz 
3.5-4.0 MHz 

4.0 - 5.95 MHz 
5.95 - 13.36 MHz 
13.36 - 13.41 MHz 
13.41 - 25.55 MHz 
25.55 - 25.67 MHz 
25.67 - 37.5 MHz 
37.5 -38.25 MHz 
38.25 - 50.0 MHz 
50.0 - 54.0 MHz 
54.0 - 72.0 MHz 
72.0 - 73.0 MHz 
73.0 - 74.6 MHz 
74.6 - 76.0 MHz 
76.0 - 88.0 MHz 
88.0 - 108.0 MHz 
108.0 - 118.0 MHz 
118.0 - 174.0 MHz 
174.0 - 216.0 MHz 
216.0 - 400.05 MHz 


400.05 - 400.15 MHz 


400.15 - 406.1 MHz 
406.1 - 410.0 MHz 
410.0 - 470.0 MHz 
470.0 - 512.0 MHz 
512.0 - 608.0 MHz 
608.0 - 614.0 MHz 
614.0 - 806.0 MHz 
806 -1400 MHz 
1400 - 1427 MHz 
1427 - 1660 MHz 
1660 - 1710 MHz 
1710 - 2655 MHz 
2655 - 2700 MHz 
2.7 - 4.99 GHz 
4.99 - 5.0 GHz 

5.0 - 10.6 GHz 
10.6 - 10.7 GHz 
10.7 - 15.35 GHz 
15.35 - 15.4 GHz 
15.4 - 22.21 GHz 


Allocation 


Maritime communication, navigation 


Standard frequency and time signal (also at 60 kHz and 2.5, 5, 10, 15, 20, 25 MHz) 


Maritime and aeronautical communication, navigation 
AM radio broadcasting 


Mobile communication and navigation, amateur radio (1800-1900 kHz) 


Amateur radio 

Mobile communication 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication 

Amateur 

TV channels 2-4 

Mobile communication 

Radioastronomy 

Mobile communication 

TV channels 5-6 

FM radio broadcasting 

Aeronautical navigation 

Mobile communication, space research, meteorological satellites 
TV channels 7-13 

Mobile communication 

Standard frequency and time satellite (also 20 and 25 GHz) 
Meteorological aids (radiosonde) 

Radioastronomy 

Mobile communication, amateur 

TV channels 14-20 

TV channels 21-36 

Radioastronomy 

TV channels 38-69 

Mobile communication, navigation 

Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research, meteorology 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
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Frequency range 


22.21 - 22.5 GHz 
22.25 - 23.6 GHz 
23.6 - 24.0 GHz 
24.0 - 31.3 GHz 
31.3- 31.8 GHz 
31.8 - 42.5 GHz 
42.5 - 43.5 GHz 
43.5 - 51.4 GHz 
51.4 - 54.25 GHz 
54.25 - 58.2 GHz 
58.2 - 59.0 GHz 
59.0 - 64.0 GHz 
64.0 - 65.0 ОН? 
65.0 - 72.77 GHz 
72.77 - 72.91 GHz 
72.91 - 86.0 GHz 
86.0 - 92.0 GHz 
92.0 - 105.0 GHz 
105.0 - 116.0 GHz 
116.0 - 164.0 GHz 
164.0 - 168.0 GHz 
168.0 - 182.0 GHz 
182.0 - 185.0 GHz 
185.0 - 217.0 GHz 
217.0 - 231.0 GHz 
231.0 - 265.0 GHz 
265.0 - 275.0 GHz 
2775.0 - 300.0 GHz 


ALLOCATION OF FREQUENCIES IN THE RADIO SPECTRUM (continued) 


Allocation 


Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy 

Various navigation and satellite applications 
Radioastronomy, space research 

Space research 

Radioastronomy, space research 

Satellite applications 

Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy 

Mobile communications 
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CORRECTION OF BAROMETER READINGS ТО 0°С TEMPERATURE 
The following corrections are used to reduce the reading of a mercury barometer with a brass scale to 0°С. The number in the table should be 
subtracted from the observed height of the mercury column to give the true pressure in mmHg (1mmHg - 133.322 Pa). The table is calculated from 
the formula 


Ah = -0.0001634 ћу(1+0.0001818 г), 


where / is the observed column height in mm and t the Celsius temperature. This relation is based on thermal expansion coefficients of 181.8106 C! 
for mercury апа 18.4-10-6 °C"! for brass. 


Observed Height in mm 


°С 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 8500 


0 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 оло оло 00 O11 оп O11 O11 O11 Ол 012 0.12 012 0.12 0.12 0.12 0.13 0.13 0.13 0.13 

2 020 021 021 021 022 022 022 023 023 023 024 024 024 025 025 025 025 026 026 

3 0.30 0.31 0.31 0.32 0.32 033 033 034 034 0.35 0.35 036 0.36 037 0.37 0.38 0.38 0.39 0.39 

4 0.40 0.41 0.42 0.42 0.43 0.44 0.44 0.45 0.46 0.46 0.47 0.48 0.48 0.49 0.50 0.50 0.51 0.52 0.52 

5 0.51 0.51 0.52 0.53 0.54 0.55 0.56 0.56 0.57 0.58 0.59 0.60 0.60 0.61 0.62 0.63 0.64 0.64 0.65 

6 0.61 0.62 063 0.64 0.65 0.66 0.67 0.68 0.69 0.70 071 071 0.72 0.73 0.74 075 0.76 0.77 0.78 

7 071 072 0.73 0.74 0.75 077 078 079 080 0.81 082 0.83 0.85 0.86 0.87 0.88 0.89 0.90 0.91 

8 0.81 082 0.84 0.85 0.86 0.87 0.89 0.90 091 0.93 0.94 095 097 0.98 0.99 101 1.02 1.03 1.04 

9 091 092 094 095 097 098 100 101 103 104 106 107 109 110 1.12 1.13 115 116 1.17 
10 101 103 104 106 108 109 111 1.13 1.14 116 1.17 119 121 122 124 126 127 129 130 
п 111 113 115 147 118 120 122 124 126 127 129 ІЗІ 133 135 136 138 140 142 144 
12 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 1.53 1.55 1.57 
13 131 134 136 1.38 140 142 144 146 148 150 1.53 155 157 159 161 163 165 167 1.70 
14 141 144 146 148 151 153 155 157 160 162 164 167 169 171 173 176 178 180 1.83 
15 1.52 1.54 1.56 1.59 1.61 164 1.66 1.69 1.71 174 1.76 178 181 183 186 188 191 193 1.96 
16 1.62 164 167 1.69 1.72 175 177 180 182 185 188 190 193 1.96 198 201 203 2.06 2.09 
17 172 174 1.77 1.80 1.83 186 1.88 191 194 197 199 202 205 208 210 213 216 219 222 
18 182 185 188 1.91 1.93 1.96 199 202 2.05 2.08 211 2.14 217 220 223 226 229 232 235 
19 1.92 1.95 198 201 204 2.07 210 213 217 220 223 226 229 232 235 238 241 244 248 
20 202 205 208 212 215 218 221 225 228 231 234 238 241 244 247 251 254 257 2.60 
21 212 215 219 222 226 229 232 236 239 243 246 250 253 2.56 2.60 2.63 267 270 2.73 
22 222 226 229 233 236 240 243 247 251 254 2.58 261 265 269 272 276 279 283 2.6 
23 232 236 240 243 247 251 2.54 258 262 2.66 2.69 273 277 281 284 288 292 2.96 2.99 
24 242 246 2.50 254 258 2.62 2.66 2.60 273 277 2.81 285 2.89 2.93 297 301 3.05 3.08 3.2 
25 252 256 2.60 264 2.68 272 277 281 2.85 289 293 2.97 301 305 3.09 313 317 321 325 
26 262 2.66 271 275 279 283 2.88 2.92 2.96 300 3.04 3.09 3.13 317 321 326 330 334 3.38 
27 272 277 281 285 290 294 2.99 3.03 307 3.12 3.16 320 325 329 334 338 342 347 351 
28 2.82 287 291 2.96 3.00 305 3.10 3.14 319 323 328 332 337 341 346 3.51 3.55 3.60 3.64 
29 292 297 3.02 306 3.11 3.16 321 325 330 335 339 344 349 354 3.58 3.63 368 372 3/7 
30 3.02 3.07 3.12 3.17 322 327 332 336 341 346 351 3.56 361 366 371 3.75 3.80 3.85 3.90 
31 312 317 322 327 332 337 343 348 353 358 363 3.68 373 378 3483 388 393 3.98 4.03 
32 322 328 353 338 343 348 354 3.59 364 3.69 374 3.19 3.85 390 3.95 400 405 411 4.16 
33 332 338 343 348 354 359 364 370 375 381 3.86 391 397 402 407 413 418 423 429 
34 342 348 353 359 364 370 375 381 387 392 398 403 409 414 420 425 431 436 442 
35 352 3.58 3.64 3.69 375 3.81 3.86 3.92 398 4.03 409 415 421 426 4.32 438 443 449 4.55 
36 362 368 374 3.80 3.86 392 397 403 409 415 421 427 432 438 444 450 4.56 4.62 4.68 
37 372 378 384 390 396 402 4.08 414 420 426 4.32 438 444 450 4.56 4.62 4.68 474 4.80 
38 3.82 3.88 395 401 407 413 419 425 432 438 444 450 456 462 4.69 475 4.81 4.87 4.93 
39 392 399 405 411 418 424 430 437 443 449 4.56 4.62 468 475 481 487 494 5.00 5.06 
40 402 400 415 422 428 435 441 448 454 4.61 467 474 480 487 4.93 500 5.06 5.13 5.19 
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METALS AND ALLOYS WITH LOW MELTING TEMPERATURE 


L. I. Berger 
Melting 

Metal or Composition, 965 Temperature 
Alloy System Weight Atomic ?C Comments Ref. 
Hg 100 100 -38.84 
Cs-K 77.0-23.0 50.0-50.0 -37.5 Eutectic (2) 1 
Cs-Na 94.5-5.5 75.0-25.0 -30.0 Eutectic 2 
K-Na 76.7-23.3 65.9-34.1 -12.65 Eutectic 3 
Na-Rb 8.0-92.0 24.4-75.6 -5 Eutectic 4 
Ga-In-Sn 62.5-21.5-16.0 73.6-15.3-11.1 11 Eutectic 3 
Ga-Sn-Zn 82.0-12.0-6.0 86.0-7.3-6.7 17 Eutectic 3 
Cs 100 100 28.44 
Ga 100 100 29.77 
K-Rb 32.0-68.0 50-50 33 Eutectic 4 
Bi-Cd-In-Pb-Sn 44.7-5.3-19.1-22.6-8.3 35.1-8.2-27.3-17.9-11.5 46.7 Eutectic 6 
Bi-In-Pb-Sn 49.5-21.3-17.6-11.6 39.2-30.7-14.0-16.2 58.2 Eutectic 6 
Bi-In-Sn 32.5-51.0-16.5 21.1-60.1-18.8 60.5 Eutectic 7 
K 100 100 63.38 
Bi-Cd-Pb-Sn 50.0-12.5-25.0-12.5 41.5-19.3-21.0-18.2 70 Wood'salloy 6 
Bi-In 33.0-67.0 21.3-78.7 72 Eutectic 8 
Bi-Cd-Pb 51.6-8.2-40.2 48.1-14.2-37.7 91.5 Eutectic 6 
Bi-Pb-Sn 52.5-32.0-15.5 46.8-28.7-24.5 95 Eutectic 6 
Na 100 100 97.8 
Bi-Cd-Sn 54.0-20.0-26.0 39.4-27.2-33.4 102.5 Eutectic 6 
In-Sn 51.8-48.2 52.6-47.4 119 Eutectic 9 
Cd-In 25.3-74.7 25.7-74.3 120 Eutectic 10 
Bi-Pb 55.5-44.5 55.3-44.7 124 Eutectic 11 
Bi-Sn-Zn 56.0-40.0-4.0 40.2-50.6-9.2 130 Eutectic 6,7 
Bi-Sn 770-30 57.0-43.0 138.5 Eutectic 6, 12 
Bi-Cd 60.3-39.7 45.0-55.0 145.5 Eutectic 13, 14 
In 100 100 156.6 
Li 100 100 180.5 
Pb-Sn 38.1-61.9 26.1-73.9 183 Eutectic 6,15 
Ві-ТІ 48.0-52.0 47.5-52.5 185 Eutectic 13 
Sn-Zn 91.0-9.0 85.0-15.0 198 Eutectic 14 
Sb-Sn 8.0-92.0 7.8-92.2 199 White Metal 16 
Au-Pb 14.6-85.4 15.2-84.8 212 Eutectic 17 
Ag-Sn 3.5-96.5 3.8-96.2 221 Eutectic 13,18 
Bi-Pb-Sb-Sn 48.0-28.5-9.0-14.5 40.8-24.5-13.1-21.6 226 Matrix Alloy 6 
Cu-Sn 0.75-99.25 1.3-98.7 227 Eutectic 13, 19 
Sn 100 100 231.9 


*The useful expression for correlations between the atomic and weight concentrations of an alloy components are: 


and f(w.A,) = м,-ЛьА,) (i=l..,k,.. N) 


M, 25 “Да, А) 


where Да, А) and Ќу, A;) are the atomic and weight concentrations of component A;, respectively, and M; is the 
atomic weight of this component. 
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FLAME TEMPERATURES 


This table gives the adiabatic flame temperature for stoichemetric mixtures of various fuels and oxidizers. The temperatures are calculated from 
thermodynamic and transport properties under ideal adiabatic conditions, using methods described in the reference. 


REFERENCE 


Fristrom, R. M., Flame Structures and Processes, Oxford University Press, New York, 1995. 


Adiabatic Flame Temperature in K for Various Fuel-Oxidizer Combinations 


Oxidizer 
Fuel Air О; Е, СІ, М,О МО 
Organic liquids and gases 
Acetaldehyde 2288 
Acetone 2253 
Acetylene 2607 
Benzene 2363 
Butane 2248 
Carbon disulfide 2257 
Cyanogen 2596 4855 
Cyclohexane 2250 
Cyclopropane 2370 
Decane 2286 
Ethane 2244 
Ethanol 2238 
Ethylene 2375 
Нехапе 2238 
Methane 2236 
Methanol 2222 
Oxirane 2177 
Pentane 2250 
Propane 2250 
Toluene 2344 
Solids 
Aluminum 4005 
Lithium 2711 
Phosphorus (white) 3242 
Zirconium 4278 
Other 
Ammonia 2845 
Carbon monoxide 1388 
Diborane 3350 
Hydrazine 3037 
Hydrogen 2169 3000 4006 2493 2965 3127 
Hydrogen sulfide 2091 3414 
Phosphine 3139 
Silane 3043 
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DENSITY OF ETHANOL-WATER MIXTURES 


This table gives the density of mixtures of ethanol and water as a function of composition and temperature. The composition is specified in weight 
percent of ethanol, i.e., mass of ethanol per 100 g of solution. Values from the reference have been converted to true densities. 


REFERENCE 


Washburn, E. W., Ed., International Critical Tables of Numerical Data of Physics, Chemistry, and Technology, Vol. 3, McGraw-Hill, New 
York, 1926-1932. 


Weight % Density in g/cm? 
Ethanol 10 °C 159С 209С 259С 309С 359С 40 °С 

0 0.99970 0.99910 0.99820 0.99705 0.99565 0.99403 0.99222 

5 0.99095 0.99029 0.98935 0.98814 0.98667 0.98498 0.98308 
10 0.98390 0.98301 0.98184 0.98040 0.97872 0.97682 0.97472 
15 0.97797 0.97666 0.97511 0.97331 0.97130 0.96908 0.96667 
20 0.97249 0.97065 0.96861 0.96636 0.96392 0.96131 0.95853 
25 0.96662 0.96421 0.96165 0.95892 0.95604 0.95303 0.94988 
30 0.95974 0.95683 0.95379 0.95064 0.94738 0.94400 0.94052 
35 0.95159 0.94829 0.9449] 0.94143 0.93787 0.93422 0.93048 
40 0.94235 0.93879 0.93515 0.93145 0.92767 0.92382 0.91989 
45 0.93223 0.92849 0.92469 0.92082 0.91689 0.91288 0.90881 
50 0.92159 0.91773 0.91381 0.90982 0.90577 0.90165 0.89747 
55 0.91052 0.90656 0.90255 0.89847 0.89434 0.89013 0.88586 
60 0.89924 0.89520 0.89110 0.88696 0.88275 0.87848 0.87414 
65 0.88771 0.88361 0.87945 0.87524 0.87097 0.86664 0.86224 
70 0.87599 0.87184 0.86763 0.86337 0.85905 0.85467 0.85022 
75 0.86405 0.85985 0.85561 0.85131 0.84695 0.84254 0.83806 
80 0.85194 0.84769 0.84341 0.83908 0.83470 0.83027 0.82576 
85 0.83948 0.83522 0.83093 0.82658 0.82218 0.81772 0.81320 
90 0.82652 0.82225 0.81795 0.81360 0.80920 0.80476 0.80026 
95 0.81276 0.80850 0.80422 0.79989 0.79553 0.79112 0.78668 
100 0.79782 0.79358 0.78932 0.78504 0.78073 0.77639 0.77201 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES 
Robert Joyce and Blaine C. McKusick 


The following material has been extracted from two books prepared under the auspices of the Committee on Hazardous Substances in the 
Laboratory of the National Academy of Sciences — National Research Council. Readers are referred to these books for full details: 


Prudent Practices for Handling Hazardous Chemicals in Laboratories, National Academy Press, Washington, 1981. 
Prudent Practices for Disposal of Chemicals from Laboratories, National Academy Press, Washington, 1983. 


The permission of the National Academy Press to use these extracts is gratefully acknowledged. 
INCOMPATIBLE CHEMICALS 
The term "incompatible chemicals" refers to chemicals that can react with each other 


* Violently 

* With evolution of substantial heat 
* То produce flammable products 

* То produce toxic products 


Good laboratory safety practice requires that incompatible chemicals be stored, transported, and disposed of in ways that will prevent their coming 
together in the event of an accident. Tables 1 апа 2 give some basic guidelines for the safe handling of acids, bases, reactive metals, and other chemicals. 
Neither of these tables is exhaustive, and additional information on incompatible chemicals can be found in the following references. 


1. 1. Bretherick, Handbook of Reactive Chemical Hazards, 3rd ed., Butterworths, London—Boston, 1985. 

2. L. Bretherick, Ed., Hazards in the Chemical Laboratory, 3rd ed., Royal Society of Chemistry, London, 1981. 

3. Manual of Hazardous Chemical Reactions, A Compilation of Chemical Reactions Reported to be Potentially Hazardous, National Fire 
Protection Association, NFPA 491M, 1975, NFPA, 470 Atlantic Avenue, Boston, MA 02210. 


TABLE 1 
General Classes of Incompatible Chemicals 
A B 
Acids Bases, reactive metals 
Oxidizing agents* Reducing agents* 
Chlorates Ammonia, anhydrous and aqueous 
Chromates Carbon 
Chromium trioxide Metals 
Dichromates Metal hydrides 
Halogens Nitrites 
Halogenating agents Organic compounds 
Hydrogen peroxide Phosphorus 
Nitric acid Silicon 
Nitrates Sulfur 
Perchlorates 
Peroxides 
Permanganates 
Persulfates 


* The examples of oxidizing and reducing agents are illustrative of common laboratory 
chemicals; they are not intended to be exhaustive. 
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HANDLING AND DISPOSAL OF CHEMICALS IN LABORATORIES (continued) 


TABLE 2 
Examples of Incompatible Chemicals 


Chemical 
Acetic acid 


Acetylene 

Acetone 

Alkali and alkaline earth metals 
(such as powdered aluminum 
or magnesium, calcium, lith- 
ium, sodium, potassium) 
Ammonia (anhydrous) 


Ammonium nitrate 


Aniline 

Arsenical materials 
Azides 

Bromine 

Calcium oxide 
Carbon (activated) 
Carbon tetrachloride 
Chiorates 


Chromic acid and chromium 
troixide 
Chlorine 


Chlorine dioxide 
Copper 

Cumene hydroperoxide 
Cyanides 

Flammable liquids 


Fluorine 

Hydrocarbons (such as butane, 
propane, benzene) 
Hydrocyanic acid 
Hydrofluoric acid (anhydrous) 
Hydrogen peroxide 


Hydrogen sulfide 
Hypochlorites 

Iodine 

Mercury 

Nitrates 

Nitric acid (concentrated) 


Nitrites 
Nitroparaffins 
Oxalic acid 


Is incompatible with 


Chromic acid, nitric acid, hydroxyl compounds, ethylene glycol, 


perchloric acid, peroxides, permanaganates 
Chlorine, bromine, copper, fluorine, silver, mercury 
Concentrated nitric and sulfuric acid mixtures 
Water, carbon tetrachloride or other chlorinated һу- 
drocarbons, carbon dioxide, halogens 


Mercury (in manometers, for example), chlorine, cal~ 
cium hypochlorite, iodine, bromine, hydrofluoric 
acid (anhydrous) 

Acids, powdered metals, flammable liquids, chlorates, 
nitrites, sulfur, finely divided organic or combus— 
tible materials 

Nitric acid, hydrogen peroxide 

Any reducing agent 

Acids 

See Chlorine 
Water 

Calcium hypochlorite, all oxidizing agents 
Sodium 
Ammonium salts, acids, powdered metals, sulfur, 
finely divided organic or combustible materials 
Acetic acid, naphthalene, camphor, glycerol, alcohol, 
flammable liquids in general 

Ammonia, acetylene, butadiene, butane, methane, 
propane (or other petroleum gases), hydrogen, 
sodium carbide, benzene, finely divided metals, 
turpentine 
Ammonia, methane, phosphine, hydrogen sulfide 
Acetylene, hydrogen peroxide 
Acids (organic or inorganic) 

Acids 
Ammonium nitrate, chromic acid, hydrogen peroxide, 
nitric acid, sodium peroxide, halogens 
Everything 
Fluorine, chlorine, bromine, chromic acid, sodium 
peroxide 
Nitric acid, alkali 
Ammonia (aqueous or anhydrous) 

Copper, chromium, iron, most metals or their salts, 
alcohols, acetone, organic materials, aniline, nitro— 
methane, combustible matierals 
Fuming nitric acid, oxidizing gases 
Acids, activated carbon 
Acetylene, ammonia (aqueous or anhydrous), hydrogen 
Acetylene, fulminic acid, ammonia 
Sulfuric acid 
Acetic acid, aniline, chromic acid, hydrocyanic acid, 
hydrogen sulfide, flammable liquids, flammable 
gases, copper, brass, any heavy metals 
Acids 
Inorganic bases, amines 
Silver, mercury 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 2 
Examples of Incompatible Chemicals (continued) 


Chemical 
Oxygen 
Perchloric acid 


Peroxides, organic 
Phosphorus (white) 
Potassium 

Potassium chlorate 
Potassium perchlorate (see 
also chlorates) 

Potassium permanganate 
Selenides 

Silver 


Sodium 
Sodium nitrite 
Sodium peroxide 


Is incompatible with 


Oils, grease, hydrogen, flammable liquids, solids, 
or gases 

Acetic anhydride, bismuth and its alloys, alcohol, 
paper, wood, grease, oils 

Acids (organic or mineral), avoid friction, store cold 
Air, oxygen, alkalis, reducing agents 

Carbon tetrachloride, carbon dioxide, water 
Sulfuric and other acids 

Sulfuric and other acids 


Glycerol, ethylene glycol, benzaldehyde, surfuric acid 
Reducing agents 

Acetylene, oxalic acid, tartartic acid, ammonium com- 
pounds, fulminic acid 

Carbon tetrachloride, carbon dioxide, water 
Ammonium nitrate and other ammonium salts 

Ethy! or methyl alcohol, glacial acetic acid, acetic 


anhydride, benzaldehyde, carbon disulfide, glycerin, 
ethylene glycol, ethyl acetate, methyl acetate, 


furfural 
Sulfides Acids 
Sulfuric acid Potassium chlorate, potassium perchlorate, potassium 


permanganate (similar compounds of light metals, 
such as sodium, lithium) 
Tellurides Reducing agents 


EXPLOSION HAZARDS 


Table 3 lists some common classes of laboratory chemicals that have potential for producing a violent explosion when subjected to shock or friction. 
These chemicals should never be disposed of as such, but should be handled by procedures given in Prudent Practices for Disposal of Chemicals from 
Laboratories, National Academy Press, 1983, chapters 6 and 7. Additional information on these, as well as on some less common classes of explosives, 
can be found in L. Bretherick, Handbook of Reactive Chemical Hazards, 3rd ed., Butterworths, London-Boston, 1985. 

Table 4 lists some illustrative combinations of common laboratory reagents that can produce explosions when they are brought together or that 
form reaction products that can explode without any apparent external initiating action. This list is not exhaustive, and additional information on 
potentially explosive reagent combinations can be found in Manual of Hazardous Chemical Reactions, A Compilation of Chemical Reactions Reported 
to be Potentially Hazardous, National Fire Protection Association, NFPA 491M, 1975, NFPA, 470 Atlantic Avenue, Boston, МА 02210. 


WATER-REACTIVE CHEMICALS 


Table 5 lists some common laboratory chemicals that react violently with water and that should always be stored and handled so that they do not 
come into contact with liquid water or water vapor. Procedures for decomposing laboratory quantities are given in Prudent Practices for Disposal of 
Chemicals from Laboratories, chapter 6; the pertinent section of that chapter is given in parentheses. 


PYROPHORIC CHEMICALS 


Many members of the classes of readily oxidized, common laboratory chemicals listed in Table 6 ignite spontaneously in air. A more extensive 
listcan be found in L. Bretherick, Handbook of Reactive Chemical Hazards, 3rd ed., Butterworths, London-Boston, 1985. Pyrophoric chemicals should 
be stored in tightly closed containers under an inert atmosphere (ог, for some, an inert liquid), and all transfers and manipulations of them must be carried 
out under an inert atmosphere or liquid. Suggested procedures for decomposing them are given in Prudent Practices for Disposal of Chemicals from 
Laboratories, chapter 6; the pertinent section of that chapter is given in parentheses. 
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HANDLING AND DISPOSAL OF CHEMICALS IN LABORATORIES (continued) 


TABLE 3 
Shock-Sensitive Compounds 


Acetylenic compounds, especially polyacetylenes, haloacetylenes, and heavy metal salts of acetylenes (copper, silver, and mercury salts 
are particularly sensitive) 

Acyl nitrates 

Alkyl nitrates, particularly polyol nitrates such as nitrocellulose and nitroglycerine 

Alkyl and acy! nitrites 

Alkyl perchlorates 

Amminemetal oxosalts: metal compounds with coordinated ammonia, hydrazine, or similar nitrogenous donors and ionic perchlorate, nitrate, per 
manganate, or other oxidizing group | 

Azides, including metal, nonmetal, and organic azides 

Chlorite salts of metals, such as AgCIO, and Hg(ClO,), 

Diazo compounds such as CH.N, 

Diazonium slats, when dry 

Fulminates (silver fulminate, AgCNO, can form in the reaction mixture from the Tollens’ test for aldehydes if it is allowed to stand for some 
time; this can be prevented by adding dilute nitric acid to the test mixture as soon as the test has been completed) 

Hydrogen peroxide becomes increasingly treacherous as the concentration rises above 30%, forming explosive mixtures with organic materials 
and decomposing violently in the presence of traces of transition metals 

N-Halogen compounds such as difluoroamino compounds and halogen azides 

N-Nitro compounds such as N-nitromethylamine, nitrourea, nitroguanidine, and nitric amide 

Oxo salts of nitrogenous bases: perchlorates, dichromates, nitrates, iodates, chlorites, chlorates, and permanganates of ammonia, amines, 
hydroxylamine, guanidine, etc. 

Perchlorate salts. Most metal, nonmetal, and amine perchlorates can be detonated and may undergo violent reaction in contact with 
combustible materials 

Peroxides and hydroperoxides, organic (see Chapter 6, Section П.Р) 

Peroxides (solid) that crystallize from оғ are left from evaporation of peroxidizable solvents (see Chapter 6 and Appendix 1) 

Peroxides, transition-metal salts 

Picrates, especially salts of transition and heavy metals, such as Ni, Pb, Hg, Cu, and Zn; picric acid is explosive but is less sensitive to shock or 
friction than its metal salts and is relatively safe as a water-wet paste (see Chapter 7) 

Polynitroalkyl compounds such as tetranitromethane and dinitroacetonitrile 

Polynitroaromatic compounds, especially polynitro hydrocarbons, phenols, and amines 


TABLE 4 
Potentially Explosive Combinations of Some Common Reagents 


Acetone + chloroform in the presence of base 

Acetylene + copper, silver, mercury, or their salts 
Ammonia (including aqueous solutions) + CL, Вг, or 1, 
Carbon disulfide + sodium azide 

Chlorine + an alcohol 

Chloroform or carbon tetrachloride + powdered Al or Mg 
Decolorizing carbon + an oxidizing agent 

Diethyl ether + chlorine (including a chlorine atmosphere) 
Dimethyl sulfoxide + ап acyl halide, 5001, ог РОСІ, 
Dimethyl sulfoxide + CrO, 

Ethanol + calcium hypochlorite 

Ethanol + silver nitrate 

Nitric acid + acetic anhydride or acetic acid 

Picric acid + а heavy-metal salt, such as of Pb, Hg, or Ag 
Silver oxide + ammonia + ethanol 

Sodium + a cholrinated hydrocarbon 

Sodium hypochlorite + an amine 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 5 
Water-Reactive Chemicals 


Alkali metals (H.D) 

Alkali metal hydrides (Ш.С.2) 

Alkali metal amides (Ш.С.7) 

Metal alkyls, such as lithium alkyls and aluminum alkyls (ТУ.А) 
Grignard reagents (IV.A) 

Halides of nonmetals, such as BCL, BF,, PCL, PCL, SiCl,, 5,С1, (ITF) 
Inorganic acid halides, such as POCI, SOCL,, 5О,СІ, (Ш.Р) 
Anhydrous metal halides, such as АИСТ, ТІСІ, ZrCl,, SnCl, (Ш.Е) 
Phosphorus pentoxide CHILD 

Calcium carbide (ГУ.Е) 

Organic acid halides and anhydrides of low molecular weight (ILJ) 


TABLE 6 
Classes of Pyrophoric Chemicals 


Grignard reagents, RMgX (IV.A) 

Metal alkyls and aryls, such as RLi, RNa, R,Al, R,Zn (IV.A) 

Metal carbonyls, such as Ni (CO),, Fe(CO),, Co,(CO), (IV.B) 

Alkali metals such as Na, К (III.D.l) 

Metal powders, such as Al, Co, Fe, Mg, Mn, Pd, Pt, Ti, Sn, Zn, Zr (IILD.2) 
Metal hydrides, such as NaH, LiAIH, (IV.C.2) 

Nonmetal hydrides, such as В.Н, and other boranes, PH,, AsH, (Ш.С) 
Nonmetal alkyls, such аз К.В, К,Р, R,As (IV.C) 

Phosphorus (white) (Ш.Н) 


HAZARDS FROM PEROXIDE FORMATION 


Many common laboratory chemicals can form peroxides when allowed access to air over a period of time. A single opening ofa container to remove 
some of the contents can introduce enough air for peroxide formation to occur. Some types of compounds form peroxides that are treacherously and 
violently explosive in concentrated solution or as solids. Accordingly, peroxide—containing liquids should never be evaporated near to or to dryness. 
Peroxide formation can also occur in many polymerizable unsaturated compounds, and these peroxides can initiate a runaway, sometimes explosive, 
polymerization reaction. Procedures fortesting for peroxides and for removing small amounts from laboratory chemicals are given in Prudent Practices 
for Disposal of Chemicals from Laboratories, chapter 6, Section ILP. 

Table 7 provides a list of structural characteristics in organic compounds that can peroxidize. These structures are listed in approximate order of 
decreasing hazard. Reports of serious incidents involving the last five structural types are extremely rare, but these structures are listed because 
laboratory workers should be aware that they can form peroxides that can influence the course of experiments in which they are used. 

Table 8 gives examples of common laboratory chemicals that are prone to form peroxides on exposure to air. The lists are not exhaustive, and 
analogous organic compounds that have any of the structural features given in Table 7 should be tested for peroxides before being used as solvents 
or reagents, or before being distilled. The recommended retention times begin with the date of synthesis or of opening the original container. 


DISPOSAL OF TOXIC CHEMICALS 


It is often desirable to precipitate toxic cations or hazardous anions from solution to facilitate recovery or disposal. Table 9 lists precipitants for 
many common cations, and Table 10 gives precipitants for some hazardous anions. Many cations can be precipitated as sulfides by adding sodium 
sulfide solution (preferable to the highly toxic hydrogen sulfide) to a neutral solution of the cation (Table 11). Control of pH is important because some 
sulfides will redissolve in excess sulfide ion. After precipitation, excess sulfide can be destroyed by addition of hypochlorite. 

Most metal cations are precipitated as hydroxides or oxides at high pH. Since many of these precipitates will redissolve in excess base, it is often 
necessary to control pH. Table 12 shows the recommended pH range for precipitating many cations in their most common oxidation state. The notation 
“Ч № in the right-hand column indicates that the precipitate will not dissolve in 1 N sodium hydroxide (pH 14). 

The distinctions between high and low toxicity or hazard are based on їохїсоїов са! and other data, and are relative. There is no implication of a 
sharp distinction between high and low, or that any cations or anions are totally without hazard. 
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HANDLING AND DISPOSAL ОЕ CHEMICALS IN LABORATORIES (continued) 


TABLE 7 
Types of Chemicals That Are Prone to Form Peroxides 


А. Organic structures (іп approximate order of decreasing hazard) 


1. “1 Ethers and acetals with a hydrogen atoms 
С-0- 
” 
H 
2 ` c= [| = ( ” Olefins with allylic hydrogen atoms 
4 “ 
Х 
3. ы l Chloroolefins and fluoroolefins 
7 
4. CH,= 4 Vinyl halides, esters, and ethers 
| N ти Z 
5. С=С- С=С Dienes 
” N 
H 
6. ы | Vinylacetylenes with о hydrogen atoms 
С--С--Сэсн duds ша 
Н 
1. № P Ce CH Alkylacetylenes with о hydrogen atoms 
” 
H 
8. Š = Ат Alkylarenes that contain tertiary hydrogen atoms 
” 
| 
9. --С--Н Alkanes and cycloalkanes that contain tertiary hydrogen atoms 
| 
` 
10. C=C—CO,R Acrylates and methacrylates 
4 
H 
NI I 
11. C—OH Secondary alcohols 
/ 
он 
12. S 12 Ketones that contain а hydrogen atoms 
` 
H 
13. | Aldehydes 
—C=0 
онн 
14. | d g^ Ureas, amides, and lactams that have a hydrogen atom 
SENSE on a carbon atom attached to nitrogen 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 7 
Types of Chemicals That Are Prone to Form Peroxides (continued) 


B. Inorganic substances 


LAlkali metals, especially potassium, rubidium, and cesium (see Chapter 6, Section Ш.р) 
2.Metal amides (see Chapter 6, Section Ш.С.7) 

` 3.0rganometallic compounds with a metal atom bonded to carbon (see Chapter 6, Section IV) 
4.Metal alkoxides 


TABLE 8 
Common Peroxide-Forming Chemicals 


LISTA 
Severe Peroxide Hazard on Storage with Exposure to Air 
Discard within 3 months 


*Diisopropyl ether (isopropyl ether) *Sodium amide (sodamide) 
eDivinylacetylene (DVA)* eVinylidene chloride (1,1—dichloro- 
ePotassium metal ethylene): 


ePotassium amide 


LIST B 
Peroxide Hazard on Concentration; Do Not Distill or Evaporate Without First Testing for the 
Presence of Peroxides 


Discard or test for peroxides after 6 months 


eAcetaldehyde diethy! acetal (acetal) eDioxane 

eCumene (isopropylbenzene) *Ethylene glycol dimethy! ether 

eCyclohexene (glyme) 

*Cyclopentene *Ethylene glycol ether acetates 

eDecalin (decahydronaphthalene) *Ethylene glycol monoethers (cello— 

eDiacetylene solves) 

*Dicyclopentadiene eFuran 

eDiethy! ether (ether) eMethylacetylene 

*Diethylene glycol dimethyl ether *Methylcyclopentane 

(diglyme) eMethyi isobutyl ketone 
eTetrahydrofuran (THF) 
eTetralin (tetrahydronaphthalene) 
гУту! ethers* 
LIST C 


Hazard of Rapid Polymerization Initiated by Internally Formed Peroxides* 
a. Normal Liquids; Discard or test for peroxides after 6 months" 


*Chloroprene (2-chloro-1,3-buta- eVinyl acetate 
diene) *Vinylpyridine 
eStyrene 
b. Normal Gases; Discard after 12 months! 
*Butadiene* eVinylacetylene (МУАУ 
*Tetrafluoroethylene (ТЕЕ) eVinyl chloride 


Polymerizable monomers should be stored with a polymerization inhibitor from which the monomer can 
be separated by distillation just before use. 

Although common acrylic monomers such as acrylonitrile, acrylic acid, ethyl acrylate, and methyl 
methacrylate can form peroxides, they have not been reported to develop hazardous levels in normal use 
and storage. 

The hazard from peroxides in these compounds is substantially greater when they are stored in the liquid 
phase, and if so stored without an inhibitor they should be considered as in LIST A. 
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HANDLING AND DISPOSAL OF CHEMICALS IN LABORATORIES (continued) 


TABLE 8 
Common Peroxide-Forming Chemicals (continued) 


4 Although air will not enter а gas cylinder in which gases are stored under pressure, these gases are sometimes 
transferred from the original cylinder to another in the laboratory, and it is difficult to be sure that there is no 
residual air in the receiving cylinder. An inhibitor should be put into any such secondary cylinder before one of 
these gases is transferred into it; the supplier can suggest inhibitors to be used. The hazard posed by these gases 
is much greater if there is a liquid phase in such a secondary container, and even inhibited gases that have been 
put into a secondary container under conditions that create а liquid phase should be discarded within 12 months. 


Note: Laboratory workers should label all containers of peroxidizable solvents or reagents with one of the following: 


[LIST A] 
Peroxidizable compound 
Received Opened 
Date 
Discard 3 months after opening 
[LISTS B ANDC] 
Peroxidizable compound 
Received Opened 
Date 
Discard or test for peroxides 
6 months after opening 
TABLE 9 
Relative Toxicity of Cations 
High toxic hazard Precipitant* Low toxic hazard Precipitant* 
Antimony OH; S> Aluminum OH- 
Arsenic 5- Bismuth ОН, S* 
Barium 502, СО Calcium 502, СО 
Beryllium OH- Cerium Om 
Cadmium OH, S> Cesium 
Chromium (Ш) OH- Copper‘ OH, 52- 
Cobak (Пу OH, S* Gold ОН-, S* 
Gallium OH- Tron‘ ОН, S* 
Germanium ОН:, S* Lanthanides OH- 
Hafnium ОН: Lithium 
Indium OH, S> Magnesium OH- 
Iridium ОН, S> Molybdenum (УІ) 
Lead OH; 5° Niobium (V) om 
Manganese (Пу Он, S> Palladium ОН”, S- 
Mercury OH; S+ Potassium 
Nickel ОН-, S* Rubidium 
Osmium (IV)** он, S> Scandium om 
Platinum (ID* ОН:, S% Sodium 
Rhenium (УП) 5- Strontium 502, CO," 
Rhodium (III)? ОН-, S> Tantalum он 
Ruthenium (Ш он, S> Тіп ОН”, S” 
Selenium $2 Titanium OH- 
Silver CF, ОН”, S* Yttrium у ОН- 
Tellurium 5- Zinc он, S: 
Thallium он, S Zirconium OH- 
Tungsten (VI)*4 
Vanadium OH; S* 
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HANDLING AND DISPOSAL ОЕ CHEMICALS IN LABORATORIES (continued) 


TABLE 9 
Relative Toxicity of Cations (continued) 


* Precipitants are listed in order of preference: 
ОН- = base (sodium hydroxide or sodium carbonate) 
S* = sulfide 
СГ = chloride 
SO? = sulfate 
CO,” = carbonate 
^ The precipitant is for the indicated valence state. 
< Maximum tolerance levels have been set for these low-toxicity ions by the U.S. Public Health Service, and large 
amounts should not be put into public sewer systems. The small amounts typically used in laboratories will not 
normally affect water supplies. 
4 These ions are best precipitated as calcium molybdate or calcium tungstate. 
* CAUTION: OsO, a volatile, extremely poisonous substance, is formed from almost any osmium compound 
under acid conditions in the presence of air. 


TABLE 10 
Relative Hazard of Anions 


High-hazard anions 


Hazard 
Топ type* Precipitant Low-hazard anions 

Aluminum hydride, АН, F -- Bisulfite, HSO, 
Amide, NH, F, ЕР -- Borate, ВО“, ВО ~ 
Arsenate, АзО “, AsO,- Т Cu”, Бе» Вгопиде, Вг 
Arsenite, AsO,, А5О > T Pb? Carbonate, со» 
Azide, Му E T -- Chloride, СГ 
Borohydride, BH. F — Cyanate, OCN- 
Bromate, BrO; О,Е -- Hydroxide, OH- 
Chlorate, СЮ; O,E -- Iodide, Г 
Chromate, СгО,>, СО = Т.О ° Oxide, O% 
Cyanide, CN- T - Phosphate, РО > 
Ferricyanide, Fe(CN); T Fe” Sulfate, SO? 
Ferrocyanide, Fe(CN),* T Fe* Sulfite, SO = 
Fluoride, Ғ- T Са» Thiocyanate, SCN- 
Hydride, Н- F — 

Hydroperoxide, ОН“ O,E — 

Hydrosulfide, SH- T - 

Hypochlorite, ОСГ O - 

Iodate, Юуг О,Е -- 

Nitrate, МО; о -- 

Nitrite, КОГ Т,О - 

Perchlorate, CIO; O,E — 

Permanganate, MnO, Т,О “ 

Peroxide, О, О,Е - 

Persulfate, 5,0, о - 

Selenate, SeO,” T Ры" 

Selenide, Se T Cu* 
‘Sulfide, S> T ° 


* Toxic, T: oxidant, O; flammable, F; explosive, E. 

^ Metal amides readily form explosive peroxides on exposure to air. 
* Reduce and precipitate as Cr(II); see Table 9. 

* Reduce and precipitate as Mn(II); see Table 9. 

° See Table 11. 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 11 
Precipitation of Sulfides 


Not Forms a 
Precipitated precipitated soluble complex 
at pH 7 at low pH at high pH 


Ag* 

АР" X 
Au" X 
Ві” 

Са: 

Со? X 


5 
= NX 


o 
e, 
XX NX 


TI" X 
гл» X 


* Higher oxidation states of this ion are reduced by sulfide ion and precipitated 
88 this sulfide. 


TABLE 12 
pH Range for Precipitation of Metal 
Hydroxides and Oxides 


Ав" — IN 
АР" —— 

As** Not precipitated (precipitate as sulfide) 

АЗ” Not precipitated (precipitate as sulfide) 

Ав" к — 

Be* — 

Bi* — IN 
са" м 
Со" Е-» ІМ 
Ст" у IN 
Си" > IN 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 12 
pH Range for Precipitation of Metal 
Hydroxides and Oxides (continued) 


1 2 3 4 5 6 7 8 9 10 
Cu* | — |М 
Бе" w ІМ 
Ее? > ІМ 
ба” — 
Се“ ғ----- 
не ь-- 
Hg" — IN 
Hg” F—— > IN 
In? Ї - > pHI3 
їг" —[ ——h 
Ма” — IN 
Ма” — ІМ 
Ма” l- IN 
Мо Not precipitated (precipitate as Са salt) 
МЫ” | I 
Ni” | — IN 
Os* k- 
РЫ» + 
Ра» I— 
Ра» ----а 
Pr* --- 
Ке” к IN 
Ке” Not precipitated (precipitate as sulfide) 
Rh” HK 
Ки" | » IN 
50” — | 
Sb* + 
Sc* = IN 
Se* Not precipitated (precipitate as sulfide) 
Se“ Not precipitated (precipitate as sulfide) 
Sn?” —— 
Sn* --і 
Таз | | 
Те" Not precipitated (precipitate as sulfide) 
Те“ Not preciptiated (precipitate as sulfide) 
Th* Е---------->” IN 
Ti* = IN 
Ti* > IN 
Ti* > IN 
у“ E——34 
ун i d 
wer Not precipitated (precipitate as Ca salt) 
Zn* — 
71“ + 
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HANDLING AND DISPOSAL ОЕ CHEMICALS ІМ LABORATORIES (continued) 


FIRE HAZARDS 


Flammable solvents are a common source of laboratory fires. The relative ease with which some common laboratory solvents can be ignited is 
indicated by the following properties. 

Flash Point — The lowesttemperature, as determined by standard tests, at whicha liquid emits vapor in sufficient concentration to form an ignitable 
mixture with air near the surface of the liquid in a test vessel. Note that many of these common chemicals have flash points below room temperature. 

Ignition Temperature — The minimum temperature required to initiate self-sustained combustion, regardless of the heat source. 

Flammable Limits — The lower flammable limit is the minimum concentration (percent by volume) of a vapor in air below which a flame is not 
propagated when an ignition source is present. Below this concentration the mixture is too lean to burn. The upper flammable limit is the maximum 
concentration (percent by volume) of the vapor in air above which a flame is not propagated. Above this concentration the mixture is too rich to burn. 
The flammable range comprises all concentrations between these two limits. This range becomes wider with increasing temperature and in oxygen—rich 
atmospheres. Table 13 lists these properties for a few common laboratory chemicals. 


GLOVE MATERIALS 


Itis good safety practice (and mandated in some laboratories) to wear rubber gloves while handling chemicals that can cause injury when in contact 
with, or absorbed through, the skin. The various common rubbers are not equally resistant to all chemicals. Table 14 provides guidelines for selecting 
the best, and avoiding the poorest, glove material for handling a given chemical. 


RESPIRATORS 


In the event of a laboratory accident or spill, it will be necessary for someone to enter the contaminated area for cleanup. If significant quantities 
ofachemicalare spilled, or even minor quantities ofa known toxic material, itis essential to wear the correct kind of respirator equipment when entering 
the area. If it is not known whether the contamination is of a chemical “Immediately dangerous to life or health”, the prudent course is to assume that 
it is, and to use the corresponding type of respirator. Guidelines are presented in Table 15. 


TABLE 13 
Flash Points, Boiling Points, Ignition Temperatures, and Flammable Limits of 
Some Common Laboratory Chemicals 


Flammable limit 


Flash Boiling Ignition (percent by volume 
point point temp. in air) 
Chemical (°c) (°C) (°C) Lower Upper 
Acetaldehyde -378 21.1 175.0 4.0 60.0 
Acetone -19.0 56.0 538.0 2.6 12.8 
Benzene -11.1 80.1 560.0 14 8.0 
Carbon disulfide —30.0 45.8 90.0 1.0 44.0 
Cyclohexane -18.0 80.7 260.0 13 8.0 
Diethyl ether -45.0 34.4 160.0 1.8 48.0 
Ethanol 12.0 78.3 363.0 33 19.0 
п-Нерїапе -3.9 98.4 204.0 1.0 6.7 
n-Hexane -21.7 68.7 223.0 1.2 7.5 
Isopropyl alcohol 11.7 822 398.9 2.0 12.0 
Methanol пл 64.5 385.0 6.0 36.5 
Methyl ethyl ketone -61 79.6 515.6 19 11.0 
Pentane -40.0 36.1 260.0 1.4 7.8 
Styrene 31.0 145.0 490.0 1.1 6.1 
Тошепе 4.4 110.6 530.0 1.3 7.0 
p-Xylene 25.0 132.4 529.0 11 7.0 


Note: For a more extensive listing, see the table “Properties of Common Solvents” in Section 15. 
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HANDLING AND DISPOSAL ОҒ CHEMICALS IN LABORATORIES (continued) 


TABLE 14 
Resistance to Chemicals of Common Glove Materials 
(E = Excellent, С = Good, F = Fair, P = Poor) 


Natural 
Chemical rubber Neoprene Nitrile Vinyl 


Acetaldehyde 

Acetic acid 

Acetone 
Acrylonitrile 
Ammonium hydroxide (sat) 
Aniline 
Benzaldehyde 
Benzene’ 

Benzyl] chloride’ 
Bromine 

Butane 
Butyraldehyde 
Calcium hypochlorite 
Carbon disulfide 
Carbon tetrachloride’ 
Chiorine 
Chloroacetone 
Chloroform’? 
Chromic acid 
Cyclohexane 
Dibenzyl ether 
Dibutyl phthalate 
Diethanolamine 
Diethyl ether 
Dimethyl sulfoxide? 
Ethyl acetate 
Ethylene dichloride* 
Ethylene glycol 
Ethylene trichloride* 
Fluorine 
Formaldehyde 
Formic acid 

Glycerol 

Hexane 
Hydrobromic acid (40%) 
Hydrochloric acid (conc) 
Hydrofluoric acid (30%) 
Hydrogen peroxide 
Іойіпе 

Methylamine 

Methyl cellosolve 
Methyl chloride? 
Methyl ethyl ketone 
Methylene chloride" 
Monoethanolamine 
Morphotine 
Naphthalene* 

Nitric acid (conc) 
Perchioric acid 
Pheno! 

Phosphoric acid 
Potassium hydroxide (sat) 


| тој регеү | | oQqmmmil,] Qmm 
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HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 14 


Resistance to Chemicals of Common Glove Materials 
(E = Excellent, С = Good, Е = Fair, P = Poor) (continued) 


Chemical 


Propylene dichloride* 
Sodium hydroxide 
Sodium hypochlorite 
Sulfuric acid (conc) 
Toluene’ 
Trichloroethylene* 
Tricresyl phosphate 
Triethanolamine 
Trinitrotoluene 


Natural 

rubber Neoprene Nitrile Vinyl 
P F - Р 
G G G E 
G P F G 
G G F G 
P F G F 
P F G F 
P F — F 
F E E E 
P E — Р 


a Aromatic and halogenated hydrocarbons will attack all types of natural and synthetic glove ma- 
terials. Should swelling occur, the user should change to fresh gloves and allow the swollen gloves 


to dry and return to normal. 


> Модага on the resistance to dimethyl sulfoxide of natural rubber, neoprene, nitrile rubber, or vinyl 
materials are available; the manufacturer of the substance recommends the use of butyl rubber 


gloves. 


TABLE 15 


Guide for Selection of Respirators 


Type of hazard 


Oxygen deficiency 


Gas and vapor contaminants 
Immediately dangerous to 
life or health 


Not immediately dangerous 
to life or health 


Particulate Contaminants 
Immediately dangerous to 
life or health 


Type of respirator 


Self-contained breathing apparatus 

Hose mask with blower 

Combination of air-line respirator and auxiliary 
self-contained air supply or air-storage receiver 
with alarm 


Self-contained breathing apparatus 

Hose mask with blower 

Air-purifying full-facepiece respirator with chem— 
ical canister (gas mask) 

Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 
self-contained air supply or air-storage receiver 
with alarm 


Air-line respirator 

Hose mask with blower 

Air-purifying half-mask or mouthpiece respirator 
with chemical cartridge 


Self-contained breathing apparatus 

Hose mask with blower 

Air-purifying full-facepiece respirator with 
appropriate filter 

Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 
self-contained air supply or air-storage receiver 
with alarm 


16-14 


HANDLING AND DISPOSAL OF CHEMICALS ІМ LABORATORIES (continued) 


TABLE 15 
Guide for Selection of Respirators (continued) 
Type of hazard Type of respirator 
Not immediately dangerous Air-purifying half-mask or mouthpiece respirator 
to life or health with filter pad or cartridge 


Air-line respirator 
Air-line abrasive—blasting respirator 
Hose mask with blower 


Combination of gas, vapor, and Self-contained breathing apparatus 
particulate contaminants Hose mask with blower 
Immediately dangerous to Air-purifying full-facepiece respirator with chem- 
life or health ical canister and appropriate filter (gas mask 
with filter) 


Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 
self-contained air supply or air-storage receiver 


with alarm 
Not immediately dangerous Air-line respirator 
to life or health Hose mask without blower 


Air-purifying half-mask or mouthpiece respirator 
with chemical cartridge and appropriate filter 


Source: ANSI Standard Z88.2 (1969). 
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FLAMMABILITY OF CHEMICAL SUBSTANCES 


This table gives properties related to the flammability of about 900 chemical substances. The properties listed are: 
1в : Normal boiling point in °С ( at 101.325 kPa pressure). 


FP: Flash point, which is the minimum temperature at which the vapor pressure of a liquid is sufficient to form an ignitable mixture with air near the 
surface of the liquid. Flash point is not an intrinsic physical property but depends on the conditions of measurement (see Reference 1). 


Fl. Limits: Flammable limits (often called explosive limits), which specify the range of concentration of the vapor in air (in percent by volume) for 
which a flame can propagate. Below the lower flammable limit, the gas mixture is too lean to burn; above the upper flammable limit, the mixture is 
too rich. Values refer to ambient temperature and pressure and are dependent on the precise test conditions. A ? indicates that one of the limits is not 
known. 


IT: Ignition temperature (sometimes called autoignition temperature), which is the minimum temperature required for self-sustained combustion in 
the absence of an external ignition source. As in the case of flash point, the value depends on specified test conditions. 


Even in cases where very careful measurements of flash point have been replicated in several laboratories, observed values can differ by 3 to 6°С 
(Reference 4). For more typical measurements, larger uncertainties should be assumed in both flash points and autoignition temperatures. The absence 
of a flash point entry in this table does not mean that the substance is nonflammable, but only that no reliable value is available. 


Compounds are listed by molecular formula following the Hill convention. Substances not containing carbon are listed first, followed by those 
thatcontain carbon. Tolocate an organic compound by name or CAS Registry Number when the molecular formulais not known, use the table “Physical 
Constants of Organic Compounds" in Section 3 and its indexes to determine the molecular formula. 


REFERENCES 


Fire Protection Guide to Hazardous Materials, 11th Edition, National Fire Protection Association, Quincy, MA, 1994. 

Urben, P.G., Editor, Bretherick's Handbook of Reactive Chemical Hazards, 5th Edition, Butterworth-Heinemann, Oxford, 1995. 

Daubert, T.E., Danner, R.P., Sibul, H.M., and Stebbins, C.C., Physical and Thermodynamic Properties of Pure Compounds: Data Compilation, 
extant 1994 (core with 4 supplements), Taylor & Francis, Bristol, PA. 

4. Report of Investigation: Flash Point Reference Materials, National Institute of Standards and Technology, Standard Reference Materials 
Program, Gaithersburg, MD, 1995. 


WN re 


Mol. Form. Name tp/°C FP/°C Fl. Limits IT/°C 


Compounds not containing carbon 


В.Н, Diborane -92.4 -90 1-98% =40 
B5Ho Pentaborane(9) 60 30 0.4-? 35 
ВіН;5і Bromosilane 1.9 «0 “20 
Br3HSi Tribromosilane 109 =20 
СЇ,Н,51 Dichlorosilane 8.3 4.1-99% 36 
CLHSi Trichlorosilane 33 -50 104 
GeH, Germane -88.1 =20 
Ge He Digermane 29 =50 
Н, Hydrogen -252.8 4-74% 
Н,5 Hydrogen sulfide -59.55 4-44% 260 
H.S; Hydrogen disulfide 70.7 <22 
H,Te Hydrogen telluride -2 -50 
HN Ammonia -33.33 16-25% 
ЊР Phosphine -87.75 1.8-? 
H4N5 Hydrazine 113.55 38 5-100% 
НАР» Diphosphine 63.5 “20 
H,Si Silane -111.9 -112 1.4-2 “20 
Н,5 5 Disilane -14.3 -14 “20 
HsSis Trisilane 52.9 <0 “20 
Р Phosphorus (white) 280.5 38 
Compounds containing carbon 
CHN Hydrogen cyanide 26 -18 6-4096 538 
CH,Cl, Dichloromethane 40 13-23% 556 
СН,М, Cyanamide 141 
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Mol. Form 


СН-О 
(СЊО), 
СН,О, 
СН,Вг 
CH;Cl 
CH;Cl,Si 
CH;NO 
СИМО; 
СН, 
СН,С1,51 
СН,О 
СН,5 
сн; 
СНМ, 
СО 

COS 

CS; 
ОСЕ 
ОВ 
CHCl; 
С,НСЦО 
C,H 
СНС} 
СНС, 
СНС 
CHF, 
С,Н,Вг 
оња 
ОСЕ 
С,Н,СО 
С.Н,С1,МО, 
С.,Н,СЬ, 
СНС, 
С.Н,Сї,51 
СОЊЕ 
C,H;N 
CHNO 
он, 
C,H,CINO, 
СНС» 
C3H,Cl, 
C,H,O 
C,H,O 
ОНО 
С.Н,О, 
С.Н,О, 
С.Н.Вг 
сна 
С,Н.СО 
C-H;Cl;Si 
сын; 
ОНО; 
С.Н.ХО, 
С,Н.МО, 
СН, 
C;H&CLSi 
С,Н,О 
С.Н,О 
C,H,OS 
C,H,OS 
С.Н,О, 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Formaldehyde 
Paraformaldehyde 
Formic acid 
Bromomethane 
Chloromethane 
Methyltrichlorosilane 
Formamide 
Nitromethane 

Methane 
Dichloromethylsilane 
Methanol 

Methanethiol 
Methylamine 
Methylhydrazine 
Carbon monoxide 
Carbon oxysulfide 
Carbon disulfide 
Chlorotrifluoroethylene 
Tetrafluoroethylene 
Trichloroethylene 
Dichloroacetyl chloride 
Acetylene 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
1,1-Difluoroethylene 
Bromoethylene 
Chloroethylene 
]-Chloro-1,1-difluoroethane 
Acetyl chloride 
1,1-Dichloro-1-nitroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichlorovinylsilane 
Fluoroethylene 
Acetonitrile 

Methyl isocyanate 
Ethylene 
1-Chloro-1-nitroethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
Acetaldehyde 

Ethylene oxide 

Acetic acid 

Methyl formate 
Ethaneperoxoic acid 
Bromoethane 
Chloroethane 

Ethylene chlorohydrin 
Trichloroethylsilane 
Ethyleneimine 
Nitroethane 

Ethyl nitrite 

Ethyl nitrate 

Ethane 
Dichlorodimethylsilane 
Ethanol 

Dimethyl ether 
2-Mercaptoethanol 
Dimethyl sulfoxide 
Ethylene glycol 


ъ/°С 


-19.1 


101 
3.5 
-24.0 
65.6 

220 
101.1 
-161.5 

41 
64.6 
5.9 
-6.3 
87.5 
-191.5 


FP/°C 


85 
70 
50 


-28 


-35 


<21 


-41 


111 


Fl. Limits 


7.0-7396 
7.0-7396 
18-5796 
10-16% 
8.1-17.4% 
7.6->20% 


7.3-? 
5.0-15.0% 
6.0-55% 
6.0-36% 
3.9-21.8% 
4.9-20.7% 
2.5-92% 
12.5-74% 
12-29% 
1.3-50.0% 
8.4-16.0% 
10.0-50.0% 
8-10.5% 


2.5-100% 
6.5-15.5% 
3-15% 
6-13% 
5.5-21.3% 
9-15% 
3.6-33.0% 
6-18% 


8-10.5% 
6-28% 


2.6-21.7% 
3.0-16.0% 
5.3-26% 
2.7-36% 


5.4-11.4% 
6.2-16% 
4.0-60% 
3.0-100% 
4.0-19.9% 
4.5-23% 


6.8-8.0% 
3.8-15.4% 
4.9-15.9% 


3.3-54.8% 
3.4-17% 
4.0-50% 
4-? 
3.0-12.5% 
3.4-9.5% 
3.3-19% 
3.4-27.0% 


2.6-42% 
3.2-22% 


IT/C 


424 
300 
434 
537 
632 
2404 


418 
537 
316 
464 


430 
194 
609 


90 


200 
420 


305 
570 
460 
460 


530 
472 
632 
390 


500 
460 


524 
534 
450 


458 
413 
175 
429 
463 
449 


511 
519 
425 


320 
414 

90 
472 


363 
350 


215 
398 


Mol. Form. 


C,H,0,S 
CHS 
С.Н,8 
Со 
CoH;N 
сыны 
СНО 
С-Н,М: 
СН: 
с 
C3H3Br 
C,H4N 
ОН, 
СОЊОМ 
СНС 
CHO 
C4H40 
C3H,0, 
C;H40; 
C3H,0, 
C3H;Br 
CHCl 
CHCl 
C;H,CIO 
C;H,CIO 
С.Н.СО, 
C;H;CIO, 
C4H;CIO; 
С.Н.СЬМО, 
CHCl, 
СС 
C;3H;N 
C,HNO 
СНО 
СУН, 
сың; 
C;H,CINO, 
C;H,CINO, 
C3H,Cl, 
C3H,Cl,0 
СН 
C;H,O 
C;H,O 
C;H,O 
C;H,O 
C;H,O 
C3H,0> 
СНО, 
C4Hq0; 
C3H,0> 
со; 
C;H40; 
С.Н,Вг 
сн 
C3H,Cl 
C;H;CIO 
C;H;CIO 
C3H,Cl,Si 
C3H;N 
СНО 
C;H;NO; 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Dimethyl sulfate 
Ethanethiol 

Dimethyl sulfide 
Dimethyl disulfide 
Ethylamine 
Dimethylamine 
Ethanolamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
3-Вгото-1-ргорупе 
2-Propenenitrile 
Propyne 
3-Chloropropanenitrile 
2,3-Dichloropropene 
Propargyl alcohol 
Acrolein 

Propenoic acid 
2-Oxetanone 

Ethylene carbonate 
3-Bromopropene 
2-Chloropropene 
3-Chloropropene 
Epichlorohydrin 
Propanoyl chloride 
2-Chloropropanoic acid 
Ethyl chloroformate 
Methyl chloroacetate 


1,1-Dichloro-1-nitropropane 


1,2,3- Trichloropropane 


Trichloro-2-propenylsilane 


Propanenitrile 
3-Hydroxypropanenitrile 
Trinitroglycerol 

Propene 

Cyclopropane 
1-Chloro-1-nitropropane 
2-Chloro-2-nitropropane 
1,2-Dichloropropane 
1,3-Dichloro-2-propanol 
Dimethylcyanamide 
Allyl alcohol 

Methyl vinyl ether 
Propanal 

Acetone 

Methyloxirane 
Propanoic acid 

Ethyl formate 

Methyl acetate 
1,3-Dioxolane 

Dimethyl carbonate 
1,3,5- Trioxane 
1-Bromopropane 
1-Chloropropane 
2-Chloropropane 
2-СШого-1-ргорапо! 
1-СШого-2-ргорапо! 
Trichloropropylsilane 
Allylamine 
N,N-Dimethylformamide 
1-Мигоргорапе 


ъ/°С 


35.1 
37.3 
109.8 
16.5 
6.8 
171 
117 
63.9 
-21.1 
89 
77.3 
-23.2 
175.5 
94 
113.6 
52.6 
141 
162 
248 
70.1 
22.6 
45.1 
118 
80 
185 
95 
129.5 
145 
157 
117,5 
97.1 
221 


-47.6 
-32.8 
142 


96.4 
176 
163.5 

97.0 

5.5 

48 

56.0 

35 
141.1 

54.4 

56.8 

78 

90.5 
114.5 

71.1 

46.5 

35.7 
133.5 
127 
123.5 

93:3 
153 
131.1 
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FP/°C 


83 
-17 
-37 

24 
-16 


FI. Limits 


2.8-18.0% 
2.2-19.7% 


3.5-14% 
2.8-14.4% 
3.0-23.5% 
2.5-12.0% 
2-95% 
6.6-32% 
3.0-? 
3.0-17.096 
2.1-12.5% 


2.6-7.896 


2.8-31% 
2.4-8.0% 
2.9-? 


4.4-7.3% 
4.5-16% 
2.9-11.196 
3.8-21.0% 


7.5-18.5% 


3.2-12.6% 


3.1-14% 


2.0-11.196 
2.4-10.496 


3.4-14.5% 


2.5-18.0% 


2.6-17% 
2.5-12.8% 
3.1-27.5% 
2.9-12.1% 
2.8-16.0% 
3.1-16% 


3.6-29% 


2.6-11.196 
2.8-10.796 


2.2-22% 
2.2-15.2% 
2.2-2 


IT/C 


188 
300 
206 


385 
400 
410 
385 
249 


324 
481 


220 
438 


295 


485 
411 


500 
500 


512 


2770 
455 
498 


557 


378 
287 
207 
465 
449 
465 
455 
454 


414 
490 
520 
593 


374 
445 
421 


Mol. Form. 


СНО; 
C3H-NO; 
С.Н; 
С.Н,О 
С,Н,О 
С.Н,О 
С.Н,О, 
СНО, 
С.Н,О, 
С.Н,О, 
С;Н;Оз 
С.Н,ВО, 
C3H,CISi 
C3HoN 
сын, 
Сын 
С,Н,ХО 
C,H,NO 
C,H9NO 
C,H,0,P 
С.Н,О,Р 
CsHioN; 
ССІ 
С.Н:О, 
САН, 
СНА 
C,H,O 
СНО 
С,Н,5 
сна 
C,HN 
CHN 
C,HN 
C4Hg 
C4Hg 
С,Н,О 
СНО 
С,Н,О 
C,H,O 
С,Н,О 
С.Н,О, 
СНО, 
С.Н,О, 
СНО, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С,Н,Вг 
С.,Н,В:О, 
C,H,Cl 
сања 
C4H;CIO 
C4H;CIO, 
C,HN 
C,HN 
С,Н,ХО 
С,Н,ХО 
СН, 
С.Н; 
С.Н, 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


2-Nitropropane 
Propyl nitrate 
Propane 

1-Ргорапо! 
2-Propanol 

Ethyl methyl ether 
1,2-Propylene glycol 
1,3-Propylene glycol 


Ethylene glycol monomethyl ether 


Dimethoxymethane 
Glycerol 

Trimethyl borate 
Trimethylchlorosilane 
Propylamine 
Isopropylamine 
Trimethylamine 
3-Amino-1-propanol 
1-Amino-2-propanol 
N-Methyl-2-ethanolamine 
Trimethyl phosphite 
Trimethyl phosphate 
1,3-Propanediamine 
Hexachloro-1,3-butadiene 
Maleic anhydride 
1-Вшеп-3-упе 
Succinonitrile 

Furan 

Diketene 

Thiophene 
2-Chloro-1,3-butadiene 
2-Butenenitrile 
Methylacrylonitrile 
Pyrrole 

1,3-Butadiene 
2-Butyne 

Divinyl ether 
Ethoxyacetylene 
trans-2-Butenal 
3-Buten-2-one 
Vinyloxirane 
Methacrylic acid 

Vinyl acetate 

Methyl acrylate 
2,3-Butanedione 
gamma-Butyrolactone 
Acetic anhydride 
Propylene carbonate 
L-Tartaric acid 
1-Bromo-2-butene 
Ethyl bromoacetate 
2-Chloro-1-butene 
3-Chloro-2-methylpropene 
2-Chloroethyl vinyl ether 
Ethyl chloroacetate 
Butanenitrile 
2-Methylpropanenitrile 
Acetone cyanohydrin 
2-Pyrrolidone 

1-Вшепе 

cis-2-Butene 
trans-2-Butene 


ъ/°С 


120.2 
110 
-42.1 
97.2 
82.3 
7.4 
187.6 
214.4 
124.1 
42 
290 
67.5 
60 
472 
31.7 
2.8 
187.5 
159.4 
158 
111.5 
197.2 
139.8 
215 
202 
5.1 
266 
31.5 
126.1 
84.0 
59.4 
120.5 
90.3 
129.7 
-44 
26.9 
28.3 
50 
102.2 
81.4 
68 
162.5 
72.5 
80.7 
88 
204 
139.5 
242 


104.5 
168.5 
58.5 
71,5 
108 
144.3 
117.6 
103.9 


251 
-6.2 
3.7 
0.8 


FP/°C 


FI. Limits 


2.6-11.0% 
2-100% 
2.1-9.5% 
2.2-13.7% 
2.0-12.7% 
2.0-10.1% 
2.6-12.5% 


1.8-14% 


2.2-13.8% 


3-19% 


2.0-10.4% 


2.0-11.6% 


1.4-7.196 
21-10096 


2.3-14.396 


4.0-20.096 
2-6.8% 
2.0-12.0% 
1.4-2 
1.7-27% 


2.1-15.5% 
2.1-15.6% 


1.6-8.8% 


2.6-13.4% 
2.8-25% 


2.7-10.396 


4.6-12.096 


2.3-9.3% 


3.2-8.196 


1.6-? 


2.2-12.0% 


1.6-10.0% 


1.7-9.0% 
1.8-9.7% 


ІТ/“С 


428 
175 
450 
412 
399 
190 
371 
400 
285 
237 
370 


395 
318 
402 
190 


374 


610 
477 


420 


360 


232 
491 


68 
402 
468 


316 


425 


501 
482 
688 


385 
325 
324 


Mol. Form. 


СІН; 
С.Н, 
С.Н&СЬ 
CyHgCl, 
CyHgCl,O 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О8 
С.Н,О, 
С.Н,О, 
С.Н,О» 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
С.Н,О,5 
С.Н,О, 
С.Н,О, 
C,H Br 
C,H Br 
Сања 
Сања 
С,Н,С1 
Сања 
С,Н,С1,51 
C,H,N 
C4H9NO 
C4H9NO 
C,H)NO 
C,H NO 
C4H9NO 
C ,Ho,NO; 
С,Н,МО, 
САН 
Сн 
СІН ЫМ; 
СІН IO 
C4H440 
C.H О 
САН IO 
САН оО 
САН (0 
СІН 0; 
СНО; 
САН 0 
СІН 0 
СН 0; 
С.Н, 0» 
САН 00 
С,Н,,үО,5 
СІН 00; 
САН |00,5 
С.Н |5 
СІН |05 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Isobutene 

Cyclobutane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
Bis(2-chloroethyl) ether 
2-Вщеп-1-01 
2-Methyl-2-propenol 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 

Isobutanal 

2-Butanone 
Tetrahydrofuran 
1,4-Oxathiane 

Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Isopropyl formate 

Ethyl acetate 

Methyl propanoate 
3-Hydroxybutanal 
1,4-Dioxane 

Sulfolane 

Methyl lactate 

Ethylene glycol monoacetate 
1-Bromobutane 
2-Bromobutane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
Butyltrichlorosilane 
Pyrrolidine 
N-Ethylacetamide 
N,N-Dimethylacetamide 
Butanal oxime 
2-Butanone oxime 
Morpholine 
N-Acetylethanolamine 
Butyl nitrate 

Butane 

Isobutane 

Piperazine 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 

Methyl propyl ether 
1,2-Butanediol 
1,3-Butanediol 
1,4-Butanediol 
2,3-Butanediol 
Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 
tert-Butyl hydroperoxide 
2,2’-Thiodiethanol 
Diethylene glycol 
Diethyl sulfate 
1-Butanethiol 
2-Butanethiol 


16-20 


t °C 


-6.9 
12.6 
124.1 
161 
178.5 
121.5 
114.5 
35.5 
63.4 
74.8 
64.5 
79.5 
65 
147 
163.7 
154.4 
80.9 
68.2 
774 
79.8 


101.5 
287.3 
144.8 
188 
101.6 
91.2 
78.6 
68.2 
68.5 
50.9 
148.5 
86.5 
205 
165 
154 
152.5 
128 


133 
-0.5 
-117 
146 
117.7 
99.5 
107.8 
82.4 
34.5 
39.1 
190.5 
207.5 
235 
182.5 
135 
85 


282 

245.8 

208 
98.5 
85 


FP/°C 


<10 


Fl. Limits 


1.8-9.6% 
1.8-? 


2.7-2 
4.2-35.3% 
1.7-28% 
1.7-19% 
1.9-12.5% 
1.6-10.6% 
1.4-11.4% 
2-11.8% 
2.0-10.0% 
2.0-9.2% 
2.0-11.596 
2.5-13% 
2.0-22% 
2.2-2 
2.6-6.6% 
1.9-10.1% 


2.0-8.7% 


1.8-11.5% 


1.4-11.2% 


1.9-8.5% 
1.8-8.4% 


1.4-11.2% 
1.7-9.8% 
1.7-10.6% 
2.4-8.0% 
1.9-36.0% 
2.0-14.8% 


3-18% 


2-17% 


ІТ/“С 
465 


275 


369 
349 


202 
439 
218 
196 
404 
321 


443 
481 
455 
485 
426 
469 
250 
180 


385 


265 


240 


490 


290 
460 


287 
460 


343 
405 
415 
478 
180 


395 


402 
235 
202 


298 
224 
436 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Mol. Form. Name t °C FP/°C Fl. Limits 
С.Н |05 2-Methyl-1-propanethiol 88.5 2 

С.Н |05 2-Methyl-2-propanethiol 64.3 <-29 

САН узе Diethyl selenide 108 2.5-7 
СНМ Butylamine 77.0 -12 1.7-9.8% 
СНМ sec-Butylamine 63.5 -9 

СНМ tert-Butylamine 44.0 -9 1.7-8.996 
СНМ Isobutylamine 67.7 -9 2-12% 
СНМ Diethylamine 55.5 -23 1.8-10.196 
C,H,,NO 2-Amino-1|-butanol 178 74 

СН МО 2-Amino-2-methyl-1-propanol 165.5 67 

C4H,;NO, Diethanolamine 268.8 172 2-13% 
САНузп Tetramethylstannane 78 -12 1.9-? 
C4H44N5 Diethylenetriamine 207 98 2-6.7% 
С.Н,О: Furfural 161.7 60 2.1-19.396 
C;H;N Pyridine 115.2 20 1.8-12.496 
СН, 2-Methyl-1-buten-3-yne 32 «T 

С.Н,М: 2-Methylpyrazine 137 50 

С.Н,О 3-Methylfuran 66 -30 

С.Н,О, Furfuryl alcohol 171 75 1.8-16.396 
C;H;N 1-Methylpyrrole 115 16 

C;H;NO 2-Furanmethanamine 145.5 37 

С.Н,ХО, Ethyl cyanoacetate 205 110 

СН; 2-Methyl-1,3-butadiene 34.0 -54 1.5-8.9% 
СН 1-Решупе 40.1 «-20 

СН; Cyclopentene 44.2 -29 

С.Н,О 3-Methyl-3-buten-2-one 98 1.8-9.096 
С.Н,О Cyclopentanone 130.5 26 

С.Н,О 3,4-Dihydro-2H-pyran 86 -18 

С.Н,О, Allyl acetate 103.5 22 

С.Н,О, Isopropenyl acetate 94 26 

С.Н,О, Vinyl propanoate 912 1 

С.Н,О, Ethyl acrylate 99.4 10 1.4-14% 
С.Н,О, Methyl methacrylate 100.5 10 1.7-8.2% 
С.Н,О, 2,4-Pentanedione 138 34 

СО Methyl acetoacetate 171.7 TI 

C;H4jNO N-Methyl-2-pyrrolidone 202 96 1-1096 
СНо 1-Решепе 29.9 -18 1.5-8.796 
СНо cis-2-Pentene 36.9 «-20 

С Но trans-2-Pentene 36.3 «-20 

СУН 2-Methyl-1-butene 312 -20 

СН 3-Methyl-1-butene 20.1 -7 1.5-9.196 
С.Нү 2-Methyl-2-butene 38.5 -20 

СНо Cyclopentane 49.3 -25 1.5-2 
С.Н (СІ, 1,5-Dichloropentane 179 >27 

С5Н № 3-(Dimethylamino)propanenitrile 173 65 

СНоо Cyclopentanol 140.4 51 

С Но Pentanal 103 12 

С.Н,О 2-Pentanone 102.2 7 1.5-8.2% 
СНоо 3-Решапопе 101.9 13 1.6-? 
C;H490 Tetrahydropyran 88 -20 

С.Н,О 2-Methyltetrahydrofuran 78 -11 

СНО Pentanoic acid 186.1 96 

СНО 3-Methylbutanoic acid 176.5 

СН 90 Butyl formate 106.1 18 1.7-8.2% 
СНО Isobutyl formate 98.2 5 2-9% 
СНО Propyl acetate 101.5 13 1.7-896 
СНО» Isopropyl acetate 88.6 2 1.8-896 
СНО Ethyl propanoate 99.1 12 1.9-11% 
СНО Methyl butanoate 102.8 14 

СНО 3-Ешохургорапа! 1352 38 

СНО Tetrahydrofurfuryl alcohol 178 75 1.5-9.796 


16-21 


IT/C 


312 


380 
378 
312 


662 


358 
316 
482 


491 


395 


395 


374 
432 


372 


340 
280 
346 
275 


365 


361 


222 
452 
450 


400 
416 
322 
320 
450 
460 
440 


282 


Mol. Form. 


С5Н 003 
С5Н О» 
СН 03 
С;Н Br 
СН; ІСІ 
сна 
C,H, ,Cl 
СН, I(ClsSi 
сним 
сним 
C;H,,NO 
С.Н, NO, 
CsHy2 
С.Нь 
САН 
СН № 
СНО 
с.Н,О 
С.Н,О 
С.Н,О 
СНО 
CHO 
CGH pO 
С.Н,О 
CHO 
С.Н,О 
С-Н,0, 
С-Н,20; 
С-Н,20; 
C5H},03 
CHS 
CHS 
CsH,,N 
CHN 
CHCl, 
C,H,CIN,O, 
CHCl; 
СОКО; 
C4H,CL 
C,H,Cl, 
СНА 
С.Н,СЬО 
СеН;5Вг 
C,HCl 
С,Н.СО 
сењао 
CHCLN 
CH,ChSi 
CHF 
сұн;хо, 
СНО, 
сене 
сін 
CH,N;O, 
C.H,O 
сео, 
сео, 
CHO, 
саны 
CHN 
сын 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Diethyl carbonate 


Ethylene glycol monomethyl ether acetate 


Ethyl lactate 
1-Bromopentane 
1-Chloropentane 
2-Chloro-2-methylbutane 
1-Chloro-3-methylbutane 
Trichloropentylsilane 
Piperidine 
N-Methylpyrrolidine 
4-Methylmorpholine 
Isopentyl nitrite 

Pentane 

Isopentane 

Neopentane 
1-Methylpiperazine 
Tetramethylurea 
1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dimethyl-1-propanol 
Ethyl propyl ether 
1,5-Pentanediol 
2-Isopropoxyethanol 


2,2-Dimethyl-1,3-propanediol 
Diethylene glycol monomethyl ether 


]-Pentanethiol 
3-Methyl-2-butanethiol 
Pentylamine 
Butylmethylamine 

1,2,4,5- Tetrachlorobenzene 


1-Chloro-2,4-dinitrobenzene 


1,2,4-Trichlorobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
2,4-Dichlorophenol 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
p-Chlorophenol 
3,4-Dichloroaniline 
Trichlorophenylsilane 
Fluorobenzene 
Nitrobenzene 
2,4-Dinitroaniline 
1,5-Hexadien-3-yne 
Benzene 
p-Nitroaniline 

Phenol 
1,2-Benzenediol 
Resorcinol 
p-Hydroquinone 
Aniline 
2-Methylpyridine 
4-Methylpyridine 


16-22 


ъ/°С 


126 
143 
154.5 
129.8 
107.8 
85.6 
98.9 
172 
106.2 
81 
116 
99.2 
36.0 
27.8 
9.4 
138 
176.5 
137.9 
119.3 
116.2 
128 
131.1 
102.4 
112.9 
113.5 
63.2 
239 
145 
208 
193 
126.6 


104.3 
91 
244.5 
315 
2135 
242 
180 
173 
174 
210 
156.0 
131.7 
174.9 
220 
272 
201 
84.7 
210.8 


85 

80.0 
332 
181.8 
245 


287 

184.1 
129.3 
145.3 


FP/°C 


<-20 
129 


129 


155 
194 
105 
127 
66 
72 
66 
114 
51 
28 
64 
121 
166 
91 
-15 
88 
224 
<-20 
-11 
199 
79 
127 
127 
165 
70 
39 
57 


FI. Limits 


1.5-12.396 
1.5-? 


1.6-8.6% 


1.5-7.4% 
1.5-7.496 


1.4-8.0% 
1.4-7.6% 
1.4-7.5% 


1.2-10.0% 
1.2-9.0% 
1.2-9.0% 
1.2-9.0% 
1.2-9.0% 


1.7-9.0% 


1.38-22.7% 


2.2-22% 


2.0-22% 


2.5-6.6% 


2.2-9.2% 


1.3-9.6% 


1.8-? 


1.5-? 
1.2-7.896 


1.8-8.6% 


1.4-2 


1.3-11% 


ІТ/“С 


392 
400 


260 
345 


399 
240 


571 


648 


565 
593 


482 


498 


715 


608 
516 
615 
538 


Mol. Form. 


Сұң СІМ 
С.Н,СьО, 
сың, 
CHN, 
С,Н,М: 
сыны, 
C.H,O 
СНО, 
CsHio 
СеНо 
СН 
СН 
СН 
CoH 00 
СНО 
СНО 
СН 0; 
©Н О» 
C6H1002 
C6H1002 
СН, 0, 
C6H1003 
C6H1004 
CoH 00; 
C6H1004 
СН (СІ 
CH; NO 
C6H1: NO2 
СН МО» 
СН; 
Сен 
САН > 
СН; 
CIH; 
CIH; 
СН; 

C Hi; 
Сено 
СН 
C6H2 
СЫН > 
СН; 
СЫН |-СІ,О, 
СН |:0 
С,Н,О 
C #H,;O 
Сено 
С,Н,О 
С,Н,О 
С,Н,:О 
С,Н,О 
Сено 
C #H,;O 
С,Н,0, 
C |Hi;O; 
СеН,20 
СН 30; 
C |Hi;O; 
C |Hi;O; 
С,Н,0, 
C |Hi;O; 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Aniline, hydrochloride 
Hexanedioyl dichloride 
Adiponitrile 
o-Phenylenediamine 
Phenylhydrazine 
2,5-Dimethylpyrazine 
2,5-Dimethylfuran 
Dimethyl maleate 
1,4-Hexadiene 
2-Methyl-1,3-pentadiene 
4-Methyl-1,3-pentadiene 
2-Hexyne 

Cyclohexene 

Diallyl ether 
Cyclohexanone 
Mesityl oxide 

Vinyl butanoate 

Ethyl 2-butenoate 
Ethyl methacrylate 
2,5-Hexanedione 

Ethyl acetoacetate 
Propanoic anhydride 
Adipic acid 

Diethyl oxalate 
Ethylene glycol diacetate 
Chlorocyclohexane 
Caprolactam 
Nitrocyclohexane 
4-Acetylmorpholine 
1-Hexene 
cis-2-Hexene 
2-Methyl-1-pentene 
4-Methyl-1-pentene 
4-Methyl-cis-2-pentene 
4-Methyl-trans-2-pentene 
2-Ethyl-1-butene 
2,3-Dimethyl-1-butene 
2,3-Dimethyl-2-butene 
Cyclohexane 
Methylcyclopentane 
Ethylcyclobutane 
2-Methyl-2-pentene 
1,2-Bis(2-chloroethoxy)ethane 
cis-3-Hexen-1-ol 

Butyl vinyl ether 
Isobutyl vinyl ether 
Hexanal 
2-Ethylbutanal 
2-Methylpentanal 
2-Hexanone 
3-Hexanone 
4-Methyl-2-pentanone 
Cyclohexanol 
Hexanoic acid 
2-Methylpentanoic acid 
Diethylacetic acid 
Репіуі formate 

Butyl acetate 

sec-Butyl acetate 
Isobutyl acetate 

Propyl propanoate 


16-23 


ъ/°С 


295 
257 
243.5 
155 
93.5 
202 
65 
75.8 
76.5 
84.5 
82.9 
94 
155.4 
130 
116.7 
136.5 
117 
194 
180.8 
170 
3375 
185.7 
190 
142 
270 
205 


63.4 
68.8 
62.1 
53.9 
56.3 
58.6 
64.7 
55.6 
73.3 
80.7 
71.8 
70.8 
67.3 
232 
156.5 
94 
83 
131 


117 

127.6 
123.5 
116.5 
160.8 
205.2 
195.6 
194 

130.4 
126.1 
112 

116.5 
122.5 


FP/°C 


193 
72 


102 
107 


FI. Limits 


1.0-? 
1.5-? 


2.0-6.1% 


1.2-? 


1.1-9.4% 
1.4-7.2% 
1.4-8.8% 


1.4-9.5% 
1.3-9.5% 


1.6-8.4% 


1.2-6.9% 


1.3-8% 
1.0-8.35% 
1.2-7.796 


1.2-7.796 


1-8% 
1-8% 
1.2-8.0% 
1-9% 


1.7-7.6% 
1.7-9.8% 
1.3-10.5% 


IT/C 


550 


310 


420 
344 


499 
295 
285 
420 


482 


253 


300 
300 


315 
360 
401 
245 
258 
210 


255 


199 
423 


448 
300 
380 
378 
400 


425 


421 


Mol. Form. 


СН ;0; 
СсН,О, 
С,Н,0, 
СН, 03 
САН Оз 
С.Н,8 
снза 
CoH, 3N 
C,Hj;NO 
CHNO 
СН, NO 
CHNO, 
СеН 4 
Сена 
СН 
СеН 4 
СеНа 
C,H,4N,O 
сено 
НО 
с.Н,О 
СНО 
с.Н,О 
CH, O 
C4H,40 
СеН 402 
СНО 
СеН О; 
СеН О; 
СНО 
СеН Оз 
СеН Оз 
СН 403 
СеН Оз 
C Hi404 
CHIN 
C His 
CoHi5 
CoH 5 
CoHi5 
CH isNO, 
сен Хо; 
СН, М, 
СЕН, ОДР 
СеН N; 
C;H;CIF;NO, 
сна, 
C;H,F,NO, 
C;H,CIO 
C;H,CIO 
CHCl, 
CHF, 
СНО, 
CHO 
C;H,0, 
сео; 
C;H,O; 
C;H;Br 
C;H;Br 
сн. 
с;н,хо, 


М 
М 
М 
М 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Ethyl butanoate 

Ethyl 2-methylpropanoate 
Diacetone alcohol 

Ethylene glycol monoethyl ether acetate 
Paraldehyde 

Cyclohexanethiol 
1-Chlorohexane 
Cyclohexylamine 
N-Butylacetamide 
2,6-Dimethylmorpholine 
N-Ethylmorpholine 
4-Morpholineethanol 

Hexane 

2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Piperazineethanol 

1-Hexanol 

2-Methyl-1-pentanol 
4-Methyl-2-pentanol 
2-Ethyl-1-butanol 

Dipropyl ether 

Diisopropyl ether 

Butyl ethyl ether 
2,5-Hexanediol 
2-Methyl-2,4-pentanediol 
Ethylene glycol monobutyl ether 
1,1-Diethoxyethane 

Ethylene glycol diethyl ether 
1,2,6-Hexanetriol 

Diethylene glycol monoethyl ether 
Diethylene glycol dimethyl ether 
Trimethylolpropane 

Triethylene glycol 

Hexylamine 

Butylethylamine 

Dipropylamine 
Diisopropylamine 

Triethylamine 
Diisopropanolamine 
Triethanolamine 
1-Piperazineethanamine 

Triethyl phosphate 
N,N-Diethylethylenediamine 
1-Chloro-4-nitro-2-(trifluoromethyl)benzene 
1-Chloro-2-(trifluoromethyl)benzene 
1-Nitro-3-(trifluoromethyl)benzene 
Benzoyl chloride 
4-Chlorobenzaldehyde 
(Trichloromethyl)benzene 
(Trifluoromethyl)benzene 
1-Methyl-2,4-dinitrobenzene 
Benzaldehyde 

Benzoic acid 

Salicylaldehyde 

Salicylic acid 

o-Bromotoluene 
p-Bromotoluene 
(Chloromethyl)benzene 
o-Nitrotoluene 


16-24 


ъ/°С 


121.5 
110.1 
167.9 
156.4 
124.3 
158.9 
135 
134 
229 
146.6 
138.5 
227 
68.7 
60.2 
63.2 
49.7 
57.9 
246 
157.6 
149 
131.6 
147 
90.0 
68.5 
92.3 
218 
197.1 
168.4 
102.2 
119.4 


196 
162 


285 
132.8 
107.5 
109.3 
83.9 
89 
250 
335.4 
220 
215.5 
144 
232 
152.2 
202.8 
197.2 
213.5 
221 
102.1 


179.0 
249.2 
197 


181.7 
184.3 
179 
222 


FP/°C 


24 
13 
58 
56 
36 
43 
35 
31 
116 


FI. Limits 


1.8-6.9% 
2-8% 
1.3-? 


1.9-9.4% 


1.1-7.5% 
1.0-7.0% 
1.2-7.0% 
1.2-7.0% 
1.2-7.0% 


1.1-9.65% 


1.0-5.5% 


1.3-7.0% 


1.4-7.9% 


1-9% 
4-13% 
1.6-10.4% 


0.9-9.2% 


1.1-7.1% 
1.2-8.0% 


1-10% 


1.1-? 


IT/°C 
463 
643 


379 
238 


293 


225 
264 
278 
405 
405 


310 


188 
443 


306 
238 
230 
205 


371 


299 
316 
249 
374 


454 


211 


192 


570 


540 


585 


Mol. Form. 


CHNO, 
C;H;NO; 
CH, 
CH, 
C;HgO 
CHO 
C;H,O 
C;HgO 
СНО 
со 
C;H,O,S 
C;H,N 
CHN 
CHNO 
СНО 
СІН 004 
С) 
С,Н,0, 
СІН,20; 
СІН,20; 
СІН 20, 
Ста 
Ста 
Ста 
Ста 
Ста 
C;H,,O 
сно 
C;H,O 
C;H,,O 
Сн 
сно 
C;H,,O 
Соно 
сно 
C;H,,O 
СІН,40; 
СІН,40; 
СІН 40 
СІН,40; 
СІН,40; 
СНО, 
Ст 
Ст 
Ст 
Ст 
Ст 
Ст 
СНО 
СНО 
C.H, O 
СНО 
СНО 
сним 
СН № 
сың; 
сео, 
C;H,O, 
C,H,CIO 
C,H;N 
сын; 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


m-Nitrotoluene 
p-Nitrotoluene 

Toluene 
Bicyclo[2.2.1]hepta-2,5-diene 
o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 

Anisole 

4-Methoxyphenol 
p-Toluenesulfonic acid 
o-Methylaniline 
p-Methylaniline 
o-Anisidine 
3-Cyclohexene-1-carboxaldehyde 
3,3-Diacetoxy-1-propene 
4-Methylcyclohexene 
Butyl acrylate 

Isobutyl acrylate 
Cyclohexyl formate 
Diethyl malonate 
1-Нерїепе 
trans-2-Heptene 
Cycloheptane 
Methylcyclohexane 
Ethylcyclopentane 
2-Heptanone 

3-Heptanone 

4-Heptanone 
5-Methyl-2-hexanone 
cis-2-Methylcyclohexanol 
trans-2-Methylcyclohexanol 
cis-3-Methylcyclohexanol 
trans-3-Methylcyclohexanol 
cis-4-Methylcyclohexanol 
trans-4-Methylcyclohexanol 
Pentyl acetate 

Isopentyl acetate 
sec-Pentyl acetate 

Butyl propanoate 

Propyl butanoate 

Ethyl N-butylcarbamate 
Heptane 

2-Methylhexane 
3-Methylhexane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
4-Morpholinepropanamine 
2-Heptanol 

3-Heptanol 
2,4-Dimethyl-3-pentanol 
2,3,3- Trimethyl-2-butanol 
Heptylamine 
N,N-Diethyl-1,3-propanediamine 
Phthalic anhydride 
Phthalic acid 

Terephthalic acid 
o.-Chloroacetophenone 
Benzeneacetonitrile 
Styrene 


16-25 


ъ/°С 


232 
238.3 
110.6 
89.5 
191.0 
202.2 
201.9 
205.3 
153.7 
243 


200.3 
200.4 
224 
105 
180 
102.7 
145 
132 
162 
200 
93.6 
98 
118.4 
100.9 
103.5 
151.0 
147 
144 
144 
165 
167.5 
174.5 
174.5 
173 
174 
149.2 
142.5 
130.5 
146.8 
143.0 
202 
98.5 
90.0 
92 
89.7 
80.4 
80.8 
220 
159 
157 
138.7 
131 
156 
168.5 
295 


247 
233.5 
145 


FP/°C 


132 
184 


118 


<21 


<21 


37 


-12 


104 


152 
168 
260 
118 
113 

31 


FI. Limits 


1.1-7.1% 
1.4-? 


1.1-? 
1.1-? 


1.7-9.9% 


1.1-6.7% 
1.2-6.7% 
1.1-6.7% 
1.1-7.9% 


1.0-8.2% 


1.1-7.5% 
1.0-7.5% 


1.05-6.7% 
1.0-6.0% 


1.1-6.7% 


1.7-10.5% 


0.9-6.8% 


IT/C 


480 


599 
558 
558 
436 
475 
421 


482 
482 


292 
427 


260 


250 
260 
393 


191 
296 
296 
295 
295 
295 
295 
360 
360 


426 
204 
280 
280 
335 


412 


570 


496 


490 


Mol. Form. 


C,H,O 
C,H,O 
C,H,O 
С.Н,О, 
СО; 
C,H,O; 
С.Н,О, 
С,Н,Оз 
С,Н,С 
С,Н,ХО 
СН МО» 
СаНо 
CsHio 
CsHio 
СаНо 
СНО 
CsH oO 
СУН О 
СНО 
СНО 
СНО 
CgH (0; 
С,Н, х 
CH; N 
CH; N 
СНМ 
С:Н N 
С,Н, х 
СН, МО 
CH, МО 
СН, МО 
СН 
СН 
СНО, 
CH 1204 
C,H,40; 
CsHuO; 
CsHuOs; 
СұН,40; 
CsHuOs 
СНО, 
С,Н,О, 
СН |406 
C;H;;CIO 
C4Hig 
СН 
CgH 6 
СН 
СН 
СН 
СаН 
Сб 
СНО 
CH, O 
СНО 
С,Н,,О, 
С,Н, O; 
С,Н,,О, 
С,Н,,О, 
С,Н, O; 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Phenyloxirane 
Benzeneacetaldehyde 
Acetophenone 
Benzeneacetic acid 
Phenyl acetate 

Methyl benzoate 
2-Methoxybenzaldehyde 
Methyl salicylate 
1-Chloro-4-ethylbenzene 
Acetanilide 

Methyl 2-aminobenzoate 
Ethylbenzene 

o-Xylene 

m-Xylene 

p-Xylene 
p-Ethylphenol 
Benzeneethanol 
a-Methylbenzy! alcohol 
Phenetole 

Benzyl methyl ether 
4-Methylanisole 
2-Phenoxyethanol 
N-Ethylaniline 
N,N-Dimethylaniline 
2,3-Xylidine 
2,6-Xylidine 
o.-Methylbenzylamine 
5-Ethyl-2-picoline 
N-Phenylethanolamine 
o-Phenetidine 
p-Phenetidine 
1,5-Cyclooctadiene 
4-Vinylcyclohexene 
Diethyl maleate 

Diethyl fumarate 
Сусіоһехуі acetate 
Butyl methacrylate 
Butanoic anhydride 


2-Methylpropanoic anhydride 


Butyl acetoacetate 
Ethyl succinate 


Diethylene glycol diacetate 


Diethyl tartrate 

Octanoyl chloride 
1-Octene 
2,4,4-Trimethyl-1-pentene 
2,4,4- Trimethyl-2-pentene 
Ethylcyclohexane 


cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,4-Dimethylcyclohexane 


Propylcyclopentane 
Octanal 
2-Ethylhexanal 
2-Octanone 

Hexyl acetate 
sec-Hexyl acetate 
2-Ethylbutyl acetate 
Pentyl propanoate 
Butyl butanoate 


16-26 


ъ/°С 


194.1 
195 
202 
265.5 
196 
199 
243.5 
222.9 
184.4 
304 
256 
136.1 
144.5 
139.1 
138.3 
217.9 
218.2 
205 
169.8 
170 
175.5 
245 
203.0 
194.1 
221.5 
215 
187 
178.3 
279.5 
232.5 
254 
150.8 
128 
223 
214 
173 
160 
200 
183 


217.7 
200 

281 

195.6 
1212 
101.4 
104.9 
131.9 
129.8 
1235 
124.4 
131 

171 

163 

172.5 
171.5 
147.5 
162.5 
168.6 
166 


FP/°C 


74 
71 
77 
>100 
80 
83 
118 
96 
64 
169 
>100 


104 
93 
63 

135 


121 


152 
115 
116 


121 
104 


135 


FI. Limits 


0.8-6.7% 
0.9-6.7% 
1.1-7.0% 
1.1-7.096 


1.0-2 


1.1-6.6% 


0.9-5.8% 
1.0-6.2% 


0.8-4.8% 


0.9-6.6% 


0.85-7.2% 


ІТ/“С 
498 


570 


454 


530 


432 
463 
527 
528 


371 


230 
391 
305 
238 
304 
304 


269 


190 


378 


Mol. Form. 


CsHi O; 
CsHi O; 
С,Н, 0, 
CsHi O; 
СӨН Os 
СұН |60, 
С.Н 1 
Санта 
СУН 
CsHis 
СА 
СУН 
CsHis 
CsHis 
СУН 
CH О 
С.Н,О 
C.H, O 
С.Н,О 
CsHisO; 
CsH,sO; 
CsHisO; 
CsHisO; 
САО, 
CsHisOs 
С.Н,,8 
С.Н, 8 
сом 
CHN 
СНМ 
CHN 
С.НьО,81 
CsH, Ns 
CH МО, 
сыны 
CoH io 
CoH io 
CoH io 
CoH io 
СНО 
СНО 
CoH 0; 
СЫН 00 
СН 00 
CHINO 
СН) 
СӘН > 
CoH 
CoH. 
СН 
СЫН; 
СӘН > 
СӘН > 
С.Н,О 
СН 0; 
CH pO3S 
C)H,4N 
Сн 
сно 
СЫН 406 
СН 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Isobutyl butanoate 

Isobutyl isobutanoate 

Ethyl hexanoate 
1,4-Cyclohexanedimethanol 
Pentyl lactate 


Diethylene glycol monoethyl ether acetate 


1-СШогоосїапе 
3-(Chloromethyl)heptane 
Octane 
2,3-Dimethylhexane 
2,4-Dimethylhexane 
3-Ethyl-2-methylpentane 
2,2,3- Trimethylpentane 
2,2,4- Trimethylpentane 
2,3,3- Trimethylpentane 
1-Octanol 

2-Octanol 
2-Ethyl-1-hexanol 
Dibutyl ether 
2-Ethyl-1,3-hexanediol 
2,2,4-Trimethyl-1,3-pentanediol 
Di-tert-butyl peroxide 
Diethylene glycol diethyl ether 
2,5,8,11-Tetraoxadodecane 
Tetraethylene glycol 
1-Octanethiol 

Dibutyl sulfide 
Octylamine 
Dibutylamine 
Diisobutylamine 
2-Ethylhexylamine 

Ethyl silicate 
Tetraethylenepentamine 
Toluene-2,4-diisocyanate 
Quinoline 
o-Methylstyrene 
m-Methylstyrene 
p-Methylstyrene 
Isopropenylbenzene 
1-Рһепуі-1-ргорапопе 
4-Methylacetophenone 
Ethyl benzoate 

Benzyl acetate 

Methyl 2-phenylacetate 
4-Methylacetanilide 
Propylbenzene 
Isopropylbenzene 
o-Ethyltoluene 
m-Ethyltoluene 
p-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4- Trimethylbenzene 
1,3,5- Trimethylbenzene 
o—Ethylbenzyl alcohol 
Ethylene glycol monobenzyl ether 
Ethyl p-toluenesulfonate 
Amphetamine 

Phorone 

Isophorone 

Triacetin 
Octahydroindene 


16-27 


С 


156.9 
148.6 
167 
283 


218.5 
181.5 
172 
125.6 
115.6 
109.5 
115.6 
10 
99.2 
114.8 
195.1 
180 
184.6 
140.2 
244 
235 
111 
188 
216 
328 
199.1 
185 
179.6 
159.6 
139.6 
169.2 
168.8 
341.5 
251 
237.1 
169.8 
164 
172.8 
165.4 
217.5 
226 
212 
213 
216.5 
307 
159.2 
152.4 
165.2 
161.3 
162 
176.1 
169.3 
164.7 
219 
256 


203 
197.5 
215.2 
259 
167 


FP/°C 


50 
38 
49 
167 


168 


100 
129 
158 
<100 
85 
84 
138 


FI. Limits 


0.96-7.59% 


1.0-6.5% 


0.88-9.7% 
1.5-7.6% 


1.1-6% 


0.9-9.596 


0.8-11.096 
0.8-11.0% 
0.8-11.0% 
1.9-6.1% 


0.8-6.0% 
0.9-6.5% 


0.8-6.6% 
0.9-6.4% 
1-5% 


0.8-3.8% 
1.0-2 


IT/C 


432 


316 


425 


206 
438 


460 
346 
418 
425 


231 
194 
360 
346 


Mol. Form. 


CoHi O; 
CoHis 
СН 
СН 
СН 
СоН О 
СНО 
СН О» 
СН 30 
СН sO; 
СН» 
СНА 
СН» 
СН» 
САН 
СН» 
СН» 
СоНж 
СН» ВО: 
Сон, 
СН МО, 
Соња 
CoH 
С,,Н,О 
СН 
Ср (0; 
СоН 0, 
СоН 004 
СоН 004 
Сун NO; 
СН? 
Ср! |20; 
CoH |20; 
СН 
emm 
Сон, 
CioHi4 
CioHi4 
СН 
СН 
emm 
Сон, 
СоНиа 
CioHi4 
СНО 
Син, 0: 
Ср ну 
Cj9H,;N 
C49H45NO; 
СН |6 
CioHig 
CioHis 
CioHis 
CioHig 
CioHi O 
CioHis 
С,Н,О 
Ср 440 
Ср |0 
С,Н,О 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Allyl hexanoate 

1-Nonene 
Propylcyclohexane 
Isopropylcyclohexane 
Butylcyclopentane 
2-Nonanone 

Diisobutyl ketone 

Pentyl butanoate 

Isopentyl butanoate 

Butyl 3-methylbutanoate 
Nonane 
3-Ethyl-4-methylhexane 
4-Ethyl-2-methylhexane 
2,2,5-Trimethylhexane 
3,3-Diethylpentane 
3-Ethyl-2,4-dimethylpentane 
2,2,3,3- Tetramethylpentane 
2,2,3,4- Tetramethylpentane 
Triisopropyl borate 
Tripropylamine 
Triisopropanolamine 
1-Chloronaphthalene 
Naphthalene 

2-Naphthol 
1-Naphthalenamine 

Safrole 

Dimethyl phthalate 
Dimethyl isophthalate 
Dimethyl terephthalate 
Acetoacetanilide 
1,2,3,4-Tetrahydronaphthalene 
Isopropyl benzoate 

Ethyl phenylacetate 
Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Isobutylbenzene 

p-Cymene 
1,2,3,4-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene 
1,2,4,5-Tetramethylbenzene 
o-Diethylbenzene 
m-Diethylbenzene 
p-Diethylbenzene 

Butyl phenyl ether 
4-tert-Butyl-1,2-benzenediol 
N-Butylaniline 
N,N-Diethylaniline 
N-Phenyl-N, N-diethanolamine 
Dipentene 

d-Limonene 

о-Ріпепе 

В-Ріпепе 

B-Phellandrene 

Camphor 
trans-Decahydronaphthalene 
Borneol 

Linalol 

o.-Terpineol 

Cineole 


16-28 


ъ/°С 


186 

146.9 
156.7 
154.8 
156.6 
195.3 
169.4 
186.4 
179 


150.8 
140 

133.8 
124.0 
146.3 
136.7 
140.2 
133.0 
140 

156 


259 
217.9 
285 
300.8 
234.5 
283.7 
282 
288 


207.6 
216 
227 
183.3 
173.3 
169.1 
172.7 
177.1 
205 
198 
196.8 
184 
181.1 
183.7 
210 
285 
243.5 
216.3 


178 
178 
156.2 
166 
171.5 
207.4 
187.3 


198 
220 
176.4 


FP/°C 


66 
26 


60 
49 
57 
59 
53 
31 
24 
<21 
13 


390 
<21 
<21 

28 

41 
160 
121 

79 
153 
157 
100 
146 
138 
153 
185 


FI. Limits 


0.9-5.9% 
0.8-7.1% 


0.8-2.9% 


0.7-? 


0.7-5.7% 


0.8-4.9% 


0.9-5.9% 


0.9-? 


0.8-5.096 


0.8-5.896 
0.8-6.996 
0.7-5.7% 
0.8-6.0% 
0.7-5.6% 


0.7-6.0% 


0.7-2 


0.7-6.1% 


0.6-3.5% 
0.7-5.4% 


ІТ/“С 


248 
283 
250 
360 
396 


205 


280 


290 


430 


320 
>558 
526 


490 


518 


385 


410 
418 
450 
427 
436 
427 
427 


395 
450 
430 


630 
387 
237 
237 
255 
275 


466 
255 


Mol. Form. 


Ср О 
СоН Од 
CoH ХО; 
Су 
СиНэо 
СоН» 
Су 
СНО 
СНО 
Ср О 
Ср ум 
Сл; 
Сур 
СН» 
Ст; 
Ср НО 
CioH>O 
СоН»0; 
Ср 05 
CioH>S 
Сува 
CioHə N 
СуНр 
СІН p0; 
СНО 
Сун 
Ci Hi, 
СН 
СиНь 
СНО 
Cj HN 
СНО 
С.Н 
СиН»2О 
СиН»>2О› 
СН 
СН 
СНО 
Ср НоВг 
СН 
СНС: 
СНО 
СНО 
СНМ 
СНМ 
СН 
СНО 
СНО; 
СН 
CiocHi Os 
СЬН МО 
СН 
Cy2H Од 
СьН»О„ 
СрНр»Об 
CioHə N 
СН 
СНО 
Ci H5sBr 
СН» 
СН» О 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


trans-Geraniol 

Dibutyl oxalate 
N-tert-Butylaminoethyl methacrylate 
1-Decene 
Butylcyclohexane 
Isobutylcyclohexane 
tert-Butylcyclohexane 
Citronellol 

2-Ethylhexyl acetate 
Ethyl octanoate 
N-Butylcyclohexanamine 
Decane 

2-Methylnonane 
3-Ethyloctane 
4-Ethyloctane 

1-Decanol 

Dipentyl ether 

Ethylene glycol dibutyl ether 
Tetraethylene glycol dimethyl ether 
Dipentyl sulfide 
Decylamine 
Dipentylamine 
1-Methylnaphthalene 
Ethyl benzoylacetate 
Butyl benzoate 
p-tert-Butyltoluene 
Pentylbenzene 
1,3-Diethyl-5-methylbenzene 
Pentamethylbenzene 
4-tert-Butyl-2-methylphenol 
p-tert-Pentylaniline 
2-Ethylhexyl acrylate 
Pentylcyclohexane 
2-Undecanone 

Nonyl acetate 

Undecane 
2-Methyldecane 
2-Undecanol 
4-Bromo-1,1'-Biphenyl 
Biphenyl 
Dichlorodiphenylsilane 
o-Phenylphenol 
Бірһепуі ether 
2-Aminobiphenyl 
Diphenylamine 
1-Ethylnaphthalene 
Diethyl phthalate 

Diethyl terephthalate 
Cyclohexylbenzene 
Репіуі salicylate 
N-Butyl-N-phenylacetamide 
1,5,9-Cyclododecatriene 
Dibutyl maleate 
Dimethyl sebacate 
Dibutyl tartrate 
Dicyclohexylamine 
1-Dodecene 

Ethyl decanoate 
1-Bromododecane 
Dodecane 

1-Dodecanol 


16-29 


ъ/°С 


230 
241 


170.5 
180.9 
171.3 
171.5 
224 

199 

208.5 


174.1 
167.1 
166.5 
163.7 
231.1 
190 

203.3 
275.3 


220.5 
202.5 
244.7 


250.3 
190 
205.4 
205 
232 
237 
260.5 


203.7 
231.5 
210 
195.9 
189.3 
228 
310 
256.1 
305 
286 
258.0 
299 
302 
258.6 
295 
302 
240.1 
270 
281 
240 
280 


320 


213.8 
241.5 
276 
216.3 
259 


FP/°C 


>100 
104 
96 
<55 


141 


141 
107 


118 
102 


FI. Limits 


0.76-8.1496 


0.8-5.4% 


0.6-5.8% 


0.8-1.5% 


0.7-2 


0.6-7 


IT/C 


235 
246 
274 
342 


268 


210 
210 
230 
229 
288 
170 


529 


455 
427 


252 
239 


225 


540 


530 
618 
450 
634 
480 
457 


284 


203 
275 


Mol. Form. 


СНО 
Cy2H 603 
С.Н, 
Cj3H5;BO; 
СрНум 
СрНуојР 
СзНр 
СаНу 
Сани 
Србу 
СізН»О 
СН» 
Сабо 
СиН,О, 
С.Н 0 
Син, 
С.Н 20; 
С.Н Оз 
СН. 
СНО 
СН 
СН М:О, 
Ci HN 
С.Н» 
СН 
СНО 
СН 
С.Н; 
СНО 

С 606 
CisHs N 
САО 
С.Н) 
CisH>O4 
С. Нь, 

Ci На 
C16H340 
CisHssN 
Суб О 
C,7H340 
СНО 
Сана 
СН 
СН, ,ОзР 
С,Н,ОР 
CisHisP 
Сао 
Сл! 07 
CisH,,O; 
CigH3404 
СН, О: 
СНС 
СН 
CisH, ÍO 
СН 
СНО 
СНО; 
СоН,0 
СНО 
С.Н» 
C3Ha» 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


2-Butyl-1-octanol 
Diethylene glycol dibutyl ether 
1-Dodecanethiol 
Tributyl borate 
Tributylamine 

Tributyl phosphate 
2-Methylbiphenyl 
Diphenylmethane 
p,p’-Diaminodiphenylmethane 
1-Tridecene 
2-Tridecanone 
Tridecane 

1-Tridecanol 
9,10-Anthracenedione 
Anthracene 
Phenanthrene 

Benzyl benzoate 
Benzyl salicylate 
1,1-Diphenylethane 
Dibenzyl ether 
1-Butylnaphthalene 
o-Dianisidine 
N,N-Dibutylaniline 
1-Tetradecene 
Tetradecane 
1-Tetradecanol 
1-Pentylnaphthalene 
Nonylbenzene 
2,6-Di-tert-butyl-4-methylphenol 
Tributyrin 
Tripentylamine 
1,3-Diphenyl-2-buten-1-one 
2-Butyl-1,1'-biphenyl 
Dibutyl phthalate 
Decylbenzene 
Hexadecane 

Dioctyl ether 
Bis(2-ethylhexyl)amine 
N,N’-Diethylcarbanilide 
2-Heptadecanone 
1-Heptadecanol 
о-Тегрһепуі 
т-Тегрһепуі 

Triphenyl phosphite 
Triphenyl phosphate 
Triphenylphosphine 
Dodecylbenzene 

Butyl citrate 

Oleic acid 

Dibutyl sebacate 
Stearic acid 
Trichlorooctadecylsilane 
Octadecane 
1-Octadecanol 
Triphenylmethane 
2-Nonadecanone 
Methyl stearate 
Nonadecane 

Бірһепуі phthalate 
1-Decylnaphthalene 
Eicosane 


ъ/°С 


246.5 
256 
277 
234 
216.5 
289 
255.5 
265.0 
398 
232.8 
263 
235.4 


377 
339.9 
340 
323.5 
320 
272.6 
298 
289.3 


274.8 
233 
253.5 
289 
307 
280.5 
265 
307.5 
242.5 
342.5 


340 
298 
286.8 
283 


16-30 


FP/°C 


110 
118 
128 
93 
63 
146 
137 
130 
220 
79 
107 
79 
121 
185 
121 
171 
148 
>100 
>100 
135 
360 
206 
110 
110 
112 
141 
124 
99 
127 
180 
102 
177 
>100 
157 
107 
136 
>100 
132 
150 
120 
154 
163 
191 
218 
220 
180 
140 
157 
189 
178 
196 
89 
>100 


>100 
124 
153 
>100 
224 
177 
>100 


FI. Limits 


0.6-? 


0.5-? 


0.4-? 


ІТ/“С 


310 


502 
485 


540 


480 


440 


235 
200 


407 


430 


402 


202 
205 


368 
363 
365 
395 


227 
450 


230 


232 


Mol. Form. 


Cy) H5,0P 
СНО; 
C5)H3505 
C5H430; 
C5H404 
C5H4405 
Cy3H 4602 
Cy4H9Sn 
СНзО; 
СНО, 


FLAMMABILITY OF CHEMICAL SUBSTANCES (continued) 


Name 


Tri-o-cresyl phosphate 
4-Octylphenyl salicylate 
Methyl abietate 

Butyl oleate 
Bis(2-ethylhexyl) adipate 
Вшуі stearate 

Pentyl stearate 
Tetraphenylstannane 
Bis(2-ethylhexyl) phthalate 
Bis(2-ethylhexyl) azelate 


16-31 


t °C 
410 


420 
384 


FP/°C 


225 
216 
180 
180 
206 
160 
185 
232 
218 
227 


FI. Limits 


0.4-? 


IT/C 


385 
416 


3T] 
355 


374 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS 


Several organizations recommend limits of exposure to airborne contaminants in the workplace. These include the Occupational Safety and Health 
Administration (OSHA), the National Institute for Occupational Safety and Health (NIOSH), and the non-governmental organization, American 
Conference of Governmental Industrial Hygienists (ACGIH). The threshold limit value (ТГУ) for a substance is defined as the concentration level 
under which the majority of workers may be repeatedly exposed, day after day, without adverse effects. Тһе TLV recommendations are given in two 
forms: 


* Time-weighted average (TWA) concentration for a normal 8-h workday and 40-h workweek. 
“ Short-term exposure limit (STEL), which should not be exceeded for more than 15 min. 


Both kinds of limits are specified for some substances. 

The following table gives threshold limit values for a number of substances that may be encountered in the atmosphere of a chemical laboratory 
or industrial facility. All values refer to the concentration in air at 25?C and normal atmospheric pressure. Data for gases are given both in parts per 
million by volume (ppm) and in mass concentration (mg/m?). Values for liquids refer to mists or aerosols, and those for solids to dusts or fumes; both 
are stated in mg/m?. А “С” following a value indicates a ceiling limit which should not be exceeded even for very brief periods because of acute toxic 
effects of the substance. 

Substances are listed by systematic name, which is followed by molecular formula in the Hill format and Chemical Abstracts Service Registry 
Number. Common synonyms are given in brackets [ ] for some compounds. 


REFERENCES 


1. 2000 TLV's and BET' s, American Conference of Governmental Industrial Hygienists, 1330 Kemper Meadow Drive, Cincinnati, OH 45240- 
1634, 2000. 
2. NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human Services, National Institute for Occupational Health and 


Safety, U.S. Government Printing Office, Washington, DC, 1994. 
3. Chemical Information Manual, U.S. Department of Labor, Occupational Safety and Health Administration, Washington, DC, 1991. 


Time-Weighted 


Short-Term 


Molecular CAS Average Exposure Limit 

Substance Formula Reg. No. ppm mg/m? ppm mg/m? 
Abate [Temephos] C, 9H590gP5S, 3383-96-8 10 
Acetaldehyde СНО 75-07-0 25С 45С 
Acetic acid (64:00) 64-19-7 10 25 15 37 
Acetic anhydride СНО; 108-24-7 Э 21 
Acetone СНО 67-64-1 500 1188 750 1780 
Acetone cyanohydrin С,Н,МО 75-86-5 4.7 С 5С 
Acetonitrile C,H,N 75-05-8 40 67 60 101 
Acetophenone С,Н,О 98-86-2 10 49 
2-(Acetyloxy)benzoic acid [Aspirin] (өгіз КӨЛІ 50-78-2 5 
Acrolein [2-Propenal] С.Н,О 107-02-8 01С 023С 
Acrylamide ОНО 79-06-1 0.03 
Acrylic acid [2-Propenoic acid] С.Н,О, 79-10-7 2, 5.9 
Acrylonitrile [Propenenitrile] C3H3N 107-13-1 2 4.3 
Adipic acid СН 004 124-04-9 5 
Adiponitrile С,Н,М, 111-69-3 2 9 
Aldrin СНС 309-00-2 0.25 
Allyl alcohol [2-Propen-1-ol] С.Н,О 107-18-6 0.5 12 
Allyl glycidyl ether СНО 106-92-3 1 5 
Allyl propyl disulfide СеН 5; 2179-59-1 2 12 3 18 
Aluminum (metal dust) AI 7429-90-5 10 
Aluminum oxide АО; 1344-28-1 10 
4-Amino-3,5,6-trichloropyridinecarboxlic 

acid [Picloram] С,Н,СЬМ.О, 1918-02-1 10 
Ammonia Н.М 7664-41-7 25 17 35 24 
Ammonium chloride CIH4N 12125-02-9 10 20 
Ammonium perfluorooctanoate C4H4F;5NO; 3825-26-1 0.01 
Ammonium sulfamate Н,М,О:5 7773-06-0 10 
Aniline СМ 62-53-3 2 7.6 
Antimony Sb 7440-36-0 0.5 
Arsenic As 7440-38-2 0.01 
Arsine А8Н, 7784-42-1 0.05 0.16 
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THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Atrazine 

Azinphos-methyl 

Barium 

Barium sulfate 

Benomyl 

Benzene 

1,3-Benzenedimethanamine 
[m-Xylene diamine] 

Benzenethiol [Phenyl mercaptan] 

p-Benzoquinone [Quinone] 

Benzoyl chloride 

Benzoyl peroxide 

Benzyl acetate 

Beryllium 

Biphenyl 

Bis(4-amino-3-chlorophenyl)methane 
[4,4-Methylene bis(2-chloroaniline)] 

Bis(2-chloroethyl) ether 
[2,2'-Dichlorethy] ether] 

Bis(chloromethyl) ether 

Bis(2-dimethylaminoethyl) ether [DMAEE] 

Bis(2-ethylhexyl) phthalate 
[Di-sec-octyl phthalate] 

Bismuth telluride 

Boron oxide 

Boron tribromide 

Boron trifluoride 

Bromacil 

Bromine 

Bromine pentafluoride 

Bromochloromethane [Halon 1011] 

2-Bromo-2-chloro-1,1,1-trifluoroethane 
[Halothane] 

Bromoethane [Ethyl bromide] 

Bromoethene [Vinyl bromide] 

Bromomethane [Methyl bromide] 

Bromotrifluoromethane 

1,3-Butadiene 

Butane 

1-Butanethiol [Butyl mercaptan] 

1-Butanol 

2-Butanol [sec-Butyl alcohol] 

2-Butanone [Methyl ethyl ketone] 

trans-2-Butenal [Crotonaldehyde] 

3-Buten-2-one 

Вшуі acetate 

sec-Butyl acetate 

tert-Butyl acetate 

Butyl acrylate 

Butylamine 

tert-Butyl chromate 

Butyl glycidyl ether 

Butyl lactate 

o-sec-Butylphenol 

p-tert-Butyltoluene 

Cadmium 

Calcium carbonate 


Molecular 
Formula 


CgH,4CINs 

CoH 2N303PSy 
Ba 

ВаО,5 

СН, Оз 
СН, 


СН, 
С,Н,5 
С,Н,О, 
С-Н;СІО 
С.Н о 
СоН 0; 
Ве 
СрНу 


С 1 ;H СІМ; 


С,Н,СьО 
С.Н,СьО 
СНО 


C54H3304 
Ві-Те; 

B203 

BBr; 

ВЕ; 

СНВ 0 
Br; 

ВгЕ; 
CH,BrCl 


C,HBrCIF, 
C;H;Br 
C,H3Br 
СН,Вг 
СВЕ 
C4Hg 
СН 
САН 5 
СІН (0 
С,Н,О 
C4HgO 
СНО 
СНО 
С<Н 20; 
СНО 
СН 0 
СІН 20; 
C,H; N 
CH СТО) 
C;HuO; 
СН Оз 
CioH;40 
СН 
са 
ССаО; 


СА8 
Reg. Хо. 


1912-24-9 
86-50-0 
7440-39-3 
7727-43-7 
17804-35-2 
71-43-2 


1477-55-0 
108-98-5 
106-51-4 
98-88-4 
94-36-0 
140-11-4 
7440-41-7 
92-52-4 


101-14-4 


111-44-4 
542-88-1 
3033-62-3 


117-81-7 
1304-82-1 
1303-86-2 
10294-33-4 
7637-07-2 
314-40-9 
7726-95-6 
7789-30-2 
74-97-5 


151-67-7 
74-96-4 
593-60-2 
74-83-9 
75-63-8 
106-99-0 
106-97-8 
109-79-5 
71-36-3 
78-92-2 
78-93-3 
4170-30-3 
78-94-4 
123-86-4 
105-46-4 
540-88-5 
141-32-2 
109-73-9 
1189-85-1 
2426-08-6 
138-22-7 
89-72-5 
98-51-1 
7440-43-9 
1317-65-3 
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Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
5 
0.2 
0.5 
10 
0.84 10 
0.5 1.6 2.5 8 
0.1C 
0.5 2.3 
0.1 0.44 
0.5C 28С 
5 
10 61 
0.002 0.01 
0.2 1.3 
0.01 0.11 
5 29 10 58 
0.001 0.0047 
0.05 0.33 0.15 1.0 
5 10 
10 
10 
1C 10С 
1С 28С 
10 
0.1 0.66 0.2 1.3 
0.1 0.72 
200 1060 
50 404 
5 22 
0.5 22 
1 3.9 
1000 6090 
2 4.4 
800 1900 
0.5 1.8 
50С 152 С 
100 303 
200 590 300 885 
03С 09С 
0.2 C 0.6 C 
150 713 200 950 
200 950 
200 950 
2 10 
5C 15 C 
0.1 C 
25 133 
5 30 
5 31 
1 6.1 
0.01 
10 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Calcium chromate 

Calcium cyanamide 

Calcium hydroxide 

Calcium metasilicate 

Calcium oxide 

Calcium sulfate 

Camphor 

Caprolactam 

Captafol 

Captan 

Carbaryl 

Carbofuran 

Carbon black 

Carbon dioxide 

Carbon disulfide 

Carbon monoxide 

Carbonyl chloride [Phosgene] 
Carbonyl fluoride 

Cesium hydroxide 

Chlordane 

Chlorine 

Chlorine dioxide 

Chlorine trifluoride 
Chloroacetaldehyde 
Chloroacetone 
a.-Chloroacetophenone 
Chloroacetyl chloride 
Chlorobenzene 
o-Chlorobenzylidene malononitrile 
2-Chloro-1,3-butadiene [Chloroprene] 
Chlorodifluoromethane 
Chloroethane [Ethyl chloride] 
2-Chloroethanol [Ethylene chlorohydrin] 
Chloroethene [Vinyl chloride] 
Chloromethane [Methyl chloride] 
(Chloromethyl)benzene [Benzyl chloride] 
1-Chloro-4-nitrobenzene 
1-Chloro-1-nitropropane 
Chloropentafluoroethane 
2-Chloropropanoic acid 
3-Chloropropene [Allyl chloride] 
2-Chlorostyrene 
o-Chlorotoluene 

Chlorpyrifos 

Chromium 

Chromyl chloride 

Clopidol 

Cobalt 

Cobalt carbonyl 

Cobalt hydrocarbonyl 

Copper 

Cresol (all isomers) 

Crufomate 

Cyanamide 

Cyanogen 

Cyanogen chloride 

Cyclohexane 


Molecular 
Formula 


CaCrO, 
ССаМ, 
СаН:О, 
СаО 51 
Сао 

СаО,5 
CioHi O 
CH; NO 
C1ioHoCl4NO,S 
CoH,CL;¿NO,S 
С,НиМО, 
СрН МО, 
С 

СО, 

CS, 

CO 

CCLO 
CE; 
CsHO 
C1oH6Clg 
СІ, 

CIO; 

CIF, 
C5H5CIO 
СНОО 
C4H;CIO 
C;H;CLO 
сена 

С СК 
C,H;Cl 
CHCIF, 

СО ВС 
С,Н;СІО 
C,H3Cl 

СН, (1 
C,H,Cl 
C&;H4CINO; 
C4H&CINO; 
CCIF; 
C3H;ClO, 
ОВО 
CgH,Cl 
C;H;CI 
СЫН, |СІБМО;Р5 
Cr 

С1,С:О, 
C;H;CLNO 
Co 
С,Со:О, 
С,НСоО, 
Cu 

С,Н,О 
Cj4Hj4CINO;P 
CHN, 
CN, 

CCIN 
СЫН 2 


CAS 
Reg. No. 


13765-19-0 
156-62-7 
1305-62-0 
1344-95-2 
1305-78-8 
7778-18-9 
76-22-2 
105-60-2 
2425-06-1 
133-06-2 
63-25-2 
1563-66-2 
1333-86-4 
124-38-9 
75-15-0 
630-08-0 
75-44-5 
353-50-4 
21351-79-1 
57-74-9 
7782-50-5 
10049-04-4 
7790-91-2 
107-20-0 
78-95-5 
532-27-4 
79-04-9 
108-90-7 
2698-41-1 
126-99-8 
75-45-6 
75-00-3 
107-07-3 
75-01-4 
74-87-3 
100-44-7 
100-00-5 
600-25-9 
76-15-3 
598-78-7 
107-05-1 
2039-87-4 
95-49-8 
2921-88-2 
7440-47-3 
14977-61-8 
2971-90-6 
7440-48 -4 
10210-68-1 
16842-03-8 
7440-50-8 
1319-77-3 
299-86-5 
420-04-2 
460-19-5 
506-77-4 
110-82-7 
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Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
0.003 
0.5 
5 
10 
2 
10 
2 12 4 24 
5 (gas) 1 (solid) 10 (gas) 3 (solid) 
0.1 
5 
5 
0.1 
3.5 
5000 9000 30,000 54,000 
10 31 
25 29 
0.1 0.40 
2 5.4 5 13 
2 
0.5 
0.5 1.5 1 2.9 
0.1 0.28 0.3 0.83 
01С 0.38 С 
1С 32C 
1C 38С 
0.05 0.32 
0.05 0.23 0.15 0.69 
10 46 
0.05 С 0.39 C 
10 36 
1000 3540 
100 264 
1C 33C 
1 2:9 
50 103 100 207 
1 52 
0.1 0.64 
2 10 
1000 6320 
0.1 0.44 
1 3 2 6 
50 283 75 425 
50 259 
0.2 
0.5 
0.025 0.16 
10 
0.02 
0.1 
0.1 
0.2 
5 22 
5 
2 
10 21 
0.3C 0.75 C 
300 1030 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Cyclohexanol 

Cyclohexanone 

Cyclohexene 

Cyclohexylamine 

Cyclonite [Hexahydro-1,3,5-trinitro- 
1,3,5-triazine] 

1,3-Cyclopentadiene 

Cyclopentane 

Cyhexatin 

Decaborane(14) 

Diacetone alcohol 

4,4'-Diaminodiphenylmethane 
[4,4-Methylene dianiline] 

Diazinon 

Diazomethane 

Diborane 

Dibromodifluoromethane 

2-Dibutylaminoethanol 

2,6-Di-tert-butyl-4-methylphenol 

Dibutylphenyl phosphate 

Dibutyl phosphate 

Dibutyl phthalate 

Dichloroacetylene 

o-Dichlorobenzene 

p-Dichlorobenzene 

1,4-Dichloro-2-butene (unspecified isomer) 

Dichlorodifluoromethane 

1,3-Dichloro-5,5-dimethyl hydantoin 

Dichlorodiphenyltrichloroethane [DDT] 

1,1-Dichloroethane [Ethylidene dichloride] 

1,2-Dichloroethane [Ethylene dichloride] 

1,1-Dichloroethene [Vinylidene chloride] 

1,2-Dichloroethylene (both isomers) 

Dichlorofluoromethane 

Dichloromethane [Methylene chloride] 

1,1-Dichloro-1-nitroethane 

(2,4-Dichlorophenoxy)acetic acid 

1,2-Dichloropropane 

2,2-Dichloropropanoic acid 

1,3-Dichloropropene (both isomers) 

1,2-Dichloro-1,1,2,2-tetrafluoroethane 

Dichlorvos 

Dicrotophos 

m-Dicyanobenzene [m-Phthalodinitrile] 

Dicyclopentadiene 

Dieldrin 

Diethanolamine 

Diethylamine 

2-Diethylaminoethanol 

Diethylenetriamine [Bis(2-amimoethyl)amine] 

Diethyl ether 

Diethyl phthalate 

1,1-Difluoroethene 

Diglycidyl ether 

Diisopropylamine 

Diisopropyl ether 

Dimethoxymethane [Methylal] 


Molecular 
Formula 


СЫН О 
(93:11) 
СЫН М 


СН, МО, 
С-Н, 
CsHio 
C,gH3,0Sn 
Вон 
СНО 


Ci HN; 

Ci H3;N50;PS 
CHN, 
ВН, 
СВг,Р, 
СН, МО 
СНО 
C,4H5,04P 
C.H, O,P 
C16H204 
CCl, 
CHC; 
C,H,Cl 
CH Cb 
CCLF, 
С.Н,СьМ,О, 
СНС; 
C;H4CL 
CəH,Cb 
CəH,Cb 
CH, CL 
CHCLF 
сн-сі, 
С.Н.СЬМО, 
С,Н,СьО, 
C;H,CL 
C4H,CLO, 
C3H,Cl, 
C;CLF, 
С,Н,СЬОР 
С,Н, ХОР 
С 
СоН 2 

Ci Пећ 
C.H NO; 
CHI IN 
CHi; NO 
ӨЛІККЕ 
СІН 00 
СНО 
CHF 
C6H1003 
СЕН 
СНО 
C3H0, 


CAS 
Reg. No. 


108-93-0 
108-94-1 
110-83-8 
108-91-8 


121-82-4 
542-92-7 
287-92-3 
13121-70-5 
17702-41-9 
123-42-2 


101-77-9 
333-41-5 
334-88-3 
19287-45-7 
75-61-6 
102-81-8 
128-37-0 
2528-36-1 
107-66-4 
84-74-2 
7572-29-4 
95-50-1 
106-46-7 
764-41-0 
75-71-8 
118-52-5 
50-29-3 
75-34-3 
107-06-2 
75-35-4 
540-59-0 
75-43-4 
75-09-2 
594-72-9 
94-75-7 
78-87-5 
75-99-0 
542-75-6 
76-14-2 
62-73-7 
141-66-2 
626-17-5 
77-73-6 
60-57-1 
111-42-2 
109-89-7 
100-37-8 
111-40-0 
60-29-7 
84-66-2 
75-38-7 
2238-07-5 
108-18-9 
108-20-3 
109-87-5 
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Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
50 206 
25 100 
300 1010 
10 41 
0.5 
75 203 
600 1720 
5 
0.05 0.25 0.15 0.75 
50 238 
0.1 0.81 
0.1 
0.2 0.34 
0.1 0.11 
100 858 
0.5 3.5 
10 
0.3 3.5 
1 8.6 2 17 
5 
01С 0.39 С 
25 150 50 301 
10 60 
0.005 0.026 
1000 4950 
0.2 0.4 
1 
100 405 
10 40 
5 20 
200 793 
10 42 
50 174 
2 12 
10 
75 347 110 508 
5 
1 4.5 
1000 7000 
0.1 0.90 
0.25 
3 
5 27 
0.25 
0.46 2 
5 15 15 45 
2 9.6 
1 4.2 
400 1210 500 1520 
5 
500 1310 
01 0.53 
5 21 
250 1040 310 1300 
1000 3110 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Dimethyl mercury 
N,N-Dimethylacetamide 
Dimethylamine 
N,N-Dimethylaniline 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
N,N-Dimethylformamide 


2,6-Dimethyl-4-heptanone [Diisobutyl ketone] 


1,1-Dimethylhydrazine 

Dimethyl phthalate 

Dimethyl sulfate 

Dinitrobenzene (all isomers) 

Dinitrotoluene (all isomers) 

1,4-Dioxane 

Dioxathion 

Diphenylamine 

Diphenyl ether 

4,4'-Diphenylmethane diisocyanate 

Dipropylene glycol monomethyl ether 

Diquat 

Disulfiram 

Disulfoton 

Diuron 

Divinyl benzene (all isomers) 

Endosulfan 

Endrin 

Enflurane 

Epichlorohydrin [(Chloromethyl)oxirane] 

1,2-Epoxy-4-(epoxyethyl)cyclohexane 
[Vinylcyclohexene dioxide] 

1,2-Ethanediamine [Ethylenediamine] 

Ethanethiol [Ethyl mercaptan] 

Ethanol 

Ethanolamine 

Ethion 

Ethoxydimethylsilane 

Ethyl acetate 

Ethyl acrylate 

Ethylamine 

Ethylbenzene 

Ethyl tert-butyl ether [ETBE] 

Ethylene glycol 

Ethylene glycol dinitrate 

Ethylene glycol monobutyl ether 
[2-Butoxyethanol] 

Ethylene glycol monoethyl ether 
[2-Ethoxyethanol] 

Ethylene glycol monoethyl ether acetate 
[2-Ethoxyethyl acetate] 

Ethylene glycol monomethyl ether 
[2-Methoxyethanol] 

Ethylene glycol monomethyl ether acetate 
[2-Methoxyethyl acetate] 

Ethyleneimine 

Ethylene oxide [Oxirane] 

Ethyl formate 

Ethylidene norbornene 


Molecular 
Formula 


С,Н,Не 
С,Н,МО 
С-Н;М 
СұНцм 

C Hu 

C Hu 
C4H;NO 
СоНзО 
СН № 
Ср! 1004 
С.Н,О,5 
СН, МО, 
C7H6N20, 
С.Н,О, 
C12H2606P254 
СНМ 
СНО 
CisHioN;O; 
СІН 60; 
СН 
СууН,0М55, 
CgH902PS3 
CoH C5 N20 
СН 
CoH6Cl603S 
Ср СО 
ОЊСЕО 
C4H;CIO 


СН 202 
СОЊЕ 
С.Н,5 
CHO 
C,H, NO 
С.Нь,ОдР-5, 
C4H,,0Si 
СНО, 
с.Н,О, 
C;HN 
СаНо 
СНО 
C;H40, 
СНО 


CoH 402 
C4H (0; 
СВ 03 
CsHsO; 
С5Н Оз 
C)H;N 
C,H,O 


CsH,O; 
СН} 


САЅ 
Reg. Хо. 


593-74-8 
127-19-5 
124-40-3 
121-69-7 
75-83-2 
79-29-8 
68-12-2 
108-83-8 
57-14-7 
131-11-3 
77-78-1 
25154-54-5 
25321-14-6 
123-91-1 
78-34-2 
122-39-4 
101-84-8 
101-68-8 
34590-94-8 
231-36-7 
97-77-8 
298-04-4 
330-54-1 
1321-74-0 
115-29-7 
72-20-8 
13838-16-9 
106-89-8 


106-87-6 
107-15-3 
75-08-1 
64-17-5 
141-43-5 
563-12-2 
14857-34-2 
141-78-6 
140-88-5 
75-04-7 
100-41-4 
637-92-3 
107-21-1 
628-96-6 


111-76-2 
110-80-5 
111-15-9 
109-86-4 
110-49-6 
151-56-4 
75-21-8 
109-94-4 
16219-75-3 


16-36 


Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
0.01 0.03 
10 36 
5 92 15 27.6 
5 25 10 50 
500 1760 1000 3500 
500 1760 1000 3500 
10 30 
25 145 
0.01 0.025 
5 
0.1 0.52 
0.15 1.0 
0.2 
20 72 
0.2 
10 
1 7 2 14 
0.005 0.051 
100 600 150 900 
0.5 
2 
0.1 
10 
10 53 
0.1 
0.1 
75 566 
0.5 1.9 
0.1 0.57 
10 25 
0.5 1.3 
1000 1880 
3 7.5 6 15 
0.4 
0.5 24 1.5 6.4 
400 1440 
5 20 15 61 
5 9.2 15 27.6 
100 434 125 543 
5 20 
100 C 
0.05 0.31 
20 97 
5 18 
5 27 
5 16 
9 24 
0.5 0.88 
1 1.8 
100 303 
5С 25С 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


N-Ethylmorpholine 

Ethyl p-nitrophenyl 
benzenethiophosphate [EPN] 

Ethyl silicate 

Fenamiphos 

Fensulfothion 

Fenthion 

Ferbam 

Ferrocene [Dicyclopentadienyl iron] 

Fluorine 

Fluorine monoxide [Oxygen difluoride] 

Fonofos 

Formaldehyde 

Formamide 

Formic acid 

Furfural [2-Furaldehyde] 

Furfuryl alcohol [2-Furanmethanol] 

Germane [Germanium tetrahydride] 

Glycerol 

Graphite 

Hafnium 

Heptachlor 

Heptane 

2-Heptanone [Methyl pentyl ketone] 

3-Heptanone [Ethyl butyl ketone] 

4-Heptanone [Dipropyl ketone] 

Hexachlorobenzene 

Hexachloro-1,3-butadiene 

1,2,3,4,5,6-Hexachlorocyclohexane [Lindane] 

Hexachloro-1,3-cyclopentadiene 

Hexachloroethane [Perchloroethane] 

Hexachloronaphthalene (all isomers) 

Hexamethylene diisocyanate 

Hexane 

1,6-Hexanediamine [Hexamethylenediamine] 

2-Hexanone [Butyl methyl ketone] 

1-Hexene 

sec-Hexyl acetate 

Hydrazine 

Hydrazoic acid 

Hydrogen bromide 

Hydrogen chloride 

Hydrogen cyanide 

Hydrogen fluoride 

Hydrogen peroxide 

Hydrogen selenide 

Hydrogen sulfide 

p-Hydroquinone [1,4-Benzenediol] 

2-Hydroxypropyl acrylate 

Indene 

Indium 

Iodine 

Iodomethane [Methyl iodide] 

Поп(Ш) oxide 

Iron pentacarbonyl 

Isobutyl acetate 

Isopentane 


Molecular 
Formula 


СНО 


С.Н, МО,Р5 
С,Н,,О,51 
С,зНМО;РЅ 
СІН ,704Р5; 
CioHisOsPS; 
CoH gFeN3S¢ 
CoH oFe 

Е; 

ЕО 
CioHisOPS; 
СН,О 
СН;МО 
СН:О, 
С.Н.О, 
С.Н,О, 
ден, 
С.Н,О, 

С 

Hf 
СоН5СЬ 
СТ 
С,Н,О 
C.H O 
С,Н,О 
ССІ 

ССІ 
С,Н,СК, 
ССБ 

ОС 

Со H5Clg 
СНО; 
С,Нд 
em 
СНО 
СН 

СұН О; 
H4N3 

HN; 

BrH 

CIH 

CHN 

FH 

Н,О, 

Н,5е 

Н,5 

С,Н,О, 
СоНоОз 
CoHg 

In 

L 

СН 

Fe,03 
С.ЁеО, 
СНО 
С5Н 2 


СА8 
Reg. Хо. 


100-74-3 


2104-64-5 
78-10-4 
22224-92-6 
115-90-2 
55-38-9 
14484-64-1 
102-54-5 
7782-41-4 
7783-41-7 
944-22-9 
50-00-0 
75-12-7 
64-18-6 
98-01-1 
98-00-0 
7182-65-2 
56-81-5 
7440-44-0 
7440-58-6 
76-44-8 
142-82-5 
110-43-0 
106-35-4 
123-19-3 
118-74-1 
87-68-3 
58-89-9 
77-47-4 
67-72-1 
1335-87-1 
822-06-0 
110-54-3 
124-09-4 
591-78-6 
592-41-6 
108-84-9 
302-01-2 
7782-79-8 
10035-10-6 
7647-01-0 
74-90-8 
7664-39-3 
7122-84-1 
7783-07-5 
7783-06-4 
123-31-9 
999-61-1 
95-13-6 
7440-74-6 
7553-56-2 
74-88-4 
1309-37-1 
13463-40-6 
110-19-0 
78-78-4 


16-37 


Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
5 24 
0.1 
10 85 
0.1 
0.1 
0.2 
10 
10 
1 1.6 2 31 
0.05 С 011С 
0.1 
0.3C 0.37 C 
10 18 
5 9.4 10 19 
2 7.9 
10 40 15 60 
0.2 0.63 
10 
2 
0.5 
0.05 
400 1640 500 2050 
50 233 
50 233 75 350 
50 233 
0.002 
0.02 0.21 
0.5 
0.01 0.11 
1 9.7 
0.2 
0.005 0.034 
50 176 
0.5 2.3 
5 20 10 40 
30 103 
50 295 
0.01 0.013 
0.11 C 0.19 С 
3С 99С 
5С 7.5 С 
47 С 5С 
3С 23С 
1 1.4 
0.05 0.16 
10 14 15 21 
2 
0.5 2.8 
10 48 
0.1 
01С 10С 
2 12 
5 
0.1 0.23 0.2 0.45 
150 713 
600 1770 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Isopentyl acetate [Isoamyl acetate] 
Isophorone 

Isophorone diisocyanate 
Isopropenylbenzene [o--Methyl styrene] 
2-Isopropoxyethanol 

Isopropyl acetate 

Isopropylamine 
N-Isopropylaniline 
Isopropylbenzene [Cumene] 
Isopropyl glycidyl ether 

Kaolin 

Ketene 

Lead 

Lead(II) arsenate 

Lead(II) chromate 

Lithium hydride 

Magnesium carbonate [Magnesite] 
Magnesium oxide 

Malathion 

Maleic anhydride 

Manganese 

Manganese cyclopentadienyl tricarbonyl 
Mercury 

Mesityl oxide 

Methacrylic acid [2-Methylpropenoic acid] 
Methanethiol [Methyl mercaptan] 
Methanol 

Methomyl 

o-Methoxyaniline [o-Anisidine] 
p-Methoxyaniline [p-Anisidine] 
Methoxychlor 

4-Methoxyphenol 

Methyl acetate 

Methyl acrylate 
2-Methylacrylonitrile 
Methylamine 

o-Methylaniline [o-Toluidine] 
m-Methylaniline [m-Toluidine] 
p-Methylaniline [p-Toluidine] 
N-Methylaniline 
3-Methyl-1-butanol [Isoamyl alcohol] 


3-Methyl-2-butanone [Methyl isopropyl ketone] 


Methyl tert-butyl ether [MTBE] 
Methyl 2-cyanoacrylate 
Methylcyclohexane 
Methylcyclohexanol (all isomers) 
2-Methylcyclohexanone 
2-Methylcyclopentadienyl 

manganese tricarbonyl 
Methyl demeton 
2-Methyl-3,5-dinitrobenzamide [Dinitolmide] 
2-Methyl-4,6-dinitrophenol [Dinitro-o-cresol] 
Methylene bis(4-cyclohexylisocyanate) 
Methyl ethyl ketone peroxide 
Methyl formate 
6-Methyl-1-heptanol [Isooctyl alcohol] 
5-Methyl-3-heptanone 


Molecular 
Formula 


СН, 0, 
С,Н,О 
СН О; 
СН 
СНО 
С5Н 902 
сыны 

CoH 3N 
СУН; 

СН 0 


С,Н,О 

РЬ 
Ав:ОұРЫ; 
CrO,Pb 
HLi 
СМ2О; 
MgO 

C, 9H,40gPS, 
C,H,03 
Mn 
CgH;MnO; 
Hg 

СЕН О 
С,Н,О, 
СН,5 
СН,О 
С.Н,,үМ-055 
C;H9NO 
C;H9NO 

Ci СО, 
С,Н,О, 
С.Н,О, 
С.Н,О, 
С.Н5М 
СН Ч 
С,Н,Х 
С,Н,Х 
C,H N 
CHN 
CsH,;O 
С.НоуО 
С.Н,О 
С.Н.ХО, 
Ста 
С,Н,О 
С,Н,О 


СоН;МпО; 
C&H,504PS; 
CsH;N,Os 
С-Н,М,О, 
С, Нь МО, 
СНО 
С.Н,О, 
CsH, O 
CsHi O 


CAS 
Reg. No. 


123-92-2 
78-59-1 
4098-71-9 
98-83-9 
109-59-1 
108-21-4 
75-31-0 
768-52-5 
98-82-8 
4016-14-2 
1332-58-7 
463-51-4 
7439-92-1 
7784-40-9 
7758-97-6 
7580-67-8 
546-93-0 
1309-48-4 
121-75-5 
108-31-6 
7439-96-5 
12079-65-1 
7439-97-6 
141-79-7 
79-41-4 
74-93-1 
67-56-1 
16752-77-5 
90-04-0 
104-94-9 
72-43-5 
150-76-5 
79-20-9 
96-33-3 
126-98-7 
74-89-5 
95-53-4 
108-44-1 
106-49-0 
100-61-8 
123-51-3 
563-80-4 
1634-04-4 
137-05-3 
108-87-2 
25639-42-3 
583-60-8 


12108-13-3 
8022-00-2 
148-01-6 
534-52-1 
5124-30-1 
1338-23-4 
107-31-3 
26952-21-6 
541-85-5 


16-38 


Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
100 532 
5C 28C 
0.005 0.045 
50 242 100 483 
25 106 
250 1040 310 1290 
5 12 10 24 
2 11 
50 246 
50 238 75 356 
2 
0.5 0.86 1.5 2.6 
0.05 
0.15 
0.075 
0.025 
10 
10 
10 
0.1 4 
0.2 
0.4 
0.025 
15 60 25 100 
20 70 
0.5 0.98 
200 262 250 328 
2.5 
0.1 0.5 
0.1 0.5 
10 
3 
200 606 250 751 
2 7 
1 27 
5 6.4 15 19 
2 8.8 
2 8.8 
2 8.8 
0.5 22 
100 361 125 452 
200 705 
40 144 
0.2 0.9 
400 1610 
50 234 
50 229 75 344 
0.8 
0.5 
3 
0.2 
0.005 0.054 
0.2 C 1.5 С 
100 246 150 368 
50 266 
25 131 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


5-Methyl-2-hexanone [Methyl isopentyl ketone] 
Methylhydrazine 

Methyl isocyanate 

Methyl methacrylate 

Methyloxirane [1,2-Propylene oxide] 
Methyl parathion 

2-Methylpentane 

3-Methylpentane 
2-Methyl-2,4-pentanediol [Hexylene glycol] 
4-Methyl-2-pentanol [Methyl isobutyl carbinol] 
4-Methyl-2-pentanone [Isobutyl methyl ketone] 
2-Methyl-1-propanol [Isobutyl alcohol] 
2-Methyl-2-propanol Пегі-Вшуі alcohol] 
Methylstyrene (all isomers) 
N-Methyl-N,2,4,6-tetranitroaniline [Tetryl] 
Metribuzin 

Mevinphos 

Mica 

Molybdenum 

Monocrotophos 

Morpholine 

Naled 

Naphthalene 

1-Naphthalenylthiourea [ANTU] 
Neopentane 

Nickel 

Nickel carbonyl 

Nickel(1ID sulfide 

Nicotine 

Nitrapyrin 

Nitric acid 

Nitric oxide 

p-Nitroaniline 

Nitrobenzene 

Nitroethane 

Nitrogen dioxide 

Nitrogen trifluoride 

Nitromethane 

1-Мигоргорапе 

2-Мигоргорапе 

Nitrotoluene (ай isomers) 

Nitrous oxide 

Nonane (all isomers) 
Octachloronaphthalene 

Octane (all isomers) 

Osmium(VIID oxide [Osmium tetroxide] 
Oxalic acid 

2-Oxetanone [D-Propiolactone] 
Oxiranemethanol [Glycidol] 

Ozone 

Paraquat 

Parathion 

Pentaborane(9) 

Pentachloronaphthalene (unspecified isomer) 
Pentachloronitrobenzene 
Pentachlorophenol 

Pentaerythritol 


Molecular 
Formula 


СНО 
CHN, 
CHNO 
CsH;O, 
C3H,O 
C;H,9NO;PS 
om 
СеН 4 

СН 0, 
НО 
СНО 
СНО 
С,Н,О 
CoHio 
СНО; 
C,H,4N4OS 
С.Н.ОР 


Мо 
С,Н,ХО4ФР 
С,Н,ХО 
CjH;Br,CLO,P 
Сува 
С.Н 055 
СН 

Ni 

САМО, 
№555 
Ср Аја 
C |H,CLN 
HNO; 

NO 

C |H NO; 
СИМО; 
C,H;NO, 
NO, 

БМ 

СН, МО, 
C4H;NO, 
C4H;NO, 
СМО; 
№0 

СУН» 
СС 
СзН а 
О,Ов8 
С.Н:О, 
ОНО 
СНО, 
О; 

Сон М; 
C49H,4NO;PS 
В5Но 
СоНзСБ 
С<СІБХО, 
СеНСІ;О 
СНО, 


СА8 
Reg. Хо. 


110-12-3 
60-34-4 
624-83-9 
80-62-6 
75-56-9 
298-00-0 
107-83-5 
96-14-0 
107-41-5 
108-11-2 
108-10-1 
78-83-1 
75-65-0 
25013-15-4 
479-45-8 
21087-64-9 
7186-34-7 
12001-26-2 
7439-98-7 
6923-22-4 
110-91-8 
300-76-5 
91-20-3 
86-88-4 
463-82-1 
7440-02-0 
13463-39-3 
12035-72-2 
54-11-5 
1929-82-4 
7697-37-2 
10102-43-9 
100-01-6 
98-95-3 
79-24-3 
10102-44-0 
7183-54-2 
75-52-5 
108-03-2 
79-46-9 
1321-12-6 
10024-97-2 
111-84-2 
2234-13-1 
111-65-9 
20816-12-0 
144-62-7 
57-57-8 
556-52-5 
10028-15-6 
4685-14-7 
56-38-2 
19624-22-7 
1321-64-8 
82-68-8 
87-86-5 
115-77-5 


16-39 


Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
50 234 
0.01 0.019 
0.02 0.047 
50 205 100 410 
20 48 
0.2 
500 1760 1000 3500 
500 1760 1000 3500 
25C 121С 
25 104 40 167 
50 205 75 307 
50 152 
100 303 
50 242 100 483 
1.5 
5 
0.01 0.092 0.03 0.27 
3 
10 
0.25 
20 71 
3 
10 52 15 79 
0.3 
600 1770 
1.5 
0.05 0.12 
0.14 
0.5 
10 20 
2 52 4 10 
25 31 
3 
1 5 
100 307 
3 5.6 5 9.4 
10 29 
20 50 
25 91 
10 36 
2 11 
50 90 
200 1050 
0.1 0.3 
300 1400 375 1750 
0.0002 0.0016 0.0006 0.0047 
1 2 
0.5 1.5 
2 6.1 
0.1 0.2 
0.5 
0.1 
0.005 0.013 0.015 0.039 
0.5 
0.5 
0.5 
10 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Pentanal [Valeraldehyde] 

Pentane 

Pentanedial [Glutaraldehyde] 

2-Pentanone [Methyl propyl ketone] 

3-Pentanone [Diethyl ketone] 

Pentyl acetate (all isomers) 

Perchloromethyl mercaptan 

Perchloryl fluoride 

Perfluoroacetone [Hexafluoroacetone] 

Perfluoroisobutene 

Phenol 

10H-Phenothiazine 

Phenylenediamine (all isomers) 

Phenyl glycidyl ether 

Phenylhydrazine 

Phenylphosphine 

Phorate 

Phosphine 

Phosphoric acid 

Phosphorus (white) 

Phosphorus(III) chloride 
[Phosphorus trichloride] 

Phosphorus(V) chloride 
[Phosphorus pentachloride] 

Phosphorus(V) oxychloride 
[Phosphoryl chloride] 

Phosphorus(V) sulfide 

Phthalic anhydride 

Piperazine dihydrochloride 

2-Pivaloyl-1,3-indandione [Pindone] 

Platinum 

Potassium hydroxide 

Propane 

Propanoic acid 

1-Ргорапо! 

2-Propanol [Isopropyl alcohol] 

Propargyl alcohol [2-Propyn-1-ol] 

Propoxur 

Propyl acetate 

1,2-Propylene glycol dinitrate 

Propylene glycol monomethyl ether 

Propyleneimine 

Propyl nitrate 

Propyne [Methylacetylene] 

2-Pyridinamine [2-Aminopyridine] 

Pyridine 

Pyrocatechol [Catechol] 

Resorcinol 

Rhodium 

Ronnel 

Rotenone 

Selenium 

Selenium hexafluoride 

Sesone 

Silane 

Silicon 

Silicon carbide 


Molecular 
Formula 


СНО 
СН 2 
С.Н,О, 
СНО 
С.Н,О 
СНО; 
CCS 
CIFO; 
C;F,O 
СБ 
СНО 
C44H9NS 
C HN, 
СНА (0; 
СеНьМ, 
СР 
C;H,;04PS, 
ЊР 
Н,ОР 

Р 


CLP 
CLP 


СОР 

Р,5, 
СұН,О; 
СНС 
СЫН Оз 
Pt 

HKO 

С.Н, 
СНО, 
С.Н,О 
С.Н,О 
СНО 
СиН5МОз 
С5Н 0; 
С-Н,М:О, 
САНОО» 
C4H;N 
CHNO; 
ОН, 
С.Н,М, 
С;Н;М 
СНО, 
СНО, 

Еһ 
CgHgCl,03PS 
C53H5506 
Se 

F Se 
CsH,CLNaOsS 
H,Si 

Si 

CSi 


CAS 
Reg. No. 


110-62-3 
109-66-0 
111-30-8 
107-87-9 
96-22-0 
628-63-7 
594-42-3 
7616-94-6 
684-16-2 
382-21-8 
108-95-2 
92-84-2 
25265-76-3 
122-60-1 
100-63-0 
638-21-1 
298-02-2 
7803-51-2 
7664-38-2 
7123-14-0 


7719-12-2 
10026-13-8 


10025-87-3 
1314-80-3 
85-44-9 
142-64-3 
83-26-1 
7440-06-4 
1310-58-3 
74-98-6 
79-09-4 
71-23-8 
67-63-0 
107-19-7 
114-26-1 
109-60-4 
6423-43-4 
107-98-2 
75-55-8 
627-13-4 
74-99-7 
504-29-0 
110-86-1 
120-80-9 
108-46-3 
7440-16-6 
299-84-3 
83-79-4 
7782-49-2 
7783-79-1 
136-78-7 
7803-62-5 
7440-21-3 
409-21-2 


16-40 


Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
50 176 
600 1770 750 2210 
0.05 C 0.2 C 
200 705 250 881 
200 700 300 1050 
50 265 100 530 
0.1 0.76 
3 13 6 25 
0.1 0.68 
0.01 C 0.082 C 
5 19 
5 
0.1 
0.1 0.6 
0.1 0.44 
0.05 С 0.23 C 
0.05 0.2 
0.3 0.42 1 1.4 
1 3 
0.02 0.1 
0.2 1.1 0.5 2.8 
0.1 0.85 
0.1 0.63 
1 3 
1 6.1 
5 
0.1 
1 
2С 
2500 4500 
10 30 
200 492 250 614 
400 983 500 1230 
1 2.3 
0.5 
200 835 250 1040 
0.05 0.34 
100 369 150 553 
2 4.7 
25 107 40 172 
1000 1640 
0.5 1.9 
5 16 
5 23 
10 45 20 90 
1 
10 
5 
0.2 
0.12 0.95 
10 
5 6.6 
10 
10 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Silicon dioxide (а -аџаг 2) 
Silicon dioxide (tridymite) 
Silicon dioxide (cristobalite) 
Silicon dioxide (vitreous) 
Silver 
Sodium azide 
Sodium fluoroacetate 
Sodium hydrogen sulfite 
Sodium hydroxide 
Sodium metabisulfite 
Sodium pyrophosphate 
Sodium tetraborate decahydrate 
Stibine 
Strontium chromate 
Strychnine 
Styrene 
Sucrose 
Sulfotep 
Sulfur chloride 
Sulfur decafluoride 
Sulfur dioxide 
Sulfur hexafluoride 
Sulfur tetrafluoride 
Sulfuric acid 
Sulfuryl fluoride 
Sulprofos 
Talc 
Tantalum 
Tantalum(V) oxide 
Tellurium 
Tellurium hexafluoride 
Terephthalic acid 
Terphenyl (all isomers) 
1,1,2,2- Tetrabromoethane 
[Acetylene tetrabromide] 
Tetrabromomethane [Carbon tetrabromide] 
1,1,1,2-Tetrachloro-2,2-difluoroethane 
1,1,2,2-Tetrachloro-1,2-difluoroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene [Perchloroethylene] 
Tetrachloromethane [Carbon tetrachloride] 
Tetrachloronaphthalene (all isomers) 
Tetraethyl lead 
Tetraethyl pyrophosphate [TEPP] 
Tetrahydrofuran [Oxolane] 
Tetramethyl lead 
Tetramethyl silicate 
Tetramethyl succinonitrile 
Tetranitromethane 
Thallium 
4,4 Thiobis(6-tert-butyl-m-cresol) 
Thioglycolic acid 
Thionyl chloride 
Thiram 
Tin 
Titanium(IV) oxide [Titanium dioxide] 
Toluene 


Molecular 
Formula 


OsSi 

О,81 

OsSi 

О-5і 

Ав 

N3Na 
С,Н,ЕМаО, 
НМаО,5 
HNaO 
Ма:О.5, 
Na,O;P; 
В.Н МаҙО 7 
Н,50 

CrO,Sr 
С,НьМ,О, 
С,Н, 
CpH501, 
CsH;oOsP;S; 
Сі,5; 

FioS2 

055 

FS 

FS 

Н,О,5 
Е,О,5 

Сі2Н 90-5; 


Та 
ОгТа; 
Те 

FgTe 
С,Н,О, 
CigHig 


C3H5Br, 
CBr, 
С,СЦЕ, 
С,СЦЕ, 
C;H5ClI, 
CCl, 
ССІ; 
СНС! 
С,Н,оРЬ 
САН ОР; 
С,Н,О 
C4H,;;Pb 
C4H20,Si 
С,Н,М, 
СМ,О, 

ТІ 

C3 H39058 
С,Н,О,5 
CLOS 

Сб А |25354 
5п 

O;Ti 

C;Hg 


CAS 
Reg. No. 


14808-60-7 
15468-32-3 
14464-46-1 
60676-86-0 
7440-22-4 
26628-22-8 
62-74-8 
7631-90-5 
1310-73-2 
7681-57-4 
7122-88-5 
1303-96-4 
7803-52-3 
7789-06-2 
57-24-9 
100-42-5 
57-50-1 
3689-24-5 
10025-67-9 
5714-22-7 
7446-09-5 
2551-62-4 
7783-60-0 
7664-93-9 
2699-79-8 
35400-43-2 
14807-96-6 
7440-25-7 
1314-61-0 
13494-80-9 
7783-80-4 
100-21-0 
26140-60-3 


79-27-6 
558-13-4 
76-11-9 
76-12-0 
79-34-5 
127-18-4 
56-23-5 
1335-88-2 
78-00-2 
107-49-3 
109-99-9 
75-74-1 
681-84-5 
3333-52-6 
509-14-8 
7440-28-0 
96-69-5 
68-11-1 
7719-09-7 
137-26-8 
7440-31-5 
13463-67-7 
108-88-3 
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Time-Weighted 
Average 


Short-Term 
Exposure Limit 


ppm 


0.1 


20 


1000 


0.02 


0.005 


50 


mg/m? 


0.05 
0.05 
0.05 
0.1 
0.1 


0.05 
5 


6000 


188 


ppm mg/m? 


0.29 C 


2C 


40 170 


0.53 C 56 


0.3 4.1 


100 685 
10 63 


250 737 


ІС 49С 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS (continued) 


Substance 


Toluene-2,4-diisocyanate 
1H-1,2,4-Triazol-3-amine 
Tribromomethane [Bromoform] 
Tributyl phosphate 
Trichloroacetic acid 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane [Methyl chloroform] 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Trichloromethane [Chloroform] 


(Trichloromethyl)benzene [Benzotrichloride] 


Trichloronaphthalene (all isomers) 

Trichloronitromethane [Chloropicrin] 

2,4,5-Trichlorophenoxyacetic acid 

1,2,3-Trichloropropane 

1,1,2-Trichloro-1,2,2-trifluoroethane 

Tri-o-cresyl phosphate 

Triethanolamine 

Triethylamine 

Triiodomethane [Iodoform] 

Trimellitic anhydride 
[1,2,4-Benzenetricarboxylic anhydride] 

Trimethylamine 

Trimethylbenzene (all isomers) 

Trimethyl phosphite 

Trinitroglycerol [Nitroglycerin] 

2,4,6-Trinitrophenol [Picric acid] 

2,4,6-Trinitrotoluene [TNT] 

Triphenylamine 

Ттірһепуі phosphate 

Tungsten 

Uranium 

Vanadium(V) oxide 

Vinyl acetate 

4-Vinylcyclohexene 

Warfarin 

Xylene (all isomers) 

Xylidine (all isomers) 

Yttrium 

Zinc chloride 

Zinc chromate, basic 

Zinc oxide 

Zirconium 


Molecular 
Formula 


Сон,М.О, 
СН 
CHBr, 
Cj?H5;04P 
C;HClO; 
C HCl 
CəH;Cl 
CəH;,Cl 
CHCl, 
CCLF 
CHCI, 
CH;Ch 
CioH;Ch 
CCLNO, 
С,Н.СЬО, 
СНС 
C;CLF, 
СН ОР 
CcH;5NO; 
СЕН 
CHI, 


С.Н,О, 
C3HoN 
em 
C;,H,0;P 
ОВО 
C5H3N307 
C;H5N50g 
С НМ 
СН, ОР 
W 

U 

О.У, 
С.Н,О, 
САН 
Сон, О 
СН 
СН М 

Ү 

Cl,Zn 
CrH;O4Zn 
OZn 

Zr 


CAS 
Reg. No. 


584-84-9 
61-82-5 
75-25-2 
126-73-8 
76-03-9 
120-82-1 
71-55-6 
79-00-5 
79-01-6 
75-69-4 
67-66-3 
98-07-7 
1321-65-9 
76-06-2 
93-76-5 
96-18-4 
76-13-1 
78-30-8 
102-71-6 
121-44-8 
75-47-8 


552-30-7 
75-50-3 
25551-13-7 
121-45-9 
55-63-0 
88-89-1 
118-96-7 
603-34-9 
115-86-6 
7440-33-7 
7440-61-1 
1314-62-1 
108-05-4 
100-40-3 
81-81-2 
1330-20-7 
1300-73-8 
7440-65-5 
7646-85-7 
13530-65-9 
1314-13-2 
7440-67-7 
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Time-Weighted Short-Term 
Average Exposure Limit 
ppm mg/m? ppm mg/m? 
0.005 0.036 0.02 0.14 
0.2 
0.5 3:2 
0.2 22 
1 6.7 
5С 37С 
350 1910 450 2460 
10 55 
50 269 100 537 
1000 С 5620 С 
10 49 
0.01 C 0.08 C 
5 
0.1 0.67 
10 
10 60 
1000 7670 1250 9590 
0.1 
5 
1 4.1 3 12 
0.6 10 
0.04 C 
5 12 15 36 
25 123 
2 10 
0.05 0.46 
0.1 
0.1 
3 
3 
5 10 
0.2 0.6 
0.05 
10 35 15 53 
0.1 0.44 
0.1 
100 434 150 651 
0.5 2.5 
1 
1 2 
0.045 
5 10 
5 10 


OCTANOL-WATER PARTITION COEFFICIENTS 


The octanol-water partition coefficient, P, is a widely used parameter for correlating biological effects of organic substances. It is a property of 
the two-phase system in which water and 1-octanol are in equilibrium at a fixed temperature and the substance is distributed between the water-rich 
and octanol-rich phases. P is defined as the ratio of the equilibrium concentration of the substance in the octanol-rich phase to that in the water-rich 
phase, in the limit of zero concentration. In general, P tends to be large for compounds with extended non-polar structures (such as long chain or multi- 
ring hydrocarbons) and small for compounds with highly polar groups. Thus P (or, in its more common form of expression, log P) provides a measure 
ofthe lipophilic vs. hydrophilic nature of a compound, which is an important consideration in assessing the potential toxicity. A discussion of methods 
of measurement and accuracy considerations for log P may be found in Reference 1. 

This table gives selected values of log P for about 450 organic compounds, including many of environmental importance. All values refer to a 
nominal temperature of 25?C. The source of each value is indicated in the last column. These references contain data on many more compounds than 
are included here. 

Compounds are listed by molecular formula following the Hill convention. To locate a compound by name or CAS Registry Number when the 
molecular formula is not known, use the table "Physical Constants of Organic Compounds" in Section 3 and its indexes to determine the molecular 
formula. 
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2. Mackay, D., Shiu, W.Y., and Ma, K.C., Illustrated Handbook of Physical-Chemical Properties and Environmental Fate for Organic 
Chemicals, Lewis Publishers/CRC Press, Boca Raton, FL, 1992. 


3. Shiu, W.Y., and Mackay, D., J. Phys. Chem. Ref. Data, 15, 911, 1986. 

4. Pinsuwan, S., Li, L., and Yalkowsky, S.H., J. Chem. Eng. Data, 40, 623, 1995. 
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6. Solubility Data Series, International Union of Pure and Applied Chemistry, Vol. 38, Pergamon Press, Oxford, 1985. 
7. Miller, M.M., Ghodbane, S., Wasik, S.P., Tewari, Y.B., and Martire, D.E., J. Chem. Eng. Data, 29, 184, 1984. 

Mol. Form. Name logP Ref. | Mol. Form. Name log Р Ref. 
CCIF, Dichlorodifluoromethane 2.16 2 C,H,O Acetaldehyde 0.45 1 
CCLF Trichlorofluoromethane 2.53 2 C,H,O Ethylene oxide -0.30 1 
CCl, Tetrachloromethane 2.64 2 СНО; Асейс acid -0.17 1 
CHBr, Tribromomethane 2.38 2 С.Н.Вг Bromoethane 1.6 2 
СНСІ; Trichloromethane 1.97 2 С.Н;СІ Chloroethane 1.43 2 
CH,BrCl Bromochloromethane 1.41 2 CHI Iodoethane 2 2 
CHBr, Dibromomethane 23 2 С,Н.МО Acetamide -1.26 1 
CH,Cl, Dichloromethane 1.25 2 C;H5NO; Nitroethane 0.18 1 
CHF; Difluoromethane 0.20 1 CHO Ethanol -0.30 1 
CH; Diiodomethane 2.5 2 C,H,O Dimethyl ether 0.10 1 
СН,О Formaldehyde 0.35 І С-Н(08 Dimethyl sulfoxide -1.35 1 
СН:О, Formic acid -0.54 І С-Н(058 Dimethyl sulfone -1.41 І 
СН;Вг Bromomethane 1.19 2 C;H;N Ethylamine -0.13 1 
(о - Кој Chloromethane 0.91 2 C;H;N Dimethylamine -0.38 1 
СН;Е Fluoromethane 0.51 1 СВМ 2-Propenenitrile 0.25 І 
CHI Iodomethane 1.5 2 CsH,Cl cis-1,3-Dichloropropene 2.03 2 
CH;NO Formamide -1.51 І C3H,O Propargyl alcohol -0.38 1 
CH3NO; Nitromethane -0.33 1 СНО Acrolein -0.01 1 
СН,О Methanol -0.74 І CsHsBr 3-Bromopropene 1.79 1 
СН, Methylamine -0.57 І C4HsCIO Epichlorohydrin 0.30 2 
C;ChF; 1,1,2-Trichlorotrifluoroethane 3.16 2 СНС 1,2,3-Trichloropropane 2.63 2 
C;Cl, Tetrachloroethylene 2.88 2 C3H;N Propanenitrile 0.16 1 
ССІ Hexachloroethane 4.00 4 C4H;NO Acrylamide -0.78 1 
CHCl; Trichloroethylene 2.53 2 C3H,Cl, 1,2-Dichloropropane 2.0 2 
CHCl; Pentachloroethane 2.89 2 СНО Allyl alcohol 0.17 1 
C,H,Cl, 1,1-Dichloroethylene 2.13 2 C3H,O Propanal 0.59 1 
C>H,Cl, cis-1,2-Dichloroethylene 1.86 2 СНО Acetone -0.24 1 
ОЊСЉ trans-1,2-Dichloroethylene 1:93 2 С.Н,О Methyloxirane 0.03 1 
С,Н,Сї, 1,1,2,2-Tetrachloroethane 2,39 2 CsH,O, Propanoic acid 0.33 1 
сња Chloroethylene 1.38 2 C4H$0; Methyl acetate 0.18 1 
ОС 1,1,1-Trichloroethane 2.49 2 С.Н,Вг ]-Bromopropane 2.1 2 
СНС 1,1,2-Trichloroethane 2.38 2 C4H;Br 2-Bromopropane 1.9 2 
С-Н;М Acetonitrile -0.34 1 C3H,Cl 1-Chloropropane 2.04 1 
СНС 1,1-Dichloroethane 1.79 2 C3H,Cl 2-Chloropropane 1.90 1 
C;H4CL 1,2-Dichloroethane 1.48 2 ОНА 1-Тодоргорапе 2.5 2 
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OCTANOL-WATER PARTITION COEFFICIENTS (continued) 


Mol. Form. Name 
C4H;N Allylamine 
C4H;NO N,N-Dimethylformamide 
C4H;NO N-Methylacetamide 
C3H,NO, 1-Nitropropane 
C3H,O 1-Propanol 
С.Н,О 2-Propanol 
С.Н,5 1-Propanethiol 
C4H9N Propylamine 
C4H9N Isopropylamine 
С.Н,М Ethylmethylamine 
C;H9N Trimethylamine 
С,Н,О Furan 
С,Н,5 Thiophene 
C4H;N Pyrrole 
C,H, 1,3-Butadiene 
С.Н, 2-Butyne 
С,Н,О 2,5-Dihydrofuran 
С.Н,О, Methacrylic acid 
С.Н,О: Vinyl acetate 
С.Н,О: Methyl acrylate 
C,H,N Butanenitrile 
C.H, cis-2-Butene 
С.Н; trans-2-Butene 
С.Н; Isobutene 
С,Н,С,О Bis(2-chloroethyl) ether 
С,Н,О Ethyl vinyl ether 
С,Н,О Butanal 
С,Н,О 2-Вшапопе 
С,Н,О Tetrahydrofuran 
С,Н,О, Butanoic acid 
СНО, Propyl formate 
СНО, Ethyl acetate 
С,Н,Вг 1-Bromobutane 
C,HoC1 1-Chlorobutane 
С.НоЕ 1-Fluorobutane 
САНА 1-Iodobutane 
С,Н,Х Pyrrolidine 
С,Н,ХО Butanamide 
С,Н,МО N,N-Dimethylacetamide 
C,H yNO, 1-Nitrobutane 
САН Isobutane 
С,Н,О 1-Butanol 
СІН 00 2-Butanol 
СНО 2-Methyl-1-propanol 
С,Н,О 2-Methyl-2-propanol 
СНО Diethyl ether 
СІН |05 1-Butanethiol 
С.Н Diethyl sulfide 
СІН, Butylamine 
СНМ tert-Butylamine 
CHN Diethylamine 
С.Н.Х Pyridine 
СНО 2-Methylfuran 
C;HN 1-Methylpyrrole 
СН; 1,4-Pentadiene 
СН, 1-Решупе 
С.Н,О, Methyl methacrylate 
С:Н,О: Ethyl acrylate 
СМ Pentanenitrile 
СН 1-Рещепе 
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logP 


0.03 
-1.01 
-1.05 

0.87 

0.25 

0.05 

1.81 

0.48 

0.26 

0.15 

0.16 

1.34 

1.81 

0.75 

1.99 

1.46 

0.46 

0.93 

0.73 

0.80 

0.60 

2.33 

2.31. 

2.35 

1.12 

1.04 

0.88 

0.29 

0.46 

0.79 

0.83 

0.73 

2.75 

2.64 

2.58 

3 

0.46 
-0.21 
-0.77 

1.47 

2.8 

0.84 

0.65 

0.76 

0.35 

0.89 

2.28 

1.95 

0.86 

0.40 

0.58 

0.65 

1.85 

1.21 

2.48 

1.98 

1.38 

1:32 

0.94 

2:3. 


Ref. 


он = nm = = = = = ка = ка = ка = = = = = о ка = = = K ка MN ка Hm = = m кш ка кш p m ка кы кш окы кш кш = а кш кыш кш кш кш кш == = кш кш кш = = = 


Mol. Form. 


CsHio 
СНО 
C;H4,0 
СНО 
СНО 
C;H4,0 
С5Н 00 
CsHioO; 
С5Н 0; 
СН, Оз 
С;Н, Вг 
C;H,F 
сним 
СН МО; 
СН» 
С<Н 2 
СНО 
С.Н,О 
СНО 
СНО 
СНО 
СНО 
СНО 
СНО 
снам 
ССБ 
CHCl; 
С,НС1,О 
C&H5Cl4 
С,Н,С1, 
C&H5Cl4 
СС 
C,H;Cl, 
СС 
СНС, 
C,H,Cl, 
СНС, 
С,Н,С,О 
С,Н,Вг 
C,H;Cl 
CHF 
сена 
С,Н.ХО, 
СН, 
С,Н,О 
С,Н,5 
CHN 
C,H,N 
CHN 
CHN 
СН; 
С,Н,О 
С,Н,О 
С,Н,О 
СН 
СН 
СЫН 
СНО 
СНО 
CoH 0; 


Мате 


Cyclopentane 
2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
2-Methyltetrahydrofuran 
Pentanoic acid 

Propyl acetate 

Ethyl propanoate 
Diethyl carbonate 
1-Bromopentane 
1-Fluoropentane 
Piperidine 
1-Nitropentane 

Pentane 

Neopentane 

1-Pentanol 

2-Pentanol 

3-Pentanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dimethyl-1-propanol 
Methyl tert-butyl ether 
Pentylamine 
Hexachlorobenzene 
Pentachlorobenzene 
Pentachlorophenol 
1,2,3,4-Tetrachlorobenzene 
1,2,3,5-Tetrachlorobenzene 
1,2,4,5-Tetrachlorobenzene 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
2,4-Dichlorophenol 
Bromobenzene 
Chlorobenzene 
Fluorobenzene 
Todobenzene 
Nitrobenzene 

Benzene 

Phenol 

Benzenethiol 

Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
1,4-Cyclohexadiene 
5-Hexyn-2-one 
2-Cyclohexen-1-one 
2-Ethylfuran 
1,5-Hexadiene 
1-Hexyne 

Cyclohexene 
5-Hexen-2-one 
Cyclohexanone 

Ethyl methacrylate 


log Р 


3.00 
0.84 
0.82 
0.56 
0.82 
1.85 
1.39 
1.24 
121 
1.21 
3.37 
2.33 
0.84 
2.01 
3.45 
3.11 
1.51 
1.25 
121 
1.28 
0.89 
1.28 
1.31 
0.94 
1.49 
5.47 
5.03 
5.07 
4.55 
4.65 
4.51 
4.04 
3.98 
4.02 
3.38 
3.48 
3.38 
3.23 
2.99 
2.84 
2.27 
3.28 
1.85 
2.13 
1.48 
2.52 
0.90 
1.11 
1.20 
1.22 
2.3 

0.58 
0.61 
2.40 
2.8 

2.73 
2.86 
1.02 
0.81 
1.94 


Ref. 
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Mol. Form. 


СЫН, Br 
CHIN 
СН} 
СН 
СН 
CH2 
СНО 
С,Н,О 
С,Н,О 
СНО 
СН 0; 
СН 20; 
Се НИ зВг 
CHiN 
Сена 

C Hu 

C Hu 
СН, 
СНО 
С,Н,О 
СНО 
С,Н,О 
СНО 
С,Н,О 
CHIN 
Сон, 
CH. N 
С,Н.В:О, 
C;H5BrO, 
С,Н,В:Ю, 
C;H4N 
С,Н,О 
СО; 
С,Н,О, 
С,Н,О, 
C;H;Br 
C;H;CI 
C;H;CI 
са 
C;H;CI 
C;H;NO, 
СН, 
СН, 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
CHN 
CHN 
сін 
CHN 
CHN 
Ста 
Ста 
С,Н,О 
С,Н,О 
СУН, 5Вг 
сна 
сін 


OCTANOL-WATER PARTITION COEFFICIENTS (continued) 
Ref. 


Name 


Bromocyclohexane 
Hexanenitrile 
1-Нехепе 
4-Methyl-1-pentene 
Cyclohexane 
Methylcyclopentane 
Cyclohexanol 
Hexanal 

2-Hexanone 
4-Methyl-2-pentanone 
Hexanoic acid 

Butyl acetate 
1-Bromohexane 
Cyclohexylamine 
Hexane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 

2-Hexanol 

3-Hexanol 
3,3-Dimethyl-2-butanol 
Dipropyl ether 
Diisopropyl ether 
Hexylamine 
Dipropylamine 
Triethylamine 
2-Bromobenzoic acid 
3-Bromobenzoic acid 
4-Bromobenzoic acid 
Benzonitrile 
Benzaldehyde 
Benzoic acid 

Phenyl formate 
Salicylic acid 
(Bromomethyl)benzene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
p-Nitrotoluene 
Toluene 
1,3,5-Cycloheptatriene 
o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 

Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
1-Heptene 
Methylcyclohexane 
2-Heptanone 
5-Methyl-2-hexanone 
1-Bromoheptane 
1-Chloroheptane 
1-Iodoheptane 
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log P 


3.20 
1.66 
3.40 
2.5 

3.44 
3.37 
1.23 
1.78 
1.38 
1:31 
1.92 
1.82 
3.80 
1.49 
4.00 
3.60 
3.82 
3.85 
2.03 
1.76 
1.65 
1.48 
2.03 
1.52 
2.06 
1.67 
1.45 
2.20 
2.87 
2.86 
1.56 
1.48 
1.88 
1.26 
2.20 
2.92 
3.42 
3.28 
3.33 
2.30 
2.42 
2.73 
2.63 
1.98 
1.98 
1.97 
1.05 
2.11 
1.09 
1.32 
1.40 
1.39 
1.66 
3.99 
3.88 
1.98 
1.88 
4.36 
4.15 
4.70 
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Mol. Form. 


СВ 
СНО 
СНО 
C.H, O 
C.H, O 
СВМ 
Са 
С,Н,О 
С,Н,5 
С,Н,Х 
С,Н,Х 
СН, 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О, 
CsHsO; 
CsHsO; 
СО, 
С,Н,О, 
С,Н,О, 
СзН о 
CsHio 
CsHio 
СН 
СНО 
С,Н,сО 
CsH,,O 
С,Н,сО 
С,Н,сО 
C,H, yO 
СНО 
С,Н,О 
CsH,,O 
СНО 
СНО 
C,H, yO 
СНО 
СұН 0 
CsH,,O 
СНО 
СұН 00 
CH; N 
С,Нү N 
С,Нү N 
CsHuO; 
CgH)5N 
C$Hijg 
СұН,6 
С,Н,О 
(03:17:07 
С,Н,,Вг 
СН в 
С,Н,О 
CH0 
С,Н,О 
С,Н,О 
CHN 


Name 


Heptane 

1-Heptanol 
2-Heptanol 
3-Heptanol 
4-Heptanol 
Heptylamine 
Phenylacetylene 
Benzofuran 
Benzo[b]thiophene 
Benzeneacetonitrile 
Indole 

Styrene 
Acetophenone 
2-Methylbenzaldehyde 
Benzeneacetaldehyde 
2,3-Dihydrobenzofuran 
Phenyloxirane 
o-Toluic acid 
m-Toluic acid 
p-Toluic acid 
Benzeneacetic acid 
Рһепуі acetate 
Methyl benzoate 
Ethylbenzene 
o-Xylene 

m-Xylene 

p-Xylene 
o-Ethylphenol 
m-Ethylphenol 
p-Ethylphenol 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Benzeneethanol 
a-Methylbenzyl alcohol 


3-Methylbenzenemethanol 
4-Methylbenzenemethanol 


Phenetole 

Benzyl methyl ether 
2-Methylanisole 
3-Methylanisole 
4-Methylanisole 
p-Ethylaniline 
N,N-Dimethylaniline 
Benzeneethanamine 
Butyl methacrylate 
Octanenitrile 
1-Octene 
Cyclooctane 
2-Octanone 
Octanoic acid 
1-Bromooctane 
Octane 

1-Octanol 
2-Octanol 
4-Octanol 

Dibutyl ether 
Quinoline 


log P 


4.50 
2.62 
2.31 
2.24 
2.22 
2.57 
2.40 
2.67 
3.12 
1.56 
2.14 
3.05 
1.63 
2.26 
1.78 
2.14 
1.61 
2.32 
2.37 
2.34 
1.41 
1.49 
2.20 
3.15 
3.12 
3.20 
3.15 
2.47 
2.50 
2.50 
2:35 
2.34 
2.36 
3.23 
235 
1.36 
1.42 
1.60 
1.58 
2.51 
1:35 
2.74 
2.66 
2.81 
1.96 
2.31 
1.41 
2.88 
2:15 
4.57 
4.45 
2.37 
3.05 
4.89 
5.15 
3.07 
2.90 
2.68 
3.21 
2.03 


Ref. 
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Mol. Form. 


CoH7N 
СУН, 
СНО 
CoHoN 
CoHio 
СНО 
СНО 
СНО 
Сон 0; 
CoH 0; 
СНА 0; 
СН 0; 
СН; 
СН 
СН» 
СН; 
СН; 
СН 
СН; 
СНО 
СНО 
СОН 0 
СН 0 
С Но 
CoH) 3N 
CoH) N 
СН 
CoH i O 
СЫН sO 
СУН» 
СУН» О 
СН 
Cj HCl 
Со НС 
Сон, 
Сүн, 
СоНзО 
СоНзО 
Србу О» 
СН 
Cio ig 
Срба 
СН 
Cio ig 
Сон, 
СН 
Сіон 40 
СұоН»0 
СНО 
CioHo; 
CioH;O 
CrHə/h N 
СиНю 
С.Н 
СН 
СН 
СүН,О 
СүНь 0, 
СС 
Cy HCl, 


OCTANOL-WATER PARTITION COEFFICIENTS (continued) 


Name 


Isoquinoline 
Indene 
trans-Cinnamic acid 
Benzenepropanenitrile 
Indan 
]-Phenyl-1-propanone 
]-Phenyl-2-propanone 
4-Methylacetophenone 
2-Phenylpropanoic acid 
Benzyl acetate 
4-Methylphenyl acetate 
Ethyl benzoate 
Propylbenzene 
Isopropylbenzene 
o-Ethyltoluene 
p-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
2-Propylphenol 
4-Propylphenol 
2,3,6-Trimethylphenol 
2,4,6-Trimethylphenol 
Benzenepropanol 
N,N-Dimethylbenzylamine 
Amphetamine 
1-Nonene 
2-Nonanone 
5-Methyl-2-octanone 
Nonane 
1-Nonanol 
Tripropylamine 
1-Chloronaphthalene 
2-Chloronaphthalene 
Naphthalene 
Azulene 
1-Naphthol 
2-Naphthol 
Isopropyl benzoate 
Butylbenzene 
tert-Butylbenzene 
Isobutylbenzene 
p-Cymene 
1,2,4,5-Tetramethylbenzene 
1,2,3,4-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene 
4-Butylphenol 
2-Decanone 
Decanoic acid 
Decane 
1-Decanol 
4-Phenylpyridine 
1-Methylnaphthalene 
2-Methylnaphthalene 
Pentylbenzene 
Pentamethylbenzene 
2-Undecanone 
Methyl decanoate 
Decachlorobiphenyl 
2,2/,3,3 ,4,5,5/,6,6'- 
Nonachlorobiphenyl 
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log P 


2.08 
2.92 
2.13 
1.72 
3.33 
2.19 
1.44 
2.19 
1.80 
1.96 
2.11 
2.64 
3.69 
3.66 
3.53 
3.63 
3.60 
3.63 
3.42 
2.93 
3.20 
2.67 
2.46 
1.88 
1.98 
1.76 
3,15 
3.16 
2.92 
5.65 
4.02 
2.79 
3.90 
3.98 
3.34 
3.22 
2.84 
2.70 
318 
4.26 
4.11 
4.01 
4.10 
4.10 
4.00 
4.10 
3.65 
3.77 
4.09 
6.25 
4.57 
2.59 
3.87 
4.00 
4.90 
4.56 
4.09 
4.41 
8.26 


8.16 


Ref. 
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Mol. Form. 


СНС 


CoH,CL 
СНС; 
Cy H,Cl, 
СНС 
СНЕСЕ 
C12H;Cl; 
CHCl, 
CHCl, 
Gol Cb 
C,5 HCl, 
CyHsCh 
CHCl 
о о 
CHCl 
CHCI 
CHCl 
СоНом 
СН 
СН 
СрНо% 
СНО 
emm 
Ср, |N 
СрНу 
СН 
СН} 
СрНцо 
СН 
СНз 
СрН»о 
СНО 
СНО 
C44H40 
сыны 
СізН 0 
СізН00 
СНО; 
CHNO 
СаНу 
Са Нь, 
СаНро 
СаНро 
СН 
С.Н 0 
С.Н,» 
СН 
С.Н 20 
Сану О 
СЫН, 
CuHi4 
CHa 
СНО 
С, Нь 
С, Нь 
СІН |» 
Ci Hio 
Ci Hio 
[erm 
Ci H. O; 


Name 


2,2/,3,3,5,5,6,6'"- 
Octachlorobiphenyl 


2,2/,3,3',4,4,6-Heptachlorobiphenyl 
2,2/,3,3,4,4'-Hexachlorobiphenyl 
2,2/,4,4',6,6'-Hexachlorobiphenyl 
2,2/,3,3,6,6'-Hexachlorobiphenyl 
2,3,4,5,6-Pentachlorobiphenyl 
2,2/,4,5,5'-Pentachlorobiphenyl 


2,3,4,5- Tetrachlorobiphenyl 
2,2/,4,5-Tetrachlorobiphenyl 
2,4,5-Trichlorobiphenyl 
2,4,6-Trichlorobiphenyl 
2,5-Dichlorobiphenyl 
2,6-Dichlorobiphenyl 
Dibenzofuran 
2-Chlorobiphenyl 
3-Chlorobiphenyl 
4-Chlorobiphenyl 
Carbazole 
Acenaphthene 
Biphenyl 

Azobenzene 

Diphenyl ether 
Diphenyl sulfide 
Diphenylamine 
1-Ethylnaphthalene 
1,2-Dimethylnaphthalene 
1,4-Dimethylnaphthalene 
4-Phenylcyclohexanone 
Hexylbenzene 
Hexamethylbenzene 
Cyclododecanone 
Dodecanoic acid 
1-Dodecanol 
9H-Fluoren-9-one 
Acridine 

9H-Fluorene 
Benzophenone 

Phenyl benzoate 
N-Phenylbenzamide 
Diphenylmethane 
4-Methylbiphenyl 
Diphenylmethanol 
Benzyl phenyl ether 
Anthracene 
Phenanthrene 
trans-Stilbene 
1-Methylfluorene 
2-Phenylacetophenone 
Benzyl benzoate 
1,2-Diphenylethane 
4,4’-Dimethylbiphenyl 
Octylbenzene 
Tetradecanoic acid 
2-Methylanthracene 
9-Methylanthracene 
1-Methylphenanthrene 
Fluoranthene 

Pyrene 
9,10-Dimethylanthracene 
Hexadecanoic acid 


log P 


7.10 
6.70 
7.00 
7.00 
6.70 
6.30 
6.40 
5.72 
5.73 
5.60 
5.47 
5.10 
5.00 
4.12 
4.52 
4.58 
4.61 
3.72 
3.96 
3.76 
3.82 
421 
4.45 
3.44 
4.40 
4.31 
4.37 
2.45 
5.52 
4.69 
4.10 
4.6 

5.13 
3.58 
3.40 
4.20 
3.18 
3.59 
2.62 
4.14 
4.63 
2.67 
3.79 
4.56 
4.52 
4.81 
4.97 
3.18 
3.97 
4.70 
5.09 
6.30 
6.1 

5.15 
5.07 
5.14 
5.07 
5.08 
5.69 
3.17 


Ref. 
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Mol. Form. 


СиНр 
СиНр 
Саву; 
Са Ар 
Са Ар 
Саву; 
CjgH45N 
Су зоо» 
Сана о; 
СізН;40; 


OCTANOL-WATER PARTITION COEFFICIENTS (continued) 


Name 


11H-Benzo[a]fluorene 
11H-Benzo[b]fluorene 
Benz[a]anthracene 
Chrysene 
Naphthacene 
Triphenylene 
Triphenylamine 
Linolenic acid 
Linoleic acid 

Oleic acid 
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log P 


5.40 
5.75 
5.91 
5.73 
5.76 
5.49 
5.74 
6.46 
7.05 
7.64 


Ref. 
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Mol. Form. 


СН, Ол 
С ioHi O 
СН 
CooH 2 
СооНз2О› 
СНО 
СН 


СН 
СН 


Name 


Stearic acid 

Triphenylmethanol 

Perylene 

Benzo[a]pyrene 

Arachidonic acid 

Arachidic acid 

1,2-Dihydro-3-methylbenz[j] 
aceanthrylene 

Benzo[ghi]perylene 

Coronene 


PROTECTION AGAINST IONIZING RADIATION 


The following data and rules of thumb are helpful in estimating the penetrating capability of and danger of exposure to various types of ionizing 
radiation. More precise data should be used for critical applications. 


Alpha Particles 


Alpha particles of at least 7.5 MeV are required to penetrate the epidermis, the protective layer of skin, 0.07 mm thick. 


Electrons 

Electrons of at least 70 keV are required to penetrate the epidermis, the protective layer of skin, 0.07 mm thick. 

The range of electrons in g/cm2 is approximately equal to the maximum energy (Е) in MeV divided by 2. 

The range of electrons in air is about 3.65 m per MeV; for example, a 3 MeV electron has a range of about 11 m in air. 

A chamber wall thickness of 30 mg/cm? will transmit 70% of the initial fluence of 1 MeV electrons and 20% of that of 0.4 MeV electrons. 

When electrons of 1 to 2 MeV pass through light materials such as water, aluminum, or glass, less than 196 of their energy is dissipated as 
bremsstrahlung. 

The bremsstrahlung from 1 Ci of 32P aqueous solution in a glass bottle is about 1 mR/h at 1 meter distance. 

When electrons from a 1 Ci source of Sr - 9? Y are absorbed, the bremsstrahlung hazard is approximately equal to that presented by the gamma 
radiation from 12 mg of radium. The average energy of the bremsstrahlung is about 300 keV. 


Gamma Rays 

The air-scattered radiation (sky-shine) from a 100 Ci Co source placed 1 ft behind a 4 ft high shield is about 100 mrad/h at 6 ft from the outside 
of the shield. 

Within +20% for point source gamma emitters with energies between 0.07 and 4 MeV, the exposure rate (ЕЛ) at 1 ftis 6C-E-n where Cis the activity 
in curies, E is the energy in MeV, and п is the number of gammas per disintegration. 


Neutrons 
An approximate HVL (thickness of absorber for which the neutron flux falls to half its initial value) for 1 MeV neutrons is 3.2 cm of paraffin; that 
for 5 MeV neutrons is 6.9 cm of paraffin). 


Miscellaneous 

The activity of any radionuclide is reduced to less than 1% after 7 half-lives (i.e., 277 = 0.8%). 

For nuclides with a half-life greater than 6 days, the change in activity in 24 hours will be less than 1096. 

10 НУІ, (half-value layers) attenuates approximately by 103. 

There is 0.64 mm? of radon gas at STP in transient equilibrium with 1 Ci of radium. 

The natural background from all sources in most parts of the world leads to an equivalent dose rate of about 0.04 to 4 mSv per year for the average 
person. About 84% of this comes from terrestrial sources, the remainder from cosmic rays. The U. S. average is about 3.6 mSv/yr but can range up 
to 50 mSv/yr in some areas. A passenger in a plane flying at 12,000 meters receives 5 uSv/hr from cosmic rays (as compared to about 0.03 uSv/hr 
at sea level). 

The ICRP recommended exposure limit to man-made sources of ionizing radiation (Reference 2) is 20 mSv/yr averaged over 5 years, with the dose 
in any one year not to exceed 50 mSv. 

A whole-body dose of about 3 Gy over a short time interval will typically lead to 50% mortality in 30 days assuming no medical treatment. 


Units 

The gray (Gy) is the SI unit of absorbed dose; it is a measure of the mean energy imparted to a sample of irradiated matter, divided by the mass 
of the sample. Gy is a special name for the SI unit J/kg. 

The sievert (Sv) is the SI unit of equivalent dose, which is defined as the absorbed dose multiplied by a weighting factor that expresses the long- 
term biological risk from low-level chronic exposure to a specified type of radiation. The Sv is another special name for J/kg. 

1 curie (Ci) = 3.7-10!9 becquerel (Ва); i.e., 3.7-10!? disintegrations per second. 

1 roentgen (В) = 2.58-10 coulomb per kilogram (C/kg); a measure of the charge (positive or negative) liberated by x-ray or gamma radiation in 
air, divided by the mass of air. 

1 rad = 0.01 Gy 

1 rem = 0.01 Sv 


REFERENCES 


1. Padikal, T.N., and Fivozinsky, S.P., Medical Physics Data Book, National Bureau of Standards Handbook 138, U. S. Government Printing 
Office, Washington, D.C., 1981. 

2. 1990 Recommendations of the International Commission on Radiological Protection, ICRP Publication 60, Annals of the ICRP, Pergamon 

Press, Oxford, 1991. 

Radiation: Doses, Effects, Risks, United Nations Sales No. Е.86.Ш.О.4, 1985. 

4. Review of Particle Properties, Phys. Rev. D, 50, 1173, 1994 (p. 1268). 
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ANNUAL LIMITS ON INTAKES ОЕ RADIONUCLIDES 


K. F. Eckerman 


The following table lists, for workers, the annual limits on oral and inhalation intakes (ALI) for selected radionuclides based on the occupational 
radiation protection guidance of the International Commission on Radiological Protection (References 1 and 2). An intake of one ALI corresponds 
to an annual whole body dose of 0.02 Sv (2 rem). 

The ALI is expressed in the SI unit of activity, the becquerel (Bq), and in the conventional unit, the microcurie (ИСІ); 1 uCi = 3.7-10^ Bq. The 
chemical form of inhaled radionuclides is, in most instances, stated in terms ofthe rate of absorption to blood from the lungs and the fractional absorption 
from the small intestine. Type F, M, and S denote chemical forms which are absorbed from the lungs at rates characterized as fast, moderate, and slow, 
respectively. The time to absorb 90% of the deposited radionuclide, in the absence of radioactive decay, corresponds to about 10 minutes, 150 days, 
and 7000 days for Type F, M, and S compounds, respectively. Type F compounds can be considered to be more soluble than M or S, S being the most 
insoluble. Chemical form consideration for ingestion is specified by the fractional absorption from the small intestine, denoted as f. The f, values range 
from 10? to 1. Higher fractional absorption is associated with greater solubility of the compound. 


REFERENCES 
1. 1990 Recommendations of the International Commission on Radiological Protection, ІСЕР Publication 60, Annals of the ICRP 21, (1—3), 


Pergamon Press, Oxford, 1991. 
2. Dose Coefficients for Intakes of Radionuclides by Workers, ICRP Publication 68, Annals of the ICRP, 24(4), Pergamon Press, Oxford, 1995. 


Inhalation intakes Oral intakes 
Chemical Chemical 
Physical form ALI form ALI 
half-life Type/f, Bq на Л Ва на 
3H 12.3 y HT gas 1.1E+13 3.0E+08 1.000 1.1E+13 3.0E+08 
HTO vapor 1.1Е+09 3.0Е+04 
ПС 0.340 Ву СО 1.7E+10 4.5Е-05 1.000 8.3Е-08 2.3Е+04 
СО, 9.1Е+09 2.5E+05 
Organic 6.2E+09 1.7E+05 
compounds 
МС 5730у СО 2.5Е+10 6.8Е+05 1.000 3.4E+07 9.3E+02 
СО, 3.1Е+09 8.3E+04 
Organic 3.4E+07 9.3E+02 
compounds 
їр 1.83 h F 1.000 3.7E+08 1.0E+04 1.000 4.1E+08 1.1Е+04 
М 1.000 2.2Е+08 6.1E+03 
S 1.000 2.2E+08 5.8E+03 
Ма 2.60 у Е 1.000 1.0Е+07 2.7E+02 1.000 6.3E+06 1.7E+02 
Na 15.0 h F 1.000 3.8E+07 1.0E+03 1.000 4.7E+07 1.3E+03 
32p 1434 Е 0.800 1.8E+07 4.9E+02 0.800 8.3E+06 2.3E+02 
M 0.800 6.9E+06 1.9E+02 
355 87.4 а Inorganic 
compounds 
F 0.800 2.5E+08 6.8E+03 0.800 1.4E+08 3.9E+03 
M 0.800 1.8E+07 4.9E+02 0.100 1.1E+08 2.8E+03 
Vapor 1.7E+08 4.5Е+03 
Organic 1.000 2.6E+07 7.0E+02 
compounds 
OK 12.4h F 1.000 1.0E+08 2.7E+03 1.000 4.7E+07 1.3E+03 
BK 22.6h F 1.000 7.7Е+07 2.1Е+03 1.000 8.0Е-07 2.2Е-03 
45Са 163 а М 0.300 8.7E+06 2.4E+02 0.300 2.6E+07 7.1Е-02 
47Са 4.53 d М 0.300 9.5Е +06 2.6Е+02 0.300 1.3Е +07 3.4E+02 
Уст 2774 Е 0.100 6.7Е+08 1.8E+04 0.100 5.3E+08 1.4E+04 
M 0.100 5.9E+08 1.6E+04 0.010 5.4E+08 1.5E+04 
S 0.100 5.6E+08 1.5E+04 
5*Mn 312d F 0.100 1.8E+07 4.9E+02 0.100 2.8E+07 7.6E+02 
M 0.100 1.7Е+07 4.5Е-02 
52Ее 8.28 h Е 0.100 2.9E+07 7.8E+02 0.100 1.4E+07 3.9E+02 
M 0.100 2.1Е+07 5.7Е402 
55Ее 2.70 y Е 0.100 2.2Е+07 5.9E+02 0.100 6.1E+07 1.6E+03 
M 0.100 6.1E+07 1.6E+03 
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59Ee 


57Co 


58Co 


60Co 


Су 


59м 


63Ni 


65Zn 


67Ga 


68Ga 


68Ge 


Se 


Se 


86Rb 
85Sr 


87т т 


89Sr 


90Sr 


МО 


99mTc 


Te 


106Ru 


Ил 


1131 р 


1136 


1231 


1251 


1291 


ANNUAL LIMITS ON INTAKES OF RADIONUCLIDES (continued) 


Physical 
half-life 


44.5 d 
271d 
70.8 d 
527у 


127 В 
75000 у 
96.0 y 
244 d 
326d 
1.13 h 
288 d 
120 d 


65000 y 


18.6 d 
64.8 d 


2.80 h 
50.5 d 
29.1 y 
2754 
6.02h 
213000 y 


1.01 y 


2.83d 
1.66h 
1154 
13.2 В 
60.14 


1.57-107 у 


Inhalation intakes 


Oral intakes 


Chemical 
form 


Type/f 


F 0.100 
M 0.100 
M 0.100 
S 0.050 
M 0.100 
S 0.050 
M 0.100 
S 0.050 
F 0.500 
M 0.500 
S 0.500 
F 0.050 
M 0.050 
Vapor 

F 0.050 
M 0.050 
Vapor 

S 0.500 
F 0.001 
M 0.001 
F 0.001 
M 0.001 
F 1.000 
M 1.000 
F 0.800 
M 0.800 
F 0.800 
M 0.800 
F 1.000 
F 0.300 
S 0.010 
F 0.300 
S 0.010 
F 0.300 
S 0.010 
F 0.300 
S 0.010 
F 0.800 
S 0.050 
F 0.800 
M 0.800 
F 0.800 
M 0.800 
F 0.050 
M 0.050 
S 0.050 
F 0.020 
M 0.020 
F 0.020 
M 0.020 
F 0.020 
M 0.020 
F 1.000 
Vapor 

F 1.000 
Vapor 

F 1.000 


ALI 


Bq 


6.7Е-06 
6.3Е+06 
5.1Е+07 
3.3Е+07 
1.4Е+07 
1.2Е-07 
2.8Е+06 
1.2E+06 
2.9E+08 
1.3E+08 
1.3E+08 
9.1Е-07 
2.1E+08 
2.4E+07 
3.8E+07 
6.5E+07 
1.0E+07 
7.1Е+06 
1.8E+08 
7.1Е+07 
4.1E+08 
2.5E+08 
2.4E+07 
2.5E+06 
1.4E+07 
1.2Е-07 
1.3E+07 
6.5E+06 
1.5E+07 
3.6E+07 
3.1Е-07 
9.1Е-08 
5.7Е-08 
1.4E+07 
3.6E+06 
6.7E+05 
2.6E+05 
5.6E+07 
1.8E+07 
1.0Е-09 
6.9Е--08 
5.0Е+07 
6.3Е+06 
2.0Е+06 
1.2Е+06 
5.7E+05 
9.1Е-07 
6.5Е-07 
1.1Е+09 
6.3Е+08 
2.5E+07 
1.1Е-07 
1.8E+08 
9.5E+07 
2.7E+06 
1.4E+06 
3.9E+05 
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на 


1.8Е+02 
1.7E+02 
1.4E+03 
9.0E+02 
3.9E+02 
3.2Е-02 
7.6E+01 
3.2E+01 
7.9E+03 
3.6E+03 
3.6E+03 
2.5E+03 
5.8E+03 
6.5E+02 
1.0E+03 
1.7E+03 
2.7E+02 
1.9E+02 
4.9E+03 
1.9E+03 
1.1Е+04 
6.7E+03 
6.5E+02 
6.8E+01 
3.9E+02 
3.2Е-02 
3.4E+02 
1.7E+02 
4.2Е-02 
9.7Е+02 
8.4E+02 
2.5E+04 
1.5E+04 
3.9E+02 
9.7E+01 
1.8E+01 
7.0E+00 
1.5E+03 
4.9E+02 
2.7Е+04 
1.9Е+04 
1.4Е+03 
1.7E+02 
5.5Е-01 
3.2Е-01 
1.5E+01 
2.5Е+03 
1.7Е+03 
2.8Е+04 
1.7E+04 
6.8E+02 
2.8E+02 
4.9E+03 
2.6E+03 
7.4E+01 
3.9E+01 
1.1Е+01 


Chemical 
form 


fi 
0.100 


0.100 
0.050 
0.100 
0.050 
0.100 
0.050 
0.500 


0.050 


0.050 


0.500 
0.001 


0.001 
1.000 


0.800 
0.050 
0.800 
0.050 
1.000 
0.300 
0.010 
0.300 
0.010 
0.300 
0.010 
0.300 
0.010 
0.800 
0.050 
0.800 


0.800 


0.050 


0.020 
0.020 
0.020 
1.000 
1.000 


1.000 


ALI 
Bq uCi 
1.1E+07 3.0E+02 
9.5E+07 2.6E+03 
1.1E+08 2.8E+03 
2.7E+07 7.3E+02 
2.9E+07 7.TE+02 
5.9E+06 1.6E+02 
8.0E+06 2.2E+02 
1.7E+08 4.5E+03 
3.2Е-08 8.6Е-03 
1.3Е+08 3.6Е+03 
5.1Е+06 1.4E+02 
1.1E+08 2.8E+03 
2.0E+08 5.4E+03 
1.5E+07 4.2E+02 
7.TE+06 2.1Е+02 
4.9Е+07 1.3Е-03 
6.9Е-06 1.9E+02 
5.1E+07 1.4E+03 
7.1Е-06 1.9Е-02 
3.6Е+07 9.7E+02 
6.1E+07 1.6E+03 
6.7E+08 1.8E+04 
6.1E+08 1.6E+04 
7.TE+06 2.1Е+02 
8.7E+06 2.4E+02 
7.1Е-05 1.9E+01 
7.4Е-06 2.0Е+02 
2.7Е+07 7.3Е+02 
1.7E+07 4.5E+02 
9.1Е-08 2.5Е-04 
2.6E+07 6.9E+02 
2.9E+06 7.7E+01 
6.9E+07 1.9E+03 
7.1Е-08 1.9Е-04 
2.7Е+07 7.4Е-02 
9.5Е-07 2.6E+03 
1.3E+06 3.6E+01 
1.8E+05 4.9E+00 
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1290s 
134Cs 
136Сд 
137Cs 
Се 
144Се 
133Ba 
140Ва 


169Y bh 


198 Au 


198mAu 


197Hg 


203Ңе 


201T| 
210pp 
207Bi 
210pg 
224Ra 
226Ra 
228Ra 
228Th 
230Th 
232Th 


2341) 


ANNUAL LIMITS ON INTAKES OF RADIONUCLIDES (continued) 


Physical 
half-life 


8.04 d 
1344 
2.06 у 
13.14 
30.0 y 
32.5d 
284 d 
10.7 y 
1274 
32.0 d 


2.69 d 


2.304 


2.67 а 


46.6 а 


3.04 а 
22.3 y 
38.0 y 
1384 

3.66 4 
1600 y 
575у 
1.91 y 
77000 y 
1.40-10!° y 


2.44-105 y 


Inhalation intakes 


Oral intakes 


Chemical 
form 


Турејћ 


Марог 

Е 1.000 
Марог 

Е 1.000 

Е 1.000 

Е 1.000 

Е 1.000 
М 5.0Е-04 
5 5.0Е-04 
М 5.0Е-04 
5 5.0Е-04 
Е 0.100 

Е 0.100 
М 5.0Е-04 
5 5.0Е-04 
Е 0.100 
М 0.100 
5 0.100 

Е 0.100 
М 0.100 
S 0.100 
Inorganic 
compounds 
F 0.400 


Vapor 
Organic 
compounds 
F 0.020 

M 0.020 
Inorganic 
compounds 
F 0.400 


Vapor 
Organic 
compounds 
F 0.020 
M 0.020 
F 1.000 

F 0.200 

F 0.050 
M 0.050 
F 0.100 
M 0.100 
M 0.200 
M 0.200 
M 0.200 
M 5.0E-04 
S 2.0E-04 
M 5.0E-04 
S 2.0E-04 
M 5.0E-04 
S 2.0E-04 
F 0.020 
M 0.020 
S 0.002 


ALI 


Bq 


2.1E+05 
1.8E+06 
1.0E+06 
2.5E+08 
2.1E+06 
1.1Е+07 
3.0Е+06 
7.4Е+06 
6.58 +06 
8.7Е+05 
6.9Е+05 
1.1Е+07 
1.3Е+07 
9.5Е+06 
8.3E+06 
5.1E+07 
2.0E+07 
1.8E+07 
3.4E+07 
1.0E+07 
1.1Е-07 


2.4E+08 


4.5E+06 


2.0E+08 
7.1Е-07 


2.7Е+07 


2.9Е+06 


3.4Е+07 
1.1Е+07 
2.6E--08 
1.8E+04 
2.4E+07 
6.3E+06 
2.8E+04 
9.1E+03 
8.3E+03 
1.7E+03 
1.2E+04 
8.7E+02 
6.3E+02 
7ЛЕ-02 
2.8Е+03 
6.9Е+02 
1.7E+03 
3. 1E+04 
9.5E+03 
2.9E+03 
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uci 


5.6E+00 
4.9E+01 
2.7E+01 
6.7E+03 
5.6E+01 
2.8E+02 
8.1E+01 
2.0E+02 
1.7E+02 
2.4E+01 
1.9E+01 
3.0E+02 
3.4E+02 
2.6E+02 
2.3E+02 
1.4E+03 
5.5Е-02 
4.9E+02 
9.2E+02 
2.7E+02 
2.8E+02 


6.4E+03 


1.2E+02 


5.4E+03 
1.9E+03 


7.2Е-02 


7ЛЕ-01 


9.2Е+02 
2.8Е+02 
7.1Е+03 
4.9Е-01 
6.4E+02 
1.7E+02 
7.6Е-01 
2.5Е-01 
2.3Е-01 
4.5Е-02 
3.2Е-01 
2.4Е-02 
1.7E-02 
1.9E-02 
7.5E-02 
1.9E-02 
4.5E-02 
8.4E-01 
2.6E-01 
7.9E-02 


Chemical 
form 


f 


1.000 


1.000 
1.000 
1.000 
1.000 
5.0E-04 


5.0E-04 


0.100 
0.100 
5.0E-04 


0.100 


0.100 


1.000 
0.400 


0.020 


1.000 
0.400 


0.020 


1.000 
0.200 
0.050 


0.100 


0.200 
0.200 
0.200 
5.0E-04 
2.0E-04 
5.0E-04 
2.0E-04 
5.0E-04 
2.0E-04 
0.020 
0.002 


ALI 


Bq 


9.1Е+05 


3.3Е+08 
1.1Е+06 
6.7Е+06 
1.5Е +06 
2.8Е+07 


3.8E+06 


2.0E+07 
8.0E+06 
2.8E+07 


2.0E+07 


1.5E+07 


2.0E+08 
1.2E+08 


8.7E+07 


1.1E+07 
1.8E+07 


3.7E+07 


2.1Е+08 
2.9Е+04 
1.5Е+07 


8.3Е-04 


3.1Е+05 
7ЛЕ-04 
3.0Е-04 
2.9Е-05 
5.7E+05 
9.5E+04 
2.3E+05 
9.1Е-04 
2.2Е+05 
4.1E+05 
2.4E+06 


ИС 


2.5Е-01 


9.0Е+03 
2.8Е-01 
1.8Е+02 
4.2Е +01 
7.6Е+02 


1.0Е+02 


5.4E+02 
2.2E+02 
7.6E+02 


5.4E+02 


4.2E+02 


5.5E+03 
3.2E+03 


2.4E+03 


2.8E+02 
4.9E+02 


1.0E+03 


5.7E+03 
7.9Е-01 
4.2Е-02 


2.3Е+00 


8.3Е-00 
1.9Е+00 
8.1Е-01 

7.7Е+00 
1.5Е+01 
2.6Е+00 
6.2Е+00 
2.5Е+00 
5.9Е+00 
1.1E+01 
6.5E+01 


2351] 


2381] 


237Np 
239Np 
238pu 


239pu 


241pu 


241 Ат 
Ст 
252СЇ 


ANNUAL LIMITS ON INTAKES OF RADIONUCLIDES (continued) 


Physical 
half-life 


7.04-108 y 


447-10? y 


2.14-106 y 
2.36d 
87.7 y 


24100 y 


14.4 y 


432 y 
18.1y 
2.64 y 


Inhalation intakes 


Oral intakes 


Chemical 
form 


Type/f, 


F 0.020 
M 0.020 
S 0.002 
F 0.020 
M 0.020 
S 0.002 
M 5.0E-04 
M 5.0E-04 
M 5.0E-04 
$ 1.0Е-05 


M 5.0E-04 
5 1.0Е-05 


М 5.0Е-04 
5 1.0Е-05 


М 5.0Е-04 
М 5.0Е-04 
М 5.0Е-04 


ALI 


Bq 


3.3Е-04 
1.1Е+04 
3.3Е+03 
3.4E+04 
1.3E+04 
3.5E+03 
1.3E+03 
1.8E+07 
6.7E+02 
1.8E+03 


6.3E+02 
2.4E+03 


3.4E+04 
2.4E+05 


7.4Е-02 
1.2E+03 
1.5E+03 
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uci 


9.0E-01 
3.0E-01 
8.9E-02 
9.3E-01 
3.4E-01 
9.5E-02 
3.6E-02 
4.9E+02 
1.8E-02 
4.9E-02 


1.7E-02 
6.5E-02 


9.3E-01 
6.4E+00 


2.0E-02 
3.2Е-02 
4.2Е-02 


Chemical 
form 


f 


0.020 
0.002 


0.020 
0.002 


5.0E-04 
5.0E-04 
5.0E-04 
1.0E-05 
1.0E-04 
5.0E-04 
1.0E-05 
1.0E-04 
5.0E-04 
1.0E-05 
1.0E-04 
5.0E-04 
5.0E-04 
5.0E-04 


ALI 


Bq 


4.3E+05 
2.4E+06 


4.5E+05 
2.6E+06 


1.8E+05 
2.5E+07 
8.7E+04 
2.3E+06 
4.1E+05 
8.0E+04 
2.2E+06 
3.8E+05 
4.3E+06 
1.8Е+08 
2.1Е+07 
1.0Е+05 
1.7Е+05 
2.2Е-05 


на 


1.2E+01 
6.5E+01 


1.2E+01 
7.1Е401 


4.9Е-00 
6.8Е-02 
2.4E+00 
6.1E+01 
1.1E+01 
2.2E+00 
6.0E+01 
1.0E+01 
1.2E+02 
4.9E+03 
5.6E+02 
2.7E+00 
4.5E+00 
6.0E+00 


CHEMICAL CARCINOGENS 


The following substances are listed in the 70th Report on Carcinogens, released in December 2002 by the National Institute of Environmental Health 
Sciences (NIEHS) under the National Toxicology Program (NTP). Substances are grouped in two classes: 

- Known to be human carcinogens: There is sufficient evidence of carcinogenicity from studies in humans which indicates a causal relationship 
between exposure to the substance and human cancer. 

- Reasonably anticipated to be human carcinogens: There is limited evidence of carcinogenicity from studies in humans which indicates that causal 
interpretation is credible, but that alternative explanations, such as chance, bias, or confounding factors, could not be adequately excluded; or there 
is sufficient evidence of carcinogenicity from studies in experimental animals. 

The NTP report also lists many poorly defined materials such as soots, tars, mineral oils, coke oven emissions, etc. These materials are not included 
here. 

The table lists the name normally used in the Handbook of Chemistry and Physics, followed by additional names by which the substance is known. 
In many cases the primary name given here is different from that used in the NTP report; however, names used in the NTP report appear in the Other 
names column. The Chemical Abstracts Service Registry Number (CAS RN), given in the last column, is taken from the NTP report. Extensive details 
on each substance are given in the reference. 


REFERENCE 


Public Health Service, National Toxicology Program, 10th Report оп Carcinogens, available on the Internet at http://ehp.niehs.nih.gov/roc/toc 10.html 


Substance Other names CAS RN 

Known to be Human Carcinogens 
Aflatoxins 1402-68-2 
4-Aminobiphenyl p-Biphenylamine 92-67-1 
Arsenic compounds, inorganic 
Asbestos 1332-21-4 
Azathioprine 1H-Purine, 6-[(1-methyl-4-nitro- 1 H-imidazol-5-yl)thio]- 446-86-6 
Benzene 71-43-2 
p-Benzidine [1,1'-Biphenyl]-4,4'-diamine 92-87-5 
Beryllium апа beryllium compounds 7440-41-7 
Bis(2-chloroethyl) sulfide Mustard gas 505-60-2 
Bis(chloromethyl) ether 542-88-1 
1,3-Butadiene 106-99-0 
1,4-Butanediol dimethylsulfonate Myleran; Busulfan 55-98-1 
Cadmium and cadmium compounds 7440-43-9 
Chlorambucil 305-03-3 
Chloroethene Vinyl chloride; Chloroethylene 75-01-4 
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)- 

1-nitrosourea MeCCNU; Urea, 13909-09-6 
Chloromethyl methyl ether 107-30-2 
Chromium hexavalent compounds 
Cyclophosphamide 2H-1,3,2-Oxazaphosphorin-2-amine, 50-18-0 

N,N-bis(2-chloroethyl)tetrahydro-, 2-oxide 

Cyclosporin A Cyclosporine 59865-13-3 
Diethylstilbestrol 56-53-1 
Erionite 66733-21-9 
Estrogens, steroidal 
Melphalan L-Phenylalanine, 4-[bis(2-chloroethyl)amino]- 148-82-3 
Methoxsalen (with UV therapy) PUVA; 9-Methoxy-7H-furo[3,2-g][1 ]benzopyran-7-one 298-81-7 
2-Naphthylamine 2-Aminonaphthalene; B-Naphthylamine 91-59-8 
Nickel compounds 
Oxirane Ethylene oxide 75-21-8 
Radon 10043-92-2 
Silicon dioxide (respirable size) Quartz; Silica 14808-60-7 
Silicon dioxide (respirable size) Cristobalite; Silica 14464-46-1 
Silicon dioxide (respirable size) Tridymite; Silica 15468-32-3 
Tamoxifen 10540-29-1 
2,3,7,8- Tetrachlorodibenzo-p-dioxin TCDD; Dioxin 1746-01-6 
Thorium(IV) oxide Thorium dioxide 1314-20-1 
Triethylenethiophosphoramide Thiotepa; Tris(1-aziridinyl)phosphine, sulfide 52-24-4 
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CHEMICAL CARCINOGENS (continued) 


Substance 


Other names 


Reasonably Anticipated to be Human Carcinogens 


Acetaldehyde 

2-(Acetylamino)fluorene 

Acrylamide 

Acrylonitrile 

Adriamycin 

2-Amino-9,10-anthracenedione 
1-Amino-2-methyl-9, 10-anthracenedione 
2-Amino-3-methyl-3H-imidazo[4,5-f]quinoline 
Azacitidine 


Benz[a]anthracene 
Benzo[b]fluoranthene 
Benzo[j]fluoranthene 
Benzo[k]fluoranthene 

Benzo[a]pyrene 

2,2'-Bioxirane 
Bis(4-amino-3-chlorophenyl)methane 
2,2-Bis(bromomethyl)-1,3-propanediol 
Bis(2-chloroethyl)methylamine 

N,N’ -Bis(2-chloroethyl)-N-nitrosourea 
Bis[4-(dimethylamino)phenyl]methane 
1,3-Bis(2,3-epoxypropoxy)benzene 
Bis(2-ethylhexyl) phthalate 
Bromodichloromethane 

Bromoethene 
tert-Butyl-4-hydroxyanisole 
Chloramphenicol 

Chlorendic acid 

Chlorinated paraffins (С, 60% СІ) 
4-Chloro-1,2-benzenediamine 
2-Chloro-1,3-butadiene 
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea 
4-Chloro-2-methylaniline 
4-Chloro-2-methylaniline hydrochloride 
1-Chloro-2-methylpropene 
3-Chloro-2-methylpropene 
Chlorozotocin 

С.Т. Basic Red 9, monohydrochloride 
Cupferron 

Dacarbazine 
cis-Diaminedichloroplatinum 
2,4-Diaminoanisole sulfate 
4,4'-Diaminodiphenyl ether 
4,4'-Diaminodiphenylmethane 
Dibenz[a,h]acridine 
Dibenz[a,j]acridine 
Dibenz[a,h]anthracene 
7H-Dibenzo[c,g]carbazole 
Dibenzo[a,e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 
Dibenzo[a,l]pyrene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
2,3-Dibromo-1-propanol 
2,3-Dibromo-1-propanol, phosphate (3:1) 
p-Dichlorobenzene 
3,3'-Dichloro-p-benzidine 


Ethanal 


2-Propenamide 

Propenenitrile 

Doxorubicin 

2-Aminoanthraquinone 

1-Amino-2-methylanthraquinone 

0 

5-Azacytidine; 1,3,5-Triazine-2(1H)-one, 
4-amino-1-beta-D-ribofuranosyl- 


Benz[e]acephenanthrylene 
2,3,1,8'-Binaphthylene 


Diepoxybutane 

4,4-Methylene-bis(2-chloraniline); MBOCA 

ВВМР; Pentaerythritol dibromide 

Nitrogen mustard hydrochloride 

BCNU; Carmustine 

Michler's Base; 4,4-Methylenebis(N,N-dimethylbenzenamine) 
Diglycidyl resorcinol ether 

РЕНР; Di(2-ethylhexyl) phthalate 


Vinyl bromide 
BHA; Butylated hydroxyanisole 


5-Norbornene-2,3-dicarboxylic acid, 1,4,5,6,7,7-hexachloro- 


4-Chloro-o-phenylenediamine 
Chloroprene 

CCNU; Lomustine; Belustine 
p-Chloro-o-toluidine 
p-Chloro-o-toluidine hydrochloride 
Dimethylvinyl chloride 


D-Glucose, 2-[[[(2-chloroethyl)nitrosoamino carbonyl]amino]-2-deoxy- 


1H-Imidazole-4-carboxamide, 5-(3,3-dimethyl-1-triazenyl)- 
Cisplatin 

1,3-Benzenediamine, 4-methoxy, sulfate 

4,4-Oxydianiline 

4,4'-Methylenedianiline 


Naphtho[1,2,3,4-def]chrysene 
Dibenzo[b,def]chrysene 
Benzo[rst]pentaphene 
Dibenzo[def,p]chrysene 


Ethylene dibromide; EDB 

DBP 

Tris(2,3-dibromopropyl) phosphate 
1,4-Dichlorobenzene 
[1,1'-Biphenyl]-4,4'-diamine, 3,3'-dichloro- 
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CAS RN 


75-07-0 
53-96-3 
79-06-1 
107-13-1 
23214-92-8 
117-79-3 
82-28-0 
76180-96-6 
320-67-2 


56-55-3 
205-99-2 
205-82-3 
207-08-9 
50-32-8 
1464-53-5 
101-14-4 
3296-90-0 
55-86-7 
154-93-8 
101-61-1 
101-90-6 
117-81-7 
75-27-4 
593-60-2 
25013-16-5 
56-75-7 
115-28-6 
108171-26-2 
95-83-0 
126-99-8 
13010-47-4 
95-69-2 
3165-93-3 
513-37-1 
563-47-3 
54749-90-5 
569-61-9 
135-20-6 
4342-03-4 
15663-27-1 
39156-41-7 
101-80-4 
101-77-9 
226-36-8 
224-42-0 
53-70-3 
194-59-2 
192-65-4 
189-64-0 
189-55-9 
191-30-0 
96-12-8 
106-93-4 
96-13-9 
126-72-7 
106-46-7 
91-94-1 


Substance 


3,3'-Dichloro-p-benzidine dihydrochloride 


1,2-Dichloroethane 
Dichloromethane 


1,3-Dichloropropene (unspecified isomer) 


Diethyl sulfate 

2,3-Dihydro-6-propyl-2-thioxo- 
4(1H)-pyrimidinone 

1,8-Dihydroxy-9, 10-anthracenedione 

1,2-Dimethoxy-4-allylbenzene 

3,3'-Dimethoxybenzidine 

p-(Dimethylamino)azobenzene 

2',3-Dimethyl-4-aminoazobenzene 

Dimethylcarbamic chloride 

1,1-Dimethylhydrazine 

Dimethyl sulfate 

1,6-Dinitropyrene 

1,8-Dinitropyrene 

1.4-Dioxane 

1,2-Diphenylhydrazine 

Disperse Blue No. 1 

Epichlorohydrin 

1,2-Epoxy-4-(epoxyethyl)cyclohexane 

N-(4-Ethoxyphenyl)acetamide 

Ethyl carbamate 

Ethyl methanesulfonate 

N-Ethyl-N-nitrosourea 

Fluoroethene 

Formaldehyde 

Furan 

Hexachlorobenzene 

1,2,3,4,5,6-Hexachlorocyclohexane, 
(10,20,38,40,50.,6B) 

1,2,3,4,5,6-Hexachlorocyclohexane, 
(10,20,38,40,5B,6B) 

1,2,3,4,5,6-Hexachlorocyclohexane, 
(10,20,30,40,50,6р) 

Hexachlorocyclohexane (other isomers) 

Hexachloroethane 

Hexamethylphosphoric triamide 

Hydrazine 

Hydrazine sulfate 

2-Imidazolidinethione 

Indeno[1,2,3-cd]pyrene 

Kepone 

Lead(II) acetate 

Lead(II) phosphate 

o-Methoxyaniline hydrochloride 

2-Methoxy-5-methylaniline 

o-Methylaniline 

o-Methylaniline hydrochloride 

2-Methyl-1,3-butadiene 

5-Methylchrysene 

4,4-Methylenedianiline dihydrochloride 

Methyl methanesulfonate 

N-Methyl-N'-nitro-N-nitrosoguanidine 

N-Methyl-N-nitrosourea 

Methyloxirane 

Metronidazole 


CHEMICAL CARCINOGENS (continued) 


Other names 


3,3'-Dichloro-[1, 1 '-biphenyl]-4,4'-diamine dihydrochloride 
Ethylene dichloride 
Methylene chloride 


Propylthiouracil 


Danthron; 1,8-Dihydroxyanthraquinone 
Methyleugenol 
Dianisidine 


o-Aminoazotoluene; 4-o-Tolylazo-o-toluidine 
Dimethylcarbamoyl chloride 
UDMH 


Hydrazobenzene 

9,10-Anthracenedione, 1,4,5,8-tetraamino- 
(Chloromethyl)oxirane 
4-Vinyl-1-cyclohexene dioxide 

Phenacetin 

Urethane 


ENU; N-Nitroso-N-ethylurea 
Vinyl fluoride 


Perchlorobenzene 
Lindane; y-Hexachlorocyclohexane 


o-Hexachlorocyclohexane 


B-Hexachlorocyclohexane 


Perchloroethane 
Hexamethylphosphoramide; Tris(dimethylamino)phosphine oxide 


Ethylene thiourea 
1,10-(1,2-Phenylene)pyrene 
Chlordecone 


o-Anisidine hydrochloride 
p-Cresidine; 5-Methyl-o-anisidine 
o-Toluidine 

o-Toluidine hydrochloride 
Isoprene 


Benzenamine, 4,4'-methylenedi-, dihydrochloride 


N-Nitroso-N-methylurea 
1,2-Propylene oxide 
2-Methyl-5-nitro- 1 H-imidazole-1-ethanol 
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CAS RN 


612-83-9 
107-06-2 
75-09-2 
542-75-6 
64-67-5 
51-52-5 


117-10-2 
93-15-2 
119-90-4 
60-11-7 
97-56-3 
79-44-7 
57-14-7 
77-78-1 
42397-64-8 
42397-65-9 
123-91-1 
122-66-7 
2475-45-8 
106-89-8 
106-87-6 
62-44-2 
51-79-6 
62-50-0 
759-73-9 
75-02-5 
50-00-0 
110-00-9 
118-74-1 
58-89-9 


319-84-6 


319-85-7 


608-73-1 
67-72-1 
680-31-9 
302-01-2 
10034-93-2 
96-45-7 
193-39-5 
143-50-0 
301-04-2 
7446-27-17 
134-29-2 
120-71-8 
95-53-4 
636-21-5 
78-79-5 
3697-24-3 
13552-44-8 
66-27-3 
70-25-7 
684-93-5 
75-56-9 
443-48-1 


Substance 


Mirex 


Nickel (metallic) 

Nitrilotriacetic acid 

2-Nitroanisole 

6-Nitrochrysene 

Nitrofen 

2-Nitropropane 

1-Nitropyrene 

4-Nitropyrene 

N-Nitrosodibutylamine 

N-Nitrosodiethanolamine 

N-Nitrosodiethylamine 

N-Nitrosodimethylamine 

4-(N-Nitrosomethylamino)-1- 
(3-pyridyD-1-butanone 

N-Nitroso-N-methylvinylamine 

4-Nitrosomorpholine 

N-Nitrosonornicotine 

N-Nitrosopiperidine 

N-Nitroso-N-propyl-1-propanamine 

N-Nitrosopyrrolidine 

N-Nitrososarcosine 

Norethisterone 

Ochratoxin A 

2-Oxetanone 

Oxiranemethanol 

Oxymetholone 

Phenazopyridine hydrochloride 

Phenolphthalein 

Phenoxybenzamine hydrochloride 


Phenyloxirane 

Phenytoin 

Polybrominated biphenyls 

Polychlorinated biphenyls 

Procarbazine hydrochloride 

Progesterone 

1,3-Propane sultone 

Propyleneimine 

Reserpine 

Safrole 

Selenium sulfide 

Streptozotocin 

Sulfallate 

Tetrachloroethene 

Tetrachloromethane 

Tetrafluoroethene 

N,N,N’ № -Tetramethyl-4,4"- 
diaminobenzophenone 

Tetranitromethane 

Thioacetamide 

Thiourea 

o-Tolidine 

Toluene-2,4-diamine 


Toluene diisocyanate (unspecified isomer) 


Toxaphene 
1H-1,2,4-Triazol-3-amine 


1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane 


CHEMICAL CARCINOGENS (continued) 


Other names 


1,3,4-Metheno-1H-cyclobuta[cd]pentalene, 
1,1a,2,2,3,3a,4,5,5,5a,5b,6-dodecachlorooctahydro- 


N,N-Bis(carboxymethyl)glycine 
1-Methoxy-2-nitrobenzene 


Benzene, 2,4-dichloro-1-(4-nitrophenoxy)- 


Ethanol, 2,2'-(nitrosoimino)- 

DEN; Diethylnitrosamine 

DMN; Dimethylnitrosamine 

NNK; Ketone, 3-pyridyl-3-(N-methyl-N-nitrosamino)propyl 


Ethenamine, N-methyl-N-nitroso- 
N-Nitrosomorpholine 


]-Nitrosopiperidine 
N-Nitrosodipropylamine 


Glycine, N-methyl-N-nitroso- 
19-Norpregn-4-en-20-yn-3-one, 17-hydroxy-, (17 о)- 


B-Propiolactone 
Glycidol 


Androstan-3-one, 17-hydroxy-2-(hydroxymethylene)-17-methyl- 


2,6-Pyridinediamine, 3-(phenylazo)-, monohydrochloride 

3,3-Bis(4-hydroxyphenyl)-1(3H)-isobenzofuranone 

Benzenemethanamine, N-(2-chloroethyl)-N- 
(1-methyl-2-phenoxyethyl)-, hydrochloride 

Styrene-7,8-oxide 

5,5-Dipheny]-2,4-imidazolidinedione 

PBBs 

PCBs 


Pregn-4-ene-3,20-dione 
1,2-Oxathiolane, 2,2-dioxide 
2-Methylaziridine 


5-(2-Propenyl)-1,3-benzodioxole 


D-Glucopyranose, 2-deoxy-2-[[(methylnitrosoamino)carbonyl]amino]- 


N,N-Diethyldithiocarbamic acid, 2-chloroallyl ester 
Perchloroethylene 

Carbon tetrachloride 

Tetrafluoroethylene 
Bis(dimethylamino)benzophenone; Michler’s Ketone 


3,3-Dimethylbenzidine 
2,4-Diaminotoluene 


Polychlorocamphene 


Amitrole 
DDT; Dichlorodiphenyltrichloroethane 


16-56 


CAS RN 


2385-85-5 


7440-02-0 
139-13-09 
91-23-6 
7496-02-8 
1836-75-5 
79-46-9 
5522-43-0 
57835-92-4 
924-16-3 
1116-54-7 
55-18-5 
62-75-9 
64091-91-4 


4549-40-0 
59-89-2 
16543-55-8 
100-75-4 
621-64-7 
930-55-2 
13256-22-9 
68-22-4 
303-47-9 
57-57-8 
556-52-5 
434-07-1 
136-40-3 
77-09-8 


63-92-3 
96-09-3 
57-41-0 


1336-36-3 
366-70-1 
57-83-0 
1120-71-4 
75-55-8 
50-55-5 
94-59-7 
7446-34-6 
18883-66-4 
95-06-7 
127-18-4 
56-23-5 
116-14-3 
90-94-8 


509-14-8 
62-55-5 
62-56-6 
119-93-7 
95-80-7 
26471-62-5 
8001-35-2 
61-82-5 
50-29-3 


Substance 


Trichloroethene 
Trichloromethane 
(Trichloromethyl)benzene 
2,4,6-Trichlorophenol 
1,2,3- Trichloropropane 


CHEMICAL CARCINOGENS (continued) 


Trichloroethylene 
Chloroform 
Benzotrichloride 


Other names 


16-57 


CAS RN 


79-01-6 
67-66-3 
98-07-7 
88-06-2 
96-18-4 


MISCELLANEOUS MATHEMATICAL CONSTANTS 


л CONSTANTS 


т = 3.14159 26535 89793 23846 26433 83279 50288 41971 69399 37511 

1/n = 0.31830 98861 83790 67153 77675 26745 02872 40689 19291 48091 

n? = 9.86960 44010 89358 61883 44909 99876 15113 53136 99407 24079 

log, п = 1.14472 98858 49400 17414 34273 51353 05871 16472 94812 91531 
log, т = 0.49714 98726 94133 85435 12682 88290 89887 36516 78324 38044 
logio -/2л = 0.39908 99341 79057 52478 25035 91507 69595 02099 34102 92128 


CONSTANTS INVOLVING e 


e — 2.71828 18284 59045 23536 02874 71352 66249 77572 47093 69996 

Пе — 0.36787 94411 71442 32159 55237 70161 46086 74458 11131 03177 

e? = 7.38905 60989 30650 22723 04274 60575 00781 31803 15570 55185 

M —logioe = 0.43429 44819 03251 82765 11289 18916 60508 22943 97005 80367 

ИМ —log,10 = 2.30258 50929 94045 68401 79914 54684 36420 76011 01488 62877 
logioM = 9.63778 43113 00536 78912 29674 98645 —10 


n? AND е" CONSTANTS 


n? —22.45915 77183 61045 47342 71522 
е" =23.14069 26327 79269 00572 90864 
0.04321 39182 63772 24977 44177 
4.81047 73809 65351 65547 30357 
i = е-!/?л = 0.20787 95763 50761 90854 69556 


° 
a 
| 


NUMERICAL CONSTANTS 


М2 = 1.41421 35623 73095 04880 16887 24209 69807 85696 71875 37695 
4/2 = 1.25992 10498 94873 16476 72106 07278 22835 05702 51464 70151 
102.2 = 0.69314 71805 59945 30941 72321 21458 17656 80755 00134 36026 
102102 = 0.30102 99956 63981 19521 37388 94724 49302 67881 89881 46211 
4/3 —1.73205 08075 68877 29352 74463 41505 87236 69428 05253 81039 
4/3 — 1.44224 95703 07408 38232 16383 10780 10958 83918 69253 49935 
log,3 = 1.09861 22886 68109 69139 52452 36922 52570 46474 90557 82275 
109103 =0.47712 12547 19662 43729 50279 03255 11530 92001 28864 19070 


OTHER CONSTANTS 


Euler's Constant y — 0.57721 56649 01532 86061 
log, y — — 0.54953 93129 81644 82234 
Golden Ratio ф = 1.61803 39887 49894 84820 45868 34365 63811 77203 09180 


озо 
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EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR COMMON LOGARITHMS 


Value 


.0000 
:0101 
0202 
0305 
0408 
0513 
0618 
0725 
0833 
0942 
11052 
41163 
11275 
1388 
1503 
11618 
1735 
1853 
11972 
2092 
2214 
2337 
2461 
2586 
2712. 
2840 
2969 
3100 
3231 
3364 
3499 
3634 
3771 
3910 
4049 
4191 
4333 
4477 
4623 
4770 
4918 
5063 
5220 
5373 
.5527 
.5683 
.5841 
.6000. 
-6161 
6323 
6487 
6653 
6820 
6989 
7160 
17333 
7507 
7683 
7860 
8040 
8221 
8404 
8589 
8776 
8965 
9155 
9348 
9542 
19739 
9937 
2.0138 
2.0340 
2.0544 


ех 


log 


10 


0.00000 
.00434 
.00869 
.01303 
.01737 
.02171 
.02606 
.03040 
.03474 
.03909 
.04343 
04777 
05212 
05646 
06080 
06514 
06949 
07383 
07817 
08252 
08686 


09 


20 


09554 
09989 


:104 


42 


23 


10857 
11292 
11726 


60 


12595 
413029 


134 


63 


13897 
14332 
414766 
.15200 
.15635 
.16069 
.16503 
.16937 
.17372 


-х 


е 
(value) 


1.00000 
0.99005 
.98020 
197045 
196079 
95123 
194176 
193239 
92312 
191393 
90484 
89583 
88692 
87809 
86936 
86071 
85214 
84366 
83527 
82696 
81873 
81058 
80252 
79453 
78663 
-77880 
77105 
176338 
175578 
74826 
74082 
173345 
72615 
71892 
171177 
70469 
69768 
.69073 
.68386 
.67706 
.67032 
.66365 
.65705 
.65051 
.64404 
.63763 
.63128 
.62500 
.61878 
.61263 
.60653 
.60050 
.59452 
.58860 
.58275 
.57695 
.57121 
.56553 
.55990 
.55433 
.54881 
.54335 
.53794 
.53259 
.52729 
.52205 
.51685 
.51171 
.50662 
.50158 
.49659 
49164 
„48675 


sinh x cosh x 
Value log!” value log!? 
0.0000 —oo 1.0000 0.00000 
0100 2.00001 1.0001 .00002 
0200 2.30106 1.0002 .00009 
.0300 247719 1.0005 .00020 
.0400 2.60218 1.0008 .00035 
0500 2.69915 1.0013 .00054 
.0600 2.77841 1.0018 .00078 
.0701 2.84545 1.0025 .00106 
.0801 2.90355 1.0032 .00139 
.0901 2.95483 1.0041 .00176 
1002 1.00072 1.0050 .00217 
1102 1.04227 1.0061 .00262 
1203 1.08022 1.0072 .00312 
1304 1.11517 1.0085 .00366 
1405 1.14755 1.0098 .00424 
1506 1.17772 1.0113 .00487 
1607 1.20597 1.0128 .00554 
1708 1.23254 1.0145 .00625 
.1810 125762 1.0162 .00700 
1911 1.28136 1.0181 .00779 
‚2013 1.30392 1.0201 .00863 
2115 1.32541 1.0221 00951 
2218 1.34592 1.0243 01043 
2320 1.36555 1.0266 01139 
2423 1.38437 1.0289 .01239 
.2526 1.40245 1.0314 01343 
2629 1.41986 1.0340 01452 
2733 1.43663 1.0367 01564 
2837 1.45282 1.0395 01681 
‚2941 1.46847 1.0423 01801 
3045 1.48362 1.0453 01926 
3150 1.49830 1.0484 02054 
3255 1.51254 1.0516 .02187 
3360 1.52637 1.0549 .02323 
.3466 1.53981 1.0584 .02463 
3572 1.55290 1.0619 .02607 
3678 1.56564 1.0655 .02755 
.3785 1.57807 1.0692 .02907 
.3892 1.59019 1.073 .03063 
4000 1.60202 1.0770 .03222 
.4108 1.61358 1.081 .03385 
.4216 1.62488 1.0852 .03552 
.4325 1.63594 1.0895 .03723 
4434 1.64677 1.0939 .03897 
.4543 1.65738 1.0984 .04075 
.4653 1.66777 1.1030 .04256 
.4764 1.67797 1.1077 .04441 
4875 1.68797 1.1125 04630 
4986 1.69779 1.1174 04822 
5098 1.70744 1.1225 05018 
5211 1.71692 1.1276 .05217 
.5324 1.72624 1.1329 .05419 
.5438 1.73540 1.1383 .05625 
.5552 1.74442 1.1438 .05834 
5666 1.75330 1.1494 .06046 
.5782 1.76204 1.1551 .06262 
.5897 1.77065 1.1609 .06481 
.6014 1.77914 1.1669 .06703 
.6131 1.78751 1.1730 .06929 
.6248 1.79576 1.1792 .07157 
.6367 1.80390 1.1855 .07389 
.6485 1.81194 1.1919 .07624 
.6605 1.81987 1.1984 .07861 
.6725 1.82770 1.2051 08102 
6846 1.83543 1.2119 08346 
6967 1.84308 1.2188 .08593 
7090 1.85063 1.2258 08843 
17213 1.85809 1.2330 .09095 
17336 1.86548 1.2402 .09351 
7461 1.87278 1.2476 09609 
7586 1.88000 1.2552 09870 
17712 1.88715 1.2628 10134 
.7838 1.89423 1.2706 10401 


tanh x 
(value) 


0.00000 
.01000 
.02000 
.02999 
.03998 
.04996 
.05993 
.06989 
.07983 
.08976 
.09967 

.10956 

.11943 

.12927 

.13909 

.14889 

.15865 

.16838 

.17808 

.18775 

.19738 

.20697 

.21652 

.22603 

.23550 

.24492 

.25430 

.26362 

2729 

28213 

2913 

-30044 

3095 

31852 

32748 

33638 

3452 

35399 

3627 
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EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR COMMON LOGARITHMS 


(continued) 
sinh x cosh x 
Value log!” Value log!” 
7966 1.90123 1.2785 0670 
8094 1.90817 1.2865 0942 
8223 1.91504 1.2947 1216 
8353 1.92185 1.3030 1493 
.8484 1.92859 1.3114 1773 
.8615 1.93527 1.3199 2055 
.8748 1.94190 1.3286 2340 
.8881 1.94846 1.3374 2627 
9015 1.95498 1.3464 2917 
9150 1.96144 1.3555 3209 
9286 1.96784 1.3647 3503 
9423 1.97420 1.3740 3800 
956 1.98051 1.3835 4099 
9700 1.98677 1.3932 4400 
.9840 1.99299 1.4029 4704 
.998 1.99916 1.4128 5009 
0122 0.00528 1.4229 5317 
.0265 01137 1.4331 5627 
0409 0174 1.4434 5939 
.0554 .0234 1.4539 6254 
0700 .02937 1.4645 6570 
.0847 .03530 1.4753 6888 
.0995 .04119 1.4862 7208 
1144 .04704 1.4973 753 
1294 .05286 1.5085 .17855 
1446 .05864 1.5199 .1818 
1598 .06439 1.5314 .18509 
1752 .0701 1.5431 .18839 
.1907 .07580 1.5549 1917 
2063 06146 1.5669 19504 
2220 .08708 1.5790 .19839 
2379 09268 1.5913 20176 
2539 09825 1.6038 20515 
2700 ‚10379 1.6164 20855 
2862 10930 1.6292 21197 
3025 11479 1.6421 21541 
3190 12025 1.6552 21886 
3356 12569 1.6685 22233 
3524 13111 1.6820 22582 
3693 13649 1.6956 22931 
3863 14186 1.7083 23283 
4035 14720 1.7233 23636 
4208 15253 1.7374 23990 
4382 15783 1.7517 24346 
4558 116311 1.7662 24703 
4735 16836 1.7808 25062 
4914 17360 1.7957 25422 
5095 17882 1.8107 .25784 
5276 18402 1.8258 26146 
5460 18920 1.8412 26510 
5645 19437 1.8568 .26876 
.5831 .19951 1.8725 27242 
6019 20464. 1.8884 27610 
6209 20975 1.9045 27979 
6400 21485 1.9208 28349 
.6593 .21993 1.9373 28721 
.6788 .22499 1.9540 29093 
.6984 .23004 1.9709 29467 
17182 23507 1.9880 29842 
17381 24009 2.0053 30217 
7583 24509 2.0228 30594 
7786 .25008 2.0404 30972 
7991 .25505 2.0583 31352 
8198 26002 2.0764 31732 
8406 26496 2.0947 32113 
8617 26990 2.1132 32495 
.8829 .27482 2.1320 32878 
‚9043 27974 2.1509 33262 
9259 28464 2.1700 33647 
9477 28952 2.1894 34033 
9697 29440 2.2090 34420 


tanh x 
(value) 


.62307 
.629 
.635 
.6410 
.6469 
.6572 
.658 
.6640. 
.6695 
.6750 
.6804 
.68581 
.69107 
.69626 
70137 
70642 
171139 
‚21630 
72113 
72590 
73059 
173522 
73978 
74428 
74870 
75307 
75736 
76159 
76576 
76987 
77391 
77789 
78181 
78566 
78946 
79320 
79688 
80050 
80406 
80757 
81102 
81441 
81775 
82104 
82427 
82745 
83058 
83365 
83668 
83965 
84258 
83546 
84828 
85106 
85380 
85648 
85913 
86172 
86428 
86678 
86925 
87167 
87405 
87639 
87869 
88095 
88317 
88535 
88749 
88960 
89167 
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EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR COMMON LOGARITHMS 


(continued) 
e* sinh x cosh x 

e tanh x 
х Value log!” (value) Value log!” Value log!” (value) 
44 4.2207 .62538 .23693 1.9919 .29926 2.2288 .34807 .89370 
45 4.2631 62973 .23457 2.0143 30412 2.2488 35196 89569 
46 4.3060 63407 23224 2.0369 30896 2.2691 35585 89765 
47 4.3492 6384 .22993 2.0597 31379 2.2896 35976 89958 
48 4.3929 64276 .22764 2.0827 431862 2.3103 36367 90147 
49 4.4371 64710 22537 2.1059 32343 2.3312 36759 90332 
450 4.4817 .65144 .22313 2.1293 .32823 2.3524 .37151 90515 
51 4.5267 65578 2209 2.1529 33303 2.3738 37545 90694 
.52 4.5722 .66013 2187 2.1768 33781 2.3955 37939 90870 
153 4.6182 66447 21654 2.2008 34258 2.4174 38334 91042 
154 4.6646 6688 21438 2.2251 34735 2.4395 38730 91212 
255; 4.7115 67316 21225 2.2496 35211 2.4619 39126 91379 
156 4.7588 67750 21014 2.2743 35686 2.4845 39524 91542 
Y 4.8066 .68184 .20805 2.2993 .36160 2.5073 .39921 91703 
.58 4.8550 .68619 .20598 2.3245 .36633 2.5305 40320 91860 
59 4.9037 69053 .20393 2.3499 437105 2.5538 40719 92015 
.60 4.9530 .69487 .20190 2.3756 37577 2.5775 41119 92167 
:61 5.0028 .6992 19989 2.4015 .38048 2.6013 .41520 92316 
.62 5.0531 70356 19790 2.4276 38518 2.6255 41921 92462 
63 5.1039 70790 .19593 2.4540 .38987 2.6499 42323 92606 
64 5.1552 71224 .19398 2.4806 .39456 2.6746 42725 92747 
65 5.2070 71659 19205 2.5075 39923 2.6995 43129 92886 
.66 5.2593 12093 .19014 2.5346 40391 2.7247 43532 93022 
67 5.3122 172527 18825 2.5620 40857 2.7502 43937 93155 
.68 5.3656 7296 18637 2.5896 41323 2.7760 44341 .93286 
.69 5.4195 73396 18452 2.6175 41788 2.8020 44747 93415 
70 5.4739 73830 18268 2.6456 42253 2.8283 45153 93541 
ЛІ 5.5290 .74264 18087 2.6740 42717 2.8549 45559 93665 
72 5.5845 74699 .17907 2.7027 43180 2.8818 45966 .93786 
NE 5.6407 75133 117728 2.7317 43643 2.9090 .46374 .93906 
74 5.6973 75567 17552 2.7609 44105 2.9364 46782 94023 
25 5.7546 76002 17377 2.7904 44567 2.9642 47191 94138 
76 5.8124 76436 17204 2.8202 45028 2.9922 47600 94250 
77 5.8709 76870 17033 2.8503 45488 3.0206 48009 94361 
78 5.9299 77304 16864 2.8806 45948 3.0492 48419 94470 
79 5.9895 177739 16696 2.9112 46408 3.0782 .48830 .94576 
80 6.0496 78173 16530 2.9422 46867 3.1075 49241 94681 
81 6.1104 78607 16365 2.9734 47325 3.1371 49652 94783 
182 6.1719 79042 16203 3.0049 47783 3.1669 50064 94884. 
183 6.2339 79476 16041 3.0367 4824 3.1972 50476 94983 
84 6.2965 79910 15882 3.0689 48698 3.2277 50889 95080 
85 6.3598 80344 15724 3.1013 49154 3.2585 51302 95175 
86 6.4237 80779 15567 3.1340 49610 3.2897 51716 95268 
87 6.4383 81213 15412 3.1671 50066 3.3212 52130 95359 
88 6.5535 81647 15259 3.2005 5052 3.3530 52544 95449 
189 6.6194 82082 15107 3.2341 50976 3.3852 52959 95537 
90 6.6859 82516 14957 3.2682 51430 3.4177 53374 95624 
91 6.7531 82950 14808 3.3025 51884 3.4506 53789 95709 
92 6.8210 83385 14661 3.3372 52338 3.4838 54205 95792 
93 6.8895 83819 14515 3.3722 5279 3.5173 54621 95873 
94 6.9588 84253 14370 3.4075 53244 3.5512 .55038 .95953 
95 7.0287 84687 14227 3.4432 53696 3.5855 55455 96032 
96 7.0993 85122 14086 3.4792 54148 3.6201 55872 96109 
97 7.1707 85556 13946 3.5156 54600 3.6551 56290 96185 
98 7.2427 85990 13807 3.5923 5505 3.6904 56707 96259 
99 7.3155 86425 13670 3.5894 55502 3.7261 57126 96331 
2.00 7.3891 86859 13534 3.6269 55953 3.7622 57544 96403 
2.01 7.4633 87293 13399 3.6647 56403 3.7987 57963 96473 
2.02 7.5383 87727 13266 3.7028 56853 3.8335 58382 96541 
2.03 7.6141 88162 13134 3.7414 57303 3.8727 58802 96609 
2.04 7.6906 88596 13003 3.7803 57753 3.9103 5922 96675 
2.05 7.1679 .89030 .12873 3.8196 .58202 3.9483 .5964 .96740 
2.06 7.8460 .89465 .12745 3.8593 .58650 3.9867 .6006 96803 
2.07 7.9248 89899 12619 3.8993 59099 4.0255 .60482 96865 
2.08 8.0045 90333 12493 3.9398 59547 4.0647 .60903 96926 
2.09 8.0849 90768 12369 3.9806 -59995 4.1043 .61324 96986 
2.10 8.1662 91202 12246 4.0219 .60443 4.1443 .61745 97045 
241 8.2482 91636 112124 4.0635 .60890 4.1847 .62167 97103 
2.12 8.3311 92070 12003 4.1056 61337 4.2256 62589 97159 
2.13 8.4149 92505 11884 4.1480 61784 4.2669 6301 97215 
214 8.4994 .92939 .11765 4.1909 .62231 4.3085 .63433 97269 
2.15 8.5849 93373 11648 4.2342 62677 4.3507 63856 97323 


EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR COMMON LOGARITHMS 


99453 

99888 
1.00322 
1.00756 
1.01191 
1.01625 
1.02059 
1.02493 
1.02928 
1.03362 
1.03796 
1.04231 
1.04665 
1.05099 
1.05534 
1.05968 
1.06402 
1.06836 
1.07271 
1.07705 
1.08139 
1.08574 
1.09008 
1.09442 
1.09877 
1.10311 
074 
1179 
1614 


a 


1.22905 
1.23340 
1.23774 
1.24208 


(continued) 
sinh x cosh x 

Value log!” Value log!” 
4.2779 63123 4.3932 64278 
4.3221 63569 4.4362 64701 
4.3666 64015 4.4797 65125 
4.4116 64460 4.5236 65548 
4.4571 64905 4.5679 65972 
4.5030 65350 4.6127 66396 
4.5494 65795 4.6580 66820 
4.5962 66240 4.7037 67244. 
4.6434 66684 4.7499 67668 
4.6912 67128 4.7966 68093 
4.7394 67572. 4.8437 68518 
4.7880 68016 4.8914 68943 
4.8372 68459 4.9395 69368 
4.8868 -68903 4.9881 .69794 
4.9370 .69346 5.0372 70219 
4.9876 .69789 5.0868 70645 
5.0387 70232 5.1370 71071 
5.0903 70675 5.1876 71497 
5.1425 71117 5.2388 71923 
5.1951 71559 5.2905 72349 
5.2483 72002 5.3427 72776 
5.3020 72444 5.3954 .73203 
5.3562 72885 5.4487 73630 
5.4109 73327 5.5026 74056 
5.4662. 73769 5.5569 .74484 
5.5221 74210 5.6119 7491 

5.5785 74652 5.6674 175338 
5.6354 75093 5.7235 75766 
5.6929 75534 5.7801 76194 
5.7510 75975 5.8373 7662 

5.8097 76415 5.8951 77049 
5.8689 76856 5.9535 77477 
5.9288 77296 6.0125 77906 
5.9892 77737 6.0721 ‚78334 
6.0502 78177 6.1323 78762 
6.1118 78617 6.1931 7919 

6.1741 79057 6.2545 79619 
6.2369 79497 6.3166 .80048 
6.3004 79937 6.3793 .80477 
6.3645 80377 6.4426 .80906 
6.4293 80816 6.5066 .81335 
6.4946 81256 6.5712 .81764 
6.5607 81695 6.6365 .82194 
6.6274 82134 6.7024 .82623 
6.6947 82573 6.7690 .83052 
6.7628 83012 6.8363 .83482 
6.8315 83451 6.9043 .83912 
6.9008 83890 6.9729 .84341 
6.9709 84329 7.0423 84771 
7.0417 84768 7.1123 85201 
7.1132 85206 7.1831 .85631 
7.1854 85645 7.2546 .86061 
7.2583 86083 7.3268 .86492 
7.3319 86522 7.3998 .86922 
7.4063 86960 7.4735 .87352 
7.4814 87398 7.5479 .87783 
7.5572 87836 7.6231 .88213 
7.6338 88274 7.6991 .89644 
7.7112 88712 7.7758 89074 
7.7894 89150 7.8533 89505 
7.8683 89588 7.9316 89936 
7.9480 90026 8.0106 90367 
8.0285 90463 8.0905 90798 
8.1098 90901 81712 91229 
8.1919 91339 8.2527 91660 
8.2749 91776 8.3351 92091 
8.3586 92213 8.4182 92522 
8.4432 92651 8.5022 92953 
8.5287 93088 8.5871 93385 
8.6150 93525 8.6728 93816 
8.7021 93963 8.7594 94247 


tanh x 
(value) 


197375 
97426 
197477 
97526 
197574 
97622 
97668 
197714 
197759 
97803 
97846 
197888 
97929 
97970 
98010 
98049 
98087 
98124 
9816 

98197 
98233 
98267 
9830 
98335 
98367 
98400 
9843 
98462 
98492 
98522 
9855 
198579 
98607 
198635 
9866 
98688 
98714 
98739 
98764 
198788 
98812 
198835 
198858 
98881 
98903 
98924 
98946 
98966 
98987 
99007 
99026 
99045 
99064 
99083 
99101 
99118 
99136 
99153 
99170 
99186 
99202 
99218 
99233 
99248 
99263 
99278 
99292 
99306 
99320 
99333 
99346 


EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR COMMON LOGARITHMS 


Value 


17.637 
17.814 
17.993 
18.174 
18.357 
18.541 
18.728 
18.916 
19.106 
19.298 
19.492 
19.688 
19.886 
20.086 
21.115 
22.198 
23.336 
24.533 
25.790 
27.113 
28.503 
29.964 
31.500 
33.115 
34.813 
36.598 
38.475 
40.447 
42.521 
44.701 
46.993 
49.402 
51.935 
54.598 
60.340 
66.686 
73.700 
81.45 
90.017 
99.484 
109.95 
121.5 
134.29 
148.4 
164.02 
181.2 
200.34 
221.4 
244.6 
270.4 
298.8 
330.3 
365.0: 
403.4 
518.01 
665.14 
854.06 
1096.6 
1808.0 
2981.0 
4914.8 
8103.1 
13360. 
22026. 


-і 


о © 


овом 


log!” 


1.24643 
1.25077 
1.25511 
1.25945 
1.26380 
1.26814 
1.27248 
1.27683 
1.28117 
1.28551 
1.28985 
1.29420 
1.29854 
1.30288 
1.32460 
1.34631 
1.36803 
1.38974 
1.41146 
1.43317 
1.45489 
1.47660 
1.49832 
1.52003 
1.54175 
1.56346 
1.58517 
1.60689 
1.62860 
1.65032 
1.67203 
1.69375 
1.71546 
1.73718 
1.78061 
1.82404 
1.86747 
1.91090 
1.95433 
1.99775 
2.04118 
2.08461 
2.12804 
2.17147 
2.21490 
2.25833 
2.30176 
2.34519 
2.38862 
2.43205 
2.47548 
2.51891 
2.56234 
2.60577 
2.71434 
2.82291 
2.93149 
3.04006 
3.25721 
3.47436 
3.69150 
3.90865 
4.12580 
4.34294 


-х 


е 
(value) 


.05670 
.05613 
.05558 
.05502 
.05448 
.05393 
.05340 
.05287 
.05234 
.05182 
.05130 
.05079 
.05029 
.04979 
.04736 
.04505 
.04285 
.04076 
.03877 
.03688 
.03508 
.03337 
.03175 
.03020 
.02872 
.02732 
.02599 
.02472 
.02352 
.02237 
.02128 
.02024 
.01925 
.01832 
.01657 
.01500 
.01357 
.01227 
01111 
01005 
00910 
00823 
00745 
00674 
00610 
00552 
00499 
00452 
00409 
00370 
00335 
00303 
00274 
00248 
00193 
00150 
00117 
00091 
00055 
00034 
-00020 
-00012 
-00007 
-00005 


(continued) 
sinh x cosh x 
Value log!” Value log!” 
8.7902 .94400 8.8469 94679 
8.8791 .94837 8.9352 95110 
8.9689 95274 9.0244 95542 
9.0596 9571 9.1146 95974 
9.1512 96148 9.2056 96405 
9.2437 96584 9.2976 96837 
9.3371 9702 9.3905 97269 
9.4315 97458 9.4844 97701 
9.5268 97895 9.5791 98133 
9.6231 9833 9.6749 98565 
9.7203 98768 9.7716 98997 
9.8185 99205 9.8693 99429 
9.9177 9964 9.9680 99861 
0.018 00078 0.068 00293 
0.534 02259 0.581 02454 
1.076 04440 1.122 04616 
1.647 06620 1.690 06779 
2.246 08799 2.287 08943 
2.876 10977 2.915 11108 
3.538 13155 3.575 13273 
4.234 115332 4.269 15439 
4.965 117509 4.999 17605 
5.734 19685 5.766 19772 
6.543 21860 6.573 21940 
7.392 24036 7.421 24107 
8.286 26211 8.313 26275 
9.224 28385 9.250 28444 
20.211 30559 20.236 30612 
21.249 32733 21.272 32781 
22.339 34907 22.362 34951 
23.486 37081 23.507 37120 
24.691 39254 24.711 39290 
25.958 .41427 25.977 41459 
27.290 .43600 27.308 43629 
30.162 47946 30.178 47970 
33.336 .52291 33.351 52310 
36.843 .56636 36.857 56652 
40.719 .60980 40.732 60993 
45.003 .65324 45.014 65335 
49.737 .69668 49.747 .69677 
54.969 74012 54.978 74019 
60.751 78355 60.759 78361 
67.141 82699 67.149 82704 
74.203 87042 74.210 87046 
82.008 91389 82.014 91389 
90.633 95729 90.639 95731 
00.17 2.00074 100.17 2.00074 
10.70 2.04415 110.7 2.04417 
22.34 2.08758 122.35 2.08760 
3521 2.13101 135.22 2.13103 
49.43 2.17444 149.44 2.17445 
65.15 2.21787 165.15 2.21788 
82.52 2.26130 182.52 2.26131 
201.71 2.30473 201.72 2.30474 
259.01 2.41331 259.0 2.41331 
332.57 2.52188 332.57 2.52189 
427.03 2.63046 427.03 2.63046 
548.32 2.73904 548.32 2.73903 
904.02 2.95618 904.02 2.95618 
490.5 3.17333 1490.5 3.17333 
2457.4 3.39047 2457.4 3.39047 
4051.5 3.60762 4051.5 3.60762 
6679.9 3.82477 6679.9 3.82477 
1013. 4.04191 11013. 4.04191 


tanh x 
(value) 


.99359 

99372 

99384 

99396 

99408 

99420 

99431 

99443 

99454 

99464 

99475 

99485 

99496 
0.99505 
0.99552 
0.99595 
0.99633 
0.99668 
0.99700 
0.99728 
0.99754 
0.99777 
0.99799 
0.99818 
0.99835 
0.99851 
9.99865 
0.99878 
0.99889 
0.99900 
0.99909 
0.99918 
0.99926 
0.99933 
0.99945 
0.99955 
0.99963 
0.99970 
0.99975 
0.99980 
0.99983 
0.99986 
0.99989 
0.99991 
0.99993 
0.99994 
0.99995 
0.99996 
0.99997 
0.99997 
0.99998 
0.99998 
0.99998 
0.99999 
0.99999 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 


х 
radians 


.0000 
0029 
0058 
0087 
0116 
0145 
0175 
0204 
0233 
0262 
0291 
0320 
0349 
0378 
0407 
0436 
0465 
0495 
0524 
0553 
0582 
0611 
0640 
0669 
0698 
0727 
0756 
0785 
0814 
0844 
0873 
0902 
0931 
0960 
0989 
1018 
1047 
1076 
1105 
11134 
1164 
31193 
1222 
11251 
11280 
1309 
1338 
1367 
1396 
1425 
1454 
1484 
1513 
11542 
11571 
1600 
1629 
1658 
1687 
1716 
1745 
1774 
1804 
11833 
1862 
1891 
1920 
1949 
1978 
2007 


х 


NATURAL TRIGONOMETRIC FUNCTIONS ТО FOUR PLACES 


degrees 


0° 


1° 


> 


3° 


4° 


T 


8 


10° 


00” 
10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 


` 00! 


10 
20 
30 
40 
50 


^ 00’ 


10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 
00” 
10 
20 
30 
40 
50 


^ 00 


10 
20 


^ 00 


sin x 


.0000 
.0029 
.0058 
.0087 
0116 
0145 
0175 
0204 
0233 
0262 
0291 
0320 
0349 
0378 
0407 
0436 
0465 
0494 
0523 
0552 
0581 
0610 
0640 
0669 
0698 
0727 
0756 
0785 
0814 
0843 
0872 
0901 
0929 
0958 
0987 
1016 
1045 
1074 
.1103 
.1132 
.1161 
.1190 
.1219 
.1248 
.1276 
.1305 
.1334 
.1363 
.1392 
.1421 
.1449 
.1478 
.1507 
.1536 
.1564 
.1593 
.1622 
.1650 
.1679 
.1708 
.1736 
.1765 
.1794 
.1822 
.1851 
.1880 
.1908 
1937 
.1965 
.1994 


cos x 


cos x 


1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
.9998 
9997 
9997 
9996 
9995 
9994 
9993 
9992 
9990 
9989 
9988 
9986 
9985 
9983 
998 
9980 
9978 
9976 
‚9974 
997 
9969 
9967 
9964 
9962 
9959 
9957 
9954 
995 
9948 
9945 
9942 
9939 
9936 
9932 
9929 
9925 
9922 
9918 
9914 
9911 
9907 
9903 
9899 
9894 
9890 
9886 
9881 
9877 
9872 
9868 
9863 
9858 
9853 
9848 
9843 
9838 
9833 
9827 
9822 
9816 
9811 
9805 
9799 


sin x 


tan x 


.0000 
.0029 
.0058 
.0087 
0116 
0145 
0175 
0204 
0233 
0262 
0291 
0320 
0349 
0378 
0407 
0437 
0466 
0495 
0524 
0553 
0582 
0612 
0641 
0670 
0699 
0729 
0758 
0787 
0816 
0846 
0875 
0904 
0934 
.0963 
.0992 
.1022 
.1051 
.1080 
1110 
11139 
1169 
1198 
11228 
11257 
11287 
1317 
1346 
1376 
11405 
11435 
1465 
1495 
11524 
1554 
1584 
1614 
11644 
1673 
1703 
1733 
1763 
1793 
11823 
11853 
11883 
11914 
1944 
1974 
‚2004 
2035 


cot x 


3 
1 
1 


А-7 


cot x 


43.8 
71.9 
14.6 
85.94 
68.75 
57.29 
49. 


+ 
t2 
© 


38. 


Y 
© o o 
22 p 

чәчә REGRAS 


БЭР 
ба 
>; 


{ап х 


sec х 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.001 
1.001 
1.001 
1.001 
1.001 
1.001 
1.001 
1.001 
1.002 
1.002 
1.002 
1.002 
1.002 
1.002 
1.003 
1.003 
1.003 
1.003 
1.004 
1.004 
1.004 
1.004 
1.005 
1.005 
1.005 
1.006 
1.006 
1.006 
1.006 
1.007 
1.007 
1.008 
1.008 
1.008 
1.009 
1.009 
1.009 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.020 
1.020 


v O бо со -10 O t л & & о оо кә Юю Юю — © © 


сөс x 


csc x 


343.8 
171.9 
114.6 
85.95 
68.76 
57.30 
49.11 
42.98 
38.20 
34.38 
31.26 
28.65 
26.45 
24.56 
22.93 
21.49 
20.23 
9.11 
8.10 
7.20 
6.38 
5.64 
4.96 
4.34 
3.76 
3.23 
2.75 
2.29 
1.87 
1.47 
1.10 
0.76 
0.43 
0.13 
9.839 
9.567 
9.309 
9.065 
8.834 
8.614 
8.405 
8.206 
8.016 
7.834 
7.661 
7.496 
7.337 
7.185 
7.040 
6.900 
6.765 
6.636 
6.512 
6.392 
6.277 
6.166 
6.059 
5.955 
5.855 
5.759 
5.665 
5.575 
5.487 
5.403 
5.320 
5.241 
5.164 
5.089 
5.016 


sec x 


90° 00 


ы 
о 


89° 00' 


88^ 00 


87^ 00 


86^ 00 


85" 00 


84^ 00 


832 00 


822 00 


812 00 


х 
degrees 


radians 


х 
radians 


.2036 
.2065 
.2094 
.2123 
2193 
2182 
«2211 
.2240 
.2269 
.2298 
.2327 
.2356 
2385 
2414 
2443 
2473 
2502 
2531 
2560 
2589 
2618 
2647 
2676 
2705 
2734 
2763 
2793 
2822 
2851 
2880 
2909 
2938 
2967 
2996 
3025 
3054 
3083 
3113 
3142 
43171 
3200 
3229 
3258 
3287 
3316 
3345 
3374 
3403 
3432 
3462 
3491 
3520 
3599 
3578 
3607 
3636 
3665 
3694 
13723 
3752 
3782 
3811 
3840 
3869 
3898 
3927 
3956 
3985 
4014 
4043 


NATURAL TRIGONOMETRIC FUNCTIONS ТО FOUR PLACES (continued) 


х 


degrees 


122 


13° 


14 


15° 


16° 


17° 


18° 


19° 


22° 


23° 


40 
50 


sin x 


2022 
205 
2079 
2108 
2136 
2164 
2193 
222 
2250 
2278 
2306 
2334 
2363 
239 
2419 
2447 
2476 
2404 
2532 
2560 
2588 
2616 
2644 
2672 
2700 
2728 
2756 
2784 
2812 
2840 
2868 
2896 
2924 
2952 
‚2979 
.3007 
.3035 
.3062 
.3090 
.3118 
.3145 
3173 
3201 
13228 
3256 
3283 
3311 
3338 
3365 
13393 
.3420 
.3448 
3475 
3502 
3529 
33597 
3584 
3611 
3638 
.3665 
.3692 
.3719 
.3746 
3773 
.3800 
.3827 
.3854 
.3881 
.3907 
.3934 


cos x 


cos x 


.9793 
9787 
9781 
9775 
9769 
9763 
19757 
9750 
9744 
9737 
9730 
9724 
9717 
9710 
9703 
9696 
9689 
9681 
9674 
9667 
9659 
9652 
9644 
9636 
9628 
9621 
9613 
9605 
9596 
9588 
9580 
9572 
9563 
9555 
9546 
9537 
9528 
9520 
9511 
9502 


.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 


94 


92 
83 
14 
65 
55 
46 
36 
26 
17 
07 


.9397 
.9387 
.9377 
.9367 
.9356 
.9346 
9336 
9325 
9315 
9304 
9293 
9283 
9272 
9261 
9250 
9239 
9228 
9216 
9205 


91 


94 


біп х 


cot x 


> 
© 


Ке 
x 
BNF — ооо QO = 80 - 


Q h F PO вв PO P P 4 Pp RASA 
ы 
о 


Тап х 


А-8 


sec x 


021 
022 
022 
023 
024 
025 
025 
.026 
.026 
.027 
.028 
.028 
.029 
.030 
.031 
.031 
.032 
.033 
.034 
.034 
.035 
.036 
.037 
.038 
.039 
.039 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.050 
051 
052 
053 
054 
056 
057 
058 
059 
060 
061 
062 
.063 
.064 
.065 
.066 
.068 
.069 
.070 
071 
4072 
4074 
4075 
.076 
1077 
4079 
.080 
081 
.082 
.084 
.085 
.086 
.088 


уг е ыл 


ооо ло» 


csc x 


cesc х 


Sec x 


78° 00 


77° 00 


76% 00 


75% 00 


74° 00 


73% 00 


72° 00 


71° 00 


70 


69% 00 


68^ 00 


67° 00 


degrees 


radians 


NATURAL TRIGONOMETRIC FUNCTIONS ТО FOUR PLACES (continued) 


x x 
radians degrees sin x cos x tan x cot x sec x ese x 
4072 20 43961 9182 4314 2.318 089 2.525 40 1636 
4102 30 3987 9171 .4348 2.300 .090 2.508 30 .1606 
4131 40 4014 9159 4383 2.282 092 2.491 20 11577 
4160 50 4041 9147 4417 2.264 093 2.475 10 1548 
4189 24° 00 4067 9135 4452 2.246 095 2.459 66^ 00 11519 
4218 10 4094 9124 .4487 2.229 .096 2.443 50 .1490 
4247 20 4120 9112 4522 221 097 2.427 40 11461 
4276 30 4147 9100 4557 2.194 099 2411 30 .1432 
4305 40 4173 9088 4592 2.177 4100 2.396 20 1403 
4334 50 4200 9075 4628 2.161 102 2.381 10 41374 
.4363 25" 00 .4226 .9063 4663 2.145 103 2.366 65% 00 1345 
4392 10 4253 9051 .4699 2.128 1105 2.352 50 11316 
4422 20 4279 9038 4734 2.112 106 2.337 40 1286 
4451 30 4305 9026 4770 2.097 108 2.323 30 11257 
4480 40 4331 9013 4806 2.081 .109 2.309 20 .1228 
4509 50 .4358 9001 4841 2.066 11 2.295 10 1199 
4538 26” 00 4384 8988 4877 2.050 113 2.281 64^ 00 1170 
4567 10 4410 8975 4913 2.035 114 2.268 50 1141 
.4596 20 .4436 8962 4950 2.020 116 2.254 40 1112 
.4625 30 .4462 8949 4986 2.006 417 2.241 30 11083 
4654 40 4488 8936 5022 1.991 119 2.228 20 1054 
4683 50 4514 8923 5059 1.977 12 2.215 10 11025 
4712 2T 00 4540 8910 5095 1.963 1122 2.203 63^ 00 0996 
4741 10 4566 8897 15132 1.949 4124 2.190 50 .0966 
ATI 20 4592 8884 5169 1.935 1126 2.178 40 0937 
4800 30 4617 8870 5206 1.921 1127 2.166 30 .0908 
4829 40 4643 8857 5243 1.907 129 2.154 20 0879 
4858 50 4669 8843 5280 1.894 413 2.142 10 0850 
4887 28° 00 4695 8829 15317 1.881 1133 2.130 62^ 00 .0821 
4916 10 4720 8816 5354 1.868 4134 2.118 50 .0792 
4945 20 4746 8802 15392 1.855 136 2.107 40 .0763 
4974 30 4772 .8788 .5430 1.842 .138 2.096 30 .0734 
.5003 40 4797 8774 5467 1.829 140 2.085 20 0705 
5032 50 4823 8760 5505 1.816 1142 2.074 10 0676 
5061 29° 00 4848 8746 5543 1.804 1143 2.063 61^ 00 0647 
5091 10 „4874 .8732 .5581 1.792 1145 2.052 50 0617 
5120 20 4899 8718 5619 1.780 147 2.041 40 0588 
5149 30 4924 8704 5658 1.767 1149 2.031 30 0559 
5178 40 4950 8689 5696 1.756 1151 2.020 20 0530 
5207 50 4975 8675 15735 1.744 1153 2.010 10 0501 
5236 30° 00 -5000 .8660 5774 1.732 1155 2.000 60° 00” 0472 
5265 10 5025 8646 5812 1.720 1157 1.990 50 0443 
5294 20 .5050 .8631 .5851 1.709 .159 1.980 40 .0414 
.5323 30 .5075 8616 5890 1.698 4161 1.970 30 0385 
15352 40 5100 8601 5930 1.686 1163 1.961 20 0356 
5381 50 5125 8587 5969 1.675 165 1.951 10 0327 
5411 31° 00 5150 8572 .6009 1.664 167 1.942 59° 00 0297 
5440 10 5175 8557 6048 1.653 169 1.932 50 0268 
5469 20 .5200 .8542 .6088 1.643 4171 1.923 40 0239 
5498 30 .5225 .8526 .6128 1.632 1173 1.914 30 0210 
5527 40 .5250 8511 6168 1.621 175 1.905 20 0181 
5556 50 5275 8496 6208 1.611 177 1.896 10 0152 
5585 322 00 .5299 .8480 .6249 1.600 4179 1.887 58" 00 0123 
5614 10 .5324 .8465 .6289 1.590 181 1.878 50 .0094 
.5643 20 .5348 .8450 .6330 1.580 .184 1.870 40 .0065 
.5672 30 .5373 .8434 .6371 1.570 .186 1.861 30 .0036 
.5701 40 .5398 .8418 .6412 1.560 .188 1.853 20 .0007 
.5730 50 .5422 .8403 .6453 1.550 .190 1.844 10 9977 
5760 33° 00 5446 8397 6494 1.540 192 1.836 57° 00 9948 
5789 10 5471 8371 6536 1.530 195 1.828 50 9919 
5818 20 5495 .8355 6577 1.520 197 1.820 40 9890 
5847 30 5519 8339 6619 1.511 .199 1.812 30 9861 
5876 40 5544 8323 6661 1.501 202 1.804 20 9832 
5905 50 5568 8307 6703 1.492 204 1.796 10 9803 
5934 34^ 00 .5592 .8290 .6745 1.483 .206 1.788 56^ 00 9774 
.5963 10 .5616 .8274 .6787 1.473 .209 1.781 50 9745 
5992 20 .5640 .8258 .6830 1.464 21 1.773 40 9716 
6021 30 5664 8241 6873 1.455 213 1.766 30 9687 
6050 40 5688 8225 6916 1.446 216 1.758 20 9657 
.6080 50 5712 8208 6959 1.437 218 1.751 10 9628 
х х 
cos x Sin x cot x tan x ese x sec x degrees radians 
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х 
radians 


.6109 
.6138 
.6167 
.6196 
.6225 
.6254 
.6283 
6312 
6341 
6370 
.6400 
.6429 
.6458 
.6487 
6516 
6545 
6574 
6603 
6632 
6661 
6690 
6720 
6749 
6778 
.6807 
.6836 
.6865 
.6894 
.6923 
.6952 
.6981 
-7010 
-7039 
-7069 
-7098 
11127 
7156 
‚7185 
7214 
‚7243 
17272 
7301 
-7330 
7359 
7389 
7418 
7447 
7416 
‚7505 
‚7534 
‚7563 
‚7592 
‚7621 
‚7650 
‚7679 
‚7709 
‚7738 
‚7767 
7796 
‚7825 
‚7854 


NATURAL TRIGONOMETRIC FUNCTIONS ТО FOUR PLACES (continued) 


х 
degrees 
35" 00 

10 
20 
30 
40 
50 
36^ 00 
10 


3T 00 


39° 00 


40^ 00 


417 00 


42° 00 


43° 00 


50 
45° 00 


sin x 


5736 
45760 
5783 
5807 
5831 
5854 
5878 
45901 
.5925 
.5948 
.5972 
.5995 
.6018 
46041 
.6065 
.6088 
6111 
.6134 
.6157 
.6180 
.6202 
.6225 
.6248 
.6271 
.6293 
.6316 
.6338 
.6361 
.6383 
.6406 
.6428 
.6450 
-6472 
.6494 
6517 
.6539 
.6561 
.6583 
.6604 
.6626 
.6648 
.6670 
.6691 
6713 
.6734 
.6756 
6777 
.6799 
.6820 
.6841 
.6862 
.6884 
.6905 
.6926 
.6947 
.6967 
.6988 
-7009 
-7030 
-7050 
-7071 


cos Х 


cos х 


-8192 
-8175 
.8158 
8141 
8124 
8107 
-8090 
-8073 
-8056 
.8039 
.8021 
-8004 
-7986 
-7969 
-7951 
7934 
7916 
.7898 
.7880 
.7862 
.7844 
‚7826 
-7808 
7790 
7771 
7753 
7735 
7716 
-7698 
-1679 
-7660 
-7642 
-7623 
-7604 
-7585 
-7566 
7547 
1528 
.7509 
.7490 
.7470 
.7451 
-7431 
7412 
7392 
4373 
22353 
7333 
7314 
7294 
7274 
7254 
‚7234 
7214 
7193 
7173 
7153 
7133 
7112 
‚7092 
7071 


sin x 


cot x 


tan x 
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sec x 


1.221 
1.223 
1.226 
1.228 
1.231 
1.233 
1.236 
1.239 
1.241 
1.244 
1.247 
1.249 
1.252 
1.255 
1.258 
1.260 
1.263 
1.266 
1.269 
1.272 
1.275 
1.278 
1.281 
1.284 
1.287 
1.290 
1.293 
1.296 
1.299 
1.302 
1.305 
1.309 
1.312 
1.315 
1.318 
1.322 
1.325 
1.328 
1.332 
1.335 
1.339 
1.342 
1.346 
1.349 
1.353 
1.356 
1.360 
1.364 
1.367 
1.371 
1.375 
1.379 
1.382 
1.386 
1.390 
1.394 
1.398 
1.402 
1.406 
1.410 
1.414 


сс x 


esc x 


1.743 
1.736 
1.729 
1.722 
1.715 
1.708 
1.701 
1.695 
1.688 
1.681 
1.675 
1.668 
1.662 
1.655 
1.649 
1.643 
1.636 
1.630 
1.624 
1.618 
1.612 
1.606 
1.601 
1.595 
1.589 
1.583 
1.578 
1.572 
1.567 
1.561 
1.556 
1.550 
1.545 
1.540 
1.535 
1.529 
1.524 
1.519 
1.514 
1.509 
1.504 
1.499 
1.494 
1.490 
1.485 
1.480 
1.476 
1.471 
1.466 
1.462 
1.457 
1.453 
1.448 
1.444 
1.440 
1.435 
1.431 
1.427 
1.423 
1.418 
1.414 


sec x 


55° 00 .9599 
50 9570 
40 9541 
30 9512 
20 9483 
10 9454 
54° 00 9425 
50 9396 
40 9367 
30 9338 
20 9308 
10 9279 
53° 00 9250 
50 9221 
40 9192 
30 9163 
20 9134 
10 9105 
52° 00' 9076 
50 9047 
40 9018 
30 .8988 
20 .8959 
10 .8930 
51° 00 .8901 
50 .8872 
40 8843 
30 8814 
20 8785 
10 8756 
50° 00 8727 
50 8698 
40 8668 
30 8639 
20 8610 
10 48581 
49° 00 8552 
50 8523 
40 8494 
30 8465 
20 8436 
10 8407 
48° 00 8378 
50 8348 
40 8319 
30 8290 
20 8261 
10 .8232 
47° 00 .8203 
50 .8174 
40 .8145 
30 8116 
20 8087 
10 8058 
46° 00 8029 
50 .7999 
40 7970 
30 ‚7941 
20 ‚7912 
10 ‚7883 
45" 00 7854 
х х 
degrees radians 


RELATION OF ANGULAR FUNCTIONS IN TERMS OF ONE ANOTHER 


TRIGONOMETRIC FUNCTIONS 


Function sina cosa tana cota sec a esca 
sino sino ЖУ! — cos? а tan а 1 +vsec? а — 1 1 
ЉУТ + tan? а УТ + cot? о sec о; (80,4 
cos 2 1 cot а 1 А сво a — 1 
ЖУ1- sine сова ЗУ сөс” о 
+V/1 + tan? а +У1 + соёо sec а UA 
tano sin a +V 1 — cos? а tano 1 +V sec? a — 1 1 
xV1-— sin? а COS w cota У esc? a — 1 
: cos o 
cota ЖУ1-яп о Нархан, ! cot o асан БИ +v csc? o — 1 
SG +< 1 — cos” а tan о +Vsec2 a — 1 
csc o 
sec w oda. | +V1 + tan? o жү + cot? а seco hu cd 
УТ – sin? a 08-0 CoU ЗУ csc? a — 1 
sec o 
csc a 1 1 1 ЕУ + tan? о +У1 + cot? а — o csc a 
sin о +/1 — cos? a — dama. = Мес? а — 1 


Note: Тһе choice of sign depends upon the quadrant in which the angle terminates. 


HYPERBOLIC FUNCTIONS 


Function sinh x cosh x tanh x 
sinh x= sinh x ioh x-—1 tanh x 

— tanh? x 
cosh x= УІ + sinh? x cosh x 1 

— tanh? x 


tanh x= sinh x 2 Усов 2 x— 1 tanh х 
V1- sinh? x — созћх — 


cosech х = 4 1 — tanh2 x 
sinh x /cosh? x — 1 tanh x 
sech x = 1 — tanh? x 


V 1 + sinh? x cosh x 


coth x = /1 + sinh? x + cosh x 1 
sinh x Vcosh? x— 1 tanh x 


Function cosech x sech x coth x 


sinh x = V 1 — sech? x ooh, 
cosech x ech eo /coth? x — 1 


cosh x= Мсозесће x + 1 1 7 coth х 
cosech х sech x Vcoth? х= 1 


tanh x= 1 +V 1 sech? x zd 
Veosech! x + 1 coth x 


cosech x — cosech x j sech x 1 vcoth? x- 1 
V 1 — sech? x = 1 


sech x= | _ Cosech x sech x Vcoth? х= 1 
Vcosech? x + 1 — сов x 


coth x = V cosech? x + 1 + 1 coth x 
V1 — sech? x 


Whenever two signs are shown, choose + sign if x is positive, — sign if x is negative. 


Derivatives* 


In the following formulas u, v, w represent functions of x, while a, c, n represent fixed real 
numbers. All arguments in the trigonometric functions are measured in radians, and all 
inverse trigonometric and hyperbolic functions represent principal values. 


d 
1. —(a)= 
249) 0 
а 
2, =< =] 
u 
3. 0699 = a 


ах 
du dv 
1 а ром и ду 
“ахХу/ — y? | vdx vdx 
аи nalu 
8. =< ) и" = 
а 1 аи 
4 ах (Уч) 2 /udx 
а (1 1 ди 
i dx () ~ шах 
а (1 п ди 
їг ах (=) “арч dx 
12 d (wN _ ut! Эн аи n dv 
` dx Хуй) ут dx dx 
d n my ,n—l,m-1l du 
13. ж“ У") = у (2212: 
а а аи 
14. 4 ERE ET 
“fw = 1740] 2 


а 

Ou t" и) = — + 
а 

(eq = yt 


а (uvw) = иу 20 + vw a + uw 
° ах dx dx 


du dv dw 


dx dx ах 


dy du 
dx Ú dx 


* Let y — f (x) and dy Хо) 


= f'(x) define respectively a function and its derivative for any value x in their 


common domain. The differential for the function at such a value x is accordingly defined as 


dy = 4769] = 4 dx = 170) dx = f'(x) dx 


Each derivative formula has an associated differential formula. For example, formula 6 above has the differential 
formula 


d(uvw) = uv dw + vw du + uw ду 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


DERIVATIVES (Continued) 


d? 
ja V0 = 


d у] = P СИИ 4 
de лоу ах" V 


аби) Фи Фи) (ам 
gus du ae ( ) 


ах 


ау Чи " п\ а?у а"?и 
ах ах"! 2 J dx? dx"? 


аы п d'vd' tu | R nN d"y 
dxk dxn-k n "de 


k 


n 

where i 
du 1 . dx 

аи 


а 14и 
og, u) _ (log, e) u dx 
а 1 аи 

4x 008 и) = nds 

d du 
— (at) = q'(l — 
F(a!) = d dog, a) т 


d a „du 
d cta 


dx 
4 (sin u) — а (соѕ и) 

а ди,. 
< (cosu) = — di (sin u) 

d ди, > 

d. (tan и) = de (вес“ и) 

d ди, > 

=< (cotu) = — x< (csc“ u) 
m ) = "г tan 
dx ET T 


S sed) - сата cotu 
dx EE. 


Ё (vers u) — e sin 
dx а. 


1 аи 


т . | ) I n 
) =- ( y the binomial coefficient, и non-negative integer and ( o) zu 
r(n—r 


Qu su cog , dv 
— (и") = vu 27 (log, u) и dx 


d : 
=< (arcsin u) = 


VI =i dx’ 


( 


Цар қ <=) 
< arcsinu < — 
2 2 
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31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


а 
dx (arc cos u) — 


dx 


d 
Ear cotu) = — 


d 
< (arc secu) = 


d 
d (arc csc u) = 


d 
< (arc vers u) = 


d 
— (arc tan u) = 


1 


аи 


дах 


1 


аи 


DERIVATIVES (Continued) 


(0 < 


1 
им — 1 ax’ 


u 


l 


1 


1--12 ах? 


du 


1 + 2 ах” 


du 


du 


Vu — i dx’ 


d. du 
< (sinh u) — d (cosh u) 


d du. 
d (cosh и) = Эс (sinh и) 


( 


2 


т 
< arctanu < = 


arccosu x m) 


2) 


(0 < arc cotu < n) 


T T 
0 < arc secu < — п < агсзеси < => 


(0 < arc сѕси < 


(0 < 


T 
2? 


arc vers и < л) 


d du 2 
39. jq, (tanh и) = = бесі u) 
d du 2 
40. 2 (софи) = — 2 (csch' и) 
41. 22777 и) = — Lo u-tanh u) 
dx dx 
42. Зани “сасый: со. и) 
ах ах 
а а 1 du 
43. — (sinh! = — [l ve + D] = -= 
gn n g cee шаа Ми + тах 
а E E d 2 = 1 du 
44. 2 (со8й u) = Пов(и + Уи т 
а a. _ djl It+u] 1 du 2 
45. = (tanh и) =-- E - 7 =i zg G <) 
d а и+1| 1 du 2 
46. лу («oth o= sez = = 20 (>I) 
2 
47. ще 2 15222 ши — 
ах ах и uv 1 — из ах 
d d 1+ A124 1 а 
48. — (csch wu) = log DAP шнш АКЕ : 
dx dx u ІШУІ + i? dx 
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T 
— п < arccscu < = 


(u> 1,cosh7! и > 0) 


(0 <и=< 1, ѕесћ 1и > 0) 


49. 


50. 


51. 


а (4 
ul fG)dx—f(q., — [pconstant] 
a |" (x) dx = —f(p). [g constant] 


Е “д чей 
4) 769% | TU. a dx + f(q.a) — fpa) P 


INTEGRATION 


The following is a brief discussion of some integration techniques. A more complete 
discussion can be found in a number of good text books. However, the purpose of this 
introduction 1s simply to discuss a few of the important techniques which may be used, in 
conjunction with the integral table which follows, to integrate particular functions. 

No matter how extensive the integral table, it is a fairly uncommon occurrence to find in 
the table the exact integral desired. Usually some form of transformation will have to be 
made. The simplest type of transformation, and yet the most general, is substitution. Simple 
forms of substitution, such as y = ax, are employed almost unconsciously by experienced 
users of integral tables. Other substitutions may require more thought. In some sections of 
the tables, appropriate substitutions are suggested for integrals which are similar to, but not 
exactly like, integrals in the table. Finding the right substitution is largely a matter of 
intuition and experience. 

Several precautions must be observed when using substitutions: 


1. Be sure to make the substitution in the dx term, as well as everywhere else in the integral. 

2. Be sure that the function substituted 18 one-to-one and continuous. If this is not the case, 
the integral must be restricted in such a way as to make it true. See the example following. 

3. With definite integrals, the limits should also be expressed in terms of the new dependent 
variable. With indefinite integrals, it is necessary to perform the reverse substitution to 
obtain the answer in terms of the original independent variable. This may also be done 
for definite integrals, but it is usually easier to change the limits. 


Example: 


x4 
la — х2 я 


Неге we make the substitution x = |а| 840. Then ах = |а| cos Ө dé, and 
Мад 52 = Уа? — asin? = ЛА — sin? Ө = |a cos 6| 


Notice the absolute value signs. It is very important to keep in mind that a square root radical 
always denotes the positive square root, and to assure the sign 18 always kept positive. Thus 
Ax? = |x|. Failure to observe this is a common cause of errors іп integration. 

Notice also that the indicated substitution 18 not a one-to-one function, that is, it does not 
have a unique inverse. Thus we must restrict the range of 0 in such a way as to make the 
function one-to-one. Fortunately, this is easily done by solving for 0 


Хх 
0—sn — 
lal 
ES | : uote n n 
and restricting the inverse sine to the principal values, — 5 <0< 7 
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Thus the integral becomes 


[“ sinf бја| cos Ө dO 
(4| | cos 6| 


Now, however, in the range of values chosen for 0, cos 0 1s always positive. Thus we may 

remove the absolute value signs from cos 0 in the denominator. (This is one of the reasons 

that the principal values of the inverse trigonometric functions are defined as they are.) 
Then the cos 0 terms cancel, and the integral becomes 


а | sinf Ө 20 
By application of integral formulas 299 and 296, we integrate this to 
asin? 0с050 Зай За! 


1 8 cos sind + 0+С 


We now must perform the inverse substitution to get the result in terms of х. We have 


"E. 
0—sin— 
lal 


А х 
sin 0 = — 
lal 


Then 


2 2 0, 
сове = +V 1 — sin? = ad 222 = А 


а la] 


Because of the previously mentioned fact that cos 0 is positive, we may omit the + sign. 
The reverse substitution then produces the final answer 


4 4 
! 2 ах- 22377 х? ole e dui. 

Ма? — x? 4 8 8 lal 

Any rational function of x may be integrated, if the denominator is factored into linear 
and irreducible quadratic factors. The function may then be broken into partial fractions, 
and the individual partial fractions integrated by use of the appropriate formula from the 
integral table. See the section on partial fractions for further information. 

Many integrals may be reduced to rational functions by proper substitutions. For example, 


t: 2 
2 = tans 
will reduce any rational function of the six trigonometric functions of x to a rational function 
of z. (Frequently there are other substitutions which are simpler to use, but this one 
will always work. See integral formula number 484.) 
Any rational function of x and мах + b may be reduced to a rational function of z by 
making the substitution 


2 = мах-Ь. 


Other likely substitutions will be suggested by looking at the form of the integrand. 

The other main method of transforming integrals is integration by parts. This involves 
applying formula number 5 or 6 in the accompanying integral table. The critical factor in 
this method is the choice of the functions и and v. In order for the method to be successful, 
у = dv and J у du must be easier to integrate than the original integral. Again, this choice is 
largely a matter of intuition and experience. 
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Example: 


J sss 


Two obvious choices are и- x, dv = sinx dx, or и = sin x, dv = x dx. Since a preliminary 
mental calculation indicates that f v du in the second choice would be more, rather than less, 
complicated than the original integral (it would contain х?), we use the first choice. 


dv = sinx dx у = — cosx 


Јула | оо |за —хсовх+ | совх@х 


= sin x — xcosx 


Of course, this result could have been obtained directly from the integral table, but it provides 
a simple example of the method. In more complicated examples the choice оҒи and v may not 
be so obvious, and several different choices may have to be tried. Of course, there is no 
guarantee that any of them will work. 

Integration by parts may be applied more than once, or combined with substitution. 
A fairly common case is illustrated by the following example. 


Example: 
|| е“ sin x dx 
Let 
u = е“ Then du-e'dx 
dv = sin x dx у = — cosx 


ј езахаг= [ав [у= -e coss | e cosxdx 


In this latter integral, 
Let u = е“ Then du = e" dx 


dy = cos x dx yv = sin x 


IET -e coss | e" cos xd = =e cosx+ | udv 
=-©созх+и— | vdu 


= -e cosx + езп — е зала 
This looks as if a circular transformation has taken place, since we are back at the same 
integral we started from. However, the above equation can be solved algebraically for the 
required integral: 


Ге sin x dx = Ке“ sin x — e” cos x) 


In the second integration by parts, if the parts had been chosen as u= cos x, dv = e*dx, 
we would indeed have made a circular transformation, and returned to the starting place. 
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In general, when doing repeated integration by parts, one should never choose the function и 
at any stage to be the same as the function v at the previous stage, or a constant times the 
previous v. 

The following rule is called the extended rule for integration by parts. It is the result of 
n 4- 1 successive applications of integration by parts. 

If 


в0д- [sod в) = ада 
ga(x) = few dx,...,gy(X) = ЖЕ dx,..., 
then 
| год - водах = Лод аб) О) (0 00 00 = +: 
+ У винт) СС f rosea dx 


A useful special case of the above rule is when f(x) is a polynomial of degree и. Then 
ЈУ (х) = 0, and 


ШЕ - go) dx = f(x) в) О) во (х) 4775) -8509-4--4-(-1У/709ёна09--С 


Ехатріе: 
If f(x) 2 x^, g(x) = sin x 


[заха = х2 cos x + 2xsin x + 2 cos x + C 


Another application of this formula occurs if 
Ј"од = af(x) and g"(x) = 5800, 


where а and b are unequal constants. In this case, by a process similar to that used in the 
above example for Је“ sin x dx, we get the formula 


| fga) а = 9: иг _ 69 с 


This formula could have been used іп the example mentioned. Here is another example. 


Example: 
If f(x) гж ё^, g(x) =sin 3x, then а = 4, Б-- 9, апа 


2х 5-2 2X 2x 
је зизхау == edt ^ ШЭЭХ + C =F @sin3x— 3053) + С 


The following additional points should be observed when using this table. 


— 


. A constant of integration is to be supplied with the answers for indefinite integrals. 

. Logarithmic expressions are to base е = 2.71828. .., unless otherwise specified, and are to 
be evaluated for the absolute value of the arguments involved therein. 

. All angles are measured in radians, and inverse trigonometric and hyperbolic functions 
represent principal values, unless otherwise indicated. 

4. If the application of a formula produces either a zero denominator or the square root of a 

negative number in the result, there 1s usually available another form of the answer which 


N 


о 
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avoids this difficulty. In many of the results, the excluded values are specified, but when 
such are omitted it is presumed that one can tell what these should be, especially when 
difficulties of the type herein mentioned are obtained. 

5. When inverse trigonometric functions occur in the integrals, be sure that any replacements 
made for them are strictly in accordance with the rules for such functions. This causes 
little difficulty when the argument of the inverse trigonometric function is positive, since 
then all angles involved are in the first quadrant. However, if the argument is negative, 
special care must be used. Thus if и > 0, 


E 1 
sin! и = cos! М1 — i = csc ! - , etc. 
u 


However, if u « 0, 


1 


1 
и = —cos | У! — и2 = —n — csc! etc. 
и 


sin 


See the section on inverse trigonometric functions for a full treatment of the allowable 
substitutions. 
6. In integrals 340—345 and some others, the right side includes expressions of the form 


Алап [В + Ctanf(x)]. 


In these formulas, the tan `! does not necessarily represent the principal value. Instead of 
always employing the principal branch of the inverse tangent function, one must instead 
use that branch of the inverse tangent function upon which /(х) lies for any particular 
choice of x. 


Example: 
4л dx 2 21an3 4.1 4n 
|| : = бап”! 2 | 
о 2+sinx /3 43 0 
222 Їл 2tan2r + 1 aas 2tan0 + | 
ЕСЕ 3 V3 
хо E j _ Ап 4у3л 
BLE 6 3 3 
Here 
_ı2tan2r + 1 a l 13т, 
tan ————— = tan -----, 
V3 3 6 
since f(x) = 2n; and 
based 2tan0+1 € 1 O T 
" 3 6 


since f(x) = 0. 


7. В, and E, where used in Integrals represents the Bernoulli and Euler numbers as defined 
in tables of Bernoulli and Euler polynomials contained in certain mathematics reference 
and hand-books, as for example, Beyer, W. H., Handbook of Mathematical Sciences, 
5th ed., CRC Press, Inc., West Palm Beach 1978, 577—583. 
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ELEMENTARY FORMS 


2 | «асах 


3 Гала =а | оф 


N 


SLT 
у ах 


Я Гезуәе- | иак+ [ras 
јив=ија [а= ја 


бэ 


> 


where и and v are any functions of x 


e 


= 


= 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


й IE: dx = w- fre dx 
л xttl 
s f> Pe rp except n = —1 
‚ [CE ler We) = 70949 
f(x) 
B ГЕ = logx 
X 
fax _ - AL) 
a/fG > Ух, (о) = 0) ах) 


ах 
а? + х? 


! 
fate 


— x2 


dx 
х2 — a 


! 


|| ех dx =e 


(b > 0) 


Довхах= xlogx—x 


ШЕ (а>0) 
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(а? > x? 


(x? > а?) 
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dx 
19. [S&S = or 


dx 
20. = 
| Veta 


1 IX 


21 sec 
a| 


! ах 
` J хух-а | 


> | ах lo а + Маг + x2 
И тете as x 


a 


FORMS CONTAINING (a+ bx) 


For forms containing а- bx, but not listed in the table, the substitution и = 


may prove helpful. 


| M (a + bxy"! 
23. ІШЕ dx = (m+ D ° ( 1) 

1 n 1 | Шығ) а 
24. [ха F bx) dur + Бх)" В 


a+ bx 
х 


(at+bx)"*!, | (nz—1,—2) 


| 


1 (а + bx)? (а + bx)? (a + bx)! 
25. | (at bx)" dx = 2 ba 
de al n+3 ал+? n+l 
х' (а + bx)" ап 
4 ју F ху” dx 
т+п+1 т+п+ 1 
ог 
1 
26. || x"(a + bx)" dx = E "| у а + bx)"*! (т n4 2) J х"Ца--Бху"! 2 
а(п 
ог 
1 
minti ЁС + bx)"*! ma | "а + bx)" d 


dx 1 
27. Гек sion o 


dx 1 
"m || (а+ bx) — b(a+ bx) 


29. | ах = 1 
(а + bx? 2b(a + bx) 


5 [a + bx — alog(a + bx)] 


30. І iud = ог 
a + bx 
ха 
p^ log (a + bx) 
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31. 


32. 


2 


35. 
36. 


37. 


38. 
39. 


40. 
41. 


42. 


43. 
44. 
45. 
46. 
47. 
48. 
49. 


50. 


de 
| 


| 
| 
| 


| 


ЈЕ 
I 
| 


Ја 
| 
| 
IE 


! 
! 


IE 
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(а + Бх) азх(а- ӛлу e ° x 
FORMS CONTAINING c^ x x, х? – с? 
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“з= juge ard 
с xl с-х 
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хах E 1 
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ах 1 x dx 
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53. 


54. 
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59. 
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62. 
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а 

ах 1 у 
— 80) 
хах 1га с 
саг [510800 - “дов | 
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US Au ke и 

X dx _ 64 у 
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225 rg Е log(v) 4 Do 

ах —1 ах 
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hae бэ F b(n — т ДЕР 2 


or 
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or 
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i tanh7! зассан 
ақ а” 
ах 1 маа bx 
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хах 1 2 
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x? dx “ГЕ 
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x | 1 


ах 
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69. - 
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2 
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73 || ах 1 || ах 2| ах 
` J eat bey! а] xac 2)" а] (а + bey" 
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| х” ах 1 dx a x” dx 
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or 
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or 
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90 J dx x Án. | ах 
` J (3х3)?  3e( xx) 33) ë + 


dx 1 х ах 
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93 || хах х? юм | хах 
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xdx 1 x? x dx 
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+ x 
2 
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102. = = log Ftan — 
м 2042|2 72-сху2-- 2 e-—x 
dx 111 c+ x Эрх 
103. эку дз Ë 08 = tan d 


xdx Ї 4 ax 
ex 28 с2 


хах 1 22 + x 


! 
! 
! 
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| 
J 
| 


106. =10 + tan 


cxx 202 |2 B uae ` gx? 


x?dx 1 | c+x a 


x? dx 1 | х2 — сх/2 + с? E ex 2 | 


107. 
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х? dx 


х 
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2 
If 4-0, then Х- (a+ 2) , and formulas starting with 23 should 
c 


be used in place of these. 


dx 2 21 Јех + b 
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X ма V4 
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d Vq Vq 
110 ЇЗ = ог 
1 2сх-5-1- 
log — 4, (q«0 
/-q “2сх-5--/-4 
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X? qX qJ X 
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J dx 1 барах 1 аврах 
(1 соѕах)2 24 2 ба 2 


cos ax 1 а: 


X == 
(1 + cos ax) 2а 2 ба 2 


COS ax 1 ax 1 зах 


+ m 
(1 — cos ax? 2a 2 6a 2 


ПЕ х Ji dx 
a+bcosx b bj a+bcosx 


ах 


аа 1 
(cos x)(a + b cos x. a Эв 


ТЕЙ | 5 2| ах 
2 4 aJ a+bcosx 


|| ах bsinx a || ах 
(а+ Бсоѕх)2 (02 — а2)(а + ђсовх) РР -а J а--Бсовх 


cos X d asinx b dx 
(а + bcos xy иж (а2 — Р2)(а + Бсоѕх) ad —b?] a+ bcosx 


|| ах 2 TE а + P a сх 
а2 +b? — Зађсовех с(а? — b?) а-»3В 2 


_; atancx 


dx 1 
= t 
| В со сх acd Р РЕВ 


1 


с 2 2 
Я а> Б 
dx асма? — Va — 2 ( ) 
—— or 
L= 1 а tan cx — УР — a? 


lo 3 
2ас/Б? — а? Ps tan cx + Vb? — a 


i 1 
| ST x= =+-log(1 3 
а 


1 + соѕах 


*See note 6 on page А-19. 


Е cos ax) 


A-43 


(22 >a 


378. 


379 


380 


381 


INTEGRALS (Continued) 
J шоо. Se (1 + sinax) 
2 = ax 
1 + япах а š 
J dx 1 2.4 lo tan X 
` J тах Ёсозах). 241 Есовах) 2a 95 ^5 
dx 1 1 п ах 
Ё T | logt | 
| (cos ахҮ(1 + sin ax) 2401 + зіпах) ~ 2a > a(g 2) 
пох ах Li (вес ах + 1) 
` (созах = соѕах) a Ë ш 


cos ax 1 
382. dx = 1 ЖЕТ 
(sin ах)(1 + sin ах) | а ӨВ ЭЕ E) 
sin ах 1 п ах 
383. : dx — : tlogt | 
(совахја Е sinax) T 241 Е зіпах) 2a È a(g >) 
совах 1 ах 
384. ах = + — 105 
тах + созах) ^ 24(1 + совах) 24 515 
ах 1 ax т 
385. = log te + 
Ја axccosax a? is an( 2 8) 
ах 1 T 
386. = —tan(ax = 
(тах + созах)? 2а ( а) 
ах 1 ах 
387. log(1 €t 
Г. + cosax + sin ax a os( ын >) 
ах 1 btancx + a 
388. = 
J: cos? сх — Б зіп сх — 2abc 08% tanex — а 
; 12,2 x 
389. =e ax)dx = —sinax — - cosax 
a a 
: 2х. 2; 2:-2 
390. БЕ ax)dx = “іп ах — = | COS ax 
a а 
DO 23 бу 
391. [cin ax)dx = аА i 9 ait DEDE dia 5 85 cosax 
а 3 
1 
- - X" cos ax + Z | ул cosaxdx 
а а 
ог 
x [m/2] т—2г 
392. | x" sinax dx = А nj m x 
COS ax 2. (-1) 02-20 Ug 
[(т—1)/2] ! m—2r—1 
| 5 т! х 
+ sin ax 2 (-1) SU Dr ағ? 
Note: [s] means greatest integer < s; [34]= 3, [1] = 0, etc. 
1 | 
393. [ses ax) dx = — Cos ax + Х sin ax 
a a 
2x x ax? —2 
394. Бе ахах- i шэг | == 3— sin ax 
a e 
3 282012 6 2х3 — бх 
395. [озах dx = = cos ax + 2 5 * sin ax 
a a 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


403. 


о 


404. 


405. 


406. 


407. 


408. 


409. 


410. 


411. 


412. 


413. 


414. 


INTEGRALS (Continued) 


SUSAN —™ | ул sin ax dx 
a a 
Or 
[m/2] т-2ғ 
х"(созах) dx = т! х 
[> sin ах > (— I 291 yl == 
1)/2] ! -m—2r—1 
% т! х 
шин У CD Gawd! ағ? 
See note integral 392. 
| sinax ds У cay (axy +! 
x = (2n + 1)(2n + 1)! 
cos ax (аху! 
dx zl | y 
ГЕ ues yen 2n(2n)! 
| x? xsin2ax соѕ2ах 
IE ax)dx — 1 ds ga 
3 3 2 1 х 2ах 
|| х (вш ax) dx = г (© 53 sin2ax — > 82 < 
(in ada xcos3ax  sin3ax 3xcosax | 3sinax 
x ax)dx = | 
12а 36a? 4a 4а 
Ју ашык ? 
T NE MUR ak sin2ax , cos2ax 
[e ax) dx x 45 Г 32 
3, 2 1 2 
I ax) dx = 5 | (5 23 sin Јах + 2 As = 
|| {соз disi хѕіп Зах  cosJax  3xsinax | 3cosax 
x ax) dx = | | | 
2а 36a? 4a 4a? 
sin ax sin ax _ а совах || 
x" dx — (m = 1)х"-1 у т – 1 xm-l x 
cos ах | cos ax a sin ax 
xm (m = 1)х”т- 1 т-1 xm-l А 
хсовах 
F i E lsi 
[55 1+ япах a(l + sin ах) ОВОИ 
Ш das 2 lo cos © 
1+ cosax a 2 102598 2 
ГЕ = Scot + 2 Іов віп = 
1 — cos 227 а 2 æ в 2 
|| хау dx = хїап^ 
] + cos x 2 
х= sinx X 
dx — —xcot 
|| ] — cos x = re 2 
2 sin а: 2/2 А 
fy 1 — cos ax dx = ээ = У (6) 
ау 1 — соѕах а 2 
2 sin ax 2/2 ax 
МТ + cosax dx = E sin( ) 
| а/1- созах а 2 
[м + sin x ах = +2(sin5 cos), 


[use + if (8k — 92 < x < (8k + 3) 


A-45 


T ~ 
=, Otherwise — 
2 


; k an integer] 


415. 


416. 


417. 


418. 


419. 


420. 


421. 


422. 


423. 


424. 


425. 


426. 


427. 


428. 


429. 


430. 


431. 


INTEGRALS (Continued) 


uw +2(sin> | cos). 


2 2 


[use + if (8k — 37 «x < (8k41) >: otherwise —; k an integer ] 


dx 
J— 


EJ/2 log tang, 


[use + if 4Кт < x < (4k+2)n, otherwise —; К an integer] 


dx 
le" 


EJ/2 log tan (> А 5), 


[use + if (4k — Пл < x < (4k + 1)n, otherwise -; k an integer] 


| ах = 
УГ-япх | 


x42 log ап (5 - Br 


[use + if (8k + 95 < x < (8k + 35. otherwise —; k an integer] 


|| ах БЭХ 
J/lcsinx ` 


-J2 log ап (5 + 5) 


[use + if (8k — 05 < x < (8k + 3, otherwise —; k an integer] 


Ї 
J (tan? ах) dx = z tanax— x 


1 1 
| ав ах) dx = — tan? ах + – log cos ax 
2а а 


taax 1 
(еше ахах- 3 —tanx+x 
a a 
tan”! ax 


|| (tan" ах) dx = 


п-2 
шы а. аш ax) dx 


Ї 
[or ax) dx = ——cotax— x 
a 


1 1 : 
| eo dx = – — соРах — -log sin ax 
2а а 


1 1 
[oor ax) dx = 3 cot? ax + -cotax + x 
a a 


|| (cot" ax) dx = — 


| 
| 


х 


біп ax 


х 


sin" ax 


dx — || х(сзс? ах) dx = — 


dx = J x(csc'ax) dx = 


cot”! ax 
Wc || (cot? ax) dx 


a(n—1 


хсоїах 


Ї : 
+ — logsinax 
а 


X COS ax 1 


а(п-(Увіһ ах аХп-1)п-2)віпһ" ax 
(п-2) x 


(n — 1) J sin"? ax 


dx 


x 1 Ї 
IF = [6а ах = ах tan ax + 2 log сов ах 


i 


COS" ax 


dx = || x(sec"ax) dx = 


x sinax 1 
а(п- 1) со“ —! ах а(п – 1)(п – 2) cos"? ax 


e x 4 
—— dx 
п— 1 J cos"? ax 


A-46 


INTEGRALS (Continued) 


sin ax 1 . jbcosax 
432. dx = sin 
V 1 + b2 sin? ax ab AES 
i 1 
433. шээг ах- log(b cos ax + У 1 — b? sin? ax) 
V1— 62 sin? ax ab 
X 1-5 5 X 
434. || (sin ax) V1 + b? sin? ах dx = — шэн Уз + B sin? ax i sin"! VIE 
435. || (sin ax) V1 — B^ sin? ax dx = — = ах J1 — b sin? ax 
a 
1-2 — 
- log(b cos ax + v 1 — b? sin" ах) 
2ab 
1 
436. COS OX ах = —log(bsinax + V1 + b? sin? ax) 
У1- 52 sin? ax ab 
437. POS Ok oec bon OBS) 
V1 — b sin? ax ab 
438. J (cos ax)v/1 + b? sin? ax dx = Е ах /1 + B sin? ax 
а 
+ 1 ei sin ax + У 1 + P2 sin? ax) 
2ab 
439. | (cosax)V 1 — P? sin? ax dx = ЗП Ах /1 b2 sin? ax + ший sin ах) 
2а 249 
ах +1 = Б 
440. || š віт fo" sinex), — (a> |b) 
Ма + ап? сх суа – Б а 


[use + if (2k — 95 < x < (2k + 05, otherwise -; k an integer] 


FORMS INVOLVING INVERSE TRIGONOMETRIC FUNCTIONS 


: ) МТ- а? 
441. [ e^ ax) dx = xsin `! ах + DUE UU 
a 
0252. 
442. [ e ах) dx = xcos ! ax — AGES 
a 


443. 


1 
[oan ax) dx = xtan7! ax — 5,leg (1 + а2х?) 


1 
444. J (cot™! ax) dx = хсог ах + 229801 + а2х?) 
а 


1 
445. [e ах) dx = х ес“! ах = log (ах Vax? — 1) 


446. [e ax) dx = хсѕс ! ах 4 ie (ae vax? — 1) 
a 


447. 


448. 


хаар ос 
| бө ! )dx = xsin 17+ Ма? — x2, (а> 0) 
а а 


х х 
fo ја = хсов“ | а? – х, (а> 0) 
а а 


INTEGRALS (Continued) 


-12 uu -іХ 4 2%22 
449. | (аа =) dx = x tan = – Slog (@ + x?) 
450. | (c =) dx = xcot- ” | У Іов(а2 + х2) 
а а 2 
1 
451. J x[sin7!(ax)] dx = 22104 -1) sin! (ax) c ax 1 — а2х2] 
1 
452. || x[cos (ax)] dx = 22109 — 1) cos! (ax) — ахм1-а2х2| 
а 
n+l ntl dx 
453. | x'[sin- (ах) dx = Z— sin”! (ax) - —— | ———— 1 
IE [sin (ax)] dx EXT sin (ах) nti} ГРУ (n ) 
„n+l "+1 dy 
454. | x"[cos- (ax)] dx = = dg ee * 
IE [cos (ax)] dx 24 1508 (ах) + EI] ГР? (n z —1) 
Е 1 + а2х? X 
: lov -1 
455. J x(tan ax)dx = 7,2 tan ax 72 
» EN : хан AL a || xttl 
456. IE бап ax) dx = 4 1 tan ах ret) 1+@2 ах 
Ж 1 + ах? х 
w” Las -1 | 
457. [ ax) dx = 22 cot" ax4 > 
, =] хе 4 a хе 
458. ЇЕ (со! оа еш ax 4 ХЭРЭЭ 
“2221 2 а 
ѕіп (ax) 1-41-а2х2 sin (ах) 
459. || 52 ах- 2) x = 
7l (ах) а 1 1 + У1— а2х2 
460. = — -cos^! (ах) +alog = ныг 
X X X 
-1 2 250 
461. J хи EDIAN «аз ©. - itam (ax) — Slog Еее a 2 
cot-lax PE" a x 
462. J E dx = zoot ax 2198 2211 
2/1-а?2х2 
463. | e ax} dx = x(sin7! ax) — 2x + SYM Mio ах 
a 
2V1 — ax? 
464. [ e ахуах- х(сов7! аху -2х- VM сов”! ax 
Л — dx 
x(sin-! ax)" + L4 (gin! ах)у“ “1100 — n(n — 1) J (sin! аху 2 dx 
a 
or 
465. J (ы Тауы „ тоо оол ase 
Х 0 біп ах) 
[n—1)2] у = 2500. 
! > (1) n. ах (віп! аху 2-і 


= (n — 2r — 1)!а 


Note: [s] means greatest integer < s. Thus [3.5] means 3; [5] = 5, [Ч =0. 


A-48 


INTEGRALS (Continued) 


/1 — A y2 
x(cos™! ах)" — — — (cos! ax)"!120 — пи — 1) || (сов“! аху Зах 
ог 
466. || (cos! axy'dx = 1001 5 
2 (с У’ ——— х(соз“! ах)" 
= 57 
>. у nWl-—ax (совт! ax ?r-! 
= ата a ATI ax 
(n — 2r — Па 
т=0 
1 1 
467. || —— in^! ax) ах = — (sin `! ax) 
Ү1-а?х2 2а 
468 J x ee йг ХЭЛ бага 2 
` J УГ-гах2 МИН”: | ` та 

+ лаш sin"! ax dx 

n? J у= а? is 
469. DR A cos ах) dx = — = cos”! ax 

1 2.2 2 
М1 = ах а 


n—1 

cos! ax) dx = — 
2 
na 


„П 

Ё х 

МІ = а2х2 cos lax — ч 
та 


x" 
470. c 
f; 1 — ax? 


n—1 x2 


Hp NE Exp 


lax dx 


tan ах E 2 
471. IE 5 1“ = за an ах) 
соі! ax 2244 
472. 7-5 dx = ——(cot ax) 
ах? + 1 а 
2 
1 
473. | ховс" ax dx = 5 sec! ax 5,2 vax? — 1 
а 
PES Ы 1 || х"4х 
474. | вес ax dx p Sec ах п+1/ qmd 
21025. cde afar 
475. E Fe = вес” ах ! ax 1 
х х х 
476. | хөвч ax dx = — све“ ! ах + E Ма?х? — 1 
а 
xttl 1 ха 
477. fe све“! ах dx = - төзе” ax 4 E IS 
EU. -1 [x3 
478. E к йуз. све“ ах ax 1 
x x x 
FORMS INVOLVING TRIGONOMETRIC SUBSTITUTIONS 
419... база (2 (z tan =) 
ç Е 1+2)1+ 7552 


— 22 7 2 
480. ШЕШ E ILE =) I T (z= ап) 


А-49 


INTEGRALS (Continued) 


+481. | f(sin x) dx || f) уг — (u= sin) 


*482. ГАС х)ах = [ross (u = cos x) 


*483. IL cos x) dx = [io d (u — sin x) 


А ( 22 1-2ү dz х 
484. ІШЕ соз) = 2 | (=. aa (== аҙ) 


LOGARITHMIC FORMS 
485. ІШ dx = xlogx— x 


2 


486 | хө шиг 2 
ШАА EC шп 


3 


3 
487. [гов х)ах = Z logx = n 


dus ^ü 4 xttl | хан 
B X (log ax) ах = осах 
|| (log ax) Ін (іу 


489. || (log x} dx = x(log х)? — 2xlog x + 2x 


x(log x)" — n || (logx)"!dx, (nz –1) 
490. ГЕ x)'dx — ог - 
сету 1982. 
r=0 1 


log x)" 1 
491. J ШОБ. logy"! 
х nal 


E PENCONCOM 
492. Г, Henlow.) + ox 2.2 ^ 3.31 ^ 


dx 
493. IE — log(log x) 


dx 1 
Ко J x(logx) (п – (ов ху! 


x" dx xml m+1 x" dx 


495. = | 
(log x)" (п – Пбовху“ n-1J (Іов х)" 
х" (log x)" n ЭД 
БО mlog x! d 
hia чт does) х 
496. || x" (log x)'dx = or 
n! ” (—logx) 
1 n yr 
CA LT ук =; у 
x? 
497. Б cos(b In x) dx = —— ——  — - [bsin(b In x) + (p + 1) cos(b 1n x)] + с 
(p+ 1) + 22 
pl 


498. |» sin(b In x) dx = “(р + Dsin(5In x) — bcos(bIn x)] + с 


X 
(p+ 1): + 52 


499. || iocar рони унесе 
а 


* Тһе square roots appearing in these formulas may be plus ог minus, depending on the 
quadrant of x. Care must be used to give them the proper sign. 


A-50 


500. 


log(ax + b) dx 


a 


INTEGR 


ах + 


ALS (Continued) 


x2 


| 


ploex 


bx 


P log(ax + b) 


n KT: " 1 ты 5 ЭН ? 
501. Б [log(ax + Б)] dx = EM | ( 2) log(ax + b) 


502. 


503. 


504. 


See note integral 392. 


505. 


506. 


507. 


508. 


509. 


510. 


511. 


512. 


N 


513 


1 b т+1 m+1 1 ax 
-ziil:) 3 ee 
log(ax + b) 1 logzax+)b | ay! ax+b 
J xm шан т-і xml "т 1 ( 9 log x 
1 aun Бү 
т- 15 x (-2) i Mr 
|| [02777] dx = (x + a)log(x + a) — (x — a)log(x — а) 
x—a 
К 1 т+1 т+1 
E» ха x" (-ay"t xH а | 
E [loe~ - “| dx = myI log(x + a) "ER log(x — a) 
дағы [0т+1)/2] 1 XN m—2r+2 
“т-1 zm EV 
1 х+а 1 х-а х-а 
filo] ax = лов log x2 
Дас р Ч 
(s У log X — 2x барсан tan"! 2250 A (62 — 
2с с А/4ас-12 
ог 
(log X) dx — b МР — 4 2cx +b 
| (s ) log X — 2x S tanh! es = ; (2 
2с с Vb? — 4ас 
where 
X =а + bx + cx? 
xttl 2c x"? b хан 
"(log X) dx — log X dx dx 
БЕС )dx nE S п+1 x š f Š 
where X = a + bx + cx? 
J [log(x? + а2)] dx = xlog(x2 + а“) — 2x + 2atan^! 
3 055 2 32 xta 
ІШ a^)| dx = хїо х — a^) — 2x + alog 
J x[logG? + а2)] dx = Цх2 + а?) юв(х7 + а?) — be 
ІШ Е Vx? + а?) ах = xlog(x + Vx? + а?) x2 + а? 
22222 : Ez 
| ховх Ev x? + а?) dx (5 РОД Е Ух2 + а?) 5 шин 
: 5 7 x" | 7 1 хаты 
Ё О + Ух? +a ldx г + Ух? + a?) А 1] = ae 


А-51 


дас < 0) 


дас > 0) 


INTEGRALS (Continued) 


514 ЕЕ + V x2 + D» log(x + vx? +a?) 1 Ta + Мх? + а? 
. 9, en 
х 


х2 


Ma ORO QUE SUNSET) 
515. ГЕ X a) = log(x X-a) 1 X 


x2 


516. J x" log? — a’) dx = = Б log(x? — a?) — а" log(x — a) 


[n/2] а? xr 
-(-а log(x + а) 2) 


Sn 2r+1 
See note integral 392. 
EXPONENTIAL FORMS 
517. Геж =е 
518. [c =-e* 
ах 
519. J edx = 
a 
ей 
520. је“ dx = — (ах — 1) 
а 
ле m J хэ! e" dx 
a a 
521. || х"е ах = ог 
т тих”! 
ах =] 7. 
4 24 ) (m — r)tar* 
e^ dx ах ах! аФ-х 
s>. | —-logx- ts rl z3 
ах 1 ах ах 
өз. | a = d TE dx 
xm m-—]xn-i т-1 xm-l 
ах 53 ах 
524. | oss —_ IUE Е 
а а) х 
ах ех 
525. [5 rim x — log(1 + e*) = log 25 
526. || gx ux d dap 
а + Бе a ap 
dx 1 ETATE 
527. || алыса уурч" (и уз). (а>0,5>0) 
1 T Jae” 23 Vb 
d 2m ab шүлт етх + УБ 
528. l= — be mx = or 
-1 а 
tz h^ И отх 0,5 
ирээ (Р ) АИ 
x =a 
529, || ag ur 
loga 
ей 1 
530. ах = —log(b + се 
b + се * ac og( < 


хей е 


531. ах- 
(1 + ax)° a2(1 + ax) 


A-52 


533 


534. J e“[sin(bx)][sin(cx)] ах = 


535. J e*[sin(bx)][cos(cx)] dx = | e^ 


INTEGRALS (Continued) 


e“[asin(bx) — b cos(bx)] 


3 | e^[sin(bx)] dx = 


а + b? 


e™[(b — с) sin(b — c)x + acos(b — с)х] 
2[a? + (b — cy] 
e^*[(b + c) sin(b + c)x + acos(b + с)х] 
2a? + (b + 91 


e“[asin(b — c)x — (b — c) cos(b — с)х] 
2142 + (b — cy] 


, €" [asin(b + c)x — (b + с) cos(b + c)x] 
2а + (b + cy] 


or 


ж [(asin bx — b cos bx)[cos(cx — а)) 


—c(sin bx) sin(cx — o)] 


where 


p= Je + 52 — 2) +4002, 


рсоѕа = а? +b- с2, рута = 2ас 


ЕЕ Қ | е“ cose e“[acos(2bx + с) + 2bsin(2bx + c)] 
536. || e^ [sin(bx)][sin(5x + c)] ах = р Xa +455) 

den | ae sine  e^[asinQbx + с) - 2bcos(2bx + c)] 
537. || e^'[sin(bx)][cos(bx + с)] dx = ЭН | 22 + 452) 
538. || e“[cos(bx)] dx = = p [а cos(bx) + b sin(bx)] 


539 


$ || e^ [cos(bx)][cos(cx)] 


e™[(b — c) sin(b — с)х + acos(b — c)x] 
a? + (b — cy] 

, €" [(5 + с) sin(5 + с)х + acos(b + с)х] 

' 2[а2 + (b + oy] 


ах- 


"m | e^ cosc e“[acos(2bx + с) + 2bsin(2bx + с)] 
540. J e[cos(bx)][cos(bx + c)] ах = о. me 22 + 452) 
541. || e*[cos(bx)][sin(bx + c)] dx = — = pe E MM S EGET 920070) 
AXP oi yn 7 1 : ах спі ny 
542. J e^'[sin" bx] ах = ана sin bx — пр cos bx)e^ sin" bx 
+ n(n — 5 || e^ [sin"? bx] 2 
ах n Га Ї Я ах п—1 
543. IE [cos" bx] dx — азар (4 cos bx + nb sin bx)e^ cos" bx 


+ n(n — DP || e^ [cos"? bx] 2 


А-53 


INTEGRALS (Continued) 


: 1 
544. [re sinx dx = 52 x"'e*(sin x — cos x) 


m 
-2|»” Тех віп хах + T fæ- Тех cos x dx 


asinbx — bcosbx 
a + b? 


т ах 
х 


- aap | ten sin bx — bcos bx) dx 
a 


or 
545. fe e^[sin bx] ах = 


x 1)’ Ша T -sin[bx (r | Da] 


p+! (m 


where 


р = үа +2, pcosa=a, psina = Ь 


| 1 V 
546. [re cos x dx = 5Х € (sinx + cos x) 
cm 
AE "iE lesinsds- 5 fx Тех cos x dx 


acos bx + bsin bx 


m ет 
х 
a? + b? 


m E "=l еа (а cos bx + bsin bx) dx 


ПР 
547. [xe “cos bx dx = or 
(Dmx 
еа bx | 1 
2 оп — 5 99b — (r + Da] 


р= ма + 2, pcosa=a, psina=b 
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INTEGRALS (Continued) 


e* cos"'-! x sin" x[acos x + (m + n) sin x] 


(m+ пу + à 


па ах т-1 ‘nnl 
——— | 6 (С08) x)ysin" х) dx 
(m + пу + à | 
-1 | : 
тте Ep ч цэн 2 e" (cos"—? x)(sin" x) dx 
т+ п) +a 


ог 


ез cos" x [sin""! x[asin x — (m + n) cos x] 


(m + n)? +a 
+ PET EL J её“сов””! x)(sin"! x) dx 
КЕ (п => Г(т = п) e^ (cos"" x)(sin"~? x) dx 
(m + ny + а2 
548. J ё“Чсов” x)(sin" x) dx = or 


2: 


e^ (cos"-! x)(sin"-! x)(a sin x cos х + msin? x — n cos? x) 


(m + ny + а2 


+ EU D 5 || e^ (cos"—? x)(sin" x) dx 
т+ п) +a 


+ DAE J e^ (cos" x)(sin"? x) dx 
a 


(m+ п)? 


e" (cos"-! x)(sin"^! x)(a cos x sin x + msin? x — n cos? x) 
(m + п)? + а? 


i т(т-1) 
(m + n)? +a 


= -1 | 
ТЕ шоо RUE T) || е“(сов" x)(sin"? x) dx 
(m + п) + а2 


e" (cos? x)(sin"? x) dx 


ех ах 
түр (asinbx — bcosbx) — 
a 


549. | хе“ (sin bx) dx = Gime — b°) sin bx — 2ab cos bx] 
2 + 


ах ах 


шах >: хе : 5 е 2 2 са, : 
550. |» (cos bx) dx - Z +P (acos bx — bsin bx) (ғау [(а“ — b^) cos bx — 2ab sin bx] 
551 | ей 9 e^[asin x + (n — 2) cos х], a? + (n — 2): е 
Ухо (п— 00 six (= (0 2) J si"? x 
ез e^[acosx —(n—2)sinx] | à? + (n — 2) ез 
552. om | ах 
COS" x (n — 1)(п — 2) соѕ"-! x (n — D(n — 2) J cos"? x 
ах n ax tan"! х а ах п-1 ах n-2 
553. | e" tan" x dx = e^ 2551 zd е“ tan" хах- | e tan" хах 


HYPERBOLIC FORMS 
554. | өв x) dx = cosh x 


555. || (cosh x) dx = sinh x 
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INTEGRALS (Continued) 


556. ІШІ х) ах = logcosh x 

557. | e x)dx — logsinh x 

558. J (sech x) dx = tan (біп x) 

559. J (csch x) dx = log tanh (5) 

560. БЕ x)dx = xcosh x — sinh x 

561. К x)dx = x'coshx — n БЕС х) ах 
562. | eos x)dx = xsinh x — cosh x 

563. К х) ах = x" sinh x — n (БЕ x) ах 
564. || (sech x)(tanh x) dx = —sech x 


565. || (csch x)(coth x) dx = —csch x 


12. _ Sinh2x x 
566. | өш хдах- 4 2 
- -(біпн” x)(cosh”™! x) 
п-1 т n-2 
TE (sinh" x)(cosh" = x) dx 
m+n 
567. J (sinh” x)(cosh" x) dx = or 
sinh"! x cosh"*! x 
m+n 


QUEE || (sinh"— x)(cosh" x) dx, (m+n 5 0) 
m+n 


1 


(m — n)(sinh"'^! x)(cosh'^! х) 


m+n— X 


=f d. 
m-l (sinh"? x)(cosh" x)’ 


) 


ах 
2689: J (sinh” x)(cosh" x) | 


(n — 1) sinh"! x cosh"! x 
| тіне | ах Ls GAI 
п-1 (sinh" x)(cosh”~* x) 


569. || (tanh? x) dx = x — tanh x 


tanh"-! 


raus A de || (tanh? худх, (n #1) 


п-1 


570. || (tanh" x) dx = — 
571. || (sech?x) dx = tanh x 


572. J (cosh2 x) dx = шин +5 
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INTEGRALS (Continued) 


573. J (coth2 x) dx = x — coth x 


сощ"! х 


574. J (coth" x) dx = -= 


NE хах, (nl) 


575. || (свећа х) dx = —ctnh x 


sinh(m + и)х  sinh(m — n)x 


576. J (sinh mx)(sinh nx) dx = 2(т +n) ет (n? Z m) 
577. || (cosh mx)(cosh nx) dx = IM Lm (m? Z n?) 
578. J (sinh mx)(cosh nx) dx = oe oe (m? Z n?) 


579. | наг =) dx = xsinh `! у + æ, (а> 0) 
а а 


2 2 5 
580. Дать) = (5 | РОДЕ 2 xke. (а> 0) 
а а 


хан 1 n+l 
581. БЕ x) dx = (~—) sinh“! x — — pude  (n#-1) 
п+ 1 n+1J (14357 


xX 24% 
xcosh ! = — Vx? — a, (cosh '~ > 0) 
a a 


582. Ген" =) dx = ог 


xcosh-! 2 + x2 — 42, (cosn™' 2 о). (а>0) 
а а 


? Die 9 
583. | x(cosh' 2) ac = 25 i 2 cosh! > — (ә? — а? 
a a 


nl хан 


1 
S 
jj oh x va] cat (nZ —1) 


584. || х'(созћ“! x) dx = 2 
п 


х 


239) 


585. | (аав! =) dx = хлапћ“! Х 510802 x’), ( 
a a 


586. | ог к sont „тов? a), (4 > 1) 


587. /[ (аль!) as = pon tani? | S (Н = 1) 


„n+l 1 
588. J "anh 9 dx = S tanh! x- — || СЛАО a. cess 
"^ n+l n+l d 


589. p coh +, (>) 


590. | сой) dx — adi coth™! x 4 1 J хэ 4х (nZ —1) 
п+1 п+1 : 


591. | et» dx = xsech^! x + sin! x 


2 
2 1 
592. | аваг ха - 5 sech^!x 7 1-х2 


593 | хэвд ха тэг sech x 4 1 | ой dx (nZ —1) 
E Ші UT nul "ИЕ (1—2)? 


594. (ева? ха = xcsch `! x + төзіп" x 
х 
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INTEGRALS (Continued) 


22 _ 
595. | tts => esch7!x 4 жемі Ex? 
x 
n+l 2 V 
596. Бк * совчх | p x E ; dx, (nZ —1) 
п+ 1 n+1|x|J (32 + 1y 
DEFINITE INTEGRALS 
1 n 
со 1 1 п-1 1 со ( + =) 
597. І хе “4х = [ (ve ) dx = – П Л 
0 0 х п 1 + = 
= Г(и), пф 0, – 1, —2, – 3,... (Gamma Function) 
598. | гра i 0,1,2,3 4р>0 
5 а= š n=0,1,2,3,...an > 
І р (ogy ( р> 0) 
ба Г(п) 
599. І tle МӨНХ тату (и> 0, а> –1) 
| гү" Г(п+ 1) 
600. І x" (=) dx = — T> (т>-і,п>-і) 
0 х (m 4- 1)" 
601. Г(п) is finite if n > 0, P(n + 1) = nr (n) 
602. T(n)-T(1—5) = 
eT sin nt 
603. Г(п)-(п- 1)! if n = integer > 0 
99 2 
604. TG) = 2| e dt = ут = 1.7724538509----(-1) 
0 
1-3.5...(2n— 1 
605. Г(л +) = a ЕТТЕН 
– 2 уп 
606. г-п+ = = 12 Зе 
nt) = nep. 27 ас 
1 со „т—1 
І х”-Ц1- ху dx = туу dx = Гуго») = В(т, п) 
607. Л o (1x) Г(т + n) 
(Beta function) 
Г(т)Г(п) . РАА 
608. B(m, п) = B(n, т) = Гон 3-0)” where т and п аге any positive real numbers. 
b 
609. І beh a eh КОЕШ ааа ы жы. BES 
8 Г(т--н-2) 
° dx 1 
610. | халиа? [m > 1] 
^? дұ 
611. І tine SOP, [p < 1] 
90 dx 
612. J ae --т сорт, [р < 1] 


оо ур-1 
613. І зоос 
0 


614. 


| 


T 


(1--х) sinpm 


= В(р,1 


со xl dx 


Тм = 


р) =Г(РГа — р), 


[0 < т < n] 
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[0 « p « 1] 


615. 


о 


616. 


617. 


619. 


DEFINITE INTEGRALS (Continued) 


acl atl 
хғах m(a+1—bo)/b “(ЗЭ (с 5 ) 


| (m+ х?) ` b 


I (e) 


(a > —1, b > 0, m > 0, с> %) 


> dx D 
І ами" 


^? аах T | : T. 
1 unl 9.5 if a» 0:0, На=0; —5, ifa «0 
а 1 ј“ 1.3.5...п т 
2 24n/2 2: 2\n/2 аты 
618. Га x^) dx—5 LM x^) 4х= 4.6 (0212 а (n odd) 
І т+п+1 m+! n+2 
295 A 
Р ог 
| ve ук = (= (2) 
0 
1 enn 2 2 
2 (===) 
pice 
2 
n/2 
І (соя! x) dx 
0 


n/2 
620. | (sin" x) dx = 
0 


621. 


622. 


623. 


624. 


625. 


626. 


627. 


ОО 
| x 


1-3-5-7...(1-1)т 


ог 


ут 
2 


совхах 


2 


2.4-6.8...(n— 1) 
1.3.5.7... ^ 


4.6.8. (а) 2' 
or 


or 


(n an even integer, n Z 0) 


(n an odd integer, n Z 1) 


T T 
І sinax-sinbxdx = J cosax : cos bx dx = 0, (a Z b; а, bintegers) 
0 0 


T 


І ўн [sin(ax)][cos(ax)] ах = І [sin(ax)][cos(ax)] dx - 0 
0 0 


І i [sin(ax)][cos(5x)] ах = 
0 


| 


°° sin x cos mx dx 
= = 


0, 


2a 
а-ы” 


if a — bis odd, or 0 if a — b is even 


Шт < —1orm > l; Ета 
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ES if т? <1 


628. 


629. 


630. 


631. 


632. 


633. 


634. 


635. 


636. 


637. 


638. 


639. 


640. 


641. 


642. 


643. 


644. 


645. 


646. 


647. 


648. 


649. 


r 


| 
| 
| 
| > 
| 
к 


Г 


| 
| 
| 


0 


DEFINITE INTEGRALS (Continued) 


ШИЛТЭН в (a & B) 
x 2 


T TU n 
sin? mx dx = І cos? mx dx — 5 
0 


sin вш (рх) PX) 4 _ 
х2 2 72 


Уі х = T 0--р-1 
ХР 2T ( p) sin( px/2)' 2 
+ ЖИ ах- Ш О<р=<1 

2Г(р) сов(рт/2)” 2 
° 1 — cos XM пр 


sin px cos 
P —— a= [0,4>р>0; 5 ‚р> q> 0; 2?-4>9) 


сов(тх) T 
x = —— 
х2 + a 2la| 


-|та| 


dx = in(x^) dx = = |= 
cos(x^) dx І sin(x^) dx зү» 
> : 

sin ax"dx = теги) sin =, п>1 
99 1 

cos ах"ах = Е I'(1/n)cos.7-. п> 1 


° sin x ° cos x т 
а ах 
ух 1 о Ух у 


OO 21.43 OO 21.43 
(а) | "T Y= (Б І шаг di 1655 
0 х 4 о x 4 


ie 
| 
Г 
| 
| 
| 


| 
i 
pu 


sin? ха 3n 
TER 
sin* ха 
cosa (a< D 
= а’ AS 
7 (a> b 0) 
TG — Маг — p2’ F 
2n 2л 2 
1 
PP OU A jd oH 
k = OR ae = log? 
a 
т 
а? sin “сор соѕ2 х 24 
2 122 
= лі. идэн) 
(а? біп” T cos? x 4a? b 


l nm 

т—1 
dx = = В( = 
1 xcos"-! x dx 2 ( 


> >): m and n positive integers 


A-60 


650. 


651. 


652. 


653. 


654 


655. 


656. 


657. 


658. 


659. 


660. 


661. 


662. 


663. 


664. 


DEFINITE INTEGRALS (Continued) 


2-4-6...(2л) 
:3-5...n 1)’ 


л/2 
| (з! б) 40 = (n = 1,2,3,...) 
0 


СР 1.3.5...(2п — 1) л 
2п 
І (sin” 0) d0 = 2-4...(29) (5). (и = 1,2,3,...) 


т/2 ах T 
І T+tan”x 4 


И 1” A cos 0 40 = а 
0 ШЕ) 


x 
hm ` 
2 THE 
cos : ) 
r tan-l(ax)— tan-!(bx) 
0 


х 


л/2 
| (tan^ Ө) do = (0 «1 « 1) 
0 


t, а 
dx = 51085: (a, b > 0) 


The area enclosed by a curve defined through the equation хе + ye = a where 
а > 0, c a positive odd integer and 5 a positive even integer is given by 


(E 


1- Ii x"! yn-l z-! dy, where В denotes the region of space bounded by the 
R 


хү» q z\k у 
co-ordinate planes and that portion of the surface (5 -(%) +С) = 1, which 
a с 
lies in the first octant and where h, т, n, p, а, К, а, b, c, denote positive real 


numbers is given by 


h m n 
a дї!-оуд?]!/° 4!-буд?-оузн]!° аме Г () r (2) r() 
|| sas | уча | РРА = q 
0 0 0 


h 
pak (+++!) 
а К 


99 1 
І e“dx=-, (а> 0) 
0 а 


00 „фах _ 5—bx b 
І = а ах = 105 –, (а,Ь > 0) 
0 x a 
Г(п + 1) 
со ан ° (1>-І,а>0) 
І Х"е-® ах = \ or 
0 n! 
Ze (a > 0, n positive integer) 


ELT ax?) dx = 19, (> Las as Qe kc Ж!) 
0 pa 


p 
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DEFINITE INTEGRALS (Continued) 


665. f 2e? de= УТ 
0 4 
РЕ 23025542 
б ха JEDE a 
> ха e п! 
667. [> dx= ур, (450) 
1 27 т! _ a 
668. [а= а 1 я 


OO -2а 
669. І (2—18) gy = Š (a> 0) 
0 


en. |” Ер 
п 
нЕт 
671. [MOS 


672. | e "(cos mx) ах = атар? (а>0) 
673. І e ^ (sin mx) dx = ата? (а>0) 
99 | 245 
674. | xe [sin(bx)] dx = — 1, | (a»0) 
0 (а? +b?) 
оо а? уз p 
675. xe "^ [cos(bx)] dx = — а>0 
[| = tos cope (9 


<, Иа ib)"*! — (a — iby"*!] 5 
676. І хе ""[sin(bx)] dx = оа + Ry | ( К = –1, а> 0) 
% te та — iby"*! + (a + у] 2 
677. he [cos(bx)] dx = cp , @=-l,a>0) 
678. І ы АНА OR 
0 
оо 2 
679. І eee n 42) (ab 5 0) 
0 


680. | 7 gt b- sin(rsin d)] dt — [Г sind), (^ >0,-Ž 5< ф- 5) 
0 

681. 1 ”үгчөомд-Цров(гай d)] dt — (ГО) cos(bó), (^ > 0, 2< ф < 9) 
0 

682. ІК ! cos t dt = [Г(Ь)] co (^. (0<b<1) 
0 

683. І 2 1^- (sin 0 dt = [T(5)] «(7) (0<b<1) 
0 


1 
684. І (log x)"dx = (-1)' т 
0 


1 1 5 Мт 
685. І (їе) dx == 


1 => 
686. І (ioe J dx = Ут 
0 x 
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687. 


688. 


689. 


690. 


691. 


692. 


693. 


694. 


695 


696 


697. 


698. 


699. 


700. 


2 


701. 


702. 


703. 


704. 


705. 


706. 


707. 


DEFINITE INTEGRALS (Continued) 


1 1 п 
| СЭ dx = n! 
0 Х 


0 


1 
| хішю(1-х)4х--3 


1 
| хова =] 
0 
1 тү 
ПЕС er m>-—l,n=0,1,2,... 
0 m+ 


Ifn40,1,2,...replace n! by Г(п + 1). 


Повх , _ ла 
«1+х 12 


!logx т? 
І pus 6 


llog(1 
J он шиг 2 
0 


х 12 
| logd =») , — m 
0 х 6 
1 т? 
‚|| бовлдйовй + x)] dx = 2 — 21og2 15 
0 
1 12 
: | (logx)[log(1 — x)) dx = 2 — Е 
0 
! logx т? 
aks ДАШУУ ЧИЕ tt 
І ПЕР Ы 8 
[ bof! tA. 5 _ 
0 š 1-х/ x 4 
! logx dx T 
= – 1052 
о М! = х2 QE 
ИЕ ss ENT T(n + 1) | 
Ген) dx = Тун ifm+1>0,n+1>0 


0 logx 


n/2 
І (logsin x) dx = 
0 


1 (xP — xq) dx SE 
(x DE = oft 


| 


1 
+). (p+1>0, 4+1> 0) 


Ux : 
—= = yn, (same as integral 686) 
0 


т/2 


` logcosx dx = -jlog2 


n/2 n/2 т 
І (logsec x) dx — І logesex dx = = 1052 
0 0 2 
т т^ 
І x(logsin x) dx = — — log 2 
0 2 


n/2 
І (sin x)(logsin x) ах = log2 — 1 
0 
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DEFINITE INTEGRALS (Continued) 


n/2 
708. 1 (log tan x) dx = 0 
0 


л [ph 
709. І омез она стоне 5 ) (а> b) 
0 
2nloga, a>b>0 


{ 2 2) 1. — 
710. J log(a - 2ahcosx + Bas = | элу bac 0 


° sin ax T an 
TH 1 Шаңы ЫРЫ ор 


° cosax т am 
712. dx = h 
І cosh bx : 2b 2” 2b 


оо v 
713. І [Ed 
о coshax 2а 


° x dx т? 
714. =— 
J віпһах 4a? 


715. І e “Хсовһ bx) ах = (0 < |b| < a) 
0 


a 
а-ы” 


(0 = |b| < a) 


716. Ї e ^ (sinh bx) dx = =° 


°° sinh ax T ап 1 
717. dx = 
І свећа Эв. 24 


^? sinh ax 1 т ап 
718. І pas 14 75; 5204 5 


л/2 2 Ew 24. V 
ns. | dx a БЕДЕ jx if <1 
0 IgE 2 2 2.4 2.4.6 


л/2 2 4\24 “3. 5\ 216 
720. J ЖҮГӨН G) ke ( У id б У ЭЕ =] ША <1 
0 


2 2.4) 3 2.4.6) 5 


оо 
71. ! e" logx dx = —y = —0.5772157... 
0 


722. | БЭ a “у + 21022) 
0 


ОО 

723. Í ( 1 = je dx = y = 0.5772157... [Euler's Constant] 
0 -езх x 
9911 1 Вэ 

724. e™ Јах = у = 0.5772157... 
о xU+x 

For n even: 
п/2-1 


1 т\ sin(n—2k)x 1 / n 
725. "хах= | х 
| bc S 2 (9 (remp MAL 
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DEFINITE INTEGRALS (Continued) 


DN 1 іу, ян|(8-20(2-5)| ШЕ 
726. Б хах = т > (4) PET Бэй MI 


For n odd: 


1 ODD? (ny sin(n — 2k)x 
nz =- CELO УЫ 
727. [о хах = el > (4) n— 2k 


27-1 нэ К 


А-65 


DIFFERENTIAL EQUATIONS 
SPECIAL FORMULAS 


Certain types of differential equations occur sufficiently often to justify the use of formulas for the corresponding 
particular solutions. The following set of tables I to XIV covers all first, second, and mth order ordinary linear 
differential equations with constant coefficients for which the right members are of the form P(x)e'* sinsx or 
P(x)e" cossx, where ғ and s are constants and P(x), is a polynomial of degree n. 

When the right member of a reducible linear partial differential equation with constant coefficients is not zero, 
particular solutions for certain types of right members are contained in tables XV to XXI. In these tables both F and 
P are used to denote polynomials, and it is assumed that no denominator is zero. In any formula the roles of x and y 
may be reversed throughout, changing a formula in which x dominates to one in which y dominates. Tables XIX, 
XX, XXI are applicable whether the equations are reducible or not. The symbol (3 stands for Р-Н s and is the 
n+1 st coefficient in the expansion of (a + b)". Also 0!— 1 by definition. 

The tables as herewith given are those contained in the text Differential Equations by Ginn and Company (1955) 
and are published with their kind permission and that of the author, Professor Frederick H. Steen. 


Solution of Linear Differential Equations with Constant Coefficients 
Any linear differential equation with constant coefficients may be written in the form 


p(D)y = R(x) 
where D is the differential operation 
dy 
Dy= 
УВ ах 


p(D) is a polynomial in D, 
y is the dependent variable, 
x is the independent variable, 
R(x) is an arbitrary function of x. 

A power of D represents repeated differentiation, that is 
d"y 
dx" 


For such an equation, the general solution may be written in the form 


D'y= 


у= у, + Ур 


where y, is any particular solution, and у, is called the complementary function. This complementary function is 
defined as the general solution of the homogeneous equation, which is the original differential equation with the right 
side replaced by zero, i.e. 


p(D)y= 0 
The complementary function ye may be determined as follows: 


1. Factor the polynomial p(D) into real and complex linear factors, just as if D were a variable instead of an operator. 


2. For each nonrepeated linear factor of the form (D — a), where a is real, write down a term of the form 
се“ 


where с is an arbitrary constant. 
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3. For each repeated real linear factor of the form (D — а)", write down п terms of the form 


ax 2 дах Бие cux" Тех 


сіе“ + сохе + сзх 


where the с/8 are arbitrary constants. 
4. Foreach non-repeated conjugate complex pair of factors of the form (D — a + ib)(D — a — ib), write down 2 terms 
of the form 


сіе“ cos bx + се“ sin bx 


5. For each repeated conjugate complex pair of factors of the form (D — a + фу (D — a — ib)", write down 2n terms 
of the form 


сте“ cos bx + сое 


ax ax 


sin bx + c3xe“ cos bx + сахе” sin bx 


Toc eg aX е cos bx + ex" le^ sin bx 


6. The sum of all the terms thus written down is the complementary function ус. 


To find the particular solution у,, use the following tables, as shown in the examples. For cases not shown in the 
tables, there are various methods of finding y,. The most general method is called variation of parameters. The 
following example illustrates the method: 

Find y, for (D? — 4) y= e*. 

This example can be solved most easily by use of equation 63 in the tables following. However it is given here as an 
example of the method of variation of parameters. 

The complementary function is 


Ус = ce" + ee 
To find у,, replace the constants in the complementary function with unknown functions, 
у = ue?” ab ve ?* 


We now prepare to substitute this assumed solution into the original equation. We begin by taking all the 
necessary derivatives: 


Ур = ue + ye ?* 


У, = Que | 2ye ?* | ule уе 


For each derivative of y, except the highest, we set the sum of all the terms containing и and у to 0. Thus the above 
equation becomes 


це“ фуе ~ =0 and у = 2ue2x — 2ye > 


Continuing to differentiate, we have 


ур = Аце“ + 4ve > + 2u/g* — 2y e?* 


When we substitute into the original equation, all the terms not containing и ог v cancel out. This is а consequence 
of the method by which y, was set up. 

Thus all that is necessary is to write down the terms containing и ог v in the highest order derivative of у, 
multiply by the constant coefficient of the highest power of D in p(D), and set it equal to R(x). Together with the 
previous terms in и’ and у which were set equal to 0, this gives us as many linear equations in the first derivatives of 
the unknown functions as there are unknown functions. The first derivatives may then be solved for by algebra, and 
the unknown functions found by integration. In the present example, this becomes 

we" + уе = 0 
дет = Ie = ex 


We eliminate у and и separately, getting 


Au e? = e 
дует —e* 
Thus 
и 23 ie 
y је“ 
Therefore, by integrating 
u--le* 
у= те? 


A constant of integration is not needed, since we need only one particular solution. Thus 


уул ue | ve ?* = Je хе“ 1 gx —2x 
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and the general solution is 


у= уе + № = cie | coe >> le* 
The following samples illustrate the use of the tables. 
Example 1. Solve (D? — 4)y = sin 3x. 
Substitution of q= —4, s=3 in formula 24 gives 
_ Sin3x 
94 
wherefore the general solution is 
in3x 
y- ае | ce 7 ЫГ х 


Example 2. Obtain a particular solution of (D? — 4D + 5)y = x?e* sin x. 


Applying formula 40 with a=2, b—1,r—3,s—1, Ро) 2X», st b=2,s—b=0,a—r=—1,(a—ry + (5+)? =5, 
(a — ту + (s — b = 1, we have 


, езяпх((2 0), (X-02 2-00), | (3:1-2-2 3.1.0-0), 
Прут = 12 5-1/ 71725 pM 125 1 
езсозх((-1 — 2, (1-4 1-0, (-1-3CD4 -1-%-90), 
2 B 1) ON 25 TER 2 125 1 


1, 4 LAN 25,28 1361 +; А 
= (5 555 JL sin x 4 5х + 55% — 125)° cos x 


The special formulas effect a very considerable saving of time in problems of this type. 
Example 3. Obtain a particular solution of (D? — 4D + 5)y = x?e?* cos x. (Compare with Example 2.) 
Formula 40 is not applicable here since for this equation r=a, s=b, wherefore the denominator 


(a — r)” + (s — b? 20. We turn instead to formula 44. Substituting а= 2, b — 1, Р(х) = x? and replacing sin by cos, 


cos by —sin, we obtain 
ез cos x 2\ sinx 1 
MM (° 3) ш | G 5) 2% 


2 1 43: 2 
E (% - У ех cos x + (5 - 2) е?^ sin x 
which is the required solution. 


Example 4. Find z, for (D, — 3D,) 2 = In(y + 3x). 
Referring to Table XV we note that formula 69 (not 68) is applicable. This gives 


zy = xln(y + 3x) 


It is easily seen that —y/3 In(y + 3x) would serve equally well. 
Example 5. Solve (D, + 2D, — 4) z = ycos(y — 2x). 
Since R in formula 76 contains a polynomial in x, not y, we rewrite the given equation in the form 


(D, +} D, – 2) z =} ycos(y — 2x) 


Then 
ze = F(x 39) = 0х у) 


) 


= Не + 1) сов (у — 2x) 


Example 6. Find z, for (Dy + 4D, z = Qx — yy. 
Using formula 79, we obtain 


and by the formula 


Nine 


1 y 
2р = 79080 2x) - ( | 


1 fff из ade u’ Ох-у) 
ПР 5-4-3-(-8) 480 
Example 7. Find z, for (Di + 502 0, — 1D, + 4)2 = езу, 
By formula 87 


е2х+3у есе Зу 


®>=2315.22.3—7.2+4 58 


Example 8. Find z, for 


(Dt + 6DiD, + р.р, + D? + 9)z = sin (3x + 4y) 


х 
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Since every term in the left member is of even degree in the two operators D, and D,, formula 90 is applicable. It gives 


с 


on 


a 


10. 


11. 


12. 


18. 
19. 


20. 


21. 


22. 


. sin sx* 


. P(x) 


e™ sin sx* 


. P(x) е" 


. P(x) sin sx* 


. P(x)e" sin sx* 


ax 


ve 


е“ sin sx* 
P(x)e^* 


P(x)e** sin sx 


. sin sx* 


. P(x) 


e™ sin sx* 


. Роде“ 


. P(x) sin sx* 


P(x)e" sin sx* 
ES 


e^ sin sx* 


P(x)e^* 


P(x)e^ sin sx* 


» sin(3x + 4y) 
7 (—9y + 6(—9)(—12) + (-12) + (C16) + 9 
sin(3x + 4y) 
= то 


TABLE I: ()-а)у- R 
Ур 


ех 


r—a 


asin sx + 5cos sx 1 | ( | tan! 3 
2 sin[sx+tan — 
21.2 

а +5 /а. + 52 а 


/ 2) (n) 
Ш PQ) P'Q) PP) 


a у а? у а" 
Replace a by a— г іп formula 2 and multiply by е”. 
Replace a by а – г in formula 3 and multiply by е”, 


š эг а Заў, d'- (es t (oes = (6-1) 
Е ЖЕЛ mo + So a у” + гушу” OT | asy P ws] 
Кү,К-1 ky k-3 3 
5 2as 3аы-е ШІ Sc (5) s+ 
E P(x)4 -РОӘ- Р” Р(х) + 
==; 2 +52 © (2+5) © (а? + 52) (91 (а? + 52) © 
Replace a by a— г in formula 6 and S by e^ 
xe^* 
её cos sx 
5 
ез [ro dx 
e^" sinsx[P(x) P”(x) P'(x) e cos sx P'(x) Р(х) 
3 5 | 5 355a P(x) 5 | 1 Үл 
5 5 5 5 5 5 5 
*For cos sx in R replace "sin" by “сов” and "cos" by “— sin" in yp. 
а" т! 
р" an т) — 0!-1 
ах" % (m — пут! 


TABLE П: (р – а)2у= К 


Ур 
e* 
(r — а)? 
22 cse 57) sin sx + 2as cos sx] = 2 — (х + јап“! =) 
| ха e. AP ‚ (n + DP?) 
a | а" 


d a ын a—r in formula 13 and multiply by e^. 
Replace a by a—r in formula 14 and multiply by e^. 


: а-а Е а“ — 622 + y 
Е: P(x) +2 = Р(х) + ane Р(х) +... 
œ- E)? + Ка 36 — m 2 
8-1) 9 TEN 9 PEA) 4+ О 
ЛИ А t rie T E uns 
qe ey 77 @ +97 TETS 


k ас%- К a 33 К 
+ (k nU ны Р(х) +. | 
Replace а by а – r in formula 17 and multiply by e^ 
loe 
e^ sin sx 

5 

e^ || || Родахах 
е“ sin sx a. 3P'(x), SP'(x) 7P*(x) | е“ cossx [2P'(x) , 4Р"(х)  6P'(x) 
5 xO 00004 6 Ü 5? 80004 5 нэ 


“Бог cos sx in В replace "sin" by "cos" by “— sin" in yp. 
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DIFFERENTIAL EQUATIONS (Continued) 
TABLE Ш: (D? + 4)у= R 


R Ур 
rx 
23. ex = 
r +q 
24. sin sx* Sins% 
—5° + q 
1 P'(x) P(x Р(х 
25. P(x) ШЫ о), 0) УСЭГ we 
q q 4 qk 
TM (2-4 + фе“ sin sx — 2rse™ cos sx e^ om (е apo 25 
26. е" sin sx же y Т ағу | 5 = sin| sx — tan Vet E 
514 Pa Je — 5 + а) + (2/5) цал, 
rx 2 Ac. 
27. Роде” X | P(x) T Pw 2: 4 рх) ын 447 рх) js 
r +q r +q (+q (+49) 
Lco open = Oa + @ pepe ү... 
(^ 97" 
e 24 4 2 2724 
28. P(x) sin sx* sinss os P + ыг ITE pq 
(=s +q) (= +9) (- +4) 
ЗА 2k рту 2-2 жану 2-4 2 
« yt Dr CT) шан! Ч Үс рю) +... 
(—5° + 4) 
scossx | 2P'(x) 4s? +44 РОА TE (ber? t (srt, TET :pOk-DG 4 
х+...+ уа 54 
Cs +4 |7 +4 Cs ay (= yt 


TABLE IV: (D? + 22)у= R 


E bx 
29. sin хе DUET 
: қа үү EE 
30. PG)sinpx* FX] pry PO) жишсэн al [го E £o B | dx 
(25) (25) (25) 25 (25) 
* For cos sx in R replace "sin" by “сов” and “сов” by “—sin” іп уу, 
TABLE У: (D? + рр +ају= R 
R Ур rx 
31. ех хон 
= +рг+9 
РЭН : à 
32. sin sx* (a=: Ium цааны ! sin( tan! PŠ У 
(q — s^)" + (ps) Ja — gy + (ps q—5 
1 A 52.9 n _ (n-ly,Q r2 EM nd ng o... 
33. Р(х) ШЫ СРО) | р 2 4 p'(y) р = Pd рт, НЕС y? CLP q < 23 4 P(x) 


34. e" sin sx* Replace p by p+2r, 4 by а + pr - ? in formula 32 and multiply by е". 


35. Роде” Replace p by p+ 2r, 4 by q + pr + 2 in formula 33 and multiply by e^. 


TABLE VI: (D—b)(D—a)y - К 
: 9: 2 Qr 50 3 2 3 2 
T sin sx a b í a —s b -—s TN а — 3as b" — 365 Он 
36. Р(х) sin sx Бос (6 ud PS SL | (5 я @ ne | (© Rey Ra. Р"(х) + 
COS Sx 5 5 2а8 255 PA 
«зд [Ё ан: та)» | (а +77 (У E m 


2 2 + 
За?5 — 52 ЗЬ25 — 5 TERT 
1 (= + оу (22 + s (x) Fee ] 


37. Роде” sin вх" Replace a by a-r, b by b-r in formula 36 and multiply by е“. 
ax T у’ (n) и. 
38. Pe” е | төв ‚ om PW PG) EE са | 
а 


-b "(b-a) b-a (b-a@ ау" 
*For cos sx in R replace "sin" by “сов” and “cos” by "—sin" in yp. 
Tgog additional terms, compare with formula 6. 
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DIFFERENTIAL EQUATIONS (Continued) 
TABLE УП: (D? – дар + а? + b)y = R 


R Ур 
wy sin sx s+b s—b ; 2a(s + b) 2a(s — b) У 
Das od 2b (Ё *tG-by @+6- ІЗДІ | (с ++ [Ф+6- ТШ 9 


за (у + Б) —(s--by  3à(s— b) (5 — by, 
| 5 3 Р (5) +++: 
[а? + (5+ by] [2 + (s — Б)?] 


COS SX a a а — (s4- by. а —(s— by. А 
> [кото ков)” (5 ее |е” 


; а 3a(s 4 by a 3a(s by. р" | 

| I 513 5 33 (х) +... 
[e + (5+6)] [@+6-5] 

40. P(x)e" sinsx* Replace a Бу a—r in formula 39 and multiply by е”, 


" ей р" (х) Р" (х) 
41. P(x)e^ p [ ге | p 
PET, е“ sin sx 
42. e" sinsx – 262 
жәр И хе““ cos bx 
43. e^ sinbx 2b 


(25)? (25)? (by 2b (25)? ' (25; 


*For cos sx in R replace "sin' by “сов” and "cos" by “—sin” in yp. 
! For additional terms, compare with formula 6. 


44. роде“ sin bx" e^ sin bx [ Р (х) Р(х) й | e cos = | [ Р'(х) Р'(х) а | йн 


TABLE УШ: f(D)y = [D" + a4 4D" +... + ар + aply = R 


R Ур 

i ет 
45. e^ — 

70) 
46. sin sx* [ар — ays? + a45* — +++] sin sx — [ays — ass) + ass? + ---] cos sx 
шон [аб — 425? + а48 — | + [ais — ass? + ass? – | 
TABLE IX: f(D?)y = R 
sin sx sin sx 
47. si * - 
sin sx IEA Go GEA 
TABLE X: (D — ay = R 
ех 
48. е" Есі m 
1 (ray 
—1)" : = 2 

49. sin sx* u m ([а" — @)a 22 + (Та! 35 — ..-]sinsx + [a's — Фа" ^9 +..] сов sx} 
50. P(x) (=1)" | у РО) азу Р") на РО), 

| PO OZE D 09) 
51. e" sin sx* Replace a by a—r in formula 49 and multiply by e. 
52. e^ P(x) Replace a by a — r in formula 50 and multiply by е”. 
53. P(x)sin sx* (-1) sin sx[4, P(X) + (4,44 Р(х) + (3) 4,5 P" 99 + (P) 4,4P" (х) +] 


+ (—1)" cos sx[B, Р(х) + (8,4 P O + (5) Bo P" O + C?) Bays PG) +] 


3 7 poer d — (Dag + ба 
I guys ЕГЕТЕ (а? + 52) 
B a B 2as (Has - (Da $9 +... 
и . 1 ED 2627 27 (066777 Ко (22 + AF 
54. e sin sx Replace a by a—r in formula 53 and multiply by е”. 
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55 


56 


57. 


62. 


67. 


68 


DIFFERENTIAL EQUATIONS (Continued) 


. e^ P(x) е“ e] Р(х) ах" 
(= IPP sin sx ( п үн Ё + | ЖӘ (" + 1) шон | 


Т 
5" п-1/ s п-1/ 5 п—1/ s 


| (= ОР cos sx | /n— 1 P(x) п+1 РО) | п+3\ Р(х) ...| оаа 
5" n— 1 n—1/ s п—1/ s 


“үү ах; n 2 iv 
(-1) ° ши ро C) (i 2 
5 n— 1 п-1/ s п-1) s 


m 1)? e cos sx ( п ) Р(х) Б + ) Р"(х) | ( + ) Р(х) _ 


5” п-1/ s n-1] Š ^ W-1 8 | (eve 


. Роде“ sin sx* 


“Бог cos sx in R replace "sin" by “сов” and “сов” by “-віп” in уу, 


TABLE XI: (D — a)'f(D)y = R 


23 х" ей 
: nl f(a) 
“Бог cos sx іп В replace "sin" by “сов” and “cos” by “-віп” in уу, 
TABLE XII: (D? + q)"y = R 
Yp 
pem e^ f^ a 
. Sin sx“ sin sx/(q — 57)" 
1 Р"(х) P'(x) Р“(х) 
| Р(х) I P(x) n | ntl n+2 pret 
z [re - eem EE py 
. e" sin зх" — d арадағы singe [Ca тағала +... ]cossx) 
(42-89) : 
А=2- 0+4, B=2rs 
TABLE XIII: (D? + b?)"y=R 
An пау X COS bx Сүүл X sin bx 
sin bx (-1) Ob (n odd), (-1) Ob (n even) 
TABLE XIV: (0" — gy = R 
| о e^ fr ES q) 
1 Р(х) РФ Хх) 
‚ Р(х) -| P(x) хааны 
4 4 4 
: " — 1y90-0/2 n 8 2 
sna qsin sx + ( : 1) | S COS sx (nodd), sin ` (een) 
4 + 52" | ( ян БШ -4 
ope ats Ae"'sinsx — Be™ cos sx ех . шел В 
. e™sin 52 = sin an 
e sin sx 742 m B JAY B SX A 


ди] B= [Drs (и) 
“Бог cos sx іп В replace "sin" by “сов” and “cos” by “— sin" in yy, 


TABLE ХУ: (D,--mD,); = R 


2р 
E ех 
а--ть 
(и) аи 
.Хах-5 ffe) =a ; 
Ж y) PHI u = ах + Бу 
fo- m») х/(у- mx) 


. Ax 0 = тх) f(y — тх) Íó(x,a + mx) dx (а-у- mx after integration) 
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71. 


72. 


73. 
74. 


75. 


76. 


71: 


78. 


82. 


83. 


84. 


85. 


86. 


87. 


89. 


90. 


ett y 


sin(ax + Бу)” 
e" P sin(ax + Буу! 
eV f(ax + by) 

f(y — mx) 


POYO — mx) 


e f(y — mx) 


еже у 


‚ (ах + by) 


für – mx) 


Ax, у (у + тх) 


ейх4-бу 


f(y — mx) 
P(x)f(y — mx) 
e" f(ax + by) 


e" f(y — mx) 


ey 


‚ f(ax + by) 


ойх+ Бу 


sin(ax + Буу 


ay 
ей+ у 


DIFFERENTIAL EQUATIONS (Continued) 
TABLE XVI: (D, + mD, — К); = R 


a+mb—k 


(a + bm) cos(ax + by) + К sin(ax + by) 


Replace k in 72 by k — а — mf and multiply by e 


(а + bm)? + k? 
ах--Ву 


Кх 
LOL затың 
а ть й 
Ji – тх) 
loe P(x) PO) | , Р(х) 
- U - 22 T k Џ 12 eee ” 


xe^f(y = mx) 


* ñ Cen? hy Conc? “бас” by oon? 1 
For cos(ax + by) replace "sin" by “сов” and “соз” by “-віп” in 2,. 


9 B 


D. =— 
x 9х” 


2 р 
ett у 


(а + mb)" 


ff f fena 


9 Pad 
Рару = 


Dy =~; 
“әу 940, 


TABLE XVII: (D; + mD,)"z = R 


(a 4- mb)" 


л 
Хо, 
~ f(y — mx) 
п. 


от) f f ез 


еее у 


‚ u=ax+by 


TABLE ХУШ: (D, + тр, — К)": = R 


(а mb — 


ky! 


(– D^ (у – mx) 


К" 
(-1) 
k” 


epp. РА ff) du” 


fo- mof PC) «( 


+ mx) dx" (a = у — mx after integration) 


и k 2 k? 3 


(а + mb)" 


х" 


TABLE ХІХ: [o зайл D, + аи +... +a" DAE =R 


> u=ax+by 


TESO- тх) 


et by 


ааа" b + азат? +: а a,b" 


n 


FERA 


n 


a" + aa + да"? + 4 ann 


(u — ax 4- by) 


TABLE XX: F(D., Dy)z = R 


ety 
F(a, b) 
TABLE XXI: ғ(р?. р,р,, Di): =R 
sin(ax + by) 


F(—a2, — ab, — b?) 


*For cos(ax + by)replace “sin ” by “cos”, and “cos” by “—sin” in 
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| | (255 [ 


) 


DIFFERENTIAL EQUATIONS 


Differential equation 


Method of solution 


Separation of variables 


ћОда (у)ах + 5 Ода (у) dy = 0 


с 


Ai) £0) 
x 4 ду = 
fly” | no? 


Exact equation 


M (x, y) dx + N(x, y) dy = 
where ӘМ /ду = ƏN /àx 


Linear first order equation 


dy 2 К 
pm + P(x)y = Q(x) 


9 
| мөн | (5-5. | мах ay =e 
ду 


where дх indicates that the integration is (о be 
performed with respect to x keeping y constant. 


yel Pax = Гога 


Bernoulli's equation 


dy 


чу Реду = Обду" 


ye!) Рах ue. » Гог" ах gen 
where v — yt Ши = 1, thesolutionis 


юу- fo - nacec 


Homogeneous equation 


where v = y/x. If F(v) = v, the solution is 
у=сх 


Reducible to homogeneous 


Set u = ах + biy + с 


(aix + biy + су) dx + (ax + Њу + о) 


dy=0 
а bi 
а“ by 


y = ax + bay + c; 


Eliminate x and y and the equation 
becomes homogenous 


Reducible to separable 


(aix + biy + ei) dx + (ах + by + сз) 


dy=0 
а, by 
a b 


Set u = а х + biy 


Eliminate x or y and equation 
becomes separable 
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DIFFERENTIAL EQUATIONS (Continued) 


yF(xy) dx + x G(xy) dy = 0 = G(v) dv 
ший саа 


where у = xy. If G(v) = F(v), the solution is ху = c. 


Linear, homogeneous Let ту, m» be the roots of n? + bm + c = 0. 
second order equation Then there are 3 cases: 
Фу 


ау 
ағ * p. +су=0 Case 1. тү, тә real and distinct: 


КӨШЕН mix тэх 
b,c are real constants у=ае + се 


Case 2. т, m» real and equal: 


mix mix 


у=ае + Coxe 


Case 3. m, = p + qi, m = p — qi : 


y = 2 "(с cos qx + со sin qx) 


where p = —b/2, а = v 4c — b? /2 


Linear, nonhomogeneous There are 3 cases corresponding to those immediately 
second order equation above: 
Фу ау Саве 1. 
dà + 5% + cy = R(x) y- c e^ n се" 
b, c аге real constants РАДЕ | 
+ теа | Reo dx 
mi = т; 
е^ | 
+ em dx 
m = т 
Саве 2. 
у- се“ E сухе""х 
exem feno) dx 
дү, e | летне но ах 
Саве 3. 


у = 2 (с! cos qx + с) sin ах) 


e" sin qa | 
EE || е R(x) cos qx dx 
q 


ерх x 
Е || e Px R(x) sin ах dx 
q 
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DIFFERENTIAL EQUATIONS (Continued) 


Euler or Cauchy equation 


d d 
x = + bx cy — S(x) 


Putting x — e',the equation becomes 


diy 
dt? 


H су = 5(е) 


and can then be solved as a linear second order 
equation. 


Bessel's equation 


d d 
x = | х2 HAL — тју = 0 


у= а (Ах) + с) Y, (Ax) 


Transformed Bessel's equation 


diy 
“ыл +ОР+ 


yx 4 2x" + By = 0 
dx 


E a, a, 
ари +a) 
where q = / p? — £. 


Legendre's equation 


Фу 


2 
a шал "ах 


y = e P4) + 9х) 


FOURIER SERIES 


If f(x) is a bounded periodic function of period 2L (i.e. fx + 2L) = f(x), and satisfies the Dirichlet conditions: 


A. In any period f(x) is continuous, except possibly for a finite number of jump discontinuities. 
B. In any period /(х) has only a finite number of maxima and minima. 


Then f(x) may be represented by the Fourier series 


oo 
40 nnx . nnx 
= + › б cos—— + b, sin”) 
2 п=1 L L 


where а, and 5, are as determined below. This series will converge to Қо) at every point where f(x) is continuous, 
and to 


Ж) Хо) 
2 


(1.е., the average of the left-hand and right-hand limits) at every point where f(x) has a jump discontinuity. 
Dou x 
а, AN S dx, п-0,1,2,3,..., 


L " 
bo f SOE ж, Wen. s 


we may also write 


а--21, о--21, 


On = т А f) cos dx and b, "E : Го) sin dx 


where o is any real number. Thus if а = 0, 


1 21, 
«-т) Го) со dx, n=0.1,2,3,..., 


1 21, 
bor] f(x) sin 7 dx, ROLES: 
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. If in addition to the above restrictions, f(x), is even (i.e., f(— x) = f(x)) the Fourier series reduces to 


That is, 5, — 0. In this case, a simpler formula for а, is 
2 pL 
an -1| f(x) cos гр dx, cd] ud. cre 


. If in addition to the restrictions in (1), f(x) is an odd function (i.e., f(— x) = — f(x)), then the Fourier series reduces to 


B nux 
у b, sin —— 
L 
n-l 


That is, а, = 0. In this case, simpler formula for the 5, is 
2 ft 2 nnx 
by-— zh Јбодвт- dx, п-1,2,3,... 


. If in addition to the restrictions in (2) above, f(x) = – f (L — x), then a, will be 0 for ай even values of n, including 
п-0. Thus in this case, the expansion reduces to 


= (2m — 1)nx 
>. Фу- COS ——— — — 
L 


т=1 


. If in addition to the restrictions in (3) above, f(x), = f(L — x), then 5, will be 0 for all even values of n. Thus in this 
case, the expansion reduces to 


ES 2m = 1)лх 
bine 
1 


m= 


(The series in (4) and (5) are known as odd-harmonic series, since only the odd harmonics appear. Similar rules 
may be stated for even-harmonic series, but when a series appears іп the even-harmonic form, it means that 2/, has 
not been taken as the smallest period of f(x). Since any integral multiple of a period is also a period, series 
obtained in this way will also work, but in general computation is simplified if 2L is taken to be the smallest 
period.) 

. If we write the Euler definitions for cos 0 and sin 0, we obtain the complex form of the Fourier Series known either 
as the “Complex Fourier Series" or the “Exponential Fourier Series" of f(x). It is represented as 


| зоо | 
Јед= У сео“ 
n--—oo 
where 
1 ft | 
а=1 | Ser Ards; п= 0, +1, +2, =3,... 
Ep 
. пт 
with o, Т? n0; 41, E 


The set of coefficients (c,) is often referred to as the Fourier spectrum. 
. If both sine and cosine terms are present and if f(x) is of period 2L and expandable by a Fourier series, it can be 
represented as 


oo v 
ЈО) = > t > Cn sin(= + Ф). where a, = c, біп фи, 
n-l 


an 
bn = Cn COS n, Cn = (|2 +02, ф, = Е ) 
n 


It can also be represented as 


а ce nnx 
JG) = > t >> Cn cos Р + фи), where а, = с, cos фи, 
1 


п= 


; Ь 
bn = — су Уфу, Cn = ја: +62, bn = асац 1 


an 


where ф, is chosen so as to make an, bn, and с, hold. 
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8. The following table of trigonometric identities should be helpful for developing Fourier Series. 


n n even n odd п/2 odd n/2 even 
sin nt 0 0 0 0 0 
COS X. (-1)" +1 -1 ESI +1 
“іт 0 Kye? 0 0 
“cos =p”? 0 -1 +1 
sii nn У2- туи +1 1)/8 E 1)4-2/4 0 
4 2 
ЖА useful formula for sin and cos is given by 
sin = цай [(—1)" — Пава cos = O (cay +1, where? = —1. 


AUXILIARY FORMULAS FOR FOURIER SERIES 


КЕ |» 380 МЕ x. 5nx 
1- БЕ F s sin — + s sin — = [0 « x « k] 
А 2К sin sino ‚ l án 3nx 
B k k 3 k 
» k 4k 5 TX | 1 oos 37 | ов" 
(2 па k 32 (8 к” 


2 242|(л2 4 sin 
m 1 1 k 


1 [-k < x < k] 


- [0 « x « k] 


sin in 
2 2 : 
а sin | С =) sin m | | [0 « x < А 
2 242 cos X 1 сов 275 1 cos TX E 
х = | 
з т k 2 k 23 k 42 
1 1 | LR 
3o us /7 4 
1 11 т? 
1—5 +33 +73 ~ 6 
| 1 1 1 т? 
22 3 4? 12 
1 1 1 1 т? 
32 52 7? 7% 
1 1 Pc т? 
2 4 62 82 24 


FOURIER EXPANSIONS FOR BASIC PERIODIC FUNCTIONS 


| 2.2.(-1у ппс 2 AMX 
f(x)- cos 1) sin 
Т. ) 


f(x) 
1 k— 2c — 
oo n 7 
б ote с | У 1) sin € cos EX 
L 2L х L mé п L L 


: 242, . m sin(Innc/L) . ппх 
х) = біп біп 
760 2 2 imc/L L 


f(x) 
1 

L 2L 24 (—1)! | тх 
0 УЗ P 
Ё г = sin 
f(x) 
| 

1 4 1 nnx 

| L 2L 7 Јед=> т? ns gU 
f(x) 


(- pede . nnx 


m 


ftx) 
1 

| 1.1441. amx 
0 Ты 55225. 
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FOURIER EXPANSIONS FOR BASIC PERIODIC FUNCTIONS (Continued ) 


1 2 91 ox 
ИИ ва)4 12 02-08 1)" cos пла — eos; 


n= 


"E (p ‚ 8шлла |. nax, с 
Hex : Ї | ical п ==; (a=) 


n= 


f(x) 
1 1 4 1 nnx c 

Н IO) = 2 21-20) emu OU шаты (а E 20) 
9Г-2 L 21-с 2L х 
f(x) 

1 : 2 49 (—1)" 1-(417-. „ЛПХ. с 

9 21-00 > цо? 5 14 ят(1 594) 4 шингэж, (a=) 

| c/2 2 7% n=l 
ES 


4551 х ^ 
F(x) ЭЭ z sin > sin пла sin; (a = 51) 


: 9 1 . пт. nnx ё 
ETT Л = => > sin 3 sin LO (a=) 


71/4 2L 


sinaot Т-2л/о 


сов па! 
т-і 


T/O 2n/O t 


Extracted from graphs and formulas, pages 372, 373, Differential Equations in Engineering Problems, Salvadori and 
Schwarz, published by Prentice-Hall, Inc.,1954. 
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THE FOURIER TRANSFORMS* 
R. E. Gaskell 
For a piecewise continuous function F(x) over a finite interval 0 € x € m, the finite Fourier cosine transform of F(x) is 
fan) = f водсомхах (n=0, 1, 2, ...) (1) 


If x ranges over the interval 0 € x € L, the substitution x' = nx/L allows the use of this definition, also. The inverse 
transform is written. 


F(x) = LO _ SIO cosnx (0<х<л) (2) 
n-l 


[Fx + о) + F(x — 0)] 


where F(x) = 2 


. We observe that F(x) = F(x) = at point of continuity. The formula 


SOM) = І | Е'(х)совпх dx 
=- nfn) — F'(0) + (—1)”F'(m) (3) 


makes the finite Fourier cosine transform useful in certain boundary value problems. 
Analogously, the finite Fourier sine transform of F(x) is 


f (n) = [ F(x)sinnxdx (п = 1,2,3, ...) (4) 


апа 


F(x) = 25 го sinnx (0«x«m) (5) 
1 


п= 


Corresponding to (3) we have 


fn) zi F"(x) sin nx dx 
0 


(6) 
пп) — n F(0) — n(- 1" (а) 
Fourier Transforms 
If F(x) is defined for x = 0 and 18 piecewise continuous over any finite interval, and if 
X 
І F(x) dx 
0 
is absolutely convergent, then 
2 X 
fle) = "E І F(x) cos(ax) dx (7 
T Jo 
is the Fourier cosine transform of F(x). Furthermore, 
=. 2 (= 
Р(х) = | І f (a) cos(ax) da (8) 
0 
Жы ФЕ : , Е 
if ШП оо de 0, an important property of the Fourier cosine transform 
X 2r 
Sa) = Е Í (=) cos(ax) dx 
п \ dx” 
2 V n 2n rp 
= – 2 C D'an-a-io?" + (-1уа”о) (9) 
п=0 
: ФЕ Я | . 
where ІШІ, оо гы а, makes it useful in the solution of many problems. 
Хх” 
Under the same conditions. 
2 X 
fla) = TE 2222 00) 
T ЈО 


*From Beyer, W. H., Ed., СЕС Handbook of Mathematical Sciences, 5th ed., CRC Press, Boca Raton, 1978, 
592—598. With permission. 
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defines the Fourier sine transform of F(x), and 


F(x) = 1 | Уо) sin(ax) do 
T Jo 
Corresponding to (9) we have 


2 ро а" Ғ 
Qr) Хээ i 
fi (a) = | І d sin(ax) dx 


- = "Руста + (1) e" fo) 
п=1 


Similarly, if F(x) is defined for —oo « x « oo, and if JS FO) dx 18 absolutely convergent, then 


f(a) = Е(хде““ах 


f. 


is the Fourier transform of F(x), and 
= 1 P : 
F(x) = — o)e x da 
0-2 ле 


ФЕ 
ах" 


Also, if 


lim 


ЇХ|-»оо 


-0 (п-і1,2,...,"- 1) 


Шеп 


/®@ = =Í T pO Cpe dx = (Cia) а) 


Finite Sine Transforms 


"RO F(x) 


1 fn) = | ғо) залхах (1:12.12) F(x) 


2 (DG Fares) 
1 Je — Ç 
3 5 a 
-1 nl х 
ged 
А 1— (-1)" 1 
п 
6 2 . т х when 0 < x < п/2 
mn 
; C» x(n — x) 
m бл 
шон (-1)" x(n — х) 
то 2 
T w(-1)""! 21 = (-1)"] 
3 x 
n n 
6 mx 
n 
10 л—1) (s 3 48 
n n cx 
П 2 ги - CD ез их 
12-25 п : sinh с(л — х) 
n° + c sinh cn 
n in k(n — x) 
13 (К0,1,2,..) ES) 
п? — К? sin Кт 
T when n = m 
14 2 (т-1,2,...) sin mx 
0 мһепл 5 т 
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m—x whennz/2«x«m 


01) 


(12) 


(13) 


(14) 


(05) 


As”) F(x) 
n n 
15 ull – (– 1)" coskn] cos kx 
(kx 1,2, ...) 
n : 
123251 nim COS тх 
: 22 ШЕТЕЛ! (17$ 
when n т = 1,2,... 
0 when n = m 
n inkx хсовК(л- x) 
17 —  (k=01,2,...) леш 
(т — 2) 2ksimkn | 2ksinkn 
b" 2 bsinx 
сан = с” БЭЭ усы е 
18 RUE are tan -—> COSE 
19 1-0-0" в цал 2 retan 9х 
жаны "uen p 
Finite Cosine Transforms 
Жап) F(x) 
1 fan) | F(x)cosnxdx (n=0,1,2,...) F(x) 
0 
2 (= D'AN) F(n — х) 
3 Омћепп=1,2,.. : (О = x 1 
2. пк. "ë 1 when 0 < x < 1/2 
$ а о AE -1 мВһепл/2<х<л 
1-(-1)" , т^ х 
5 = ; (0) = 5 
(= 1)” | т2 x 
6 : f.(0) = — eee 
ur HORS СЭР 
7 =; f.(0) =0 peur 
Ч п п 4 2n 6 
в aC D 1 CD ug m 5 
m. n 4 
о С-1Ует-1 ГУ 
п? + с? [4 
10 1 cosh с(л — x) 
п? + с? csinh сл 
К x sinkx 
T xk - 1) cos nk — 1] 
(К70,1,2, ++) 
= | п-т _ 1 | 1 2 
2 £ > - то (т-1,2,...) = 8іп mx 
1 cos k(n — x) 
13 —— (К20,1,2,... —— 
п? — К? РАЯ Кап Кт 
14 0 when n= 1,2,...; cos mx 
fm) => (m-L2,-) 
Fourier Sine Transforms* 
F(x) Жо) 
1 1 (Ожай) 2 [1 — сова 
0 (x> a 2 ges Зи 
2 хо! (0 <р<1) (рл Ps 
т о? 2 
3 sinx (0<x <a) 1 [sin[a(1— o)] sin[a(1 + o] 
0 (х>а) „От 1-о 1+0 
4 е“ ЈЕ Е 
т|1--о? 
5 xe? ae? 
2 2 2 2 211" 
6 cos— inc ры = e 
2 Ass) cos S 2 


ДО) 


Б E 5) 


*C(y) and S(y) are the Fresnel integrals 


1 “Ж! 
Зэ ЭРЭ шид а 
С(у) = = J эрээ t, 


Leper 
5(у) = —— | —sintdt 
== І Jum 


*More extensive tables of the Fourier sine and cosine transforms can be found in Fritz 
Oberhettinger, Tabellen zur-Fourier Transformation, Springer, 1957. 


Fourier Cosine Transforms 


F(x) f а) 
1 1 (0<х<а) 2 sin аа 
0 (х>а) "zm 
2Г(р) рп 
0—1 = pane 
2 х (0<р< | ГО 
з | cosx (0<х<а) 1 [sin[a(1— 09] sin[a(1 + o)] 
0 (х>а) А/2л 1-а ! 1+а 
4: ет” "E 1 
21 m z) 
5 e? e 2 
2 ar ак 
6 cos— мек 
С08|-5-2 
7 sin х «үл 
7 cos E + 2 
Fourier Transforms 
F(x) Жо 
sin ах 2 | | < a 
Ї - 2 
х 
0 јај>а 
3 ү (p,x < Q) j еке ча) 
0 (х<рх>Ф м2 (бг + а) 
—cx+iwx i 

3 e (x>0) 0 

| 0 (x < 0) аа ~ 2n(w + a + ic) 
р 1 e p 

4 е? R(p-0 /2р 

5 2 E nds a m 
COS px => 4p 4 

6 si 2 ээ OS а + z 

А cos} — + = 
sinpx 7% apta 
-р ; pr 
7 l|” (0«р-«1) (аан -рувіһ ËE 
т Jo] -? 
-a|x| 

8 € V (à +02) +a 
МЫ аг гада 

уа +“ 

9 авлах (-л<а<л) 12 cos$cosh; _ 
cosh nx mcosha + cosa 
sinh ax 1 sina 

10 Е m 
sinh nx freue A/2n cosh а + cosa 
Lo. 03-40) 
--ш--э (|х <a 
11 ма? — x? Ж; 
0 (Ix| > а) 
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F(x) 


Хо) 


ж 


5 


in[bV a? + х2] 
Ма? x 
Pe) (xl «D 
0 (Ix| > 1) 
cos[bV'a2 — х2] 
0 
cosh[bVa? — х2] 
Ма? – x 
0 


(іхі < а) 
(хі > а) 


(хі < a) 


(хі > а) 


(ој > b) 
(јој < b) 


0 
| ЕДІ Ь? — a?) 


1 


Je 1(0) 


ny 


ТЕДІ a +b?) 


ТЕДІ o? — p) 


More extensive tables of Fourier transforms can be found іп УУ. Magnus and Е. Oberhettinger, Formulas and 


Theorems of the Special Functions of Mathematical Physics. Chelsea, 1949, 116—120. 


The following functions appear among the entries of the tables on transforms. 


Function Definition Name 
Ех) | Š ду; or sometimes defined Sine, Cosine, and Exponential 
ze x o Integral tables pages 548-556 
as —Ei(—x) = — ау 
7 y 
* sin у у : ; : 
Si(x) І ау Sine, Cosine, and Exponential 
@ 3 Integral tables pages 548-556 
Ci(x) І = Y dv; or sometimes defined Sine, Cosine, and Exponential 
as negative of this integral Integral tables pages 548—556 
rf (x) 2 [ а Error function 
erf (x. <= е Vy 
t Jo 
De 9922 қ 
ег/с(х) ] — erf (x) = J e" dy Complementary function to 
тух error function 
2874 : 
1,09 сл ТЕСТЫ Wess Laguerre polynomial of degree n 


n! dx" 


SERIES EXPANSION 


The expression in parentheses following certain of the series indicates the region of convergence. If not otherwise 
indicated it is to be understood that the series converges for all finite values of x. 


BINOMIAL 
(x 4 yy! = x" + их" 14 шан D a: 24 ne сын 2 xy +... (<>) 
- 1)x? -1їп-2)х7 
TENENTE morc А nin — Do 2)x (221) 
2! 3! 
1)x? +1 2)x3 
aS tea n(n + Ix" _ n(n + D(n + 2)x (Pai 
2! 3! 
(1 х)! 1 + x + 2 +< + X! + 2 (2-1) 
(1+5) 2 = 12x + 3х2 :: 4х9 + 54 6х +... (02 < 1) 
REVERSION OF SERIES 
Let a series be represented by 
у=ах+ ах? ау Бар + asx + ax 4 (а; Z 0) 
to find the coefficients of the series 
x = Ayy+ Any? Азу? + Аду 4 
1 a2 
Ау = di A» = а; Аз - аў (2а; ааз) 
1 
Ад = — (5а1 ааз аад 5a) 


ai 
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SERIES EXPANSION 


The expression in parentheses following certain of the series indicates the region of convergence. If not otherwise 
indicated it is to be understood that the series converges for all finite values of x. 


BINOMIAL 

(x yy! =x" + их y 4 шэн D ay? | n(n — 26-9) нэл |... (2 < x?) 

— 1)x? — (п — 2)х3 
пау а np TE" orc Doce ee безе) 

2! 3! 

2 23 

@+ = 1:пх n(n4-l)x^ _ п(п + 1)(п + 2)х па Bed) 

2! 3! 
(tx =1+x+X ЕАН... (0 <1) 
(о = 1 2х + 3х? $409 + 5x4 FOP +... (2 < 1) 


REVERSION OF SERIES 


Let a series be represented by 
у= ах ах + азх + aax* + asx? + axé +... (а; Z 0) 


to find the coefficients of the series 


1 a2 1 2 
Ај = А = Аз = 2 
цэг т. (225 — ааз) 


1 

2 3 

Ад = 7 (Say ааз атал 53) 
1 


1 

As = 5 (6014244 + Зајаз + 14а — alas 21ацадаз) 
а 
1 


1 

Ав =a (Jajanas 7атахад 84a1a$a - das - 28а1а2д - 28атазаз - 4243) 
а 

1 


1 
Ат = тў (8a азақ 8alasas + Ааа? + 120a7a3a4 + 1801 аза + 13246 — aa; 
PE 


1 


—36а}азаз — 72а?азазад- 12а1а3 — 330а ааз) 


TAYLOR 


(x 


Tu _ 3 
1. f(x) = f(a) + (x ay (а) | G = Jf" (a) | ны f" (a) 


bed ë 2 f(a) + - . (Taylor's Series) 
n! 


(Increment form) 


^ Й n 2 т 77 
2. f(x +) = fe) + + FLO) + f" o) + =. 


2 3 
— 0) + ху 4-5 f"0) 5 f" 0) + 


3. If f(x) is a function possessing derivatives of all orders throughout the interval a S x = b, then there is a value X, 
with a Xb, such that 


2 n-l n 
fb) = fla) + @- afa) + OS™ pra) + + Т gta + Ó 9 pay 
! (1-1) n! 
. 7 P pm (0-1) h" а) 
f(a + h) = (а) + А (а) + f" (a) 4-4 f (a) +— f (a+ 01), b=at+h,0<6<1. 
2! (1-1) n! 
Or 
229 9 lof 7 (x – а)? 22 1 | 5 „ај“ (а) | 
f(x) = Ла) + (x – а (а) 2 LAD +: + (x а) Gy Ка, 
where 
f [a + 6. (x — ај) 


К, = (х-а), 0<0<1. 


n! 
The above forms are known as Taylor's series with the remainder term. 
4. Taylor's series for a function of two variables 
9 д 9 у д 
i (53 4842 yu y) = pV ©” + YO, 
дх ду дх ду 
ә ay Ф Ф 970 
ћ | К f(xy) = ° Лос, y) | 2hk f (x, y) | к? f(x,y) 
дх ду ax? 


дхду дуг 
п 


д 9 2236: % : ЗЭ 
etc., and if 0 s +k >) f(x,y); with the bar and subscripts means that after differentiation we are to replace x by 
х у 


у=ђ 


а and y by b, 
9 дү, 1 д дү? 
/(а +, b 4- К) = f(a, b) 4 C | 2312: нв ENT e | 85) f(x, y) харжээ 
MACLAURIN 
2 3 (1-1) 
лб) =/0) + xf'(0) + о + LP" + + rr OR 
2! 3! (п- 1)! 
where 
rae sud Mm 
ы n! > š 
EXPONENTIAL 
1 1 1 1 1 
е- | | а 
ы. 2 5: t (all real values of x) 
2 L E X pe П 
PUDE Seid ар? 


а* = 1+ xlog,a + 


х1ов, ај | (xlog, а)? 
(xlog, a) Слова) |... 


2! 3! 
(x-ay (к-а) 
х а 7 
гео a) + 3 a EM 
LOGARITHMIC 
x-1 1/(х-1үҮ 1/х-1ү 
log, x 21 - ) ( = )+- (> Db 
log, x = (x — 1) — Kx - 1? +1(x - D° (2>x>0) 
х-1 1/(х-1ү 1/х-1ү 
log, x 22 ы z ч tc 
Og, X tts) (ux) | (x > 0) 
1ов,(1 + х) = х – 102 + 1? – 1. (1 <х<1) 
Іов, (п + 1) – Тог (и — 1) 1 : + : + 
Be Ёс и Зпз 5 


log,(a + x) = log, а + | 


1 


5 


X 
За + x 


х 


За + x (a > 0, — a < x < +oo) 


44-0 


(2-1 


1+х x x5 х 
log, -02|) гэл ЖУ -1«х«1 
цай Ty | TORT T pu 
= EVI _ 3 
log, x = log, a + 20 шэн «528 Te 0<х=2а 
TRIGONOMETRIC 
. х x x 
sin x = x — и (ай real values of x) 
2: 3% 46 
cosx = 1— x + " - = + (all real values of x) 
2x9 17х7 623? (-1)!221(9 — Ву | 
ее Qn)! кет 
[2 < T, and B, represents the nth Bernoulli number. | 
xou 20-2 Xf (– 122 21-1 
cotx= =з 45 945 4725 Qui Pe | 
[X < л2, and B, represents the nth Bernoulli number. 
X1. 25. go OL ге 270% (-1)" 2n 
ser oa tagt Ega 7 Qr o S 
Б < Lo and E, represents the nth Euler number. | 
МЕ TRO MM. у шо] а. Š 
бЄХ Ее зе "15,120" ' 604,800" 
(-1)7712(227-1 = 1) Du 
— —Qu) № sper 
[х2 < па, and B, represents nth Bernoulli number.] 
қ x x x 
sin x = (1 =) ( 29 ( ге) EN (х2 < оо) 
4x? 4x? 4x? 
lcosx = ( E ИДЕ A ( ==) ee (x? < 00) 
3 . 23: 
sin! x хэт 0015. +. (2 «1, -5 < x <5) 
х 1-3 1.3.5х7 
cos `! х 5 («Zaun JJ (x2 < 1, 0 < сов“! x < x) 
3 5 7 
tan! xcx-T = T (2-1) 
дсй Же Бо, 1 1 1 
Маза S u = eme ncs) 
nm т 1 1 1 й 
Wu 2 Pd 339 5x5 7х7 сар 
3 Sb. 47 
cot! x х+ 5 P +Š (x? < 1) 
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3 x x4 x6 
log, sin x = log, x 67180” 2835 
ХЭХЭ. 6:2 ЛУАЗ 
2 12 45 2520 
log, tan x = log, х 4 xm | 62x° Ev 
° “e | 3 7 90 2835 


х2 3х4 8х5 3х6 56x 


log, cos x = 


4! 6! 
tanx 14 j x | 3x3 9x4 | 37x5 А 
е Хч 2! T 3! T 41 Т ET Т 
дығы 240 
sin х = sina + (x — a) cos a f ны sina 
— gy _ у 
(x — a) oe (x E "o 


3! 
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VECTOR ANALYSIS 


Definitions 


Any quantity which is completely determined by its magnitude is called a scalar. Examples of such are mass, 
density, temperature, etc. Any quantity which is completely determined by its magnitude and direction is called a 
vector. Examples of such are velocity, acceleration, force, etc. A vector quantity is represented by a directed line 
segment, the length of which represents the magnitude of the vector. А vector quantity is usually represented by a 
boldfaced letter such as V. Two vectors V, and У; are equal to one another if they have equal magnitudes and are 
acting in the same directions. A negative vectors written as — V, is one which acts in the opposite direction to V, but is 
of equal magnitude to it. If we represent the magnitude of V by v, we write |V| — v. A vector parallel to V, but equal 


: : : | : 1 
to the reciprocal of its magnitude is written as V^! or as v 


The unit vector — (v ҙе 0) is that vector which has the same direction as V, but has a magnitude of unity (sometimes 
y 


represented as Vo or V). 


Vector Algebra 


The vector sum of V, and У is represented by V4--V5. The vector sum of V, and — У», or the difference of the 
vector У; from V; is represented by У; — V2. 

If r is a scalar, then rV — Vr, and represents a vector r times the magnitude of V, in the same direction as V if r is 
positive, and in the opposite direction if ғ is negative. If г and s are scalars, Vi, V2, Уз, vectors, then the following 
rules of scalars and vectors hold: 


У, + У = У + ү; 
(+ У] = ү + 5У]; r(Vi + Vo) = rVi ГУ 
Vi + (Vo + Уз) = (Vi + V2) + V3 = Vi + V2 + Уз 


Vectors in Space 


A plane is described by two distinct vectors V; and V». Should these vectors not intersect each other, then one is 
displaced parallel to itself until they do (fig. 1). Any other vector V lying in this plane is given by 


У = гү; + 5, 

A position vector specifies the position in space of a point relative to а fixed origin. If therefore V; and V» аге the 
position vectors of the points 4 and B, relative to the origin O, then any point P on the line AB has a position vector 
V given by 

У = ү + (1— У, 


ЗКО 


The scalar “r” can be taken as the parametric representation of Р since г = 0 implies P = В and r= 1 implies P = А 
(fig. 2). If P divides the line AB in the ratio r : s then 


v (eG 
rats r+s 


Figure 1. Figure 2. 


The vectors Vi, V2, Уз,..., У, are said to be /inearly dependent if there exist scalars ri, го, r3, . . ., г, not all zero, 
such that 


пУ + r Vo + + r V, = 0 
A vector V is linearly dependent upon the set of vectors Vi, V2, V3,..-,V, if 
V = Vi +12V2+73V3 +: nVa 


Three vectors are linearly dependent if and only if they are co-planar. 

All points in space can be uniquely determined by linear dependence upon three base vectors i.e., three vectors any 
one of which is linearly independent of the other two. The simplest set of base vectors are the unit vectors along the 
coordinate Ox, Oy and Oz axes. These are usually designated by i, j and k respectively. 

If Visa vector in space, and a, b and c are the respective magnitudes of the projections of the vector along the axes then 

V = а + 5) + ck 
and 
and the direction cosines of V are 
cosa —a/v, соѕ В = Б/у, cosy=c/v. 
The law of addition yields 


Vi Vo = (aj + a)i + (bi + b2)j + Cei + сок 


The Scalar, Dot, or Inner Product of Two Vectors V, and У; 
This product is represented as V; - У; and is defined to be equal to уј v» cos 0, where 0 is the angle from V, to Уг, 
iê, 
Vi : V5 = уу cos 0 
The following rules apply for this product: 
Vi: V2 = ааз + bibo + сус) = Vo: Vi 

It should be noted that this verifies that scalar multiplication is commutative. 

(Vi + V3): Va = Vi: V3 + V: Уз 

Vi (У; + Уз) = Vi У + У] Vs 
If V, is perpendicular to V, then У, - У; = 0, and if V, is parallel to У; then У, - V; = ују = rw? 
In particular 


i-i=j-j=k-k=1, 
and 
i-j=j-k=k-i=0 
The Vector or Cross Product of Vectors V, and V; 
This product is represented аз V, x V» and is defined to be equal to vı v2(sin 9)1, where 0 is the angle from V, to V; 


and 118 a unit vector perpendicular to the plane of V, and Үс, and so directed that a right-handed screw driven in the 


direction of 1 would carry V; into Vo, i.e., 
Vi x У, = vı v2(sin 01 


and 


The following rules apply for vector products: 
Vi x Vo = —V> x Vi 
Vi x (У + V3) = Vi x Vo + Vi x У; 
(Vi + V2) x Va = Vi x Vs + V2 x Уз 
Vi x (У x Уз) = Vo(Vs · Vi) – Уз(У, · Уз) 
ixi=jxj=k x К = 0.1 (zero vector) 
= 0 


іхј= К, jxk=i, Кхі-і 
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КУ, = ai + bjt cik, У; = mi + boj + cok, Уз = asi + b3j + csk, 


then 
i j k 
У, ху =| а bi с | = (bie — bzc1)i + (ста — c2a1)j + (a1b2 — abi )k 
a» b» Гер) 
It should be noted that, since V; х У; = —У» x Vj, the vector product is not commutative. 


Scalar Triple Product 


There is only one possible interpretation of the expression У; - Vo x Уз and that is Vi (У; x V3) which is 
obviously a scalar. 
Further Vi -(Ү: х V3) - (Vi x V5) E У, - У, 2 (Уз х Vi) 


a b a 
= |a» b; Сә 
аз b3 сз 


= гүгәїз cos ó sin Ө, 
Where 0 is the angle between У; and Уз and ф is the angle between V, and the normal to the plane of У; and V3. 
This product is called the scalar triple product and is written as [У У; УЗ]. 
The determinant indicates that it can be considered as the volume of the parallelepiped whose three determining 
edges are Vi, У; and V3. 
It also follows that cyclic permutation of the subscripts does not change the value of the scalar triple product so 
that 


[У.У] = [V2V3Vi] = [Vs Vi V2] 
but [Vi V; Vs] = —[V5 Vi V3] etc. and [ViVi Vo] z 0 etc. 
Given three non-coplanar reference vectors Vi, У; and V3, the reciprocal system is given Бу Ут, V5 and V3, where 
1 = жи = 0205 = үзу; 
0= 105 = ууу) = vv etc. 
& _ V2 x Vs s Va X Vi „_ Vi X Vo 
АЛАН 2 МУХ” ШАЛАН 
The system i, j, k is its own reciprocal. 


Vector Triple Product 


The product V, x (V2 x V3) defines the vector triple product. Obviously, in this case, the brackets are vital to the 
definition. 


Vi x (Vo x Уз) = (У, - Va3)Vo — (Vi · V2) V3 


i і k 
E а bı СІ 
је b; СЭ с а; a» b» 
bs €3 сз аз аз bs 
ie. it is a vector, perpendicular to У,, lying in the plane of У, V3. 
Similarly 
i 1 К 
(Vi x V2) x V3 = by c а di а b 
b о о a аз b 
аз ӛз сз 


Vi х (V2 x V3) + V2 x (Va x Vi) + Уз x (Vi x Vo) = 0 
If V i x (Уз x V3) = (Vi х V2) х Уз then Vi, V2, Уз form an orthogonal set. Thus і, j, К form an orthogonal set. 


Geometry of the Plane, Straight Line and Sphere 


The position vectors of the fixed points А, B, C, D relative to О аге Vi, V», Уз, V4 and the position vector of the 
variable point P is V. 
The vector form of the equation of the straight line through A parallel to V» is 
У = У, + гу, 
or (V = Уу) = ГҮ: 
or (У—У)х V2 =0 
while that of the plane through A perpendicular to V» is 
(V-V) У. =0 
The equation of the line АВ is 
У = ү +(1— У; 
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and those of the bisectors of the angles between V, and У; are 


У = {5+ м) 
(21 у2 


or У= ПАЛ = $5) 


The perpendicular from C to the line through A parallel to V5 has as its equation 
У = У, — Уз — % : (Vi — Уз). 
The condition for the intersection of the two lines, 
У = у, +; 
апа V — У, + 5У4 
is ((У1- V2)V3V4] = 0. 
The common perpendicular to the above two lines is the line of intersection of the two planes 
KV — V1)V3(V3 x Уа] = 0 
and [У — УУ (Уз x V4)] = 0 


and the length of this perpendicular is 
(У, — V2)V3Va] 
| V худ ` 
The equation of the line perpendicular to the plane ABC is 
У = У, ху, + У, ху, + V3 x Vi 


and the distance of the plane from the origin is 


[Vi V2V3] 
(У; — V) x (Уз — VDI 


In general the vector equation 
У.У, =" 
defines the plane which is perpendicular to V», and the perpendicular distance from А to this plane is 
г- Vi. Vo 
У2 
The distance from A, measured along a line parallel to V3, is 
г-у. V5 r— Vi: У, 
Ув 7 7 78086. 
where 0 is the angle between У; and Уз. 


(If this plane contains the point C then r = Уз - V? and if it passes through the origin then r= 0.) 
Given two planes 


У.Уү-г 
У.У, =5 
then any plane through the line of intersection of these two planes is given by 
V-(Vi +AV2) = r+ А 
where A is a scalar parameter. In particular À = = у//7; yields the equation of the two planes bisecting the angle 


between the given planes. 
The plane through A parallel to the plane of У, У; is 


У = Vi +rV24+s5V3 
ог (V— Vi). Vo x Vs = 0 
ог [УУ У] – [У V? V3] = 0 
so that the expansion in rectangular Cartesian coordinates yields 
(x-a) (-b) (2-а) |=0 


a b» €? 
d3 bs сз (У = xi + yj + zk) 


which is obviously the usual linear equation in x, y and 2. 
The plane through АВ parallel to Уз is given by 
(У — Vi)(Vi — V2)V3] = 0 
ог [VV2V3] - [УУ Уз – [У УУ] = 0 
The plane through the three points A, B and C is 
V = Vi + У) — Vi) + КУ: — Vi) 


A-90 


ог У = гҮ +5У МХ, (r+s4+t=1) 
ог [(V— Vi(Vi – V2)(V2 - V] = 0 
or [WV, V2] +[VV2V3] + [УУЗУ] - [У У; Уз] = 0 
For four points A, В, С, D to be coplanar, then 
ТУІ + 5У> + [Уз + У = 0 = 7 +5 +! и 
The following formulae relate to a sphere when the vectors are taken to lie in three dimensional space and to а 
circle when the space is two dimensional. For a circle in three dimensions take the intersection of the sphere with a 


plane. 
The equation of a sphere with center О and radius OA is 


V.V=w (not V = Vj) 
ог (V-V):(V+V)=0 


while that of a sphere with center B radius v is 


(У — V2)-(V — V2) = 0 
or | V.(V-2Vyo vi — 02 
If the above sphere passes through the origin then 
V-(V—2V2) =0 
(note that in two dimensional polar coordinates this is simply) 
r = За · совд 
while in three dimensional Cartesian coordinates it is 
жауа 
The equation of a sphere having the points 4 and В as the extremities of a diameter is 
(У — У) (У – V2) = 0. 
The square of the length of the tangent from C to the sphere with center В and radius у is given by 
(Уз — Vo) (Уз — Уз) =>" 
The condition that the plane V - Уз = s is tangential to the sphere (У — Vo): (V — V2) = vi is 
(s — Vs У): (s Уз: №) = им. 
The equation of the tangent plane at D, on the surface of sphere (V — V2) : (V — V2) = vi, is 
(V — У): (V4 - V2) 20 
or | V.V4— У; (У + V4) = vi - 2 
The condition that the two circles (У — V2) · (У — V2) = v} and (V — V4) - (V — V4) = v3 intersect orthogonally is 
clearly 


2(aox + boy + ex) = 0. 


(Vi — V) (V3 V) = У + 

The polar plane of D with respect to the circle 
V-V- (У Уз) = 02 is 
У.У — Vo (У – Va) = 02 05 


Any sphere through the intersection of the two spheres (V — Уз). (V — V2) = v? and (У — У): (V — Va) = v is 
given by 


(V – V3) (V — Vo) + A(V — V4) (V — Va) = vt A 
while the radical plane of two such spheres is 
У (У; — Va) = Oy - 12 — 13 + 79) 


Differentiation of Vectors 
If Vi = aji + bij + cık, and V2 = mi + Рој + cok, and К V, and У; are functions of the scalar 1, then 


d dV, а 
У, + У) + = | | > 
q АВА лас a E 
Vi dai 2 db, dci 
h = | | k, et 
TIE S ub ubt b 
d АУ! dV» 
d (Vi У;)= i Voc Vi Л 
а dV, dV» 
РЛЫ х V5) = di x V5 T У, х 4 
dV _ ау 
“a dt 


In particular, if V is a vector of constant length then the right hand side of the last equation is identically zero showing that V is 


perpendicular to its derivative. 
The derivatives of the triple products are 


d dV, | ау. | dV; 

geval Ї 2 ЛАЙ і “( Te) | 4 25) 

4 dv дү те 
апа qa! x (V2 x V3)} = ( aj) х (Vo х Vs) + Vix (( 72) х v) Vix (v. x (2) 


Geometry of Curves іп Space 


5 = the length of arc, measured from some fixed point on the curve (fig. 3). 

V, = Ше position vector of the point А on the curve 

у, 4-6V, = the position vector of the point P in the neighborhood of А 

t—the unit tangent to the curve at the point А, measured in the direction of s increasing. 

The normal plane is that plane which is perpendicular to the unit tangent. The principal normal is defined as the 
intersection of the normal plane with the plane defined by V, and У,--6У, in the limit as ôV, — 0. 

ñ= the unit normal (principal) at the point А. The plane defined by t and п is called the osculating plane (alternatively 
plane of curvature or local plane). 

p — the radius of curvature at A. 

50 = the angle subtended at the origin by ӘУ. 


ds p 
Б = the unit binormal i.e. the unit vector which is parallel to t x ñ at the point А: 
А = {һе torsion of the curve at A 


5 increasing 


Frenet's Formulae: 


di х 

өліні кй 

a --кі +А 

db А 

d^ —Ап 

The following formulae are also applicable: 
a dV 
Unit tangent t= 
ds 
Equation of the tangent (У = Үү) х t=0 
or V=Vi+ qt 
a ФУ, 
Unit Ї - 
nit norma ü= s 
Equation of the normal plane (V-V). t=0 
Equation of the normal (У-Уі) ха-0 
ог V=Vi+m 
Unit binormal b=txa 
Equation of the binormal (У = ү) х 5-0 
ог У-У- ub 
dV, _ ФУ, 
У = ү + w 
ог prae X 32 

Equation of the osculating plane: КУ — Ур] = 0 
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А geodetic line on а surface is a curve, the osculating plane of which is everywhere normal to the surface. 
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The differential equation of the geodetic is 
[dV УП = 0 


Differential Operators—Rectangular Coordinates 


95 95 95 
а8---:-ах- : dy4 -dz 
дх ду üz 
By definition 
д д 9 
V=del =i j k 
Ox “ду üz 
r, P»? 2 
ааа = 
V^ = Laplacian = a T abt 32 


If S is a scalar function, then 

aS, 95 

ау! dz 
Grad S defines both the direction and magnitude of the maximum rate of increase of S at any point. Hence the 

name gradient and also its vectorial nature. VS is independent of the choice of rectangular coordinates. 


VS = grad S 23 | К 
ах 


where fi is the unit normal to the surface S — constant, in the direction of S increasing. The total derivative of S at a 
point having the position vector V is given by (fig. 4) 


ds = 9898. av 
an 


=dV . VS 
and the directional derivative of S in the direction of U is 
U.VS —U-(VS) = (О. VS 
Similarly the directional derivative of the vector V in the direction of U is 
(U-V)V 
The distributive law holds for finding a gradient. Thus if S and T are scalar functions 
V(S + T) = VS+ УТ 
The associative law becomes the rule Гог differentiating a product: 
V(ST) = SVT + TVS 
If V is a vector function with the magnitudes of the components parallel to the three coordinate axes Vy, V,, V., then 
УУ = фу = CE ду | aM 
ax ду 92 
The divergence obeys the distributive law. Thus, if V and U are vector functions, then 
V.(V+U)= V.V+V.U 
У.(5У) = (\5). У + S(V · V) 
У.(Ох V)= V.(VxU)-U.(V x V) 


As with the gradient of a scalar, the divergence of a vector is invariant under a transformation from one set of 
rectangular coordinates to another. 


V x V = curl V (sometimes V A V or rot V) 


_ (Vx Фул (дух _ Ve). (зү, У 
= (аду x) Và ax PT (ох ду 


i i k 
9 9 9 
= | ax ду 92 
V. Vy и. 
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The curl (or rotation) of a vector is а vector which is invariant under a transformation from one set of rectangular 
coordinates to another. 
Ух (О+ У = УХИФУХУ 
У х (SV) = (VS) х У + S(V x V) 
Ух (Ох У) = (У. VU - (О. VV -U(V- V) - VV-U) 
grad (U. V) = V(U- V) 
—(V.V)U + (0. VV +V x (Vx U)+ U x (V x V) 


If V = Vds V,j + Vek 
У. У=УИ, 1 VV, j+ VV: К 
and УхУ= VV, х1+ УИ, xj+ VV- x k 


The operator V can be used more than once. The number of possibilities where V is used twice are 
У. (V0) = div grad 0 
У х (V0) = curl grad 9 
У(У - V) = grad diy V 
У. (V x V) = divcurl V 
У x (V x V) = си си! V 


Thus: div grad $ = У · (У S) = Laplacian 5 = V?S 
Os Ss PS 


ax? T дуг = 922 


curl grad S = 0; 


curl curl V = grad div У — WV: 
divcurl V = 0 


Taylor’s expansion in three dimensions can be written 


ЛУ + е) = e*Yf(V) 
where V = xi + yj + zk 
and e= hi + lj + mk 


(note the analogy with h=”? o in finite difference methods). 


Orthogonal Curvilinear Coordinates 


If at a point P there exist three uniform point functions и, v and w so that the surfaces и = const., v = const., and 
w — const., intersect in three distinct curves through P then the surfaces are called the coordinate surfaces through P. 
The three lines of intersection are referred to as the coordinate lines and their tangents a, b, and c as the coordinate 
axes. When the coordinate axes form an orthogonal set the system is said to define orthogonal curvilinear coordinates 
at P. 

Consider an infinitesimal volume enclosed by the surfaces и, у, w, u + du, v + dv, and w+ dw (fig. 5). 


Figure 5. 
The surface PRS = и = const., and the face of the curvilinear figure immediately opposite this is и + du = const. 


etc. 
In terms of these surface constants 


P = P(u,v,w) 
О = Q(u--du,v,w) and РО = аи 
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R= К(и, v + dv, w) PR = mdy 
S = S(u, v, w + dw) PS = (ау 
where ћу, ^», and hs are functions of и, v, and w. 
In rectangular Cartesians i, j, К 
h = 1, h; = 1, Вз = 1. 


А 


ад 9 bo а ва „9 
ћ Qu ax’ ma 19у’ how дс 


In cylindrical coordinates f, Ф.К 
ћу = 1, hy =", hs exl. 


CLA: Бо фә ё9 үд 
hi ди дг” hoy r дф hs дуг az 
In spherical coordinates f, ф 
Л7ү-1, In =", hs = rsin 0 
â a p? bà фә ¿a Фо 
hi ди дг” In dvr 007 Ла dw rsind dd 


The general expressions for grad, div and curl together with those for V? and the directional derivative are, in 
orthogonal curvilinear coordinates, given by 
aaS bos eos 
~ hy ðu ` h ðv ` hz ðw 
И. 45, V3àS | VzəƏS 
ћуди № ду" hs Ow 


1 9 9 д 
У.У = hhz V1) 4 Лзї V3) + hh V: 
тық |50 3 Vi) эу ©З 1/2) 5, (nf 3) 


(V-V)S = 


а [9 à Б (9 à 
VxV= hi V. ho V: | hV hz V: 
5 haha ім 3У3) э“? 2 i; {a ) an ЭЗ ә) 
с [9 9 
| ho V. ЛЕЙ 
zi; [as 2 V3) ay 1 ў 


у2$ 1 д hhz aS j 9 hihi 95 | д hıh 95 
— Аз |ди\ hy du) дућ һә» ду) Əw À hy aw 


FORMULAS ОЕ VECTOR ANALYSIS 


Rectangular Cylindrical coordinates Spherical coordinates 
coordinates 


Conversion to | HEN, 
х = гсозрзт 9 y-—rsingsinO 


rectangular =" /—rsi 2-2 
S X=rcosg y=rsing 2-2 aereo ð 
coordinates 
Gradient ....... 90. дф. дф дф 1дф дф дф 19ф аф 
Vo = 2 ма" Vo — гъ фк Vo = —r+-—04 
% ах | ay! аг ? Эг! кр? a ç $t r00 ` гапот 
Divergence... | y, д _ 24 дА, 94; y. a = 1204) 1949 Е Xr Aj) , 1 Asino) 
Ox | Oy 92 r ðr г др | 2 у  rsinü 90 
дА. | 0A, 
92 rsin0 др 
Си елесте i j k E ed ck r 0° b 
ә a a r r r^sn0 rsind r 
YXA= к ay || VxA- 89 а а уха=ја а а 
А, А, А. дг дф az or 00 др 
r ТА А, А, rAg rA, sin 
Laplacian...... 27 Fe 9% оф 227 19 r% ‚19% Vo rg 2 20 | 1 2 sing? 
Од ду az? _ кору ar) © rag? mar ar) r sind ae 80 
9% ШІК? 
az r2 sin? 0 др" 
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Transformation of Integrals 


5 = Фе distance along some curve “С” in space and is measured from some fixed point. 
S —a surface area 

У =а volume contained by a specified surface 

t—the unit tangent to C at the point P 

ñ= the unit outward pointing normal 

Е = some vector function А 

ds = the vector element of curve (= t ds) 

dS = the vector element of surface (= fi dS) 


Then І вів | Е.Ф 
(c) (c) 
and when Е = Уф 


(vo tas | аф 


(о) (о) 


Gauss' Theorem (Green's Theorem) 
When 8 defines a closed region having a volume V 


| vba = | mese f [ras 
E | | [soar f [ сы , 


and 118 х F)dV = ПІ x Е) 45 


Stokes' Theorem 
When C is closed and bounds the open surface S. 


П а-у x as = | Е. ds 
(s) (с) 


а180 || (а x Уф) as- [ ods 
(s) (с) 


Green's Theorem 
Ј] се vos = | | ва таз = | | | avoa 
= f| кода = | | | avoar 
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MOMENT OF INERTIA FOR VARIOUS BODIES OF MASS 


The mass of the body is indicated by m 


Body 


Axis 


Moment of inertia 


Body 


Axis 


Moment of inertia 


Uniform thin rod 


Uniform thin rod 


The rectangular sheet, sides 
a and b 


Thin rectangular sheet, sides 
a and b 


Thin circular sheet of radius 
* 


Thin circular sheet of radius 
r 


Thin circular ring. Radii гі 
and гэ 


Thin circular ring. Radii rı 
and r> 


Rectangular parallelopiped, 
edges a, b, and c 


Sphere, radius r 


Spherical shell external 
radius, гү, internal radius r> 


Normal to the length, at one 
end 


Normal to the length, at the 
center 


Through the center parallel 
tob 


Through the center perpen- 
dicular to the sheet 


Normal to the plate through 
the center 


Along any diameter 


Through center normal to 
plane of ring 


Any diameter 


Through center perpendicu- 
lar to face ab, (parallel to 
edge c) 


Any diameter 


Any diameter 


Spherical shell, very thin, 
mean radius, r 


Right circular cylinder of 
radius ғ, length / 


Right circular cylinder of 
radius ғ, length / 


Hollow circular cylinder, 
length /, radii rı and r; 


Thin cylindrical shell, length 
1, mean radius, ғ 


Hollow circular cylinder, 
length /, radii rı and r; 


Hollow circular cylinder, 
length /, very thin, mean 
radius 


Elliptic cylinder, length /, 
transverse semiaxes a and b 


Right cone, altitude Л, radius 
of base r 


Spheroid of revolution, 
equatorial radius r 


Ellipsoid, axes 2a, 25, 2c 
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Any diameter 
The longitudinal axis of 
the solid 


Transverse diameter 


The longitudinal axis of 
the figure 


The longitudinal axis of 
the figure 


Transverse diameter 


Transverse diameter 


Longitudinal axis 


Axis of the figure 


Polar axis 


Axis 2a 


Bessel Functions* 


1. Bessel's differential equation for a real variable x is 


Фу ду 
ә Ex M Ha- п)у = 0 
x? dx 
* From Beyer, W. H., Ed., CRC Handbook of Mathematical Sciences, 5th ed., CRC Press, Boca Raton, 1978, 500—503. With 


permission. 
2. When п is not an integer, two independent solutions of the equation are J,(x), J (x), where 


n+2k 


| оо c D x 
n= 3 КЇГ(п + k 4-1) (2) 
3. If n is an integer J,(x) = (—1)"J,(x), where 


x" x xí х9 
- 1 | | | Бокс 
Ax) 2"п! | 22.1(п--1) 24.2Қп--1)(п--2) 29.3Қп--1)(п--2)(п--3) | 


4. For n=0 and n=1, this formula becomes 


x? x4 хб x8 
Jo(x) -1 2 2. | 4 2 6 2 | 8 2 
2(1)? 2*(»? 26357 28(41) 
x x | х5 х7 у x? 
A0) => 23.100! 25.2131 27.3M! 29.415! 


5. When x is large and positive, the following asymptotic series may be used 
зү 
т | т 
ло- (2) | Рах) cos (x = 2) - Qu) sin(x 5 3) 


1 
Ji(x) = (=) гө cos(x - 23 - Q (x) sin( - 231 


12.32 12.32.52.72 12.32.52.72.92.112, 
20892 —— 4(8ху 61(8x)° за 
2 2 2 2 2 2 2 2 2 
Оо(х) ~ HR GT ! саш | 

! (8) 5((8x) 
12.3.5 1D.32.52.7.9 12.32.5?.72.9?.11.13 
21(8х)2 4!(8х)* | 6!(8х)° 
1.3 1.3.5.7 1?.32.52.72.9-11 
18х — 383) ` 5(8ху 


where 


Род ~ 1 


Pi(x) ~ 14 


01:00 ~ 


[In Р(х) the signs alternate from + to — after the first term] 
6. If x > 25, it is convenient to use the formulas 


Jo(x) = Ao(x) sin x + Bo(x) cos х 
Ji(x) = Bi(x)sinx — Ах) cos х 


where 
400 = Poke) Sa) апа A(x) = шини 
(nx)? (nx)? 
Bo(x) — аво and В (х) = PDF 2) 
(nx? (лх)2 


7. The zeros of Jo(x) and (х) 
If jo, and jis are the sth zeros of Jo(x) and (х) respectively, and if а=4,— 1, b=4,4+ 1 


р 1 2 62 15,116 12,554,474 8,368,654,292 
LIE | | Eee 
Эв л2а2 3ntat 15л6а6 105739 315л19а410 
1 һ 6 6 4716 ; 3,902,418 895,167,324 ‚ | 


л252 1494 (51956 35188 35510510 


3 
| -1 83122 56 9664 7,381,280 
лб л! : I | i | л 


Т 
m 373444 5166 217348 


3 
AG) CD 24 19.584 ү 266720 
“лысы | _ паре 10559 TED 
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8. Table of zeros for Jo(x) and J (x) 
Л.(о,)-0 Jo(Bn) = 0 


Roots Жо Roots 
а, Bn 


2.4048 0.5191 | 0.0000 1.0000 
5.5201 |-0.3403| 3.8317 | — 0.4028 
8.6537 0.2715 | 7.0156 0.3001 
11.7915 | —0.2325 | 10.1735 | — 0.2497 
14.9309 0.2065 | 13.3237 0.2184 
18.0711 | —0.1877 | 16.4706 | —0.1965 
21.2116 0.1733 | 19.6159 0.1801 


Ј(В,) 


9. Recurrence formulas 
2n 
J, (x) F Jna) = — Tn) nJ,(x) + XJ) (x) = х/,-1(5) 
J,- (0) P Jii (X) == ЛО) k nJ, (х) 2 xJ,(x) — ха (2) 
10. If J, is written for J,(x) and J is written for a UO, then the following derivative relationships are 
important ii 


JO gu 
Jj J Л = 292 Jo) 
1 2 1 
Ј =- ( Z) T J3 + 31) 


11. Half order Bessel functions 


Ji(x) = ,/— sin x 
5 х 
J 10) = ТТА 
-2 TX 
Ja) = —х*% © у 10) 
+ 7 > u dx ? m 
Jaco =x) Shy qc 
ny 1232 7 "+ v 
1 
» TEX\ 3 TXAZ 
(209,40) (S). (ugg 
0 sinx COS X 
1 sinx _ Эсэн COS ЭР 
ра 
9 3 : 3 3 3.3 
= — 1) sinx — —cos x = = 1 | cosx + -sin x 
х x x x 
3|f15 6\. 15 15 6 15 : 
sinx 1) cos x cos x 1) sin x 
x х х2 x x х2 
etc. 


12. Additional solutions to Bessel's equation are 
Y,(x) (also called Weber's function, and sometimes denoted by М,(х)) 
HO) and нос (also called Hankel functions) 
These solutions are defined as follows 
Ja (x) cos (nt) — J_,(x) 
sin (nt) 
J,(x) cos (vn) — J_,(x) 
sin (ул) 


n not an integer у 
БТ HOO = JG + 1,9 


Y,(x) = 
H(x) = Ii (xX) = 84169) 


Шу n an integer 
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The additional properties of these functions may all be derived from the above relations and the known properties 
of J,(x). 
13. Complete solutions to Bessel's equation may be written as 


ог с Јах) + С24-4(Х) if n is not an integer 
cI (x) +c Ух) 


ог for any value of n 
c Hx + ca HO(x) 


14. The modified (or hyperbolic) Bessel's differential equation is 
d?y dy 
2 1532 
*odà ах 
15. When n is not an integer, two independent solutions of the equation are /,(х) and Г_„(х), where 


оо 1 хүп+2К 
(>) = ana +k+1) (5) 


(2 +" т)у = 0 


16. ТЕ п 15 ап ішерег, 


рај Ия x | x 
mee yl 12.102410) 25-214 ут + 2) 


х6 
726. 3Кп + 0) (п + 2) (п 3). «| 
17. For N=0 and n=1, this formula becomes 


x? x x$ x8 
Ix) = 1 5+ 5+ 5+ 5+... 
22(11)? 7 24052 * 26031)2 28041) 
1 E x x x i х! | х? | 
100 = +5917 5591317 27-34! 3.458 ^ ^ 


18. Another solution to the modified Bessel's equation is 
1 Lax) – 10) 


ан = sm n not an integer 
x) = 
| ше = 509 7 
im =r —— n an integer 
v>n2 sin (ул) 


This function is linearly independent of /,(х) for all values of n. Thus the complete solution to the modified Bessel's 
equation may be written as 


C(x) + col, (x) n not an integer 


or 


C(x) + с; К„(х) апу п 
19. The following relations hold among the various Bessel functions: 
1.6) = i" J, (iz) 
2 
Y,(iz) = O 1,2) – PESO 


Most of the properties of the modified Bessel function may be deduced from the known properties of J,(x) by use of 
these relations and those previously given. 
20. Recurrence formulas 


1609-1600) = 509 109 + 109) = 210) 


-İDO 0) = In) +2) 
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Тһе Gamma Function* 


oo 
Definition: T (n) = І пей п> 0 
0 


Recursion Formula: Г(п + 1) = пГ(п) 
Г(п + 1) =и!, if n = 0,1, 2,...мһеге 0! = 1 
For n « 0 the gamma function can be defined by using 
Г 1 
Г(п)- Per D 
n 


ж From Beyer, W. H., Ed., CRC Handbook of Mathematical Sciences, 5th ed., CRC Press, Boca Raton, 1978, 
484—485. With permission. 


T(n4-1 
Г(п) Ier) 
Graph: 
5 I(n) 
n 
Special Values: rE) = ут 
Г(т poti em л m= 1,2,3,... 
(сауға ут 
Cm+2)=T3 S. mD s s 
Definition: 
1:3 3:4 | 
Г(х--І)- lim у 


ко + 1G42--(x45 
as |ü +e] 


This is an infinite product representation for the gamma function where y is Euler's constant. 


Properties: 


Г'(1) -| e* Inxdx = —y 
0 


Г'(х) A DA 1 | ШЕ 1 
го) | + (1 +6 га) 50 ut 


2 1 1 139 
rot = еке е | i | 


12х 2882 51,8408 ` 


This is called Stirling’s asymptotic series. 


If we let x 27 a positive integer, then a useful approximation for n! where n is large (e.g., n > 10) is given by 
Stirling's formula 


n! = V 2nn n" e" 
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The Gamma Function* 
Values of Г(п) = І ех Ағ; T(n + 1) = пГ(п) 
0 


n T(n) n T(n) n Г(п) п T(n) 
1.00 1.00000 25 0.90640 1.50 88623 75 .91906 
1.01 .99433 26 90440 1.51 88659 76 .92137 
1.02 .98884 27 90250 1.52 88704 77 .92376 
1.03 .98355 .28 90072 1.53 88757 78 .92623 
1.04 .97844 29 89904 1.54 88818 79 .92877 
1.05 .97350 .30 .89747 1.55 .88887 80 193138 
1.06 96874 31 89600 1.56 88964 81 193408 
1.07 196415 132 89464 1.57 89049 82 93685 
1.08 195973 133 89338 1.58 89142 83 93969 
1.09 195546 34 89222 1.59 89243 84 94261 
1.10 195135 35 89115 1.60 89352 85 94561 
1.11 .94740 36 .89018 1.61 .89468 .86 .94869 
1.12 .94359 37 88931 1.62 89592 187 195184 
1.13 .93993 .38 .88854 1.63 .89724 88 .95507 
1.14 .93642 .39 .88785 1.64 .89864 .89 .95838 
1.15 .93304 .40 88726 1.65 90012 90 196177 
1.16 .92980 41 .88676 1.66 .90167 91 .96523 
1.17 .92670 42 88636 1.67 90330 92 196877 
1.18 .92373 43 88604 1.68 90500 93 .97240 
1.19 .92089 44 88581 1.69 90678 94 197610 
1.20 191817 45 .88566 1.70 90864 95 .97988 
1.21 .91558 .46 88560 1.71 91057 96 98374 
1.22 91311 47 .88563 1.72 91258 97 98768 
1:23 .91075 48 88575 1.73 91466 98 99171 
1.24 .90852 49 88595 1.74 91683 99 99581 
2.00 1.00000 


* For large positive values of x, Г(х) approximates Stirling’s asymptotic series 


БЭР рт па cfl 139 STE. ns 
x| 12x 2882 5184033 248832054 | 


| The Beta Function* 
Definition: B(m,n) = | Tq — а т> 0, п> 0 
0 


Relationship with 


Г(т)Г 
Gamma Function: B(m,n) — Leni) 
Г(т + n) 
Properties: B(m,n) = В(п, т) 


n/2 
B(m,n) — 2| sin?"-! g cos?"-! 0 do 
0 


со 7-1 
В = — dt 
(т, п) І (1 + p 


1 mtd ЭР. гу! 
(r sk pe 


В(т, п) = r"(r + 1)" dt 


The Error Function 
2 17 Дд 
Definition: erf(x)=—= | еа 
УЛ 


х 10» 1x, 
3'25 37 


Series: erf(x) = Л (s 


Property: erf(x)— —erf(—x) 
X 
Relationship with Normal Probability Function f(t): І ғ) а = 3% 5) 
0 2 W2 
To evaluate erf (2.3), one proceeds as follows: Since 5 = 2.3, one finds x = (2.3) (V2) = 3.25. In the normal 


probability function table (page A-104), one finds the entry 0.4994 opposite the value 3.25. Thus erf (2.3)— 
2(0.4994) = 0.9988. 


erfc (2)=1— ег (2) =| e dt 


is known as the complementary error function. 


Orthogonal Polynomials* 
I 
Name: Legendre Symbol: P,(x) Interval: [— 1, 1] 
Differential Equation: (1 — x?)y" — 2 ху + n(n + Dy = 0 
y = Р(х) 


ШЕ 2n — 2m 
Explicit Expression: P,(x) = 22,04 w(; ) ( E хи-2т 


n 
m=0 
Recurrence Relation: (n + 1) Pj41(x) = Qn + 1)хР,(х) — пР,_1(х) 
Weight: 1 Standardization: P,(1)—1 


+1 
(- by d" 
2n! ах" 


+1 2 
Norm: І ЇР,С0 dx = ——— 
zi 2n 


Rodrigues’ Formula: P,,(x) = (=x 


oo 
Generating Function: R! = РЕ -Ї«х«1, 1 «1, 


1 — 2xz + 22 
Inequality: |P,(x)| x 1, — 1 < x < 1. 
П 
Name: Tschebysheff, First Kind Symbol: T,(x) Interval: [— 1, 1] 
Differential Equation: (1 — x2)y = ху + y 20 
у= TQ) 


ngA p (n = т 1) 


Explicit Expression: 7 52, Cb min — Эт)! (2х)"?" = cos (п arc cos x) = T,(x) 


Recurrence Relation: Т, (х) = 2xT,,(x) — T, (x) 
Weight: (1 — eje 2 Standardization: T,(1) — 1 


n/2, n#0 


+1 
Р _ ү2ү-1/2 РИИ 
Norm: | (1—x) [TQ] dx = | Яо 2820 


(- ту (1 – x2)? Jm а" 


-2yn—(1/2)) — 5 
Pur) ЕТО 


Rodrigues' Formula: 


A А 1— xz 
Generating Function: dono -X T,(x) 2", -1<х<1, | <1 


Inequality: |T,(x)| <1, — 1 < x < 1. 
HI 


Name: Tschebysheff, Second Kind Symbol: U,(x) Interval: [— 1, 1] 
Differential Equation: (1 — x))y" — Зху + n(n + 2)y = 0 


у= U,(x) 
qud Ina 7 зде 3 m (m — n) п—2т 
Explicit Expression: U,(x) = 2-4 1) mln 2 у 99 
(п-2т 
sin[(n + 1)8 
U,(cos0) = n con 


ж From Beyer, W. H., Ed., СЕС Handbook of Mathematical Sciences, 5th ed., CRC Press, Boca Raton, 1978, 557- 
560. With permission. 
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Recurrence Relation: U, (x) = 2xU,(x) — Un-1 (x) 
Weight: (1 — x»? Standardization: U,(1) = n + 1 


+1 т 
Norm: І a — x2) 0,0) dx = 3 
-1 


шиг x рут Ё 2yn+(1/2) 
(1— ха) 20m Г(п +3) аха (0 — x^) ) 


= > U,(x) 2", —1,<x<1, || < 1 
п-0 


Rodrigues’ Formula: U,(x) = 


1 
Generating Function: ТЕБЕ. 
Inequality: |О„(х)| Сп + 1 -1<х< 1. 

ТУ 


Мате: Jacobi Symbol: P&P(x) Interval: [- 1, 1] 
Differential Equation: 


(1 — x5" + [8 — а — (a + В+2)у + пп +e + B + Dy = 0 
у= PEPO) 


Explicit Expression: РӨ P(x) = E y. É Qs n+B е - px + 1” 
т-0 


Recurrence Relation: 2(n + D) (n+a + B+ 1) 2n + e Bp) P&P (х) 
=(2n+a+ В+ 1)[(02 — 8) + (2n +a + B + 2) 
x (n +w + BPE 900 


An + а) (n + B) Qn + «+ B + 2)Р (х) 


Weight: (1 — xy'(12-x)*:o, B > 1 Standardization: P@A(x) = (" M $ 


ын 2858 (и o + Гап + В+ 1) 
ys _ үү Br pla, В) 27. 
Norm: й (1 — xy*(1 + х) [Р (x)] 4х = ул Fat B4 ита та s+) 
(=)" а" 
2"п\(1 — х)®(1 + х)? dx" 


Rodrigues’ Formula: Р®В(х) = ((1 — 3) **(1 + ху?) 


oo 
Generating Function: R^ z+) (l+ z4 Бу? = Noe ae 
n > 


1-2х:--22, || <1 


n+q А 
( B ) ~m it g= mix pz = 


PODA ~ n-1⁄2 ig ç < —1 
Inequality: max | | Pe P] = | " з Y | 1 | 
шеді x' is one of the two maximum points nearest 


8-а 
а+В+1 
V 
Name: Generalized Laguerre Symbol: L(x) — Interval: (0, оо] 
Differential Equation: xy" t (a +1— xy +ny=0 
y= LP) 
1 
Explicit Expression: L®(x) = Ус Е ЕЗ d — х" 
т-0 т! 
Recurrence Relation: (n 4 DLO + 100) -1(21--0-1) 53155163) — (n+ o) LO — l(x) 
| -1у 
Weight: хе“, а > —1 Standardization: L(x) = шин, see 
n 
Гг 1 
Norm: r x*e LL Gp dx = БО ке) 
0 п! 
(о) l d ee 
ч 4 + а иү — Woxa эгж, 
Rodrigues’ Formula: Ls? (x) = хашсан ет 
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i оо 
Generating Function: (1 — 2) 7%! exp( —) = > L@(x)z" 
2-1 zem 


гүүр а Г(п+а+ 1) , х> 0 
Inequality: Le ој < sns n pe Нэг 
ioco < [2- Tet Шал, 20 
п!Г(а + 1) -l<a<0 


Orthogonal Polynomials 
Name: Hermite Symbol: H,(x) Interval: Г-оо, оо] 
Differential Equation: y" — 2ху + 2ny = 0 


ШЕ) (-1у" (2 х7?" 
Explicit Expression: Н,(х) = — 
2 тип — 2m)! 


Recurrence Relation: H, (x) = 2xH,(x) — 2пН,-1(х) 
Weight: e^" — Standardization: НиТ) = 2^ x" +... 
ОО 
2 2 
Norm: J е“ [H,(x)] dx = 2'т Ут 
s 2 а" 2 
Rodriques’ Formula: H,(x) = (—1)'e* ——(е “7 ) 
бо. dX 
Generating Function: e^ 122 = > H,(x)— 
те n! 


Inequality: |H,(x)| < еко" Уи К e 1.086435 


2 0 
0.0 -0000 
0.1 -0398 
0.2 -0793 
0.3 41179 
0.4 .1554 
0.5 :1915 
0.6 2258 
0.7 2580 
0.8 2881 
0.9 3159 
1.0 3413 
14 -3643 
12 -3849 
1.3 -4032 
1.4 -4192 
1.5 4332 
1.6 4452 
17 4554 
1.8 -4641 
1.9 4713 
2.0 4772 
24 -4821 
2.2 -4861 
23 4893 
2.4 4918 
2.5 4938 
2.6 4953 
2.7 -4965 
2.8 „4974 
29 -4981 
3.0 -4987 
34 4990 
32 4993 
33 4995 
34 4997 
3:5 4998 
3.6 4998 
3.7 4999 
3.8 4999 
3.9 5000 


Areas under the Standard Normal Curve from 0 to z 


1 


-0040 
-0438 
-0832 
1217 
1591 
.1950 
2291 
2612 
2910 
43186 
3438 
3665 
-3869 
-4049 
4207 
„4345 
4463 
4564 
4649 
4719 
4778 
.4826 
4864 
4896 
4920 
4940 
4955 
4966 
4975 
4982 
4987 
4991 
4993 
4995 
4997 
4998 
4998 
4999 
4999 
-5000 


NORMAL PROBABILITY FUNCTION 


2 


-0080 
.0478 
0871 
1255 
1628 
1985 
2324 
2652 
2939 
43212 
3461 
3686 
3888 
4066 
4222 
4357 
4474 
44573 
4656 
4726 
4783 
4830 
4868 
4898 
4922 
4941 
4956 
4967 
4976 
4982 
4987 
4991 
4994 
4995 
4997 
4998 
4999 
4999 
4999 
-5000 


3 


0120 
0517 
0910 
-1293 
-1664 
-2019 
2357 
2673 
2967 
3238 
3485 
-3708 
-3907 
4082 
4236 
4370 
4484 
4582 
4664 
4732 
4788 
4834 
4871 
-4901 
4925 
4943 
4957 
„4968 
4977 
4983 
4988 
4991 
„4994 
„4996 
4997 
4998 
4999 
4999 
4999 
-5000 


4 


.0160 
.0557 
.0948 
.1331 
.1700 
.2054 
.2389 
.2704 
.2996 
.3264 
.3508 
.3729 
.3925 
4099 
4251 
4382 
4495 
4591 
4671 
4738 
4793 
4838 
4875 
4904 
4927 
4945 
4959 
4969 
4977 
4984 
4988 
4992 
4994 
4996 
4997 
4998 
4999 
4999 
4999 
-5000 


4999 
4999 
-5000 


F(z) below refers to area under Standard Normal Curve from —oo to z 


F(z) 
21-82) 


1.282 


90 
20 


1.645 
95 
10 


1.960 
975 
.05 
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2.326 
.99 
.02 


ға 


PERCENTAGE POINTS, STUDENT'S t-DISTRIBUTION 


This table gives values of 1 such that 


п+ ) 
(> 
t х2 1 
r= f 2 (1+5) - di 
~~ Миг (5) 
Гог n, the number of degrees of freedom, equal to 1,2, ..., 30, 40, 60, 120, оо: and for F(t) = 0.60, 0.75, 0.90, 0.95, 
0.975, 0.99, 0.995, and 0.9995. Тһе t-distribution is symmetrical, so that F(—4 = 1 — F(a) 


n\F 60 75 90 95 975 99 995 9995 


1 325 1.000 3.078 6.314 12.706 31.821 63.657 636.619 
2 289 816 1.886 2.920 4.303 6.965 9.925 31.598 
3 277 765 1.638 2.353 3.182 4.541 5.841 12.924 
4 271 141 1.533 2:132 2.776 3.747 4.604 8.610 
5 267 127 1.476 2.015 2.571 3.365 4.032 6.869 
6 265 718 1.440 1.943 2.447 3.143 3.707 5.959 
7 263 111 1.415 1.895 2.365 2.998 3.499 5.408 
8 .262 .706 1.397 1.860 2.306 2.896 3.355 5.041 
9 .261 703 1.383 1.833 2.262 2.821 3.250 4.781 
0 .260 700 1.372 1.812 2.228 2.764 3.169 4.587 
1 260 697 1.363 1.796 2.201 2.718 3.106 4.437 
2 259 695 1.356 1.782 2.179 2.681 3.055 4.318 
3 259 .694 1.350 1.771 2.160 2.650 3.012 4.221 
4 .258 .692 1.345 1.761 2.145 2.624 2.977 4,140 
5 258 691 1.341 1.753 2.131 2.602 2.947 4.073 
6 .258 .690 1.337 1.746 2.120 2.583 2.92] 4.015 
7 .257 .689 1.333 1.740 2.110 2.567 2.898 3.965 
8 .257 .688 1.330 1.734 2.101 2.552 2.878 3.922 
9 257 688 1.328 1.729 2.093 2.539 2.861 3.883 
20 257 687 1.325 1.725 2.086 2.528 2.845 3.850 
21 257 .686 1.323 1.721 2.080 2.518 2.831 3.819 
22 .256 .686 1.321 1.717 2.074 2.508 2.819 3.792 
23 .256 .685 1.319 1.714 2.069 2.500 2.807 3.767 
24 .256 .685 1.318 1.711 2.064 2.492 2.797 3.745 
25 .256 .684 1.316 1.708 2.060 2.485 2.787 3.725 
26 .256 .684 1.315 1.706 2.056 2.479 2.779 3.707 
27 .256 .684 1.314 1.703 2.052 2.473 2.771 3.690 
28 .256 683 1.313 1.701 2.048 2.467 2.763 3.674 
29 256 683 1.311 1.699 2.045 2.462 2.756 3.659 
30 .256 683 1.310 1.697 2.042 2.457 2.750 3.646 
40 .255 .681 1.303 1.684 2.021 2.423 2.704 3.551 
60 .254 .679 1.296 1.671 2.000 2.390 2.660 3.460 
120 .254 677 1.289 1.658 1.980 2.358 2.617 3.373 
oo :253 .674 1.282 1.645 1.960 2.326 2.576 3.291 


ж This table is abridged from the "Statistical Tables" of R. A. Fisher and Frank Yates 
published by Oliver & Boyd. Ltd., Edinburgh and London, 1938. It is here published with 
the kind permission of the authors and their publishers. 


PERCENTAGE POINTS, CHI-SQUARE DISTRIBUTION 


This table gives values of x? such that 
a 


F(x = І 5 | 1 x7 2/257 61/2 дү 
о 22Г(п/2) 


for n, the number of degrees of freedom, equal to 1,2,...,30. For n > 30, а normal approximation is quite accurate. 


The expression /2x2 — ,/2n — 1 is approximately normally distributed as the standard normal distribution. Thus x2, 
the o-point of the distribution, may be computed by the formula 


x, = Axe + 2n = IP, 
where x, is the а-роіпі of the cumulative normal distribution. For even values of n, F(x”) can be written as 


xX-l —A4x 
e ^X 
т = у 


х=0 


with À = 1⁄2 and x = Іт. Thus the cumulative Chi-Square distribution is related to the cumulative Poisson 
distribution. 
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Another approximate formula for large n 


n — degrees of freedom 
z, — the normal deviate (the value of x for which F(x) — the desired percentile). 


х 


1.282 


1.645 


1.960 


2.326 


2.576 


3.090 


F(x) 


90 


95 


975 


99 


995 


999 


Хо = 60[1 — 0.00370 + 2.326(0.06086)]° = 88.4 is the 99th percentile for 60 degrees of freedom. 


2 


F( x) == І 1 И ха-2/2-х/2 qx 
0 2 ог (5) 
2 

п .005 :010 025 050 100 250 -500 -750 900 950 975 990 995 
1 0000393 000157 000982 00393 0158 102 455 1:32 271 3.84 5.02 6.63 7.88 
2 0100 0201 0506 1103 211 2875 1.39 247 4.61 5.99 7.38 9.21 10.6 
3 0717 4115 216 352 584 1.21 2.37 4.11 6.25 7.81 9.35 11.3 12.8 
4 .207 .297 484 711 1.06 1.92 3.36 5.39 7.78 9.49 пл 13:3 14.9 
5 412 1554 831 1.15 1.61 2.67 4.35 6.63 9.24 11.1 12.8 15.1 16.7 
6 676 872 1.24 1.64 2.20 3.45 5.35 7.84 10.6 12.6 14.4 16.8 18.5 
7 989 1.24 1.69 2.17 2.83 4.25 6.35 9.04 12.0 14.1 16.0 18.5 20.3 
8 1.34 1.65 2.18 2.73 3.49 5.07 7.34 10.2 13.4 15.5 17:5: 20.1 22.0 
9 1.73 2.09 2.70 3.33 4.7 5.90 8.34 11.4 14.7 16.9 19.0 21:7 23.6 
10 2.16 2.56 3.25. 3.94 4.87 6.74 9.34 12:3 16.0 18.3 20.5 23.2 25:2 
11 2.60 3.05 3.82 4.57 5.58 7.58 10.3 13.7 17:3 19.7 219 247 26.8 
12 3.07 3.57 4.40 5.23 6.30 8.44 1.3 14.8 18.5 21.0 23:3 26.2 28.3 
13 3:57. ал 5.01 5.89 7.04 9.30 12.3 16.0 19.8 22.4 247 277 29.8 
14 4.07 4.66 5.63 6.57 7.79 10.2 13.3 171 21Л 237 26.1 29.1 313 
15 4.60 5.23 6.26 7.26 8.55 11.0 143 18.2 223 25.0 27.5 30.6 32.8 
16 5.14 5.81 6.91 7.96 9.31 11.9 15.3. 19.4 23.5 26.3 28.8 32.0 34.3 
17 5.70 6.41 7.56 8.67 10.1 12.8 16.3 20.5 24.8 27.6 30.2 33.4 35.1 
18 6.26 7.01 8.23 9.39 10.9 13.7 17.3 21.6 26.0 28.9 31.5 34.8 37.2 
19 6.84 7.63 8.91 10.1 11.7 14.6 18.3 227 272. 30.1 329 36.2 38.6 
20 7.43 8.26 9.59 10.9 124 15.5 19.3 23.8 28.4 314 34.2 37.6 40.0 
21 8.03 8.90 10.3 11.6 132 16.3 20.3 24.9 29.6 32.7 35.5 38.9 41.4 
22 8.64 9.54 11.0 12.3 14.0 17.2 21.3 26.0 30.8 33.9 36.8 40.3 42.8 
23 9.26 10.2 11.7 13.1 14.8 18.1 223 21.1 32.0 352 38.1 41.6 442 
24 9.89 10.9 12.4 13.8 15.7 19.0 23.3 282 332 36.4 39.4 43.0 45.6 
25 10.5 115 134 14.6 16.5 19.9 24.3 29.3 34.4 37.1 40.6 44.3 46.9 
26 112 122 13.8 15.4 17.3 20.8 25.3 30.4 35.6 38.9 41.9 45.6 48.3 
27 11.8 12:9; 14.6 16.2 18.1 21.7 26.3 31.5 36.7 40.1 43.2 47.0 49.6 
28 12.5 13.6 15:3 16.9 18.9 22.7 273 32.6 379 413 44.5 483 510 
29 131 14.3 16.0 17.7 19.8 23.6 28.3 33.7 39.1 42.6 45.7 49.6 52.3 
30 13.8 15.0 16.8 18.5 20.6 24.5 29.3 34.8 40.3 43.8 47.0 50.9 53.7 
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PERCENTAGE POINTS, F-DISTRIBUTION 


This table gives values of F such that 


m+n 


F(F) = f г( 2 ) mi ph? dm 3/2 (xy "dx 
K. 


for selected values of m, the number of degrees of freedom of the numerator of F; and for selected values of n, the 
number of degrees of freedom of the denominator of F. The table also provides values corresponding to КЕ) = 10, 
.05, .025, .01, .005, .001 since Fi. for m and n degrees of freedom is the reciprocal of F, for n and m degrees of 
freedom. Thus 


1 


1 
F5(4,7) =  —— = —— 
95( ? ) Боч(7, 4) 6.09 


= .164 
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m+n 

F r( ) 

F(F) = x 2 2 т"! тп m mx) (may — 90 
° r(2)(5) 


һә 
w 
ы 
ta 
ES 
E 
oc 
© 


10 12 1$ 20 24 30 40 60 120 oo 

39.86 | 49.50 | 53.59 | 55.83 | 57.24 | 58.20 | 58.91 | 59.44 | 59.86 | 60.19 | 60.71 | 61.22 | 61.74 | 62.00 | 62.26 | 62.53 | 62.79 | 63.06 | 63.33 
8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49 
5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.20 5.18 5.18 5.17 5.16 5.15 5.14 5.13 
4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 3.76 


1 
2: 
3 
4 
5 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.27 3.24 321 319 317 316 314 3.12 3.10 
6 
7 
8 
9 


3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.90 2.87 2.84 2.82 2.80 2.78 2.76 2.74 2.72 
3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70 2.67 2.63 2.59 2.58 2.56 2.54 2.51 2.49 2.47 
3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.50 2.46 2.42 2.40 2.38 2.36 2.34 2.32 2.29 
3:36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.38 2.34 2.30 2.28 2.25 2.23 2.21 2.18 2.16 


10 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32 2.28 2.24 2.20 2.18 2.16 2.13 2.11 2.08 2.06 
11 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97 
12 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 221 2.19 2.15 2.10 2.06 2.04 2.01 1.99 1.96 1.93 1.90 
13 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.90 1.88 1.85 
14 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.05 2.01 1.96 1.94 1.91 1.89 1.86 1.83 1.80 


15 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 2.06 2.02 1.97 1.92 1.90 1.87 1.85 1.82 1.79 1.76 
16 3.05 2.67 2.46 2.33 2.24 218 2.13 2.09 2.06 2.03 1.99 1.94 1.89 1.87 1.84 1.81 1.78 1.75 1.72 
17 3.03 2.64 2.44 2.31 2.22 215 2.10 2.06 2.03 2.00 1.96 1.91 1.86 1.84 1.81 1.78 1.75 1.72 1.69 
18 3.01 2.62 2.42 2.29 2.20 213 2.08 2.04 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 1.72 1.69 1.66 
19 2.99 2.61 2.40 2.27 2.18 241 2.06 2.02 1.98 1.96 1.91 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63 


20 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.89 1.84 1.79 1.77 1.74 1.71 1.68 1.64 1.61 
21 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95 1.92 1.87 1.83 1.78 1.75 1.72 1.69 1.66 1.62 1.59 
22 2.95 2.56 2.35 222 2.13 2.06 2.01 1.97 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57 
23 2.94 2.55 2.34 221 2.1 2.05 1.99 1.95 1.92 1.89 1.84 1.80 1.74 1.72 1.69 1.66 1.62 1.59 1.55 
24 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.61 1.57 1.53 
25 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52 
26 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.81 1.76 1.71 1.68 1.65 1.61 1.58 1.54 1.50 
27 2.90 2.51 2.30 247 2.07 2.00 1.95 1.91 1.87 1.85 1.80 1.75 1.70 1.67 1.64 1.60 1.57 1.53 1.49 
28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48 
29 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 1.83 1.78 1.73 1.68 1.65 1.62 1.58 1:55 1.51 1.47 
30 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.77 1.72 1.67 1.64 1.61 1.57 1.54 1.50 1.46 
40 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.71 1.66 1.61 1,57 1.54 1.51 1.47 1.42 1.38 
60 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.66 1.60 1.54 1.51 1.48 1.44 1.40 1.35 1.29 
120 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.60 1.55 1.48 1.45 1.41 1.37 1.32 1.26 1.19 
оо 271 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 1.30 1.24 1.17 1.00 


S Si 5: y " * . 
Е- : - у ‚ Where 52 = Si /m and 52 = S>/n are independent mean squares estimating a common variance o? and based on m 
5: т п 
2 


and n degrees of freedom, respectively. 


mp mg NE mx) UP qx = 95 


~ 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 оо 


1 | 161.4 |199.5 |215.7 |224.6 |230.2 |2340 |236.8 |238.9 |240.5 |241.9 |243.9 |245.9 |2480 |2491 |2501 |2511 |252.2 |253.3 | 254.3 
2| 18.51] 19.00| 19.16| 19.25] 19.30| 19.33| 19.35 | 19.37 | 19.38 | 19.40| 19.41 | 19.43| 19.45 | 19.45 | 19.46 | 19.47] 19.48 | 1949] 19.50 
3| 10.13 9.55 9.28 9.12 9.01 8.94 8.89| 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 
4 7.71 6.94 6.59 6.39 626| 6.16 6.09| 6.04 6.00 5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.69 5.66 5.63 
5 


6.61 5.79 5.41 519 5.05 4.95 4.88| 4.82 4.77 4.74] 4.68 4.62| 4.56| 4.53 4.50| 446| 4.43| 4.40| 4.36 
6 5.99 5.14| 4.76| 4.53 4.39 | 4.28 4.21| 4.15 4.10| 4.06] 4.00 3.94 3.87 3.84 3.81 3.77 3.74| 3.70 3.67 
7 5.59| 474| 4.35| 4.12 3.97 3.87 379| 3.73 3.68 3.64 3.57 3.51 344| 341 3.38 3.34 3.30 3.27 3.23 
8 5.32| 446| 4.07 3.84 3.69 3.58 3.50| 344 3.39 3.35 3.28 3.22 3.15 3.12 3.08 3.04 3.01 2.97 2.93 
9 5.12| 426 3.86 3.63 3.48 3.37 329| 323 3.18 3.14 3.07 3.01 294| 290| 2.861 2.83 2.79 2.75 2.71 


10 4.96 | 4.10 3.71 3.48 3.33 3.22 3.14] 3.07 3.02 2.98 2.91 2.85 2.77 274| 2.70| 2.66 2.62 2.58 2.54 
П 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90] 2.85 2.79] 2.72 2.65 2.61 257| 253 2.49 2.45 2.40 
12 4.75 3.89 3.49 3.26 3.11 3.00| 2.91 2.85 2.80| 2.5 2.69| 2.62 2.54| 251 2.47 2.43 2.38 2.34 2.30 
13 4.67 3.81 3.41 3.18 3.03 292| 283| 277 2.71 2.67 2.60| 2.53 2.46 2.42 2.38 2.34 2.30 2.25 2.21 
14 4.60 3.74 3.34| 3.11 296| 2.85 2.76 | 2.70 2.65 2.60| 2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.18 2.13 


15 4.54 3.68 3.29 3.06| 290| 279| 271 2.64 2.59 2.54| 248 2.40 2.33 2.29 2.25 2.20 2.16 241 2.07 
16 4.49 3.63 324| 3.01 2.85 2.14| 2.66| 2.59 254| 249| 242| 2.35 2.28 224| 219| 215 241 2.06 2.01 
17 4.45 3.59 3.20 296| 281 270| 2.61 2.55 2.49 2.45 2.38 2.31 2.23 2.19 2.15 2.10 2.06 2.01 1.96 
18 4.41 3.55 3.16 2.93 277| 2.66| 2.58| 251 246| 241 234| 227 2.19 2.15 2.11 2.06 2.02 1.97 1.92 
19 4.38 3.52 3.13 290| 274| 2.63 2.54 | 2.48 2.42 2.38 2.31 2.23 2.16 2.11 2.07| 2.03 1.98 1.93 1.88 


20 4.35 3.49 | 340| 2.87| 2.71 2.60| 2.51| 2.45 2.39| 235| 228| 220| 2.12| 2.08| 2.04 1.99 1.95 1.90 1.84 
21 432| 347| 3.07| 2.84] 2.68| 257| 249| 242 237| 232| 225| 248 210| 2.05| 2.01 1.96 1.92 1.87 1.81 
22 430| 3.44| 3.05] 2.82] 2.66| 2.55| 246| 240 2.34] 230| 2.231 215) 2.07| 2.03 1.98 1.94 1.89 1.84 1.78 
23 4.28 3.42| 303] 280| 2.64| 253| 244| 237 2.32| 227| 220| 2.13 2.05| 2.01 1.96 1.91 1.86 1.81 1.76 
24 426| 340| 3.01 2.78 | 2.62| 251 2.42 | 2.36 230| 225| 218| 211 2.03 1.98 1.94 1.89 1.84 1.79 1.73 


25| 424| 339| 299| 276| 260| 249| 240| 234] 228| 224| 246| 209| 201| 1.96] 192| 187| 182| 177| 121 
26| 423| 337| 298| 274| 259] 247| 239| 232| 227| 222| 245| 207| 199| 195| 190| 185| 180| 175| 1.69 
27| 421| 335| 296| 273| 257| 246| 237| 231| 225| 220| 213| 206| 197| 193| 188| 184| 129] 173| 1.67 
28| 420| 334| 295| 271] 256| 245| 236| 229| 224| 249| 212| 204| 196| 191| 187| 182| 177| 171| 165 
29| 448| 333| 293| 270| 255| 243| 235| 228| 222| 248| 240| 203| 194| 190| 185| 181| 175| 170| 16 
30| 417| 332| 292| 269] 253| 242| 233| 227| 221| 216| 209| 201) 193| 189| 184| 179] 174| 168| 16 
40| 408| 323] 284| 261] 245| 234| 225| 248| 212| 208] 200| 192| 184| 1.79] 1.74] 169] L64| L58| 151 
60 | 4.00] 345| 276| 253| 237| 225| 247| 240| 204| 199| 192] 184| 1.75] 120] 165| 159) 1.53| 147| 139 

120 | 3.92| 307| 268| 245| 229| 217] 209| 202| 196| 191| 183| 175| 166| 161] 155| 150| 143| 135| 125 
со | 384] 300| 260| 237| 221| 240| 201| 194| 188| 183| 175] 167| 1.57] 152| 146| 139] 132| 122| 100 

2 
s S/S 2 2 , : : : 2 
=D aa s= where 51 = Si /m апа 55 = S5/n are independent mean squares estimating a common variance с 
52 


and based on т and n degrees of freedom, respectively. 
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" r(? + 2) 
F(F) = І — гуйх mnn Pg mM, + mx) (0*2 dx = 975 
5 55 

"|1 2 3 4 5 6 7 8 9 io | 12 | 15 | 2 | м | 30 | 41 во | 20 | œ 


647.8 | 799.5 |8642 |899.6 |9218 |9371 | 948.2 | 956.7 | 963.3 | 968.6 |976.7 |9849 |9931 |997.2 |1001 1006 |1010 [1014 |1018 
38.51 | 39.00| 39.17 | 39.25 | 39.30] 39.33| 39.36 | 39.37 | 39.39 | 39.40 | 39.41] 39.43 | 39.45 | 39.46 | 39.46| 39.47| 39.48| 39.49| 39.50 
17.44 | 16.04] 15.44 | 15.10] 14881 14.73 | 14.62| 14.54 | 14.47 | 14.42 | 14.34] 14.25] 14.17| 14.12| 14.08) 14.04) 13.99! 13.95| 13.90 
12.22 | 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 8.41 8.36 8.31 8.26 


1 
2 
3 
4 
5 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02 
6 
7 
8 
9 


8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27 5.17 5.12 5.07 5.01 4.96 4.90 4.85 
8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4.76 4.67 4.57 4.47 4.42 4.36 4.31 4.25 4.20 4.14 
7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36 4.30 4.20 4410 4.00 3.95 3.89 3.84 3.78 3.73 3.67 
7.21 571 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.96 3.87 3.77 3.67 3.61 3.56 3.51 3.45 3.39 3.33 


10 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78 372 3.62 3.52 3.42 3.37 3.31 3.26 3.20 3.14 3.08 
11 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 3.43 3.33 3.23 3.17 3.12 3.06 3.00 2.94 2.88 
12 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44 3.37 3.28 3.18 3.07 3.02 2.96 2.91 2.85 2.79 2.72 
13 6.41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31 3.25 3.15 3.05 2.95 2.89 2.84 2.78 2.72 2.66 2.60 
14 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 321 3.15 3.05 2.95 2.84 2.79 2.73. 2.67 2.61 2.55 2.49 


15 6.20 4.77 4.15 3.80 3.58 3.41 3.29 3.20 3.12 3.06 2.96 2.86 2.76 2.70 2.64 2.59 2.52 2.46 2.40 
16 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05 2.99 2.89 2.79 2.68 2.63 2.57 2:51 2.45 2.38 2.32 
17 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98 2.92 2.82 2.72 2.62 2.56 2.50 2.44 2.38 2.32 2.25 
18 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93 2.87 2.77 2.67 2.56 2.50 2.44 2.38 2.32 2.26 2.19 
19 5.92 4.51 3.90 3.56 3.33 3.17 3.05 2.96 2.88 2.82 2.72 2.62 2.51 2.45 2.39 2.33 2.27 2.20 2.13 


20 5.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.84 2.7] 2.68 2.57 2.46 241 2.35 2.29 2.22 2.16 2.09 
21 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 2.73 2.64 2.53 242 2.37 2.31 2.25 218 2.11 2.04 
22 5.79 4.38 3.78 3.44 322 3.05 2.93 2.84 2.76 2.70 2.60 2.50 2.39 2.33 2.27 2.21 2.14 2.08 2.00 
23 5.75 4.35 3.75 3.41 318 3.02 2.90 2.81 2.73 2.67 2.57 2.47 2.36 2.30 2.24 2.18 2.11 2.04 1.97 
24 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70 2.64 2.54 2.44 2.33 2.27 2.21 215 2.08 2.01 1.94 


25 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.51 241 2.30 224 2.18 2.12 2.05 1.98 1.91 
26 5.66 4.27 3.67 3.33 3.10 2.94 2.82 2.73 2.65 2.59 2.49 2.39 2.28 222 2.16 2.09 2.03 1.95 1.88 
27 5.63 4.24 3.65 3.31 3.08 2.92 2.80 2.71 2.63 2.57 2.47 2.36 2.25 2.19 2.13 2.03 2.00 1.93 1.85 
28 5.61 4.22 3.63 3.29 3.06 2.90 2.78 2.69 2.61 2.55 2.45 2.34 2.23 2.17 2.11 2.05 1.98 1.91 1.83 
29 5.59 4.20 3.61 3.27 3.04 2.88 2.76 2.67 2.59 2.53 2.43 2.32 2.21 2.15 2.09 2.03 1.96 1.89 1.81 


30 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2:57 2.51 2.41 2.31 2.20 2.14 2.07 2.01 1.94 1.87 1.79 
40 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39 2.29 2.18 2.07 2.01 1.94 1.88 1.80 1.72 1.64 
60 5.29 3.93 3.34 3.01 2.79 2.63 2.51 241 2.33 227 2.7 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1.48 
120 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.64 1.53 1.43 1.31 
оо 5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 2.11 2.05 1.94 1.83 1.71 1.64 1.57 1.48 1.39 1.24 1.00 


2 

S S 1 55 ç 2 s d 2 
Е- 1 == | —, where s? = S,/m and 52 = S2/n are independent mean squares estimating a common variance о? 

5 т п Ч 

2 


m 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 oo 


4052 |4999.5 |5403 |5625 |5764 |5859 |5928 |5982 |6022 |6056 |6106 |6157 |6209 16235 (6261 |6287 |6313 |6339 |06366 
98.50| 99.00) 99.17| 99.25] 99.30| 99.33) 99.36] 99.37| 99.39| 99.40| 99.42| 99.43| 99.45| 99.46| 99.47| 99.47| 99.48| 99.49| 99.50 
3412| 30.82] 29.46] 28.71| 28.24) 27.91) 27.67! 27.49) 27.35| 27.23| 27.05| 26.87] 26.69 26.60| 26.50| 2641| 26.32] 26.22| 26.13 
21.20| 18.00| 16.69| 15.98] 15.52) 15.21| 14.98! 14.80| 14.66| 14.55| 14.37| 14.20| 14.02) 13.93] 13.84) 13.75| 13.65] 13.56| 13.46 


1 
2 
3 
4 
5 16.26| 13.27] 12.06| 11.39| 10.97] 10.67] 10.46] 10.29| 10.16| 10.05 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02 
6 
7 
8 
9 


13.75| 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88 
12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65 
11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86 
10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 541 4.96 4.81 4.73 4.65 4.57 4.48 4.40 4.31 


10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56 4.41 4.33 4.25 4.17 4.08 4.00 3.91 
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4Л4 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 3.60 
12 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62 3.54 3.45 3.36 
13 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.82 3.66 3.59 3.51 3.43 3:34 3.25 3.17 
14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 414 4.03 3.94 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00 


15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.29 3.21 3.13 3.05 2.96 2.87 
16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.55 3.41 3.26 318 3.10 3.02 2.93 2.84 2.75 
17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.31 316 3.08 3.00 2.92 2.83 2.75 2.65 
18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 371 3.60 3.51 3.37 323 3.08 3.00 2.92 2.84 2.75 2.66 2.57 
19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 2.49 


20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 323 3.09 2.94 2.86 2.78 2.69 2.61 2.52 2.42 
21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.31 3.17 3.03 2.88 2.80 2.72 2.64 2.55 2.46 2.36 
22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.12 2.98 2.83 2.75 2.67 2.58 2.50 2.40 2.31 
23 7.88 5.66 4.76 4.26 3.94 371 3.54 3.41 3.30 321 3.07 2.93 2.78 2.70 2.62 2.54 2.45 2.35 2.26 
24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 2.74 2.66 2.58 2.49 2.40 2.31 2.21 


25 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 2.99 2.85 2.70 2.62 2.54 2.45 2.36 2.27 2.17 
26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 2.42 2.33 2.23 2.13 
27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.93 2.78 2.63 2.55 2.47 2.38 2.29 2.20 2.10 
28 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.90 2.75 2.60 2.52 2.44 2.35 2.26 2.17 2.06 
29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.87 2.73 2.57 2.49 2.41 2.33 2.23 2.14 2.03 


30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01 
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2:52. 2:37. 2.29 2.20 241 2.02 1.92 1.80 
60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60 
120 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 219 2.03 1.95 1.86 1.76 1.66 1.53 1.38 
оо 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.18 2.04 1.88 1.79 1.70 1.59 1.47 1.32 1.00 


5 5 1 5: д A x : 2 
= - = — / —, where 51 = Sj/m and 5 = S/n are independent mean squares estimating a common variance о” 

ss mí n 
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and based on m and n degrees of freedom, respectively. 
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F(F) = І 


т n 
(5770) 
2 2. 
me | 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 со 
т (16211: |2000 |21615 |22500 |23056 (23437 |23715 |23925 |2400: |24224 |24426 |24630 |24836 |24940 |25044 |25148 |25253 (25359 |25465 
2| 1985 | 1990 199.2 | 1992 | 1993 | 1993 | 199.4 | 199.4 | 199.4 | 199.4 | 199.4 | 199.4 | 199.4 | 199.5 | 199.5 | 1995 | 199.5 | 1995 | 1995 
3 55.55| 49.80 |  4747| 46.19] 45.39] 44.84] 4443| 4413] 43.88] 43.69] 43.39] 4308| 42.78] 42.62] 4247| 4231] 4215| 41.99] 4183 
4 31.33] 2628] 24.26] 23.15] 22.46] 21.97] 21.62] 21.35] 21.14] 2097) 20.70] 2044] 2017) 2003! 19.89] 19.75] 19.61] 19.47] 1932 
5 22.78| 18.31 16.53| 15.56] 14.94] 14.51] 14.20] 13.96] 13.77] 13.62] 1338| 13.15] 12.90] 12.78] 12.660 12.53] 1240] 1227) 1214 
6 18.63| 14.54 12.92] 12.03] 1146] 11.07] 10.79] 10.57] 10.39] 10.25] 1003 9.81 9.59 9.47 9.36 9.24 9.12 9.00 8.88 
7 16.24| 1240 10.88] 10.05 9.52 9.16 8.89 8.68 8.51 8.38 8.18 7.97 7.15 7.65 7.53 7.42 7.31 7.19 7.08 
8 14.69| 11.04 9.60 8.81 8.30 7.95 7.69 7.50 7.34 721 7.01 6.81 6.61 6.50 6.40 6.29 6.18 6.06 5.95 
9 13.61| 10.11 82 7.96 7.47 713 6.88 6.69 6.54 6.42 6.23 6.03 5,83 5.73 5.62 5.52 541 5.30 5.19 
10 12.83] 943 8.08 734 6.87 6.54 6.30 612 5.97 5.85 5.66 547 527 $47 5.07 4.97 4.86 4.75 4.64 
11 12.23 8.91 7.60 6.88 6.42 610 5.86 5.68 5.54 542 524 5.05 4.86 4.76 4.65 4.55 444 4.34 423 
12 11.75| 8,51 7.23 6.52 6.07 5.76 5.52 5.35 5.20 5.09 491 4.72 4.53 4.43 4.33 4.23 4.12 4.01 3.90 
13 11.37] | 849 6.93 6.23 5.79 5.48 5.25 5.08 4.94 4.82 4.64 4.46 427 417 4.07 3.97 3.87 3.76 3.65 
14 1106| 7.92 6.68 6.00 5.56 5.26 5.03 4.86 4.72 4.60 4.43 4.25 4.06 3.96 3.86 3.76 3.66 3.55 344 
15 1080| — 7.70 6.48 5.80 5.37 5.07 4.85 4.67 4.54 4.42 4.25 4.07 3.88 3.79 3.69 3.58 3.48 3.37 3.26 
16 10.58| — 7.51 6.30 5.64 521 4.91 4.69 4.52 4.38 4.27 410 3.92 3.73 3.64 3.54 3.44 3.33 3.22 3.11 
17 10.38| 7.35 6.16 5.50 5.07 4.78 4.56 4.39 4.25 414 397 3.79 3.61 3.51 341 3.31 3.21 3.10 2.98 
18 10.22| 721 6.03 5.37 4.96 4.66 4.44 4.28 4.14 4.03 3.86 3.68 3.50 3.40 3.30 3.20 3.10 2.99 2.87 
19 10.07| — 7.09 5.92 527 4.85 4.56 4.34 4.18 4.04 3.93 3.76 3.59 3.40 3.31 3.21 3.11 3.00 2.89 2.78 
20 9.94| 6.99 5.82 5.17 4.76 4.47 4.26 4.09 3.96 3.85 3.68 3.50 3.32 3.22 3.12 3.02 2.92 2.81 2.69 
21 9.83 6.89 5.73 5.09 4.68 4.39 4.18 4.01 3.88 3.77 3.60 3.43 324 3.15 3.05 2.95 2.84 2.73 2.61 
22 9,73 6.81 5.65 5.02 4.61 4.32 4.11 3.94 3.81 3.70 3.54 3.36 318 3.08 2.98 2.88 2.77 2.66 2.55 
23 9.63 6.73 5.58 4.95 4.54 4.26 4.05 3.88 3.75 3.64 3.47 3.30 3.12 3.02 2.92 2.82 2.71 2.60 2.48 
24 9.55] 6.66 5.52 4.89 4.49 4.20 3.99 3.83 3.69 3.59 3.42 3.25 3.06 2.97 2.87 2.77 2.66 2.55 2.43 
25 948| 6.60 5.46 4.84 4,43 415 3.94 3.78 3.64 3.54 3.37 3.20 3.01 2.92 2.82 2.72 2.61 2.50 2.38 
26 9.41 6.54 541 4.79 4.38 4.10 3.89 3.73 3.60 3.49 3.33 3.15 2.97 2.87 271 2.67 2.56 2.45 2.33 
27 9.34| 649 5.36 4.74 4.34 4.06 3.85 3.69 3.56 345 3.28 341 2.93 2.83 2.73 2.63 2.52 241 2.25 
28 928| 6.44 532 4.70 4.30 4.02 3.81 3.65 3.52 3.41 3.25 3.07 2.89 2.19 2.69 2.59 2.48 2.37 2.29 
29 9.23 6.40 5.28 4.66 4.26 3.98 3.77 3.61 3.48 3.38 321 3.04 2.86 2.76 2.66 2.56 2.45 2,33 224 
30 918| 635 524 4.62 4.23 3.95 3.74 3.58 3.45 3.34 3.18 3.01 2.82 2.73 2.63 2.52 2.42 2.30 218 
40 8.83 6.07 4.98 4.37 3.99 3.71 3.51 3.35 3.22 3.12 2.95 2.78 2.60 2.50 2.40 2.30 2.18 2.06 1.93 
60 8.49| 5.79 4.73 4.14 3.76 3.49 3.29 313 3.01 2.90 2.74 2.57 2.39 2.29 219 2.08 1.96 183 1.69 
120 818| 5.54 4.50 3.92 3.55 328 3.09 2.93 2.81 2.71 2.54 2.37 2.19 2.09 1.98 1.87 1.75 1.61 1.43 
со 7.88| 530 428 3.72 3.35 3.09 2.90 2.74 2.62 2.52 2.36 2.19 2.00 1.90 1.79 1.67 1.53 1.36 1.00 
я Si 5: 2 2 " E 4 . pA 
Ешз- / , Where s; = Si /m and 55 = S2/n are independent mean squares estimating a common variance o“ and based on m and n degrees of freedom, 
5: т п 
2 
respectively. 
m+n 
Е Г 5 ) 
ЕЕ) = І “уруу te mm n" m 20 mx) (P qx = 999 
ЖЕДЕ 
2 2 
Ма 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 со 
Т |4053* |5000% |5404% |5625% |5764% |5859% |5929% |5981“ (60235 |6056% | 6107" |6158% |62009% |62355 |6261% |62878 |6313% |6340* |6366" 
2| 998.5 | 999.0 | 9992 | 9992 | 9993 | 999.3 | 999.4 | 999.4 | 9994 | 9994 | 9994 | 9994 | 9994 | 999.5 | 999.5 | 999.5 | 999.5 | 999.5 | 9995 
3| 1670 | 1485 | 1411 | 1371 | 1346 | 1328 | 131.6 | 1306 | 1299 | 1292 | 1283 | 1274 | 1264 | 1259 | 1254 | 1250 | 1245 | 1240 | 1235 
4 74.14|  6125| 56.18] 53.44] 51.71) 50.53] 49.66] 49.00] 4847|  48.05| 4741] 4676| 4610] 45.77] 4543] 45.09] 4475] 44.40] 44.05 
5 4718| 37121 33.20] 31.09] 2975 28.84] 28.16] 27.64] 2724| 2692| 26.42] 2591| 25.39| 25.14] 24871 24.60] 24.33] 2406] 23.79 
6 35.51] 27.00] 23.70] 21.92) 20.81) 20.03] 19.46] 19.03] 18.69] 18.41! 17.99] 17.56] 17.12] 16.89] 1667] 1644] 1621] 15.99] 15.75 
7 29.25] 21.69] 18.77] 17.19] 16.21! 15.52] 15.02] 14.63] 14.33] 14.08] 1371] 13.32] 12.93] 12.73] 12.53] 12.33] 1212] 1191 11.70 
8 25.42] 18.49] 15.83] 14.39] 13.491 12.86] 12.40] 12.04] 1177| 11.54] 1119] 1084] 10.48] 10.30] 10.1 9.92 9.73 9.53 9.33 
9 22.86] 16.39] 13.90] 12.56] ил 11.13] 10.70] 10.37] 10.11 9.89 9.57 9.24 8.90 8.72 8.55 8.37 8.19 8.00 7.81 
10 21.04) 14.91] 12.55] 11.28] 10.48 9.92 9.52 9.20 8.96 8.75 8.45 8.13 7.80 7.64 7.47 7.30 7.12 6.94 6.76 
11 19.69]  13.81| 11.56] 10.35 9.58 9.05 8.66 8.35 8.12 7.92 7.63 732 7.01 6.85 6.68 6.52 6.35 647 6.00 
12 18.64] 12.97] 10.80 9.63 8.89 8.38 8.00 771 748 7.29 7.00 6.71 6.40 6.25 6.09 5.93 5.76 5.59 5.42 
13 17.81|  1231| 1021 9.07 8.35 7.86 7.49 721 6.98 6.80 6.52 6.23 5.93 5.78 5.63 5.47 5.0 5.4 4.97 
14 17141 11.78 9.73 8.62 7.92 7.43 7.08 6.80 6.58 6.40 613 5,85 5.56 541 525 5.10 4.94 477 4.60 
15 16.59] 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26 6.08 5.81 5.54 5.25 510 4,95 4.80 4.64 4.47 431 
16 16.12| 10.97 9.00 7.94 7.27 6.81 6.46 619 5.98 5.81 5.55 5.27 4.99 4.85 4.70 4.54 4.39 423 4.06 
17 15.72| 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75 5.58 5.32 5.05 4.78 4.63 4.48 4.33 4.18 4.02 3.85 
18 15.38| 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56 5.39 5.13 4.87 4.59 4.45 4.30 4.15 4.00 3.84 3.67 
19 15.08 | 1016 8.28 7.26 6.62 618 5.85 5.59 5.39 522 4.97 4.70 443 4.29 4.14 3.99 3.84 3.68 3.51 
20 14.82 9.95 8.10 740 6.46 6.02 5.69 544 524 5.08 4.82 4.56 4.29 415 4.00 3.86 3.70 3.54 3.38 
21 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11 4.95 470 444 417 4.03 3.88 3.74 3.58 3.42 326 
22 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99 4.83 4.58 4.33 4.06 3.92 3.78 3.63 3.48 3.32 3.15 
23 14.19 9.47 7.67 6.69 6.08 5.65 5.33 5.09 4.89 4.73 4.48 4.23 3.96 3.82 3.68 3.53 3.38 3.22 3.05 
24 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80 4.64 4.39 4.14 3.87 3.74 3.59 3.45 3.29 3.14 2.97 
25 13.88 9.22 7.45 6.49 5.88 5.46 5.15 4.91 4.71 4.56 4.31 4.06 3.19 3.66 3.52 3.37 3.22 3.06 2.89 
26 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64 4.48 4.24 3.99 3:72 3.59 344 3.30 3.15 2.99 2.82 
27 13.61 9.02 121 6.33 5.73 5.31 5.00 4.76 4.57 441 4.17 3.92 3.66 3.52 3.38 323 3.08 2.92 2.75 
28 13.50 8.93 7.19 6.25 5.66 524 4.93 4.69 4.50 4.35 4.11 3.86 3.60 3.46 3.32 3.18 3.02 2.86 2.69 
29 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45 4.29 4.05 3.80 3.54 3.41 3.27 242 2.97 2.81 2.64 
30 13.29 8.77 7.05 612 5.53 5.12 4.82 4.58 4.39 424 4.00 3.75 3.49 3.36 322 3.07 2.92 2.76 2.59 
40 12.61 8.25 6.60 5.70 5.13 4.73 444 421 4.02 3.87 3.64 3.40 315 3.01 2.87 2.73 2.57 2.41 2.23 
60 11.97 7.76 617 5.31 4.76 4.37 4.09 3.87 3.69 3.54 3.31 3.08 2.83 2.69 2.55 2.41 2.25 2.08 1.89 
120 11.38 7.32 5.79 4.95 4.42 4.04 377 3.55 3.38 324 3.02 2.78 2.53 2.40 2.26 2.11 1.95 1.76 1.54 
oo 10.83 6.91 5.42 4.62 4.10 3.74 3.47 3.27 3.10 2.96 2.74 2.51 2.27 2.13 1.99 1.84 1.66 1.45 1.00 


*Multiply these entries by 100. 
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SOURCES ОЕ PHYSICAL AND CHEMICAL DATA 


In addition to the primary research journals, there are many useful sources of property data of the type contained in the CRC Handbook of Chemistry 
and Physics. A selected list of these is presented here, with emphasis on print and electronic sources whose contents have been subject to a reasonable 
level of quality control. 


A. Data Journals 


. Journalof Physicaland Chemical Reference Data — Published jointly by the NationalInstitute of Standards and Technology and the American 


Institute of Physics, this quarterly journal contains compilations of evaluated data in chemistry, physics, and materials science. It is available 
in print and on the Internet. [ojps.aip.org/jpcrd/] 

Journal of Chemical and Engineering Data — This bimonthly journal of the American Chemical Society publishes articles reporting original 
experimental measurements carried out under carefully controlled conditions. The main emphasis is on thermochemical and thermophysical 
properties. Review articles with evaluated data from the literature are also published. [pubs.acs.org/journals/jceaax/index.html] 

Journal of Chemical Thermodynamics — This journal publishes original research papers that include highly accurate measurements of 
thermodynamic and thermophysical properties. [http://www.sciencedirect.com] 

Atomic Data and Nuclear Data Tables — This is a bimonthly journal containing compilations of data in atomic physics, nuclear physics, and 
related fields. [www.sciencedirect.com] 


. Journal of Phase Equilibria — This journal presents critically evaluated phase diagrams and related data on alloy systems. It is published by 


ASM International and is the successor to the previous ASM periodical Bulletin Of Alloy Phase Diagrams. [www.asm-intl.org.] 
Journal of Chemical Information and Computer Sciences — Although not a true data journal, it contains many papers on the prediction of 
physical property data from molecular structure. It is published by the American Chemical Society. [pubs.acs.org/journals/jcisd8/index.html] 


B. Data Centers 


This section lists selected organizations that perform a continuing function of compiling and critically evaluating data in specific fields of science. 


10. 


12. 


National Institute of Standards and Technology — Under its Standard Reference Data program, NIST supports a number of data centers in 
chemistry, physics, and materials science. Topics covered include thermodynamics, fluid properties, chemical kinetics, mass spectroscopy, 
atomic spectroscopy, fundamental physical constants, ceramics, and crystallography. Address: Office of Standard Reference Data, National 
Institute of Standards and Technology, Gaithersburg, MD 20899 [www.nist.gov/srd/]. 

Thermodynamics Research Center — Now located atthe National Institute of Standards and Technology, TRC maintains an extensive archive 
of data covering thermodynamic, thermochemical, and transport properties of organic compounds and mixtures. Data are distributed in both 
print and electronic form. Address: Mailcode 838.00, 325 Broadway, Boulder, CO 80305-3328 [www.trc.nist.gov] . 

Design Institute for Physical Property Data — Under the auspices of the American Institute of Chemical Engineers [www.aiche.org/dippr/], 
DIPPR offers evaluated data on industrially-important chemical compounds. The largest project deals with physical, thermodynamic, and 
transport properties of pure compounds. Address: Brigham Young University, Provo, UT 84602 [dippr.byu.edu] . 

Dortmund Data Bank – Maintains extensive databases on thermodynamic and transport properties of pure compounds and mixtures of 
industrial interest. The data are distributed through DECHEMA, FIZ CHEMIE, and other outlets. An abbreviated database system is also 
available for educational use. Address: DDBST GmbH, Industriestr. 1, 26121 Oldenburg, Germany [www.ddbst.de]. 

Cambridge Crystallographic Data Centre - Maintains the Cambridge Structural Database of over 250,000 organic compounds. The data 
files and manipulation software are distributed in several ways. Address: 12 Union Rd., Cambridge CB2 1EZ, UK [www.ccdc.cam.ac.uk]. 
FIZ Karlsruhe - In addition to many bibliographic databases, FIZ Karlsruhe maintains the Inorganic Crystal Structure Database in 
collaboration with the National Institute of Standards and Technology. The ICSD contains the atomic coordinates and related data on over 
50,000 inorganic crystals. Address: Fachinformationszentrum (FIZ) Karlsruhe, Hermann-von-Helmholtz-Platz 1, D-76344 Eggenstein- 
Leopoldshafen, Germany [crystal.fiz-karlsruhe.de]. 

International Centre for Diffraction Data – Maintains and distributes the Powder Diffraction File (PDF), a file of x-ray powder diffraction 
patterns used for identification of crystalline materials. The ICDD also distributes the NIST Crystal Data file, which contains lattice parameters 
for over 235,000 inorganic and organic crystalline materials. Address: 12 Campus Blvd., Newton Square, PA 19073-3273 [icdd.com]. 
Research Collaboratory for Structural Bioinformatics — Maintains the Protein Data Bank (PDB), a file of 3-dimensional structures of 
proteins and other biological macromolecules. Address: Department of Chemistry and Chemical Biology, Rutgers University, 610 Taylor 
Road, Piscataway, NJ 08854-8087 [www.rcsb.org]. 

Toth Information Systems — Maintains the Metals Crystallographic Data File (CRYSTMET). Address: 2045 Quincy Ave., Gloucester, ON, 
Canada K1J 682 [www.tothcanada.com ]. 

Atomic Mass Data Center — Collects and evaluates high-precision data on masses of individual isotopes and maintains a comprehensive 
database. Address: C.S.N.S.M (IN2P3-CNRS), Batiment 108, F-91405 Orsay Campus, France [csnwww.in2p3.fr/amdc/]. 

Particle Data Group - International center for data of high-energy physics; maintains database of properties of fundamental particles, which 
is published in both print and electronic form. Address: MS 50-308, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 
[pdg.lbl.gov]. 

National Nuclear Data Center — Maintains databases on nuclear structure and reactions, including neutron cross sections. The NNDC is the 
U. S. node in an international network of nuclear data centers. Address: Brookhaven National Laboratory, Upton, NY 11973-5000 
[www.nndc.bnl.gov]. 
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13. International Union of Pure and Applied Chemistry — Address: PO Box 13757, Research Triangle Park, NC 27709-3757 [www.iupac.org]. 
IUPAC supports a number of long-term data projects, including these examples: 


a. Solubility Data Project — Carries out evaluation of all types of solubility data. The results are published in the Solubility Data Series, whose 
current outlet is the Journal of Physical and Chemical Reference Data. [www.unileoben.ac.at/-eschedor/] 

b. Kinetic Data for Atmospheric Chemistry — Maintains a comprehensive database on the kinetics of reactions important in the chemistry 
of the atmosphere. [www.iupac-kinetic.ch.cam.ac.uk/] 

c. International Thermodynamic Tables for the Fluid State — Prepares definitive tables of the thermodynamic properties of industrially 
important fluids. Thirteen volumes have been published by IUPAC. [http://www.iupac.org/publications/books/seriestitles/] 


C. Major Multi-Volume Handbook Series 


1. Chapman & Hall/CRC Chemical Dictionaries — These originally appeared in print form as the Dictionary of Organic Compounds, Dictionary 
of Natural Products, etc. They are now published in electronic form and are available in CDROM format [www.crcpress.com] and on the 
Internet [www.chemnetbase.com]. The consolidated version, called the Combined Chemical Dictionary, has data on more than 450,000 
compounds spanning all branches of chemistry. The coverage includes physical properties, biological sources, hazard information, uses, and 
literature references. 

2. Properties of Organic Compounds — Originally published in three editions as the Handbook of Data on Organic Compounds, it is now in 
electronic form as Properties of Organic Compounds. The database includes about 30,000 compounds; physical properties and spectral data 
(mass, infrared, Raman, ultraviolet, and NMR) are covered. It is offered as CDROM [www.crcpress.com] and web access 
[www.chemnetbase.com]. 

3. Beilstein Handbook of Organic Chemistry - The classic source of data on organic compounds, dating from the 18% century, Beilstein was 
converted to electronic form in the last decade of the 20" century. Over 8 million compounds and 5 million chemical reactions are now covered, 
with a broad range of physical properties as well as synthetic methods and ecological data. The database is accessed by the CrossFire software 
[www.mdli.com]. 

4. Gmelin Handbook of Inorganic and Organometallic Chemistry — A subset of the information in the print series has been converted to 
electronic form and is now distributed in the same manner as Beilstein. In addition to the standard physical properties, the coverage includes 
a wide range of optical, magnetic, spectroscopic, thermal, and transport properties for about 1.4 million compounds [www.mdli.com]. 

5. DECHEMA Chemical Data Series - DECHEMA distributes the DTHERM database, which emphasizes data used in process design in the 
chemical industry, including thermodynamic and transport properties of about 20,000 pure compounds and 90,000 mixtures. Access is 
available through in-house databases and via the Internet. [www.dechema.de]. 

6. Landolt-Bórnstein Numerical Data and Functional Relationships in Science and Technology - Landolt-Bérnstein covers a very broad range 
of data in physics, chemistry, crystallography, materials science, biophysics, astronomy, and geophysics. Hard-copy volumes іп the New Series 
(started іп 1961) are still being published, and the entire New Series is now accessible on the Internet [www.landolt-boernstein.com]. 


D. Selected Single-Volume Handbooks 


The following handbooks offer broad coverage of high-quality data in a single volume. This list is only representative; an extensive listing of 
handbooks in all fields of science may be found in Handbooks and Tables in Science and Technology, Third Edition (Russell H. Powell, ed., Oryx 
Press, Westport, CT, 1994). 


1. American Institute of Physics Handbook — Although an old book, it contains much data that is still useful, especially in acoustics, mechanics, 
optics, and solid state physics. (Dwight E. Gray, ed., McGraw-Hill, New York, 1972) 

2. Constants of Inorganic Substances - This book presents physical constants, thermodynamic data, solubility, reactivity, and other information 
on over 3000 inorganic compounds. Since it draws heavily on Russian literature, it contains a great deal of data that does not make its way into 
most U. S. handbooks. (R. A. Lidin, L. L. Andreeva, and V. A. Molochko, Begell House, New York, 1995) 

3. Handbook of Chemistry and Physics — Now in the 84th Edition, the CRC Handbook covers data from most branches of chemistry and physics. 
The annual revisions permitregular updating of the information. Also available on CDROM [www.crcpress.com] and the web [hbcpnetbase.com]. 
(David R. Lide, ed., CRC Press, Boca Raton, FL, 2002) 

4. Handbook of Inorganic Compounds — This book covers physical constants and solubility for about 3300 inorganic compounds. Also available 
on CDROM [www.crcpress.com]. (Dale L. Perry and Sidney L. Phillips, eds., CRC Press, Boca Raton, FL, 1995) 

5. Handbook of Physical Properties of Liquids and Gases – This is a valuable source of data on all types of fluids, ranging from liquid and gaseous 
hydrocarbons to molten metals and ionized gases. Detailed tables of physical, thermodynamic, and transport properties are given for 
temperatures from the cryogenic region to 6000 K. Both Western and Russian literature is covered. (N. B. Vargaftik, Y. K. Vinogradov, and 
V. S. Yargin, Begell House, New York, 1996) 

6. Handbook of Physical Quantities — The range of coverage is somewhat similar to the CRC Handbook of Chemistry and Physics, but with a 
stronger emphasis on physics than on chemistry. Solid state physics, lasers, nuclear physics, geophysics, and astronomy receive considerable 
attention. (Igor S. Grigoriev and Evgenii Z. Meilikhov, eds., CRC Press, Boca Raton, FL, 1997) 

7. Kaye & Laby Tables of Physical and Chemical Constants — Kaye & Laby dates from 1911, and the 16% Edition was prepared in 1995 by a 
committee of experts. The coverage extends to almost every field of physics and chemistry; data on a limited number of representative 
substances or materials are given for each topic. (Longman Group Limited, Harlow, Essex, UK, 1995) 


B-2 


SOURCES OF PHYSICAL AND CHEMICAL DATA (continued) 


8. Lange's Handbook of Chemistry — Provides broad coverage of chemical data; last updated in 1998. Also available on the web [www.knovel.com]. 
(John A. Dean, ed., McGraw-Hill, New York, 1998) 

9. Recommended Reference Materials for the Realization of Physicochemical Properties – This IUPAC book emphasizes highly accurate data 
on substances and materials that can be used as calibration standards. It covers physical, thermal, optical, and electrical properties. (К. М. Marsh, 
ed., Blackwell Scientific Publications, Oxford, 1987) 

9. The Merck Index - Now in its 13% Edition (published in 2001), The Merck Index is a widely used source of data on over 10,000 compounds, 
chosen particularly for their importance in biology, medicine, and ecology. A short monograph on each compound gives information on the 
synthesis and uses as well as physical and toxicological properties. Also available on CDROM [www.camsoft.com]. (Maryadele J. O'Neil, 
ed., Merck & Co., Whitehouse Station, NJ, 2001) 


E. Summary of Useful Web Sites for Physical and Chemical Properties 


Most of the web sites in the following list provide direct access to factual data on physical and chemical properties. However, the list also includes 
portals that link to different property databases or describe the procedure for gaining access to electronic sources of property data. There are also a 
few chemical directory sites, which are useful for obtaining formulas, synonyms, and registry numbers for substances of interest. 


Web Site Address Comments 
Acronyms and Symbols www3.interscience.wiley.com/stasa/ Free servcie; useful for indentifying acronyms for chemicals 
Advanced Chemistry Development www.acdlabs.com Chemical directory, with programs for estimating physical and 
spectral properties 
Alloys Online alloys.asminternational.org Physical, electrical, thermal, and mechanical properties of alloys 
Atomic Mass Data Center csnwww.in2p3.fr/amdc/ See B.10 
Beilstein www.mdli.com See C.3 
Cambridge Structural Database www.ccde.cam.ac.uk See B.5 
Chapman & Hall/CRC Combined www.chemnetbase.com/scripts/ 
Chemical Dictionary ccdweb.exe See СЛ 
Chemfinder www.chemfinder.com Chemical directory, with links to several property databases 
Chemical Acronyms Database www.oscar.chem.indiana.edu/cfdocs/ Useful for associating chemical names and acronyms 
libchem/acronyms/ 
acronymsearch.html 
ChemIDplus chem.sis.nlm.nih.gov/chemidplus/ Chemical directory 
ChemIndustry www.chemindustry.com/chemicals/ ^ Chemical directory 
CHEMnetBASE www.chemnetbase.com Portal to C&H/CRC Chemical Dictionaries, Handbook of 
Chemistry and Physics, Properties of Organic Compounds, etc. 
ChemWeb Databases www.chemweb.com/databases/ Portal to many databases 
Coblentz Infrared Spectra www.galactic.com/coblentz/ IR spectra on CDROM 
CODATA Home Page www.codata.org Thermodynamic key values and fundamental constants 
DECHEMA (DTHERM) www.dechema.de See C.5 
DIPPR Pure Compound Database dippr.byu.edu See B.3 
Dortmund Data Bank www.ddbst.de See B.4 
Enzyme Nomenclature Database www.expasy.ch/enzyme/ IUBMB nomenclature for enzymes 
FDM Reference Spectra Databases www.fdmspectra.com/ Infrared spectra 
FIZ Chemie Berlin www.fiz-chemie.de Portal to DETHERM (C.5) and Dortmund Data Bank (B.4) 
FIZ Karlsruhe - ICSD crystal .fiz-karlsruhe.de See B.6 
Fundamental Physical Constants physics.nist.gov/cuu/ CODATA fundamental constants 
Gmelin www.mdli.com See C.4 
Handbook of Chemistry and Physics — hbcpnetbase.com Web version of CRC Handbook 
Hazardous Substances Data Bank toxnet.nIm.nih.gov/cgi-bin/sis/ Physical and toxicological properties of chemicals of health or 
htmlgen?HSDB environmental importance 
IUPAC Home Page www.iupac.org See В.13 
IUPAC Kinetics Data www.iupac-kinetic.ch.cam.ac.uk/ See B.13.b 
IUPAC Nomenclature Rules www.chem.qmw.ac.uk/iupac/ Useful site for organic and biochemical nomenclature 
IUPAC Solubility Data Project www.unileoben.ac.at/~eschedor/ See B.13.a 
Knovel.com www.knovel.com Portal to Lange’s Handbook, Perry’s Chemical Engineers’ 
Handbook, etc. 
Landolt-Bórnstein www.landolt-boernstein.com See C.6 
MatWeb www.matweb.com Thermal, electrical, and mechanical properties of engineering 
materials 
Metals Crystallographic Data File www.tothcanada.com See B.9 
NASA Chemical Kinetics Data jpldataeval.jpl.nasa.gov Kinetic and photochemical data for stratospheric modeling 
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Web Site 
National Center for Biotechnology 
Information 
National Nuclear Data Center 
National Toxicology Program 
NIST Atomic Spectra Database 


NIST Ceramics Webbook 
NIST Chemistry Webbook 


NIST Data Gateway 
NIST Physical Reference Data 


NLM Gateway 
Particle Data Group 
Polymers — A Property Database 


Powder Diffraction File 
Properties of Organic Compounds 


Protein Data Bank 

SpecInfo 

Spectra Online 

STN Easy 

STN Easy-Europe 

STN Easy-Japan 

Syracuse Research Corporation 
Table of Isotopes 
Thermodynamics Research Center 
TOXNET 

Wiley Interscience 


Address 


www.ncbi.nlm.nih.gov 


www.nndc.bnl.gov 
ntp-server.niehs.nih.gov 
physics.nist.gov/cgi-bin/AtData/ 
main_asd 
www.ceramics.nist.gov/webbook/ 
webbook.htm 
webbook.nist.gov 
srdata.nist.gov/gateway/ 
physics.nist.gov/PhysRefData/ 


gateway.nlm.nih.gov/gw/Cmd 

pdg.Ibl.gov 

www.polymersdatabase.com/ 
polymers/ 

icdd.com 

www.chemnetbase.com/scripts/ 
pocweb.exe 

www.tcsb.org 

www.chemicalconcepts.com 


spectra.galactic.com/SpectraOnline/ 


stneasy.cas.org 
stneasy.fiz-karlsruhe.de 
stneasy-japan.cas.org 


esc.syrres.com/interkow/database.htm 


ie.Ibl.gov/education/isotopes.htm 

WWW.trc.nist.gov 

toxnet.nlm.nih.gov 

www3.interscience.wiley.com/ 
reference.html 


Comments 


Portal to GenBank and other sequence databases 


See B.12 

Chemical health and safety data 

Energy levels, wavelengths, and transition probabilities of atoms 
and atomic ions 

See B.1 


Broad range of physical, thermal, and spectral properties 

Portal to all NIST data systems; see B.1 

Atomic and molecular spectra, cross sections, x-ray attenuation, 
and dosimetry data 

Portal to all National Library of Medicine databases 

See B.11 

Properties of commercial polymers 


See B.7 
See C.2 


See B.8 

IR, NMR, and mass spectra 

IR, UV, NMR, Raman, and mass spectra (unreviewed) 
Chemical directory (and access to Chemical Abstracts) 


Properties of environmental interest 

Nuclear energy levels, moments, and other properties 

See B.2 

Portal to HSDB and other databases on hazardous chemicals 
Portal to Kirk-Othmer Encyclopedia of Chemical Technology, 
Ullmann’s Encyclopedia of Industrial Chemistry, Encyclopedia of 
Reagents for Organic Synthesis, etc. 


